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32-Bit RISC Microprocessor TX19 Family
TMP1942CYUE/CZUE/CZXBG

1. Outline and Features

The TX19 is a family of high-performance 32-bit microprocessors that offers the speed of a 32-bit RISC
solution with the added advantage of a significantly reduce code size of a 16-bit arehitecture. The instruction set
of the TX19 includes as a subset the 32-bit instructions of the TX39, which is based on_the MIPS R3000A™
architecture. Additionally, the TX19 supports the MIPS16™ Application-Specific_Extensions (ASE) for
improved code density.

The TMP1942 is built on a TX19 core processor and a selection of intelligent peripherals. The TMP1942 is
suitable for low-voltage, low-power applications.

Features of the TMP1942 include the following:

RESTRICTIONS ON PRODUCT USE 070122EBP

e The information contained herein is subject to change without notice. 021023_D

e TOSHIBA is continually working to improve the guality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due-to’their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer/when' utilizing TOSHIBA products, to-comply with the standards of safety in making
a safe design for the entire-system, \and to avoid situations-in-which-amalfunction or failure of such TOSHIBA
products could cause loss’of humantlife, bodily injury or damage\to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set
forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions
set forth in the “Handling Guide fer Semiconductor-Devices,”or “TOSHIBA Semiconductor Reliability Handbook” etc.
021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, effice/equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products_are neither intended nor\warranted for usage in equipment that requires extraordinarily high quality
and/or reliability. or a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”).
Unintended-Usage-include atomic erergy-control instruments, airplane or spaceship instruments, transportation
instruments, traffic signal instruments).combustion control instruments, medical instruments, all types of safety devices,
etcUnintended-Usage of TOSHIBA products listed in this document shall be made at the customer’s own risk. 021023_8

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture;suse and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No responsibility is
assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use.
No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third parties.
070122_C

e The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions. 030619_s

TMP1942CY/CZ-1
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TX19 core processor

1) Two instruction set architecture (ISA) modes: 16-bit ISA for code density and 32-bit ISA for speed

e The 16-hit ISA is object-code compatible with the code-efficient MIPS16™ ASE.
e  The 32-bit ISA is object-code compatible with the high-performance TX39 family.

2) Combines high performance with low power consumption.

- High performance
¢ Single clock cycle execution for most instructions
e 3-operand computational instructions for high instruction throughput
e 5-stage pipeline
e  On-chip high-speed memory
e  DSP function: Executes 32-bit x 32-bit multiplier operations with/a 64-bit accumulation in a single
clock cycle.
- Low power consumption
e  Optimized design using a low-power cell library

e  Programmable standby modes in which precessor-cloeks are stopped

3) Fast interrupt response suitable for real-time control

e Distinct starting locations for each interrupt service routine
e Automatically generated vectors for-each_interrupt source
e  Automatic updates of the interruptumask level
Internal RAM: FDUE/FDXBG: 20KB,CYUE/CZUE/CZXBG: 16 KB
Internal ROM: FDUE/FDXBG: 512KB;CYUE/CZXBG: 384KB,CYUE: 256 KB
ROM correction function\(8-words x 4 blocks)
(For FDUE/FDXBG, onlyregisters are available; data is not replaced.)
External memory expansion
e 16-Mbyte off-chip address space for code and data
o  External bus interface with dynamic bus/sizing for 8-bit and 16-bit data ports

4-channel DMA controtler
e Interrupt- orsoftware-triggered

6 chanpnel/8-bit PWM timer
(12 channeh8-bit-interval timer, 6 channel 16-bit interval timer, 6 channel 8-bit PPG output)

14 channeh16-bit timer
(2 channels support 2-phase-input-pulse counter mode.)

1 channel real-time counter (RTC)

5 channel general-purpose serial interface
(Supports both UART andsynchronous transfer modes)

1 channel serial bus interface
Either 1°C bus mode or clock-synchronous mode can be selected.

(10) 16 channel 10-bit A/D converter (with internal sample/hold)

Conversion time: 2 us (throughput), 4 to 5 us (latency)

(11) 3 channel 10-bit D/A converter

(12) Watchdog timer

(13) 4 channel chip select/wait controller

TMP1942CY/CZ-2
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(14) Interrupt sources
e 4 CPU interrupts: software interrupt instruction

e 45 internal interrupts: 7 priority levels, with the exception of the watchdog timer interrupt
e 29 external interrupts: 7 priority levels, with the exception of the NMI interrupt
The external sources include 14 KWUP sources;.which are all assigned to a
single interrupt vector, and 4 extended interrupts (INTB, INTC, INTD, and
INTE), which are all assigned to a single interrupt \vector with an identification
flag. Thus, the actual number of external interrupt, sourees is 13.
(15) 108 pin input/output ports
(16) Three standby function
e IDLE, SLEEP, and STOP

(17) Dual clocks
e RTC clock: Low-speed clock (32.768 kHz)
(18) Clock generator
e  On-chip PLL (x4)
e  Clock gear: Divides the operating speed of the.CPU by 1/2, 1/4 or 1/8

(19) Operating voltage range: 2.7 to 3.6 V
PC and PF are 2.7 to 3.6 V or 4.5 to 5.25 V| for-5\/-enabled ports.

(20) Operating frequency
e 32MHz (Vcc=>3.0V)
e 28 MHz (Vcc>2.7V)
(21) Package
o  144-pin QFP (16 x 16 x.2:4 (t) mm, 0.4-mm pitch): kBUE/CZUE/CYUE
e 177-pin CSP (13 X' 13x/1:4 (t) mm, 0.8-mm’pitch)s\ FDXBG/CZXBG

Note: TMP1942FDXBG (Package: 177-pin €SP) is\undér development.

TMP1942CY/CZ-3
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NMI

INTO (PF6)
INT1~2 (PE6~7)
INT3~4 (PAO~1)
INT5~6 (PA3~4)
INT7 (PB7)
INT8~A (PCO~2)

ANO-~7 (P50~57)
AN8~15 (P60~67)
ADTRG (P57)
AVCCIAVSS
VREFH/VREFL

DAOUTO~3
DAVCC/DAVSS
DAREFH

TXDO (PDO)
RXDO (PD1)
SCLKO/CTSO (PD2)

TXD1 (PD3)
RXD1 (PD4)
SCLK1/CTS1 (PDS)

TXD3 (PEO)
RXD3 (PE1)
SCLK3/CTS3/(PE2)

SCK (PF3)
SO/SDA(PFA)
SI/SCL (PF5)

TXD4 (PE3)
RXD4 (PE4)
SCLK4ICTS4 (PES)

TXD5<PFO)
RXD5 (PF1)
SCLK5/GTS5 (PF2)

TB4IN1 (PB5), TBOINO (PAO~1)
TB7INO~1 (P95~96), TB1INO~1 (PA3~4)
TB8INO~1 (PC6~7); TB2INO~1 (PBO~1)
TBOINO~1 (PDO~1),~FB3INO~1 (PB3~4)
TBAINO<1 (PD5~6), TB4INO (PB2)
TBOQUT\(PA2), TB4OUT (P92)
TB1OUT(PA5), TB50UT (P93)
TB20UT (PB2), TB60OUT (P94)
TB30UT (PB5), TB7OUT (P97)
TALOUT (PA6), TA7OUT (PC5)
TA30UT (PB6), TA9OUT (PC7)
TAS0UT (PC3), TABOUT (PD5)

TAOIN (PAT7), TAGIN (PC1)
TA2IN (PB7), TABIN (PC2)
TA4IN (PCO), TAAIN (PC4)

(*) MROM for the mask ROM
version.
CZUE/XBG:384KB

X1

X2

XT1 (PD6)

XT2 (PD7)

SCOUT (P44)

PLLOFF*

I—\RESET*
— BWOKH
b~ INTLV\(PE7)

ADO~7 (POO~PO7)

AD8/A8~AD15/A15 (P10~P17)

AO0/A16~A7/A23 (P20~P27)

RD (P30)
WR (P31)

HWR (P32)
WAIT (P33)

BUSRD (P34)
BUSAK* (P35)

RIW (P36)

P37

CS0~CS3 (P40~P43)

TX19 Proccessor Core
TX19 CPU
MAC DSU
256 KBROM .
*) 16 KBRAM ROM correction
DMAC (4ch) cG
%]
]
@
]
INTC S| EBFF
—|
I/0 Bus 1+ T
10-bit
ADC (16ch)
10-bit PORTO
DAC (3ch)
PORT1
SI00
PORT2
S|I01
SI03
PORT3
SERIAL
BUS I/F
S104
PORT4
SI05
WDT
- Real-Time
16-bit TMRO-D Counter (RTC)
(14ch)
«— 5| INTBCDE
8-bit TMRO0/1
~A/B KWUP
(12ch)
JTAG

INTB~C (PBO~1)

Figure 1.1 TMP1942 Block Diagram

INTD~E (PB3~4)

TMP1942CY/CZ-4
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2. Signal Descriptions

This section contains pin assignments for the TMP1942 as well as brief descriptions of the functions of the
TMP1942 input and output pins.

2.1 Pin Assignment
Table 2.1.1 shows TMP1942 pin assignment.
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Figure 2.1.1 144-Pin LQFP Pin Assignment
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Table 2.1.1 Pin Assignment (144-pin LQFP)

Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name
No. No. No. No.

1 | VREFH 37 | P11/AD9/A9 73 | POO/KEY8/DCLK 109 |cvce

2 |VREFL 38 |P12/AD10/A10 74 | P91/KEY9/PCST2 110 | X2

3 | P50/ANO 39 |P13/AD11/A11 75 | P92/TB4OUT/PCST1 111 | CVSS

4 | P51/AN1 40 | P14/AD12/A12 76 | P93/TB50UT/PCSTO 112 X1

5 | P52/AN2 41 | P15/AD13/A13 77 | P94/TB6OUT/SDSAO/TPC | 113 TEST1

6 |P53/AN3 42 | P16/AD14/A14 78 | P95/TB7INO/DBGE 114 \\RESET

7 |DAvcC 43 | P17/AD15/A15 79 | P96/TB7IN1/DINT 115, [PD6/XT1

8 |DAVSS 44 | P20/A0/AL6 80 |P97/TB7OUT/DRESET 116 4| PD7/XT2

9 | DAREH 45 | P21/A1/ALT7 81 |Dvcce3 117 NMIE

10 [DAOUTO 46 | P22/A2/A18 82 | PAO/TBOINO/INT3 118 | BWO

11 [DAOUT1 47 | P23/A3/A19 83 | PAL/TBOIN1/INT4 119 | PBO/TB2INO/INTB

12 |DAOUT2 48 | P24/A4/A20 84 | PA2/TBOOUT 120 | PBL/TB2INL/INTC

13 | P54/AN4 49 | P25/A5/A21 85 | PA3/TB1INO/INTS 121 | PB2/FB2OUT/TB4INO
14 | P55/AN5 50 | P26/A6/A22 86 | PA4/TBLINLANTG 122 | PB3ITB3INO/INTD

15 | P56/AN6 51 | P27/A7IA23 87 | PA5/TBIQUT 123 | PB4/TB3INIANTE

16 | P57/AN7/ADTRG 52 |TESTO 88 |PA6/TALQUT 124 | PB5/TB3QUTITB4IN
17 | P60/ANS/KEYO 53 |PLLOFF 89 | PA7/TAQIN/IKEYA 125~ PB6/TABOUT

18 |[Dvss 54 |DVSS 90 |DVSS 126 | DVSS

19 |[P61/AN9/KEY1 55 |ALE 91 {RSTPUR 127 DyCC3

20 | P62/AN10/KEY2 56 |DVCC3 92— PCO/TA4IN/INT8 128 PB7/TA2IN/INT7/KEYB
21 | P63/AN11/KEY3 57 |BW1 93 |PCHTAGIN/INT9 129 | PDO/TXDO/TBIINO
22 | P64/AN12/KEY4 58 | P30/RD 94| PC2/TA8IN/INTA 130 | PD1/RXDO/TBIIN1
23 | P65/AN13/KEY5 59 |P3L/WR 95 | PC3/TAS0UT 131 | PD2/SCLKO/CTSO
24 | P66/AN14/KEY6 60 |P32/HWR 96-| PC4/TAAIN 132 | PD3/TXD1/TBAINO
25 | P67/AN15/KEY7 61 |P33/WAIT 97 |PC5/TA7OUT 133 | PD4/RXD1/TBAIN1
26 |DvVCC3 62 |P34/BUSRQ 98 | PC6/TB8INO/KEYC 134 | PD5/SCLK1/CTSL/TABOUT
27 | POO/ADO 63 | P35/BUSAK 99 | PC7/TB8INL/TA9OUT 135 | PEO/TXD3

28 | PO1/AD1 64 | P36/RIML 100 |DVCCE2 136 | PE1/RXD3

29 | P02/AD2 65 |P37/DSU 101 | PFO/TXDS 137 | PE2/SCLK3/CTS3

30 |PO3/AD3 66-_| DVSS 102 | PF1/RXD5/KEYD 138 | PE3/TXD4

31 | P04/AD4 67 \ | DvCE3 103( [ PE2/SCLK5/CTS5 139 | PE4/RXD4

32 | PO5/AD5 68/ |-P40ICSO 104 \| PE3/SCK 140 |PE5/SCLK4/CTS4
33 | PO6/AD6 69| P41/CS1 105 | PF4/SO/SDA 141 | PE6/INT1/BOOT

34 | PO7/AD7 70 | P42/CS2 106__| PP5/SI/SCL 142 | PE7/INT2/INTLV

35 |DVSS 71 | P43/CS3 107 | PF6/INTO 143 | AvVCC

36 | P10/AD8/A8 72 | P44/SCOUT 108’ | DVCC51 144 | AVSS

TMP1942CY/CZ-6
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Figure 2.1.2 shows pin assignment for the 177-pin model of the TMP1942.

Al A2 A3 Ad A5 A6 A7 A8 A9 | A10 | A1l | A12 | A13 | Al4 | Al15
Bl B2 B3 B4 B5 B6 B7 B8 B9 | B10 | B11 | B12 | B13 | B14 | B15
C1 Cc2 C3 C4 C5 C6 Cc7 Cc8 C9 | C10 | Cl11 | C12 | C13 | Cl1l4 | C15
D1 D2 D3 D4 D5 D6 D7 D8 D9 | D10 | D11 | D12 | D13 | D14 | D15
El E2 E3 E4 E12 /- E13 | E14 | E15
F1 F2 F3 F4 F12 | F13-| F14 | F15
Gl G2 G3 G4 G12 |(G13 NG14 | G15
H1 H2 H3 H4 H12 | H13_| H14 | H15
J1 J2 J3 Ja J12—| 9131 J14 | J15
K1 K2 K3 K4 K12/ K13 | K14 | K15
L1 L2 L3 L4 L12 |"L¥3 | L14 | L15
M1 M2 M3 M4 M5 M6 M7 M8 M9 | M10 | M1T | M12 M13 | M14 | M15
N1 N2 N3 N4 N5 N6 N7 N8 N9 | N10 | N “.N12)| N13 | N14 | N15
P1 P2 P3 P4 P5 P6 P7 P8 P9 | P10 RI1 | P12 | P13 | P14 | P15
R1 R2 R3 R4 R5 R6 R7 R8 R9 | R10 | R11{/R12 | R13 | R14| | R15

Figure 2.1.2 177-Pin CSP Pin/Assighment

TMP1942CY/CZ-7
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TOSHIBA
Table 2.1.2 Pin Assignment (177-pin CSP)

Pin Pin Name Pin Pin Name Pin Pin Name Pin Pin Name
No. No. No. No.
Al |VREFL D1 |P50/ANO H13 [NC N4 |P16/AD14/A14
A2 |AvVSS D2 |DAVSS H14 [NC N5 | P21/A1/A17
A3 |AvCC D3 |P52/AN2 H15 [DVSS N6 |P25/A5/A21
A4 | PE7/INT2/INTLV D4 |P51/AN1 J1 | P67/AN15/KEYT N7 |Dvss
A5 | PE3/TXD4 D5 |PEO/TXD3 J2 | P65/AN13/KEY5 N8 |TESTO
A6 | TCK (JTAG) D6 |PD3/TXD1/TBAINO J3 | P66/AN14/KEY6 N9’ | P3O/RD
A7 | PD2/SCLKO/CTSO D7 |PB7/TA2IN/INT7/KEYB J4 | P64/AN12/KEY4 N10 |P32/HWR
A8 | PB5/TB3OUT/TB4IN1 D8 |[DvVsS J12 | PABITALOUT N11 | P37
A9 | PBL/TB2INL/INTC D9 |PB2/TB20UT/TB4INO J13 | PATITAGINIKEYA N12 |Dvss
A10 |PD7/TX2 D10 |NMI J14 |NC N13 |P41/CS1
All |PD6/TX1 D11 |NC J15 | PAS/TB1OUT, N14 | PO1/KEY9
Al2 X1 D12 |NC K1 [Pol/ADI N15-|NC
Al13 |x2 D13 | PF1/RXD5/KEYD K2Y|'Dvces p1 | [NC
Al4 |cvece D14 |PF3/SCK K3-|NC P2 |'P10/AD8/A8
Al5 [NC D15 | PF6/INTO K4 /|NC R3, | P12/AD10/A10
B1 [NC E1 |DAvVCC K12_|/PA2/TBOOUT P4 /| P20/AO/ALE
B2 [NC E2 |DAOUTO K13 | PA3/TBLINO/INTS p5 (| P22/A2/A18
B3 |PE6/INT1L E3 | DAREFH K14 | PA4/TBLINKINTG P6 | P26/A6/A22
B4 | PE4/RXD4 E4 | P53/AN3 K15 | PAL/TBOINL/INTA P7 |TDO (JTAG)
B5 |[TRST (JTAG) E5 NC (Bonding netapplied) L1 | PO4/AD4 P8 |ALE
B6 |PD5/SCLK1/CTSL/TABOUT | E12 |PC6/TBSINO/KEYE L2 |Po2/AD2 P9 |BwW1
B7 | PDO/TXDO/TB9INO E13 |DVCC52 L3~ | TMS (JTAG) P10 | P33/WAIT
B8 |Dvcc3 El14 |PFO/TXD5 L4 | POOIADO P11 | TDI (JTAG)
B9 |PB4/TB3INL/INTE E15 |PF2/SCLK5/CTS5 112~| P97/TB70OUT P12 | P40/CSO
B10 | PBO/TB2INO/INTB F1 |DAQUT1 L13 |\DVCC3 P13 |P42/CS2
B11 |NC F2 | P55/AN5 L14 |PAOMBOINO/INT3 P14 | P44/SCOUT
B12 |RESET F3/ (| P54IAN4 115 | P96/TB7IN1 P15 |NC
B13 | CVSS F4 \_|\DAQUT?2 M2\ | PO7/AD7 R1 |P11/AD9/A9
B14 |DVCC51 F12) | PC2/TASIN/INTA M2~/| PO5/AD5 R2 |NC
B15 |NC F13 )| PC4/TAAIN M3 | P0O3/AD3 R3 [NC
Cl |VREFH F14 A PC5/TATOUT M4 | P14/AD12/A12 R4 |P13/AD11/A11
c2 [Nc F15 |PC7/TB8INL/TAQOUT M5 | P15/AD13/A13 R5 |P17/AD15/A15
C3 |PE5/SCLK4/CTS4 Gl |P56/AN6 M6 | P24/A4/A20 R6 |P23/A3/A19
C4 |PE2/SCLK3/CTS3 G2 | P61/AN9I/KEYL M7 |PLLOFF R7 |P27/A7/A23
C5 |PE1/RXD3 G3 |NC M8 [NC R8 [NC
C6 |PD4/RXD1/TBAIN1 G4 | P60/ANS/KEY0 M9 |Dvcc3 R9 |P31/WR
C7 | PD1/RXDO/TBYIN G12 | PCO/TA4IN/INTS M10 | P34/BUSRQ R10 | P35/BUSAK
Cc8 | PB6/TA30UT G13 4 PC1/TA6IN/INT9 M1l | P36/RIW R11 |DvcCC3
C9 | PB3/TB3INO/INTD G4 [NC M12 | P93/TB50UT R12 [NC
C10 |[BWO G15 |PC3/TASOUT M13 | P94/TB6OUT R13 |P43/CS3
cf1 fNC M1 -DVSS M14 | P95/TB7INO R14 |NC
Cc12 [TEST1 H2 | P63/AN11/KEY3 M15 | P92/TB4OUT R15 | P9O/KEY8
C13 | PF4/SQISDA H3. | P57/AN7/ADTRG N1 |NC
Cl14 |PFs/sIiSCL H4 | P62/AN1O/KEY2 N2 |DVSS
Cc15 [NC H12 |RSTPUP N3 | PO6/AD6

TMP1942CY/CZ-8
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2.2 Pin Usage Information

Table 2.2.1 lists the names and functions of the TMP1942’s input/output pins.

Table 2.2.1 Pin Names and Functions

Pin Name |# of Pins|  Type Function

P00~PO7 8 Input/output | Port O: Individually programmable as input or outpat

ADO~AD7 Input/output | Address (Lower): Bits 0-7 of the address/data bus

P10~P17 8 Input/output | Port 1: Individually programmable as input or output

AD8~AD15 Input/output | Address/Data (Upper): Bits 8-15 of the address/data bus

A8~Al5 Output Address: Bits 8-15 of the address bus

P20~P27 8 Input/output [ Port 2: Individually programmable as iiput or qutput

AO~A7 Output Address: Bits 0-7 of the address bus

A16~A23 Output Address: Bits 16-23 of the address bus

P30 1 Output Port 30: Output-only

RD Output Read Strobe: Asserted during a read-opération from an externatmemory device

P31 1 Output Port 31: Output-only

WR Output Write Strobe: Asserted during a-write~operation on DO-D7

P32 1 Input/output | Port 32: Programmable as input’of autput (with internal pul-up resister)

HWR Output Higher Write Strobe: Asserted during a write operation on.D8-D15

P33 1 Input/output | Port 33: Programmablé as-input or output (with internal pull-up-resister)

WAIT Input Wait: Causes the CPU to_suspend external bus activity

P34 1 Input/output | Port 34: Programmable as-input or output (with internal pull-up resister)

BUSRQ Input Bus Request: Asserted by an external bus master torequest bus mastership

P35 1 Input/output | Port 35: Programmable as input or output (With intérnal pull-up resister)

BUSAK Output Bus Acknowledge: Indicates that the-CPU ‘has relinguished the bus in response to

BUSRQ .

P36 1 Input/output | Port 36:-Programmable as input.or output (with internal pull-up resister)

RIW Output Read/Write; \Indicates the direction of data/transfer on the bus: 1 = read or dummy

cycle, 0 = write cycle

P37 1 Input/output {Port 37:-Programmable as input or output (with internal pull-up resister)

DSU Input This pin is used to select the.operating mode during reset. The TMP1940CYAF enters
NORMAL mode when this_pin.is sampled high at the rising edge of RESET . This pin
should not be pulled down.te ategic 0 during a reset sequence. The TMP1940FDBF,
which has an on-chip flash;-uses this pin as an interface to the DSU tool. For details,
refer to Part 4, TMP1940FDBF.

P40 1 Input/output | Port 40;/Rrogrammable as|input or output (with internal pull-up resister)

cso Qutput Chip Select 0-Asserted’low to enable external devices at programmed addresses

P41 1 Input/output | Port41:-Programmable as input or output (with internal pull-up resister)

cs1 Output Chip-Setect T Asserted low to enable external devices at programmed addresses

P42 1 Input/output | Port 42: Programmable as input or output (with internal pull-up resister)

cs2 Qutput Chip Select 2:"Asserted low to enable external devices at programmed addresses

P43 1 Input/output | Poft 43: Programmable as input or output (with internal pull-up resister)

cs3 Output Chip_ Select 3: Asserted low to enable external devices at programmed addresses

P44 1 Input/output”_| Pert44;Programmable as input or output

SCOUT Output System Clock Output: Drives out a clock signal at the same frequency as the CPU

clock (high-speed or low-speed)

P50~P57 8 Input Port 5: Input-only

ANO~ANZ Input Analog input: Input to the A/D converter

ADTRG Input External start request for the A/D converter (multiplexed with P57)

P60~P67 1 Input/output | Port 6: Input-only

AN8~AN15 Input Analog input: Input to the A/D converter

KEYO-KEY7 Output Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)

P90 1 Input/output | Port 90: Programmable as input or output

DSU (DCLK) Output DSU pin

KEY8 Input Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)

TMP1942CY/CZ-9
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Pin Name |# of Pins Type Function

P91 1 Input/output | Port 91: Programmable as input or output

DSU (PCST2) Output DSU pin

KEY9 Input Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)

P92 1 Input/output | Port 92: Programmable as input or output

DSU (PCST1) Output DSU pin

TB40UT Output 16-Bit Timer 4 Output: Output from 16-bit Timer 4

P93 1 Input/output [ Port 93: Programmable as input or output

DSU (PCSTO) Output DSU pin

TB50UT Output 16-Bit Timer 5 Output: Output from 16-bit Timers

P94 1 Input/output | Port 94: Programmable as input or output

DSU Output DSU pin

(SDSAO0/TPC)

TB6OUT Output 16-Bit Timer 6 Output: Output from 16-bit Fimer 6

P95 1 Input/output | Port 95: Programmable as input or/Qutput

DSU (DBGE¥*) Input DSU pin

TB7INO 16-Bit Timer 7 Input 0: Count/capture trigger input to 16-bit/Fimer7

P96 1 Input/output | Port 96: Programmable as inputor output

DSU (DINT¥*) Input DSU pin

TB7IN1 16-Bit Timer 7 Input 1: Capture trigger input to 16-bitTimer 7

P97 1 Input/output | Port 97: Programmable 'as input er output

DSU Input DSU pin

(DRESET)

TB70UT Output 16-Bit Timer 7 Qutput: Output from 16-bit Timer 7

PAO 1 Input/output | Port AO: Programmable’as input or output

TBOINO Input 16-Bit Timer 0 Input-0: Count/capture-trigger inputto 16-bit Timer 0

INT3 Input Interrupt Request 3:  Programmable to be high-level, low-level, rising-edge or
falling-edge-sensitive

PAl 1 Input/output | Port Al: Programmable as input or output

TBOIN1 Input 16-Bit-Timer’0 Input 1: Capture trigger input to 16-bit Timer O

INT4 Input Interfupt Request 4:  Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive

PA2 1 Input/output | Port/A2: Programmable as input-or output

TBOOUT Qutput 16-Bit Timer 0 Output: Output from 16-bit Timer 0

PA3 1 Input/output—" Port A3: Programmabl€ as input or output

TB1INO Input 16-Bit Timer 1 Input,0: Count/capture trigger input to 16-bit Timer 1

INT5 hput Interrupt Request 5:—Pfogrammable to be high-level, low-level, rising-edge or
falling-edge sensitive

PA4 1 Inputfeutput | Port A4: Rrogrammable as input or output

TB1IN1 Input 16-Bit Timer I\nput 1: Capture trigger input to 16-bit Timer 1

INT6 tnput Interrupt Request 6:  Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive

PA5 1 Input/output  ["Rort A5: Programmable as input or output

TB1OUT Output 16-Bit Timer 1 Output: Output from 16-bit Timer 1

PA6 1 Input/output | Port|A6: Programmable as input or output

TATOUT Output 8<Bit Timer 0/1 Output: Output from 8-bit Timer 0 or 1

PA7 1 Input/output | Port A7: Programmable as input or output

TAOIN Input 8-Bit Timer O Input: Input to 8-bit Timer O

KEYA Input Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)

PBO 1 Input/output | Port BO: Programmable as input or output

TB2INO Input 16-Bit Timer 2 Input 0: Count/capture trigger input/2-phase input pulse counter input to

INTB Input 16-bit Timer 2

Interrupt Request B:  Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive
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TOSHIBA
Pin Name |# of Pins Type Function
PB1 1 Input/output | Port B1: Programmable as input or output
TB2IN1 Input 16-Bit Timer 2 Input 1: Capture trigger input/2-phase input pulse counter input to 16-bit
INTC Input Timer 2
Interrupt Request C:  Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive
PB2 1 Input/output | Port B2: Programmable as input or output
TB20OUT Output 16-Bit Timer 2 Output: Output from 16-bit Timer 2
TB4INO Input 16-Bit Timer 4 Input 0: Count/capture trigger input to, 16-bit Timer 4
PB3 1 Input/output | Port B3: Programmable as input or output
TB3INO Input 16-Bit Timer 3 Input 0: Count/capture trigger input/24phase input pulse counter input to
INTD Input 16-bit Timer 3
Interrupt Request D:  Programmable to be high-level; low-level, rising-edge or
falling-edge sensitive
PB4 1 Input/output | Port B4: Programmable as input or output
TB3IN1 Input 16-Bit Timer 3 Input 1: Capture triggerinput/2-phase input pulse’counter input to 16-bit
INTE Input Timer 3
Interrupt Request E:  Programmable te_be high-level, lowAevel, rising-edge or
falling-edge’ sensitive
PB5 1 Input/output | Port B5: Programmable as inpUt'or gutput
TB3OUT Output 16-Bit Timer 3 Output: Output frem-16-bit Timer 3
TB4IN1 Input 16-Bit Timer 4 Input 1:\Capture trigger input to 16-bit;Timer 4
PB6 1 Input/output | Port B6: Programmableas input or output
TA30UT Output 8-Bit Timer 2/3 Output: Output from 8-bit Timer 2'or3
PB7 1 Input/output [ Port B7: Programmable as input or output
TA2IN Input 8-Bit Timep2 Input: tAput to 8-bit Timer 2
INT7 Input Interrupt/Request. 7+ Programmabte-te_be.high-level, low-level, rising-edge or
KEYB Input falling-edge sensitive
Key/on-wake-up-ihput (with internal pull-up resister) (dynamic pull-up selectable)
PCO 1 Input/output | Port €CO: Programmable as input oreutput
TA4IN Input 8-Bit Timer 4 Input: Input to 8-bit Timer4
INT8 Input Interript Request 8: Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive
PC1 1 Input/output~,| Pert-€1: Programmable as‘input.op output
TAG6IN Input 8:Bit Timer 6 Input: Tnputto 8<bit Timer 6
INT9 tnput Interrupt Request 9:-Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive
PC2 1 Inpdt/output’ | Port C2: Programmable as input or output
TASIN lnput 8-Bit-Timer 8 Input~_Input to 8-bit Timer 8
INTA Input Interrupt-Request-A:/Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive
PC3 1 Input/output | Port C3: Programmable as input or output
TA50UT Output 8-Bit Timer 4/5 Output: Output from 8-bit Timer 4 or 5
PC4 1 Input/output  |NPort C4: Programmable as input or output
TAAIN Input 8-Bit.Timer A Input: Input to 8-bit Timer A
PC5 1 Input/output | Part C5: Programmable as input or output
TAZOUT Output 8-Bit Timer 6/7 Output: Output from 8-bit Timer 6 or 7
PC6 1 Input/eutput | Port C6: Programmable as input or output
TB8INO Input 16-Bit Timer 8 Input 0: Count/capture trigger input to 16-bit Timer 8
KEYC Input Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)
PC7 1 Input/output | Port C7: Programmable as input or output
TB8IN1 Input 16-Bit Timer 8 Input 1: Capture trigger input to 16-bit Timer 8
TA9OUT Output 8-Bit Timer 8/9 Output: Output from 8-bit Timer 8 or 9
PDO 1 Input/output | Port DO: Programmable as input or output
TXDO Output Serial Transmit Data O
Programmable as an open-drain output
TB9INO Input 16-Bit Timer 9 Input 0: Count/capture trigger input to 16-bit Timer 9
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TOSHIBA
Pin Name |# of Pins Type Function
PD1 1 Input/output | Port D1: Programmable as input or output
RXDO Input Serial Receive Data 0
TB9IN1 Input 16-Bit Timer 9 Input 1: Capture trigger input to 16-bit Timer 9
PD2 1 Input/output | Port D2: Programmable as input or output
SCLKO Input/output | Serial Clock Input/Output 0
CTSO0* Input Serial Clear-to-Send 0
Programmable as an open-drain output
PD3 1 Input/output | Port D3: Programmable as input or output
TXD1 Output Serial Transmit Data 1
Programmable as an open-drain output
TBAINO Input 16-Bit Timer A Input O: Count/capture triggerinput to-16¢bit Timer A
PD4 1 Input/output | Port D4: Programmable as input or output
RXD1 Input Serial Receive Data 1
TBAIN1 Input 16-Bit Timer A Input 1: Capture trigger.inputto-16-bit Timer A
PD5 1 Input/output | Port D5: Programmable as input,or output
SCLK1 Input/output [ Serial Clock Input/Output 1
CTS1 Input Serial Clear-to-Send 1
Programmable as an open-drain output
TABOUT Output 8-Bit Timer A/B Outputy Output from 8-bit Timer A orB
PD6 1 Input/output | Port D6: Programmable\as inputor open-drain output
XT1 Input Connection pin for a/low-speed crystal
PD7 1 Input/output | Port D7: Programmable_as input or open-drain output
XT2 Output Connection pin/for_ a-low-speed crystal
PEO 1 Input/output | Port EO: Programmable’as input or output
TXD3 Output Serial Transmit Data,3
Programmable-as an open-dfain output
PE1 1 Input/output [ Port E1: Programmable as input-or-eutput
RXD3 Input SeriahReceive Data 3
PE2 1 Input/output {Port E2:-Programmable as jinput or output
CTS3* Input/output | | Serial Clock Input/Output 3
Input Serial Clear-to-Send 3
Programmable as an’open=drain output
PE3 1 Input/output | /Port E3: Programmable as input or output
TXD4 Output Serial Transmit Data’4
Programmable as an.opén-drain output
PE4 1 Input/output | Port E4: Programmable as input or output
RXD4 Input Serial Receive Data 4
PE5S 1 Input/output | Port E5:"Programmable as input or output
SCLK4 Input/output | Serial Clock mput/Output 4
CTS4 Input Seyial Clear-to-Send 4
Programmable as an open-drain output
PE6 1 Input/output—-Port. E6; Programmable as input or output
INT1 Inpat Interrupt request 1: Individually programmable to be high-level, low-level,
BOOT rising-edge or falling-edge sensitive.
Single-boot mode setting pin: Used when rewriting built-in flash memory (low active).
During normal operation, this pin should be pulled up.
This pin should always be pulled up for the mask ROM
version.
PE7 1 Input/output | Port E7: Programmable as input or output
INT2 Input Interrupt request 2: Individually programmable to be high-level, low-level,
INTLV rising-edge or falling-edge sensitive.
Interleave mode setting pin: This pin should be pulled up when using interleave mode.
Otherwise, it should be pulled down.
PFO 1 Input/output | Port FO: Programmable as input or output
TXD5 Output Serial Transmit Data 5
Programmable as an open-drain output
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TOSHIBA
Pin Name |# of Pins Type Function
PF1 1 Input/output | Port F1: Programmable as input or output
RXD5 Input Serial Receive Data 5
KEYD Input Key on wake-up input (with internal pull-up resister) (dynamic pull-up selectable)
PF2 1 Input/output | Port F2: Programmable as input or output
SCLK5 Input/output | Serial Clock Input/Output 5
CTS5 Input Serial Clear-to-Send 5
Programmable as an open-drain output
PF3 1 Input/output | Port F3: Programmable as input or output
SCK Input/output | Clock input/output pin when the serial bus interface is in StO'mode
PF4 1 Input/output [ Port F4: Programmable as input or output
SO Output Data transmission pin when the serial bus.interface-is’in’ SIO mode
SDA Input/output | Data transmission/reception pin when the/serial bus interface is in I°C mode
Programmable as an open-drain output
PF5 1 Input/output | Port F5: Programmable as input or/output
Sl Input Data reception pin when the seriakbus interface is in SIO mode
SCL Input/output | Clock input/output pin when the setial bus interface is in I°’Gmiode
Programmable as an open-drairyoutput
PF6 Input/output | Port F6: Programmable as input’or output
INTO Input Interrupt request 0: Individually pregfammable to be high-level; loeWw-level, rising-edge or
falling-edge-sensitive.
ALE 1 Output Address Latch Enable
(This signal is driven‘out onty/when external memoryis accessed)
TESTO Input Test pin
TEST1 Input Test pin
RSTPUP 1 Input When thjs\pin is-driven high (upon reset);pull-up for'ports 3 and 4 is enabled. When this
pin is drivenlow, pull-up is digabled.
DAOUTO-2 3 Output D/A converter output
NMI 1 Input Non-maskable Interrupt Request: Causes’an NMI interrupt on the falling edge
BWO0~1 2 Input Set both AMO and AM1 to 1.
PLLOFF 1 Input This pin should be tied to logic.1 when the frequency multiplied clock from the PLL is
used;/otherwise, it should-be tied. to logic 0.
RESET 1 Input Reset (with internal pull-up_resister): Initializes the whole TMP1940CYAF
VREFH 1 Input Input pin for high reference.voltage for the A/D converter.
VREFL 1 Input Ihput pin for low reference voltage for the A/D converter.
AVCC 1 — Power supply pin for'the/A/D converter. This pin should always be connected to power
supply even.when the A/D converter is not used.
AVSS 1 — Ground pin-for-the A/D converter. This pin should always be connected to ground even
whenthe-A/D converter is not used.
DAVCC v — Power supply pin for the D/A converter. This pin should always be connected to power
supply even when the D/A converter is not used.
DAVSS 1 — Ground pin for the D/A converter. This pin should always be connected to ground even
when the D/A converter is not used.
DAREFH 1 — Reference voltage input pin for the D/A converter
X1/X2 2 Input/output [ Resonator connecting pin
Cvec 1 4 Power supply pin for the oscillator
CVSS 1 A— Ground pin for the oscillator (0 V)
DVCC3 4 — Power supply pins
DVCC51 1 — Power supply pin (port F)
DVCC52 1 — Power supply pin (port C)
DVSS 5 — Ground pins (0 V)

Port C becomes a 5 V port when a 5 V power supply is connected to DVCC52.
Port F becomes a 5 V port when a 5 V power supply is connected to DVCC51.

Note:

When the DSU is enabled, port 9 functions as the processor probe interfacing signal
regardless of the setting of the port 9 control register (P9CR).
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The following table lists the JTAG specific pins added to the CSP package:

Pin Name |# of Pins|  Type Function

TRST 1 Input JTAG reset pin (with internal pull-up resistor)

TCK 1 Input JTAG clock pin (with internal pull-up resistor)

TDI 1 Input JTAG data input pin (with internal pull-up resistor)

TDO 1 Output JTAG data output pin

TMS 1 Input JTAG mode switching input pin (with internal pull-up resistor)
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3. Functional Description

This section describes the functions and basic operation of each individual circuit block in the TMP1942 series

devices.

3.1 Processor Core

The TX1942 contains a high-performance 32-bit processor core (the TX19 processor core). For details of

the operation of the processor core, refer to “TX19 Family Architecture”.

Functions unique to the TMP1942, which are not explained in£TX19\Family) Architecture”, are described

below.

Recommended power-on sequence:

In powering up this device, it is recommended that the DYCC3 be_turned on first.

At power-on, the pull-up resistors and input & output buffers puli-down resistors attached to
the 1/O ports of the 5V supply domain may rail become unstable or a through\current may pass
through the port until the DVCC3 has stabilized, when-an-injection order is.not kept.

3.1.1

Reset Operation

To reset the TMP1942, RESET must'be input Low (at 0) for atleast 12 system clock cycles while the
power supply voltage is within the rated eperating range and the internal high-frequency oscillator is
oscillating stably. (With the deviee-operating at 32 MHz, this period is equal to 3 us if the PLL is being
used and 6 us if the PLL is not being used.) After a reset the PLL-multiplied clock is specified by the
setting of the PLLOFF pin anchthe-elock gear is initialized t0~1/8 mode.

To reset the TMP1942, RESET must be asserted for at least 12 system clock periods after the power
supply voltage-and the internal high-frequeney-oscitlator have stabilized. This time is typically 3 us at 32
MHz when the on=chip PLL is utilized, and.6s otherwise. After a reset, either the PLL-multiplied clock
or an external clock is selected, depending-an the logic state of the PLLOFF pin. By default, the selected

clock is geared down to 1/8 for-internal operation.

ThefoHowing occurs as aresult of a reset:

e\ The System control coprocessor (CPO) registers within the TX19 core processor are initialized.
For details, referte.the Architecture manual.

e The Reéset exception) is taken. Program control is transferred to the exception handler at a
predefined. address:” This predefined location is called an exception vector, which directly
indicates the start of the actual exception handler routine. The Reset exception is always
vectored to virtual address 0XBFCO_0000 (which is the same as for the Nonmaskable Interrupt
exception).

e All on-chip 1/O peripheral registers are initialized.

e  All port pins, including those multiplexed with on-chip peripheral functions, are configured as
either general-purpose inputs or general-purpose outputs.
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3.2

Memory Map

Figure 3.2.1 shows a memory map of the TMP1942.

OXFFFF_FFFF
0XxFF00_0000

0xC000_0000

0xBFCO0_0000

0xA000_0000

0x8000_0000

0x0007_FFFF
0x0000_0000

Virtual address

16 Mbytes reserved

Physical address

Kseg2
(cacheable)

16 Mbytes reserved

Kseg2
(1 Gbyte)

16 Mbytes reserved

Ksegl
(uncacheable)

Kseg0
(cacheable)

16 Mbytes reserved

Kuseg
(cacheable)

Kuseg
(2Gbyte)

Internal ROM area
reflected

Cannot be accessed

Internal ROM/\

512 Mbytes

0x4008_FFFE=5------
0x4000-0000+

\

\,
\

OAFC3) FFFF” %
0xLFCO_0000

Figure 3/2:1-Memory Map

Internal I/0

(Reserved)

Internal RAM (16KB)

(Reserved)

Reserved for
debugging (2 MB)

(Reserved)

User program area

MasKable interrupt
afea

Exception vector area
\

OXFFFF_E000

OXFFFF_AFFF
OXFFFF_7000

OXFF3F_FFFF

0xFF20_0000

0xFFO00_0000

0x1FC3_FFFF

Ox1FCO_0400

0x1FCO0_0000

Note 1:

Note 2:

Note 3:

Note 4:

Note 5:

ADDIU
SW

ADDIU
SW

2,10, 7

T

Can be accessed using a single instruction.

LUI r3, hi{/f)
r2, 10, 8

o Access to areas-othéer'than. 0x0000_0000 +32 KB
; < Upper address is set to r3.
;/r2 « (0x0000_0008)
r2, lo (_f) (r3) ; Memory is accessed after lower address has been set.

Do not place an instruction in the last four words of the physical area.
e The relevant area of the internal ROM is Ox1FC3_FFFO0 to Ox1FC3_FFFF (for a 256-KB ROM) or Ox1FC5_FFFO to
0x1FC5_FFFF (for a 384-KB ROM).

o If ROM is added externally, this restriction applies to the last four words of the installed memory
(system-dependent).

The internal ROM is mapped into the memoyy. space.frem 0x1FCO0,0000-t0 0x1FC3_EFFF (for a 256-KB ROM) or
0x1FCO0_0000 to 0x1FC5_FFFF (for a 384-KB-ROM). The internal RAM is mapped into the memory space from
OXFFFF_8000 to OXFFFF_BFFF (for a ¥6-KB_RAM)

The memory space from OxFFFF_4000't0-0xFEFF_BFFF is a reserved RAM area. Any area other than those shown above,
where physical memory is located; should notbe accessed.

The internal memory data is stored‘in contiguous physical address locations starting at 0x1FCO_0000.
If exception vector addresses are-placed-in internal ROM, the system control coprocessor (CP0) Status register's BEV bit
must be set to 1 (the default). (This,is because exception vectoraddresses are dispersed if BEV = 0.) If memory is added
externally, the BEV/-bit can be set t0,0.

However, since @ virtual address space of 0X6000_0000,£32)KB is easier to access for reasons of code efficiency, this area
is reflected in the caontiguous physical address space from 0x4000_0000 upwards (as indicated by the shaded area) which
corresponds to a virtuahaddress space’starting-at 0X0000_0000 and which is equal in size to the internal memory. Hence,
accessing this area is equivalent to accessing the internal memory.

Example:"Using 32-bit ISA
o Access to.the 9x0000_0000 +32. KB area

; 1,2\« (0x0000_0007)

r2, lo (_t) (r0) ; 0x8000_xxxx <« (r2)

The TX1942 supports access to only 16 Mbytes of physical space as external address space. A 16-Mbyte physical address
space can be placed in any chip-select area within the CPU's 3.5 Gbytes of physical address space.
However, when access to the internal memory, internal I/O space or a reserved area is performed, the external address
space cannot be accessed simultaneously, since the other types of access have priority.

TMP1942CY/CZ-
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3.3

Clock/Standby Control

There are essentially two modes of clock operation: single-clock mode (which uses only the X1 and X2
pins) and dual-clock mode (which uses the X1 and X2 pins as well as the XT1 and XT2 pins).

Figure 3.3.1 shows the state transition diagram for each operation mode.

IDLE mode
(CPU halted)

(I/O select operation)

| Reset |
Reset terminated
Instruction NORMAL mode Instruction
Interrupt (fc/gear value) Interrupt

IDLE mode
(CPU halted)
(I/O select operation)

(a) State transition in single-clock mode

| Reset

Reset terminated

SLEEP mode (fc only)
(only real-time clock
timer operating)

nstruction

Interrupt

STOP mode

(all circuits turned off)

Instruction NORMAL mode
Interrupt (fc/gear value)
c
i (=]
Instruction S
Interrupt 2
@
£
Instruction SLOW mode
Tnterrupt (fs)

Instruction

STOP mode
(all circuits turned off)

Interrupt

Note 1:
Note 2:

Note 3:
SYSCRO.

Before transition to SLOW/SLEEP mode, can occur, the low-speed oscillator.(fs}-must be oscillating stably.

When SLEEP mode is terminated, the device-returns to the state in which.it'\was placed before entering SLEEP mode.

The state to which the device returns'when STOP mode is terminated can be specified using system control register

Figure 3.3.1 \State/Jransition Diagrams.for Different Modes

(by State. transition in dualsclock mode

Reset |

Reset terminatéd
PLLOFF pin (High)
PLL clock used

NORMAL mode
fc = fpll = fosc x 4
fsys = fc/8
..fsys = fosc/2
fperiph = fsys

Reset

Reset terminated
PLLOFF pin (Low)
PLL not used

A._Whena clock generated by the PLL is used

NORMAL mode
fc = fosc/2
fsys = fc/8

..fsys = fosc/16

fperiph = fsys

B. When the PLL is not used

Figure 3.3.32 Default/States When the PLL is Used and Those When the PLL is Not Used

fosc:
fs:
fpll:
fc:
fgear:

System clock fsys:

fperiph:

Clock frequency input via X1 and X2 pins

Clock frequency input via XT1 and XT2 pins

Clock frequency multiplied (x4) by PLL

Clock frequency selected by setting of PLLOFF pin

Clock frequency selected by SYSCR1<GEAR1:GEARO>
Clock frequency selected by SYSCR1<SYSCK>

Input clock for peripheral 1/0 prescaler
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3.3.1  Block Diagram of Clock Circuits

1. Main system clock

Input clock frequency

Input Frequency/Range fmax fmin
PLLON
(for both resonator and external input) 5-8 (MHz) 32 MHz 25 MHz
Resonator 16~20 (MHz) 20 MHz 1 MHz
PLLOFF ) 16~20 (MHz) 20 MHz 1 MHz
External input =
20~324{MHz) 16 MHz 1.25 MHz

A crystal can be connected between X1 and X2, or X1 can be externally driven with a clock.

PLLOFF The on-chip PLL can be enabled or disabled (bypassed) during reset by using the
PLLOFF pin. When the PLL is enabled, the input clock frequency is multiplied by four.

The clock gear can be programmed to divide the clock by 2, 4 or 8-(The default is 1/8 on reset.)

*1. SYSCR1<DFOSC> must be 0. The default is 0.

2. Sub-system clock

e  Generated using a 32.768-kHz resonator,(external inputalsosaccepted).

e  SLOW mode: The CPU runs atlow speed.
e  SLEEP mode: Only the timer for-real-time/clock, 2-phase pulse input counter, and dynamic
pull-up operate.
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3. Block diagram

SYSCRO<WUEF>
SYSCR2<WUPT1 : 0>
SYSCR3<LUPTM>

v

SYSCR1 <FPSEL>

L

Warm-up timer

SYSCRO Lock-up (PLL) timer
<XTEN>

\l/ fs

XT1 O—{Low-spee ®

_)fperiph

f
gear (to peripheral 1/0)

fc
fs

XT2 O— oscillator Fpll = fosch x 4

l/ Selector

> fsys

- |

+2 | <4 | +8 SYSCR1 <SYSCK>

SYSCRO PLL
<XEN>
X1 O—{High-speed +2

X2 o—] oscillator | fosc

SYSCR1 <GEAR1:0>

Divide by 8 afterreset
/I\ PLLOFF (default pin’setting)
SYSCR1 <DFOSC>
fsys CRU
SYSCRO
<PR(ilP/<1:O> ROM
RAM
L_s| “Peripheral /O
rescaler faput
(p " put) DMAC
' INTC
Peripheral I/O
+2 ADC,DA, TMRA/B,
SIO,SBIL,PIO, WDT, RTC
Timer for real-time clock
fs 2-phase pulse input counter
KWUP
SYSCR3,<SCOSEL> —v
SCOuUT

dTn<fsys/2

Note-1: When-dsing the clock gear to reduce the system clock frequency, make sure that ¢Tn of the
prescaler output for'each peripheral I/0 block satisfies the following relationship:

To this end, set the clock-related registers so that ¢Tn is slower than fsys/2.

When selecting a low-speed system clock (fs), only the timer for real-time clock, 2-phase pulse input
counter, and dynamic pull-up can operate.

Figure 3.3.3 Block Diagram of Dual-Clock and Standby Functions
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3.3.2  Clock Generator (CG) Registers
(1) Clock-related registers
7 6 5 4 3 2 1 0
SYSCRO Bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(OxFFFF_EEOQO0) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High-speed |Low-speed |High-speed [Low-speed [Clock Oscillator- |[Prescaler clock selection
oscillator oscillator oscillator oscillator selection \warméup
after exit after exit after exit timer (WUP) 00: fperiph/4
from STOP [from STOP |[from STOP feontrol - foerioh
mode mode mode Wité @ 01 per!p 2
Don't care 10: fperiph
\rite 1° 11: (reserved)
0: Turned off |0: Turned off |0: Turned off |0: Turned off [0: High/speed\\wyp start
1: Oscillating [1: Oscillating [1: Oscillating |1: Oscillating |1: Low.speed |Read 0:
WUP finished
Read 1:
WUP
operating
15 14 13 12 11 10 9 8
SYSCR1 Bit Symbol SYSCK FPSEL DFOSC GEAR1 GEARO
(OXxFFFF_EEO1) | Read/Write R R/W
After reset - - 0 0 0 - 1 | 1
Function System fperiph High-speed High-speed clock (fc)
clocK Selection oscillator, gear selection
selection frequency
division
seleetion
00: fc
0:High speed |0: fgear 0:.Divide by 2 01: fc/2
(fc) 1: fc 1-Divide’by 1 10: fc/a
1:+tow speed 11: fo/8
(s) '
23 22 21 20 19 18 17 16
SYSCR2 Bit Symbol [DRVOSCH}DRVOSCL | WUPT1 WURTO STBY1 STBYO DRVE
(OXFFFF_EEO02) ] Read/Write RV - R/W
After reset 0 0 (/o 1 |1 - 0
Function High,speed_[Fow-speed |Qscillator warm-up time [Standby mode selection 1: Pins are
oscillator oscillator selection also
driving driving driven in
capability |capability STOP
control control 00: 22/input frequency 00: Reserved mode.
01: 2%input frequency  [01: STOP mode
0/Normal [0: Ngrmal  [10: 2*/input frequency  |10: SLEEP mode
1: Weak 1: Weak 11: 2"/input frequency  |11: IDLE mode
31 30 29 28 27 26 25 24
SYSCR3 Bit Symbol SCOSEL ALESEL LUPFG LUPTM
(OXFFEF=EE03)}-Read/Write S RIW - R/W - - R R/W
After reset - 0 - 1 - - 0 0
Function SCOUT ALE output Lock-up flag |Lock-up time
output width selection
selection selection 0: LUP 0: 2%%/input
finished frequency
0: fs 0: fsys x 0.5 1: LUP in 1: 2%finput
1: fsys 1: fsys x 1.5 operation frequency
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Note 1: Standby mode selection depends on the settings of the Doze and Halt bits in the CPOQ's internal
Config register. If the Halt bit = 1, the device will enter the mode selected by STBY[1:0].

If the Doze bit = 1, the device will always enter IDLE mode.

Note 2: When the PLL is not used, set the LUPTM bit in the SYSCRS3 register to 1 (i.e., select 2*¥/input
frequency).

Note3: The WURT1-WUPTO bitys in the SYSCR2 must be not be changed ‘during the oscillator warm-up
event ( e.g. SLEEP-NORMAL-SLEEP)

Note 4: Do as follows to change the operating mode immediately after the device has warmed up from the
clock stop state (e.g., from SLEEP mode to NORMAL mode to SLEEP made):

¢ Warming up by hardware
(1) Moving from STOP or SLEEP mode to NORMAL mode

1) When the PLL is used

Before moving to the next operating mode, ensure thatthelack-up bit, LUPFG,/inthe: SYSCR3
register has been cleared to zero and wait for five or more_instructions to complete (incldding the
instruction to check the LUPFG flag).

2) When the PLL is not used

¢ When the oscillator warm-up time (SYSCGR2<WUPT:0>) is programfmed as “012i.e., 2%/input frequency).
Before moving to the next operating mode,.ensure.that the lock-up bit, LUPFG/ in the SYSCRS register has
been cleared to zero and wait for five or more.instructions to complete;
o When the oscillator warm-up time (SYSCR2<WUPT1:0>) is programmed as “10” (2*/input frequency) or
“11” (2"%input frequency). Befaore.movingto the next/Operating~mode;, wait for five or more instructions to
complete.
(2) Moving from STOP or SLEER mode to SLOW mode

It is possible to move to SLOW mode immediately after the device has warmed up from STOP or SLEEP
mode.

e Warming up by software
(1) Moving ffom SLOW modeto NORMAL made

1) When-the PLL is used
It is possibleta move to NORMAL -mede immediately after the device has warmed up. However, to
move to another mode after that, ensure that the lock-up bit, LUPFG, in the SYSCR3 register has been
cleared to zero and wait for five or mgye instructions to complete (including the instruction to check the
LUPEGlag).

2) When the PLL is not used

o When the oscillator warmsuptime (SYSCR2<WUPT1:0>) is programmed as “01” (i.e., 2%/input frequency).
It is possible tomove to NORMAL mode immediately after the device has warmed up. However, to move to
another mode after that, ensure that the lock-up bit, LUPFG, in the SYSCR3 register has been cleared to zero
and wait for five or.more instructions to complete.

e When the oscillator warm-up time (SYSCR2<WUPT1:0>) is programmed as “10” (2'/input
frequency) or “11” (2'%/input frequency). It is possible to move to NORMAL mode immediately

after the device has warmed up. However, to move to another mode after that, wait for five or
more instructions to complete.

(2) Moving from NORMAL mode to SLOW mode

Before moving to SLOW mode, ensure that the warm-up end flag (i.e., the WUEF bit in the SYSCRO
register) is cleared and wait for five or more instructions to complete.
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(2) Standby (STOP/SLEEP mode) termination interrupts

7 6 5 4 3 2 1 0
IMCGAO Bit Symbol EMCGO01 | EMCGO00 INTOEN
(OxFFFF_EE10) | Read/Write — — R/W — — — R/W
After reset — — 1 | o — — — 0
Function Active state setting for INTO
INTO standby termination request
request input
00: Low level 0: Disable
01: High level 1: Enable

10: Falling edge
11: Rising edge

15 14 13 12 11 10 9 8
Bit Symbol EMCG11 | EMCG10 DFOSC INT1EN
Read/Write — — R/W = — — R/IW
After reset — — 1 | 0 — — > 0
Function Active state setting for INT1
INT1 standby termination request
request input
00: Low level 0: Disable
01: High level 1: Enable

10: Falling edge
11: Rising edge

23 22 21 20 19 18 17 16
Bit Symbol EMCG21. | "EMCG20 INT2EN
Read/Write — — RAV — — — R/W
After reset — — 1 | 0 = — — 0
Function Active state settingfor INT2
INT2 standby termination request
request input
00:Low level 0: Disable
01: High level 1: Enable

10: Falling edgé
11: Rising edge

31 30 29 28 27 26 25 24
Bit Symbol EMCG31 EMCG30 INT3EN
Read/Write — — R/W, — — — R/W
After reset — — 1 | 0 — — — 0
Function Active state setting for INT3
INT3 standby termination request
request input
00: Low level 0: Disable
01: High level 1: Enable

10: Falling edge
11: Rising edge
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7 6 5 4 3 2 1 0
IMCGBO Bit Symbol EMCG41 | EMCG40 INT4EN
(OXFFFF_EE14) | Read/Write — — R/W — — — R/IW
After reset — — 1 | 0 — — — 0
Function Active state setting for INT4
INT4 standby termination request
request input
00: Low level 0: Disable
01: High level 1: Enable
10: Falling edge
11: Rising edge
15 14 13 12 11 10 9 8
Bit Symbol EMCG51 | EMCG50 KWUPEN
Read/Write — — R/W — — — R/W
After reset — — 1 | 0 — — — 0
Function These bits should always KWUP
be set to 01. request
input
0: Disable
1: Enable
23 22 21 20 19 18 17 16
Bit Symbol EMCG61\| EMCG60 INTBCDEEN
Read/Write — — RW — — — R/W
After reset — — 1 | 0 — — — 0
Function These bits should always INTBCDE
be'set to 01. request
input
0: Disable
1: Enable
31 30 29 28 27 26 25 24
Bit Symbol EMCG71 | EMCGY0Q INTRTCEN
Read/Write — — RIW — — — R/W
After reset — — 1 | 0 — — _ 0
Function These bits should always INTRTCEN
be set to\1L/ request
input
0: Disable
1: Enable
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Note 1:

Note 2:

Note 3:

Note 4.

When enabling an interrupt source as a means of terminating a standby mode, always set the active
state for the corresponding interrupt request.

When using an interrupt, always perform the following steps in order:

(1) Enable the input for the interrupt if the corresponding pin is also used for a general-purpose
port or any other purpose.

(2) Set the active state for the interrupt during initialization.

(3) Clear the interrupt request.

(4) Enable the interrupt.

The TMP1942 has eight interrupt sources (INTO~INT4, INTRTC, INTB/INTC/INTD/INTE, and
KWUPO-KWUPD) which can be used as a means of terminating-a standby mode. For INTO to INT4,
use the CG block to specify whether they are used to terminate.a standby mode and to specify their
active edge or level. For INTB/INTC/INTD/INTE and KWUPO-KWUPD, use the CG.block to specify
whether they are used to terminate a standby mode and use INTBCDEST and KWUPSTNn,
respectively, to specify their active edge or level. Set the active state for the corresponding interrupt
source to High in the INTC block.

Example: Enable the INTO interrupt

IMCGAO<EMCGO01:00> = “10"} CG block

IMCGAO<INTOEN> = “1” (Input is_enabled on the falling-€dge’.)

IMCOL<EIM11:10> = “01" } INTC-bloek

IMCOL<IL12:10> = “101" (AHigh=level interrupt is active and the interrupt level is 5.)

All interrupt sources other than those-which are used-toterminate|] STOP/SLEEP mode are set in the
INTC circuit block.

Among the above eight inteTrupt sources used to request the termination of a standby mode, INTO
to INT4 do not require settings in)the CG block if-they are used as normal interrupts. They still,
however, require level or-edge-specification in_the INTC, If INTB/INTC/INTD/INTE and
KWUPO-KWUPD _are\used as normal interrupts;-specify the active level or edge using
INTBCDEST/KWUPSTn.and specify the Highylével in the INTC. Settings in the CG are not required.
INTRTC always requires settings in-both the/CG and INTC even if it is used as a normal interrupt.

All interrupt sources.other than those which-are used to terminate a standby mode are set in the
INTC circgit block.
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(3) Interrupt request clear register

7 6 5 4 3 2 1 0
EICRCG Bit Symbol ICRCG2 ICRCG1 ICRCGO
(OXFFFF_EE20) | Read/Write — — — — — w
After reset — — 1 0 — — | — | —
Function Clear interrupt request

0Q0: INTO  100: INT4

001 INTL  101:KWUP
010:(INT2~ "110: INTB/C/D/E
011:INT3/ )111: INTRTC

Note : To clear any of the eight interrupt sources which are used for. termingting a standby mode:
(1) For KWUP, use KWUPCLR.
(2) For extended interrupts INTB/INTC/INTD/INTE, use INTELG.
(3) For INTO to INT4 and INTRTC, perform the clearing operation-twice, first in the CG block and
then in the INTC block.
(4) For all other interrupt sources, use the INTC block.

3.3.3  System clock control unit

When reset, the device enters single-clock mode with the result that XEN = 1, XTEN = 0 and
GEARL:0 = 11; the system clock fsys js set to-fc/8 (= fc x 1/8),(Singe the-PLL multiplies the original
oscillation frequency by 4, fc equals-to'fosc x4, where fosc is\the original oscillation frequency.) For
example, if the X1 and X2 pins are-connected to an 8-MHzreSonater, areset will set fsys to 4 MHz (= 8
MHz x 4 x 1/8).

To disable the system from‘using/a/PLL-multiplied clock-as’the system clock by default, drive the
PLLOFF pin Low. In thiscase; too, the system clock fsys will be set to fc/8 (= fc x 1/8) by a reset.
However, since SYSCR1<DFOSC> is initialized to-0-by-a reset (so that fc = fosc x 1/2), if the X1 and X2
pins are connected t0-a,25-MHz resonator, fsys-wilkbe ¥.25 MHz. Also, if the device is clocked by an
external oscillator \and” no Jinternal resonator. is—connected, fc = fosc can be selected by setting
SYSCR1<DFOCS> to-1-dfter a reset, so that'the system clock frequency fsys is twice the frequency
obtainedwith an/internal resonator.

(1) Oscillation settling time (switchaver between NORMAL and SLOW modes)

If a resonator is connected to the.resonator-connecting pins, the device uses the built-in warm-up
timer_to check whether resonator oscillation has settled. The warm-up time can be set to suit the
characteristics of the resonator using SYSCR2<WUPT1:WUPTO0>. The value of SYSCRO<WUEF>
must be checked jn software (using instructions) to determine the start and completion of the
warm-up time.

Table 3.3,1 shows warm-up times for mode switching.
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Note 1: Warm-up is unnecessary when the clock generator uses an oscillator so that its oscillation is stable.

Note 2: Since the warm-up timer is clocked by an oscillating clock, it will not be exact if the oscillation
frequency fluctuates. The warm-up time should, therefore, be considered to be an approximate
value.

Note 3: Before starting the warm-up timer, first confirm that the PLL lock-up flag(<LUPFG> is 0.

Note 4: The following precautions must be observed when a low-speed oscillatoris-béing used:
When a low-speed oscillator is connected to ports PD6 and RD7, the Corresponding register must
be set as shown below in order to reduce the device's power consumptioh.

(When using a resonator)
Set PDCR<PD6C, PD7C> to 11 and PD<PD6, PD7> to 00:

(When using an external clock)
Set PDCR<PD6C, PD7C> to 11 and PD<PD6, PD7> to 10.

Table 3.3.1 Warm-Up.Time

Warm-Up Time Selection High-Speed-Cleck
Low-Speed Clock (fs
SYSCR2<WUPT1:0> (fose) P (fs) The values calculated
(2%/oscillation frequency) 0.5]pns] 122 us] ?re for;v&e;
T osc = z
(2%/oscillation frequency) 32 [us] 7.8/[ms] and fs = 32.768 kHz.
(2"/oscillation frequency) 2.048 [ms] 500 [ms]
(2*%/oscillation frequency) 8,192 [ms] 2000 [ms]

Note: When returning from STOR/SLEEP, mode to NORMAL or SLOW mode, set the warm-up time to 122
us or greater beforehand.

Example: If the device willréturn from SLEEP mode'to,SLOW mode, set SYSCR2<WUPT1:0> to 00,
that is, a warm-up-time of 122 ys; before entering SLEEP mode.

(2) Outputtingthe system clock fromra pin

The system,clock fsys or_fs_canbe-output from the P44/SCOUT pin to an external device. The
P44/SCOUT pin can be set to function as the SCOUT pin by setting the registers which relate to port
4-as-follows: PACR<P44C> = 1 and PAFC<P44F> = 1. Use SYSCR3<SCOSEL> to select which
clock'will be output frem this pin.

Table 3,3;2 shows the\pin state for each standby mode when the P44/SCOUT pin is set to function
as SCOUT,

Table 3.3.2 " SCOUT Output State for Each Standby Mode

Mode NORMAL, Standby Mode
SCOUT Selection SLOW IDLE SLEEP STOP
<SCOSEL> ="0" Outputs fs clock. Fixed 10 0 or 1
<SCOSEL> ="1" Outputs fsys clock. |

Note: This function does not guarantee a particular phase difference (AC timing) between the internal clock
and the system clock output from SCOUT.
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(3) Reducing the driving capability of oscillators

If a resonator is connected to the resonator-connecting pins of an oscillator, this function can
suppress oscillation noise output from the oscillator, while reducing power consumption by the
oscillator.

Setting SYSCR2<DRVOSCH> to 1 causes the driving capability of the high-speed oscillator to
degrade (Weak). Similarly, setting SYSCR2<DRVOSCL> to 1 causes the driving capability of the
low-speed oscillator to degrade (Weak).

Because both bits are initialized to 0 upon a system reset, bothyoscillators start oscillating with
their normal driving capability (Normal) when the power-is turned’'an. The oscillators must be placed
in the Normal state (<DRVOSCL> or <DRVOSCH> = 0) when.they start oscillating in any other
cases, such as when STOP/SLEEP mode is terminated.

1) Reducing the driving capability of the high-speed-oscillator

D

c1 X1 pin
I 4 Oscillation enable
Resonator
— ﬁ SYSCR2<DRVOSCH>
c2
.
oo X2 pin

2) Reducing the driving capability of the low-speed, oscillator
I

XT1 pin
C1l | '_p| .
_| s P Oscillation enable
Resopato
SYSCR2<DRVOSCL>
:2 T
Sl Ll s

77 XT2 pin
|

3.34 Prescaler clock control unit

The.internal 1/0 blocks (TMRAO01 to TMRAAB, TMRBO to TMRBD, SI100 to SIO5, SBI, and ADC)
each incorporate a prescalerfor.dividing the clock frequency. The clock ¢TO fed into these prescalers is
derived /from the clock—fperiph. fperiph is either fgear or fc (as specified by the value of
SYSCR1<FPSEL>). divided by either 4 or 2, or not divided (as specified by the value of
SYSCRO<PRCK1;PRCK0O>_By default, fperiph is set to fgear and ¢ TO to fperiph/4.

3.3.5  Clock multiplication circuit (PLL)

This circuit multiplies the high-speed oscillator output clock, fosc, by 4 and outputs the result as the
clock fpll. This enables the oscillator to yield a fast internal clock with a low oscillator frequency. The
PLL is halted by a reset. To use the PLL, hold the PLLOFF pin High when terminating a reset.

Note: If a reset is terminated while the PLLOFF pin is held Low, the PLL will not work and the internal
clock chosen will be the original oscillating clock (i.e., it will not be multiplied by 4).
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3.36

Since the PLL is configured as an analog circuit, it requires a certain settling time (a lock-up time) after
it has been activated, as does the oscillator.

The same timer is used for both warm-up and lock-up. The lock-up time must be set using
SYSCR3<LUPTM?> so that it satisfies the following relationship:

Lock-up time > warm-up time
By default, the lock-up time is 2'%/input frequency.

The lock-up timer is initiated as the high-speed oscillator-starts’ Avarm-up, and the lock-up flag
SYSCR3<LUPTM> remains 1 until the PLL is locked in phase-and ¢leared to O upon the completion of
lock-up.

If, for example, the PLL gets out of lock in a standby mode and eontrol which depends on'the software's
execution speed, such as real-time processing, is to be-perfermed, the softwaré, must-check the lock-up
flag after operation has started (i.e., after warm-up (has’been completed) to ensure that the clock has
settled, before it starts processing.

On the other hand, various hardware sgttings_and static processing, such as register and memory
initialization, can be executed before the lock-up_flag has been cleared.

Note: The LUPFG bit is undefinedwhen the PLLOFE pin‘s-Low (the PLL is not used).

Precautions to be observed when-switching clock gear:

Clock gear switchover is performed by writing a value to SYSCR1<GEAR1:GEARO0>. The clock gear
is not switched immediately after-the write: a execution time equal to several clock cycles is required.
Therefore, one or more instructions following the clock gear switchover instruction may be executed
using the old clock gear-value.lf these instructionsineed to be executed using the new clock gear value,
insert a dummy instruction (which executes-a-write cycle only) after the clock gear switchover
instruction.

When using a.clock gear, make sure that-the prescaler output ¢ Tn in each peripheral 1/0 block satisfies
the following relationship:

oTn < fsys/2
For this-purpose set the clock-related registers so that ¢Tn is slower than fsys/2.

Standby control unit

If the Halt bit.in.the TX19processor core's Config register is set in NORMAL mode, the device enters
one of the standby~modes - IDLE, SLEEP or STOP - as determined by the contents of
SYSCR2<STBY1:STBYO0>. If the Config register's Doze bit is set, the device enters IDLE mode
regardless of the setting of SYSCR2<STBY1:STBY0>.

Features of the IDLE, SLEEP and STOP modes are described below.

1) IDLE: In this mode, only the CPU stops.
In the register corresponding to each module there is an IDLE mode run/stop setup bit for
internal 1/0. This allows each module to be set independently to run or stop while the device is
in IDLE mode. Table 3.3.3 lists the IDLE setup registers available for each internal 1/0
module.
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Table 3.3.3 IDLE Mode Internal I/0O Setup Registers

Internal 1/0

IDLE Mode Setup Register

TMRAO1

TAO1RUN<I2TAO01>

TMRA23

TA23RUNK<I2TA23>

TMRA45

TA45RUNK<I2TA45>

TMRAG67

TA67RUN<I2TAG7>

TMRA89

TA89RUN<I2TA89>

TMRAAB

TAABRUN<I2TAAB>

TMRBO

TBORUN<I2TBO>

TMRB1

TB1RUN<I2TB1>

TMRB2

TB2RUN<I2TB2>

TMRB3

TB3RUN<I2TB3>

TMRB4

TB4RUN<I2TB4>

TMRB5

TB5RUN<I2TB5>

TMRB6

TB6RUN<I2FB6>

TMRB7

TB7RUN<I2TB7>

TMRB8

TB8RUN<I2TB8>

TMRB9

TBORUNA2TB9>

TMRBA

TBARUN<I2TBA>

TMRBB

TBBRUN<I2TBB>

TMRBC

TBCRUNKI2TBC>

TMRBD

TBDRUN<I2TBD>

SI00

SEOMOD1<I2S0>

SIo1

SC1MOD1<I2S1>

SIO3

SC3MOD1<I2S3>

S104

SC3MOD1<I2S4>

SIO5

SC4MOD1<(2S5>

SBI

SBIOBR1<I2SB0>

A/D converter

ADMOD1<I2AD>

WDT

WDMOD<I2WDT>

Note 1: In Haltmode (entéred when the Halt bitin the-Config Register is set), the TX19 processor
core/Stops processor operation while/maintaining the pipeline status. Since it does not
respond-to requests for controhbofthe-busfrom internal DMA, it retains control of the bus.

Note 2: In Doze mode (entered when the-Doze’ bit in the Config Register is set), the TX19 processor
core stops processor operation while maintaining the pipeline status. In this mode, it can
respond to requests for.control of the bus from devices external to the processor core.

2) SLEEP: Only the internallow-speed oscillator, timer for real-time clock, 2-phase pulse input counter,
and KWUP (dynamic-pull-up) operate.

3) STOP: The CPUruns with the low-speed clock. The INTC, timer for real-time clock, WDT, 2-phase
pulse input caunter, KWUP (dynamic pull-up), P10, and EBIF can operate. Operation of other
peripheral functions is not guaranteed.

4) SLOW: All of the internal circuits stop.
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(1) Operating status in each mode

Table 3.3.4 Operating Status in Each Mode

Operation Mode Operating Status

NORMAL The TX19 processor core and peripheral I/O both operate at the maximum frequency.

IDLE (Halt) The TX19 processor core, INTC, timer for real-time clock, WDT, 2-phase pulse input counter,
KWUP (dynamic pull-up), PIO, and EBIF operate with the low-spegd clock.

IDLE (Doze) Processor operation stops and peripheral /0O operates as specified.

SLEEP Processor operation stops. Only the internal low-speed oscillator, timef forreal-time clock,

2-phase pulse input counter, and KWUP (dynamic pull-up) operate (fs)-

STOP Processor and peripheral I/O operation stops completely.

(2) CG operation in each mode

Table 3.3.5 CG Status in Each Operating Mode

Clock Source] Mode |Oscillator| PLL | Clock Supply to Peripheral I/O |Clock Supplyto the CPU
Resonator NORMAL o o o o
SLOW o x Partially supplied (Note) Q
IDLE (Halt) o o Selectable x
IDLE (Doze) o o Selectable X
SLEEP fs only X Timer for real-time-eloek, 2-phase pulse %
input counter,.and dynamic pull-up
STOP X x X x
External input | NORMAL X o o o
SLOW x x Partially supplied(Note) o
IDLE (Halt) X o Selectable X
IDLE (Doze) X o Selectable X
SLEEP x X Timer for real-time cloek,2-phase/pulse x
input counter, and dynamie_pull-up
STOP x X X x

Note: This includes the INTC, EBIF\(external bus interface),\lIfO ports, WDT, and timer for real-time clock.

(3) Operation of circuit’blocks in each mode (& -Operating, x: Idle)

Table 3.3.6 Circuit Block Opérating Status in Each Mode

Circuit Block Clock Source | IDLE(Doze) | IDLE (Halt) SLEEP STOP
TX19 processor core X X X X
DMAC o X X X
INTC o o X X
EBIF o o X X
External bus right o o x x
P1O o X X X
fsys
DA o o x (*1) x (*1)
ADC X x
SIO x x
12C Can be selected to run or stop for x x
Timer counter each module independently. x x
WDT X x
2-phase pulse input counter Fsys/fs (fs only) x
Dynamic pull-up Fs o o o x
Timer for real-time clock fs o o o x
CG — o] O [e] X
*1: DAC output is controlled with the OP bit for each channel.
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(4) Terminating a standby mode

The device can be freed from a standby mode by an interrupt request or a reset. The combination
of the interrupt mask register <CMask15:13> setting and the current standby mode determines
which interrupt source will be used to terminate the standby mode. The interrupt mask register is part
of the Status register in the TX19 processor core's system control coprocessor (CP0). Details are
given in Table 3.3.7.

Termination by an interrupt request

The operation performed when the device is released from a standby.medeby an interrupt request
varies according to the interrupt enable status. If the interrupt lével’which was set before the device
entered the standby mode is greater than or equal to the-value.in-the interrupt mask register, the
processor services the requested interrupt after exiting the’standby mode and then begins executing
instructions starting with the one following the instruction_to enter the standby mode (i.e., the
instruction which specified the appropriate Config registerbit). If the interrupt request level is less
than the value in the interrupt mask register, the processor immediately begins-executing instructions
starting with the one following the instruction to-enter the standby mode (i.£., theinstruction which
specified the appropriate Config register bit) without sérvicing the requestéd interrupt. (The interrupt
request flag remains 1.)

Non-maskable interrupts are always(serviced after standby mode has terminated, irrespective of
the value of the mask register.

Termination by a reset

The device can be released frem.any standby mode by areset. However, after release from STOP
mode, a certain reset timeis required for oscillator operation to settle. The reset selects a warm-up
time of 2'/oscillation frequency,

After release by a reset, the internal RAM _data'can be retained in the state in which it was placed
immediately before_the standby mode was ‘entered; however, all other settings will be initialized.
(After released by/an interrupt, other settings-are also retained in the state in which they were placed
immedijately before-the’standby modg was entered.)

Table 3.3.7% Standby Termination Sourees and Standby Termination Operation

Interrupt Enabled Interrupt Enabled
Interrupt Aceeptance State
(Interrupt level)}>(Interrupt mask) | (Interrupt level) < (Interrupt mask)
IDLE IDLE
Standby-mode SLEEP | STOP SLEEP | STOP
(programmable) (programmable)
NMI @*1
S INTWDT x x x x
=
& INTD~4, INTB~E ®*1 o o o*1
5 KWUPO~D ®*1 o o o*1
S | & }INTRTC x o o x
B >
E| 5 |[INT5~-A x x o x x
5| 2
o | = |INTTAO-B x x o x x
e}
2 INTTBO~D (*2) x o o (*2) x
2 INTRX0~5, TX0~5 x o x x
2 INTS2 x o X X
& INTAD/ADHP/ADM x o x x
RESET |

. After exiting the standby mode, the processor starts servicing the interrupt. (RESET initializes the LSI.)
. After exiting the standby mode, the processor begins executing instructions starting with the one

following the instruction to enter the standby mode, without servicing the interrupt.
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x: Cannot be used to exit from a standby mode.
*1: The device is actually released from the standby mode after the warm-up time has passed.
*2:0Only INTTB2 and INTTB3 can be used when 2-phase pulse input counter mode is selected.

be serviced properly.

standby modes.

Note 1: When using a level-sensitive interrupt to terminate a standby mode, be sure to hold the level until the
processor starts servicing the interrupt. If the level is changed before that time, the interrupt cannot

Note 2:If the interrupts are disabled in the CPU, use the interrupt controller (INTC)-to disable only the
interrupts other than those used for terminating standby, before placing-the“device in any of the

(5) STOP mode

In STOP mode all internal circuits, including the internaloseillator, stop operating. The pin state
in STOP mode varies according to the setting of SYSCR2<DRVE>, as shown in Table 3.3.10. Once
released from STOP mode, the device waits for a white (until the warm-up titme ends) before starting
to output the system clock; the warm-up time iS-countedby the warm-uyp_counter.JThis delay is to
ensure that the internal oscillator settles properly. After exiting STOP-mode-the device starts
operating according to the settings of SYSERQ<RXEN, RXTEN, " RSYSCK>,/ which select the
operating mode (NORMAL mode or SLOW-mode)'to be entered,on-éxit fram STOP mode.

These settings must be made before thevinstruction to €nter, standby mode is executed. The
warm-up time is determined by the setting of SYSCR2<WURT1:WUPTO0>.

(6) Timing of terminating STOP/SLEEP-mode
1) Operation mode transition from Normal through-Step to/Normal

o B I vy
(high-speed clock)

Mode

i System clock stopped i

! i

" "

Normal i Stop 1 X Normal

i i

H "

H "
CG i i
(high-speed clogk) i High-speed i

i clock oscillation started it

i i v

Warm-up (W-up)

When fosc = 8 MHz

i Warm-up started "

W-up time selection W-up time

SYSCR2<WUPT1:0> (fc)
00(2°/fosc) Not allowed
01(2%fosc) Not allowed
10(2"/fosc) 2.048 ms
11(2*%/fosc) 8.192 ms

"
Warm-up finished

Note: <WUPT1:WUPTO> must not be set to 00 or 01
resuming time requirements for the internal
system.
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2) Operation mode transition from Normal through Sleep to Normal

i e i
(high-speed clock) i System clock stopped 1

f ii
Mode Normal X i Sleep i X Normal

i f
CG 1" "

(high-speed clock)

CG

Low-speed clock (fs) continues oscillation.

il Low-speed clock(fs) continues oscillation.

(low-speed clock)

Warm-up (W-up)

When fosc = 8 MHz

I'Warm-up started u

1 High-speed i
It clock oscillation started !

NV

"
Warm¢<up finished

Note: <WUPT1:WUPTO0> must not be set to 00 or 01

becausethose settings would notsatisfy the

W-up time selection W-up time

SYSCR2<WUPT1:0> (fc)
01(2%/osc) Not allowed
01(2%fosc) Not allowed
10(2"/fosc) 2.048 ms
11(2"%/osc) 8.192 ms

resuming time requirements for the-internal system.

3) Operation mode transition from Slew through/Stop to Slow

fsys

S I

i Systen clock stopped i

N I I R

(low-speed clock)

Mode Slow X

Stop i X Slow

CG
(low-speed clock)

Warm-up (W-up)

I Low-speed clock I

Il oscillation started I

)

When fs = 32.768 MHz

I Warm-up started
"

! v

Il Warm-up finished

W-up'time selection W-up time

SYSCR2<WUPT1:0> (fc)
01(2%fosc) Not allowed
01(2%osc) 7.8'ms
10(2**/fosc) 500 ms
11(2*%/fosc) 2000'ms

4) Operation mode transition from, Slow through Sleep to Slow

fsys

(low-speed-clock) ii System clock stopped ii
1" 1"
1" 1"
Mede Slow X I Sleep i X Slow
i i
CG i i
(low-speed clock) J_-l_l_—l_l_—l_l_—l_}' ':J—l_l_—l_l_—l_l_—l_
I Low-speed clock I
Il continues oscillation. Il
Warm-up (W-up) !:_f i v

When fs = 32.768 MHz

I Warm-up started
"

W-up time selection | W-up time

SYSCR2<WUPT1:0> (fc)
01(2%1s) 122 us
01(2%fs) 7.8 ms
10(2"/fs) 500 ms
11(2"%/s) 2000 ms

Il Warm-up finished

Note: fs continues oscillation but the warm-up time need
be set. Set <WUPT1:WUPTO> to 00.
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Table 3.3.8 Pin States in STOP Mode (1/2)

Pins Input/Output <DRVE>=0 <DRVE>=1
ADO~AD7 Input/Output - -
AD8~AD15 Input/Output - -
AO0~A7/A16~A23 Output - Output
RD WR Output - Output
WAIT, BUSRQ Input PU* Input
HWR , BUSAK, R/W Output PU* Output
P37 Output mode
P40~43 Input mode PU* Input

Output mode PU* Output
P44 (SCOUT) Input mode - Input
Output mode s Output
P50~57 Input pin - -
P60~67 Input pin - -
Input fnput Input
mode(KEYO~KEY?7)
P90~P91 Input mode - Input
Output mode - Output
Input mode(INT3,INT4) Input Input
P92~97 Input mode - Input
Output mode - Output
PAO~PAl Input mode - Input
Output mode - Output
Input mode(INT3,INT4) Input Input
PA2~PA7 Input mede - Input
Output mode - Output
PA7 Input-mode - Input
Output mode - Output
Inputmode(KEYA) Input Input
PB1~PB4 Input-mode - Input
Output mode - Output
[nput mode(INTB=INTE) Input Input
PBO0,PB5~PB6 Input mode - Input
Output mode - Output
PB7 Input mode - Input
Output mede - Output
Input mode(KEYB) Input Input
PCO~PC5;PCY Input mode - Input
Output mode - Output
PC6 Input-mode - Input
Output mode - Output
Input mode(KEYB) Input Input
PDO~PD5 Input mode - Input
Output mode - Output
PD6 (XT1)~ Input mode - Input
PD7 (XT2) Output mode - Output
XT1, XT2 - -
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Pins Input/Output <DRVE>=0 <DRVE>=1
PEO~PES5 Input mode - Input
Output mode - Output
PE6~PE7 Input mode - Input
Output mode - Output
Input mode(INT1,INT2) Input Input
PFO,PF2~PF5 Input mode - Input
Output mode - Output
PF1 Input mode - Input
Output mode - Output
Input mode(KEYD) Input Input
PF6 Input mode - Input
Output mode ~ Output
Input mode(INTO) Input Input
NMI Input pin Input [nput
ALE Output pin Qutput Low Output Low
RESET Input pin thput Input
BWO, BW1 Input pin Input Input
X1 Input pin - -
X2 Output pin Output High Output High

-: Pins configured for input mode and input-only~pins are disabled. Pins\configured for output mode and

output-only pins assume the high-Impedance state.

Input: The input gate is active; the input-yoltage-must be held at either the high or low level to keep the input

pin from floating.

Output: Pin direction is output.

PU*: Programmable pul-up> Because’the input gate-is always disabled, no overlap current flows while in
high-impedance’state.
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3.4 Interrupts

Interrupts are controlled by the Status<CMask15:13> and Status<IEc> settings in the CPO status register, as
well as by the internal interrupt controller and the CG. For related information, refer to Section 5, “Exception
Handling” in “TX19 Family Architecture”.

Interrupts in the TMP1942 have the following features:

e Interrupts from the CPU itself (software interrupt instructions): 4 sources

e External interrupt pins (NMI , INTO-INTE, KWUPO-KWUPD): 30 sources
e Interrupts from internal 1/0: 46 sources

e \ector generation for each interrupt source

e 7 interrupt priority levels for each source

e  Can be used to activate the DMAC
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CG
INTnEN standby
termination
L8 control
Detection circuit
Acti High or Low 5 INTO~4
Hi E |Ive | levelledge
Igh leve setting
INTC
) 1
High level
8 :| 1
High level
High-level
Core
< 7
Other
interrupts
) Active High level
KWUP
High or Low
k vel/edge setting KEYO~D
Disable/enable each
key input
RTC
Active High level
Extended interrupts
High or Low
level/edge setting INTB~E
Disable/enable input |:|
for each interrupt
source
Note 1: Standby termination is performed+ia the CG detection circuit. Since its output is a High-level active signal, the INTC must be
set to accept a High-level active signal.
Note 2: The CG is bypassed for any processing other than standby termination. In that case, the active conditions for INTO to INT4
must be set in the INTC.
Note 3: INTRTC requires CG settings for both standby termination and other processing. The INTC must be set to accept a
High-level active signal.
Note 4: KWUP and INTB to INTD require settings in each circuit block for both standby termination and other processing. The INTC

must be set to accept a High-level active signal.

Figure 3.44.1 Interrupt Connection Diagram
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(1) External interrupts INTO to INT4, INTB to INTE, KWUPO to KWUPD, and INTRTC

1

2)

3)

4)

INTO to INT4

When used to terminate a standby mode, these interrupts must have their active state set (using
IMCGxx<EMCGxx>) and must be enabled for input (using IMCGxxX<INTXEN>) in the CG block.
Then the active state of each of the interrupt source must be set to High (by setting IMCxX<EIMxx> to
01) in the INTC block. When these interrupts are not used to terminate a standby mode, set their active
state in the INTC block.

INTB to INTE

When used to terminate a standby mode, these interrupts must hayve-their active state set to High (by
setting IMCGB2<21:20> to 10) and must be enabled for input.(by.setting IMCGB2<16> to 1) in the
CG block. Then the active state of each of the interrupt source must be-set to High (by setting
IMCxx<EIMxx> to 01) in the INTC block. Use INTnST for each interfupt source to set the active state
and enable or disable the interrupt. When these interrupts are not-uséd to terminate-a standby mode,
make necessary settings in the INTC block and INTn3T withouthaving to make settings-in the CG.

KWUPO to KWUPD

When used to terminate a standby mode, these-interrupts must have thejr active state)set to High (by
setting IMCGB1<21:20> to 10) and must be\eénabled.for input (by setting HMCGB1<16> to 1) in the
CG block. Then the active state of each of the-interrupt source must be setto High (by setting
IMCxx<EIMxx> to 01) in the INTC block. tse KWUPSTNn for each-interrupt source to set the active
state and enable or disable the interrupt-\Wherthese interrupts are’notused to terminate a standby
mode, make necessary settings in/the INTC block and KWUPSTr without having to make settings in
the CG.

INTRTC

Regardless of whether INTRTC-is-used to terminate a standby mode, this interrupt must have its active
state set to a rising edge((by setting IMCGB3<29:28> to 11) and must be enabled for input (by setting
IMCGB3<24> to 1).in the CG block. Then theactivestate of each of the interrupt source must be set to
High (by setting IMCXXLEIMxx> to 01) irthe IN'FC block.
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(2) External interrupts INT5 to INTA and internal interrupt signals (other than INTRTC)
All these interrupts must be set in the INTC block.

The INTC resolves priority confli

cts between interrupt sources and notifies the TX19 processor core of

the interrupt with the highest priority.

Interrupt Register to be Set Usable Interrupt Detection Level
INTO~INT4, INTRTC* IMCGx reg.In CG When used to terminate a standby mode, the interrupt source active state
IMCx reg.In INTC must be set to High in the INTC block. The\active state of these interrupts
must be selected in the CG. However, when these interrupts are not used to
terminate a standby mode, their actiye’state must be selected in the INTC
block. In both cases, Low level, High evel, falling edge and rising edge are all
acceptable.
INTB~INTE IMCGx reg.In CG The interrupt source active stdte€ must.always be set to High in the INTC
IMCx reg.In INTC block. When these interrupts are used to terminate a standby mode, the
INTRST interrupt source active state mustalso-be set to High inthe CG. The active
state of these interrupts. must be_selected in INTnST./HHowever, when these
interrupts are not used to terminat€ a standby modé, settings in'the CG are
not necessary. In both-eases, tow level, High leve); fatling.edge and rising
edge are all acceptablée,
KWUPO~D IMCGx reg.In CG The interrupt source active state must ‘always be set to’High,in the INTC
IMCx reg.In INTC block. When these.interrupts are used to terminate\a standby mode, the
KWUPSTn interrupt source active-state must also be-set to.High inthe CG. The active
state of thiese.interrupts must be selected in KWUPSTn. However, when
these interrupts are not used to terminate-a standby mode, settings in the CG
are not necessary. In both cases, Low.level/High level, falling edge and rising
edge are all aceéptable.
INT5~INTA IMCx reg.In INTC Low level, High level, falling edge and rising edge are all acceptable in the
INTC.
Internal I/O [ INTDMAnN IMCx reg.In INTC Falling edge
Others IMCx reg.In INTC Rising edge

Note 1: Interrupt level 0 indicates that the Corresponding interrupt is disabled.

Note 2: Only a rising edge can be used for INTRTC.

Example interrupt settings

When INTO/isused to.reguest the termination,of STOP/SLEEP mode (falling edge)

a. Enabling the interrupt

IMCGAO<EMEG01:00> = “10”
EICREG<ICRCG2:0> = *“000"
IMCGAOQO<INTOEN> =*“1"
IMCOL<EIM11:10> = “01%
INTCLR<EICLR5:0> = "000001"
MCOL<IL12;20> =/“101"

Status<IEc> =“1", <C€Mask>/= “xxx”

. Disabling the interrupt
Status<IEc> = “0"
IMCOL<IL12:10> = “000"
INTCLR<EICLR5:0> = “000001"
IMCGAO<INTOEN> = “0”
EICRCG<ICRCG2:0> = “000”

-Select falling edge for INTO

: Clear interrupt request for INTO ~ CG block

: Enable request input for INTO

: Select High level for INTO

: Clear interrupt request for INTO = INTC block

: Set interrupt level to 5
TX19 processor core

TX19 processor core
} INTC block

} CG block

: Disable interrupt for INTO

: Clear interrupt request for INTO
: Disable request input for INTO

: Clear interrupt request for INTO
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3.4.1 Interrupt sources

(1) Reset and non-maskable interrupts: RESET , NMI and INTWDT (watchdog timer interrupt)
Vector address: 0OXBFCO_0000 (virtual address)

(2) Maskable interrupts: Software and hardware interrupts
Vector addresses: 0OXxBFCO_0210 (virtual address) to 0OXxBFCO_0260.(virtual address)

Interrupt Source Vector Address (virtual address)

Reset

0xBFCO0_0000
Non-maskable

Software Swi0 0xBFCO0_0210
2 Swil 0xBFCO0_0220
g Swi2 0XBFCO_0230
§ Swi3 0xBFCO0_0240
Hardware 0xBFCO0_0260

Note 1: When vector addresses are located'in'the on-chip. ROM, set the-BEV bit in the
system control coprocessor (CR0)-Sfatus register to1.

Note 2: Maskable software interrupts-are generated by setting <Sw3:Sw0> in CPO
Cause register. Do not confuse-these software interrupts with Software Set,
which is one of the hardware. interrupt sources., The“Software Set interrupt is
generated by setting <IL02:[L00> in the interrupt controller (INTC) IMCO register
to any value other than-Q:
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Table 3.44.1 Hardware Interrupt Sources
Interrupt Number IVRI9 : 0] Interrupt Source Interrupt control register Address
0 000 Software Set IMCOL OxFFFF_EO000
1 010 INTO pin (standby termination)
2 020 INT1 pin (standby termination) IMCOH OxFFFF_E002
3 030 INT2 pin (standby termination)
4 040 INT3 pin (standby termination) IMC1L OxFFFF_EO004
5 050 INT4 pin (standby termination)
6 060 KWUP (standby termination) IMC1H OxFFFF_EOQ06
7 070 INTB/C/D/E pin (standby termination)
8 080 Reserved IMC2L OxFFFF_EO08
9 090 Reserved
10 0AO INT5 pin IMC2H OxFFFF_EOOA
11 0BO INT6 pin
12 0COo INT7 pin IMC3L OxFFFF_EOOC
13 0DO0 INT8 pin
14 0EO INT9 pin IMC3H OxFFFF_EOOE
15 OFO0 INTA pin
16 100 INTRXO: Serial reception (channel 0) IMC4L OXFFFF_EO010
17 110 INTTXO: Serial transmission (channel 0)
18 120 INTRX1: Serial reception (channel 1) IMC4H OxXFFFF_EO012
19 130 INTTX1: Serial transmission (channel 1)
20 140 INTS2: Serial channel 2 interrupt IMC5L OXFFFF_EO014
21 150 INTRX3: Serial reception (channel 3)
22 160 INTTX3: Serial transmission (channel 3) IMC5H OXFFFF_EO016
23 170 INTADHP: Highest-priority A/D conversion compteted
24 180 INTADM: A/D conversion monitor interfupt IME6L OxFFFF_EO018
25 190 INTTAO: 8-bit timer 0
26 1A0 INTTAL: 8-bit timer 1 IME6H OxFFFF_EO1A
27 1BO INTTAZ2: 8-bit timer 2
28 1Co INTTAS: 8-bit timer 3 MC7L OxFFFF_EO1C
29 1D0 INTTBO: 16-bit timer O
30 1EOQ INTTB1: 16-bit timer 1 IMC7H OxFFFF_EO1E
31 1FO0 INTRX4: Serial reception (channel.4)
32 200 INTTX4: Serial transmission (channel 4) IMC8L OXFFFF_E020
33 210 INTRX5: Serial reception (Channel 5)
34 220 INTTX5: Serial trangmission.(chanhnel 5) IMC8H OXFFFF_EO022
35 230 Reserved
36 240 Reserved IMCOL OXFFFF_E024
37 250 INTTA4: 8-bit timer4
38 260 INTTAS: 8-bit'timer 5 IMC9H OxFFFF_E026
39 270 INTTAG: 8-bit'\timer 6
40 280 INTTA7: 8-bit timer 7 IMCAL OxFFFF_E028
41 290 INTTAS8: 8-bittimer 8
42 2A0 INTTAQ; 8<bit timer 9 IMCAH OxFFFF_EO02A
43 2B0 INTTAA:8-bit-timer A
44 2C0 INTITAB: 8-bittimer B IMCBL OxFFFF_EO02C
45 2D0 INTTFBA: 165bit timer A
46 2EOQ INTTBB: 16-bit timer B IMCBH OxFFFF_EO2E
47 2F0 INTTBC: 16-bit timér C
48 300 INTTBD: 16-bit timer-D IMCCL OxFFFF_E030
49 310 INTTB2: 16-bit timer 2
50 320 INTTB3: 16-bit timer 3 IMCCH OxFFFF_E032
51 330 INTTB4: 16-bit timer 4
52 340 INTTB5: 16-bit timer 5 IMCDL OxFFFF_E034
53 350 INTTB6: 16-bitd&imer 6
54 360 INTTB7: 16-bit timer? IMCDH OxFFFF_E036
55 370 INTTBS: 16-bit-timer 8
56 380 INTFBO: 16tbit timer 9 IMCEL OxFFFF_E038
57 390 Reserved
58 3A0 INTRTC: Interrupt from timer for real-time clock IMCEH OxFFFF_EO3A
59 3B0 INTAD:"A/D-conversion completed
60 3C0 INTDMAO: BMA transfer completed (channel 0) IMCFL OxFFFF_EO3C
61 3D0 INTDMAL: DMA transfer completed (channel 1)
62 3EO0 INTDMAZ2: DMA transfer completed (channel 2) IMCFH OxFFFF_EO3E
63 3F0 INTDMAS3: DMA transfer completed (channel 3)
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3.4.2

Interrupt detection

When using interrupts to terminate a standby mode, the following settings are necessary according to
the interrupt type: Interrupts INTO to INT4 have their active state set using the EMCGxx field in the CG's
internal IMCGXxx register, then the EIMxx field in the INTC's internal IMCx register is set to High.
Extended interrupts INTB to INTE have their active state set to High using the EMCG field in the CG's
internal IMCGB2 register, then the EIMxx field in the INTC's internakIMCx register is set to High. In
addition, INTnST is used to set the active state for each interrupt source and enable/disable the interrupt
source. KWUPO to KWUPD have their active state set to High using the EMCG field in the CG's internal
IMCGBL1 register, then the EIMxx field in the INTC's internal IMCx register-is sét to High. In addition,
KWUPSTNn is used to set the active state for each interrupt source and enablé/disable the interrupt source.

The RTC interrupt has its active state set to a rising edge using the. EMCGxx field in the CG's internal
IMCGxx register, then the EIMxx field in the INTC's internal~HMCXx register is set to High. Other
interrupts have their active state set using only the EIMxx (field~inthe INTC's internaHMEX register. The
active state can be one of the following four: rising edge, falling edge, High level or Low levél. When the
TMP1942 detection circuit recognizes the active state of.an interrupt request set'inthisway, it notifies the
processor core or the INTC of the interrupt request. When the above inferrupts are’/not'used to terminate a
standby mode, settings in the CG are not required:-INTOto1NT4 require only-settings inthe INTC, INTB
to INTE require the same settings in the INTC as _for standby termination as well assetting in INTNnST,
and KWUPO to KWUPD require the samé settings jin the INTC as for-Standby termination as well as
setting in KWUPSTN.

Cancellation of interrupt signals\is carried out by the-interrupt-handler after it has recognized the
requested interrupt.

INTB to INTE are canceled by reading INTFLG.

Interrupt signals from INTO0 to INT4 and INTRT.C-are cancelled by writing the appropriate value to the
ICRCG field in the’€G's internal EICRCG segister_and then writing the corresponding value to the
EICLR field in~the INTCs) internal INTCLR-register. KWUPO to KWUPD are canceled by setting
KWUPCLR. Other interrupt signals_are canceled by writing the appropriate value to the EICLR field in
the INTC'sHinterhal INTCLR register.~These cancellation procedures apply regardless of whether the
active state is-an-edge or level
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Start

NO
INTB~E
Interrupt? KWUPO-~D INTO~4
pt: INTRTC
Interrupt?

INTO~A/

*
INTRTC INTB~E

Set INTC Set CG KWUPO~D

Set KWUPSTn or
INTNST

Set INTC (High level)

Set INTC (High level)

Set KWUPSTn or NTNST

Set'CG (High level)

Sef INTC (High level)

]

End

* The INTRTC interrupt must havecits active state set'to a rising edge in the CG even when it is not

used for standby termination.

Figure 3,44.2 Flow for Setting External Interrupts

Note:

Each stage must be completed.in.the following sequence: set the active level, clear the
interrupt reguest, and thenenable-the’interrupt.

(Example of setting INTO for standby termination)

IMCGAO<EMCGO01:00> = 110"
EICRCG<ICRCG2:0> ="000"

IMEGAO<INTOEN>="1"
MMCOL<EIM11:10>'=01"

INTCLR<EICLR5:0> ="0600001"

IMCOL<IL12:10> =*101"

: Select falling edge for INTO

: Enable request input for INTO
: Select High level for INTO

: Set interrupt level to 5

Status<IEc> = “1", <CMask> = “xxx”

: Clear interrupt request for INTOC} G block

: Clear interrupt request for INTO } INTC block

TX19 processor core
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3.4.3 Resolving interrupt priority

1)

(@)

3)

Seven interrupt priority levels

The TMP1942 has seven interrupt priority levels; thus for each interrupt source the priority can be
set to one of seven levels.

The interrupt mode control register (IMCXx) is used for setting interrupt levels. This register
includes a 3-bit level-setting field (ILx). The greater the value (interruptlevel) set in
IMC<ILx2:1Lx0>, the higher the interrupt priority. If the value set foran.interfupt source in this field
is 000 (i.e., the interrupt level is set to 0), no interrupt is generatedfor that-ihterrupt source.

Notification of the interrupt level

When an interrupt occurs, the INTC notifies the TX19'\processor core of the priority level of the
interrupt. The TX19 processor core recognizes the interrupt leveldy reading the H-field in the Cause
register. If multiple interrupts (with different priority levels) occur simultaneousty, the TX19
processor core is notified of the interrupt with the-highest-priority.

Interrupt vector (notification of interrupt source)

When an interrupt occurs, the INTC also sets the vector for the source of the gererated interrupt in
the vector register (IVR). The TX19.\processer core reads the vector, vegister to determine the
interrupt source. If multiple interrupts(with-the same priority level) ocedr’'simultaneously, the TX19
processor core is notified of the vector-for the interrupt source with the smallest request number.
When there are no interrupt sources-for. which an interrupt has oeeurred, the IVR[9:4] field is 0.

When it is time for the TX19processor core to readthe vector register value, the INTC notifies the
processor core. The processor core sets the Status<CMask> bit with the interrupt level which it
reads.
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3.4.4 INTC registers
Table 3.44.2 INTC Register Map
Address | Register Symbol Register Corresponding
Interrupt Number

OxFFFF_E060 INTCLR Interrupt request clear control ALL (63 -0)
OxFFFF_E040 IVR Interrupt vector register ALL (63 -0)
OxFFFF_EQ03C IMCF Interrupt mode control register F 63 =60
OxFFFF_E038 IMCE Interrupt mode control register E 59 4 56
OxFFFF_E034 IMCD Interrupt mode control register D 55 <52
OxFFFF_EO030 IMCC Interrupt mode control register € 51 -48
OxFFFF_E02C IMCB Interrupt mode control register B 47 — 44
OxFFFF_E028 IMCA Interrupt mode control register A 43 - 40
OxFFFF_EQ024 IMC9 Interrupt mode control register 9 39 -36
OxFFFF_E020 IMC8 Interrupt mode control register-8 35-32
OxFFFF_EO1C IMC7 Interrupt mode control register 7 31-,28
OxFFFF_E018 IMC6 Interrupt mode control register.6 27/>24
OxFFFF_E014 IMC5 Interrupt mode control/register5 23-20
OxFFFF_EO10 IMC4 Interrupt mode control register/4 19="16
OxFFFF_EOOC IMC3 Interrupt mode Controtregister 3 15 —12
OxFFFF_E008 IMC2 Interrupt mogde control register 2 1+-)8
OxFFFF_EQ004 IMC1 Interrupt mode controhregister 1 7-4
OxFFFF_EO000 IMCO Interrupt-mode.control register 0 3-0

7 6 5 4 3 2 1 0
IVR Bit Symbol IVR7 IVR6 IVR5 IVR4
(OXFFFF_EO040) | Read/Write R
After reset o [[(Lo )y o [ o 0 0 0 0
Function Indicatesthe vectors for
generated interrupt sources:

15 14 13 12 11 10 9 8
Bit Symbol IVR9 IVR8
Read/Write RIW R
After reset 0 0 0 0 0 0 0 | 0
Function Indicates the vectors for

generated interrupt
sources.

23 22 21 20 19 18 17 16
Bit Symbol
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Function

3r 30 29 28 27 26 25 24
Bit Symbol
Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Function

Interrupt vector register (IVR): Indicates-the vector for the souree of each interrupt generated.
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Interrupt mode control registers: Set the priority level and active state for each interrupt source and set
whether the interrupt is to be used to activate the DMAC.

7 6 5 4 3 2 1 0
IMCO Bit Symbol EIMO1 EIMOO DMO 1L02 ILO1 ILOO
(OXFFFF_EO000) | Read/Write R/W
After reset o | o 0 o | o | o
Function Sets the active state of |Sets Sets the priority level for interrupt
the interrupt request. whether or | number 0 (Software Set) when
00: Low level not to DMQ'= 0.
Other settings are not g?\tl:xage the 000: Disable interrupt.
allowed. ' 001-111: 1to 7
0: Not set.
. Sélects a DMAC channel when
1: Set.interrup; OMG < 1
number 0'tq T
aclivate the 000-011: 0to 3
DMAC: 100-111: Invalid settings
15 14 13 12 11 10 9 8
Bit Symbol EIM11 EIM10 DML IL12 IL1T IL10
Read/Write R/W
After reset o | [ 0 o/cfy of | o
Function Sets the active state.of-—{Sets Sets_the-priority level for interrupt
the interrupt reguest. whether or | numberl (INTQ) when
00: Low level not to DM1 = 0:
01: High/level activate the 000} Disable interrupt.
) DMAC.
10: Falling edge 001-111:1to 7
. 0: Not set.
11: Rising edge ) Selects a DMAC channel when
1: Set interrUpf
DM1 =1.
number_1to|
Activate the 000-011: 0to 3
DMAC. 100-111: Invalid settings
23 22 21 20 19 18 17 16
Bit Symbol EIM21 EIM20 DM2 IL22 IL21 IL20
Read/Write R/W
After reset o |0 0 o | o | o
Function Sets the active state-of )|Sets Sets the priority level for interrupt
the interruptrequest: whether or | number 2 (INT1) when
00: Lowfevel not to DM2 = 0.
01: Highllevel g?\;:ﬁ;e the 000: Disable interrupt.
1Q: Falling ‘edge ' 001-111:1to 7
N 0: Not set.
11: Rising. edge ) Selects a DMAC channel when
1: Set interrupf DM2 = 1
number 2 tg T
activate the 000-011: 0to 3
DMAC. 100-111: Invalid settings
31 30 29 28 27 26 25 24
Bit Symbol EIM31 EIM30 DM3 IL32 IL31 IL30
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority level for interrupt
the interrupt request. whether or | number 3 (INT2) when
00: Low level not to DM3 = 0.
01: High level activate the 000: Disable interrupt.
) DMAC.
10: Falling edge 001-111:1to 7
. 0: Not set.
11: Rising edge ) Selects a DMAC channel when
1: Set interrupi| DM3 =1
number 3 tg -
activate the 000-011:0to 3
DMAC. 100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
IMC1 Bit Symbol EIM41 EIM40 DM4 1L42 IL41 1L40
(OXFFFF_E004) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority level for interrupt
the interrupt request. hether or | number 4 (INT3) when
00: Low level not to DM4= 0.
01: High level gcr\j;xaée the 000: Disable interrupt.
10: Falling edge b ot ' . 001-111:1to 7
. Not set.
11: Rising edge Selects a DMAC channel when
1: Set DM
interrupt o
numbera i 000-011: 0to 3
activate thel 100-111: Invalid settings
DMAC.
15 14 13 12 11 10 9 8
Bit Symbol EIM51 EIM50 DM5 I1L52 IL5T IL50
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority leve] for interrupt
the interrupt/fequest. hether or | number 5 (INT4) when
00: Low level not to DM5 =0,
01: High level g(;vl“x"’ge the 0Q0; Disable interrupt.
10: Falling edge ' 001/111:1to 7
™ 0: Not set:
11/ Rising.edge Selects a DMAC channel when
1: Set DM5 = 1
interrupt ' 1
number 546 000-011:0to 3
activate thel 100-111: Invalid settings
DMAC.
23 22 21 20 19 18 17 16
Bit Symbol EIM61 EIM60 DM6 1L62 IL61 I1L60
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of” [Sets Sets the priority level for interrupt
the interrupt request; whether or | number 6 (KWUP) when
00: Low Tevel ot to DM6 = 0.
01: High'level g(,:vlt'xacte the 000: Disable interrupt.
10: Falling-edge b ot ) . 001-111:1to 7
. Not set.
11:-Rising-edge Selects a DMAC channel when
1: Set DM6 = 1
interrupt L
number 6 td 000-011:0to 3
activate thel 100-111: Invalid settings
DMAC.
31 30 29 28 27 26 25 24
Bit-Symbol EIM71 EIM70 DM7 IL72 IL71 IL70
Read/Write R/W
After reset 0 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority level for interrupt
the interrupt request. \whether or | number 7 (INTB/C/D/E) when
00: Low level not to DM7 = 0.
01: High level activate the 000: Disable interrupt.
. DMAC.
10: Falling edge 001-111:1to 7
L 0: Not set.
11: Rising edge Selects a DMAC channel when
1: Set DM7 =1
interrupt ’ .
number 7 td 000-011:0to 3
activate thel 100-111: Invalid settings
DMAC.

Note : Before enabling the above interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
IMC2 Bit Symbol EIM81 EIM80 DM8 1L82 IL81 1L80
(OXFFFF_EO008) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 00. Must be Must be set to 000.
set to 0.
15 14 13 12 11 10 9 8
Bit Symbol EIM91 EIM90 DM9 1192 IL91 1L90
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 00. Must be Must be set to 000.
set t0-0.
23 22 21 20 19 18 17 16
Bit Symbol EIMA1 EIMAO DMA ILA2 ILA1 ILAO
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of- [Sets Sets the priority-level for interrupt
the interrupt request, whether or | number X0(INT5) when
00: Low level not to DMA =0,
01: High level g?vltlxaée the 000; Disable/interrupt.
10: Falling edge ' 001:111:1to 7
. 0: Not set.
11: Rising edge Selécts a DMAC channel when
1: Set DMA =1
interrupt 060 .O 0103
number 10 -011:0to
to activaté 100-111: Invalid settings
the DMAC.
31 30 29 28 27 26 25 24
Bit Symbol EIMB1 EIMBO DMB ILB2 ILB1 ILBO
Read/Write R/W
After reset 0 0 | 0 0 0 | 0 | 0
Function Sets the active state\of [Sets Sets the priority level for interrupt
the interrupt request: whether or | number 11 (INT6) when
00: Low level ot to DMB = 0.
01: High-tevel g‘;ﬂt'xaée the 000: Disable interrupt.
10: Falling gdde ) 001-111:1to 7
A\ 0: Not set.
11: Rising.edge Selects a DMAC channel when
1: Set DMB = 1
interrupt 000 .O 0103
number 11 -011:0to
to activate 100-111: Invalid settings
the DMAC.

Note : Before enabling the above.interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
IMC3 Bit Symbol EIMC1 EIMCO DMC ILC2 ILC1 ILCO
(OXFFFF_EOOC) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority level for interrupt
the interrupt request. hether or | number 12 (INT7) when
00: Low level not to DMC =0.
01: High level gcr\j;xaée the 000: Disable interrupt.
10: Falling edge b ot ' . 001-111:1to 7
. Not set.
11: Rising edge Selects.a DMAC channel when
1: Set DMC= 1
interrupt o
number 12 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.
15 14 13 12 11 10 9 8
Bit Symbol EIMD1 EIMDO DMD ILD2 ILB1 ILDO
Read/Write R/W
After reset 0 | 0 0 0 [ Q | 0
Function Sets the active state’of [Sets Sets the \priority level for interrupt
the interrupt request. hether or | number 13, (INT8) when
00: Low level not to DMD'=D0:
01: High/level g(;vl“x"’ge the 000: Disable interrupt.
10: Falling edge ' 0014111:1to 7
L 0: Not set.
11: Risingedge Selects’a DMAC channel when
1: Set DMD =1
interrupt ’ 1
number 13 000-011:0to 3
to-activate 100-111: Invalid settings
the DMAC.
23 22 21 20 19 18 17 16
Bit Symbol EIME1 EIMEO DME ILE2 ILE1 ILEO
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Sets the active.state-of ) [Sets Sets the priority level for interrupt
the interrupt.request. whether or | number 14 (INT9) when
00: Low leve) ot to DME = 0.
01: High tevel g(,:vlt'xacte the 000: Disable interrupt.
10 Falling-edge b ot ) . 001-111:1to 7
. Not set.
11: Rising edge Selects a DMAC channel when
1: Set DME = 1
interrupt o
number 14 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.
31 30 29 28 27 26 25 24
Bit Symbol EIMF1 EIMFO DMF ILF2 ILF1 ILFO
Read/Write R/W
After reset 0 0 | 0 0 0 | 0 | 0
Function Sets the active state of [Sets Sets the priority level for interrupt
the interrupt request. whether or | number 15 (INTA) when
00: Low level not to DMF = 0.
01: High level activate the 000: Disable interrupt.
. DMAC.
10: Falling edge 001-111:1to 7
L 0: Not set.
11: Rising edge Selects a DMAC channel when
1: Set DMF =1
interrupt ' .
number 15 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.

Note : Before enabling the above interrupt requests, be sure to set their active state.

TMP1942CY/CZ-49




TOSHIBA

TX
TMP1942CY/CZ @%’f;‘ém

IMC4
(OXFFFF_E010)

5 4

Bit Symbol

EIM101 EIM100

DM10

1L102 1L101 IL100

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 16
to activate
the DMAC.

Sets the priority level for interrupt
number 16 (INTRX0) when

DM10-= 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM10= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM111 EIM110

DMI1

IL112 ICHLY IL110

Read/Write

R/W

After reset

o | .

0

o 4 oy | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
humber 17
toactivate
the DMAC.

Sets the \priority level for interrupt
number 16, (H\NTTX0) when

DM1t=0,
000: Disable interrupt.
001/111:1to 7

Selécts’a DMAC channel when
DM11=1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM121 EIM120

BM12

1L121 1L120

Read/Write

After reset

o |0

0

o | o | o

Function

Must be set to\141.

Sets
\whether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 18
to activate
the DMAC.

Sets the priority level for interrupt
number 18 (INTRX1) when

DM12 =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM12 =1.

000-011:0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM131 EIM130

DM13

IL132 1L131 IL130

Read/Write

R/W

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets
\whether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 19
to activate
the DMAC.

Sets the priority level for interrupt
number 19 (INTTX1) when

DM13 =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM13 =1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMC5
(OXFFFF_E014)

5 4

Bit Symbol

EIM141 EIM140

DM14

1L142 1L141 1L140

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 20
to/activate
the DMAC.

Sets the priority level for interrupt
number 20 (INTS2) when

DM14.=0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM14 = 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM151 EIM15Q

DM15

1L152 IL15% IL150

Read/Write

R/IW

After reset

o | (o

0

o/ oo | o

Function

Must be set to 11\

Sets

hether or

not to

activate the

DMAC.

0: Not set:

1: Set
interrupt
number 21
to activate
the DMAC.

Sets the priority leve| for interrupt
numper 21 \(INTRX3) when

DM15 =Q.
000: Disable interrupt.
0014111:1to 7

Selects a DMAC channel when
DM15 = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM161 EIM160

DM16

1L162 IL161 IL160

Read/Write

R/W

After reset

=)

0

o | o | o

Function

Must be setta 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 22
to activate
the DMAC.

Sets the priority level for interrupt
number 22 (INTTX3) when

DM16 = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM16 = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit-Symbol

EIM171 EIM170

DM17

IL171 IL170

Read/Write

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 23
to activate
the DMAC.

Sets the priority level for interrupt
number 23 (INTADHP) when

DM17 = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM17 = 1.

000-011: 0to 3
100-111: Invalid settings

Note :

Before enabling the above interrupt requests, be sure to set their active state.
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IMC6
(OXFFFF_E018)

5 4

2 1 0

Bit Symbol

EIM181 EIM180

DM18

1L182 1L181 I1L180

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 24
to activate
the DMAC.

Sets the priority level for interrupt
number 24 (INTADM) when

DM18 = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM18= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM191 EIM190

DM19

1L192 IC191 IL190

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 11.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 25
to-activate
the DMAC.

Sets the\priority level for interrupt
number 25 (HVTTAD) when

DM19.=0.
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM19 =1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM1A1 EIM1AO0

BM1A

IL1A1 ILIA0

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set to.1.1.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 26
to activate
the DMAC.

Sets the priority level for interrupt
number 26 (INTTA1) when

DM1A = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM1A =1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM1B1 EIM1B0

DM1B

IL1B2 IL1B1 IL1BO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 27
to activate
the DMAC.

Sets the priority level for interrupt
number 27 (INTTA2) when

DM1B = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM1B = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMC7
(OXFFFF_EO1C)

5 4

2 1 0

Bit Symbol

EIM1C1 EIM1CO

DM1C

IL1C2 IL1C1 IL1CO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 28
to activate
the DMAC.

Sets the priority level for interrupt
number 28 (INTTA3) when

DM1C = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DMIC = 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM1D1 EIM1DQ

DM1D

IL1D2 ICIDY IL1DO

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 11.

Sets

hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 29
to-activate
the DMAC.

Sets the\priority level for interrupt
number 29, (HNVTTBD) when

DM1D.=Q.
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM1D = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM1E1 EIM1EO

BM1E

IL1E1 ILLEO

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set to.1.1.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 30
to activate
the DMAC.

Sets the priority level for interrupt
number 30 (INTTB1) when

DMI1E =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DMI1E = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM1F1 EIM1FO

DM1F

IL1F2 IL1IF1 IL1FO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 31
to activate
the DMAC.

Sets the priority level for interrupt
number 31 (INTRX4) when

DM1F = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM1F = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
IMC8 Bit Symbol EIM201 EIM200 DM20 1L202 1L201 1L200
(OXFFFF_E020) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 11. Sets Sets the priority level for interrupt
hether or | number 32 (INTTX4) when
not to DM20.=Q.
activate the 000: Disable interrupt.
DMAC.
001-111:1to 7
0: Not set.
) Selects a DMAC channel when
1 zet BM20 = 1.
interrupt .
number32 000-011:0to 3
to/activate 100-111: Invalid settings
the DMAC.
15 14 13 12 11 10 9 8
Bit Symbol EIM211 EIM210 DM21 1L212 1L21% 1L210
Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 11\ Sets Sets the priority leve| for interrupt
hether or | number 33\(INTRX5) when
not to DM21 =0;
activate the 000: Disable interrupt.
DMAC.
0014111:1to 7
0: Not set:
) Selects a DMAC channel when
1 Set DM21 = 1.
interrupt .
Aumber33 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.
23 22 21 20 19 18 17 16
Bit Symbol EIM221 EIM220 DM22 1L222 1L221 1L220
Read/Write R/W
After reset =) 0 o | o | o
Function Must be setto 11\ Sets Sets the priority level for interrupt
hether or | number 34 (INTTX5) when
not to DM22 = 0.
activate the 000: Disable interrupt.
DMAC.
001-111:1to 7
0: Not set.
) Selects a DMAC channel when
L Set DM22 =1.
interrupt 11: 010 3
number 34 000-011: 0 to
to activate 100-111: Invalid settings
the DMAC.
31 30 29 28 27 26 25 24
Bit-Symbol EIM231 EIM230 DM23 1L232 1L231 1L230
Read/Write R/W
Affer reset 0 o | o 0 o | o | o
Function Must be set to 00. Must be Must be set to 000.
setto 0.

Note : Before enabling the above interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
IMC9 Bit Symbol EIM241 EIM240 DM24 1L242 1L.241 1L240
(OXFFFF_E024) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 00. Must be Must be set to 000.
set to 0.
15 14 13 12 11 10 9 8
Bit Symbol EIM251 EIM250 DM25 IL252 1L251 1L250
Read/Write R/W
After reset o | o 0 o 1 o | o
Function Must be set to 11. Sefts Séts the priority level for interrupt
whetheror \{ number 37 (INTTA4) when
not to DM25 = 0.
activate the 000: Disable interrupt.
DMAEC.
001-111: 1te 7
0: Not set.
) Selects a DMAC channel when
et DM25 = 1,
Qegrupt 000-041: 0'ta'3
number 37 St
to activate 100:111:)Invalid settings
the DMAC.
23 22 21 20 19 18 17 16
Bit Symbol EIM261, EiM260 DM26 1L.262 1L261 1L260
Read/Write R/W
After reset o~ [y o 0 o | o | o
Function Must be setto 11. Sets Sets the priority level for interrupt
whetheror—{number 38 (INTTA5) when
not to DM26 = 0.
activate the 000: Disable interrupt.
DMAC;,
001-111:1to 7
0:~Not sét.
) Selects a DMAC channel when
1 Set DM26 = 1.
nterupt 000-011: 0 to 3
number 38 O1l0to
to activate 100-111: Invalid settings
the DMAC.
31 30 29 28 27 26 25 24
Bit Symbol EIM271 EIM270 DM27 1L272 1L271 1L270
Read/Write R/W
After reset 0 o | o 0 o | o | o
Function Must be set to 11. Sets Sets the priority level for interrupt
whether or | number 39 (INTTA6) when
not to DM27 = 0.
activate the 000: Disable interrupt.
DMAC.
001-111:1to 7
0: Not set.
) Selects a DMAC channel when
L Set DM27 = 1.
nterupt 000-011: 0 to 3
number 39 Oil0to
to activate 100-111: Invalid settings
the DMAC.

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMCA
(OXFFFF_E028)

5 4

2 1 0

Bit Symbol

EIM281 EIM280

DM28

1L282 1L281 1L280

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 40
to activate
the DMAC.

Sets the priority level for interrupt
number 40 (INTTA7) when

DM28 = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM28\= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM291 EIM290

DM29

1L292 10291 1L290

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 11.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 41
to-activate
the DMAC.

Sets the\priority level for interrupt
number 41 (HNTTAB) when

DM29.=0Q,
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM29 = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM2A1 EIM2A0

BM2A

IL2A1 IL2A0

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set to.1.1.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 42
to activate
the DMAC.

Sets the priority level for interrupt
number 42 (INTTA9) when

DM2A = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM2A = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM2B1 EIM2B0

DM2B

IL2B2 IL2B1 IL2BO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 43
to activate
the DMAC.

Sets the priority level for interrupt
number 43 (INTTAA) when

DM2B = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM2B = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMCB
(OXFFFF_E02C)

5 4

2 1 0

Bit Symbol

EIM2C1 EIM2CO

DM2C

IL2C2 IL2C1 IL2CO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 44
to activate
the DMAC.

Sets the priority level for interrupt
number 44 (INTTAB) when

DM2C = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM2C.= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM2D1 EIM2DQ

DM2D

IL2D2 IL2D1 IL2D0

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 11.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 45
to-activate
the DMAC.

Sets the\priority level for interrupt
number 45, (INTTBA) when

DM2D.=Q.
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM2D = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM2E1 EIM2EQO

DBM2E

IL2E1 IL2EO

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set to.1.1.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 46
to activate
the DMAC.

Sets the priority level for interrupt
number 46 (INTTBB) when

DM2E = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM2E = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM2F1 EIM2FO0

DM2F

IL2F2 IL2F1 IL2FO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 47
to activate
the DMAC.

Sets the priority level for interrupt
number 47 (INTTBC) when

DM2F = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM2F = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMCC
(OXFFFF_E030)

5 4

2 1 0

Bit Symbol

EIM301 EIM300

DM30

1L302 1L301 IL300

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 48
to activate
the DMAC.

Sets the priority level for interrupt
number 48 (INTTBD) when

DM30 = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM30= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM311 EIM310

DM31

IL312 IC311 I1L310

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 11.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 49
to-activate
the DMAC.

Sets the\priority level for interrupt
number 49 (NTTB2) when

DM31.=0.
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM31=1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM321 EIM320

BM32

1L321 1L320

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set to.1.1.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 50
to activate
the DMAC.

Sets the priority level for interrupt
number 50 (INTTB3) when

DM32 =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM32 = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM331 EIM330

DM33

IL332 1L331 IL330

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 51
to activate
the DMAC.

Sets the priority level for interrupt
number 51 (INTTB4) when

DM33 =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM33 =1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMCD
(OXFFFF_E034)

5 4

Bit Symbol

EIM341 EIM340

DM34

1L342 1L341 1L340

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 52
to/activate
the DMAC.

Sets the priority level for interrupt
number 52 (INTTB5) when

DM34.=0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM34 = 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM351 EIM35Q

DM35

IL352 IL35% 1L350

Read/Write

R/IW

After reset

o | (o

0

o/ oo | o

Function

Must be set to 11\

Sets

hether or

not to

activate the

DMAC.

0: Not set:

1: Set
interrupt
number 53
to activate
the DMAC.

Sets the priority leve| for interrupt
numbper 53\(INTTB6) when

DM35 =Q.
000: Disable interrupt.
0014111:1to 7

Selects a DMAC channel when
DM35 = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM361 EIM360

DM36

1L362 1L361 1L360

Read/Write

R/W

After reset

=)

0

o | o | o

Function

Must be setta 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 54
to activate
the DMAC.

Sets the priority level for interrupt
number 54 (INTTB7) when

DM36 = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM36 = 1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit-Symbol

EIM371 EIM370

DM37

IL371 IL370

Read/Write

After reset

o | o

0

o | o | o

Function

Must be set to 11.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 55
to activate
the DMAC.

Sets the priority level for interrupt
number 55 (INTTB8) when

DM37 =0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM37 = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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TOSHIBA
7 6 5 4 3 2 1 0
IMCE Bit Symbol EIM381 EIM380 DM38 1L382 1L381 1L380
(OXFFFF_EO038) | Read/Write R/W
After reset 0 | 0 0 0 | 0 | 0
Function Must be set to 11. Sets Sets the priority level for interrupt
hether or | number 56 (INTTB9) when
not to DM38.= 0.
activate the 000: Disable interrupt.
DMAC.
001-111:1to 7
0: Not set.
) Selects. a DMAC channel when
L Set DM38 = 1.
interrupt .
number 55 000-011: 0to 3
to activate 100-111: Invalid settings
the DMAC.
15 14 13 12 11 10 9 8
Bit Symbol EIM391 EIM390 DM39 1L392 1391 1L390
Read/Write R/W
After reset 0 | 0 0 0 | Q | 0
Function Must be set to 00. Must be Must be 'set to 000:
Set to 0.
23 22 21 20 19 18 17 16
Bit Symbol EIM3AL EIM3A0 DM3A IL3A2 IL3A1 IL3A0
Read/Write R/W
After reset o~ [y o 0 o | o | o
Function Must be setto 01. Sets Sets the priority level for interrupt
whetheror—{humber 58 (INTRTC) when
not to DM3A = 0.
activate the 000: Disable interrupt.
DMAC;/
001-111:1to 7
0:-Not sét.
) Selects a DMAC channel when
1 Set DM3A = 1.
interrupt .
number 58 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.
31 30 29 28 27 26 25 24
Bit Symbol EIM3BY EIM3B0O DM3B 1L3B2 IL3B1 1L3B0
Read/Write R/W
After reset 0 o | o 0 o | o | o
Function Must be set to 11. Sets Sets the priority level for interrupt
whether or | number 59 (INTAD) when
not to DM3B = 0.
activate the 000: Disable interrupt.
DMAC.
001-111:1to 7
0: Not set.
) Selects a DMAC channel when
1 Set DM3B = 1.
interrupt .
number 59 000-011:0to 3
to activate 100-111: Invalid settings
the DMAC.

Note : Before enabling the above interrupt requests, be sure to set their active state.
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IMCF
(OXFFFF_E03C)

5 4

2 1 0

Bit Symbol

EIM3C1 EIM3CO

DM3C

IL3C2 IL3C1 IL3CO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 10.

Sets

hether or
not to
activate the
DMAC.

0: Not set.

1: Set
interrupt
number 60
to activate
the DMAC.

Sets the priority level for interrupt
number 60 (INTDMAO) when

DM3C = 0.
000: Disable interrupt.
001-111:1to 7

Selects.a DMAC channel when
DM3C.= 1.

000-011: 0to 3
100-111: Invalid settings

15

14

13 12

11

10 9 8

Bit Symbol

EIM3D1 EIM3DQ

DM3D

IL3D2 IL3DL IL3D0

Read/Write

R/IW

After reset

o |

0

o 4 oo | o

Function

Must be set to 10.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 61
to-activate
the DMAC.

Sets the\priority level for interrupt
number 61, (INTDMAL) when

DM3D.=Q.
000: Disable interrupt.
0014111:1to 7

Selécts’a DMAC channel when
DM3D = 1.

000-011: 0to 3
100-111: Invalid settings

23

22

21 20

19

18 17 16

Bit Symbol

EIM3E1 EIM3EOQ

BM3E

IL3E1 IL3EO

Read/Write

After reset

o |~ o

0

o | o | o

Function

Must be set t0.10.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 62
to activate
the DMAC.

Sets the priority level for interrupt
number 62 (INTDMA1) when

DM3E = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM3E =1.

000-011: 0to 3
100-111: Invalid settings

31

30

29 28

27

26 25 24

Bit Symbol

EIM3F1 EIM3FO0

DM3F

IL3F2 IL3F1 IL3FO

Read/Write

R/IW

After reset

o | o

0

o | o | o

Function

Must be set to 10.

Sets
hether or

not to

activate the

DMAC.

0: Not set.

1: Set
interrupt
number 63
to activate
the DMAC.

Sets the priority level for interrupt
number 63 (INTDMA2) when

DMS3F = 0.
000: Disable interrupt.
001-111:1to 7

Selects a DMAC channel when
DM3F = 1.

000-011: 0to 3
100-111: Invalid settings

Note : Before enabling the above interrupt requests, be sure to set their active state.
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7 6 5 4 3 2 1 0
INTCLR Bit Symbol EICLR5 EICLR4 EICLR3 EICLR2 EICLR1 EICLRO
(OXFFFF_EO060) | Read/Write — — W
After reset — — — | — | — | — | — | —
Function

Interrupt request clear register: Sets the value of IVR<LIVR9:LIVR4> for the interrupt whose request
is to be cleared.

Sets the value of IVR<9:4> for the interrupt-whose request is to be cleared.

Notel: Do not clear an interrupt request before reading the corresponding(IVR value.

Note2: Follow the steps below to disable a particular interrupt with the-Interrupt'Controller (INTC).

1. Globally disable the acceptance of interrupts by the core pracessor by clearing the IEc bit of the
Status register.

2. Disable the desired interrupt with the INTC by clearing the.ILx[2:0] field of the IMCxx reqgister.
3. Execute the SYNC instruction.

4. Enable the acceptance of interrupts by the core-processor by setting the |IE¢ bit of the Status
register.

Example:
mtcO  r0, r31 ; _DIQ;
sb ro, IMC** ; IMC** = 07
sync ; _SYNC 0
mtcO  $sp, 131 ; _ElNQ;
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3.5 I/O Ports

The TMP1942 has 108 1/O port pins. All the port pins except a few share pins with alternate functions. They
can be individually programmed as general-purpose 1/0 or dedicated 1/O for the on-chip CPU or peripherals.

Table 3.5.1 Programmable 1/O Ports(1/2)

Port Pin Name # of Pins Direction ReF;liJs”tor Prog'ierl(re'r?:rz%rl])ility Alternate Functions
Port 0 P0O0O~PO7 8 | Input/output Bitwise ADO~AD7
Port 1 P10~P17 8 | Input/output Bitwise AD8~AD15 AB~A15
Port 2 P20~P27 8 | Input/output Bitwise AQ~A7 AL16~A23
P30 1 | Output Bitwise RD
P31 1 | Output Bitwise WR
P32 1 | Input/output Pull up | Bitwise AWR
Port 3 P33 1 | Input/output Pull up | Bitwise WAIT
P34 1 | Input/output Pullup | Bitwise BUSRQ
P35 1 | Input/output Pullup | Bitwise BUSAK
P36 1 | Input/output Pullup | Bitwise RIW
P37 1 | Input/output | Pullup | Bitwise DSU
P40 1 | Input/output | Pullup | Bjtwise Ccso
P41 1 | Input/output Pullup | Bitwise CS1
Port 4 P42 1 | Input/output Pull ug’ /[Bitwise c_sz
P43 1 | Input/output Pullup_ ‘| Bitwise cs3
P44 1 | Input/output Bitwise SCOUT
Port 5 P50~P57 8 | Input Fixed ANO~AN7 ADTRG
Port 6 P60~P67 8 | Input Fixed AN8~AN15 KEYO-KEY7
P90 1 | Input/output Bitwise KEY8
P91 1 | Input/output Bitwise KEY9
P92 1 | Inputfoutput Bitwise TB40UT
P93 1 | Ihput/output Bitwise TB50UT
Port9 Po4 1 |\ Inputfoutput Bitwise TB60OUT
P95 Y | Tnput/output Bitwise TB7INO
P96 1 | Input/output Bitwise TB7IN1
P97 I~{ Tnput/output Bitwise TB70UT
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Table 3.5.1 Programmable 1/0O Ports(2/2)
Port Pin Name # of Pins Direction ReF;liJs”tor ng;?ﬁ:g;)”ity Alternate Functions
PAO 1 | Input/output Bitwise TBOINO INT3
PA1 1 | Input/output Bitwise TBOIN1 INT4
PA2 1 | Input/output Bitwise TBOOUT
S PA3 1 | Input/output Bitwise TB1INO INTS
PA4 1 | Input/output Bitwise TB1IN1 INT6
PA5 1 | Input/output Bitwise TB1OUT
PA6 1 | Input/output Bitwise TAL1OUT
PA7 1 | Input/output Bitwise TAQIN KEYA
PBO 1 | Input/output Bitwise TB2INO INTB
PB1 1 | Input/output Bitwise TB2IN1 INTC
PB2 1 | Input/output Bitwise TB2OUT TB4INO
PB3 1 | Input/output bit TB3INQ INTD
PortB  Mogg 1 | Inputioutput bit TB3INL INTE
PB5 1 | Input/output bit TB30OUT TB4IN1
PB6 1 | Input/output bit TA30UT
PB7 1 | Input/output bit TAZ2IN INT7 KEYB
PCO 1 | Input/output bit TA4IN INT8
PC1 1 | Input/output bit TA6IN INT9
PC2 1 | Input/output bit TAS8IN INTA
Port C PC3 1 | Input/output bit TA50UT
PC4 1 | Input/output bit TAAIN
PC5 1 | Input/output bit TA70UT
PC6 1 | Input/output; bit TB8INO KEYC
PC7 1 | Input/output bit TB8IN1 TA9OUT
PDO 1 | Input/output bit TXDO TB9INO
PD1 1 | Input/output bit RXDO TBIIN1
PD2 1 | Ihput/output bit SCLKO CTSO
PD3 1 | Input/output bit TXD1 TBAINO
Portd PD4 1 | Inputfoutput bit RXD1 TBAIN1
PD5 1 | nput/output bit SCLK1 CTS1 TABOUT
PD6 1| Input/output bit XT1
PD7 1 [YInput/output bit XT2
PEO 1 | Input/output bit TXD3
PE1 1 | Input/outpuf bit RXD3
PE2 1 | Input/odtput bit SCLK3 CTS3
Port E PE3 1 | Input/output bit TXD4
PE4 1’| Input/output bit RXD4
PES 1 Inputfoutput bit SCLK4 CTS4
RE6 1+ Input/output bit INT1 BOOT
PE7 1 | Input/output bit INT2 INTLV
PFO 1 | Input/output bit TXD5
PF1 1 | Input/output bit RXD5 KEYD
PF2 1 | Input/output bit SCLKS5 CTS5
Port F PF3 1 | Input/output bit SCK
PF4 1 | Input/output bit SO SDA
PF5 1 | Input/output bit Sl SCL
PF6 1 | Input/output bit INTO
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Table 3.5.2 1/0O Port Programmability (1/4)

Port

Pin Name

Direction /
Function

I/O Register Settings

Pn

PnCR PnFC

PnFC2

Port 0

P0O0~PO7

Input

0

Output

ADO~AD7 Bus

Port 1

P10~-P17

Input

Output

AD8~AD15 Bus

A8~A15 Bus

Port 2

P20~P27

Input

Output

AO~A7 Bus

A16~A23 Bus

N NN =Y VoY FEN Ro) =Y K=}

Port 3

P30

Output

RD

P31

Output

WR

P32

Input(RSTUR=Z1)

Input(RSTUP=0)

Output

HWR

P33

INpUt(RSTUP=1)

Input(RSTUP=0)

Output

WAIT

P34

Input(RSTUP=1)

Input(RSTUP=0)

Output

BUSRO

P35

Input(RSTUR=1)

Input(RSTYP=0)

Output

BUSAK

P36

Input(RSTUP=1)

Input(RSTUP=0)

Output

RIW_

Rr|lO|O|O|Rr|O|O|O|R|O|O|lO|O|O|O|O|RP|O|lO|O RPN, |O|O]|R R |TO|O

P37

Input

Output

Port 4

P40

Input(RSTUP=1)

Input(RSTUP=0)

Output

R|O|lO|FR|O|FR|FP|O|O]|FR|FRP|O|O|O|R|O|OC|O|RP|O|IOC|IR]|IPLPTMOIO

CS0

P41

Input(RSTUP=1)

Input(RSTUP=0)

Output

R |O|O

CS1

R|O|O|lO|Rr|O|O|O
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Table 3.5.2 1/0O Port Programmability (2/4)
) irecti I/O Register Settings
Port Pin Name D|rect|pn d g g
Function Pn PnCR PnFC PnFC2
INnput(RSTUP=1) 1 0 0
ba> Input(RSTUP=0) 0 0
Output 1 0
CS2 - - 1
Input(RSTUP=1) 1 0 0
Port 4 Input(RSTUP=0 0 0 0
or P43 put( )
Output - 1 0
CS3 - < 1
Input 1 0 0
P44 Output 1 1 0
SCOUT - - 1
Input < Q
Port 5 P50~P57 ANO~AN7 A 0
ADTRG - 1
Input - ¢]
Port 6 P60~P67 ANB8~AN15 - 0
KEYO0~7 - 1
Input - 0 0
P90~P97
Outpat - 1 0
P90 KEY8 - 0 1
P91 KEY9 - 0 1
P92 TB40UT = 1 1
Port 9
P93 TB50OUT - 1 1
P94 TB6OUT - 1 1
P95 TB7INO 3 0 1
P96 TB7IN1 - 0 1
P97 TB70UT - 1 1
Input - 0 0
PAO~PAT
Output - 1 0
TBOINO - 0 1
PAO
INT3 - 0 1*
TBOIN1 - 0 1
PA1
INT4 - 0 1*
PA2 TBOOUT - 1
PortA TB1INO - 0
PA3
INT5 - 0 -
TB1IN1 - 0 1
PA4
INT6 - 0 -
PA5 TB1OUT - 1 1
PAG TA1OUT - 1 1
TAOIN - 0 1
PA7
KEYA - 0 1
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Table 3.5.2 1/0O Port Programmability (3/4)
, o ) I/0 Register Settings
Port Pin Name Direction / Function
Pn PnCR PnFC PnFC2
Input - 0 0
PBO~PB7
Output - 1 0
TB2INO - 0 1
PBO
INTB - 0 1*
TB2IN1 - 0 1
PB1
INTC - 0 1*
TB20OUT - 1
PB2
TB4INO - 0 1
TB3INO - 0 1
Port B PB3
INTD - 0 1*
TB3IN1 - 0 1
PB4
INTE - 0 1*
TB3OUT - 1 1
PB5
TB4IN1 ¢ 0 1
PB6 TA30UT - 1 1
TA2IN = 0 T
PB7 INT7 - 0 -
KEYB - 0 1
Input - 0] 0
PCO~PC7
Output 5 1 0
TA4IN - 0 1
PCO
INT8 - 0 -
TAGIN - 0 1
PC1
INT9 N 0 -
TAS8IN N 0 1
PC2
Port C INTA - 0 -
PC3 TAS0UT - 1 1
PC4 TAAIN - 0 1
PC5 TA70UT - 1 1
TB8INO - 0 1
PC6
KEYC - 0 1
TB8IN1 - 0 1
PCY
TAOOUT - 1 1
Input - 0 0 -
PDO~PD7
Output - 1 0 -
TXDO - 1 1 -
PDO
TB9INO - 0 1 -
RXDO - 0 1 -
PD1
TB9IN1 - 0 1 -
Port D SCLKO(Input) - 0 1 -
PD2 SCLKO(Output) - 1 1 -
CTSO - 0 1 -
TXD1 - 1 1 -
PD3
TBAINO - 0 1 -
RXD1 - 0 1 -
PD4
TBAIN1 - 0 1 -

TMP1942CY/CZ-67



X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
Table 3.5.2 1/0O Port Programmability (4/4)
. N . I/O Register Settings
Port Pin Name Direction / Function
Pn PnCR PnFC PnFC2
SCLK1(Input) - 0 1 0
o Zolione — |
Port D
TABOUT - 1 0 1
PD6 XT1 - - - -
PD7 XT2 - - - -
PEO~PE7 Input - 9 0
Output E Y 0
PEO TXD3 - 1 1
PE1 RXD3 - 0] 1
SCLK3(Input) - 0 1
PE2 SCLK3(Output) - 1 1
Port E CTS3 - 0 1
PE3 TXD4 < 1 1
PE4 RXD4 N 0 1
SCLK4(Input) 7 0 ¥
PES5 SCLK4(Output) - 1 il
CTS4 - 0 1
PE6 INT1 - 0 1*
PE7 INT2 - 0 1*
PFO~PF6 Input - 9 0
Output = 1 0
PFO TXD5 - 1 1
PF1 RXD5 - 0 1
KEYD - 0 1
SELKS5(Input) - 0 1
PF2 SCLK5(Output) - 1 1
Port F CTSs - 0 1
PE3 SCK(Input) - 0 1
SCK(Qutput) - 1 1
PFA SO - 1 1
SDA - 1 1
PE5 Sl - 1 1
SCL - 1 1
PF6 INTO - 0 1*

X: Don't care
Pn: Port n Register, PnCR: Port n Control Register, PnFC: Port n Function Register

*: Setthis bit when using the pinfora-STOP mode termination interrupt with SYSCR<DRVE> set to 0.
Otherwise, the bit need-not be set.

Note.1: HWR , R/W and P40Q t0-P43 have their internal pullup resistors enabled when the corresponding
P4FC register bit is setand when the bus is released.

Note 2: When P50—P57 are configured as analog channels of the ADC, the ADCH[2:0] field in A/D Mode
Control Register 1 (ADMOD1) is used to select a channel(s).

Note 3: When P57 is configured as ADTRG, the ADTRGE bit in the ADMODL1 register is used to enable
and disable the external trigger input to the ADC.

Note 4: When PD6-PD7 are configured as XT1-XT2, the SYSCRO register must be programmed to
enable oscillation, etc.

Note 5: When PortD and PortE and PortF are configured as SDA and SCL outputs for the SBI, the
ODEA[7:6] field in the Open-Drain Enable (ODE) register can be used to configure them as
either push-pull or open-drain ouptuts. Upon reset, the default is push-pull.
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3.5.1 Port 0 (PO0-P0O7)

Port 0 is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. Use the control register POCR to set the port for input or output. A reset clears all bits of POCR
to 0 and puts port 0 in input mode.

In addition to functioning as a general-purpose input/output port, this\port can also function as an
address/data bus (ADO-AD7). When external memory is accessed, this-portautomatically functions as an
address/data bus (AD0-AD7), with all bits of POCR cleared tq 0.

[ Reset
Direction Control
(bitwise)
STOP
DRIVE
Write to POCR [
(2]
>
% @) Latch I Port 0
(D‘E utput Latc > P00-PO7
E Output Bufféy (ADO-AD7)
: |
£
Write to PO
ALG— J
tﬁ
R Read PO

Figure 0.1 _Port 0 (PO0-P0O7)

NoterThe above system diagram does.not represent the address/data bus function.
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Port O Register
7 6 5 4 3 2 1 0
PO Bit Symbol P07 P06 P05 P04 PO3 P02 PO1 POO
(OXFFFF_FO000) | Read/Write R/W
After Reset Input mode (output latch register cleared to 0)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit Symbol PO7C PO6C PO5C P0O4C PO3C P02C PO1C POOC
(OXFFFF_F002) | Read/Write w
After Reset o | o | o | o [ o]0 | o [ o
Function 0:IN

1: OUT (Functions as AD7-ADO when external area is ‘accessed, with the register cleared to 0.)

I—> Input/gutput setting for port O

0 Input

1 Output

Figure 0.2 Registers Related-toPort 0
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3.5.2  Port1 (P10-P17)

Port 1 is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PLCR and function register P1FC are used to set the port for input or
output. A reset clears all bits of output latch P1 and all bits of PLCR and P1FC to O, putting port 1 in

input mode.

In addition to functioning as a general-purpose input/output port, this-port-can also function as an
address/data bus (AD8-AD15) or an address bus (A8-A15). To access external memory, set this port to
an address bus or address/data bus using P1CR and P1FC.

Reset

Direction Control
(bitwise)

Write to P1CR
Function Control
(bitwise)

Write to P1FC

% STOP
DRIVE

Internal Data Bus

Port 1
| P10-P17
Output Buffer (AD8-AD15/A8-AL5)

iteTtO P1
<+ [5

Output Latch

1

8

U Read P1

Figure 0.3 Port 1 (P10-P17)

Note: The above system diagram does not represent the address/data bus function.
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Port 1 Register

7 6 5 4 3 2 1 0
P1 Bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(OXxFFFF_FO001) | Read/Write R/W
After Reset Input mode (output latch register cleared to 0)

Port 1 Control Register

7 6 5 4 3 2 1 0
P1CR Bit Symbol | P17C P16C P15C P14C P13C p12Cc P11C P10C
(OXFFFF_F004) | Read/Wwrite W
After Reset o | o | o [ o | eoe>~—0 | o | o
Function << Refer to P1FC. >>

Port 1 Function Register

7 6 5 4 3 2 1 0
P1FC Bit Symbol P17F P16F P15F R14F P13F P12F P11F P10F
(OXFFFF_FO005) | Read/Write W
After Reset o | o | o o | o | o]0 [ o
Function P1FC/P1CR =00:IN, 01: OUT, 10: AD158; 11:-A15<8

L~ Function settings for poft 1

P1CR P1FC<P1XF>
<P1XC> 0 1
0 Input port Address/data bus (AD15-AD8)
1 Qutpuyport Address bus (A15-A8)

Figure 0.4 Registers Related to Port 1
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3.5.3  Port 2 (P20-P27)

Port 2 is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register P2CR and function register P2FC are used to set the port for input or
output. A reset sets all bits of output latch P2 to 1 and clears all bits of P2CR and P2FC to 0, putting port

2 in input mode.

In addition to functioning as a general-purpose input/output port, this port can function as an address
bus (A0-A7 or A16-A23).

B
A16-23 — |5 |v
AlS | —
AO-7 — 2
n
Reset
(M s
Direction Control
(bitwise)
Write to P2CR
|
Function Control
(bitwise)
[2]
=}
@ T —C?STOP
g Write to P2FC DRIVE
[a}
= S
c
§ B
E Z1e
O Y
Output Vatch A 2 Port 2
n P20-P27
Output Buffer (A0-A7/A16-A23)
Write to P2
T [ﬁ
/I\}_ﬁ
SAN\S Read P2

Figure 0.5 Port 2 (P20-P27)
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Port 2 Control Register
7 6 5 4 3 2 1 0
P2 Bit Symbol P27 P26 P25 P24 P23 P22 P21 P20
(OXFFFF_F012) | Read/Write R/W
After Reset Input mode (output latch register set to 1)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit Symbol p27C P26C P25C p24C P23C P22C p21C P20C
(OXFFFF_F014) | Read/Write w
After Reset 0 o | o | o | o[~ | o | o
Function << Refer to P2FC.>>
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit Symbol P27F P26F P25F R24F P23F P22F P21F P20F
(OXFFFF_F015) | Read/Write W
After Reset 0 o | o (o | o [ o]0 | o
Function P2FC/P2CR=00: IN, 01: OUT, 10: A7/0,11; A23-16

- ———~_>Function settings for poft 2

P2CR P2FC<P2XF>
<p2xC> 0 1

0 Input port Address bus (A7-A0)

1 Qutpuyport Address bus (A23-A16)

Figure 0.6 Registers Related to Port 2
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3.54

Port 3 (P30-P37)

Port 3 is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output, with the exception that P30 and P31 are output-only. The control register P3CR and function
register P3FC are used to set the port for input or output. A reset sets bits P30, P31 and P37 of the output
latch to 1. Bits P32 to P36 are set to 1 by a reset if RSTPUP is High or cleared to 0 if RSTPUP is Low.
All bits of P3CR (bits 0 and 1 not used) and P3FC (bits 3 and 7 not used).are cleared to 0 by a reset, with
P30 and P31 outputting a High signal and P32 to P36 placed in input mode-with-pull-up resistors enabled
(if RSTPUP is High) or disabled (if RSTPUP is Low). P37 is placed in input mode with a pull-up resistor
enabled regardless of the value of RSTPUP.

In addition to functioning as a general-purpose input/output port, thispoft can also input and output
the CPU's control and status signals. The RD strobe is output only when-an external address area is being
accessed while the P30 pin is set for RD output (<P30F> = 1).\Similarly, the WR strobe is output only
when an external address area is being accessed while the P31-pin_is set for WR oGtput (<P31F> = 1).

P32 and P36 have their pull-up resistors enabled yvhen/BUSAK = 0 while <P3xFC>= 1.

(M Reset

Function Control
(bitwise)

Write to P3FC

]

3
Output\Latch

f

Write toP3

n

S D P30 (RD)

l/
P31 (WR)
Output Buffer

>

Selector

Internal Data Bus

oy)

Read P3

Figure 0.7 Port 3 (P30, P31)

TMP1942CY/CZ-75



TOSHIBA

TX
TMP1942CY/CZ I’%ﬁé‘é“’

InternalDataBus

Reset

Direction Control

(bitwise)

I

Write to P3CR

1

Function Control

(bitwise)

|

Write to P3FC

5@

STOP
DRIVE

Programmable
Pull-up Resistor

y? RSTPUP >o{ P p-ch
( s
S R Ag N P32 (HWR )
Output Latch 8 | P35 (BUSAK )
3 Output Buffer —
B P36 (R/W)
T Reset:
Write to P3
BWR, BUSAK , R/W
pd
ch' /
pd

Lo |

Read P3

Figure-0.8_Port 3 (P32, P35, P36)
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T\

Reset

Direction Control ’_@ STOP
(bitwise) DRIVE

Write to P3CR

RSTPUP Programmable
[>o{p Pech )
Pull-up Resistor

Internal Data Bus

s R N _
) e * P33 (WAIT
Output Latch L D ( )

Output Buffer

Write to P3 Reset

bd

C ¢

iy

Internal Read P3
WAIT

_O<I_

Reset

| N

Direction Control _@ STOP
(bitwise) DRIVE

Write to PBCR

Functionh Control

(bitivise)

f

Write to P3FC p-ch Programmable
l'> O Pull-up Resistor

‘W RSTPUP

Internal Data Bus

S R
Output Latch » {\\ . . P34 (BUSRQ)
Output Buffer

) T Reset
Write to P3

<

]

Read P3

Internal
BUSRQ

Figure 0.9 Port 3 (P33, P34)
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T\ Reset

Direction Control ’_@ STOP
(bitwise) 6 DRIVE
Write to P3CR g'
Programmable
'l: ° poen <Pu||—up Resistor>

-

S
Output Latch > P37 (DSU )

T Output Buffer

Write to P3

pd

\LG;.
Internal Read P3 ¥

DSU

Internal data bus

Figure’ 0.10 Port 3 (P37)
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Port 3 Register

7 6 5 4 3 2 1 0

P3 Bit Symbol P37 P36 P35 P34 P33 P32 P31 P30
(OXFFFF_F018) | Read/Write R/W

After Reset Input Mode Output Mode

RSTPUP =11 (Pull-UP) | 1 (Pull-UP) [ 1 (Pull-UP) | 1 (Pull-UP) | 1 (Pull-UP) | IT:(Pull-UP) 1 1

RSTPUP =0(1 (Pull-UP) 0 0 0 0 0 1 1

Port 3 Control Register

7 6 5 4 3 2 1 0
P3CR Bit Symbol | P37C P36C P35C P34C P33C P32C — —
(OXFFFF_FO01A) | Read/Mwrite w — —
After Reset o | o | o | o el o — —

Function 0:IN IOuT

Input/output settings for port 3

0 Input
1 Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit Symbol — P36F R35F P34F — P32F P31F P30F
(OXFFFF_FO01B) | Read/Write W
After Reset — 0 0 0 — 0 0 0
Function 0: PORT |0:PORT |0: PORT 0: PORT | 0: PORT | 0: PORT
1 RIW —[1/BUSAK |1: BUSRQ 1: HWR | 1: WR 1: RD
] 1
BUSRQ settings P30 (RD ) function settings
P3FC<P34F> 1 <P30>
P3CR<P34C> 0 <P30F> 0 1
0 Outputs 0. Outputs 1.
'— BUSAK-settings 1 Outputs RD only during
P3FEC<P35F> 1 external access.
P3CR<P35€>
L $\R/W settings L > P31 (WR) function settings
P3FC<P36F> 1 <P31>
P3CR<P36C> 1 <P31F> 0 1
0 Outputs 0. Outputs 1.
1 Outputsm WR only
during external access.

—> HWR settings
P3FC<P32F>
P3CR<P32C>

Figure 0.11 Registers Related to Port 3
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3.5.5 Port 4 (P40-P44)

Port 4 is a 5-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PACR and function register PAFC are used to set the port for input or
output. Bits P41 to P44 of the output latch register are set to 1 by a reset if RSTPUP is High or cleared to
0 if RSTPUP is Low. Bit P44 of the output latch register is set to 1 regardless of the value of RSTPUP.
All bits of PACR and P4FC are cleared to 0 by a reset, with P40 to P43 placed in input mode with pull-up
resistors enabled (if RSTPUP is High) or disabled (if RSTPUP is Low). P44is placed in input mode with
a pull-up resistor disabled regardless of the value of RSTPUP.

In addition to functioning as a general-purpose input/output port,\ P40-P43 can also output the chip
select signals (CS0-CS3), and P44 functions as the SCOUT pin;.outpuitingthe system clock.

Reset

Direction Control
(bitwise)

Write to PACR _@ STOP

—l DRIVE

Function Control
(bitwise)

I

Write to PAFC

) Programmable
% RSTPUP DO-I P-ch < Pull-up Resisto)

S R N | D P40 (CS0)

Output Latch pa1 (ﬁ)
P42 (CS2)
l_) Reset P43 (CS3)

Internal Data Bus

>
Selector

I
Output Latch

o]

\Write to P4

€S0, CST/CS2, CS3
1
L@— /

Read P4

Figure 0.12 Port 4 (P40-P43)
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Reset 1/

R
Direction Control
(bitwise)

Write to PACR "C’t: STOP
_ DRIVE
! \

Function Control
(bitwise)

Write to PAFC

1

S
Output Latch A S

I\
SelecCtor, Y, P P44(SEOUT)
—{ B

Internal data bus

Write to P4

Reset

1%

S Bled ~)
< v Selector

T A

Read P4

fsys clock——>{A v
Selector

fsclock—|B s

4

SYSCR3<SCOSEL>

Figure 0.13-Port 4 (P44)
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TOSHIBA
Port 4 Register
6 5 4 3 2 1 0
P4 Bit Symbol — — P44 P43 P42 P41 P40
(OXFFFF_FO1E) | Read/Write — — R/W
After Reset — — Input mode
RSTPUP=1 1 (Pull-Up) [ 1(Pull-Up) [ 1 (Pull-Up) [ 1 (Pull-Up)
RSTPUP=0 0 0 0 0
RSTPUp=1
RSTPUp =0
Port 4 Control Register
6 5 4 3 2 1 0
PACR Bit Symbol — — P44C P43C P42C P41C P40C
(OXFFFF_F020) | Read/write — — w
After Reset — — 0 0 o {‘lo >~} o
0yIN 1:0uT
Port 4 Function-Register
6 5 4 3 2 1 0
P4FC Bit Symbol — < R4AF P43F P42 P41F P40OF
(OXFFFF_F021) | Read/Write — — W
After Reset — — 0 0 o | o | o
Function 0: PORF 0: PORT
1: SCOUT 1: CS
0 PORT (P40)
1 CS0
— PORT (P41)
cs1
- 0 PORT (P42)
1 CS2
> 0 PORT (P43)
1 CS3

Figure-0.14 Registers Related to Port 4
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TOSHIBA
3.5.6 Port5 (P50-P57)
Port 5 is an 8-bit input-only port, and is shared with the A/D converter's analog input pins. P57 also
functions as the A/D converter's A/D trigger input pin.
"\
< >—|:| Port 5
l\l P50-P56
) ANO-AN7
a Read Port 5 ¢ )
8
©
a
©
c
5
=
_ Conversion Channel
|\| Result Register] | A/D Converter Seleétor
Read A/D
—~_J
™\
Function Control ) )c
Write PSFC T
/l\ll ,_I:I Port 5
+ P57
2]
2 Read Port 5 (AN7)/ ADTRG
8
©
a
©
£
]
£
- Conversion Channel
|\I Result Register| | AID Converter Selector
Read A/D
—_J

ADTRG o<}
(P57-Only)

Figure 0.15 Port 5 (P50-P57)
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TOSHIBA
Port 5 Register
7 6 5 4 3 2 1 0
P5 Bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
(OXFFFF_F040) | Read/Write R
After Reset Input mode
Port 5 Function Register
7 6 5 4 3 2 1 0
P5FC Bit Symbol P57F — — — — — — —
(OXFFFF_F043) | Read/Write W S
After Reset 0 — — — ~ — — —
Function 0: Port or
A/D input
1: ADTRG

Figure 0.16 Port 5 (P50-P57)

Note 1: Use A/D converter mode register ADMOD4 to-select A/D convertet/input.channels and to enable
A/D trigger input for P57.

Note 2: To use ADTRG, first set <P57F> to 1 and then enable trigger inpdt’in A/D converter mode register
ADMODA4. To stop using ADTRG, first disable trigger input in ADMOD4 and then clear <P57F>to O

(port).
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3.5.7 Port6 (P60-P67)

Port 6 is an 8-bit input-only port, and is shared with the A/D converter's analog input pins and key
input pins. A reset clears P6FC to 0, placing port 6 in A/D or port input mode. Writing a 1 to a bit of
P6FC enables the corresponding pin to be used as a key input pin. Port 6 has pull-up resistors, which are
enabled only for those pins for which KWUPCNT<PE> is set to 1 in the key on wake-up circuit and key
input is enabled in KWUPSTN. For details, refer to the description of the key on wake-up function.

M\
Function Control ) )3
Write P6FCT
/Il\‘ [ JPorts
¢ P60-67
2] (AN8-15)/
=}
ﬂ Read Port 6 KEY0-7
IS
[a}
©
c
i)
=
1 Conversion | | | A/D'converter | Chanhel
\I\l Result Registe! Selector
Read A/D
’\/
KEYO-7
DIE
T~ A
5 KEYmEN
Y o
0
Figure 0:17 Port 6 (P60-P67)
Port 6 Register
7 6 5 4 3 2 1 0
P6 Bit Symbol P67 P66 P65 P64 P63 P62 P61 P60
(OXFFFF_F041) “}. Read/Write R
After Reset Input mode
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit Symbol P67F P66F P65F P64F P63F P62F P61F P60F
(OXFFFF_F045) | Read/Write W
After Reset 0
Function 0: Port or A/D input  1: Key input

Figure 0.18 Registers Related to Port 6
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3.5.8

Port 9 (P90-P97)

Port 9 is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PO9CR is used to set the port for input or output. A reset clears P9CR to 0,
putting port 9 in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: P90 and P91 function as key input, P92 to P94 and P97 as
16-bit timer output, and P95 and P96 as 16-bit timer input. These funttions are enabled by setting the
corresponding bits of POFC to 1.

A reset clears P9CR and P9FC to 0, placing port 9 in input mode:—Pins-P90"and P91 have pull-up
resistors, which are enabled only for those pins for which KWUPCNT<PE> is set to 1 in the key on
wake-up circuit and key input is enabled in KWUPSTN. For details;.referta the description of the key on
wake-up function. When a pin is functioning as a port pin, its(pull-up resistor is disabled.

When the DSU is enabled, port 9 functions as a DSU interface-regardless of the/settings in P9CR and
POFC, so that the pins cannot be used as general-purpase_port pins or peripheral funetion pins as
described above.

/\/ Function"Control
Reset
Write’to POFC
Direction Control
(bitwise)
5 ore
DRIVE I
Write to POGR !
S
D P90 (KEY8)
@ < P91 (KEY9)
m Outputdatch OutputBuffer
8 — Reset
15
z |
g Write to P9
Q
=
T
ﬁﬁ
Read P9
KEY8;.9 <—< I
DPE
A
§ KEYmMEN
g —>
&
e B °E

Figure 0.19 Port 9 (P90, P91)
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Internal DataBus

Internal Data Bus

Reset

—

Direction Control

(bitwise)

)

Write to P9CR

—1

Function Control

(bitwise)

Write to P9FC

(L

|

S

Output Latch

Write to P9

d

Selector

\I\I

Read P9

TB7INO, 1 <—@

Reset

y
¥

\

A

Direction Control

(bitwise)

Write to-P9CR

[ 7]

Function Control

(bitwise)

Write t@ P9FC

|

S

Output Latch

)

Write to P9

Selector

Timer K/F Output

TB4OUT: Timer B4
TB50UT: Timer B5
TB6OUT: Timer B6

TB7OUT: Timer B7
e

—

S

Selector

Read P9

>

\

Figure 0.20 Port 9 (P92-P97)

STOP
DRIVE

P95 (TB7INO)
P96 (TB7IN1)

DRIVE

P92 (TB4OUT)
P93 (TB50UT)
P94 (TB6OUT)
P97 (TB7OUT)
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Port 9 Register

7 6 5 4 3 2 1 0
P9 Bit Symbol P97 P96 P95 P94 P93 P92 P91 P90
(OXFFFF_F04C) | Read/Write RIW
After Reset Input mode (output latch register set to 1)

Port 9 Control Register

7 6 5 4 3 2 1 0
POCR Bit Symbol P97C P96C P95C pPo4C P93C P92C P91C P90C
(OxFFFF_FO4E) | Read/Write W
After Reset o | o | o | o | ,oe>—0 | o | o
Function 0: IN 1:\.0UT
|—’ Input/output settings for port 9
0 lnput
1 output

Port 9 FunctionRegister

7 6 5 4 3 2 1 0
POFC Bit Symbol PO7F PO6F PO5F PO4F PO3F PO2F PO1F POOF
(OXFFFF_F04F) | Read/Write W
After Reset 0 0 0 0 0 0 0 0

Function 0: PORT |0: PORT ,|0: PORT_ [0: PORT __{0: PORT._[0:PORT ([0: PORT [0: PORT
1: TB7OUT [1: TB7IN1 “}1-TB7INO |1: TB6QUT |1: TBSQUT |1: TB4OUT [1: KEY9 1: KEY8

. Coftrespondin Correspondin
Function P9FF(): Bit 9 PQC% Bit 9 Port Used
Select KEY8 input 1 0 P90
Select KEY9 input 1 0 P91
Select TB4OUT output X 1 P92
Selecy/TB50UT output 1 1 P93
SelectTB6OUT output s 1 P94
Select TB7ANO-input I 0 P95
Select TB7IN1 input 1 0 P96
Seléet TB7OUT output 1 1 P97

Figure-0.21 Registers Related to Port 9
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3.5.9 PortA (PAO-PAY)

Port A is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PACR is used to set the port for input or output. A reset clears PACR to 0,
putting port A in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PAQ, PA1, PA3 and PA4 function as 16-bit timer input or
external interrupt input, PA2 and PA5 as 16-bit timer output, PAG6 as 8-bit timer output, and PA7 as 8-bit
timer input or key input. These functions are enabled by setting the corresponding bits of PAFC to 1.

Areset clears PACR and PAFC to 0, placing port A in input mode. PA7-has-a-pull-up resistor, which is
enabled only when KWUPCNT<PE> is set to 1 in the key onavake-Up gircuit\and key input is enabled by
setting 1 in PAFC. When the pin is functioning as a port pin, its puH-up.resistor is disabled.

Reset

R

Direction Control
(bitwise)

M\

Write to PACR

STOP
Function Control DRIVE
(bitwise) [

Write to PAFC

|

S
Output katch A

Internal Data Bus

r PA2 (TBOOUT)
Selector 1 PAS5 (TB1OUT)
PA6 (TA1OUT)

Write 10, PA |—>B
TimeyF/E Output

RL
[TBOOUT] { q J

TB10OUT S

TALOUT, B

’d Selector

\I\l

Read PA A

Figure 3.5.21 Port A (PA2, PA5, PAG)
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Reset

Direction Control

(bitwise)

Write to PACR

Function Control

r—~Ch—

(bitwise)

Write to PAFC

|

S

Internal Data Bus

Output Latch

[

§7

Write to PA
1

0 ¢

Read PA

S

Selector.

TBOINO, TBOIN1 <—C.P

INT3, INT4

Reset

Direction Centrol

(bitwise)

Write to-PACR

Function Controt

(bitwise)

Write to PAFC

]

S

Internal data bus

STOP
DRIVE

PAO (TBOINO/INT3)
PAL (TBOINL/INT4)

STOP
DRIVE

Output.Latch

> L]

PA7 (TAOIN/KEYA)

Write to PA
-1

Read PA

TAON «—( p——%

S

Selector

R
D

A

Reset

KEYA <«

L

KEYmEN

>
Lelector %
m

<

et

—>

PE

Figure 3.5.22 Port A (PAO, PA1, PA7)
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Internal data bus

Reset

R

Direction Control
(bitwise)

Write to PACR

[ —1

Function Control
(bitwise)

Write to PAFC

STOP
F:E DRIVE

|

S
Qutput Latch

Write to PA
pd

S

TB1INO, TB1IN1 <«

INTS, INT6

Read PA

Seléctor

A

R

§7

D PA3 (TB1INO/INT5)
PA4 (TB1IN1/INT6)

Figure 3.5,23 Port A (PA3, PA4)
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Port A Register
7 6 5 4 3 2 1 0
PA Bit Symbol PA7 PA6 PA5 PA4 PA3 PA2 PAl PAO
(OXFFFF_F050) | Read/Write R/W
After Reset Input mode (output latch register set to 1)
1 |1 [ o2 ] o1 |1 [Sa 1 1

Port A Control Register

7 6 5 4 3 2 1 0
PACR Bit Symbol | PA7C PA6C PASC PA4C PASC PA2C PALC PAOC
(OXFFFF_F052) | Read/Write W
After Reset o | o | o | o [ la Jvo 0 0
Function 0:IN 1:.0UT

L—’ Inputfeutput settings for port A

0 Input
1 Output
Port A Functien Register
7 6 5 4 3 2 1 0
PAFC Bit Symbol PATF PAGF PASF PA4F PA3E PA2F PA1F PAOF
(OXFFFF_F053) | Read/Write W
After Reset 0 0 0 0 Q 0 0 0
Function 0: PORT |0: PORT [0:PORT |0:PORT [0: PORT |0: PORT [0: PORT |0: PORT
1: TAOIN 1: TAIQUT|Is TBIOUT |1: TB1IN1 1: TB1INTO|1: TBOOUT [1: TBOIN1 |1: TBOINO
KEYA INT6 INTS INT4 INT3
. Correspondin Correspondin
Function PAF% Bit 9 PACFI)? Bit 9 Port Used
Select TBOINOinput 1 0 PAO
Select/INT3 input 1) 0
Select-TBAINL/input 1 0
PAl
Select INT4.nput 1¢1) 0
Select TBOOUT eutput 1 1 PA2
Seléct TBLINO input 1 0 PA3
Select INT5\nput Need not be set 0
Select TBUNL input 1 0 PA4
Select INT6 input Need not be set 0
Select TB1OUT output 1 1 PA5S
Select TALOUT output 1 1 PAG6
Select TAOINinput 1 0
Select KEYA input 1 0 PAT

*1) Set this bit when using the pin for a STOP mode termination interrupt with
SYSCR<DRVE> set to 0. Otherwise, the bit need not be set.

Note: For a pin to which two input functions are assigned in addition to the port function, use
the control register for each function module to specify which function is used.

Figure 3.5.24 Registers Related to Port A
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3.5.10 Port B (PB0-PB7)

Port B is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PBCR is used to set the port for input or output. A reset clears PBCR to 0,
putting port B in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PBO, PB1, PB3 and PB4 function as 16-bit timer input or
external interrupt input, PB2 and PB5 as 16-bit timer input or output, PB7-as 8-bit timer input, interrupt
input or key input. These functions are enabled by setting the corresponding-bits of PBFC to 1.

Avreset clears PBCR and PBFC to 0, placing port B in input mode. PB7-has-a-pull-up resistor, which is
enabled only when KWUPCNT<PE> is set to 1 in the key onwake-up circdit and key input is enabled in
KWUPSTnN. For details, refer to the description of the key on~wake=up/function. When the pin is
functioning as a port pin, its pull-up resistor is disabled.

Reset

S

Direction Control
(bitwise)

M\

Write to PBCR

STOP
Function Control DRIVE
(bitwise) (

Write to PBFC
S s
Output Latch A

Internal Data Bus

Selector Iy D PB2 (TB20OUT/TB4INO)
PB5 (TB3OUT/TB4IN1)

Write'to P7 _|—>B

Timer F/F, Output +——>————— R_L

[TBZOUT ] 0 L J
S

TB3OUT

us)

pd Selector

Read to P7

TB4INO <—Cb|—_
X TB4IN1

>

Figure 3.5.25 Port B (PB2, PB5)
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X
System
RISC

M\

Reset

o

Direction Control

(bitwise)

Write to PBCR

1

Function Control

—Ch=—

(bitwise)

]

Write to PBFC

Internal data bus

S

Output Latch

Write to PB
e

C

¢

TB2INO, 1
TB3INO, 1
INTB, C, D,

\,\I
Read PB

S

oy

Selector

A

1

§7

=

E

Reset

R

Direction Control

(bitwise)

Write to PBCR

[ 7 =—1

Function Controt

(bitwise)

Write to PBFE.

|

Ihtérnal data bus

S
OutputLateh

A

S

Selector

STOP
DRIVE

PBO (TB2INOANTB)
PE1.(TB2INL/INTC)
PB3 (TB3INO/INTD)
PB4 (TB3IN1/INTE)

STOP
DRIVE

Writeto PB |—>
Timer F/F output

(TA3OUT: Timer A3)

—

Read PB

S
B

Selector

Figure 3.5.26 Port B (PBO, PB1, PB3, PB4, PB6)

D PB6 (TA30UT)

TMP1942CY/CZ-94



TOSHIBA

TX
TMP1942CY/CZ I’%ﬁé‘é“’

M\

Reset

E—

Direction Control

(bitwise)

Write to PBCR

|

Function Control

(bitwise)

Write to PBFC

]

Internal Data Bus

S

Output Latch

o sToP
DRIVE

D PB7TA2IN/INT7/KEYB)

Write to PB
pd

S

Selector

TA2IN

INT7
KEYB

fS_| TG I—

Read PB

— =

ﬁ

v
o
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>
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KEYmEN
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—>
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Figure 3.5.27 PortB.(PB7)
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Port B Register

7 6 5 4 3 2 1 0
PB Bit Symbol PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
(OXFFFF_FO051) | Read/Write R/W
After Reset Input mode (output latch register set to 1)

Port B Control Register

7 6 5 4 3 2 1 0
PBCR Bit Symbol PB7C PB6C PB5C PB4C PB3C PB2C PB1C PBOC
(OXFFFF_F054) | Read/Write W
After Reset o | o | o | o | o]0 | o | o
Function 0:IN 1:0UT
|—> Input/output settings for port B
0 Input
1 Output

Port B Function'Register

7 6 5 4 3 2 1 0
PBFC Bit Symbol PB7F PB6F PB5k PB4F PB3F PB2F PB1F PBOF
(OXFFFF_F055) | Read/Write W
After Reset 0 0 0 0 Q 0 0 0
Function 0:PORT 0: PORT | 0: PORT., |0: PORT —0:PORT-_|0vPORT |0: PORT |0: PORT
1:TA2IN 1: TASOUT [\ TB30OUT [ 1: INTE 1: INTD 1: TB20OUT | 1: INTC 1: INTB
INT7 TB4IN1 TB3INT TB3INO TB4INO TB2IN1 TB2INO
KEYB
. Corresponding Corresponding
Function : . Port Used
PBFC Bit PBCR Bit
Select TBZINO input 1 0 PBO
Select/NTB input 11 0
Select TB2IN input 1 0 PB1
Select INTC input I (*D) 0
Select TB2OUT-output 1 1 PB2
Select TB4INO input 0 1
Seléct TB3INO input 1 0
- PB3
SelectINTD input 1(*1) 0
Select TB3IN1 input 1 0
. PB4
Select/ INTE input 1(*1) 0
Sefect TB3OU T output 1 1 PBS
Select TB4INY inpyt 0 1
Select TA3OUT gutput 1 1 PB6
Select TA2IN input 1 0
Select INT7 input 1 0 PB7
Select KEYB input 1 0

(*1) Set this bit when using the pin for a STOP mode termination interrupt with
SYSCR<DRVE> set to 0. Otherwise, the bit need not be set.

Note: For a pin to which two or three input functions are assigned in addition to the port
function, use the control register for each function module to specify which function is
used.

Figure 3.5.28 Registers Related to Port B
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3.5.11

Port C (PCO-PC7)

Port C is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PCCR is used to set the port for input or output. A reset clears PCCR to 0,
putting port C in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PCO, PC1 and PC2 function as 8-bit timer input or external
interrupt input, PC3 and PC5 as 8-bit timer output, PC6 as 16-bit timerinput or key input, PC4 as 8-bit
timer input, and PC7 as 16-bit timer input or 8-bit timer output. These functions are enabled by setting the
corresponding bits of PCFC to 1.

Acreset clears PCCR and PCFC to 0, placing port C in inputmode, PC6 has a pull-up resistor, which is
enabled only when KWUPCNT<PE> is set to 1 in the key on wake-up-circuit and key input is enabled in
KWUPSTN. For details, refer to the description of the key on wakesup function. When the pin is
functioning as a port pin, its pull-up resistor is disabled.

Port C becomes a 5 V input/output port when 5 V is_supplied to its dedicated power supply pin
DVCC52. It becomes a VCC-based (3 V) port when/'\VVCC’is supplied to DVCC52.

Reset
M\

R

Direction Control
(bitwise)

Write to PCCR

STOP
Functien-Contral DRIVE
(bitwise) (

2]
a Write to PCFC
o]
5 !
g S S
£ Output Latch A
Selector ™ PC3 (TA50UT)
1 “ [ pcs (TA7OUT)
Write to PC |——> B
TimerE/F Output R_L
TAS0UT { \J
TA70UT S
\/I[\l Selector
Read PC A
U

Figure 3.5.29 Port C (PC3, PC5)
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M\

Reset
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(bitwise)

Write to PCCR
1

Function Control

Internal Data Bus

(bitwise)

Write to PCFC

STOP
BRIVE

|

S
Output Latch
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§7
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Figure 3.5.30 Port C (PCO, PC1, PC2, PC6)
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M\

Reset
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Direction Control

(bitwise)

Write to PCCR

Function Control

(bitwise)

Write to PCFC

STOP
DRIVE

|

S
Output Latch
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Internal Data Bus

Write to PC _|—>
Timer F/F Output ——>—
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!

0 (<o
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Read PC
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S
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Output Latch
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Figure 3.5.31 Port C (PC7, PC4)
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TOSHIBA
Port C Register
7 6 5 4 3 2 1 0
PC Bit Symbol PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
(OXFFFF_F058) | Read/Write R/W
After Reset Input mode (output latch register set to 1)
Port C Control Register
7 6 5 4 3 2 1 0
PCCR Bit Symbol PC7C PC6C PC5C PC4C PC3C PC2C PC1C PCOC
(OXFFFF_FO05A) | Read/Write W
After Reset 0 o | o o | Lo 0 0 0
Function 0: IN 11 QUT
|—’ Port C Contrgl Register
0 Input
1 Output
Port C Function'Register
7 6 5 4 3 2 1 0
PCFC Bit Symbol PC7F PC6F PC5F PC4F PC3F PC2F PC1F PCOF
(OXFFFF_FO05B) | Read/Write w
After Reset 0 0 0 0 Q 0 0 0
Function 0:PORT 0: PORT | 0: PORT._ [0: PORT —{0: PORT_[0YPORT |[0: PORT |[0: PORT
1:TB8IN 1: KEYC 1°TA7OUT| 1: TAAIN | 1: TASQUT| 1: TA8IN 1: TA6IN 1: TA4IN
TA9OUT TB3INQ INTA INT9 INT8
. Correspondin Correspondin
Function PCFpC Bit 9 PCCpR Bit 9 Port Used
Select TA4IN input 1 0 PCO
Select INT8.input Need notbe set 0
Select/TAGIN input 1 0 PC1
SelectINT9 ihput Need-notbe set 0
Select TA8IN input 1 0 PC2
Select INTA input Need notbe’set 0
Seléet TAS0OUT output 1 1 PC3
Select TAAIN input 1 0 PC4
Select TAZOUT output 1 1 PC5
Select TB8INO input 1 0
Select KEYC input 1 0 PCo
Select TB8IN1 ihput 1 0 PC7
Select TA9OUT eutput 1 1

Note:

For a pin to which two input functions are assigned in addition to the port function, use

the control register for each function module to specify which function is used.

Figure 3.5.32 Registers Related to Port C
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3.5.12

Internal Data Bus

TB9INO <—-Cb|:
= TBAINO

Port D (PDO-PD7)

Port D is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PDCR is used to set the port for input or output. A reset clears PDCR to 0,
putting port D in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PD0 and PD3 function as 16-bit timer input or SIO data output,
PD1 and PD4 function as 16-bit timer input or SIO data input, PD2 as<SIO serial clock input/output or
CTS*input, and PD5 as SIO serial clock input/output, CTS*input, or 16-bittimer output. PD6 and PD7
can be connected to a low-frequency oscillator. These functions are enabled by setting the corresponding
bits of PDFC1 to 1. For PD5, however, a combination of PDFC1 and-PDFC2 détermines whether it is
used for a port, SIO, or timer. The output open-drain controlregister((PPDQGDE) can be used to set PDO,
PD2, PD3 and PD5 to open-drain output when they are used.for eutput/ PD6 and PD7 are always
open-drain output when they are used for output.

A reset clears PDCR, PDFC1 and PDFC2 to 0, placing(port-Din input mode.

Reset

S

Direction Control
(bitwise)

Write to PDCR

STOP
Function Control DRIVE
(bitwise) (

Write to PDREC

|

S
Output/Latch A

Selectoy [ D PDO (TB9INO/TXDO)
PD3 (TBAINO/TXD1)

Write to PD B
TXDO |_)

TXD1 Qj
NS

< Selector

(20 4

@©

Read PD A

Figure 3.5.33 Port D (PDO, PD3)
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M\ Reset

—

Direction Control
(bitwise)

Write to PDCR
Function Control |
(bitwise) [

STOP
DRIVE

Write t(I PDFC

|

S
Output Latch

Internal Data Bus

I:I PD1 (RXDO/TBOIN1)
PD4(RXD1/TBAIN1)

§7

Write to PD S B
< Selector L
< /

Read PD

TBOIN1, TBAINL<—(_P——+F
RXDO/1 (=

Reset

o

Direction Cantrol
(bitwise)

¢ ¢

Write'te PDCR
Function Contro|
(bitwise) (

STOP
DRIVE

Write to PDFC

|

S
Outputtatch ——|_) A S
Selector > D PD2 (SCLKO/CTSO0)

Write-to PD |—>B Open-drain Setting

SCLK Output Possible ol
l J

Intérnal Data Bus

S

@©

pd Selector

\I\l

Read PD

CTSO G
—~_J SCLKO

Figure 3.5.34 Port D (PD1, PD4, PD2)
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Internal Data Bus

Reset

o

Direction Control

(bitwise)

Write to PDCR

1

Function Control

(bitwise)

Write to PDFC

|

S
Output Latch

SCLK1 Output

S

T TABOUTH

Write to PD

Selector

11

N

STOP
F:E DRIVE

’d

(025 d

Selector

Read PD

us)

l/

Open-drain Setting
Possible

J

b=

SCLK1

CTS1 QCF

Figure 3.5.35 Port-D (PD5)

[ 7] -PDS (SCLKL/ CTS1/
TABOUT)

Note:

The output mode is.selécted by a combination-of PDFC1 and PDFC2. When PDFC1<bit 5> = 0 and
PDFC2<bit/5> = 0) port output is selected. When PDFC1<bit 5> = 1 and PDFC2<bit 5> = 0, SCLK
output is selected/When’PDFC1<bit-5>="0_and PDFC2<bit 5> = 1, TABOUT output is selected.
Setting both PDFC1<bit 5> and PDFC2<bit 5> to 1 is not allowed.
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Write to PDCR
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Output Latch

Enable Low-frequency Oscillation

Read PD A
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Write to PD
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S

Y Selector
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Output Buffer
(Open-Drain

Output)

S
Direction Control
(bitwise)
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Output'Latch
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Figure 3.5.36/Port D (PD6, PD7)

Low-frequency Clock

D PD7
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Port D Register

7 6 5 4 3 2 1 0
PD Bit Symbol PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD
(OXFFFF_F059) | Read/Write R/W
After Reset Input mode (output latch register set to 1)

Port D Control Register

7 6 5 4 3 2 1 0
PDCR Bit Symbol PD7C PD6C PD5C PD4C PD3C PD2C PD1C PDOC
(OXFFFF_F05C) | Read/Write w
After Reset 1 1 0 0 0 0 0 0
Function 0:IN 1: OUT
L—’ Input/output settings-for port D
0 Input
1 Output
Port D Function Register 1
7 6 5 4 3 2 1 0
PDFC1 Bit Symbol — — PDSF PD4F PD3F PD2F PD1F PDOF
(OXFFFF_FO5D) | Read/Write w
After Reset — — 0 0 0 0 0 0
Function 0: PORT [0: PORFT_|0:PORT {0/ PORT |0: PORT |0: PORT
1+SCLK1/ [1: TBAIN1 [1: TBAWNO [1: SCLKO/ [1: TBOIN1 [1: TB9INO
€TS1* RXDI TXD1 CTSO* RXDO TXDO
Port D"Function Register 2
7 6 5 4 3 2 1 0
PDFC2 Bit Symbol — — PD5F2 >~ — — — —
(OXFFFF_FO5E) | Read/Write +— — W — — — — —
After Resét — — 0 — — — — —
Functigh 0: PORT
1. TABOUT]
Port D Open-drain Control Register
7 6 5 4 3 2 1 0
PDODE Bit-Symbol — - PDODES — PDODE3 | PDODE2 — PDODEO
(OXFFFFE_FO5F) | Read/Write w
AfterReset — — 0 — 0 0 — 0
Function 0: CMOS 0: CMOS | 0: CMOS 0: CMOS
1: Open- 1: Open- | 1: Open- 1: Open-
Drain Drain Drain Drain

TMP1942CY/CZ-105



TX
TMP1942CY/CZ @%’f;‘ém

TOSHIBA
. Correspondin Correspondin Correspondin
Function bonding ponding ponaing Port Used
PDFC1 Bit PDFC2 Bit PDCR Bit
. Need not be set
Select TBIINO input 1 (no bit provided) 0
Need not be set PDo
eed not be se
Select TXDO output 1 (no bit provided) 1
Select TB9IN1 input 1 Need not be set 0
(no bit provided)
Need not be set PDl
Select RXDO input 1 (no bit provided) 0
. Need not be set
Select SCLKO input 1 (no bit provided) ¢!
Need not be set PD2
Select SCLKO output 1 (no bit provided) 1
. Need not be set
*
Select CTSO* input 1 (no bit provided) 0
Select TBAINO input 1 Need not be get 0
(no bit provided)
Need notbe-set PD3
eed notbe-se
Select TXD1 output 1 (no bit proVided) 1
Select TBAIN1 input 1 Neeg-ngt be set 0
(no(bit provided)
Need-not be-set PD4
Select RXD1 input 1 (o bitprovided) 0
Select SCLK1 input 1 0 0
Select SCLK1 output 1 0 1 PD5
Select CTS1 input 1 0 0
Select TABOUT output 0 1 1

Note: For a pin to which two input functions are’assigned in~addition/to the port function, use the control
register for each function module to_specify which functionsis Used.

Figure 3.5.37 Registers Related-to Port D
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3.5.13 Port E (PE0-PE7)

Port E is an 8-bit general-purpose input/output port whose bits can each be set independently for input
or output. The control register PECR is used to set the port for input or output. A reset clears PECR to 0,
putting port E in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PEO and PE3 function as SIO data output, PE1 and PE4 as SIO
data input, PE2 and PES5 as SIO CLK input/output or CTS* input, and PE6 and PE7 as external interrupt
input. These functions are enabled by setting the corresponding bits of PEFC to 1.

A reset clears PECR and PEFC to 0, placing port E in input mode:~The-output open-drain control
register (PEODE) can be used to set PEO, PE2, PE3 and PE5 te open-drain qutput when they are used for
output.

Reset

L

Direction Control
(bitwise)

M\

Write to PECR

STOP
Function Control DRIVE
(bitwise) (

Write to PEFC

|

S

OutputLatch —|_) S
A
N PEO (TXD3)

|
Seles L~ L] per (rwoa)

Write to\PE |_>B Open-drain Setting

AXD3/4 Possible Qj

Internal Data Bus

T
S

R
D

<7 Selector

\[\l

Read PE

A
A

Figure 3.5.38 Port E (PEO, PE1)
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Reset

—

Direction Control

(bitwise)

Write to PECR

1

Function Control

Internal Data Bus

(bitwise)

Write to PEFC

|

S
Output Latch

§7

i

Write to PE
e

S (B

Selector

e

Read PE

RXD1/4 (=

Reset

R

Direction Control

Internal Data Bus

(bitwise)

Write fo’PECR

V7 01

Function Control

(bitwise)

Write to PEFC

|

S
Output Latch

s

Write to PE

Selector

N

STOP
DRIVE

PE1.(RXD3)
PEA(RXD4)

STOP
DRIVE

PE2 (SCLKO/CTS3)

(]

SCLK Output 3
SLK Output 4

<

0] = )

Selector

Read PE

CTS3*, CTS4*

o)

l/

Open-drain Setting
Possible

b

SCLK3, SCLK4

::JCF

Figure 3.5.39 Port E (PE1, PE2, PE4, PE5)

PE5 (SCLK1/CTS4)
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System
RISC

Reset

Function Control

Internal Data Bus

|

Direction Control
(bitwise)

l

Write to PECR

S
Output Latch

.

N

o 3TOP
DRIVE

[]PES (NTD

Write to PE

pd!

L

pd!

l/
Output Buffer

AP —a N

Read PE

INT1, 2

Figure 3.5.40 Port E (PE6, RE?)

PE7 (INT2)

Reset
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Port E Register
7 6 5 4 3 2 1 0
PE Bit Symbol PE7 PEG6 PE5 PE4 PE3 PE2 PE1 PEO
(OXFFFF_F060) | Read/Write R/IW
After Reset Input mode (output latch register set to 1)
Port E Control Register
7 6 5 4 3 2 1 0
PECR Bit Symbol PE7C PEGC PES5C PEAC PE3C PE2C PE1C PEOC
(OXFFFF_F062) | Read/Write W
After Reset o | o | o | o | o] 0 o | o
Function 0: IN 1: QUT
Input/output settings for port E
0 Input
1 Output
Port E Function Register
7 6 5 4 3 2 " 0
PEFC Bit Symbol PE7F PEGF PESF PEA4F PE3F PE2F PE1F PEOF
(OXFFFF_F063) | Read/Write w
After Reset 0 0 0 0 0 0 0 0
Function 0: PORT [0: PORT [0 PORT ~[0: PORT |0: PORY /|0; PORT |0: PORT |0: PORT
1:INT2 1:INT1 1: SCLK4/ [1: RXD4 —1dTXD4~_[1/SCLK3/ [1: RXD3 |1: TXD3
CTS4* CTS3*
Port E/Open-drain Control Register
7 6 5 4 3 2 1 0
PEODE Bit Symbol — — PEODES5 —= PEODE3 | PEODE2 — PEODEO
(OXFFFF_F066) | Read/Write — W = W W — W
After Reset -+~ — 0 — 0 0 — 0
Function 0: CMOS 0: CMOS | 0: CMOS 0: CMOS
1: Open, 1: Open- | 1: Open- 1: Open-
Drain Drain Drain Drain
S Corresponding Corresponding
Function : . Port Used
PEFC Bit PECR Bit
Select TXDS output 1 1 PEO
Select' RXD3 input 1 0 PE1
Select SCLK3 input 1 0
Select SCLK3 output 1 1 PE2
Select CTS3,input 1 0
Select TXD4 output 1 1 PE3
Select RXD4 input 1 0 PE4
Select SCLK4 input 1 0
Select SCLK4 output 1 1 PE5
Select CTS4 input 1 0
Select INT1 input 1(*1) 0 PE6
Select INT2 input 1(*1) 0 PE7

*1 Set this bit when using the pin for a STOP mode termination interrupt with
SYSCR<DRVE-> set to 0. Otherwise, the bit need not be set.
Note: For a pin to which two input functions are assigned in addition to the port function, use

the control register for each function module to specify which function is used.

Figure 3.5.41 Registers Related to Port E
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3.5.14 Port F (PFO-PF6)

Port F is a 7-bit general-purpose input/output port whose bits can each be set independently for input or
output. The control register PFCR is used to set the port for input or output. A reset clears PFCR to 0,
putting port F in input mode. In addition to functioning as an input/output port, the pins of this port can
also function as various input/output pins: PFO functions as SIO data output, PF1 as SI10 data input or key
input, PF2 as SIO CLK input/output or CTS* input, PF3, PF4 and PF5¢s SBI input/output, and PF6 as
external interrupt input. These functions are enabled by setting the correspending bits of PFFC to 1.

A reset clears PFCR and PFFC to 0, placing port F in input mode—~The-output open-drain control
register (PFODE) can be used to set PFO, PF2, PF4 and PF5 te.open-drain utput when they are used for
output. Port F becomes a 5 V input/output port when 5 V is supplied-to-its/dedicated power supply pin
DVCC51. It becomes a VCC-based (3 V) port when VCC is supplied\to-DVCC51.

M\ Reset

R

Direction Control
(bitwise)

Write to PFCR

STOP
Function Control DRIVE
(bitwise) (

1)

o Write to PFFC

o .

5 |

= S

c

[} Output Latch

= P L s

Selector > [ ] PFo (TXD5)
Write to PF |—>B Open-drain Setting
e Possible |
— J
S g N
\/Il\‘ Selector
Read PF A
R

Figure 3.5.42 Port F (PF0)
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M\

Reset

Direction Control

(bitwise)

Write to PFCR

|

Function Control

+—o | 3ToP
5 DRIVE

Internal Data Bus

(bitwise)

Write to PFFC

]

S

Output Latch

Write to PF
pd

Read PF

S

Selector

> [ ]pr1lRxDSIKEYD)

rxD5 «—(_p——t

keyp ~—_F——

DTE
t As KEYmMEN
o5
5 — T -8 PE

Figure 3.5.43 Port F (PF1)
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M\

Reset

R

Direction Control

(bitwise)

!

Write to PFCR

Function Control

(bitwise)

Write to PFFC

STOP
DRIVE

|

Internal Data Bus

S
Output Latch

SCLK Output

Write to PF

l_l

A

Selector

S

3 [\ ] PE2 (CLK5/CTSE)

Py

)

(¢

CTS

SCLK5

Read PF

5*

Seleetor

S

93]

|2
Open-drain Setting

Possible E J

o

Z{@_

Reset

-

Direction Controt

(bitwise)

Write to PFCR

(A

Fungction Control

(bitwise)

Write to PFREC

1

Interpal/Data Bus

S
Output Latch

SCLK Output

Write to PF

1

S

STOP
DRIVE

Selector

<

—

SCK Input <—<]—G_

Read PF

S

[m]

D PF3 (SCK)

Reset

Selector

A
A

Figure 3.5.44 Port F (PF2, PF3)
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X
System

M\

Reset

—

Direction Control

(bitwise)

!

Write to PACR

Function Control

(bitwise)

Write to PAFC

S

Internal Data Bus

Output Latch

Write to PA

SO Output

<

PA

S

Iy

STOP
DRIVE

Selector

—

(¢

Read PA

S

R
Dj

Selector

l/
Open-drainSetting

Possible E

A

SDA Input «<}——(C | —

Reset

Direction\Contral

(bitwise)

Write-to’PACR

Function Contrel

(bitwise)

Write to PAEC

S

Internal Data Bus

Output Latch

Write to PA

SO Output

<

P>IA

LB

S

Iy

[ rra(sorspa)

Reset

STOP
DRIVE

Selector

—

\I\l

Read PA

S

R
Dj

Selector

l/
Open-drain Setting

Possible
CDE<ODEA7> E

Sl Input
SCL Input

Figure 3.5.45 Port F (PF4, PF5)

[ ] prs (suscL)

Reset
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Reset

Internal Data Bus

|

Function Control

Direction Control
(bitwise)

l

Write to PFCR

S
Output Latch

.

'\

—o( | SToP
DRIVE

Write to PF

pd!

I/
Output Buffer

T4

pd!

(LS

Read PF

INTO

Figure 3.5.46 Port F (PF6)

[] pre anTO)

Reset
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Port F Register
7 6 5 4 3 2 1 0
PF Bit Symbol — PF6 PF5 PF4 PF3 PF2 PF1 PFO
(OXFFFF_F061) | Read/Write R/W
After Reset Input mode (output latch register set to 1)
Port F Control Register
7 6 5 4 3 2 1 0
PFCR Bit Symbol — PF6C PF5C PFAC PF3C PF2C PF1C PFOC
(OXFFFF_F064) | Read/Write W
After Reset 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Function 0:IN 1. QUT
I—> Input/output séttings.for port F
0 thput
1 Output
Port F Function Register
7 6 5 4 3 2 1 0
PEFC Bit Symbol — PF6F PF5F PFAF PF3F PE2F PF1F PFOF
(OXFFFF_F065) | Read/Write w —
After Reset — 0 0 0 0 0 0 0
Function 0: PORT |0:PORT~_10: PORT |0: PORT/ /|0yRORT |0: PORT |0: PORT
1: INTO 17SISCIA [1: SO/SDA|1SOK 1. 80LK4 (1:KEYD |1: TXD5
COTS5 RXD5
Port F\Open-drain Control Register
7 6 5 4 3 2 1 0
PEODE Bit Symbol — — PFODE5 | /PEFODE4 — PFODE?2 — PFODEO
(OXFFFF_F067) | Read/Write >~ W = W W — W
After Reset 4 — 0 A\ 0 0 — 0
Function 0: CMOS 0: CMOS | 0: CMOS 0: CMOS
1: Open-, 1: Open- | 1: Open- 1: Open-
Brain Drain Drain Drain
. Corresponding Corresponding
Function ; . Port Used
PFFRC Bit PFCR Bit
Select TXD5 output 1 1 PFO
Seleet RXD5 input 1 0 PE1
Select/KEYD input 1 0
Select SCLK4-input 1 0
Select SCLK4 'outpyt 1 1 PF2
Select CTS5 input 1 0
Select SCK output 1 1
- PF3
Select SCK input 1 0
Select SO/SDA 1 1 PF4
Select SI/SCL 1 1 PE5
Select INTO input 1(*1) 0 PF6

*1 Set this bit when using the pin for a STOP mode termination interrupt with
SYSCR<DRVE> set to 0. Otherwise, the bit need not be set.
Note: For a pin to which two input functions are assigned in addition to the port function, use

the Control Register for each function module to specify which function is used.

Figure 3.5.47 Registers Related to Port F
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3.6 External Bus Interface

The TMP1942 contains an external bus interface function which is necessary for connecting memory or
I/0s which are external to the chip. This function is implemented by the external bus interface circuit (EBIF)
and the CS (chip select)/wait controller.

The CS/wait controller specifies mapping addresses for any four address ‘spaces, and controls a wait state
and data bus width (8 bits or 16 bits) for these four address spaces and other external address spaces.

The external bus interface circuit (EBIF) controls timing for the externalbus based on settings made with
the CS/wait controller. The EBIF also controls dynamic bus sizing-and the arbitration of bus contention with

external bus masters.

Wait function

Can be set individually for each block.
e A wait state of up to 7 clock cycles can be automatically inserted.
e Wait states can be inserted from the WAIT pin.
e  Data bus width
The bus width can be independently selected-as.8 bits or 16 bits for each-block.
e Read recovery cycle

When a external bus cycle is immediately followed by a next(external bus cycle, up to two dummy
clock cycles can be inserted.

Insertion of the dummy cycle(s) can be set individually for each block.
e  Control of ALE width

The ALE width can be sett0°0.50r/1.5 clock cycles.

The set ALE width applies toall blocks in commaon.

e Arbitration of bus contention
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3.6.1

Address and data pins

(1) Setting address and data pins

For external memory connections, port 0 (ADO-AD7), port 1 (AD8-AD15/A8-A15) and port 2

(A16-A23/A0-A7) pins can be used as the address bus and the data bus. One of the following four
bus configurations can be selected by setting up the port registers.

Timing diagram

ALE / \
S

AD15~0 (A15~Q
ALE [\
RD \ //

ALE / \
RD \ /

(1) (2) (3) (4)
Number of address
. max.24 (~16 MB) max.24 (~16 MB) max.16 (~64 KB) max.8 (~256 B)

bus lines
Num_ber of data 8 16 8 16
bus lines
Number of multiplexed
address/data bus lines 8 16 0 0

Port 0 ADO ~ AD7 ADO ~ AD7 ADO ~ AD7 ADO ~ AD7
fort . Port 1 A8 ~ A15 ADS8 ~ AD15 A8 ~ Al5 ADS ~ AD15
unction

Port 2 Al6 ~ A23 Al6 ~ A23 AO ~ A7 AO ~ A7

(Noted) (Notel)

ALE / \
RD \ /

bus.

Note 1: Even for cases (3) and (4), addresses are output because the data bus pins are shared with the address

Note 2: Ports 0 to 2 are set.for input/after a reset, and do notfunction as address or data bus pins.
Note 3: Any one of (1) to (4)-can be selected.by setting the P1CR, P1FC, P2CR and P2FC registers as desired.

(2) Address hold~when an internakarea is accessed

When an internal area is accessed; the address bus retains the previous address which was output
by the-external area deyice; thus the address does not change. In addition, the address/data bus is
placed in high-impedance state.
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3.6.2  External bus operation

This section explains various bus timings. In the following timing diagrams, the address bus is chosen
to be A23-A16 and the address/data bus is chosen to be AD15-ADO.

(1) Basic bus operation

External bus cycles in the TMP1942 essentially consist of three clack cycles. A wait state can be
inserted, as will be explained later. The basic clock for external bus cycles.isthe same as the internal
system clock.

Figure 3.6.1 shows a read bus timing. Figure 3.6.2 Shews a\write)bus timing. During internal
access, the address bus does not change, as shown in the diagram, nor-does ALE output a latch pulse.
The address/data bus is placed in high-impedance state, and neithetryRD and WR nor other control
signals are asserted.

tsys
A[23:16] Holds upper address
Enter Hi-Z state
AD[15:0] ADR DATA
ALE | Does not output ALE
RD Does not qutp(t RD;
«—— External acceéss ——><=——_Internal\access —
Figure’ 3.6.1 Read Operatien Fiming Diagram
tsys
A28 16] Holds upper address
Enter Hi-Z state
AD{15-0] >< ADR DATA ><
ALE | Does: not output ALE
WR. Does not output WR
+—> External atea <——> Internal area —

Figure 3.6.2 Write Operation Timing Diagram

Note: fsys expresses one period of share of system clock.
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(2) Wait timing

Wait cycles can be inserted individually for each block by using the CS/wait controller. The
following two types of wait insertion can be used:

a. Automatic wait insertion of up to 7 clock cycles
b. Wait insertion from WAIT pin
Note: “Please set the number of wait as “+1” when you use = long and B Q the ALE width.”

Timing diagrams with a wait state inserted are shown below. M
Wait @

O

o

A[23: 16] >< Jpper address %@\r\s@es
Ve

AD [15: 0] >< ADR DATA X ----- >< ADR DATA

ALE o

S

(
0 wait 1 wait @
Figure 3.6.3 Read Operation Timi iagram (with,0 Cycles and 1 Wait Cycle)

&

QO
A[23:16] x ﬂr address A er addres
C — N
AD[15:0] ADR DATA 2:\- :2 zDR : : DATA X— ----- -

:;% 0 -
@ @t . \

(1+ N wait, N = 1)

Figure 3.6.4 Read Operation Timing Diagram (1+N Wait Cycles, N = 1)
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Wait
tsys
>

A[23:16] >< Upper address Upper address
AD[15:0] X ADR DATA ADR / DATA
ALE e

e
m -_:: 2 ¥

0 wait 1 wait

Figure 3.6.5 Write Operation Timing Diagram_(with 0 Wait Cycles and-1-Wait Cycle)

Wait
s
i fe
tsys o
o
: S/
e :
A[23:16] >< Upper'address <
Ap[15:0 X-ADR oan X RN ohia
) /: : :
e i
ALE i :
. z
WAIT I—c: :
0 wait (1+ N wait, N =1)

Figure 3.6.6 Write’Operation Timing Diagram (1+N Wait Cycles, N = 1)
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(3) ALE assertion time

The ALE assertion time can be selected as either 0.5 or 1.5 clock cycles. The bit for setting this
assertion time is provided in the system clock control register. The default assertion time is 1.5
clock cycles. The assertion time cannot be set individually for blocks in the external area; it applies
universally to the entire external address space.

Note: “Please set the number of wait as “+1” when you use = long and BUSRQ the ALE width.”

tsys

! ]
ALE (ALESEL =0)

<«——> 0/ clockicycle

AD[15:0] X

(ALESEL = 1)

4 AD[15: 0] X 355

~

—

1.5clock cycles

Figure 3.6:7 “ALE AssertionTime

Figure 3.6.8 shows read-operation-timing with an,ALE assertion time of 0.5 clock cycles and that with
an ALE assertion time of 1.5 clock cycles.

.
tsys Lo
A[23./16] >< Upper address Upper address
AD[15.0] >< ADR DATAX ----- X ADR DATAX----
ALE
RD
ALE 0.5 clock cycle ALE 1.5 clock cycles

Figure 3.6.8 Read Operation Timing Diagram (with ALE Asserted for 0.5 and 1.5 Clock Cycles)
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(4) Read recovery time

When an external access occurs after reading from an external area, a dummy cycle can be
inserted to create a recovery time. Dummy cycles can only be inserted when the immediately
preceding cycle is a read cycle.

External read followed by external read: Can be inserted

External read followed by external write: ~ Can be inserted
External write followed by external access: Cannot be inserted Q

The number of dummy cycles can be specified independently, §7e ock as one clock cycle or
two clock cycles. Use the CS/wait controller to set the er\of clock/cycles.
tsys

RD (\
N
AD [15: 0] Read Data X ----------------- / X\v@ﬁDR XQ &)j (;ﬂ
e A //7\“&
L
. /;s
AD [15: 0] Read Data W / x """"""""""" >< Next ADR

o e e

@vo clock cycles added

@ 6.9 Read Time
As shown above, by adding two dum les, a sufficient time from the rise of RD to the

t address can be red @n the device is operating at a fast clock speed. Figure
ows-a bus timing diagram 0 two dummy clock cycles are inserted.
% 2 %/

. @w ..... o

@

ADR ><

Dummy cycle (1 clock cycle) Dummy cycles (2 clock cycles)

Figure 3.6.10 Read Operation Timing Diagram (with Dummy Cycles Inserted)
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3.6.3

Bus arbitration

The TMP1942 allows external bus masters to be connected to the chip. Two signals BUSRQ and
BUSAK are used to arbitrate contention for bus control between the processor and external bus masters.
External bus masters can only gain control of buses external to the TMP1942. External bus masters
cannot gain control of the device's internal bus.

M

)

Access range for external bus masters

External bus masters can only gain control of buses_external'to ¢the TMP1942. External bus
masters cannot gain control of the device's internal bus (G-Bus). Therefore, external bus masters
cannot access the device's internal memory and internal (1/O blocks. Contention for control of the
external bus is arbitrated by the external bus interface cireuit’ (EBIF); hence the CPU and the
internal DMAC are not involved in bus arbitration. Even'when an external bus/fraster has control of
the external bus, the CPU and the internal DMAC can-access the internal ROM and*RAM and the
internal registers. On the other hand, when the-CPU_ ot the internal DMAC attempts to access
external memory while an external bus mastervhas cantrol of the external bus,~the CPU or the
internal DMAC is kept waiting until the external-bus master finishés control 0f/the external bus.
Therefore, if BUSRQ remains asserted for_an excessive period, of time, the-TMP1942 may get

locked.

Gaining control of the bus

An external bus master requests-control of the us from\the TMP1942 by asserting the BUSRQ
signal. The TMP1942 samples-the BUSRQ signahduring abyeak in the external bus cycles on the
internal bus (G-Bus) to determine/whether or not to grant control of the bus. To give control of the
bus to the external bus-master, it asserts the BOSAK signal. At the same time, it places the address
bus, data bus and bus eontro] signals in high=impedance state.

If thedata size’'t0 be loaded or stored-is-larger-than the width of the bus for the external memory,
multiple bus cycles-may occur for a(singlé data transfer (bus sizing). In such a case, a break in the
external bus cyctes’'will occur when the tast bus cycle has finished.

The TMP1942 allows the insertion of dummy cycles when external access continues for
successive bus cycles. Even in this case it is only when a break in the external bus cycles occurs on

the-internal bus (G-Bus) that a request for bus control is accepted. During a dummy cycle the next
external bus cycle is already activated on the internal bus, so that if the BUSRQ signal is asserted

during a dummy cycle;-the.bus will only be released after the next bus cycle has been completed.

Make stre-the BUSRQ’ signal remains asserted until control of the bus has been finished. Figure
3.6.11 shows’a titing sequence in which control of the bus is gained by an external bus master.

Note: “Please set the number of wait as “+1” when you use = long and BUSRQ the ALE width.”
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Internal address

External address

BUSRQ

BUSAK

(1) BUSRQ is High.

m @ 6
Pl tsys
|
H H H | H H H
TMP1942 external accessX TMP1942 external access )C
H H H | H H H H H
—<TMP1942 external acces! )——(External bus master cycle) \TMP1942 external access

- !

(2) The TMP1942 recognizes that BUSRQ has been pulled Low and releases the bus when the buscycle
has been completed.

(3) The TMP1942 asserts BUSAK upon completion of the bus cyclexThe external bus master recognizes
that BUSAK has been asserted Low and gains control of the bus; thereby initiating its bus aperation,

Figure 3.6.11 Timing at Which Controlof the Bus is Gained

(3) Relinquishing control of the bus

An external bus master relinquishes_control of the bus in the-following case:

1)

Internal address

External address

BUSRQ

BUSAK

When it no longer requires control of the bus

Relinquishing controhaf-the bus when an external ‘bus master no longer requires control
of the bus.

When the external bus master no longer needs-the’ control of the bus which it gained, it
deasserts the BUSRQ signal to return control of the bus to the TMP1942. Figure 3.6.12
shows a timing sequence in which the hus is released because the external bus master no
longer requires-control of it.

@ @B
tsys P
|
H H H H H | H H
TMP1942 external accessx TMP1942 external access ><
—
—<TMP1942 external access)--(ExlernaI bus master cycle)‘l \TMP1942 external access

—

(1) The external bus master-has control of the bus.
(2) ~Because the external bus-master no longer requires control of the bus, it deasserts BUSRQ .
(3) The TMP1942 recognizes that BUSRQ has reverted to High and responds by deasserting BUSAK .

Figure 3.6.12 Timing at Which Control of the Bus is Relinquished
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(4) Bus Release Timings

External 2

Internal

BUSRQ asserted during internal access (no_external wait)

Gaddr

AD (addr)
BUSRQ

Addr
BUSAK

External 2

BUSRQasserted during intefnal access (no external wait)

Gaddr

AD (addr)

BUSRO
BUSAK

Addr

External 2

BUSRQ asserted during internal access (no external wait)

Gaddr

AD (addr)

BUSRQ

Addr
BUSAK

Gaddr indicates the address on the G-Bus. AD (addr) indicates the address on the address/data

bus. Addr indicates the address on the address bus.

Note:
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BUSRQ asserted during external access, followed by internal access (no external wait)

External 2

Gaddr

AD (addr)

Addr

BUSRQ

BUSAK

BUSRQ assertéd-during external access, folowed by internal access (no external wait)

External 3

Gaddr

AD (addr)

Addr

BUSRQ

BUSAK

BUSRQ asserted during external access, followed by external access (no external wait)
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External 2

External 1

Bus sizing applied (no external‘\wait)

Gaddr

AD (addr)

BUSRQ

Addr
BUSAK

............... \/
©
gl
...... i ] .|
=l ) [
...... mm\_ N
[}
...... 25> N\
S
............ 2 -\
...... o 1\
>
L

Externahlc
2

External 1

)

' :
External 1a X External 1b

1

Bus sizing applied(no external wait)

Gaddr

AD (addr)

Addr

BUSRQ

BUSAK
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BUSRQ asserted during external access, followed by external access (no external wait, 1 idle cycle)
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3.7 Chip Select/Wait Controller

The TMP1942 supports direct connections to external devices (1/0 devices, ROM and SRAM).

The TMP1942 provides four programmable chip select signals. Programmable features include variable block
sizes, data bus width, wait state insertion, and dummy cycle insertion for back-to-back bus cycles.

CS0-CS3 (multiplexed with P40-P43) are the chip select output pins for the CS0-CS3 address ranges. These
chip select signals are generated when the CPU or on-chip DMAC issues an address within the programmed
ranges. The P40-P43 pins must be configured as CS0-CS3 by programming the-Port 4 Control (P4CR) register
and the Port 4 Function (P4FC) register.

Chip select address ranges are defined in terms of a base address and an-address mask. There is a Base/Mask
Address (BMAN) register for each of the four chip select signals, where n_is @ number from 0 to 3.

There is also a set of three Chip Select/Wait Control registers; BO1CS, B23CS and BEXCS;. each of which
consists of a master enable bit, a data bus width bit, a wait state-field and a dummy cycle field.

External memory devices can also use the WAIT pin to inseft wait states @nd conseguently-prolong read and
write bus cycles.

3.7.1  Programming Chip Select Ranges

Each of the four chip select address ranges is-defined in the BMAn régister. The basic chip select model
allows one of the chip select output sigrials(€S0 - CS3) to assert-when-an‘address on the address bus falls

within a particular programmed range. The BO1CS register defines specific operations for CS0 and CS1, and
the B23CS register defines specific/operations-for CS2 and~CS3 (see Section 3.7.2).

(1) Base/Mask Address Registers

The organizations of the BMAn'registers are shown-in'kig.3.7.1 and Fig. 3.7.2. The base address (BAn)
field specifies the starting/address for a chip select._Any set bit in the address mask field (MAn) masks the
corresponding_base\address bit. The address mask field determines the block size of a particular chip
select liné,/The address is compared on every/bus cycle.

/Base address

The base address (BAn) field.specifies the upper 16 bits (A31-A16) of the starting address for a chip
select. The lower 16 bits (A15-A0).are assumed to be zero. Thus, the base address is any multiple of
64 Kbytes starting at 0x0000_0000. Figure 3.7.3 shows the relationships between starting addresses
and the BMAnN values.

/Address mask

The address~mask-(MAn) field defines whether any particular bits of the address should be
compared of“masked. Any set bit masks the corresponding base address bit. The address compare
logic uses only the address bits that are not masked (i.e., mask bit cleared to 0) to detect an address
match.

Address bits that can be masked (i.e., supported block sizes) differ for the four chip select spaces as
follows:

CS0 and CS1 spaces: A29-Al4
CS2 and CS3 spaces: A30-Al15

Note: Use physical addresses in the BMAR registers.
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Base/mask address registers BMAO (OxFFFF_E400) to BMA3 (OxFFFF_E40C)
7 | e | s | a4 | 3 | 2 | 1 | o
BMAO Bit symbol MAO
(OXFFFF_E400) | Read/Write R/W
After reset 1 [ 1 | 1 | x> |1 |
Function Sets the size of the CSO0 space. 0: Used for comparing addresses
15 | 14 | 13 [ 12 | 11 [ (1o Y9 | 8
Bit symbol MAO
Read/Write R/W,
After reset o | o | o | o | o]0 1 | 1
Function Must always be set to 0.
23 | 2 | 212 | 20 | ‘19 |)" 18 17 | 16
Bit symbol BA©O
Read/Write RW
After reset o | o | o | o-PF>o0o | o e | o
Function Sets A23-A16 forithe start address.
38 | 30 | 20 | e8< |/ 27 |V 26 |/ 25) | 24
Bit symbol BAO
Read/Write R/W
After reset o | o | e ][> | o [Z0)] o [ o
Function Sets.A31-A24 for the start addsess.
7 | e J e | a4 a2 | 1 | o
BMA1 Bit symbol MA1
(OXFFFF_EA404) | Read/Write RIW
After reset 1 | D)2 ] 1 paAas ] 1 ] 1 | 1
Function Sets-the size of the CSl.space. 0: Used for comparing addresses
15 (0 14y ] 13 [ 2 | 11 [ 10 | 9 | 8
Bit symbol MA1
Read/Write R/W
After reset 0ol V) o | o] o ] o | o 1 | 2
Function Must always be set to 0.
23| 22 for |/ 20 [ 19 | 18 17 | 16
Bit symbol BAl
Read/Write R/W
Altef feset o | o f>0 | o | o | o | o [ o
Function Sets A23-A16 for the start address.
31 |\lso | 20 | 28 | 27 | 26 | 25 | 24
Bit symbol BAl
Read/Write R/W
After reset o Jo | o | o | o | o | o [ o

Function

Sets A31-A24 for the start address.

Note:

Bits 10-15 in BMAO and BMA1 must always be set to 0.

This is because, although the CS0 and CS1 spaces can have a size of 16 KB to 1 GB, the

TMP1942’s external address space is limited to 16 MB, which requires setting bits 10-15 to 0 so as
not to mask the A24-A29 address bits.

Figure 3.7.1 Base/Mask Address Registers (BMAO and BMA1)
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7 | e | s | a4 | s | 2 | 1 | o
BMA2 Bit symbol MA2
(OXFFFF_E408) | Read/Write R/W
After reset 1 | o1 | 2 ] 2 | 1 | 1 | 1 | 1
Function Sets the size of the CS2 space. 0: Used for comparing addresses
15 | 14 | 13 | 12 | 11 [,10 | 9 | 8
Bit symbol MA2
Read/Write R/W
After reset o | o | o | o | o [ o] o 1
Function Must always be set to 0.
23 | 2 | 21 | 20 |9 \V/ 18 | 17 16
Bit symbol BA2
Read/Write R/W
After reset o | o | o | o | o~ o [ o | o
Function Sets A23-A16 far/the start address.
31 | 30 | 20 | 28 277 | 26 {\25 ] 24
Bit symbol BA2
Read/Write R/W
After reset o | o | o Jt~o "V o | e [ )| o
Function Sets A31-A24 for the start address.
7 | e | s> 4 | 3 |2/ 1 | o
BMA3 Bit symbol MA3
(OXFFFF_E40C) | Read/Write RIW
After reset 1 | 1 o | v x| 1 |
Function Sets-the size-of the CS2 space. 0: Used for comparing addresses
15 | (s f\y 1 | w2~ poou/ [ 10 | 9 | 8
Bit symbol MA3
Read/Write R/W
After reset o "\ o) | o J—on ] o | o [ o 1
Function Must always be set to 0.
23//\) 22 | 21 f~—20 | 19 | 18 [ 17 16
Bit symbo] BA3
Read/\Wfite R/W
After reset o | o [~ 1 o | o | o | o [ o
Function Sets A23-A16 for the start address.
31 | 3o~ po29 | 28 | 27 | 26 | 25 | 24
Bit symbol BA3
Read/Write R/W
After. reset o o | o | o | o | o | o [ o
Function Sets A31-A24 for the start address.

Note: ™~ Bits 9-15 in BMA2 and-BMA3 must always be set to 0.
This is because, although the CS2 and CS3 spaces can have a size of 32 KB to 2 GB, the
TMP1942’s external address space is limited to 16 MB, which requires setting bits 9-15 to 0 so as
not to mask the A24-A30 address bits.

Figure 3.7.2 Base/Mask Address Registers (BMA2 and BMAS3)
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Address
OXFFFF_FFFF

0x0000_0000

64 Kbytes

Start address

OXFFFF_0000

0x0006_0000

0x0005_0000

0x0004_0000

0x0003-6000

0x0002_-0000

0x0001)_0000

0x0000_0000

Z

Base address value (BAn)

Figure 3.7.3 Relationship Between StartAddress and Base Address Register Values

(2) Setting the start address and address space size

e  Program the BMAO register as follows to cause~CSQ to’be asserted in the 64 Kbytes of address
space starting at 0xC000—0000.

31

1615

0

BAO

MAO

1]afao]o]o]o]olo]o]o]o]o]ofo]a

olofo[o]ofo]o[o[o]o]o]o[o]o]1]1

C

0

0 0]

0 0

0 3

BMAO Register Value

The BAO field specifies the upper_ 16 bits of the starting address, or 0xC000. The MAO field
deterniines whether the A29-A14 bits of-the address should be compared or masked. The A31 and A30
bits-are always compared. Bits 15-10 of the MAO field must be cleared so that the A29-A24 bits are

always\compared.

When the BMAQ, register) is programmed as shown above, the A31-Al6 bits of the address are
compared to the ‘alue of the BAO field. Consequently, the 64-Kbyte address range between
0xC000_0000 and OXC000_FFFF is defined as the CS0O space.
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e  Program the BMAZ2 register as follows to cause CS2 to be asserted in the 512 Kbyte of address
space starting at 0x1FC8_0000.

31 16 15 0
BA2
MA2
ofofofa]a]a]s]1]a]1]o]1]o o o]o]o]o|o]o]o|o]ofotelo]o|a]a]a]1]1]
1 F D 0 0 0 1 F

BMAZ2 Register Value

The BA2 field specifies the upper 16 bits of the starting address, or Ox1FC8. The MAZ2 field
determines whether the A30-A15 bits of the address should be~compared or masked. The A31 bit is
always compared. Bits 15-9 of the MAO field must be (cleared so that the A30,A24-bits are always
compared.

When the BMAZ2 register is programmed as shown apove, the A31-Al19_bits of-the address are
compared to the value of the BA2 field. Consequently, the 1-Mbyte addréss /range between
0x1FC8 0000 and Ox1FCF_FFFF is defined-as'the CS2 space.

Note: The TMP1942 does not assert any CSn signalin the follewing address ranges:
OxFFFF_8000 through Ox1FFF_BFFF

Upon reset, the CS0, CS1 andCS3 spaces are disabled while the CS2 space is enabled and spans the
entire 4-GB address space.
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(3) Specifying the size of an address space

Table 3.7.1 shows the possible sizes of each CS space. If two or more address spaces are specified
which overlap one another, the address space with the lowest CS space number will be selected since it
has priority.

Example: The start address of the CS0 space is 0OxC000_0000 and.the space size is 16 Kbytes.
The start address of the CS1 space is 0xC000_0000 and the space size is 64 Kbytes.

CSO0 space CS1 space
0xC000_FFEF
0xC000_3FFF T 0XC000 3FFF y/When-anaddress within the range of
_ /((\ - ] 0xC0Q0_0000,to 0xCO00_3FFF is
0xC000_0000 . 0xC000_0000" J75ccessed, the CSO space is selected.

Table 3.7.1 CS Spaces-and Their Possible Sizes

Size (Bytes)
16 K | 32k | 64 K128 K{256 K|512K+1M [\2M | 4M | 8M |16 M
CS Space
CSO O o o o O o O O O O o
CS1 O o O o O o O O O O o
CS2 o O o O @) O O O O o
CS3 (G) [S] ©) @) O O ©) O @) (©)
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3.7.2  Chip select/wait control registers

The chip select/wait control registers are shown in Figure 3.7.4 to Figure 3.7.6. For each address space
(i.e., the CS0-CS3 spaces and any other address space), the corresponding chip select/wait control
register (B01CS-B23CS or BEXCS) can be used to enable/disable the master, select a chip select output
waveform and data bus width, set the number of wait cycles and insert dummy cycles. If two or more
address spaces are specified which overlap one another, the address Space with the lowest CS space
number will be selected since it has priority. (The priority order is CS0 > €S1 > CS2 > CS3 > EXCS.)

BO1CS (OXFFFF_E480), B23CS (OXFFFF_E484), BEXCS (OxFFFF_E488)

7 | s 5 4 3\ 2 | 1 ] o
BO1CS Bit symbol BOOM — BOBUS BOW
(OXFFFF_E480) | Read/Write w — W
After reset 0 | 0 — 0 0 | 1 | 0 | 1
Function Selects chip select Selects Setsthe number of wait ¢cyeles
output waveform. data bus' \| 00000 cycles 0001: Leycle 0Q10: 2 cycles
00: ROM/RAM width. 0011: 3 cycles 01004 cyeles.0101: 5 cycles
Other settings are not 0:A6 bits 1\9110: 6 cycles 0111 % cycles
allowed. 1:'8 bits

1111: (1+NYycycles
Other settings are-not allowed.

15 14 13 12 11 10 9 |8
Bit symbol — — & — BOE - BORCV
Read/Write — — — — W — —
After reset — — — — 0 — 0 | 0
Function CS0 Sets the number of
enable dummy cycles to be
0: Disable inserted.
1: Enable (Read recovery time)
00: 2 cycles
01: 1 cycle
10: None
11: Setting not allowed
23 22 21 20 19 18 17 | 16
Bit sympol B1OM 7~ BIBUS B1W
Read/Write w — w
After reset 0 0 — 0 0 1 0 | 1
Function Selects chip select Selects Sets the number of wait cycles
output waveform: data bus | 0000: 0 cycles 0001: 1 cycle 0010: 2 cycles
00: ROM/RAM width. 0011: 3 cycles 0100: 4 cycles 0101: 5 cycles
Other settings are not 0:16bits | 5110: 6 cycles 0111: 7 cycles
allowed. 1: 8 bits

1111: (1+N) cycles
Other settings are not allowed.

31 30 29 28 27 26 25 | 24
Bit'symbol — — — — B1E — B1RCV
Read/Write A — — — w — w
After reset - — — — 0 — 0 | 0
Function Cs1 Sets the number of
enable dummy cycles to be
0: Disable inserted.
1: Enable (Read recovery time)
00: 2 cycles
01: 1 cycle
10: None
11: Setting not allowed

Figure 3.7.4 Chip select/wait control registers

Note: “Please set the number of wait as “+1” when you use = long and BUSRQ the ALE width.”
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7 | s 5 4 3 | 2 | 1 | o
B23CS Bit symbol B20OM — B2BUS B2W
(OXFFFF_E484) | Read/Write W — w
After reset 0 | 0 — 0 0 | 1 | 0 | 1
Function Selects chip select Selects Sets the numper of wait cycles
output waveform. data bus | 0000: 0 cycles™Q001: 1 cycle 0010: 2 cycles
00: ROM/RAM width. 0011: 3 cycles /0100: 4 cycles 0101: 5 cycles
Other settings are not 0:16bits | 5110: 6 cycles \0111: 7)cycles
allowed. 1: 8 bits

1111: (1+N)-cycles
Other settings are not allowed.

15 14 13 12 11 10 9 | s
Bit symbol — — — — B2E B2M B2RCV
Read/Write — — — — w
After reset — — — — 1 0 Q | 0
Function CS2 Selects Sets the number of
enable CS2 dummy cycles to be
0 Disable |space. inserted.

1) Enable |Q: 4-Gbyte [(Read.recovery time)
space-_ 907 2 cycles

1:Cs 01'\Ycycle
space 10: None
11: Setting not allowed
23 22 21 20 19 18 17 | 16
Bit symbol B3OM — B3BUS B3wW
Read/Write w — w
After reset 0 0 — 0 0 1 o | 1
Function Selects chip select Selects Sets the number of wait cycles
output waveform. data bus . 0000/ @ cycles 0001: 1 cycle 0010: 2 cycles
00: ROM/RAM width. 0014 3 cycles 0100: 4 cycles 0101: 5 cycles
Other settihgs are/not 0:d8bits | 5119: 6 cycles 0111: 7 cycles
allowed. 1: 8 bits 1111 (1+N) cycles
Other settings are not allowed.
31 30 29 28 27 26 S
Bit symbol — — 4+ — B3E — B3RCV
Read/Write = — = — W — w
After reset — — — — 0 — 0 | 0
Function CS3 Sets the number of
enable dummy cycles to be
0: Disable inserted.
1: Enable (Read recovery time)
00: 2 cycles
01: 1 cycle
10: None

11: Setting not allowed

Note: ~The initial value of B23CS<B2BUS> is 1 when AM = High and 0 when AM = Low.

Figure 3.7.5 Chip select/wait control registers

Note: “Please set the number of wait as “+1” when you use = long and BUSRQ the ALE width.”
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7 | s 5 4 3 | 2 | 1 | o
BEXCS Bit symbol BEXOM — BEXBUS BEXW
(OXFFFF_E488) | Read/Write W — W
After reset 0 | 0 — 0 0 | 1 | 0 | 1
Function Selects chip select Selects Sets the number of wait cycles
output waveform. data bus | 0000-0111: O-cycles to 7 cycles
00: ROM/RAM width. 1111: (1+N) cycles
Other settings are not 0: 16 bits Other settings_are not allowed.
allowed. 1: 8 bits
15 14 13 12 11 10 o | 8
Bit symbol — — — — e BEXRCV
Read/Write — — — — =~ — w
After reset — — — — — — 0 | 0
Function Sets the number of
dummy cycles to be
inserted.
{Read recovery time)
00: 2-cycles
01: 1 cycle
10: None
11: Setting not
allowed

Figure 3.7.6 Chip selectiwait eontrol registers

Note: “Please set the number of wait as “+1*when you use = long/and,BUSRQ the ALE width.” I

3.7.3

Example of Use

Figure 3.7.7 shows an example-of a TMP1942 system configuration with external memory connected.
In this example a 128-Kbyte ROM is connected with a data~width of 16 bits and 256-Kbyte RAM is

connected with a data width of 16-bits.

TMP1942
A16 - 17
tatch x 16 ROM (128 Kbits x 16)
A16
AD8.- 15 Al5 D8 - 15
AY- 15
D Q A0 - 14 DO -7
ADO - 7 LR q O
Q CE
ALE 4/]
Ts2 RAM (128 Kbits x 8)
AL 15 AL6-17 [0 1o
_ AQ- 14 /01 - 8
RD >0 OE
/ = _ Upper byte
HWR >0 RIW
Q| CE1
T8l oL _
wR lo RAM (128 Khits x 8
WR A16 - 17 ( )
P [
. doe /01 - 8
Lower byte
AM1 d riw
AMO to =1

Figure 3.7.7 Example of External Memory Connection (ROM width = 16 bits, RAM width = 16 bits)

When the TMP1942 is reset, the port 4 control register (P4CR) and port 4 function register (P4FC) are
both cleared to 0, so that the CS signal output is disabled. To output a CS signal from this port, set the
corresponding bits in these registers to 1, first in PAFC and then in PACR.
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3.8 DMA Controller (DMAC)
The TMP1942 incorporates a four-channel DMA controller.

3.8.1 Features
The DMAC included in the TMP1942 has the following features:

(1) Independent 4-channel DMA
(2) Two types of request for control of the bus: with snoop request or without-snoop request

(3) Transfer request: Internal transfer request: Start by software
External transfer request: Request by interrupt

(4) Transfer mode: Dual-address mode
(5) Transfer devices: Memory-to-memory, memory-to-1/0; +O-to-memory

(6) Device size: 32 bits for memory (16 or 8 bits.can also be specified\using-the CS/wait
controller); 8, 16 or 32 bits for /O

(7) Address change: Increment, decrement, fixed, irfegular/ incrementor irregutar decrement
(8) Channel priority: Fixed
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3.8.2  Configuration

3.8.2.1 Internal connections in the TMP1942

Figure 3.8.1 shows how the DMAC is connected internally within the TMP1942.

INTDREQ [3 : 0]* External interrupt
request
DACK [3 : O] Interrupt
TX19 processor core controller Internal 1/O interrupt
request
Indicate bus control _ [
relinquished DMAC forssn> BUSGNT *
Bus control request BUSREQ *
Request release of bus control BUSREL *
Indicate bus control granted HAVEIT *

TS

Control

snnnp

Address

snnnp

Data

Note * : internal signal

Figure 3.8.1 InternahConnection of DMAC Within‘the TMP1942

The DMAC has four-DMA channels. Thesechannels each receive a data transfer request signal
(INTDREQn)/from the interrupt controller-and return an acknowledge signal (DACKn) in response
to INTDREQN, "The letter ‘n’ denotes the channel number: 0 to 3. Channel 0O has priority over
channel 1, channel 1 has priority over.channel 2 and channel 2 has priority over channel 3.

The TX19-processor ¢ore-hasasnoop function. The snoop function entails the TX19 processor
core releasing the core databus-to the DMAC so that the DMAC can access the internal ROM or
internal RAM connected to the TX19 processor core. The DMAC can choose whether or not to use
the~snoop function. For details of the snoop function, refer to Section 3.8.2.3, “Snoop function”.

There are two,/types of request for bus control: SREQ and GREQ. The type which is selected
depends on'whether or not the DMAC is using the snoop function. GREQ is used to request control
of the bus whef the sneap function is not in use and SREQ is used to request control of the bus when
the snoop functionis in use. An SREQ bus request has higher priority than a GREQ bus request.

Note : DMA channel priority exists only among those using the same type of bus request
signal(SREQ or GREQ).For example, once a given DMA channel has acquired bus
mastership using SREQ, no other DMA channel can assume bus mastership using GREQ
until the ongoing DMA transaction is completed.

TMP1942CY/CZ-140



TOSHIBA

X
TMP1942CY/CZ @%’f;‘ém

3.8.2.2

3.8.2.3

Internal blocks of the DMAC
Figure 3.8.2 shows the internal blocks of the DMAC.

Channel 3

Channel 2

Channel 1

Channel 0

31 0

Source address register (SARO)
Destination address register (DARO)
Byte count register (BCRO)

— Channel control register (CCRO0)
Channel status register (CSRO0)
DMA transfer control register (DTCRO)

| DMA control register(PCR) |

| Data holding register(DHR) |

Figure 3.8.2 “Internal Blocks of'the DMAC

Snoop function

The TX19 processer core has a snoop function. This function is used to release the TX19
processor core’S-data busto the DMAC,

When the'snoop-function is activated, the TX19 processor core releases its data bus to the DMAC.
At'the same time-the TX19 processor care stops operating and remains idle until control of the data
bus isretdrned to it by the DMAE, Since the DMAC can access the processor’s internal RAM or
internal RONMbwhile the snoop function is active, the RAM or ROM can be specified as the source or
destination of a transfer.

The PMP1942’s internal DMAC can select whether or not to use the TX19 processor core’s
snoop function. If the - DMAC chooses to use the snoop function, it can then access the processor’s
internal RAM and internabROM. The CPU in the TX19 processor core will then be stalled until the
DMAC cancels the bus request.

If the DNMAC-chooses not to use the snoop function, it cannot access the processor’s internal
RAM or internal ROM. However, since in this case too the G-Bus is released to the DMAC, if the
TX19 processor core attempts to access memory or 1/O via the G-Bus and the DMAC does not
respond to the request for release of bus control, the TX19 processor core will not be able to execute
bus operation, and as a result the pipeline will stall.

Note: When the snoop function is not used, the TX19 processor core does not release the data bus to the

DMAC. Therefore, if the processor’s internal RAM or internal ROM is specified as the source or
destination of a DMA transfer, no acknowledge signal will be returned for the DMAC’s transfer
cycle, resulting in the bus being locked.
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3.8.3

Registers

The DMAC incorporates twenty-six 32-bit registers. Table 3.8.1 shows the DMAC register map.

Table 3.8.1 DMAC Registers

Address Register Symbol Register Name
OXFFFF_E200 CCRO Channel control register (ch. 0)
OXFFFF_E204 CSRO Channel status register (ch. 0)
OxFFFF_E208 SARO Source address register (ch. 0)
OxFFFF_E20C DARO Destination address register (ch’,0)
OxFFFF_E210 BCRO Byte count register (ch.0)
OxFFFF_E218 DTCRO DMA transfer control register (eh. 0)
OXFFFF_E220 CCR1 Channel control register|(ch. 1)
OXFFFF_E224 CSR1 Channel status register (ch. 1)
OXFFFF_E228 SAR1 Source address registery(ch. 1)
OXFFFF_E22C DAR1 Destination addréss register (ch. 1)
OxFFFF_E230 BCR1 Byte count register(ch>1)
OxFFFF_E238 DTCR1 DMA transfer controhregister (ch.,1)
OxFFFF_E240 CCR2 Channel contrel register (ch. 2)
OXFFFF_E244 CSR2 Channel/statusregister (ch. 2)
OXFFFF_E248 SAR2 Source-address register (ch. 2)
OXFFFF_E24C DAR2 Destination address register (ch.'2)
OXFFFF_E250 BCR2 Byte countyregister (ch. 2)
OXFFFF_E258 DTCR2 DMAtransfer control register (ch. 2)
OxFFFF_E260 CCR3 Channel controlfegister (eh. 3)
OXFFFF_E264 CSR3 Channel status fegister (ch, 3)
OxFFFF_E268 SAR3 Source addressregister (ch. 3)
OxFFFF_E26C DAR3 Destination address register’(ch. 3)
OXFFFF_E270 BCR3 Byte count register (ch. 3)
OXFFFF_E278 DTCRS3 DMA transfer.cantrol register (ch. 3)
OXFFFF_E280 DER DMA contrel-register (DMAC)
OXFFFF_E28C DHR Data<holding register (DMAC)
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3.8.3.1 DMA control register (DCR)

31 30 16
Rst
I I | I I |
w : Type
0 : Initial value
15 0
I [
: Type
: Initial value
Bit | Mnemonic Field Name Description
31 Rst Reset Reset (initial value: —)

Resets the DMAC by software. When the Rst bit is set to 1, all
of the DMAC's internal/fegisters are reset to their jhitial values.
Also, all transfer requests are canceled and the four DMA
channels are turned off:

0: Don't care

1: Initialize the DMAC.

Figure 3.8.3 DMA Control Register (DCR)

Notel: When the snoop request is disabled (CCRn.SReqs0), a software reset of the DMAC must be performed in
the following sequence:
1. Disable interrupts.
2. Execute NOP four times.
3. Perform a software reset.
4. Perform a software reset-again.
5. Re-enable interrupts.
Execute steps 3 and 4 consecutively,

Note 2: If the software reset comimand is written to the DERregister immediately after the completion of the last
transfer cycle of-a DMA transaction, the DMA=donge interrupt will not be cleared. In this case, the software
reset only jinitializes‘ehannel registers;-etc.

Note 3: Don’t issue a software reset command-to-the DCR register via a DMA transfer.
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3.8.3.2 Channel control registers (CCRn)

31 30 25 24 23 22 21 20 19 18 17 16
Str | (I) | — |NEn|AbEn| — | — | — | — | Big | —
w w RW RW RW RW RW RW RW R/W :Type
0 1 1 1 0 0 0 1 0 : Initial value
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | ExR | PosE | Lev | SReq |RelEn| siO 5’?0 DIO D‘l\c Tr|5iz D'IDS
RW RW RW RW RW RW RW R/W R/W R/W RIW R/W : Type
0 0 0 0 0 0 0 00 0 00 00 00 . Initial value
Bit Mnemonic Field Name Description
31 Str Channel Start Start (initial value: —)

Starts channel operation. When this bit is set to 1, the 'channel.énters
ready state. Data transfer can\now commence ds'soon as a transfer
request is received.

1 is the only valid\walue which can be“written to_this bit; if\a)0 is
written, it is ignored."When read, this bit always appearsg be 0.

1: Start channel operation.

24 — (Reserved) This bitis'reserved. Make sure that it is always\set to 0.
23 NIEN Normal Completion Normal Completion Interrupt Enable (initial-value: 1)
Interrupt Enable 1: Enable-normal completion interfupts,
0: Disable nermal completion interrupts;
22 AbIEn Abnormal Completion £} Abnormal, CompletionAnterrupt-Enable-(initial value 1)
Interrupt Enable 1:Enable abnormal‘completion\interrupts.
0:Disable abnormal completion/interrupts.
21 — (Reserved) This bit is reserved. Although'this bit is initially set to 1, make sure
that it is always set to 0.
20 — (Reserved) This bit is reserved:\Make sure that it is always set to 0.
19 — (Reserved) This bit is reserved-Make sure that it is always set to 0.
18 — (Resefyed) This bit isireserved. Make sure that it is always set to 0.
17 Big Big-Endian Big-Endian-(initiat-value: 1)

1: The channéloperates in big endian mode.
0:The.channél/operates in little endian mode.
Onthe TMP1942, set this bit to 0.

16 — (Reserved) This-bit is reserved. Make sure that it is always set to 0.
15 S (Reserved) This bit is reserved. Make sure that it is always set to 0.
14 ExR External Request Mode [ Exterhal Request Mode (initial value: 0)

Specifies the transfer request mode.
1: External transfer request (interrupt-driven start)
0: Internal transfer request (soft start)

13 PeskE Positive Edge Positive Edge (initial value: 0)

Specifies the valid level for the transfer request signal INTDREQnN.
This specification is effective only when the transfer request is an
external transfer request (i.e., when the ExR bit = 1). In the case of
internal transfer requests (i.e., when the ExR bit = 0) the value of
PosE is ignored. Be sure to set the PosE bit to 0 and the adjacent Lev
bitto 1.

Figure 3.8.4 Channel Control Registers (CCRn) (1/2)
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Bit Mnemonic Field Name Description
12 Lev Level Mode Level Mode (initial value: 0)

Specifies the method for requesting external transfer. This

specification is effective only when the transfer request is an external

transfer request (i.e., when the ExR bit = 1). In the case of internal
transfer requests (i.e., when the ExR bit = 0), the value of Lev is

ignored. Be sure to set the Lev bit to 1.

11 SReq Snoop Request Snoop Request (initial value: 0)

Specifies whether or not the snoop function is to'be used as the bus

control request mode. When the function is_selected for use, the

TX19 processor core’s snoop functioris activated with the result that

the DMAC can use the processor core’s data‘bus. When the function

is not selected for use, the TX19_processor core’s snoop function
remains inactive.

1: The snoop function is used (i.e., the device is in SREQ mode).

0: The snoop function is not used-(i.e’, the device is in GREQ mode).

10 RelEn Bus Control Release Release Request Enable/(initiakvalue: 0)
Request Enable Specifies whether the"DMAC will'respond to requests, for release of
bus control issued from the TX19 processor corg,

This function is only gffective in GREQ mode/In-SREQ made, this

function would have no effect since the ;TX19'\procegsor core cannot

generate a request for reléase of bus conttol.

1: After the\DMAC.has taken over bus control.itwill respond to
requests-forrelease of bus control. When-the TX19 processor core
issues ‘a request for release of bus.control, the DMAC will return
controhof the bus to the TX19 processor-eore when a break in bus
operation occurs.

0: The DMAC will not respond to requests for release of bus control.

9 SIO Source /O Source Type: I/O (initial value:Q)

Spescifies the source.device from which to perform transfer.

1:1/O’device

0: Memory

8:7 SAC Source Address Count—Source Address,Count (initial value: 00)

Specifies the way.in\which the source address changes.

1x: The address-is fixed.

01: The address.is decremented.

00: The-address-is.incremented.

6 DIO Destination-/O Destination’ Type: /O (initial value: 0)

Specifiesithe/destination device to which to perform transfer.

1: 1O device

0:-Memory

5:4 DAC Destination Address Destination Address Count (initial value: 00)
Count Spegcifies the way in which the destination address changes.

1x: The address is fixed.

01: The address is decremented.

00: The address is incremented.

3:2 TrSiz Transfer(Size Transfer Size (initial value: 00)

Indicates the amount of data to be transferred in response to one

transfer request.

11: 8 bits (1 byte)

10: 16 bits (2 bytes)

0x: 32 bits (4 bytes)

1:0 DPS Device Port Size Device Port Size (initial value: 00)

Specifies the bus width for the 1/0O device which has been specified

as the source or destination device.

11: 8 bits (1 byte)

10: 16 bits (2 bytes)

0x: 32 bits (4 bytes)

Figure 3.8.4 Channel Control Registers (CCRn) (2/2)
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3.8.3.3 Channel status registers (CSRn)

31 23 22 21 20 19 18 16
Act | 0 | NC | Abc | — | BES | BED | conf 0|o
R RW RW RW R R R : Type
0 0 0 0 0 Q 0 . Initial value
15 3 2 0
0 ) -
I | I [ I |
R/W - Type
000 : Initial value
Bit Mnemonic Field Name Description
31 Act Channel Active Channel Active (initial value:Q)

Indicates whether the ehannel is in ready state.
1: Channel is in ready state:
0: Channel is not in ready state.

23 NC Normal Completion Normal Completion (initial value: 0)

Indicates whether channel operation has terminated normally. If
normal completion intérrupts have been-enabled.by the CCR
register,\the DMAC generates an interruptfequest when this bit is set
to 1.

The NChit canbe cleared by writing a 0.to it. If a normal completion
interrupt has been requested, the interrupt request is dropped when
the"NC-bit is set to 0,

If\an attempt is made’to set the Str bit to 1 while the NC bit =1, an
errorresults. Be sure-to clear the NC bit to 0 before starting the next
transfer.

Writing a 1 to this bit has ne_effgct.

1: Channel operation has terminated normally.

0: Channel operation has not terminated normally.

22 AbC Abnormal Completion | Abnormal Completion (initial value: 0)

Indicatesahether'channel operation has terminated abnormally. If
abnormal-completion interrupts have been enabled by the CCR
register; the’DMAC generates an interrupt request when this AbC bit
is set\to/l/

The-AbC-bit can be cleared by writing a 0 to it. If an abnormal
completion interrupt has been requested, the interrupt request is
cancelled/when the AbC bit is set to 0. When the AbC bit is cleared,
the BES, BED and Conf bits are also cleared to 0.

If'an attempt is made to set the Str bit to 1 while the AbC bit =1, an
error results. Be sure to clear the AbC bit to 0 before starting the next
transfer.

Writing a 1 to this bit has no effect.

1: Channel operation has terminated abnormally.

0: Channel operation has not terminated abnormally.

21 — (Reserved) This bit is reserved. Make sure that it is always set to 0.

20 BES Soufce-Bus Error Source Bus Error (initial value: 0)
1: A bus error has occurred while the source was being accessed.
0: No bus error has occurred while the source was being accessed.

19 BED Destination Bus Error | Destination Bus Error (initial value: 0)
1: A bus error has occurred while destination was being accessed.
0: No bus error has occurred while destination was being accessed.

18 Conf Configuration Error Configuration Error (initial value: 0)
1: A configuration error has occurred.
0: No configuration error has occurred.

2:0 — (Reserved) These three bits are all reserved. Always set all of these bits to 0.

Figure 3.8.5 Channel Status Registers (CSRn)
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3.8.3.4 Source address registers (SARnN)

31

16

SAddr

15

R/W

SAddr

R/W

Bit

Mnemonic

Field Name

Description

31.0

SAddr

Source Address

Source Address (initial value; —)

the DPS bits of the CCRnregister.

Sets the physical source @ddress.from which data will be-transferred.
After each transfer the.address will change by theAralue speeified in

Figure 3.8.6 Source Address Registers (SARN)

3.8.3.5 Destination address registers (DARR)

31

16

DAddr

15

RW

DAddr

R/W

Bit

Mnemonic

Field,Name

Description

31:.0

DAddr

Destination Address

Destination Address (initial value: —)
Sets the physical destination address to which data will be

specified in the DPS bits of the CCRn register.

transferred. After each transfer the address will change by the value

Figure 3.8.7 (Destination Address Registers (DARnN)

: Type
. Initial value

: Type
. Initial value

. Type
. Initial value

. Type
. Initial value
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3.8.3.6  Byte count registers (BCRn)

31 24 23 16
0 BC
I I I I I I I I
R/W : Type
— : Initial value
15 0
BC
I I I I I
R/W : Type
— . Initial value
Bit | Mnemonic Field Name DesScription
23:0 BC Byte count Byte Count (initial value: —)
Sets the number of bytes’of data to be transferred. The-amount by
which the byte count is decremented after each transfer depends on
the value specified in the TrSiz bits of the CCRn/registet.
Figure 3.8.8 Byte Count Registers(BCRn)
3.8.3.7 DMA transfer control registers (DTCRN)
31 24 23 16
0
I I I I I
: Type
. Initial value
15 5 3 2 0
0 DACM SACM
I I I I I
R/W : Type
000 000 : Initial value
Bit Mnemonic Field Name Description
5:3 DACM Destination Address Destination-Address Count Mode
Count Mode Specifies'the mode used for counting the destination address.
000: Count the address beginning at bit 0 of the address counter.
00I~Count the address beginning at bit 4 of the address counter.
010: Count the address beginning at bit 8 of the address counter.
011: Count the address beginning at bit 12 of the address counter.
100: Count the address beginning at bit 16 of the address counter.
101: Reserved
110: Reserved
111: Reserved
2.0 SACM Source.Address Count | Source Address Count Mode

Mode

Specifies the mode used for counting the source address.

000: Count the address beginning at bit 0 of the address counter.
001: Count the address beginning at bit 4 of the address counter.
010: Count the address beginning at bit 8 of the address counter.
011: Count the address beginning at bit 12 of the address counter.
100: Count the address beginning at bit 16 of the address counter.
101: Reserved

110: Reserved

111: Reserved

Figure 3.8.9 DMA Transfer Control Registers (DTCRn)
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3.8.3.8 Data-holding register (DHR)

31 16
DOT
I I I | |
R/W : Type
— : Initial value
15 0
DOT
I I I | |
R/W : Type
_ : Initial value
Bit Mnemonic Field Name Description
31:0 DOT Data on Transfer Data on Transfer (initial value:*<)

This is the data read fram the.seurce during a transfér-in
dual-address mode.

Figure 3.8.10 Data-Holding Register (DHR)
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3.8.4

Functions

This section describes the functions of the DMAC.

3.8.4.1 Outline

The DMAC is a 32-bit DMA controller capable of performing-high-speed data transfers in a
system incorporating the TX19 processor core without the need for'any-intervention by the TX19
processor core itself.

(1) Source and destination

The DMAC performs data transfers between one memary.device and another or between a
memory device and an /O device. The device from\which data is transferred is referred to as
the source device and the device to which data/js-transferred is referred to-as the destination
device. Both memory devices and 1/0O devices can be specified as the,source and destination
devices. However, the DMAC can only transfer data-from a memory device-to an 1/0 device,
from an 1/O device to memory, or from memery to memory; it cannot transfer-data between two
1/O devices.

The difference between memory devices and 1/0 devices(resides, in the methods by which
the devices are accessed. When the- DMAC accesses an 1/0O.devige/ it asserts the DACKn signal.
Because only one DACKn (signal line”is available for gachi‘channel, the DMAC can only
perform one data transfer(invelving an 1/0 device-at a time;-hence the DMAC cannot transfer
data from one 1/O device to-anothef.

An interrupt souree-can be specified for transfer reguests to the DMAC. When an interrupt
occurs, the interrupt controller generatessa request to the DMAC. (In this case, no interrupt
request to the TX19 processor core is generated. For details, refer to Section 3.4, “Interrupts”.)
This interruptrequest-from the interrupt.controller is canceled by the DACKn signal. Therefore,
when an (I/Q’device has been set as a-transfer device, a request to the DMAC is cancelled for
each~transfer—performed (i.e., ach time the amount of data specified by the TrSiz bits is
transferred).—On the other-hand, ‘in_memory-to-memory transfers, DACKn is asserted only
when the number of bytes to-be-transferred (as specified by the value of the BCRn register)
falls to.0; hence several data-transfers can be performed successively by a single transfer
request.

For example, when the DMAC is transferring data between the TMP1942’s internal 1/0 and
internal (or external) memory, although a transfer request from the internal 1/O to the DMAC is
canceHed forgeach.transfer performed, the DMAC is kept waiting for the next transfer request
unless-the;number/of bytes to be transferred (as specified by the value of the BCRn register)
falls to/0..Cansequently, DMA transfer is performed successively until the BCRn register value
is reduced t00.
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Switching control of the bus (bus arbitration)

When a transfer request is issued by the DMAC’ s internal circuitry, the DMAC requests
control of the bus from the TX19 processor core. If an acknowledge signal is returned by the
TX19 processor core, the DMAC gains control of the bus and can perform data transfer bus
cycles.

The DMAC can request two types of bus control: either bus control plus the use of the TX19
processor core’ s data bus (i.e., the snoop function), or bus control. withaUt the snoop function.
This can be set independently for each channel in the correspending register.

The TX19 processor core may request release of bus control-ffom the DMAC. Whether the
DMAC should respond to this request is set using\independent register settings for each
channel. However, this response function is effective only-when the DMAC does not request
the snoop function (i.e., in GREQ mode). When the shaop function is requested (i.e., in SREQ
mode), the response function will have no effect because the TX19 prosessor core cannot
generate requests for release of bus controlin’ thi$\mode.

When there are no more transfer requests;.the DMAC will finish_control-of the bus.

Notel:
Note2:

The NMI interrupt is left pending.while the DMAC has controt ofthe bus.
Do not place the TMP1962 in Halt power-down mode/While the-DMAC is operating.

®)

(4)

Transfer request modes

The DMAC has two-transfer, request modes: internal transfer request mode and external
transfer request mode.

In internal transfer&request mode, transfer requests are generated internally in the DMAC. A
transfer request s generated by settingthe startbit in one of the DMAC’ s internal registers (the
channel contyol pegister’ s Str bit)4o0-1,-upon Which the DMAC will start a transfer operation.

In external transfer request mode/ transfer requests are generated by assertion of the transfer
request signal (INTDREQN), which-is‘output by the interrupt controller after the start bit has
been-set.to 1. The DMACcan-select level mode, in which a transfer request is generated on
detection of a High- or Low-level INTDREQn signal, or edge mode, in which a transfer request
is generated on detection of-the rising or falling edge of the INTDREQn signal. However,
because the INTDREQn signal in the TMP1942 is low-active, always make sure that the
transfer request signal is set to be detected at Low level.

Address modes

Dual-address mode is the only address mode available for the DMAC in the TMP1942.
There is no single-address mode for the DMAC.

In dual-address mode, data transfers are performed between two memory devices or between
memory and an /O device. The addresses of the source and destination devices are output by
the DMAC. When accessing an 1/O device, the DMAC asserts the DACKn signal. In
dual-address mode, the DMAC executes two bus operations, one for reading and one for
writing. The transfer data read from the source device is temporarily stored in the DMAC’ s
internal data-holding register (DHR) before being written to the destination device.
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(5) Channel operation

The DMAC has four channels (channels 0 to 3). Each channel is activated by setting the start
bit (Str) in the channel control register (CCRn) to 1, so that the device enters ready state.

When a transfer request occurs while a channel is in ready state, the DMAC gains control of
the bus and performs a data transfer. When there are no more-transfer requests, the DMAC
finishes control of the bus, thereby entering ready state. When~transfer for a channel is
completed, the channel is placed in idle state. Transfers may be terminated either normally or
abnormally (for example, when an error occurs during transfer), An interrupt signal can be
generated on completion of transfer.

Figure 3.8.11 is a state transition diagram for channel operations.

Bus control not

owned by DMAC
Ready
% |

Bus control got I | Bus control owned by DMAC

T

owned by DMAC
k
completed
B

Figure 3.8.11 State Transitions for'Channel Operations

E

us control owned by DMAC

(6) Summary ofdransfer mode combinations
The DMAC can perform_data“transfers as follows according to the combination of mode

settings.
Transfer Request| Edge/Level Address Mode | Transfer Devices
Internal — Dual Memory-to-memory
Memory-to-memory
External Low-level Dual Memory-to-1/0
I/O-to-memory
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(7) Address change

There are essentially three methods for changing the transfer address: increment, decrement
or fixed. The method can be set independently for the source and destination addresses using
the SAC and DAC bits in the CCRn register. If the transfer device is a memory device,
increment, decrement or fixed may be specified. If the transfer device is an 1/0 device, only
fixed may be specified. When an 1/0 device is selected as the source or destination device, be
sure to set the SAC and DAC bits in the CCRn register to “fixed’-

If “increment” or “decrement” is selected as the address ehapnge method, the bit position at
which counting begins can be set using the SACM-~and DACM  bits in the DTCRn register.
SACM corresponds to the source address and DACM-the destination address. The bit position
at which counting the address begins can be specified as bit.0, 4, 8, 12 or 16. Selecting bit 0
results in normal increment or decrement, increment or-irregular decrement.

Examples of how the address changes are shown-below.

Example 1: When regular increment-is selected for the source device and irregular
increment is selected for the destination device

SAC: Increment the address
DAC: Incremeént the address
TrSiz: Transfer in units of 32 bits

Source address:

0xA000_1000

Destination address: 0xB000_0Q0Q0

SACM =000; Count the address beginning at bit 0 of the address counter

DACM =001: Count the address.beginning at bit 4 of the address counter
Source Destination

First time 0xA000_1000—-0xB000_0000

Second time  0xA000-1004 . 0xB000_0010
Third time 0xA000_1008-__ ©xB000_0020
Fourth time  0xAQ00” YO00OC  0xB000_0030

Example 2: When irregular decrement is selected for the source device and regular
decrement is selected for the destination device

SAC! Decrement the address
DAC: Decrement the address
TrSiz; Transfer in units of 16 bits

Source address:

Initial value 0xA000_1000

Destination address: 0xB0O00_0000

SACM = 010: Count the address beginning at bit 8 of the address counter

DACM = 000: Count the address beginning at bit 0 of the address counter
Source Destination

First time 0xA000_1000 0xB000O_0000

Second time Ox9FFF_FFO00 OxAFFF_FFFE

Third time Ox9FFF_FEOO OxAFFF_FFFC

Fourthtime  Ox9FFF_FDOO OxAFFF_FFFA
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3.8.4.2

Transfer requests

For data to be transferred by the DMAC, a transfer request must be generated and transmitted to
the DMAC. There are two types of DMAC transfer requests: internal transfer requests and external
transfer requests. The transfer request type can be set individually for each channel.

For either type of transfer request, when a transfer request occurs after channel operation has been
activated, the DMAC will gain control of the bus and perform data transfer.

e Internal transfer requests

A transfer request can be generated immediately by setting/the Str bit in the CCRn register to
1 while the ExR bit in the same register = 0. This transfer request is referred to as an internal
transfer request.

In the case of an internal transfer request, begause.the transfer request remains active until
channel operation has been completed, data transfers will be performed‘successively unless
transition to a higher priority channel occurs oy until bus controlis_transferred to a higher
priority bus master.

Internal transfer requests can only-be.used-for transfers between memory and memory.

e  External transfer requests

A transfer request is generated when the interrupt controller is notified of a transfer request
by the assertion of the INTDREQn signal for'a channel after the channel has been placed in
ready state by setting the-Str.bjt of the CCRn_register to 1 while the ExR bit in the CCRn
register = 0. This transfer request is referred to as.an.external transfer request. External transfer
requests can be used for transfers between two memery devices and between memory and an
1/0 device.

Assertioh of'thie INTDREQn signaliis-recognized by detecting an edge or a level. The active
edge.or level_is specified using theyPosE bit in the CCRn register. However, because the
INTDREQn signal in the TMP1942’is low-active, always make sure that the signal is set to be
detected at Low level.

The amount of data to-be transferred for one transfer request is specified using the TrSiz field
in the CCRn register. This can.be specified as 32 bits, 16 bits or 8 bits.

Transfer requests from the interrupt controller are cleared by assertion of the DACKn signal.
The DACKH signahis asserted only when the number of bytes to be transferred during an 1/O
device_bus cycle or/a memory-to-memory transfer (as specified by the value of the BCRn
register), falls to—0. Consequently, for data transfer between memory and an I/O device
INTDREQn-is; cancelled every transfer request with the result that only one transfer is
performed for the amount of data specified by TrSiz. On the other hand, in memory-to-memory
transfers, INTDREQn is not cancelled until the number of bytes to be transferred (as specified
by the value of the BCRn register) falls to 0; hence several data transfers can be performed
successively by a single transfer request.

Note that if an interrupt of the type specified for INTDREQn is acknowledged by the DMAC,
but the interrupt is cleared by the interrupt controller or by another device before the DMAC
starts the DMA transfer, one DMA transfer may be performed after the interrupt has been
cleared.
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3.8.4.3

Address modes

The TMP1942 only supports dual-address mode in which both the source and destination devices
are explicitly addressed..

In dual-address mode the DMAC first executes a read from the source device. The data read from
the source device is temporarily stored in the DMAC’ s internalsegister DHR. Next, the DMAC
executes a write to the destination device to write this data to the destination device, thus performing
a data transfer from the source to the destination device.

Although bit 15 of the CCRn register in the TMP1942 can be used(to specify the address mode,
this bit must always be set to 0 because the TMP1942 only supports-dual-address mode.

DMAC Source device

t TN

Address ~ (1)

Address bus

2]
Data @

Data bus < >

<)

A 74

Destination device

Figure 3.8.12 Diagram-of-Data Transfer in Dual-Address Mode
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DMAC

DACK

Y

Source device (I/0)

Address bus

Address

\/

Data bus

A\ 74

Destination deviee
(memory)

Data

Figure 3.8.13 Diagram of Data-Transfer in Single-Address’Mode

e Dual-address mode

In dual-address-mode, adata transfer is\executed using two bus operations:

-Read operation,\in which the DMAC outputsthe address of the source device, reads data from

the source deviceand stores the data ‘innits-internal register DHR

-Write operation, in which the DMAC outputs the address of the destination device and writes
the stored data from DHR tolthe’destination device

Indual-address modeg, three-types of transfers can be performed:

-Memory-to-memory
-Memory-to-1/0O device
-17/0 device-to-memory

The unitg of data transfer performed by the DMAC are equal to the amount of data (32 bits,
16 bits-or8 hits)-specified in the TrSiz field of the CCRn register. This amount of data is
transfetred each time a transfer request is recognized.

In dual-address mode, an amount of data equal to the transfer unit is read from the source
device into the DHR register, then the data is written from the DHR register to the destination

device.

Memory accesses occur at intervals equal to the unit of data transfer which has been set.
When external memory is accessed, if the transfer unit is 32 bits and the bus width set by the
CS/wait controller is 16 bits, then two 16-bit accesses will occur. Similarly, if the transfer unit
is 32 bits and the bus width set by the CS/wait controller is 8 bits, then four 8-bit accesses will

occur.
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For memory-to-1/0O device or I/O device-to-memory data transfers, the bus width of the 1/0
device (the device port size) needs to be set (to 32 bits, 16 bits or 8 bits) using the DPS field in
the CCRn register, in addition to the unit of data transfer.

If the unit of data transfer and the device port size are equal, the DMAC will perform one
read or write operation for the 1/0 device.

If the device port size is smaller than the unit of data transfer, theeDMAC will perform
multiple read or write operations for the 1/0O device. For example, when performing a transfer
to memory from an 1/O device whose device port size is 8 bits'when the unit of data transfer is
32 hits, the DMAC will read data from the 1/O device and-store’it in the DHR register four
times, 8 bits at a time, and then write 32 bits of data from the’DHR register to memory in one
operation (or in two operations if the external memory’ ~s-data bus is 16 bits wide).

The source and destination addresses change-at-intervals equal to/the unit of data transfer.
The value of the BCRn register also changes’ by an amount equal to-the unit.of data transfer.
The device port size cannot be set to a value/greater than the unit of datatransfer. Table 3.8.2
summarizes the above information:

Table 3.8.2 Unit of Data Transfer and Device Port Size (Dual-Address Mode)

Number| of BUs
TrSiz DRS Operations Performed
on 1/0-Device
0x (32 bits) 0x-(32-bits) Once
0x (32 bits) 10)(16 bits) Twice
0x (32 bits) 11(8 hits) Fourtimes
10 (16 bits) 0x (32 bits) Setting prohibited
10 (16 hits) 10 (16 bits) Once
10 (¥6-bits) 11 (8 hits) Twice
11 (8 bits) 0x (32 bits) Setting prohibited
11)(8 bits) 10 (16 pits) Setting prohibited
11-(8.hits) 11°(8 bits) Once

Note:, The;DMAC does not incremnt or.decrement the address for 1/O peripherals. Therefore, if, for
example, TrSiz is programmed to 16 bits and DPS is programmed to 8 bits, both the first and second
bus-cycles access the lower eight bits of the 1/O data bus.
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3.8.4.4

Channel operations

A channel is activated when the Str bit in the CCRn register for the channel is set to 1. When a
channel is activated, it is checked for errors; if no error is found, it is placed in ready state.

If a transfer request occurs while a channel is in ready state, thee DMAC gains control of the bus
and starts a transfer operation.

Channel operation may terminate normally or abnormally, for example, when operation is
forcibly terminated or terminated by an error. This status is indicatéd by the CSRn register.

(1) Starting channel operation
A channel is activated when the Str bit in the CCRn register for the channel is set to 1.

When a channel is activated, it is checked for.a configuration error;.if.no erroris found, it is
placed in ready state. If an error is detected, the channel operation—terminates abnormally.
When a channel is placed in ready state, the'Act bit/in the CSRn registerforthe channel is set to
1.

If internal transfer requests have been'set-for the channel, 'a transfer request will be generated
immediately, upon which the'DMAEC will gain controkof the bus‘and start a data transfer. If
external transfer requests have been-set for the channel,\a transfer request will be generated by
assertion of INTDREQn;upon-which the DMAC-will gain_control of the bus and start a data
transfer.

(2) Terminating channel operation

Channel operationémay terminate either normally or abnormally. This status is indicated in
the CSRn register.

If an attempt is/made to set the Strbit in‘the CCRn register to 1 while the NC bit or AbC bit
of the/CSRn register = 1, channel.0peration will not start and will terminate abnormally.

Normaltermination

Channel operation terminates normally in the following case. Note that, in this case, transfer
wil always terminate after the'DMAC has finished transferring an amount of data equal to the
unit of data transfer (the value set in the TrSiz field of the CCRn register).

e When data transfer.has been completed after the value of the BCRn register has fallen to 0

Abnormal termination

Datatransfers by the DMAC may terminate abnormally in the following cases:
e Termination due to configuration errors

A configuration error is an error in the DMA transfer settings. Since a configuration error
occurs before the DMAC starts data transfer operation, the SARn, DARn and BCRn
register values will remain as set. When operation for a channel terminates abnormally due
to a configuration error, the Conf bit in the CSRn register is set to 1 at the same time that the
ADbC bit is set to 1. Causes of configuration errors are shown below.

-Both SIO and DIO are set to 1.
-The CCRn Str bit is set to 1 when the NC bit or AbC bit in the CSRn register = 1.
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3.8.4.5

3.8.4.6

-A value which cannot be divided by the unit of data transfer is set in the BCRn register.

-Values which cannot be divided by the unit of data transfer are set in the SARn and DARnN
registers.

-An illegal combination of the device port size and data transfer unit has been set.
-The Str bit in the CCRn register is set to 1 while the BCRn register = 0.

e Termination due to bus errors

When transfer terminates abnormally due to a bus error, the BES)orBED bit in the CSRn
register is set to 1 at the same time that the AbC bit in the CSRn-register is set to 1.

-The CPU is notified that a bus error has occurréd~during-data transfer.

Channel priority

The DMAC has four channels. A channel with afower chanhel number always has-higher priority.
Therefore, if transfer requests occur for channets0-and~1 simultaneously,' the DMAC will perform
the transfer operation for channel 0’ s transfer reguest first. When there aré no more.transfer requests
for channel 0, if the transfer request for ehannel 1718 still in effect{the DMAC/will perform the
transfer operation on channel 1. (For internal transfer requests, the transfer_request’is held unless it is
cleared. For external transfer requests, this depends on the activé stdte,which has been set for the
interrupt request assigned to DMA requests by the interrupt controller, Af the active state is set to
edge mode, the transfer request will be-held by the interrupt(controler. However, if the active state is
set to level mode, the interrupt(controller will not hold the transfer’request. Therefore, if level mode
is set, the interrupt request signabmustbe kept asgerted untihit is recognized by the DMAC.)

If a transfer request for.channel/0 occurs while datatransfer on channel 1 is under way, a channel
transition will occuy. The datatransfer on channel 1 will be suspended and the DMAC will start
transfer on channel 0. When there are no-more\transfer request for channel 0, the DMAC will
resumes the transfer. operation on channel 1.

Channel transition-occurs when the DMAC has finished transferring an amount of data equal to
the_unit of data transfer. In dual-address.made, this is when the DMAC has finished writing all the
stored data from the DHR registerto the destination device.

Interrupts

The DMAC can generate an interrupt request to the TX19 processor core on completion of
channel operation. There.are two types of interrupts which can be requested in this case: normal
completion interrupt-and abnormal completion interrupt.

o Normal completion interrupt

Whenchannel operation terminates normally, the NC bit in the CSRn register is set to 1.
At this time, if normal completion interrupts have been enabled using the NIEn bit in the
CCRn register, an interrupt request to the TX19 processor core is generated.

e Abnormal completion interrupt

When channel operation terminates abnormally, the AbC bit in the CSRn register is set to
1. At this time, if abnormal completion interrupts have been enabled by the AbIEn bit in the
CCRn register, an interrupt request to the TX19 processor core is generated.
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3.8.4.7 Endian mode

If the unit of data transfer and the device port size are not equal in dual-address mode, the DMAC
will assemble or disassemble data in the DHR register.

For example, if the source device is an 1/O device whose port size-is-8 bits while the destination
device is a memory device, and the unit of data transfer is 32 bits, the/DMAC reads data from the 1/0
device four times and assembles it into 32 bits of data in the DHR ‘register before writing it to
memory.

For example, the diagram below shows the relationship betweenan 8-bit 1/O device and a 32-bit
DHR register.

The TMP1942 supports only little-endian data alignment:

1/O device
8 0
4n+3 D
4n+2 C
4n+1 B
4n+0 A
DHR
31 0
Big endian | A | B | C | D |
31 0
Little endian | D | C | B | A |

Figure 3.8.14Data Packing and Unpacking
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3.8.5  Operation

DMAC operations are synchronized to the rising edges of SYSCLK.

3.8.5.1 Dual-address mode
e  Memory-to-memory transfer

Figure 3.8.15 shows a timing example for one transfer session when 16-bit data is being
transferred from external memory (which is 16 bits wide) to externalmemory (which is also 16
bits wide). Although it is not shown here, data is transferred successively until the value of the
BCRn register falls to 0.

tsys
A[23:16]
CS0
Cs1
ﬁ | S
WR / WHR — [
AD [15 : 0] _AE}—@@— Addr Data

Read Write

Figure 3.8.15 Dual-Address Mode (Memory to Memory)

e  Memory-to-1/O device transfer

Figure-3:8.16 shows atiming'example/for memory-to-1/0 device transfer for cases where the
unit of data transfer and the device-port size are set to 16 bits and 8 bits, respectively.

tsys

A{23 : 16]

Cso

Cs1

RD

WR

AD [15: 0] Addr >—€aza>— Addr Data Addr Data

Read Write Write

Figure 3.8.16 Dual-Address Mode (Memory to 1/0O Device)
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e 1/O device-to-memory transfer

Figure 3.8.17 shows a timing example for I/O device-to-memory transfer for cases where the
unit of data transfer and the device port size are set to 16 bits and 8 bits, respectively.

tsys

A[23: 16]

CSO0

Cs1

RD

WR / WHR

AD [15 : 0] Adar > Data>— Adar >~ Data>— Addr Data

Read Read Write

Figure 3.8.17 Dual-Address Mode (I/O Device to Memory)
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Example: DMA transfer of serially received data (SCnBUF) to internal RAM
Example DMA settings
e Channel used: 0
e Source address: SCIBUF
o Destination: OxFFFF_9800 (physical address)
e Number of bytes transferred: 256

Example serial channel settings
o Data length: 8 bits, UART
o Serial channel: Channel 1
e Transfer rate: 9600 bps

DMA (channel 0) is used for transfer. DMAO is activated by an interrupt £eceiveden SIO1.

DMADO settings

DCR « 0x8000_0000 ¥ Reset DMA */
IMCFL « 15 7 O
—  XXXX, XXXX, XX10,~x100 /*Level =4 (arbitrary.value) */
INTCLR <« Ox3c /* Value of IWVR[9:4] */
DTCRO « 0x0000_0000 /* DACM = 000 */
« /% SACM= 000-*/
SARO <« OxFFFF_F208 [* Physical address of SC1BUF */
DARO <« OxFFRFF_-9800 /* Physical jaddress of destination */
BCRO < 0x0000_OOFF /* 256_(ndmber of bytes to be transferred) */
CCRO « ,Ox80CO0-5BOF

(Contents). 31 27 23 19
] |

SIO-channel 1 settings

IMCCH <31 15
XXXX, XXXX, Xx11, 1000 /* Assignto DMCO activation source */

INTCLR /) ¢~ ~.0x32 /* IVR [9:4], INTRX1 interrupt source */
SCIMODO~« 0x29 /* UART mode, 8-bit length, baud rate generator */
SCI1CR +_, 0x00

BR1CR « Oxid /* @fc = 32 MHz (approx. 9615 bps) */
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3.9 8-Bit Timers (TMRA)

The TMP1942 contains twelve 8-bit timer channels (TMRAO-TMRAB).

There are six TMRA modules, referred to as TMRAQOL, TMRA23, TMRA45, TMRA67, TMRAB89 and
TMRAAB, each of which is comprised of two channels. Each module can operate in the following four modes:

e  8-bit interval timer mode

e  16-bit interval timer mode

e  8-bit programmable square wave output mode (PPG: variable duty with variable’cycle)
e  8-bit pulse width modulation output mode (PWM: variable duty with (constant cycle)

Figure 3.9.1 shows a block diagram of TMRAOL. Each channel consistsprimarily of an 8-bit up-counter, an
8-bit comparator and an 8-bit timer register. Each pair of channels alse-incorporates one prescaler and one
timer flip-flop. Timer operation modes and flip-flops are controlled-by-five registers.

The six modules (TMRAO1, TMRA23, TMRA45, - TMRA67, TMRAS89 -and. TMRAAB) operate
independently of each other. Because each module functions the' same way, except-for a few differences as

shown in Tables Table 3.9.1 and Table 3.9.2, operation-of-the TMRAO1 only is‘described(here.

Table 3.9.1 Specification Differences Among the TMRA Modules

e Modulée
Specification
TMRAOL TMRAZ23 TMRA45

External clock TAOIN TA2IN TA4IN
External input pin (Shared with PAY) (Shared with PB7) (Shared with PC0)
pins Timer flip-flop TALOUT TA30UT TA50UT

output pin (Shared with-PAG) (Shared with PB6) (Shared with PC3)

Timer run register TAOIRUN (QXFFFF_F100) | TA23RUN (OXFFFF_F108) | TA45RUN (OxFFFF_F110)

Timer redisters TAOREG (OxFFFF_F102) |IA2REG.(OXFFFF_F10A) | TA4REG (OXFFFF_F112)
SFR Name g TAIREG (OXFFFF_F103) TA3REG (OxFFFF_F10B) | TASREG (OXFFFF_F113)
(address) | Timer mode register (| TAOIMOD (OxFFFF_F104) | TA23MOD (OXFFFF_F10C) | TA45MOD (OxFFFF_F114)

;I;g}gef:lp-ﬂop contol | +asFFCR (OXFEFF_F105)//| TASFECR (OXFFEE_F10D) | TASEECR (OXFFEE_F115)

Table 3.9.2 Specification Differences Among the TMRA Modules
N Module
Specification
TMRAG67 TMRA89 TMRAAB

External/clock TAGBIN TAS8IN TAAIN
External input_pin ($haredwith PC1) (Shared with PC2) (Shared with PC4)
pins Fimet flip-flop TA7OUT TA90UT TABOUT

output pin (Shared-with PC5) (Shared with PC7) (Shared with PD5)

Timer run register TABZRUN (OXFFFF_F118) | TAB9RUN (OXFFFF_F120) [ TAABRUN (OXFFFF_F128)

_ _ TABREG (OXFFFF_F11A) | TASREG (OxFFFF_F122) | TAAREG (OXxFFFF_F12A)

SFR Name | |mer registers TATREG (OXFFFF_F11B) | TAQREG (OXFFFF_F123) | TABREG (OXFFFF_F12B)
(address) [ Timer mode register | TAG7MOD (OXFFFF_F11C) | TAB9MOD (OxFFFF_F124) | TAABMOD (OXFFFF_F12C)

rTe";igg:'p'ﬂc’p control | - \7FFCR (OXFFFF_F11D) | TAOFFCR (OXFFFF_F125) | TABFFCR (OXFFFF_F12D)
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Block diagram of each module

3.9.1

Only a block diagram of TMRAOL1 is described here. It applies to all other modules with the exception

of differences in register, signal and other element names.
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Figure 3.9.1 TMRAO1 Block D iagram
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3.9.2  Functional description of each circuit

1)

Prescaler

The TMP1942 has a 9-bit prescaler to supply a clock to TMRAOQL. The prescaler’s input clock ¢ TO
has a frequency of fperiph, fperiph/2 or fperiph/4 as selected by SYSCRO<PRCK1:PRCKO> in the
CG block.

fperiph is either the clock fgear as selected by SYSCR1<FPSEL>\in.the C&’block or the clock fc
before division by the clock gear.

The prescaler is set to either run or stop by TAOLIRUN<TAORRUN>-Writing a 1 to this bit causes

the prescaler to start counting and writing O causes it to clear itself and stop counting. Table 3.9.3
shows the resolutions of the prescaler output clocks.

Table 3.9.3 Prescaler Output Cloek Resolutions

@fc =32 MHz
Peripheral Clock Gear Selected Rrescaler Output Clock Reselution
Clock Selection Value Prescaler Clock
<FPSEL> | <GEAR1:0> | <PRCK1:0> OFL oT4 ¢116 $T256
00 (fperiph/4) fc/2°0:25 ps)’ | fc/2° (1.0 us) | ~f€/2° (40 us) | fc/2™ (64 ps)
00 (fc) 01 (fperiph/2) fe122(0.125/us) | fc/2* (0.5/us)y |/ fcl2° (2.0 us) | fc/2™ (32 ps)
10 (fperiph) AN fc/2® (0.2548) | fcl2® (1.0 ps) fc/2° (16 ps)
00 (fperiph/4) fcr2™(0.5 us) | Acl2®@.0nus) | fc/2® (8.0 us) | fc/2™? (128 ps)
01 (fc/2) 01 (fperiph/2) fc/2® (0.25 psy [“fc/2° (1.0\us) | fc/2” (4.0 us) | fc/2™ (64 ps)
0 (fgean) 10 (fperiph) — fe/22(0.5n8) | fc/2° (2.0 us) | fc/2' (32 ps)
00 (fperiph/4) fc/2° (1.0 us) | fc/2™@4.0%us) fc/2° (16 ps) | fc/2™® (256 ps)
10 (fc/4) 01 (fperiph/2) fc/2* (0.5 usi\| fc/2® (2.0 us) | fc/2® (8.0 us) | fc/2' (128 ps)
10 (fperiph) — fc/2° (1.0 us) | fc/2” (4.0 ps) | fc/2™ (64 ps)
00(fperiph4) fc/2° (2.0 us) ~fo/2® (8.0 ps) | fc/2® (32 us) | fc/214 (512 ps)
11 (fc/8) 0Y/(fheriph/2) fc/2® (T.0-us)* |, fc/2” (4.0 pus) fc/2° (16 us) | fc/2™ (256 us)
10-(fperiph) >/ fc/2° (2.0 us) | fc/2® (8.0 us) | fc/2'? (128 ps)
00, (fperiph/4) fcl2® (0.25 s) | fc/2° (1.0 ps) | fc/2” (4.0pus) | fc/2' (64 ps)
00 (fc) 01 (fperiph/2) fef2? (0425 ps) | fe/2* (0.5 us) | fc/2° (2.0 us) | fe/2' (32 ps)
10 (fperiph) S fc/2® (0.25 us) | fc/2° (1.0 ps) fc/2° (16 ps)
00 (fperiph/4) fc/2® (0.25 ps) | fc/2° (1.0 ps) | fc/2” (4.0ps) | fc/2™ (64 ps)
01 (fc/2) 01 (fperiph/2) — fc/2' (0.5 us) | fc/2® (2.0 ps) | fe/2' (32 us)
169 10 (fpefiph) — fc/2® (0.25 us) | fc/25 (1.0 us) | fc/2® (16 pus)
00 (fpetiph/4) — fc/2° (1.0 us) | fc/2” (4.0 us) | fc/2' (64 ps)
10 (fc/4) 0X(fperiphl2) — fc/2* 0.5 us) | fc/2® (2.0 ps) | fc/2 (32 us)
10 (fperiph) — — fc/2° (1.0 ps) fc/2° (16 ps)
00_(fperiph/4) — fc/2° (1.0 us) | fc/2' (4.0 ps) | fc/2™ (64 ps)
11 (fc/8) 01 (fperiph/2) — — fc/2® (2.0 ps) | fc/2' (32 us)
10.(fperiph) — — fc/2° (1.0 ps) fc/2° (16 ps)

Note 1: The prescaler’s output clock ¢Tn must be selected such that the relationship ¢Tn < fsys/2 is
satisfied (i.e., $Tn must be slower than fsys/2).

Note 2: Do not change the clock gear value while the timer is operating.

Note 3: The - character meams “Don’t use”.

TMP1942CY/CZ-166




TOSHIBA

X
TMP1942CY/CZ @%’f;‘ém

)

®)

Up-counters (UCO and UC1)

UCO and UCL1 are 8-hit binary counters which count up synchronously with the input clock
selected in timer mode register TAOIMOD.

The input clock for UCO is either the external clock entered via the TAOIN pin or one of the three

prescaler output clocks, ¢T1, ¢T4 or ¢T16, according to the value set in TAOLMOD <TAOCLKZ:
TAOCLKO>.

The input clock for UC1 varies with the operating mode. In Y6<bittimer mode, up-counter UCQ’s
overflow output is the input clock for UCL; in any other mode, thednput/clock for UCL1 is either one
of the three prescaler output clocks, $T1, $T16 or $T256, of the.comparator output (match detection)
from TMRAO, as determined by the value set in TAOLMOD<TA1CLK1:TA1CLKO>.

The TAOIRUN<TAORUN> and <TALRUN> bits set the ug-counters to run'or stop.;When reset,
the up-counters are cleared with the timers stopped:

Timer registers (TAOREG and TA1REG)

TAOREG and TA1REG are 8-bit registers used-to set interval times. When the value set in one of
these timer registers matches the corresponding up-counter value, the comparator’s match detection
signal becomes active. If the value-set is~Q0H, this signal witl-become active when the up-counter
overflows.

TAOREG is paired with a register buffer to/farm a dual-buffer structure. The double-buffer is
controlled by the setting of TAOLRUN<TAORDE>.The douple-buffer is disabled when <TAORDE>
= 0 and enabled when <TAORDE> = 1.

When the double-buffer is enabled, data/transfer. from the register buffer to the timer register is
initiated by a 2”1 oyerflow in PWM mode\or-by cycle match detection in PPG mode. The
double-buffer cannot be used in timer mode.

When reset, <TAORDE> is initialized to 0/ disabling the double-buffer. To use the double-buffer,
write data.in.the timer register-and set <TAORDE> to 1, then write the following data in the register

buffer.

Figure/3.9.2 shows thesstructure of TAOREG.
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Up-counter
Comparator (CPO)
AN
Timer register 0 (TAOREG) Selector
AN ‘B_G: PPG cycle match detection
Y PWM 2'-1 overflow
Shift trigger A
Write to TAOREG
Register buffer 0 S
Write
§ 3 TAOLRUN<TAORDE>
Internal data bus
Figure 3.9.2 Structure of TimerRegister 0 (TAOREG)
Note: When data is written to TAOREG, the same address is allocated tothettimer register and the register

buffer.

When <TAORDE> = 0, the same value is written to the timer register and the register buffer.
When <TAORDE> = 1, data is wfjtten only/to the register-buffer,

(4)

©)

The addresses of the-individual timer registers are as follows:
TAOREG; OxFFFF_F102H TALREG: OXFFFF_F103H
TA2REG; OXFFFF_F10AH - TA3REG/OxFFFF_F10BH

Eachregister iS:a write-only registerand cannet be read.

Comparator (CP0)

This cireuit.compares the-up-counter value with the timer register value. When the values match,
it clears the up-counter to 0 and at.the same time generates an INTTAO or INTTAL interrupt. Also, if
timer flip-flop inversion is enabled;.it inverts the timer flip-flop value.

Timer flip-flop (TALFF)

The timer. flipflop~TALFF is designed to be inverted by a match detection signal from the
comparatar:Inversion can/be disabled or enabled by setting TALIFFCR<TAFFLIE>.

TALFF is cleared.to O by a reset. The TALFF value can be set to 1 or 0 by writing 01 or 10 to
TA1FFCR<TAFF1C1: TAFFCRO>. Also, the TALFF value can be inverted by writing 00 to these
bits (this is known as a soft inversion).

The TALFF value can be forwarded to the timer flip-flop output pin, TALOUT (shared with PAG).
When timer output is needed, this pin must be set for that purpose by using the port A registers PACR
and PAFC.
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3.9.3  Register description
TMRAOL1 run register

7 6 5 4 3 2 1 0
TAO1RUN Bit symbol TAORDE — —_ — I2TAO1 | TAOIPRUN [ TAIRUN | TAORUN
(OXFFFF_F100) | Read/write RIW — — — RIW
After reset 0 — — — 0 0 0 0
Double IDLE Timer Run/Stop Control
Function Buff?r 0: Idle 0: Stop and cleared
0: Disable 1: Operate | 1: Count
1: Enable

!

This bit controls the TAOREG double-buffer.

0 Disable
1 Enable

12TA01: Operation in IDLE mode
TAOIRRUN: Operation of’the prescaler
TAL1RUN: Operatioh of timer 1
TFAORUN: Operation of timer0

Note: TAO1RUN bits 4, 5 and 6 are undefined whenread.

TMRAZ23 run-register

7 6 5 4 3 2 1 0
TA23RUN Bit symbol TA2RDE — = — 12TA23 TA23PRUN [ TA3RUN | TA2RUN
(OXFFFF_F108) | Read/Write R/W — — — RIW
After reset 0 — — — 0 0 0 0
Double IDLE Timer Run/Stop Control
Function Buff?r 0: Idle 0: Stop and cleared
0: Disable 1: Operate | 1: Count
1: Enable
This bi controls the TA2REG double-buffer:
0 Disable
¥ Enable

12TA23: Operation in IDLE mode
TA23PRUN: Operation of the prescaler
TA3RUN: Operation of timer 3
TA2RUN: Operation of timer 2

Note:r~ TA23RUN)bits 4, 5 and 6 are undefined when read.

Figure 3.9.3 TMRA Registers
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TMRAA45 run register
7 5 4 3 2 1 0
TA45RUN Bit symbol TA4RDE — — 12TA45 |TA45PRUN| TA5RUN | TA4RUN
(OXFFFF_F110 | Read/Write RIW — — RIW
After reset 0 — — 0 0 0 0
Double IDLE Timér Run/Stop Control
. Buffer 0: Idle 0: Stop and-cleared
Function )
0: Disable 1: Operate [1: Count
1: Enable
This bit controls the TAAREG double-buffer.
0 Disable
1 Enable
12TA45: Operation in IDLE mode
TA45PRUN: Operation of the prescaler
TA5RUN: Operation of timer 5
TA4RUN: Operation oftimer4
Note: TA45RUN bits 4, 5 and 6 are undefined when read.
TMRAG7aun register
7 5 4 3 2 1 0
TAG67RUN Bit symbol TA6RDE = — 12TA67 \ JTA6YTRRUN| TA7TRUN | TA6RUN
(OXFFFF_F118) |Read/Write RIW = — RIW
After reset 0 — — 0 0 0 0
Double IBLE Timer Run/Stop Control
. Buffer O:>ldle 0: Stop and cleared
Function )
0: Disable 1: Operate |1: Count
1: Enable
This bit controls-.the-FTA6REG double-buffer:
0 Disaple
1 Enable
I2TA67: Operation in IDLE mode
TA67PRUN: Operation of the prescaler
TA7RUN: Operation of timer 7
TA6RUN: Operation of timer 6

Note:

TA67RUN-bits 4,5 and 6 are undefined when read.

Figure 3.9.4 TMRA Registers
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TMRAS89 run register
7 5 4 3 2 1 0
TA89RUN Bit symbol TA8SRDE — — 12TA89 |[TA89PRUN| TA9RUN | TASRUN
(OXFFFF_F120 | Read/Write RIW — — RIW
After reset 0 — — 0 0 0 0
Double IDLE Timer Run/Stop Control
) Buffer 0: Idle 0: Stop and cleared
Function .
0: Disable 1: Operate |1: Count
1: Enable
This bit controls the TABREG double-buffer.
0 Disable
1 Enable
12TA89: Operation in IDLE mode
TA89PRUN:—Operation of the prescaler
TA9RUN: Operation of timéer-9
TA8RUN: Operation of timer 8
Note: TA89RUN bits 4, 5 and 6 are undefined when read
TMRAAB run register
7 5 4 3 2 1 0
TAABRUN Bit symbol TAARDE — — I2TAAB~ [TAABRRUN| TABRUN | TAARUN
(OXFFFF_F128) | Read/Write RIW L — RIW
After reset 0 — — 0 0 0 0
Double IDLE Timer Run/Stop Control
. Buffer Q: Idle 0: Stop and cleared
Function .
0: Disable 1: Operate’ | 1: Count
1: Enable
This bit controls.the TAAREG double-buffer:
0 Disable
1 Enable
12TAAB: Operation in IDLE mode
TAABPRUN: Operation of the prescaler
TABRUN: Operation of timer B
TAARUN: Operation of timer A

Note:

TAABRUN bits 4, 5 and 6 are undefined when read.

Figure 3.9.5 TMRA Registers
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TOSHIBA
TMRAO1 mode register
7 6 5 4 3 2 1 0
TA01IMOD Bit symbol TA01IM1 TAO1MO PWMO1 PWMO0O | TAL1CLK1 | TA1CLKO | TAOCLK1 | TAOCLKO
(OXFFFF_F104) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRAL source clock TMRAO source clock
00: 8-bit timer 00: Reserved 00: TAOTRG 00: TAOIN pin input
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10:§T4
11: 8-bit PWM 11: 2%1 11: $T256 11: $T16

]

|—> TMRAO input clock

00/ | External input (TAOIN pif-input)
01\ [ ¢T1™ (prescaler)
10 |\¢T4  (prescaler)
115 \( $T16 (prescaler)

——=—>TMRAL input clock

TAO1IMOD<TA01M1:0>=01

TMRAO overflow output

TAO1IMOD<TA0IM1:0>£01
00 | TMRAO match-detection
01 |[¢T1
10 | ¢TA6
11— $T256

[ 16-bit timer ]
mode

L /¥ Selects cycle in 8-bit PWM mode

00~_| Regerved

01 . (2°4) x clock source
10 | (2'-1) x clock source
11 | (2°-1) x clock source

Selects operating mode for TMRAO1

00 [ 8-bittimer x 2

01 | 16-bit timer

10 [ 8-bit programmable square wave
output

11 | 8-bit PWM (TMRADO),

8-bit timer (TMRA1)

Figure 3.9.6 TMRA Registers
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TMRA23 mode register
7 6 5 4 3 2 1 0
TA23MOD Bit symbol TAO1M1 TAO01IMO PWMO1 PWMOO | TAL1CLK1 | TA1CLKO | TAOCLK1 | TAOCLKO
(OXFFFF_F10C) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRA3 source clock TMRA2 source clock
00: 8-bit timer 00: Reserved 00: TA2TRG 00: TA2IN pin input
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10: $T4
11: 8-bit PWM 11: 2° 11: $T256 11: ¢T16

]

|—> TMRA2 input-clock

00/ [ External input (TA2IN pih-input)
01\ [ ¢T1™ (prescaler)
10 |\¢T4  (prescaler)
115 \( $T16 (prescaler)

———> TMRA3 input clock

TA23MOD<TA23M1:05201

TA23MOD<TA23M1:0>=01

TMRA2 overflow output

00 | TMRA2 match-detection
01 |[¢T1

10 | ¢TA6

11— $T256

[ 16-bit timer ]
mode

— > Selects cycle in 8-bit PWM mode

00 Reserved

01 . (2°4) x clock source

10 | (2'-1) x clock source

11 | (2°-1) x clock source

Selects operating mode for TMRA23

00 | 8-bit timer x 2

01 16-bit timer

output

10 [ 8-bit programmable square wave

11 | 8-bit PWM (TMRA2),
8-bit timer (TMRA3)

Figure 3.9.7 TMRA Registers
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TMRAA45 mode register
7 6 5 4 3 2 1 0
TA45MOD Bit symbol TA45M1 TA45MO0 PWM41 PWM40 | TAS5CLK1 | TASCLKO | TA4CLK1 | TA4CLKO
(OXFFFF_F114) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRAGS source clock TMRA4 source clock
00: 8-bit timer 00: Reserved 00: TAATRG 00: TA4IN
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10: $T4
11: 8-bit PWM 11: 2%1 11: $T256 11: ¢T16
|—> TMRA4 input clock
00, TA4IN
01\ | ¢T2/ (prescaler)
10 ~{$T4 (prescaler)
11{\| ¢T16 (prescaler)
———>TMRAGS input clock
TA45MOD<TA45M1:02201 | TA45MOD<TA45M1:0>=01
00 |TMRA4 mateh-detection | TMRA4 overflow output
01 |[¢T1
10 |¢TL6 [ 16-bit timer ]
147256 mode

—— > Selects cycle in 8-bit PWM mode

Q0

Reserved

01

(2°4) x clock source

10

(2-1) x clock source

11

(2%-1) x clock source

Selects operating mode for TMRA45

00 | 8-bittimer x 2

01 | 16-bit timer

10 | 8-bit programmable square wave
output

11 | 8-bit PWM (TMRAA4),

8-bit timer (TMRADS)

Figure 3.9.8 TMRA Registers
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TMRAG67 mode register
7 6 5 4 3 2 1 0
TA67MOD Bit symbol TA67M1 TAG67MO PWM61 PWM60 | TA7CLK1 | TA7CLKO | TA6CLK1 | TA6CLKO
(OXFFFF_F11C) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRA7 source clock TMRAG source clock
00: 8-bit timer 00: Reserved 00: TA6TRG 00: TA6IN
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10:§T4
11: 8-bit PWM 11: 2%1 11: $T256 11: $T16
N
|—> TMRAG ‘input clock
00 ,{.TA6IN
01\ | ¢T2/ (prescaler)
10 ~{$T4 (prescaler)
11{\| ¢T16 (prescaler)
———>TMRA7 input clock
TA67MOD<TA67M1:0>201 | TA67TMOD<TA67M1:0>=01
00 | TMRA6 matehdetection | TMRA6 overflow output
01 |¢T1
10 |¢TAG [ 16-bit timer ]
11| $T256 mode
—— > Selects cycle in 8-bit PWM mode
00~_| Regerved
01 . (2°4) x clock source
10 | (2'-1) x clock source
11 | (2°-1) x clock source

Selects operating mode for TMRAG7

00 [ 8-bittimer x 2

01 | 16-bit timer

10 [ 8-bit programmable square wave
output

11 | 8-bit PWM (TMRAB),

8-bit timer (TMRA7)

Figure 3.9.9 TMRA Registers
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TMRAS89 mode register
7 6 5 4 3 2 1 0
TA89MOD Bit symbol TA89M1 TA89MO PWM81 PWM80 | TA9CLK1 | TA9CLKO | TABCLK1 | TA8CLKO
(OXFFFF_F124) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRAQ source clock TMRABS source clock
00: 8-bit timer 00: Reserved 00: TA8TRG 00: TA8IN
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10:§T4
11: 8-bit PWM 11: 2%1 11: $T256 11: $T16

N

|—> TMRABS input clock

00, {TA8IN

01\ | ¢T2/ (prescaler)
10 ~{$T4 (prescaler)
11{\| ¢T16 (prescaler)

———>TMRAO9 input clock

TA89MOD<TAB9IMI:0>%01 TA89MOD<TA89M1:0>=01

00 | TMRAS8 match detection | TMRAS overflow output

01 |¢T1 N

10 |oTie [ 16-bit timer ]
mode

11 HT256.

——>/ Selects cycle in 8-bit PWM mode

00| Regerved

01 2°4) x clock source
10 | (2’-1) x clock source
11 | (2%1) x clock source

Selects operating mode for TMRA89

00 8-bit timer x 2
01 16-bit timer

10 | 8-bit programmable square wave
output

11 | 8-bit PWM (TMRAS),

8-bit timer (TMRA9)

Figure 3.9.10 TMRA Registers
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TMRAAB mode register
7 6 5 4 3 2 1 0
TAABMOD Bit symbol TAABM1 | TAABMO PWMA1 PWMAO | TABCLK1 [ TABCLKO | TAACLK1 | TAACLKO
(OXFFFF_F12C) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Operating mode PWM cycle TMRAB source clock | TMRAA source clock
00: 8-bit timer 00: Reserved 00: TAATRG 00: TAAIN
Function 01: 16-bit timer 01: 2%1 01: ¢T1 01:¢T1
10: 8-bit PPG 10:2-1 10: $T16 10:§T4
11: 8-bit PWM 11: 2%1 11: $T256 11: $T16

S

|—> TMRAA‘nput clock

00 —{TAAIN

01\ | ¢T2/ (prescaler)
10 ~{$T4 (prescaler)
11{\| ¢T16 (prescaler)

L——— TMRAB input clock

TAABMOD<TAABM1:0>=01

TAABMOD<TAABM1:0>201
00 TMRAA mateh-detection
01 |¢T1
10 | ¢T16
11| $T256

TMRAA overflow output

[ 16-bit timer ]
mode

L 45/Selects cycle in 8-bit PWM mode

00

Reserved

01

(2°%-1) x clock source

10

(2"-1) x clock source

11

(2%-1) x clock source

Selects operating mode for TMRAAB

00 | 8-bittimer x 2

01 | 16-bit timer

10 | 8-bit programmable square wave
output

11 | 8-bit PWM (TMRAA),

8-bit timer (TMRAB)

Figure 3.9.11 TMRA Registers
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TMRAL flip-flop control register
6 5 4 3 2 1 0
TA1FFCR Bit symbol — — — TAFF1C1 | TAFF1CO | TAFFlIE | TAFF1IS
(OXFFFF_F105) | Read/Write — — — RIW
After reset — — — 1 | 1 0 0
00: Invert TALFRvalue |Controls Selects
(soft inversion). TA1FF TALFF
01: Set TALFF to 1/ inversion. |qvers||on
. 0: Disable |Signal.
Function 12 gf:tr Z:iFF 0, inversion. [ 0: TMRAO
' (Fhese bite afe 1:Enable |1: TMRA1
always. 11\when inversion.
read:)

Selects the signal which inverts timer
flip-flop 1 (TALEF).
(Don't care(unlessin 8-bit timer mode)

0 Inverted by TMRAO

1 Inverted by TMRAL

Note: TAL1FFCR bits 4, 5, 6 and 7 are undefined-when-read.

TMRA3{lip-flop-control register

TA3FFCR

(OXFFFF_F10D)

6 5 4 3 2 1 0
Bit symbol — -+ — TAFF3CY | TAFF3CO | TAFF3IE | TAFF3IS
Read/Write — — — R/W
After reset — — — 1 | 1 0 0
QO0: Invert TA3FF value |Controls Selects
(soft inversion). TA3FF TA3FF
01: Set TA3FF to 1. inversion. [inversion
! 10: Clear TA3FF to 0. |0:Disable [signal.
Function 11: Don't care inversion.|0: TMRA2
(These bits are 1:Enable 1: TMRA3
always 11 when inversion.
read.)

Selects the signal which inverts timer
flip-flop 3 (TA3FF).
(Don't care unless in 8-bit timer mode)

0 Inverted by TMRA2

1 Inverted by TMRA3

Note: TA3FFCR bits 4, 5, 6 and 7 are undefined when read.

Figure 3.9.12 TMRA Registers
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TMRADS flip-flop control register

7 6 5 4 3 2 1 0
TASFFCR Bit symbol — — — — TAFF5C1 | TAFF5C0 | TAFFSIE | TAFF5IS
(OXFFFF_F115) | Read/Write — — — — RIW
After reset — — — — 1 | 1 0 0
00: Invert TASFF«alue [Controls Selects
(soft inversion). TA5FF TASFF
01: Set TASFF to 1/ inversion. |inversion

10: Clear TASFF t0'0>. |0:Djsable |signal.

Function inversion.|0: TMRA4

11:Don’t care

(These bits/are 1:Enable [1: TMRA5
always 11\when inversion.
read.)

Selects the signal'which inverts timer

flip-flop 5 (TASFF):.

(Don't care/untess, in 8=bit timer mode)
0 Inverted’by TMRA4
1 tnverted by TMRAS

Note: TASFFCR bits 4, 5, 6 and 7 are undefined when read.

TMRA{lip-flop-control register

7 6 5 4 3 2 1 0
TA7FFCR Bit symbol — — —+ — TAFFICY | TAFF7CO | TAFF7IE | TAFF7IS
(OXFFFF_F11D) | Read/Write — _— - — RIW
After reset — — — — 1 | 1 0 0
Q0: Invert TA7FF value [Controls Selects
(soft inversion). TATFF TA7TFF
01:Set TA7FF to 1. inversion. inversion
Lo:Clear TATEF 00, |0 | as
(These bits are 1:Enable |1: TMRA7
always 11 when inversion.

read.)

Selects the signal which inverts timer
flip-flop 7 (TA7FF).
(Don't care unless in 8-bit timer mode)

0 Inverted by TMRAG6
1 Inverted by TMRA7

Note: TA7FFCR bits 4, 5, 6 and 7 are undefined when read.

Figure 3.9.13 TMRA Registers
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TMRAO flip-flop control register

7 6 5 4 3 2 1 0
TA9FFCR Bit symbol — — — — TAFF9C1 | TAFF9CO | TAFFOIE | TAFF9IS
(OXFFFF_F125) | Read/Write — — — — RIW
After reset — — — — 1 | 1 0 0
00: Invert TA9FF«alue [Controls Selects
(soft inversion). TA9SFF TA9FF
01: Set TA9FF to 1/ inversion. |inversion

10: Clear TA9FF t0'0\ |0:Djsable |signal.

Function inversion.|0: TMRAS

11:Don’t care

(These bits/are 1:Enable [1: TMRA9
always 11\when inversion.
read.)

Selects the signalwhich inverts timer

flip-flop 9 (TA9FF).

(Don't care unless in 8-bittimer mode)
0 Inverted by TMRA8
1 Inverted byl TMRA9

Note: TA9FFCR bits 4, 5, 6 and 7 are undefined when read.

TMRAB flip-flop-control register

7 6 5 4 3 2 1 0
TABFFCR Bit symbol — — — — TAFFBCL1 | TAFFBCO | TAFFBIE | TAFFBIS
(OXFFFF_F12D) | Read/Write — — + — RIW
After reset — — — — 1 | 1 0 0
00: Invert TABFF value [Controls Selects
(soft inversion). TABFF TABFF
01:Set TABFF to 1. inversion. |inversion

10:Clear TABFF to 0. |O:Disable |signal.

Function 11: Don't care inversion.|0: TMRAA
(These bits are 1:Enable |1: TMRAB
always 11 when Inversion.
read.)

Selects the signal which inverts timer
flip-flop B (TABFF).
(Don't care unless in 8-bit timer mode)

0 Inverted by TMRAA
1 Inverted by TMRAB

Note: TABFFCR bits 4, 5, 6 and 7 are undefined when read.

Figure 3.9.14 TMRA Registers
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3.9.4  Functional description for each mode

(1) 8-bit timer mode

TMRAO and TMRA1 can be used as 8-bit interval timers independently of each other. You must
stop TMRAOQ and TMRAL before attempting to set their functions or count data.

a. Generating interrupts periodically

The following description uses TMRAL as an example. To generate a TRAM1 interrupt, INTTAL,
at certain intervals, first stop timer 1 and set the operating mode, input_clock and cycle in the
TAO01MOD and TAL1REG registers. Next, enable the INTTAL interfupt and start timer 1.

Example: To generate INTTA1L interrupts every 20 us with-fc-= 32 MHz, set the registers in
the following sequence:

*Clock conditions System clock: High-speed (fc)
Prescaler clock: fperiph/4 (fperiph = fsys)
MSB LSB
- 7 6 5 4 3 2 1 0
TAO1RUN <« X X 0o - Stop. TMRA1 and clear it to 0.
TAO1MOD «< 0 0 X X 1 0 X X Select 8-bit timer mode and-set input clock to ¢T1
(0225 ps resolution, fe¢ =32"MHz).
TA1REG <~ 0 1 0 1 0 0 0,0 Write 20 ps/¢pT1=80(50H)-to TALIREG.
IMC5LH «~ X X 1 1 0 1 0f1 Enable INTTA1 and/set interrupt level = 5 and rising edge
detection:
| TAOIRUN «~ - X X X - 1 - StaryTMRAL.
Note: X = Don't care; “—" Z Nochange

For a description of input'clock selection, refer to Table 3.9.3.

Note: The input clocks for TMRAO and TMRAZ-differ as shown below.
TMRAQ; TAOIN-pin input, ¢T1, 6T4 oripT16
TMRAL/TMRAO match deteection signal, $T1, ¢T16 or ¢T256
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b. Outputting a 50% duty cycle square wave

Invert the value of timer flip-flop TALFF at certain intervals and forward the inverted value to the
timer flip-flop output pin, TALOUT.

Example: To output a 1.5-us cycle square wave with fc = 32 MHz on the TAL1OUT pin, set
each register in the following sequence. In this example TMRAL is used to show
how to set the registers, although either TMRAO or TMRAL may be used.

*Clock conditions System clock: High-speed (fc)
High-speed clock gear: x 1 (fc)
Prescaler clock: fperiph/4/ (fperiph = fsys)

[ TAOLRUN <« X X X - - 0 - Stop TMRAL and.cleay it to 0.
TAO1MOD “« 0O X X 0 1 - - Select 8-bit-timer mode and set inputcloek to ¢T1 (0.25 ps
resolution, fc =32 MHz).
TALREG « 0 0 0 O 0 1 1 Write (1.54is/¢T1)/2 = 3 to TALREG:
TA1FFCR «~ X X X X 1 0 1 1 Clear TALFF to 0 and set it to'be-cleared-by match
detection signal from{TMRAL\
P7CR “« - - - - - -1 - _
SetPA6 to TATOUT output pin:
P7FC - - - - - - -1 -
L TAO1IRUN «~ - X X X - 1 1 - Start TMRAL.
Note: X = Don't care; “—" = No change

Mo N Y S N N 7 s Sy s e 1 I A e I

TAO1RUN
<TA1RUN>

BIT7 ~ 2 e

Up-count BIT1
er

BITO 0

Comparator timing

Comparator output
(match detection)

INTTAL

Up-counter clear

TAYFF +

M
I
I
|
I [
—

TAIOUT.

0.75 us @fc =32 MHz

Figuré 3,9.15_Square Wave Output Timing (50% Duty Cycle)

c. Using a match signal, from TMRAO to make TMRAL count
Select 8-bit timer mode and set the TMRAL input clock to the TMRAO comparator output.

Comparator TMRAO
match output n I-I

TMRAO up-counter
(when TAOREG =5) 1 X2 X3 XAXBEXLX2XBXAXEXLX2X3)

TMRAZ1 up-counter
(when TALREG =2) L X 2 X L
TMRAL match output 1

Figure 3.9.16 TMRA1 Counting Based on TMRAO
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(2) 16-bit timer mode

TMRAO and TMRAL1 can be used together as a 16-bit interval timer. To select 16-bit timer mode,
set TAOLMOD<TA01M1:TAO1MO> to 01.

In 16-bit timer mode, the TMRAZ input clock is derived from the TMRAO overflow output
regardless of the TAOLMOD<TA1CLK1:TA1CLKO> settings. For a.description of TMRA1 input
clock selection, refer to Table 3.9.3.

Set the timer interrupt cycle in the timer registers TAOREG and TAIREG by writing the eight
low-order bits to TAOREG and the eight high-order bits to TAIREG. Always set TAOREG first. This
is because compare operation is temporarily disabled when-data-is written to TAOREG; it is
re-enabled when data is subsequently written to TAIREG.

Example: To generate INTTAL interrupts every 0.2 secand with fc = 32 MHz;-set the values
shown below in the timer registers TAOREG and TA1REG.

*Clock conditions System clock: High-speed (fc)
High-speed clock gear.  x 1 (fc)
Prescaler cloek: fperiph/4 (fpéeriph =fsys)

With ¢T16 (= 4.0 us at 32 MHz) used as-the input clock,
0.2 /4.0 us = 50000 = C350H
Therefore, TAIREG must be.set to 03H and TAOREG te 50H.

A TMRAO comparator output Jis generated each time.the up-counter UCO and timer register
TAOREG match (the up-gounterUCO is not cleared). In this case INTTAO is not generated.

The TMRAL eomparator outputs a match. detection signal at each comparator timing when the
up-counter UC1(gnd timer register TAIREG-match. If the comparators in both TMRAO and TMRA1
output amatch detectioh signal at the’same’time, the up-counters UCO and UC1 will be cleared to O
and an INTTAL-interrupt is ‘generated./Also/ if inversion is enabled, the value of timer flip-flop
TA1FFwill be inverted.

Example: TALIREG = 04H and-TAOREG = 80H

Up-counter values 0000H 0080H 0180H 0280H 0380H 0480H
(UC1 and UCO)
Match detection signatfrom

TMRAOQ.compdrator JI JI " JI

InterruptINTTAL

Timer output TATQUT Invert

Figure 3.9.17 Timer Output in 16-Bit Timer Mode
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(3) 8-bit PPG (programmable square wave) output mode
A square wave of any frequency with any duty cycle can be output using TMRAO. Either
Low-active or High-active output pulses can be selected.

TMRAL cannot be used in this mode. The square wave is forwarded to TAIOUT (shared with

PAG).
tH L

TAOREG and up-counter 0
match (generating INTTAO) )H

TA1REG and up-counter 0 / /
match (generating INTTAL) )H \ )ﬂ

TA1OUT \

TAOREG
TALREG

Figure 3.9.18 8-Bit PPG QutputWaveform

This mode is used to output a programmable square wave by invertingthe timer output every time
the 8-bit up-counter UCO matches the timer, registers TAOREG/and\ TA1REG.

However, the condition (TAOREG set value)/<{(TA1REG set value) must be satisfied. Although
the up-counter UC1 of TMRAT cannot be used in this mode, TAOLRUN<TA1RUN> must be set to 1
to enable TMRAL counting.

Figure 3.9.19 shows-a blogk diagram of 8-bit PPG output mode.

TA1OUT
Selector TAO1RUN<TAORUN> T
N : | TALFF
gi 8hit up-Colinter fe—— <«— TALFFCR<TAFF1IE>
OT16—> (UC 0}
T T F ? Invert
TAOlMOD<TAOCLK1:0>l INTTAO
A4
| Com{p;rator | Com/pirator I INTTAL

LSeIector

TAOREG-WR —>|

TAOREG

Shift-trigger

Registerbuﬁer| | TALREG |

0
TAO1RUN<TAORDE> ﬁ ﬁ

Internal data bus

Figure 3.9.19 8-Bit PPG Output Mode Block Diagram
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If TAOREG has its double-buffer enabled in this mode, the value in the register buffer is shifted
into TAOREG when TAL1REG and UCO match.

If it is necessary to change the duty cycle, using the double-buffer facilitates satisfying the
requirements for small duty cycle waveforms.

TAOREG and up-

counter 0 match ﬂ "
TALREG and up- (Up-counter = Q1) (Up-counter = Qp)

counter 0 match 7

Shift to’reqgister buffer
TAOREG o Y o,
(compare value)
1r
Register buffer Q2 X Q3
A\Write to TAOREG

(register buffer)
Figure 3.9.20 Register Buffer Operation

Example: To output a 1/4 duty cycle 50-kHz pulse (fc = 32 MHz)

[

20 us
*Clock conditions System clock: High-speed (fc)
High-speed clockggar:  x-1 (fc)
Presgaler clock: fperiph/4 (fperiph = fsys)

Calculate the values to be setin’ the timer registers as follows:

To obtain a frequency of\60 kHz, generate a waveform with a period t = 1/50 kHz = 20 us. When
¢T1 =0.25 pus (at fc =32-MHz),

20 11s/0.25 145 =/80

Therefore, TATREG must be set t0.80.(= 50H).
Next,-to-abtain a 1/4 duty-cycle, using the formula t x 1/4 =20 us x 1/4 =5 ps,
5 ns/0.25 s = 20

Theréfore, TAOREG must be set to 20 (= 14H).

- 7 6 5 4.32 1 O
TAOQIRUN «~ 0> X (X X\N% 0 0 O Stop TMRAO and TMRAL and clear them to 0.
TAO1IMOD « I 0 X X/X X 0 1 Select 8-bit PPG mode and set input clock to ¢T1.
TAOREG «~ 0,000 1 0 1 0 O Write 14H.
TAL1REG «<~ 0 1031 0 0 0 O Write 50H.
TAL1FFCR « X X X X 0 1 1 X Set TALFF and enable inversion.
Lr‘—) If these bits are set to 10, Low-active output waveform will
be obtained.
P7CR - - - - - - -1 - } _
Set PA6 to TALOUT output pin.
P7FC “«— - - - - 1 -
| TAOIRUN “— X - 1 1 1 Start TMRAO and TMRAL.
Note: X = Don't care; “—" = No change
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(4) 8-bit PWM output mode

This mode, only available for TMRAO, can output PWM pulses with up to 8-bit resolution. PWM
output is forwarded to the TALOUT pin (shared with PAG).

In this mode TMRAL can be used as an 8-bit timer.

Timer output is inverted when the up-counter UCO and the value set in the timer register TAOREG
match. It is also inverted when a 2"-1 counter overflow occurs (n '=_6,/7 or 8 as specified in
TA01IMOD<PWMO01:PWMO00>). The up-counter UCO is cleared to, 0’upon the occurrence of a 2"-1
counter overflow.

Before PWM mode can be used, the following conditions.must bé satisfied:

(TAOREG set value) < (2"-1 counter overflow set yalue)

(TAOREG set value) = 0

TAOREG and

up-counter 0 match
2"-1 overflow ( (
(INTTAO interrupt) \ (/ﬂ \ ()ﬂ
TA1OUT ) U o '
/ (PWM cycle)
Figure 3.9.21-8-Bit PWM Output.Waveform
Figure 3.9.22 shows-a’bleck diagram of 8-bit\PWM output mode.
TADTRUN <TAORUN> TAl;DUT
0Tl — 8-bit up-counter TALFFCR
oT4 —| Selectdr (Ue.0) Clear TALFF <TAFF1IE>
$T16
T T Invert
2“-1 overflow TAO1IMOD
TAOLMOD <TAOCLKL : 0> =" contol ¢<PWM01 s
Overflow

Comparator

, | . INTTAO
L | TAOREG |

Selegtor Shift trigger

TAOREG-WR — -
| Register buffer |

TAO1RUN<TAORDE>
§ 3

Internal data bus

Figure 3.9.22 8-Bit PWM Output Mode Block Diagram
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If TAOREG has its double-buffer enabled in this mode, the value in the register buffer is shifted
into TAOREG upon the detection of a 2"-1 overflow. Using the double-buffer facilitates satisfying the
requirements for small duty cycle waveforms.

TAOREG and

up-counter 0 match n n
Up-counter = Q1 Up-counter = Q2
2"-1 overflow Pl
TAOREG (N Shift to TAOREG
(compare value) Q1 § Q2
Register buffer Qo X Q3

& Writeto TAOREG
(register buffer)

Figure 3.9.23 Register Buffer Operation

Example: To output the following PWM waveform en the TA1IOUT pin.using TMRAO when
fc = 32 MHz

J N I R

18 us I
31.75 ps
*Clock conditions System clock: High-speed (fc)
High-speed clock gear: —x I\(fc)
Prescaler clock: fperiph/4 (fperiph = fsys)

To achieve a PWM cycle 0f 32,75 ps with ¢T1 = 0.25ps (at fc = 32 MHz), the following equation
must be satisfied:

31.75 ps/0.25 ps =127 = 2"-1

Therefore, n\must be/set to 7.

Since the Low-level period(is-18 ps'and ¢TL = 0.25 ps,
18 [1s/025 us = 72 = 48H

Therefore; TAOREG must be set to48H.

MSB LSB
7 6 5 413 2 1 0
[TAG1RUN « - X X XA_- -0 Stops TMRAGO and clear it to 0.
TAQIMOD “«— 1 A -0 -~ 1 Select 8-bit PWM mode (cycle = 27-1) and set input clock to
oT1.
TAQREG «~ 6.1/ 0.0 1 0 0 O Write 48H.
TA1FFCR « XXX X 1 0 1 X Clear TALFF and enable inversion.
P7CR « - - - - - - 1 - } .
Set PA6 to TALIOUT output pin.
P7FC « - - - -1 -
| TAOIRUN « X - -1 Start TMRAO.
Note: X = Don't care; “—" = No change
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Table 3.9.4 PWM Periods
@fc =32 MHz
Peripheral Clock Gear Selected PWM Period
Cloc_k Value Prescaler 26 _1 27 _1 2% _1
Selection <GEAR1:0> Clock
<FPSEL> <PRCK1:0> | ¢T1 | ¢T4 | ¢T16 | ¢T1 | ¢T4 | oT16 [ ¢T1 | ¢T4 | ¢T16
00 (fperiph/4) | 15.8 us | 63 us | 252 us | 31.8 us | 127 us | 508 us | 63.8 us | 255 us | 1020 us
00 (fc) 01 (fperiph/2) | 7.9 us | 31.5 us | 126 ps | 15.9 ps | 63.5 ps | 254 us-] 31.9 us [127.5 us| 510 ps
10 (fperiph) — 158 us | 63 us — 31.8 us | 127'\us - 63.8 us | 255 us
00 (fperiph/4) | 31.5 us | 126 us | 504 ps | 63.5 pus | 254 pus {1616 ns§127.5 us| 510 pus | 2040 us
01 (fc/2) 01 (fperiph/2) | 15.8 us | 63 us | 252 ps | 31.8 ps/{. 127 us(|/508us | 63.8 us | 255 us (1020 ps
0 (fgean) 10 (fperiph) — 31.5pus | 126 ps — 63.5.us\| 254'us — |127.5 ps| 510 ps
00 (fperiph/4) | 63 ps | 252 ps | 1008 ps| 127 ps |/508 s 2032 us| 255 ps [ 1020 us | 4080 ps
10 (fc/4) 01 (fperiph/2) | 31.5 us | 126 us | 504 us | 63.5 us | 254 us )| 1016 ps|127.5 us| 510 us [2040 us
10 (fperiph) — 63 us | 252 ps —# 127 ps”| 508 us — 255 ps | 1020 ps
00 (fperiph/4) | 126 pus | 504 ps 2016 ps| 254'us [1016/us | 4064 ps| 520\us 2040 ps | 8160 us
11 (fc/8) 01 (fperiph/2) | 63 us | 252 pus (1008 ps | -127 ps. [~508 ps | 2032 ps |/ 255-us-] 1020 ps [ 4080 ps
10 (fperiph) — 126 ps | 504 ps A 254 pus | 1016 ps S— 510 ps | 2040 ps
00 (fperiph/4) | 15.8 us | 63 us | 252 us| 31.80s | 127 us [M508 pus | 638us| 255 us | 1020 us
00 (fc) 01 (fperiph/2) | 7.9 us | 31.5 us | 126 ps |15.9 ps | 63.5 ps | 254us| 31:9\us’{127.5 us| 510 ps
10 (fperiph) — 15.8 us/ 63 us — 31.8 us /[ 427 us — 63.8 us | 255 us
00 (fperiph/4) | 15.8 us | 63 pus._[\252 ps. } 31.8 us | 127 us . 508 us | 63.8 us | 255 pus | 1020 us
01 (fc/2) 01 (fperiph/2) — 315 us | 126'us — 635 us, 254-ps — |127.5 ps| 510 ps
1 (fo) 10 (fperiph) — 15.8 us 63 us — 31.8 ug’| 127 ps — 63.8 us | 255 ps
00 (fperiph/4) — 63 us~| 252 us — 127-us | 508 ps — 255 us | 1020 ps
10 (fc/4) 01 (fperiph/2) — [S8t5us|126us|/ — |635us|254pus| — |127.5us| 510 us
10 (fperiph) e — 63 us = +— 127 us — — 255 us
00 (fperiph/4) — 68 us | 252 pus — 127 ps | 508 ps — 255 ps | 1020 ps
11 (fc/8) 01 (fperiph/2) — — 126 ps — — 254 pus — — 510 ps
10 (fperiph) = — 63 us — — 127 ps — — 255 us

Note 1: The prescaler’s—output €lock ¢Tn must be-selected
satisfied (i.€.{/ ¢Tnmust be slower than fsys/2).

Note 3: The — character means “Don’t use”.

Note 2: Do not change-the clock gear value while the timer is running.

such that the relationship ¢Tn < fsys/2 is
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(5) Summary of operating mode settings

Table 3.9.5 summarizes the settings for TMRAOL for each mode.

Table 3.9.5 Register Settings for Each Timer Mode

Register Name TA01MOD TAL1FFCR
Register Field Name | <TAO1M1 : 0> [<PWMO1 : 00>|<TA1CLK1 : 0>|<TAOCLK1 70> TAFF1IS
High-order . Timer F/F
. i . . : Lowsorder timer]. . .
Function Timer mode | PWM period timer input : inverting signal
input/clock ;
clock selection
Low-order timer External, 0: Low-order timer
8-bit timer x 2 channels 00 — match, 9T4,)¢T4, 9T16 OI..,Itput )
0T1, $T16; $T2561(00; 01, 10, 11) _|1:High-order timer
(00, 01,20, 11) autput
External,
16-bit timer mode 01 — - ¢0T1, ¢T4, ¢F16 —
(00,.01, 10, 11)
Externak;
8-bit PPG x 1 channel 10 — — ¢T1, T4, ¢T16 —
(00/0%/ 10, 11)
8-bit PWM x 1 channel 2°-1,2"- K oTL,; 016, $T256 |External;
8-bit timer x 1 channel 1 -1 (01, 10, 11) oTd, $T4,¢T16  |PWM output
(Note) (01, 10,(1%) (60, 01, 10, 11)

“—" = Don't care

Note: In 8-bit PWM generation mode, the-UC1 can be used as an 8-bjt timer. However, the match-detect
output from the UCO can not be 'used as a clock source for the' UC1, and the timer output is not
available for the UC1.
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3.10 16-Bit Timers/Event Counters (TMRBnN)

The TMP1942 contains fourteen multi-function 16-bit timer/event counter channels (TMRBO-TMRBD).
TMRBnN can operate in the following four modes:

e  16-bit interval timer mode

e 16-bit event counter mode

e  16-bit programmable square wave output (PPG) mode

e  2-phase pulse input counter mode (only for TMRB2 and TMRB3)

In addition, when used in combination with the capture function, TMRBnN can be run in the following

modes:

e Frequency measurement mode

e  Pulse width measurement mode

e  Time difference measurement mode

Each channel consists primarily of a 16-bit up-Counter, two 16-bit timer registers (orie with a double-buffer
structure), two 16-bit capture registers, two comparators;/capture input controfler, and a timer flip-flop with
accompanying control circuit. Timer operating-medes.and flip-flops are-centrolted by eleven registers.

All channels TMRBO to TMRBD opeérate independently/of each-qther. Because each channel functions the
same way except for the 2-phase pulse counterfunction and a-few other differences as shown in Tables 3.10.1
to 3.10.2, operation of the TMRBQ anly is described here, with an_explanation of the 2-phase pulse counter
function for TMRB2 and TMRB3.

Table 3.10.1 -Specification Differences\ Amang the TMRB Channels

Specification

Channel

TMRBO

TMRB1

TMRB2

TMRB3

External
pins

External clock/
capture trigger input pins.

TBOINO (Shared with PAQ)
TBOIN1 (Shared with-PAL)

TB1INO_(Shared with PA3)
TB1IN1. (Shared with PA4)

TB2INO (Shared with PBO)
TB2IN1 (Shared with PB1)

TB3INO (Shared with PB3)
TB3IN1 (Shared with PB4)

Capture trigger timer

TASOUT

TA30UT

TA30UT

TA30UT

Timer flipflop-output pin

TBOOUT (Shared with PA2)

TB1OUT (Shared with PA5)

TB20OUT (Shared with PB2)

TB3OUT (Shared with PB5)

Register
name
(address)

Timer run register

TBORUN (OXFFFF_F140)

TB1RUN (OXFFFF_F150)

TB2RUN (OXFFFF_F160)

TB3RUN (OXFFFF_F170)

Timer mode register

TBOMOD (OXFFFFE_F142)

TB1MOD (OXFFFF_F152)

TB2MOD (OXFFFF_F162)

TB3MOD (OXFFFF_F172)

Timer flip-flop control
register

TBOFFCRAOXFEFF.F143)

TB1FFCR (OXFFFF_F153)

TB2FFCR(OXFFFF_F163)

TB3FFCR (OXFFFF_F173)

Timer registers

TBORGOL\ (OXFFEF,_F148)
TBORGOM-(OXFERF_F149)
TBORG1L (OXFFFF_F14A)
TBORG1H\(0XFFFF_F14B)

TB1RGOL (OXFFFF_F158)
TB1RGOH (OXFFFF_F159)
TB1RGIL (OXFFFF_F15A)
TB1RG1H (OXFFFF_F15B)

TB2RGOL (OXFFFF_F168)
TB2RGOH (OXFFFF_F169)
TB2RGI1L (OXFFFF_F16A)
TB2RG1H (OXFFFF_F16B)

TB3RGOL (OXFFFF_F178)
TB3RGOH (OXFFFF_F179)
TB3RGI1L (OXFFFF_F17A)
TB3RG1H (OXFFFF_F17B)

Capture registers

TBOCPOL (OXFFFF_F14C)
TBOCPOH (OXFFFF_F14D)
TBOCP1L (OXFFFF_F14E)
TBOCP1H (OXFFFF_F14F)

TB1CPOL (OXFFFF_F15C)
TB1CPOH (OXFFFF_F15D)
TB1CP1L (OXFFFF_F15E)
TB1CP1H (OXFFFF_F15F)

TB2CPOL (0XFFFF_F16C)
TB2CPOH (OXFFFF_F16D)
TB2CP1L (OXFFFF_F16E)
TB2CP1H (OXFFFF_F16F)

TB3CPOL (0XFFFF_F17C)
TB3CPOH (OXFFFF_F17D)
TB3CPIL (OXFFFF_F17E)
TB3CPIH (OXFFFF_F17F)
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Table 3.10.2 Specification Differences Among the TMRB Channels
o Channel
Specification
TMRB4 TMRB5 TMRB6 TMRB7
External clock/ TB4INO (Shared with PB2) TB4INO (Shared with P95)
External | capture trigger input pins  (TB4IN1 (Shared with PB5) o O~ TB4IN1 (Shared with P96)
pins Capture trigger timer TA30UT TA30UT TA30UT TA30UT
Timer flip-flop output pin | TB4OUT (Shared with P92) [TB50UT (Shared with P93) [TB6OUT (Shared with P94).| TB7OUT (Shared with P97)
Timer run register TB4RUN (OXFFFF_F180) |TB5RUN (OXFFFF_F190) |TB6RUN (OXFFFE_F1A0)) |TB7RUN (OXFFFF_F1B0)
Timer mode register TB4MOD (OXFFFF_F182) |TB5MOD (OXFFFF_F192) |TB6MOD (OXFEEF. F1A2) |TB7MOD (OXFFFF_F1B2)
lg‘iztrefr"p'ﬂ"p control TBAFFCR (OXFFFF_F183) |TBSFFCR (OXFFFF_F193) |TBGRECR(OXEEFF/F1A3) |TB7FFCR (OXFFFF_F1B3)
_ TB4RGOL (OXFFFF_F188) |TB5RGOL (OXFFFF_F198) |TBERGOL (OXEFFF_F1A8) |TB7RGOL (OXFFFF_F1B8)
Saer?]'zter Timer registers TB4RGOH (OXFFFF_F189) |TBSRGOH (OXFFFF_F199) |TBGRGOH/(OXFFFF_F1A9) [TB7RGOH (OXFFFF_F1B9)
(address) TB4RGIL (OXFFFF_F18A) |TB5RGIL (OXFFFF_F19A){TB6RGIL (OXFFFF_F1AA) JTB7RGIL (OXFFFF_F1BA)
TB4RG1H (OXFFFF_F18B) |TB5RG1H (OXFFFF_R19B) |TB6RG1H (OXFFFF_F1AB) |TB7RGIH,(OXFFFF_F1BB)
TBA4CPOL (OXFFFF_F18C) |TB5CPOL (OXFFFE_F19C)~|TB6CPOL(OXFFFF_F1AC) | TBZCPOL (OXFFFF_F1BC)
Capture registers TBA4CPOH (OXFFFF_F18D) |TB5CPOH (OXFRFF_F19D)\| TB6CPOH(OXFFFF_F1AR)\ | TB7€POH(OXFFFF_F1BD)
TBACPIL (OXFFFF_F18E) |TB5CP1L (OXFFEF_F19E) /| TB6CP1L (OXFFFF_FIAE)/|TB7CPIL (OXFFFF_F1BE)
TBACP1H (OXFFFF_F18F) |TB5CP1H (OXFFFE_F19F) |TB6CP1H (OXFFRF-F1AF), |TB7CPIH (OXFFFF_F1BF)
Table 3.10.3 Specification Differences‘Among the TMRB Channels
. Channel
Specification
TMRBS TMRB9 TMRBA TMRBB
External clock/ TB8INO (Shared with-PE6) [ TBOINO (Shared with PD0Q) [TBAIND (Shared with PD5)
External | capture trigger input pins | TB8IN1 (Shared with PC7) ) | TB8IN1 (Shared with PD1)_[TBAIN1 (Shared with PD6) -
pins Capture trigger timer TA50UT TA50UT TA50UT TA50UT
Timer flip-flop output pin — — — —
Timer run register TB8RUN (OXFFFF-F1C0) |TB9RUN (OXFREF-EID0) |TBARUN (OXFFFF_F1EQ) |TBBRUN (OXFFFF_F1FO0)
Timer mode register TBSNMOD/(OXFEFF_F1C2) |TBOMOD (OxEEER_F1D2) |TBAMOD (OXFFFF_F1E2) |TBBMOD (OXFFFF_F1F2)
Timer flip-flop control /) o o _
register
TB8RGOLA(0XFFFF_F1C8) | TBIRGOL (OXFFFF_F1D8) |TBARGOL (OXFFFF_F1E8) |TBBRGOL (OXFFFF_F1F8)
E:r?]i:ter Timer registers TBS8RGOH (OXFFFF_F1C9) |TBI9RGOH (OXFFFF_F1D9) | TBARGOH (OXFFFF_F1E9) | TBBRGOH (OXFFFF_F1F9)
(address) TBSRGIL (OXFFFE_FCA) | TBIRGIL (OXFFFF_F1DA) |TBARGIL (OXFFFF_F1EA) |TBBRGIL (OXFFFF_F1FA)
TB8RG1H (OXFFFF_F1CB).| TB9RG1H (OXFFFF_F1DB) | TBARGIH (OXFFFF_F1EB) | TBBRG1H (OXFFFF_F1FB)
TB8CPOL (0XFFFF_F1CC) |TB9CPOL (OXFFFF_F1DC) |TBACPOL (OXFFFF_F1EC) |TBBCPOL (OXFFFF_F1FC)
Capture registers TB8CPOH (OXFFEF_F1CD) |TB9CPOH (OXFFFF_F1DD) | TBACPOH (OXFFFF_F1ED) | TBBCPOH (OXFFFF_F1FD)
TBSCPIL (OXFEFF_F1CE) |TB9CP1L (OXFFFF_FIDE) |TBACPIL (OXFFFF_F1EE) |TBBCPIL (OXFFFF_F1FE)
TB8CP1H (0XFFFE~F1CF) |TBICP1H (OXFFFF_F1DF) |TBACP1H (OXFFFF_F1EF) | TBBCPIH (OXFFFF_F1FF)
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Table 3.10.4 Specification Differences Among the TMRB Channels

L Channel
Specification
TMRBC TMRBD
External clock/
External | capture trigger input pins
pins Capture trigger timer TA50UT TA50UT
Timer flip-flop output pin
Timer run register TBCRUN (OxFFFF_F200) |[TBDRUN (OxFFFFE_F210)
Timer mode register TBCMOD (0xFFFF_F202) |TBDMOD (OxFFFF_F212)
Timer flip-flop control
register
) TBCRGOL (OXFFFF_F208) |TBDRGOL (OXEEEF _F218)
Register | A TBCRGOH (OXFFFF_F209) | TBDRGOM\(OXEFFF_F219)
name Timer registers
(address) TBCRGIL (OXFFFF_F20A) |TBDRG1L (OXFFFF_F21A)

TBCRG1H (OXFFFF_F20B)

TBDRGIH (OXFFFF_F21B)

Capture registers

TBCCPOL (OXFFFF_F20C)
TBCCPOH (OXFFFF_F20D)
TBCCP1L (OxFFFF/F20E)
TBCCP1H (OXFFFE 'F20F)

TBDCROL (OXFFFF_F21G)
TBDCPOH (OXFFFF_F24D)
TBDCP1L (OXFFFF_F21E)
TBDCP1H (OXFFFF_F21F)
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3.10.1 Block Diagrams

sng ereg/jeulay]

sng ereq [eusaiu|

0dLINI

Register 0 Interrupt Output
Over-Flow lInterrupt Output

Aﬁ

)

1dnus)ut
0ddINL

1N00d.L<
ndino
doi4 dii4
JEINR

%\\ Reqister 1 Interrupt Output

H !
1S04L 0 Jayng Jo1siboy  |je— <3qy0da.>
1315168Y/snrers NNdog.L
Jout Wg-9T Iy
JMHTOH0dL 1/HODH0dL
1318169y Jawi ] 1a1s16ay Jawi |
H_M.HH H_M.MH
(1d2) 10918/ yore\ (0d2)
Jorededuion J0reredwo)
19-9T 19-9T

199194 UeIN <0 - TX100g9L>A0N0dl
(0301 wh%
—— ] Jaunoo:dn 14,61 001D Mw_v <0 /TAdD0g L5
BIIN0D donogy
Am_|_OOm._.vn_O_H_om_._. 10193|8S e
Lw‘__w_cm_\(_.vn_ < l<Nndog1>Nnyo8L [0uUdD TNIOGL
.I_ . : ? [eussixg ONlodLl
ﬁMv_uu_ow__w_ = | £0d00g.L>| % imded CAINL YO ) ogv L
BE_._. _ _ e _ _ ,—l aoQmnog.L
1/HTdO0dL 1/HOdDO049.L
T J91s168 aimde)d 0 1918162y ainde)d
819/ Jz1d
Azzmn_om._.v|vFAl 0L¢23In0S
91 v|c —
NNH0EL jespo .H.. 300]|D J8[edsaid
Juny

N
sng ereq [eulaiu|

N
sng ereq [eulaiu|

Figure 3.10.1 TMRBO0/1 and TMRB to TMRBD Block Diagram
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Figure 3.10.2 TMRB2/3 Block Diagram

TMP1942CY/CZ-194




X
TOSHIBA TX1942CYICZ Ia 2yeiem

3.10.2 Function description of each circuit

(1) Prescaler

The TMP1942 has a 5-bit prescaler to supply a clock to TMRBO. The prescaler’s input clock ¢ TO
has a frequency of fperiph, fperiph/2, or fperiph/4 as selected by SYSCRO<PRCK1:PRCKO> in the
CG block.

Fperiph is either the clock fgear as selected by SYSCR1<FPSEL> inthe CG block or the clock fc
before division by the clock gear.

The prescaler is set to either run or stop by TAOLIRUN<STAOPRUN>,)Writing a 1 to this bit causes
the prescaler to start counting and writing 0 causes it to clear itself-and stop counting. Table 3.10.5
shows the resolutions of the prescaler output clocks.

Table 3.10.5 Prescaler Output Clock Resolutions

@fc=32 MHz
c|ozir§2g§|ion Clock Gear Value Prefce;leecrt%jb(:k Prescaler Output Clock Resolution
<GEAR1:0>
<FPSEL> <PRCK1:0> ¢T1 oT4 $716
00 (fperiph/4) fo/2® (0.25 ps) | fc/2f (1.0us)N | “fc/2” (4.0 ps)
00 (fc) 01 (fperiph/2) fc/2?(0.125 ps) | fc/2*™©5 ps) /| fe/2® (2.0 ps)
10 (fperip) — fef2® (0.25s) | fc/2° (1.0 us)
00 (fperiph/4) fc/2* (0.5 us) |\ ¥6/2° (2.0 ps) | fc/2® (8.0 ps)
01 (fc/2) 01(fperiph/2) fc/2° (025 ps) | fel22(@.0 ps) | fc/2” (4.0 us)
> 4 6
0 (fgean) 10 (fper?p) : — 1‘(:/27 (0.5 ps) fc/29(2.0 us)
00 (fperiph/4) fc/2” (3.0°us) fc/2" (4.0 ps) fc/2” (16 ps)
10 (fc/4) 041 (fperiph/2) fc/2* (0.5 ps)_ Y|/ fc/2® (2.0 ps) | fc/2® (8.0 ps)
10 (fperip) — fc/2° (1.0 us) | fc/2” (4.0 ps)
00 (fperiph/4) fcl2®™2.0us) | fc/2® (8.0 us) | fc/2' (32 ps)
11 (fc/8) 01 (fperiph/2) fcr22 (10 us) | fc/2” (4.0 ps) fc/2° (16 ps)
10 (fperip) — fc/2® (2.0 ps) | fc/2° (8.0 ps)
00 (fperiph/4) fc/24(0.25 ps) | fc/2° (1.0 ps) | fc/2” (4.0 us)
00 (fc) 0L/(fperiph(2) fa/2? (0.125 ps) | fc/2* (0.5 us) | fc/2® (2.0 us)
10 (fperip) — fc/2® (0.25 us) | fc/2° (1.0 ps)
00-(fperiph/4) fc/2® (0.25 us) | fc/2° (1.0 pus) | fc/2” (4.0 us)
0v/(fc/2) 01 (fperiph/2) — fc/2* (0.5 ps) | fc/2° (2.0 ps)
16 10 (fperip) — fc/2® (0.25 us) | fc/25 (1.0 ps)
00 (fperiph/4) — fc/2° (1.0 ps) fc/2” (4.0 ps)
10 (fc/4) 01 (fperiph/2) — fc/2® (0.5 ps) | fc/2® (2.0 ps)
10 (fperip) — — fc/2® (1.0 ps)
00 (fperiph/4) — fc/2° (1.0 us) | fc/2” (4.0 ps)
11 (fcl8) 01 (fperiph/2) — — fc/2° (2.0 ps)
10 (fperip) — — fc/2° (1.0 ps)

Note 1: The prescaler’s output clock $Tn must be selected such that the relationship ¢Tn < fsys/2 is

satisfied (i.e., $Tn must be slower than fsys/2).
Note 2: Do not change the clock gear value while the timer is running.
Note 3: The — character means “Don’t use”.
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Up-counter (UCO0)

UCQO is a 16-bit binary counter which counts up synchronously with the input clock selected by
TBOMOD<TBOCLK1:TBOCLKO>.

The input clock for UCQO is either the external clock entered via the TBOINO pin or one of the three
prescaler output clocks, ¢T1, $T4 or ¢T16. The setting of TBORUNSTBORUN> either causes the
up-counter UCO to count, or stops and clears it. If the value in the up-¢ounter UCO matches the value
in the timer register TBORG1H/L while clearing is enabled, UCO is cleared to 0. Clearing of UCO can
be enabled or disabled by setting TBOMOD<TBOCLE> accordingly.

If clearing is disabled, the counter functions as a free-running counter. In addition, when UCO
overflows, it generates an overflow interrupt INTTBO1.

TMRB2 and TMRB3 support the 2-phase pulse \input~counter feature, \\When._2-phase pulse
counter mode is selected with the setting of TB2RWUN<TB2UDCE>,>UCO- functions as an
up/down-counter with an initial value of 0x7FFF. Whetthe counter overflows) it is reloaded with an
initial value of 0x0000. When the counter underflows; jt is reloaded with an.initial value of OXFFFF.
UCO only functions as an up-counter in othér modes.

Note:

Programming the TBOCLK[1:0] and~TBOCLE bits in the- TBOMOD  register should only be
attempted when the timer is not running:

®3)

Timer registers (TBORGOH/L‘and TBORG1H/L)

Each channel incorporates-two, 16<bit registers-used to set/a counter value. When the value set in
one of these timer registers\matches the value of up-counter JCO, the comparator’s match detection
signal becomes active:

Timer registers TBORGOH/L and TBORG1H{L-can be written in a single operation using a 2-byte
data transfer instruction, or in two operatians (the eight low-order bits first and then the eight
high-order-bits) using a 1-byte data transfer instruction.

The timer register TBORGO has a.deuble-buffer structure, being paired with register buffer 0. The
setting of TBORUN<TBORDE>—enables or disables the register’s double-buffer facility. The
double-buffer is disabled when <TBORDE> = 0 and enabled when <TBORDE> = 1. When the
double-buffer is enabled, data transfer from register buffer O to the timer register TBORGO is initiated
by a match of UCO and TBORGL.

When reset, the Contents of the timer registers TBORGO and TBORG1 are undefined; hence, data
must be written to~the/timer registers before the 16-bit timers can be used. A reset initializes
TBORUN<TBORDE> to 0, disabling the double-buffer. To use the double-buffer, write data to the
timer registers andset <TBORDE> to 1, then write the following data in the register buffer.

TBORGO and its register buffer both have the same addresses, OxFFFF_F188 and OXFFFF_F189,
allocated to them. When <TBORDE> = 0, the same value is written to TBORGO and its register
buffer; when <TBORDE> = 1, the value is only written to the register buffer. Therefore, the register
buffer must be disabled before the initial value is written to the timer register.

Note:

Programming the TBORDE bit should only be attempted when the timer is not running.

TMP1942CY/CZ-196




TX
TX1942CY/CZ @gl;;fgm

TOSHIBA
(4) Capture registers (TBOCPOH/L and TBOCP1H/L)
TBOCPOH/L and TBOCP1H/L are 16-bit registers used to latch the value of the up-counter UCO.
Data may be read out from a capture register in a single operation using a 2-byte data transfer
instruction, or in two operations (the eight low-order bits first and then the eight high-order bits)
using a 1-byte data transfer instruction.
(5) Capture controller

This circuit controls the timing at which the value in the up-counter WCO is latched into the
capture registers (TBOCPO and TBOCP1). The capture rggister latch timing is set using
TBOMOD<TBOCMPM1:TBOCMPMO>.

In addition, the value of the up-counter UCO can be latched into the capture registers by software.
Each time TBOMOD<TBOCPO> is set to 0, the UCO value at-that point is latched into TBOCPO.
Before this function can be used, the prescaler{must be-placed in the~Run state by setting
TBORUN<TBOPRUN> to 1.

In 2-phase pulse counter mode (only for- TMRB2 and TMRB3), the countervalue is latched by
software capture.

Notel: Reading the eight low-order bits_of the capture register disables capture operation.

Subsequently reading the eight high>order bits of the/capture register enables capture
operation.

Note2: If the timer is stopped-when-only the eight low-order bits have been read, capture

operation is not enabled even after the timer isrestarted. Do not stop the timer until both
the eight low-order-and-eight high-order bits are read.

Note3: When the TBOINO\pin is selected as acapture trigger input, it can not function as a timer

clock.

(6)

()

Comparators\(CPQand CP1)

Thetwo 16=bit-comparators-compare the’value of the up-counter UCO with the values set in the
timer registers TBORGO and-TBORG1 to detect a match. If the value in either TBORGO or TBORG1
matches the value in UCO, the eorresponding comparator generates an INTTBO interrupt.

Timerflip-flop (TBOFFQ)

The timer flip-flop~TBOFFO is designed to be inverted by a match detection signal from the
comparator or by, 4 latch signal to the capture registers. Inversion can be enabled or disabled by
setting TBOFFCR<TBOC1T1,TBOCOT1,TBOELT1, TBOEOT1> accordingly.

When reset, the TBOFFO value is undefined. Writing 00 to TBOFFCR<TBOFFOC1:TBOFFOC0>
inverts the value of the flip-flop; writing 01 to TBOFFCR<TBOFF0C1,TBOFFOCO> sets the flip-flop
to 1; writing 10 to TBOFFCR<TBOFFOC1,TBOFFOCO> clears the flip-flop to 0.

The TBOFFO value can be forwarded to the timer output pin, TBOOUT (shared with PA2). When
timer output is needed, this pin must be set for that purpose by using the port A registers PACR and
PAFC.

Note: Programming the TBOFFOC1[1:0] field should only be attempted when the timer is not running.
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3.10.3 Register description
TMRBO run register

7 6 5 4 3 2 1 0

TBORUN Bit symbol TBORDE — — — 12TBO TBOPRUN — TBORUN
(OXFFFF_ | Read/Write RIW R/W — RIW RIW RIW — RIW
F140) After reset 0 0 — 0 0 0 — 0

Double Must Must IDLE Timer Run/Step Control

Function Buffer ig?g%be :g:?gsobe 0: Idle 0: Stop and cleared
0: Disable ’ ’ 1: Operate | 1: Count
1: Enable

12TBO: Operation in IDLE mode
TBOPRUN:Operation of the prescaler
TBORUN!? ) Operation of timer BO

Note: TBORUN bits 1 and 5 are undefined when read.

TMRBL1 run registef

7 6 5 4 3 2 1 0

TB1RUN Bit symbol TB1RDE — — — 127B1 TB1PRUN = TB1RUN
(OXFFFF_ | Read/Write RIW RIW — RIW RIW R/W A RIW
F150) After reset 0 0 — 0 0 0 - 0

Double Must Must IDLE 16¢Bit Timer Run/Stop Control

Function BUff?f always be alwaysbe |0: |dle 0:\Stép and cleared
0: Disable | Setto 0. et 0. |1 Operate |1 Count
1: Enable

12TB1: Operation in IDLE mode
TB1PRUN: Operation of the prescaler
TB1RUN: Operation of timer B1

Note: TBI1RUN bits 1 and 5/are undefined when read.

Figure*3.10.3\ TMRB Registers
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TMRB2 run register

7 6 5 4 3 2 1 0
TB2RUN | Bit symbol TB2RDE — UD2CK | TB2UDCE 12TB2 TB2PRUN TB2RUN
(OXFFFF_ | Read/Write RIW RIW RIW RIW RIW RIW RIW
F160)  ['after reset 0 0 0 0 0 0 0
Double Must Sampling | 2-phase IDLE Timer Rufi/Stop Control
Buffer always be | clock counter | 0: |dle 0: Stop and cleared
Function 0: Disable | S€t©0 0. |o:fs enable 1: Operate | 1: Count
1: Enable 1:fsys/2 | 0: Disable
1: Enable
12TB2: Operation in IDLE-mode

TB2PRUN: Operation-of-the prescaler

TB2RUN: Operation.of timer/B2

TB2UDCE: Operationef the’2-phase pulse input counter
UD2CK: Sampling.clock selection for 2{phase pulse input

Note 1: TB2RUN bits 1 and 5 are undefined when read.
Note 2: Setting TB2RUN bit 4 to 1 selects 2-phase pulse| input ‘counter mode| causing-the counter to
operate as an up/down-counter. Clearing the bit-te.0 restores normal timer mode, causing the timer

to operate as an up-counter.

TMRB3-run register

7 6 5 4 3 2 1 0
TB3RUN Bit symbol TB3RDE — UD3CK_ | TB3UDCE 12TB3 TB3PRUN — TB3RUN
(OXFFFF_ | Read/write RIW RIW RAN RIW RIW RIW — RIW
F170) After reset 0 0 0 0 0 0 — 0
Double Must Sampling/ | 2-phase IDLE 16-Bit Timer Run/Stop Control
Buffer always be—|/clock counter g Idle 0: Stop and cleared
Function 0: Disable | St Q- | 0:¥s enable 1: Operate | 1: Count
1: Enable t/fsys/2 | 0: Disable
1: Enable
12TB3: Operation in IDLE mode

TB3PRWN: Operation of the prescaler

TB3RUN: Operation of timer B3

TB3UDCE: Operation of the 2-phase pulse input counter
UD3CK: Sampling clock selection for 2-phase pulse input

Note 1: TB3RUN hits 1/and 5 are undefined when read.
Note 2: Setting-TB3RUN bit 4 to 1~selects 2-phase pulse input counter mode, causing the counter to
operate as an up/down-counter. Clearing the bit to 0 restores normal timer mode, causing the timer

to_operate-as an up-counter.

Figure 3.10.4 TMRB Registers
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TMRB4 run register

7 6 5 4 3 2 1 0
TB4RUN Bit symbol TB4RDE — — — 12TB4 TB4PRUN — TB4RUN
(OXFFFF_ | Read/Write RIW RIW — RIW R/W RIW — RIW
F180) After reset 0 0 — 0 0 0 — 0
Double Must Must IDLE 16-Bit Timer Run/Stop Control
Function Buffer always be always be | 0: |dle 0: Stop and cleared
0: Disable | S€t® 0. setto 0. 1: Operate | 1: Count
1: Enable
12TB4: Operation in IDLE mode
TB4PRUN:_Operation of the prescaler
TBARUN:; ~Operation of timer B4
Note: TB4RUN bits 1 and 5 are undefined when read.
TMRBS5 run register
7 6 5 4 3 2 I 0
TB5RUN Bit symbol TB5RDE — — — 12TB5 TB5PRUN — TB5RUN
(OXFFFF_ | Read/Write RIW R/W — RIW RIW RIW, > RIW
F190) After reset 0 0 — 0 0 0 Y 0
Double Must Must IDLE 16-Bit-Timer Run/Stop Control
Function Buffer always be always be’ | o: |dle 0: Stop’and cleared
0: Disable | S€t®© 0. set o 1: Operate | 1:Count
1: Enable
12TB5: Operation in IDLE mode
TBBPRUN: Operation of the prescaler
TB5RUN: Operation of timer BS
Note: TBS5RUN bits 1 and 5 are undefined when read:
TMRB6 run fegister
4 (<] 5 4 3 2 1 0
TB6RUN Bit symbol TB6RBE — = — 12TB6 TB6PRUN — TB6RUN
(OXFFFF_ | Read/Write RIW RIW > RIW R/W RIW — RIW
FIAO) [ After reset 0 0 = 0 0 0 — 0
Double Must Must IDLE 16-Bit Timer Run/Stop Control
Eunciin Buffer always be always be | 0: |dle 0: Stop and cleared
0: Disable | S€tt0- setto 0. 1: Operate | 1: Count
¥: Enable
12TB6: Operation in IDLE mode
TB6PRUN: Operation of the prescaler
TB6RUN: Operation of timer B6
Note: TB6RUN bits 1 and 5 are undefined when read.

Figure 3.10.5 TMRB Registers
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TMRB7 run register
7 6 5 4 3 2 1 0
TB7RUN Bit symbol TB7RDE — — — 12TB7 TB7PRUN — TB7RUN
(OXFFFF_ | Read/Write RIW RIW — — R/W RIW — RIW
F1B0) After reset 0 0 — — 0 0 — 0
Double Must Must IDLE 16-Bit Timer. Run/Stop Control
Function Buffer always be always be |0 |dle 0: Stop and cleared
0: Disable |S€t®© 0. sett0 0. 1: Operate | 1: Count
1: Enable
12TB7: Operation in IDLE mode
TB7ZPRUN:_Operation of the prescaler
TB7RUN:; ~Operation of timer B7
Note: TB7RUN bits 1 and 5 are undefined when read.
TMRBS run register
7 6 5 4 3 2 T 0
TBSRUN Bit symbol TB8RDE — — — 12TB8 TB8PRUN — TBSRUN
(OXFFFF_ | Read/Write RIW R/W — — RIW RIW — RIW
FICO) [ After reset 0 0 ~ 0 0 N 0
Double Must Mdast IDLE 16-Bit Timer Run/Stop Control
Function Buffer always be always be |0 Idle 0: Stop-and.cleafed
0: Disable |S€t®© 0. sell8. 1: Operate | 1; Count
1: Enable
12TB8!} Operation in IDLE mode
TB8PRUN: Operation of the prescaler
TBBRUN: Operation of timer B8
Note: TB8RUN bits 1 and 5 are undefined when read.
TMRB9 run-register
7 6 5 4 3 2 1 0
TBORUN Bit symbol TBIRDE = — — 12TB9 TB9PRUN — TB9RUN
(OXFFFF_ | Read/Write RIW RIW ~ R/W RIW RIW
FIDO)  [After reset 0 0 Z 0 0 0
Double Must Must IDLE 16-Bit Timer Run/Stop Control
Function Buffer, always be always be |0 |dle 0: Stop and cleared
0: Disable |S€t100: setto 0. 1: Operate | 1: Count
1; Enable
12TB9: Operation in IDLE mode
TB9PRUN: Operation of the prescaler
TB9RUN: Operation of timer B9
Note: TB9RUN bits 1 and 5 are undefined when read.

Figure 3.10.6 TMRB Registers
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TMRBA run register
7 6 5 4 3 2 1 0
TBARUN Bit symbol TBARDE — — — 12TBA TBAPRUN — TBARUN
(OXFFFF_ | Read/Write RIW RIW — — RIW RIW — R/W
F1E0) After reset 0 0 — — 0 0 — 0
Double Must Must IDLE 16-Bit Timer. Run/Stop Control
Function Buffer always be always be |0 |dle 0: Stop and cleared
0: Disable |S€t®© 0. sett0 0. 1: Operate | 1: Count
1: Enable
[2TBA: Operation in IDLE mode
TBAPRUN: Operation of the prescaler
TBARUN: ~Operation of timer BA
Note: TBARUN bits 1 and 5 are undefined when read.
TMRBB run register
7 6 5 4 3 2 I 0
TBBRUN Bit symbol TBBRDE — — — 12TBB TBBPRUN — TBBRUN
(OXFFFF_ | Read/Write RIW RIW — — RIW RIW, > R/W
F1F0) After reset 0 0 — I 0 0 Y 0
Double Must Must IDLE 16-Bit-Timer Run/Stop Control
Function Buffer always be always be’ | 0: |dle 0! Stop/arid cleared
0: Disable |S€t®© 0. SeL 108, 1: Operate_ | 1:\Count
1: Enable
12TBB: Operation in IDLE mode
TBBPRUN: Operation of the prescaler
TBBRUN: Operation of timer BB
Note: TBBRUN bits 1 and 5 are undefined when read:
TMRBC funregister
4 (<] 5 4 3 2 1 0
TBCRUN | Bit symbol TBCRBE — = — 12TBC TBCPRUN — TBCRUN
(OXFFFF_ | Read/Write RIW RIW s - RIW RIW — R/W
F200) After reset 0 0 — — 0 0 — 0
Dauble Must Must IDLE 16-Bit Timer Run/Stop Control
Eunciin Buffer always be always be |0 |dle 0: Stop and cleared
0: Disable |S€t10: setto 0. 1: Operate | 1: Count
1. Enable
I12TBC: Operation in IDLE mode
TBCPRUN: Operation of the prescaler
TBCRUN: Operation of timer BC
Note: TBCRUN bits 1 and 5 are undefined when read.

Figure 3.10.7 TMRB Registers
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RISC

TMRBD run register

7 6 5 4 3 2 1 0
TBDRUN | Bit symbol TBDRDE — — — 12TBD TBDPRUN — TBDRUN
(OXFFFF_ | Read/Write R/W RIW — — RIW R/W — R/W
F210) After reset 0 0 — — 0 0 — 0
Double Must Must IDLE 16-Bit Timer. Run/Stop Control
Function Buffer 22’;’2’%“ 221:?3/% be |0: Idle 0: Stop and cleared
0: Disable ’ ) 1: Operate | 1: Count
1: Enable
[2TBD: Operation in IDLE mode
TBBPRUN:_Operation of the prescaler
TBDRUN: Operation of timer BD
Note: TBDRUN bits 1 and 5 are undefined when read.

Figure 3.10.8 TMRB Registers
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TMRBO mode register
7 6 5 4 3 2 1 0
TBOMOD Bit symbol — — TBOCPO | TBOCPM1 | TBOCPMO | TBOCLE | TBOCLK1 | TBOCLKO
(OXFFFF_ | Read/Write — w RIW
F142)
After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter | Source clock selection
capture 00: Disabled control 00: TBOINO pin input
Function control 01: TBOINO T TBOIN1 T 0: Clearing | 0%: ¢T1
0: Software | 10: TBOINO T TBOINO disabled (| 10: ¢T4
capture  [11: TA3OUT T TA30UT { |1: Clearing |11; ¢T16
1: Don't care enabled
]
T
|—> Clearing up-counter (U€Q)
0 Clearing of up-counter disabled
1 Up-countercleared when it matches TBORG1
L Capture timing
Capture control
00 Capture/disabled
o1 Latches value into TBOCPO at'\rise_of/ TBOINO.
Latches value into TBOCPZ at rise 6f TBOIN1.
10 Latches value into TBOCPO at-rise of TBOINO.
Latches value into TBOCP1 at falbof TBOINO.
11 Latches value into TBOCPO-at)rise of TA3SOUT.
Latches value into TBOCP1-at fall of TASOUT.
———————— > Software capture
0 Latches-up-counterdzalue/into TBOCPO.
1 Don't,Care
TMRB1 mode register
7 6 5 4 3 2 1 0
TB1MOD Bit symbol — — TB1CPO | TB1CPM14 TB1CPMO | TB1CLE | TB1CLK1 | TB1CLKO
(OXFFFF_ | Read/Write R/W W RIW
F152) After reset 0 0 1 0 0 0 0 0
Must always be setto’00, | Software Capture timing Up-counter | Source clock selection
capture 00: Disabled control 00: TB1INO pin input
Function contro) 01; TBANG 1t TB1IN1 T 0: Clearing | 01: ¢T1
0: Software._| 10; TB1INO /M TB1INO | disabled | 10: ¢T4
capture [ 11: TA30UT T TA3OUT | | 1: Clearing |11: ¢T16
1: Don't care enabled
1

.

|—> Clearing up-counter (UCO)

0

Clearing of up-counter disabled

1

Up-counter cleared when it matches TB1RG1

Capture timing

Capture control

00 Capture disabled

o1 Latches value into TB1CPO at rise of TB1INO.
Latches value into TB1CP1 at rise of TB1IN1.

10 Latches value into TB1CPO at rise of TB1INO.
Latches value into TB1CP1 at fall of TB1INO.

11 Latches value into TB1CPO at rise of TA3OUT.
Latches value into TB1CP1 at fall of TASOUT.

Software capture
0 Latches up-counter value into TB1CPO.
1 Don’t care

Figure 3.10.9 TMRB Registers
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TMRB2 mode register

7 6 5 4 3 2 1 0
TB2MOD | Bit symbol — — TB2CPO | TB2CPM1 | TB2CPMO | TB2CLE | TB2CLK1 | TB2CLKO
(OXFFFF_ | Read/write — W R/W
F162)
After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter” [ Source clock selection
capture 00: Disabled control 00:-TB2INO pin input
Function control 01: TB2INO T TB2IN1 T 0: Clearing f0%:¢T1
0: Software | 10: TB2INO T TB2INO | disabled || 10: T4
capture 11: TA30OUT T TA30OUT | |1: Clearing |11 ¢T16
1:Don't care enapled
— - |
|—> Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter-cleared-when it matches TB2RG1
L———— Capture timing
Capture control
00 Capture/disabléd
o1 Latehes value into TB2EPO at\rise of/ TB2INO.
Latches value into TB2CPX at rise 6f TB2IN1.
10 Latches value into TB2CPO at.rise of TB2INO.
Latches value into TB2CP1 at falhof TB2INO.
11 Latches value into TB2€POatyrise of TA3OUT.
Latches value into TB2CP1.at fall of TASOUT.
——— ¥ Softwaré capture
0 Latches-up-counterdzalue/into TB2CPO.
1 Don't,Care
TMRB3 mode register
7 6 5 4 3 2 1 0
TB3MOD | Bit symbol — — TB3CPO | TB3CPM1 |\TB3CPMO | TB3CLE | TB3CLK1 | TB3CLKO
(OXFFFF_ | Read/Write — W RIW
F172)
After reset 0 0 1 Q 0 0 0 0
Must always be\set to 00! | Software Capture-timing Up-counter | Source clock selection
capture 00:/Disabled control 00: TB3INO pin input
Function contrd| 01:\TB3INO 7 TB3IN1 T 0: Clearing | 01: ¢T1
0: Software_[\10: ¥B3INO’T TB3INO { disabled |10: ¢T4
capture 11°TA30UT T TA3OUT | |1: Clearing |11: ¢T16
I-Don’t care enabled
—— - |
|—> Clearing up-counter (UCO0)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TB3RG1

———> Capture timing

Capture control

00 Capture disabled
Latches value into TB3CPO at rise of TB3INO.

01 Latches value into TB3CP1 at rise of TB3IN1.

10 Latches value ?nto TB3CPO at rise of TB3INO.
Latches value into TB3CP1 at fall of TB3INO.

11 Latches value into TB3CPO at rise of TA3OUT.

Latches value into TB3CP1 at fall of TASOUT.

-—— > Software capture
0 Latches up-counter value into TB3CPO.
1 Don't care

Figure 3.10.10 TMRB Registers
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TMRB4 mode register

7 6 5 4 3 2 1 0
TB4MOD Bit symbol — — TB4CPO | TBACPM1 | TBACPMO | TB4ACLE | TB4CLK1 | TB4CLKO
(OXFFFF_ | Read/Write — W RIW
F182)
After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter” | Source clock selection
capture 00: Disabled control 00:-TB4INO pin input
Function control 01: TB4INO T TB4IN1 T 0: Clearing J0%:-¢T1
0: Software [10: TB4INO T TB4INO disabled || 10: T4
capture 11: TA3OUT T TA30UT { |1: Clearing |11 ¢T16
1: Don't care enapled
J . I
|—> Clearing up-counter (UCQ)
0 Clearing of up-counter disabled
1 Up-counter cleared-when it matches TB4RG1
L——— Capture timing
Capture control
00 Capture disabled
o1 Latehes value into TB4€PO at\rise of TB4INO.
Latches value into TB4CPL at rise 6f TB4IN1.
10 Latches value into TB4CROQ atrise.of TB4INO.
Latches value into TBACP L-at fall of TB4INO.
Tt Latches value into TB4€PO0 at/rise of TASOUT.
Latches value into TB4CP1at fall of TA3OUT.
——— > _Software capture
0 Latches up-counter vatue into TB4CPO.
1 Don'tcare
TMRB5 mode register
7 6 5 4 3 2 1 0
TB5MOD Bit symbol — — TB5CPO | TB5CPMI1_[FFB5SCPMO [ TB5CLE | TB5CLK1 [ TB5CLKO
(OXFFFF_ | Read/MWrite — Wx RIW
F192)
After reset 0 0 1 0 0 0 0 0
Mustalways be set.to 00 | Software Capture timing Up-counter | Source clock selection
capture 00: Disabled control 00: Setting prohibited
. control 01: Setting-prohibited 0:Clearing | 01: ¢T1
Function . . )
0:-Software [10:"Setting prohibited disabled |10: ¢T4
capture—1{-11: TABOUTTTA30UT!  [1:Clearing [11: ¢T16
1: Don't care enabled
] : |
|_, Clearing up-counter (UCO0)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TB5RG1
Ly 5 Capture timing

00 Capture disabled
01 Capture disabled
10 Capture disabled
11 Latches value into TB5CPO at rise of TA3OUT.
Latches value into TB5CP1 at fall of TASOUT.

———— > Software capture
0 Latches up-counter value into TB5CPO.
1 Don’t care

Figure 3.10.11 TMRB Registers
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TMRB6 mode register

7 6 5 4 3 2 1 0
TB6MOD Bit symbol — — TB6CPO | TB6CPM1 | TB6CPMO [ TB6CLE | TB6CLK1 [ TB6CLKO
(OXFFFF_ | Read/Write — W R/W
F1A2) After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter” | Source clock selection
capture 00: Disabled control 00:-Setting prohibited
. control 01: Setting prohibited 0:Clearing [0%:¢T1
Function ) . .
0: Software | 10: Setting prohibited disabled | 10: ¢T4
capture [ 11: TA3OUTTTA30UTY |1:Clearing [11:¢T16
1:Don't care enabled
J T J
L Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter cleared-when it matches TB6RG1
—> Capture timing
00 Capture-disabled
01 Capture disabled
10 Capture disabled
11 tatches value into TB6CPQ at rise of TASOUT.
Latches value into TB6CPR1 atfaltof TA3OUT.
—— > Software capture
0 Latches up-counter value inte’ TB6CPO.
T Don't care
TMRBZY mode register
7 6 5 4 3 2 1 0
TB7MOD Bit symbol — — TB7CPO || TB7CPM1 | TB7CPMO+ /TB7CLE | TB7CLK1 | TB7CLKO
(OXFFFF_ | Read/Write — W* RIW
F1B2)
After reset 0 0 1 0 0 0 0 0
Must always be set to 00.| Software Capture timing Up-counter | Source clock selection
capture 00: Disabled control 00: TB7INO pin input
Function control 01: TB7INQ_T™FB7INL T 0:Clearing | 01: ¢T1
0: Software | 10 TB7INO T TB7INO disabled |10: ¢T4
capture 10 TA30UT T TA3OUT 1:Clearing |11:¢T16
1: Don't. care enabled
] T |
‘—> Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TB7RG1

~——————— Capture timing

00 Capture disabled

01 Latches value into TB7CPO at rise of TB7INO.
Latches value into TB7CP1 at rise of TB7IN1.
10 Latches value into TB7CPO at rise of TB7INO.
Latches value into TB7CP1 at fall of TB7INO.
11 Latches value into TB7CPO at rise of TA3OUT.
Latches value into TB7CP1 at fall of TA3OUT.

————————> Software capture
0 Latches up-counter value into TB7CPO.

1 Don’t care

Figure 3.10.12 TMRB Registers
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TMRB8 mode register

7 6 5 4 3 2 1 0
TB8MOD Bit symbol — — TB8CPO | TBS8CPM1 | TBBCPMO | TB8CLE | TB8CLK1 | TB8CLKO
(OXFFFF_ | Read/Write — W RIW
F1C2) After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter’ | Source clock selection
capture 00: Disabled control 00:-TB8INO pin input
Function control 01: TB8INO T TB8IN1 T 0:Clearing J0%:¢T1
0: Software | 10: TBSINO T TB8INO { disabled | 10: ¢T4
capture 11: TA50UT T TAS0UT 1:Clearing | 11:¢T16
1:Don't care enabled
J T |
‘—> Clearing up-counter (UCQ)
0 Clearing of up-counter disabled
1 Up-countercleared when it matches TB8RG1
——> Capture timing
00 Capture disabled
01 Latehes value-into TB8CPO at rise of TB8INO.
Latehgs value into TB8EP1 at\rise of TBSIN1.
10 batches value into TB8CPQ at rise\ of 7B8INO.
Latches value into TB8CP1 atfaltof TB8INO.
1 batches value into TBBCPO at rise of TASOUT.
Latches value into TB8EP1 at/fall of TASOUT.
—————> Software’ capture
0 Latches-up-counterdvalue into TB8CPO.
1 Don't care
TMRB9 mode register
7 6 5 4 3 2 1 0
TBOMOD Bit symbol — — TB9CPO | TB9CPM1 NTBOCPMO [ TBOCLE | TBOCLK1 | TB9CLKO
(OXFFFF_ | Read/Write — W R/W
F102) After reset 0 9 1 o— |\ o 0 0 0
Must always be set t0 00} | Software Capture timing Up-counter | Source clock selection
capture 00:/Disabled control 00: TB9INO pin input
Function contraf 01:\7TB9INQ 7 TBOIN1 T 0:Clearing | 01: ¢T1
0: Software ~.10:TB9tNOT TBIINO ¢ disabled | 10: T4
capture 11:TA50UT T TASOUT 1:Clearing |11: ¢T16
1. Don't-care enabled
] T |
‘—> Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TB9RG1

=————> Capture timing

00 Capture disabled

01 Latches value into TB9CPO at rise of TBOINO.
Latches value into TB9CP1 at rise of TBOIN1.
10 Latches value into TB9CPO at rise of TBOINO.
Latches value into TB9CP1 at fall of TBOINO.
11 Latches value into TB9CPO at rise of TASOUT.
Latches value into TB9CP1 at fall of TASOUT.

———————————> Software capture

0 Latches up-counter value into TBOCPO.
1 Don’t care

Figure 3.10.13 TMRB Registers
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TMRBA mode register

7 6 5 4 3 2 1 0
TBAMOD | Bit symbol — — TBACPO | TBACPM1 | TBACPMO | TBACLE | TBACLK1 | TBACLKO
(OXFFFF_ | Read/Write — W RIW
F1E2) After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter” [ Source clock selection
capture 00: Disabled control Q0:TBAINO pin input
Function control 01: TBAINO T TBAIN1 T | 0:Clearing 01Tl
0: Software | 10: TBAINO T TBAINO disabled || 10: ¢T4
capture 11: TA50UT T TASOUT 1:Clearing | 11:9T16
1:Don't care enabled
] . l
|—> Clearing up-counter (UCB)
0 Clearing of up-counter disabled
1 Up-counter-cleared-when it matches TBARG1
—> Capture timing
00 Capture disabled
01 Latehesvaluesinto TBACPO at rise of TBAINO.
Latehes value into TBACP1 at rise of TBAIN1.
10 Latches-value into TBACPQ at rise of TBAINO.
Latehes value into TBACP1 atfaltof FBAINO.
11 Latches value into TBACPO at rise of TASOUT.
Latches value into TBACP1 at fall of TASOUT.
————> Software capture
0 Latches-up-counter&zalue/into TBACPO.
1 Don't care
TMRBB mode register
7 6 5 4 3 2 1 0
TBBMOD | Bit symbol — — TBBCPO | TBBCPM1 NTBBCPMO | TBBCLE | TBBCLK1 | TBBCLKO
(OXFFFF_ | Read/Write — W RIW
F1F2)
After reset 0 0 1 Q 0 0 0 0
Must always be set 10 00) | Software Capture_timing Up-counter | Source clock selection
capture 00:/Digabled control 00: Setting prohibited
. contral 01:\Setting)prohibited 0:Clearing | 01: ¢T1
Function ) . :
0: Software_-10: Settingprohibited disabled | 10: ¢T4
capture 11>TA50UT T TASOUT 1:Clearing |11:¢T16
1:DoR't care enabled
] : |
|—> Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TBBRG1
L~ Capture timing

00 Capture disabled
01 Capture disabled
10 Capture disabled
11 Latches value into TBBCPO at rise of TASOUT.
Latches value into TBBCP1 at fall of TASOUT.

—— > Software capture
0 Latches up-counter value into TBBCPO.

1 Don’t care

Figure 3.10.14 TMRB Registers
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TMRBC mode register

7 6 5 4 3 2 1 0
TBCMOD | Bit symbol — — TBCCPO | TBCCPM1 [ TBCCPMO | TBCCLE | TBCCLK1 [ TBCCLKO
(OXFFFF_ | Read/Write — W R/W
F202)
After reset 0 0 1 0 0 0 0 0
Must always be set to 00. | Software Capture timing Up-counter” “{ Source clock selection
capture 00: Disabled control 00:-Setting prohibited
. control 01: Setting prohibited 0:Clearing [0%:¢T1
Function ) . .
0: Software | 10: Setting prohibited disabled | 10: ¢T4
capture 11: TA50UT T TAS0UT 1:Clearing | 11:9T16
1:Don't care enabled
] . |
‘—> Clearing up-counter (UCO0)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TBCRG1
—— > Capture timing
00 Capture disabled
01 Capture’disabled
10 Capture disabled
11 Latches value into TBCCPO-atrise of TASOUT.
Latches value into TBCCPI at fall of TASOUT.
— > Software capture
0 Latches up-counter value into- TBCCPO.
1 Don't care
TMRBD.mode register
7 6 5 4 3 2 1 0
TBDMOD Bit symbol — — TBDCPO /| TBDCPM1 | TBDCPMO.[*TBDCLE | TBDCLK1 [ TBDCLKO
(OXFFFF_ | Read/Write W R/W
F212)
After reset 0 0 1 0 0 0 0 0
Must always be set-ta 00| Software Capture timing Up-counter | Source clock selection
capture 00: Disabled control 00: Setting prohibited
Function control 01: Disabled 0:Clearing | 01: ¢T1
0: Software | 10:/Disabled disabled |10: ¢T4
capture 11:\TA50UT|T TA50UT 1: Clearing 11: ¢T16
1:Don't care enabled
] : |
l——> Clearing up-counter (UCO)
0 Clearing of up-counter disabled
1 Up-counter cleared when it matches TBDRG1
——— > Capture timing

00 Capture disabled
01 Capture disabled
10 Capture disabled
11 Latches value into TBDCPO at rise of TASOUT.
Latches value into TBDCP1 at fall of TASOUT.

——— > Software capture
0 Latches up-counter value into TBDCPO.

1 Don't care

Figure 3.10.15 TMRB Registers
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TMRBO flip-flop control register

7 6 5 4 3 2 1 0
TBOFFCR | Bit symbol — — TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 | TBOFFOC1 | TBOFFOCO
(OXFFFF_ | Read/Write w* RIW W
F143)  [after reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TBOFFO inversion trigger TBOFFO control
* These bits are always 11 | O: Trigger disabled QO:-Invert
when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter | up-counter | up-counter_ | 31 Ber'tcare
value is value is and and * These bits are always 11
latched into | latched into | TBORG1 TBORGO when read.
TBOCP1 TBOCPO values values
match Mmatch

|—> Control of timerflip-flop (TBOFF0)

00 TBOFFO value inverted (softinversion)
01 TBOFFQ setto 1

10 TBOEFO setto 0

11 Don't care (read as 11)

Trigger for inverting timer (flip-flop-(TBOFF0) when
up-counter and TBORGO values match

0 Trigger disabled(inversion disabled)

1 Trigger enabled (inversion enabled)

Trigger forinverting timer flip-flop (TBOFFO) when
up-counter and TBORG1 values match

0 Trigger disabled (inversion disabled)
1 Trigger-enabled (inversion enabled)

Trigger.for inverting timer flip-flop (TBOFFO) when
up-counter value is latched into TBOCPO

0] Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting timer flip-flop (TBOFFO) when
up-counter value is latched into TBOCP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.26 TMRB Registers
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TMRBL flip-flop control register

7 6 5 4 3 2 1 0
TB1FFCR | Bit symbol — — TB1C1T1 | TB1COT1 | TB1E1T1 | TB1EOT1 | TB1FFOC1 | TB1FFOCO
(OXFFFF_ | Read/Write w RIW W=
F153) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB1FFO inversion trigger TB1FFO control
* These bits are always 11 | O: Trigger disabled Q0:-Invert
when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter |up-counter |up-counter |1l BDen’tcare
value is value is and and * These bits are always 11
latched into | latched into | TBIRG1 TB1RGO when read.
TB1CP1 TB1CPO values values
match match

|—> Control of timerflip-flop (TB1FFO)

00 TBIFFO value inverted (softinversion)
01 TB1FFQ setto 1

10 TBIFFO setto 0

11 Dan't care (read as 11)

Trigger for inverting timer(flip-flop(TB1FF0) when
up-counter and TB1RGO values match

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger forinverting-timer-flip-flop (TB1FF0) when
up-countéer and TB1RG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-ﬂop (TB1FFO0) when
up-counter value is latched into TB1CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Triggerfor inverting timer flip-flop (TB1FF0) when
up-counter value is latched into TB1CP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.17 TMRB Registers
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TMRB2 flip-flop control register

7 6 5 4 3 2 1 0
TB2FFCR | Bit symbol — — TB2C1T1 | TB2COT1 | TB2E1T1 | TB2EOT1 | TB2FFOC1 | TB2FFOCO
(OXFFFF_ | Read/Write w RIW w
F163) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB2FFO inversion trigger TB2FFO0 control
* These bits are always 11 | O: Trigger disabled Q0:-Invert
when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter |up-counter |up-counter |1l BDen’tcare
value is value is and and * These bits are always 11
latched into | latched into | TB2RG1 TB2RGO when read.
TB2CP1 TB2CPO values values
match match

|—> Control of timerflip-flop (TB2FF0)

00 TB2FFO0 value inverted (softinversion)
01 TB2FFQ setto 1

10 TB2FFO setto 0

11 Dan't care (read as 11)

Trigger for inverting timer (flip-flop-(TB2FF0) when
up-counter and TB2RGO values match

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger fopinverting-timer-flip-flop (TB2FF0) when
up-counter and TB2RG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB2FFO) when
up-counter value is latched into TB2CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB2FF0) when
up-counter value is latched into TB2CP1

0 Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Figure 3.10.28 TMRB Registers
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TMRBS3 flip-flop control register

7 6 5 4 3 2 1 0
TB3FFCR | Bit symbol — — TB3C1T1 | TB3COT1 | TB3E1T1 | TB3EOT1 | TB3FFOC1 | TB3FFOCO
(OXFFFF_ | Read/Write w RIW w
F173) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB3FFO inversion trigger TB3FFO control
* These bits are always 11 | O: Trigger disabled Q0:-Invert
when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter |up-counter |up-counter |1l BDen’tcare
value is value is and and * These bits are always 11
latched into | latched into | TB3RG1 TB3RGO when read.
TB3CP1 TB3CPO values values
match match

|—> Control of timer{flip-flop (TB3FF0)

00 TB3FFO value inverted (softinversion)
01 TB3FFQ setto 1

10 TB3FEFO setto 0

11 Dan't care (read as 11)

, ( Trigget for inverting timer flip-flop (TB3FFO0) when
up-counter and TB3RGO values match

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger forinverting timer-flip-flop (TB3FF0) when
up-counter and TB3RG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB3FFO) when
up-counter value is latched into TB3CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB3FF0) when
upscounter value is latched into TB3CP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.29 TMRB Registers

TMP1942CY/CZ-214



X
TOSHIBA TX1942CYICZ Ia 2yeiem

TMRBA4 flip-flop control register

7 6 5 4 3 2 1 0
TB4FFCR Bit symbol — — TB4C1T1 | TB4COT1 | TB4E1T1 | TB4EOT1 | TB4FFOC1 | TB4FFOCO
(OXFFFF_ | Read/Write W* R/W W
F183
) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB4FFO inversion trigger TBA4FFO0 control
* These bits are always 11 | O: Trigger disabled Q0:-Invert
when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter [ up-counter |up-counter [up-counter |1l Pon’tcare
value is value is and and * These bits are always 11
latched into | latched into | TB4RG1 TB4RGO when read.
TB4CP1 TB4CPO values values
match match
] '

|—> Control of timer{flip-flop (TB4FF0)

00 TB4FFO value inverted (softinversion)
01 TB4FFQ setto 1

10 TB4FFO setto 0

11 Dan't care (read as 11)

Trigger for inverting timer/flip-flop (TB4FF0) when
up-counter and TB4RGO values match

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting-timer-flip-flop (TB4FF0) when
up-countér and TB4RG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB4FF0) when
up-counter value is latched into TB4CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Triggerfor inverting timer flip-flop (TB4FF0) when
ypscounter value is latched into TB4CP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.20 TMRB Registers
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TMRBS flip-flop control register

7 6 5 4 3 2 1 0
TB5FFCR Bit symbol — — TB5C1T1 | TB5COT1 | TB5E1T1 | TB5EOT1 | TB5FFOC1 | TBSFFOCO
(OXFFFF_ | Read/Write w RIW w
F193) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB5FFO inversion trigger TB5FFO control
* These bits are always 0: Trigger disabled QO:-Invert
11 when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter | up-counter | up-counter_ | 31 Dern'tcare
value is value is and and * These bits are always 11
latched into | latched into | TBSRG1 TB5RGO When read.
TB5CP1 TB5CPO values values
match match

|—> Control of timer.flip-flop (TB5FFO)

00 TB5FFO value inverted (softinversion)
01 TB5FFQ setto 1

10 TB5FEF0 setto 0

11 Don't care (read as 11)

Trigger for inverting timer flip-flop~(TB5FF0) when
up-counter and TB5RGO valu€s match

0 Trigger disabled (inversion disabled)
1 Trigger enahled (inversion enabled)

Trigger forinverting timerflip-flop (TB5FF0) when
up-counter and TB5RG1 values match

0 Trigger disabled (inversion disabled)
1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB5FF0) when
up-counter value is latched into TB5CPO

0] Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB5FF0) when
up-counter value is latched into TB5CP1

0 Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Figure 3.10.21 TMRB Registers
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TMRB6 flip-flop control register

7 6 5 4 3 2 1 0
TB6FFCR Bit symbol — — TB6C1T1 | TB6COT1 | TB6E1T1 | TB6EOT1 | TB6FFOC1 | TB6FFOCO
(OXFFFF_ | Read/Write w RIW w
F1A3)
After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB6FFO inversion trigger TB6FFO control
* These bits are always 0: Trigger disabled Q0:-Invert
11 when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter |up-counter |up-counter |1lIBDen’tcare
value is value is and and * These bits are always 11
latched into | latched into | TBERG1 TB6RGO when read.
TB6CP1 TB6CPO values values
match match
]

|—> Control of timerflip-flop (TB6FF0)

00 TB6FFO value inverted (softinversion)
01 JTB6FFQ setto 1

10 TBG6FEFO setto 0

11 Dan't care (read as 11)

Trigger for inverting timer (flip-flop-(TB6FF0) when
up-counter and TB6RGO values match

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

> Trigger forinverting-timer-flip-flop (TB6FFO0) when
up-counteér and TBBRG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

, Trigger for inverting timer flip—ﬂop (TB6FFO) when
up-counter value is latched into TB6CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Tyigger for inverting timer flip-flop (TB6FF0) when
Up:counter value is latched into TB6CP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.22 TMRB Registers
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TMRBY flip-flop control register

7 6 5 4 3 2 1 0
TB7FFCR Bit symbol — — TB7C1T1 TB7COT1 TB7E1T1 TB7EOT1 TB7FFOC1 | TB7FFOCO
(OXFFFF_ | Read/Write w RIW w
F1B
3) After reset 1 1 0 0 0 0 1 1
Must always be set to 11. | TB7FFO inversion trigger TB7FFO control
* These bits are always 0: Trigger disabled Q0:-Invert
11 when read. 1: Trigger enabled 0%:-Set
When When When When 10: Clear
Function up-counter | up-counter |up-counter |up-counter |1lIBDen’tcare
value is value is and and * These bits are always 11
latched into | latched into | TB7RG1 TB7RGO when read.
TB7CP1 TB7CPO values values
match match

|—> Control of timerflip-flop (TB7FF0)

00 TB7FFO value inverted (softinversion)
01 TB7FFQ setto 1

10 TB7FEFO setto 0

11 Dan't care (read as 11)

Trigger for inverting timer flip-flop(TB7FF0) when
up-counter and TB7RGO values maich

0 Trigger disabled-(inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger forinverting-timer-flip-flop (TB7FF0) when
up-counter and TB7ZRG1 values match

0 Trigger disabled (inversion disabled)

1 Trigger-enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB7FF0) when
up-counter value is latched into TB7CPO

Q Trigger disabled (inversion disabled)
1 Trigger enabled (inversion enabled)

Trigger for inverting timer flip-flop (TB7FF0) when
Gp-counter value is latched into TB7CP1

0 Trigger disabled (inversion disabled)

1 Trigger enabled (inversion enabled)

Figure 3.10.23 TMRB Registers

TMP1942CY/CZ-218



TX
TOSHIBA TX1942CY/CZ @gl;;fgm
TMRBO status register
5 4 3 2 1 0
TBOST Bit symbol — — — INTTBOFO | INTTBO1 | INTTBOO
(OXFFFF_ | Read/Write — — — R
F144) After reset — — — 0 0 0
0:No 0:No 0: No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt | Isinterrupt” | 1: Interrupt
generated generated generated
INTTBOO: Interrupt generated upon detection of match
with timer register-TBORGO
INTTBO1: Interrupt 'generated upon detection of match
with timer_register TBORG1
INTTBOFO: Interrupt~. generated upon ,detection of
up-counter.overflow
TMRB1 status registef
5 4 3 2 1 0
TB1ST Bit symbol — — — INTTBOF1 | INTTB11 |INTTB10
(OXFFFF_ | Read/Write — - - R
F154) After reset — - — 0 0 0
0:No 0:No 0:No
intefrupt interrupt interrupt
Function generated generated generated
1 aterrupt | 1:Interrupt | 1: Interrupt
generated generated generated
INTTB10: Interrupt generated upon detection of match
with timer register TBIRGO
INTTB11:\_Interrupt generated upon detection of match
with timer register TBIRG1
INTTBOFE1: Interrupt generated upon detection of

up-counter overflow

Figure 3.10.1 \TMRB/Registers

TMP1942CY/CZ-219



T
TOSHIBA TX1942CYICZ \yQR B
TMRB?2 status register
a. When TB2RUN<TB2UDCE> = 0: Normal timer mode
6 5 4 3 2 1 0
TB2ST Bit symbol — — — — INTTBOF2 | INTTB21 | INTTB20
(OXFFFF_ | Read/Write — — — — R
F164) After reset — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrapt” /| X Interrupt | 1: Interrupt
generated generated generated
INTTB20: Interrupt generated upon detection of match
with timer.register TB2RGO
INTTB21: Intefrupt_generated upon detection of match
Wwith timer register TB2RG1
INTTBOF2:-Interrupt. generated upon “detection of
up-gounter overflow
b. When TB2RUN<TB2UDCE> = 1: 2-phase pulse.input‘counter mode
6 5 4 3 2 1 0
TB2ST Bit symbol — — INTTBUD2/ | INTTBUDF2 | INTTBOUR2 — —
(OXFFFF_ | Read/write — — R — —
F164)
After reset — = 0 0 0 — —
Up or down | Underflow | Overflow
count 0: Not 0;Not
Function 0: Not detected detected
detected |1:petected | 1:Detected
1: Detected

INFTBUBF2: Interrupt  generated upon detection of
up-down counter underflow

INTTBOVF2: Interrupt generated upon detection of
up-down counter overflow

INTFBUD2: Interrupt generated upon detection of
up-down counter increment or decrement

Figure 3.10.25 TMRB Registers
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TMRB3 status register
a. When TB3RUN<TB3UDCE> = 0: Normal timer mode

7 6 5 4 3 2 1 0
TB3ST Bit symbol — — — — — INTTBOF3 | INTTB31 | INTTB30
(OXFFFF_ | Read/Write — — — — — R
F174) After reset — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrapt” /| X Interrupt | 1: Interrupt
generated generated generated
INTTB30: Interrupt generated upon detection of match
with timer.register TB3RGO
INTTB31: Infefrupt generated upon detection of match
Wwith timer register TB3RG1
INTTBOE3:Interrupt. generated upon “detection of
up-gounter overflow
b. When TB3RUN<TB3UDCE> = 1: 2-phase pulse input counter mode
7 6 5 a 3 2 1 0
TB3ST Bit symbol — — — INTTBUDR3 | INTTBUDF3 | INTTBOQUF3 — —
(OXFFFF_ | Read/Write — — — R — —
F174) After reset — — — 0 0 0 — —
Uperdown | Underflow ~f.Overflow
count 0: Not 0:'Not
Function 0:'Not detected detected
detected | 1: petected. [ Detected
1: Detected
INTTBUDES:\Interrupt generated upon detection of
Gp-down counter underflow
INTTBOVF3: Interrupt generated upon detection of
up-down counter overflow
INTTBUD3: Interrupt generated upon detection of
up-down counter increment or decrement
TMRB4 status register
7 6 5 4 3 2 1 0
TB4ST Bit symbot 4 — — — — INTTBOF4 | INTTB41 | INTTB40
(OXFFFF_ | Read/MWrite — — — — — R
F184) After reset — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt | 1:Interrupt | 1:Interrupt
generated generated generated

INTTB40: Interrupt generated upon detection of match
with timer register TB4RGO

INTTB41: Interrupt generated upon detection of match
with timer register TB4RG1

INTTBOF4: Interrupt generated upon detection of
up-counter overflow

Figure 3.10.26 TMRB Registers
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TMRBS5 status register
7 6 5 4 3 2 1 0
TB5ST Bit symbol — — — — — INTTBOF4 | INTTB41 | INTTB40
(OXFFFF_ | Read/Write — — — — — R
F194) After reset — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt | Isinterrupt” | 1: Interrupt
generated generated generated
INTTB50: Interrupt_generated upon detection of match
with timerregister TB5RGO
INTTB51: Interrupt 'generated upon detection of match
with timer_register TB5RG1
INTTBOF5: Interrupt~. generated upon ,detection of
up-counter.overflow
TMRBS6 status registef
7 6 5 4 3 2 1 0
TB6ST Bit symbol — — — — — INTTBOF6 | INTTB61 ‘|~ INTTB60
(OXFFFF_ | Read/Write — — — - - R
F1A4) After reset — — — - — 0 0 0
0:No 0:No 0:No
intefrupt interrupt interrupt
Function generated generated generated
1 aterrupt | 1:Interrupt | 1: Interrupt
generated generated generated
INTTB60: Interrupt generated upon detection of match
with timer register TB6RGO
INTTB61: \_Interrupt generated upon detection of match
with timer register TB6RG1
INTTBOK6: Interrupt generated upon detection of
up-counter overflow
TMRRB7 status register
7 6 5 4 3 2 1 0
TB7ST Bit symbol — — — e — INTTBOF7 | INTTB71 | INTTB70
(OXFFFF_ | Read/Write — — AN — — R
F1B4) After resep — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt [ 1:Interrupt | 1:Interrupt
generated generated generated
INTTB70: Interrupt generated upon detection of match
with timer register TB7RGO
INTTB71: Interrupt generated upon detection of match
with timer register TB7RG1
INTTBOF7: Interrupt generated upon detection of

up-counter overflow

Figure 3.10.27 TMRB Registers
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TMRBS status register
7 6 5 4 3 2 1 0
TB8ST Bit symbol — — — — — INTTBOF8| INTTB81 | INTTB80
(OXFFFF_ | Read/Write — — — — — R
F1C4) After reset — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt | Isinterrupt” | 1: Interrupt
generated generated generated
INTTB80: Interrupt generated upon detection of match
with timer register TB8RGO
INTTB81: Interrupt 'generated upon detection of match
with timer_register TB8RG1
INTTBOFS8: Interrupt~. generated upon ,detection of
up-counter.overflow
TMRBS9 status registef
7 6 5 4 3 2 1 0
TBOST Bit symbol — — — — — INTTBOF9 | INTTB91 |INTTB90
(OXFFFF_ | Read/Write — — — - - R
F1D4) After reset — — — - — 0 0 0
0:No 0:No 0:No
intefrupt interrupt interrupt
Function generated generated generated
1 aterrupt | 1:Interrupt | 1: Interrupt
generated generated generated
INTTB90: Interrupt generated upon detection of match
with timer register TBORGO
INTTB91: \_Interrupt generated upon detection of match
with timer register TBORG1
INTTBOK9: Interrupt generated upon detection of
up-counter overflow
TMRBA status register
7 6 5 4 3 2 1 0
TBAST Bit symbol — — — e — INTTBOFA| INTTBAL1 | INTTBAO
(OXFFFF_ | Read/Write — — AN — — R
F1E4) After resep — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt [ 1:Interrupt | 1:Interrupt
generated generated generated
INTTBAO: Interrupt generated upon detection of match
with timer register TBARGO
INTTBAL: Interrupt generated upon detection of match
with timer register TBARG1
INTTBOFA: Interrupt generated upon detection of

up-counter overflow

Figure 3.10.28 TMRB Registers
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TMRBB status register
7 6 5 4 3 2 1 0
TBBST Bit symbol — — — — — INTTBOFB| INTTBB1 | INTTBBO
(OXFFFF_ | Read/Write — — — — — R
F1F4) After reset — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt | Isinterrupt” | 1: Interrupt
generated generated generated
INTTBBO: Interrupt generated upon detection of match
with timer register-TBBRGO
INTTBB1: Interrupt 'generated upon detection of match
with timer register TBBRG1
INTTBOFB: Interrupt~. generated upon ,detection of
up-counter.overflow
TMRBC status register,
7 6 5 4 3 2 1 0
TBCST Bit symbol — — — — — INTTBOF9 | INTTB91 |INTTB90
(OXFFFF_ | Read/Write — — — - - R
F204) After reset — — — - — 0 0 0
0:No 0:No 0:No
intefrupt interrupt interrupt
Function generated generated generated
1 aterrupt | 1:Interrupt | 1: Interrupt
generated generated generated
INTTBCO: Interrupt generated upon detection of match
with timer register TBCRGO
INTTBCL:\_Interrupt generated upon detection of match
with timer register TBCRG1
INTTBOEC: Interrupt generated upon detection of
up-counter overflow
TMRBD status register
7 6 5 4 3 2 1 0
TBDST Bit symbol — — — e — INTTBOFD| INTTBD1 | INTTBDO
(OXFFFF_ | Read/Write — — AN — — R
F214) After resep — — — — — 0 0 0
0:No 0:No 0:No
interrupt interrupt interrupt
Function generated generated generated
1:Interrupt [ 1:Interrupt | 1:Interrupt
generated generated generated
INTTBDO: Interrupt generated upon detection of match
with timer register TBDRGO
INTTBD1: Interrupt generated upon detection of match
with timer register TBDRG1
INTTBOFD: Interrupt generated upon detection of

up-counter overflow

Figure 3.10.29 TMRB Registers
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3.10.4 Functional description for each mode

(1) 16-bit interval timer mode

To generate interrupts at certain intervals, set the interval time in the timer register TBORG1 and
enable INTTBO1 interrupts.

[ TBORUN < 0 0

X - 0 0 Stop TMRBO.

IMC7LH « X1 1 0 1 0 O Enable INTTBO and set its.priority/level to 4.
TBOFFCR «— 1 1 0O 0 0 1 Disable trigger.
TBOMOD « o1 0 0 1 * = Select prescaler output clock as input clock and disable

* = 01, 10, 11) capture function.
TBORG1 — F ok kxR k% Set interval time.

* * * * * * * * (16 bItS)
TBORUN «< 0 0 X X - 1 X 1 Start TMRBO:
Note: X = Don't care; “—" = No change

(2) 16-bit event counter mode

The timer can be used as an event counter by-selecting an externalctock)(input to the TBOINO pin)
as its input clock.

The up-counter is incremented on each rising edge of-the TBOHNO pin input. The count value can
be read by capturing it by software and reading4he.captured value.

7 6 5 4 3277 0

[~ TBORUN « 0 0 X/X/-~0 0 Stop TMRBO.

PACR « - - -\ ) - o0 .
Set.PAO to input mode.

PAFC - - —— =/ -1
IMC7LH «— X X 4 41/ 0 1 0 O Enable INTTBO and set its priority level to 4.
TBOFFCR «<~ 1/1 00 0 pP_1 \1 Disable trigger.
TBOMOD «~/0 " 0—2¥ 0 0 1~0.0 Select TBOINO pin input as input clock.
TBORG1 e E K OF x Kk kX Set count (16 bits).

| TBORUN «~ 0D X X 1 X2 Start TMRBO.

Note:—X =Peon't care; “-” = No change

When the timer is usedhas an event counter, the prescaler must be set to run (i.e.
TBORUN<TBOPRUN> must be set to 1).
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(3) 16-bit PPG (programmable square wave) output mode

A square wave of any frequency with any duty cycle (programmable square wave) can be output.

Either Low-active or High-active output pulses can be selected.

This mode is used to output a programmable square wave on the TBOOUT pin by triggering
inversion of the timer flip-flop (TBOFF) when the values in the up-counter (UCO) and one of the
timer registers (TBORGO or TBORG1) match. However, the values/set-in TBORGO and TBORG1

must satisfy the following condition:

(TBORGO set value) < (TBORGL1 set value)

TBORGO and up-counter match I-l ” ” I-l

TBORGL1 and up-counter match
(INTTBOL1 interrupt)

(INTTBOO interrupt) A
A o ]

TBOOUT pin \.j

J U

Figure 3.10.30 Example/PPG Output Waveform

If TBORGO has its double-bufferenabled in this mode;-the vatue’in register buffer 0 is shifted into
TBORGO when TBORG1 and-UCO match. Using the“double-buffer facilitates satisfying the

requirements for small duty eycle waveforms.

TBORGO and
up-counter match |-| |-|
TBORG1 and Up-counter = Q, Up-counter = Q,
up-counter match

{ Shift to TBORGO
TBORGO &
(compare value) Q X Q2

/A
Register buffer Q. x Qs
Write to TBORGO

Figure 3.10.31 Register Buffer Operation
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Figure 3.10.32 shows a block diagram of 16-bit PPG output mode.

TBORUN<TBORUN>
Selector TBOOUT (PPB output)
TBOINO —>] -
g‘l‘ :) 16-bit Llil%gounter Clear FIF
4716 —) . (TBOFFO)
\Z N\Z
Match
16-bit comparator 16-bit comparatop
VAN AN
Selector TBORGO
VAN
TBORGO-WR —
1 Register buffer 0 TBORGY
TBORUN<TBORDE> TT TT
lnternal bus

Figure 3.10.32 16-BitPRG Output Mode Block Biagram

To use the timer in 16-bit PRG eutput mode, Set-each register as shown below.

[ TBORUN «~ 0 0 X X(- 6\X O Disable"\TBORGO double-buffer and stop TMRBO.
TBORGO — FF xRN X F Sk * Set.duty:cycle (16 bits).
TBORG1 Y v N Set'PRG cycle (16 bits).
TBORUN « 10 X/ X )94 0 X O Enable TBORGO double-buffer.
(Duty cycle and PPG cycle are changed by INTTBO1 interrupt.)
TBOFFCR “« X /X700 1 11~0 Set/TBOFFO so that its value will be inverted on detecting a match
with TBORGO or TBORGL1. Also initialize TBOFFO to O.
TBOMOD «~ 0~0~1 0 0{1_=*"* Select prescaler output clock as input clock and disable capture
¢** = 01, 10, °11) function.
P7CR - 1 - - - - 2 } .
Set PA2 pin to TBOOUT.
P7FC « )1 - - - - -
|_TBORUN «~1 X X, <11 X 1 Start TMRBO.
Notel:X.=Don't care; “—"/= Noe.change

Note2: Please do not step“a timerin PPG mode at the time of duty change (please use a double buffer).
In order to change atimer-related setup, please perform the following setup, when you resume
after a stop (STBNRUN>="0") (KTBNRUN>="1").

(1) Change a timer output terminal to a PORT function.

(2) Timer stop (<KTBNRUN>="0")

(3) Forbid a reversal output at the time of coincidence with a Up Counter and a Timer Register

(TBNFFCR<TBNE1T1:TBnEOT1>=00).

(4) Start a timer (STBNRUN>="1").

(5) Suspend a timer (<TBNRUN>="0").

(6) A setup of the contents of change.

(7) Change an output terminal from a PORT function to a timer output.

(8) Start a timer (<TBNRUN>="1").

TMP1942CY/CZ-227



TOSHIBA

TX
TX1942CY/CZ @gl;;fgm

(4) Application examples using the capture function

With its capture function enabled, TMRB can be used for various applications including those

presented in the examples given below:

a.
b.

C.

Caunt elock
(internalk.clock)

TBOINO-pin‘inpUt
(external trigger pulse)

TBORGO and UCQ match -|
INTTBO
Inversion (7 generated
TBORG1 and UCO match enabled i
) Inversion

Inversion by latch enabled (

into CAP1 remains
TBOOUT timer output pin L/ disabled \

Delay time Pulse width
(d) ()

One-shot pulse output using an external trigger pulse
Frequency measurement
Pulse width measurement

Time difference measurement

One-shot pulse output using an external triggerpulse

To output a one-shot pulse using an external trigger pulse, follow the procedure described
below.

Let the 16-bit up-counter UCO count up in-free-running mode using the prescaler output
clock. Enter an external trigger pulse via the TBOINOpin and use the €apture-function to latch
the up-counter value into the capture register (TBOCPO) at the rising Jedge, of the external
trigger pulse.

Set INTC so that an INT3 interrupt is-generated when the'external trigger pulse goes High.
During this interrupt write the-sum of the TBOCPO value(c)-andthe’delay time (d) to the timer
register TBORGO. Similarly, write the sum of the TBORGQalue and the one-shot pulse width
(p), i.e. (c + d + p), to theltimer.register TBORG1.

Then, set the frelevant, field in the ~timer flip-flop control register (TBOFFCR
<TBOE1T1,TBOEOT1>).to/11, enabling the triggerso that the timer flip-flop (TBOFF0) will be
inverted on detection~of a match betweén the value of UCO and the value of TBORGO or
TBORG1. After~a one-shot pulse is—eutput, disable inversion during INTTBO interrupt
handling.

The terms-(e);’(d) and.(p) in the/above explanation correspond to ¢, d and p in Figure 3.10.,
One<Shot-Pulse Output (with-Delay)-

~
_ [

C

Counterin-free-running mode

C+d+p

Latched into capture register 1 (CAP1)
INT3 generated (7 INTTBO generated

Figure 3.10.33 One-Shot Pulse Output (with Delay)
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Set-up example: To output a 2 ms one-shot pulse with a delay time of 3 ms after an external trigger pulse
on the TBOINO pin

Settings in the main routine

* Clock conditions

7 6 5 4 3 10
_ —=1 E
TBOMOD « X X 1 0 1 0 0 1
L
TBOFFCR « X X 0 0 0 0 1 0
L=
PACR - - - - - -1 - -
PAFC - - - - - -1 - -
IMCOHL « X X 1 1 0 1 0 O
IMC7LH « X X 1 1 0 0 0 O
| TBORUN « - 0 X - 1 XA
Settings in INT3
[ TBORGO <« TBOCPO + 3ms/¢T1
TBORG1 « TBORGO + 2ms/¢Td
TBOFFCR « X X [+ X1 - -
b 45
IMC7LH « X XY 1) 0 1 0 O
Settings in INTTBO
TBOFFCR “« X X - - 00— -
L~
IMC7LH «~ X X 1 A/l0 0 O O

Note:_ X = Don't care;

W

=No.change

System clock: High-speed (fc)
High-speed clock gear:_x 1 (fc)
Prescaler clock: fperiph/4 (fperiph = fsys)

Place counter in free-running mode.

Use ¢T1 as clock-source for counting.

Latch count into. TBOCPO on rise of TBOINO input.

Clear TBOFF0tQ 0.
Disableinversion of TBOFFO.

Set’PA2\pin to TBOOUT.

Enable INT3 and disable ANTTBO

Start TMRBO.

Enable TBOFFO inversion when up-counter value matches
TBORGO or TBORGL1.

Enable INTTBO.

Disable TBOFFO inversion when up-counter value
matches TBORGO or TBORG1.

Disable INTTBO.

If adelay is notnecessary, invert TBOFFO by latching the counter value into TBOCPO; then,
during the INT3 interrupt, write the sum of the TBOCPO value (c) and the one-shot pulse width
(p) to TBORGL. Enable the trigger so that TBOFFO will be inverted on detection of a match
between the value of UCO and the value of TBORG1. TBOFFO inversion should be disabled
during INTTBO interrupt handling.
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Count clock
(prescater ouput cocky [\ JUUINL. . _JUIUIL .
L c C+p
TBOINO pin input
(external trigger pulse) Latched into capture register TBOCPO
> INT5 generated Latched into capture

register TBOCP1
/ﬁ) INTTBO1 generated

Inversion
enabled
N

Pulse width
()

1
1
:
|
TBORGL1 and UCO match !
1
1
1
]

TBOOUT timer output pin

/

TBOFFO left disabled-se’that it will not be
inverted by latchinto TBOCP1

Inversion by latch into / E
TBOCPO remains enabled !

Figure 3.10.34 One-Shot Pulse Output Using an External Trigger Pulse (without Delay)

b. Frequency measurement

With its capture function enabled, the timer can be used to measure the’frequency of an
external clock.

The frequency is measured using a~combination of a 16<bit timer/event counter and 8-bit
timers (TMRAO01). (TMRAQDL determines the measurement time by inverting TALFF.)

Select TBOINO piprinput as-the count clock-for TMRBO so that it counts up synchronously
with the external clock pulses. Set TBOMOD<TBOCPM1:TBOCPMO> to 11. This setting
causes the count-value-of the 16-bit up-counter UCO to be latched into the capture register
TBOCPO when the 8:bit timer (TMRAOL) flip-flop (TAL1FF) output goes High, and to be
latched into the capture register TBOCRL-when.the TALFF output goes Low.

Thefrequency is calculated from the difference between the loaded values in TBOCPO and
TBOCP1-based on the measurement time determined by an 8-bit timer interrupt INTTAO or

INTTAL.
Count clock
(TBOINO pininput) Jﬂﬂﬂ“ﬂ _____ L ﬂﬂﬂﬂ ___________
Ci Cc2
TALOUT |
Latched into TBOCPQ C1 h C1l

Latched into TBOCP1 \

!
I
I
!
\ :
INTTAO/INTTAL ﬂ

—1 T 1" "[ """ 7
0O
N

Figure 3.10.35 Frequency Measurement

For example, if the 8-bit timers set the High level width of TALFF to 0.5 s and the difference
between TBOCPO and TBOCP1 is 100, then the frequency is 100/0.5 s = 200 Hz.
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c. Pulse width measurement

With its capture function enabled, the timer can be used to measure the high-level duration of
an external pulse. Enter an external pulse via the TBOINO pin and let the up-counter (UCO)
count up in free-running mode using the prescaler output clock. Then, using the capture
function, latch the up-counter value into the capture registers TBOCPO and TBOCP1 on the
rising and falling edges of the external pulse, respectively. Set INTC so that INT5 is generated
when the TBOINO pin goes Low.

The High-level duration of the pulse can be obtained by, finding the difference between
TBOCPO and TBOCP1 and multiplying the resulting value by,the jinternal clock period.

For example, if the difference between TBOCPO and TBOCP1 is 100 and the prescaler output
clock period is 0.5 ps, then the pulse width will be 100 %05 ps = 50 ps.

Additionally, the pulse width which exceeds.the UC0 maximum counttime specified by the
clock source can be measured by software coding.

Prescaler output clock | | H | H
TBOINO pin input c1 2

(external pulse) __I
[}

| : !
Latched into TBOCPO C1 l ﬂ €l !
! !

Latched into TBOCP1 Cc2 H c2
\ i !
! 1
INT5 ﬂ I

Figure 3.10.36 Pulse Width Measurement

The Low-level duration.can \be’/measured using the time difference measurement function
shown in Figure 3.10.. The Low=level duration is obtained by multiplying the difference
betweenthe first C2-and-the second,C1 by the prescaler output clock period during the handling
of the second INTS5 interrupt.
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d. Time difference measurement

With its capture function enabled, the timer can be used to measure the difference in time
between two events. Let the up-counter (UCO) count up in free-running mode using the
prescaler output clock. Latch the UCO value into the capture register TBOCPO at the rising edge
of the pulse input on the TBOINO pin. Set INTC so that an INT3 interrupt is generated at that
point.

Latch the UCO value into the capture register (TBOCP1) at the rising edge of the pulse input
on the TBOIN1 pin. Set INTC so that an INT4 interrupt is/generated at that point.

The difference in time can be obtained by subtracting-thevatue in TBOCPO from the value in

TBOCP1 after the values have been latched into the capture)registers, and then multiplying the
difference by the internal clock period.

Prescaler output clock | | I | I

TBOINO pin input ﬂ

1
1

TBOIN1 pin input / | /l
1

1
Latched into TBOCPO / \ﬂ

Latched into TBOCP1

INT4

Time difference

|
'
1
1
1
1
INT3 I
1
1
1
[}
)
|
1,
)
[}

Figure 3.10.37~Time Djfference Measurement
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(5) 2-phase pulse input counter mode (TMRB2 and TMRB3)

(The function operates in the same way for TMRB2 and TMRB3. Only TMRB2 is described
here.)

In this mode, the counter is either incremented or decremented by one according to the state
transition of 2-phase clock pulses, with a phase difference of 90 degrees, input from TB2INO and
TB2IN1. An interrupt is generated when the up/down-counter overflowsor.underflows, or when it is
incremented or decremented.

a. Count operation

e Counting up

Counter value n >< n+ 1
TBOINO o 1 |
TBOIN1 1

Counter value + 1

Figure 3:10.38 Counting Up

e Counting down

Counter value n >< n-1
TBOINO 1:1
TBQIN1 P— Sl L

Counter value — 1

Figure’3.10.39 Counting Down

e  Sampling clock

TMRB2 run register (TB2RUN)

7 6 5 4 3 2 1 0

Bit symbol TB2RDE — UD2CK TB2UDCE 12TB2 | TB2PRUN — TB2RUN
Read/Write R/W — R/IW R/IW R/W R/W — R/IW
After reset 0 — 0 0 0 0 — 0

Double Sampling 2-phase IDLE Timer Run/Stop Control

Buffer clock counter enable (o: |dle 0: Stop and cleared
Function 0: Disable pEER 0: Disable 1: Operate | 1: Count

1: Enable 0:fs 1: Enable

1: fsys/2

Figure 3.10.40 Register for Setting 2-Phase Pulse Input Counter Mode
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Bit 5 of the TB2RUN register (UD2CK) determines the sampling clock to be used.
UD2CK (sampling clock selection) = 0: Selects fs (32 kHz) (8 kHz sampling)
1: Selects fsys/2 (fsys/8 Hz sampling)
1) Exiting from STOP mode

Because an 2-phase timer interrupt cannot be used to terminate-STOP mode, an interrupt on
the INTB or INTC shared pin is used to terminate STOP mode|

TMRB INTC
I:l—.—' INTTB2

h 4

1 INTBCDE €G

Terminate STOP/SLEEP
mode using this path.

The 2-phase counter-enters STOP mode while retaining its previous state. Therefore, if the
relationship between the state of the input used to-terminate STOP mode and the retained state
satisfies the condition—fof counting up._or down, the counter value is incremented or
decremented after STOP mode has been terminated. (The counter value remains unchanged if
the conditien-is hot satisfied.) If it is necessary,to obtain a constant counter state after exiting
from STOP/imode, initialize the 2-phase: counter after STOP mode is terminated (clearing
TB2RUN<TB2UDCE> to 0 and then’setting it to 1 initializes the counter to Ox7FFF).

2) ~Exiting from SLEEP mode

Because an 2-phase-timer interrupt cannot be used to terminate SLEEP mode, an interrupt on
the INTBCDE shared pin“is_used to terminate SLEEP mode. Whether the 2-phase counter is
ineremented or decremented depends on the state of the input used to terminate SLEEP mode.
[Tt is necessary/to.obtain a constant counter state after exiting from SLEEP mode, initialize the
2-phase counter-after"SLEEP mode is terminated (clearing TB2RUN<TB2UDCE> to 0 and
then setting(it to 1hinitializes the counter to Ox7FFF).

b. Operating-maode

Use appropriate register bits to determine whether the external input signals on the TB2INO
and TB2IN1 input pins will be sent to the ordinary 16-bit timer or to the up/down-counter.

In up/down-counter mode, only software capture is available; capture based on external clock
timing is not enabled.

In up/down-counter mode, the comparator is disabled; comparison with timer registers is not
performed.
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e Inup/down-counter mode, ordinary INTB to INTE interrupts (interrupts other than those used
to terminate STOP/SLEEP mode) cannot be used.

e The input clock signals are sampled at fs (32 kHz) or based on the high-speed clock (system
clock). When fs is used, the maximum input frequency is 8 kHz. When the high-speed clock is
used, the maximum input frequency is fsys/8 Hz.

Setting the up/down-counter

Set TB2MOD<TB2CLKO0,TB2CLK1> to “00” (prescaler disabled)._Next, set bit 4 of the
TB2RUN register (TB2UDCE) to determine whether the countér’ should operate as a up/down
counter or as an ordinary up-counter based on external clocK input.

TB2UDCE (up/down-counter enable) = 0: Normal 16-hit-timer operation
1: Up/down-caunter operation

TMRB2 run register (TB2RUN)

7 6 5 4 3 2 1 0
Bit symbol TB2RDE — UD2CK | TB2UDCE 12TB2 TB2PRUN =~ TB2RUN
Read/Write R/W — R/IW RIW- RIW R/W — R/IW
After reset 0 — 0 0 0 0 — 0
Double Sampling }2-phase IDLE Timer Rup/Step-Control
Buffer clock counter 0: Idle 0: Stop,and cleared
Function 0: Disable selectiof —~1ehable 1: Operate 11 Caunt
1: Enable 0:fs 0: Disable
1: fsysf2 I~Enable

Figure 3.10.41 Register/for Setting the Up/Bown-Counter

c. Interrupts

e N NORMAL or'SLOW mode

Enable INTTB2 interrupts_in.the_interrupt controller (INTC). An INTTB2 interrupt will
oceurwhen the counter either-counts up or down. You can determine whether an overflow or
underflew has occurred-at the-same time by reading the status register TB2ST during the
handling of the interrupt- An overflow has occurred if TB2ST<INTTBOVF2> = 1. An
underflow has occurred if TB2ST<INTTBUDF2> = 1. This register is cleared when read. An
overflow causesthe counter to be initialized to 0x0000 and an underflow causes the counter to
be initialized to OXFERF, allowing the counter to continue counting.

7 6 5 4 3 2 1 0
TB2ST Bit.symbol — S — INTTBUD2 | INTTBUDF2 | INTTBOUF2 — —
(OXFFFF_ | Read/Write — — — R — —
F164) After reset — — — 0 0 0 — —
Up or down | Underflow Overflow
count 0: Not 0: Not
Function 0: Not detected detected
detected | 1:Detected | 1:Detected
1: Detected

Figure 3.10.42 TMRB2 Status Register
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INTFLG
(OXFFFF_
F384)

In SLEEP mode

The 2-phase pulse input counter operates. Enable the INTBCDE release input in the clock
generator (CG). Use INTNST of the INTBCDE circuit to set the active level for each interrupt
input. An up or down counter input generates an INTB or INTC interrupt, causing the counter
to exit from SLEEP mode. The interrupt source is determined by reading the flag register
INTFLG. The flag is cleared when read. Whether this releasing interrupt source causes the
counter to count up or down depends on whether the state of the releasing input satisfies the
condition for counting up or down.

Bit symbol

— — — — INTES INTDS INTCS INTBS

Read/Write

After reset

— — — — 0 0 0 0

Function

0:No 0:No 0:No 0:No
interrupt interrupt interrupt interrupt
generated generated generated generated

1nterpupt P Interrupt | 1:Interrupt | Llnterrupt
generated generated denerated | —generated

Figure 3.10.43 INTFLG.Register

In STOP mode

The 2-phase pulse input Counter stops. Enable the’ INTBCDE release input in the clock
generator (CG). An up or down-counter input generatesandNTB or INTC interrupt, causing the
counter to exit from STOP mode-\Whether thisreleasing input causes the counter to count up or
down depends on therelationship between-the-input state prior to entering STOP mode and the
state of the releasing input.

After the releasing\input is asserted, the\device warms up for the specified period before
entering NORMAL-er SLOW mode to.restart counting.

d. Upfdewn-counter

When-2-phase input ceunter mode is selected (TB2RUN<TB2UDCE> = 1), the up-counter
isuinitialized to Ox7EEF and eperates as an up/down-counter. If the counter overflows, it is
initialized to 0x0000-and continues counting. If the counter underflows, it is initialized to
OXFFFF and continues counting. Therefore, you can determine the state of the counter by
regding the counter.value and the status flag TB2ST after an interrupt occurs.

Sampling clock
1 1
1 1
Count up input T ! | !
] ]
|
)

Up/down-counter value OX3FFF 9( 0x4000 9( 0x4001
1

Up/down interrupt ﬂ ﬂ

Note 1: Ensure that the count up (down) input is High before and after it is input.
Note 2: The counter value must be read during exception handling for INTTB2. If the counter value is read

during exception handling for INTB or INTC used to terminate SLEEP or STOP mode, the counter
value varies depending on whether the condition is satisfied or not and the difference in time
between SLEEP/STOP mode being terminated and counting being restarted.
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3.11 Serial Channels (SIO)

The TMP1942 contains five serial input/output channels: S100, S101, S103, SI04 and SIO5. Each channel
can be operated in (asynchronous) UART mode or (synchronous) 1/O interface mode, as shown below.

e |/O interface mode Mode 0: Transmit and receive 1/O data using the sync signal
(SCLK) for extended 4/O operation.

Mode 1: Transmit and receive 7-bit data.
e Asynchronous (UART) mode —E Mode 2: Transmit and receiye-8-bit-data:

Mode 3: Transmit and receive/9<bit data.

In modes 1 and 2 a parity bit can be added. Mode 3 supports a wake-up funetion which is used by the master
controller in a multi-controller system to initiate communication witha stave/controller via a serial link. Figure
3.11.2 shows a block diagram for SI100.

Each channel consists of a prescaler, a serial clock gengrator; a recéive buffer and its-accompanying control
circuit, and a transmit buffer and its accompanying control Cifcuit, All chanfigls operate independently of each
other. Because all channels operate in the same way, this section consists only of an explanation for S100.

e Mode 0 (I/O interface mode): LSB first

RDD00,

<«—— Direction of transfer

e

5
>

3
>

o
>

¢ Mode 0 (I/O interface mode): MSB first

RD000

<«—— Directiony of transfer

v

w
>
N
>
>
)

e Mode 1 (7-bit UART mode)

Without parity \start/<bit0X 1 X 2 X 3 X 4 X 5 X 6 >Istop

With patity \start /<bit OX Xparity)lstop

e Mode 2 (8-bit UART mode)

Without parity \start /<bit0X 7 stop

With parity \start /<bit OX X 7 Xparity)lstop

s Mode 3 (9-bit UART-mgade)
---\startAbitOX X2X3 X4X SX 6X7 X 8)lstop o

\StartAbitOX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xbit8y Stop (wake-up)
Address (selection code) when bit 8 = 1
Data when bit 8 =0

>
no
w
D

=<
[6)]

>
(o]

=<
N
=<
o
=<
N
=<
o
=<
o

7
>
N
=<
w
>
N
=<
[6;]
=<
o

[N

Figure 3.11.1 Data Formats
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3.11.1 Block diagram (for channel 0 as an example)

Prescaler
$TO+——>— 2[4 [ 8 [16[32]64]
oT2 oT8 ¢T32
""""" Serial Clock Generator
BROCR TAGTRG
<BROCK1, 0> (from TMRAO)
BROCR BROADD
<BROS3: 01 l<BROK3 10>
¢TO> _ _ | UART [ <
$T2 4 % 3 % mode % SIOCLK
T8 -{ 5 E 2 — 2
$T324| O ) N
BROCR il 7
<BROADDE> SCOMODO |'SCOMODO
------- Baud Rate Generator <SC1, 0>—-<SM1,0>
fsys/2
S
—| +2 %]
[5)
SCLKO Input 0 0 | WO interface
(shared with PD2) mode
i
|
SCOCR
<iOC>
SCLKO Output /O Interface Mode Interrupt Request
(shared with PD2) INTRXO
| [ Interrupt Request
i i INTTXO0
Rggelve Counter ||SCOMODQ [\sefial Channel Tr'a'ndsmlt counter
(divided by 16 for SWUS Interrupt Control (divided by 16 for
UART only) UART only)
RXDCLK | 1 TXDCLK | 1
SCOMODO| ===
Receive Transmission [ CTS0
<RXE> —] N hared
Controller Controller 1 (share
ScocR / with PD2)
<PE> <EVEN> SCOMODO
Parity Controller <CTSE>
TXDO
) RXDO [} I Receive Buffer 1 (shift register) | | Transmit Buffer 1 (shift register) '——>|:| (shared
(shared with PD1) .
{} ﬁ with PDO)
| RB8 |Receive Buffer 2 (SCOBUF)| Error flag | | TB8 |Transmit Buffer 2 (SCOBUF)|
T T7T
SCOCR
<OERR><PERR><FERR>
<~ [ ~~ | |

Internal Data, Bus

Internal Data Bus

Internal Data Bus

Figure 3.11.2 SIOO0 Block Diagram
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3.11.2 Functional description of each circuit (for channel 0 as an example)

1)

Prescaler

The TMP1942 has a 6-bit prescaler to supply an operating clock to SIO0. The prescaler’s input
clock ¢TO has a frequency of fperiph, fperiph/2 or fperiph/4 as selected by SYSCRO
<PRCKZ1:PRCKO> in the CG block.

fperiph is either the clock fgear as selected by SYSCR1<FPSEL> in-the CG block or the clock fc

before division by the clock gear.

The prescaler operates only when the baud rate generator has béeh specified as the serial transfer
clock. Table 3.11.1 shows the resolutions of the prescaler output. clocks.

Table 3.11.1 Baud Rate Generator Input Cleck-Resolutions

@ =32 MHz
Peripheral Clock Gear Selected Prescaler ©utput Clock Resolution
Clock Selection Value Prescaler Clock
<FPSEL> <GEAR1:0> | <PRCK1:0> ¢TO $T2 $T8 $T32
00 (fperiph/4) fc/2? (0.125 jis) | fc/2* (0.5 ps) fc/28(2.0 (s) fc/2® (8.0 pus)
00 (fc) 01 (fperiph/2) ~ fc/2® (0.25 us)/ | fef2®(1.0'ps) fc/2” (4.0 us)
10 (fperiph) N fc/2? (0.125 ps)N-—Ac/2? (0.5 ps) fc/2° (2.0 ps)
00 (fperiph/4) fe/28(0.25us) | fc/2® (1.0'us) fe12” (4.0 ps) fc/2° (16 ps)
01 (fc/2) 01 (fperiph/2) N fc/2* (0.5 1é) fc/2® (2.0 ps) fc/2® (8.0 us)
0 (fgear) 10 (fperiph) — fcf22(0:25 sy fc/2® (1.0 ps) fc/2” (4.0 us)
00 (fperiph/4) fc/2* (0.5 ps) fc/2° (2.0 1is) fc/2® (8.0 ps) fc/2'° (32 ps)
10 (fc/4) 01 (fperiph/2) — fer2® (1.0'ys) fc/2” (4.0 ps) fc/2° (16 us)
10 (fperiph) — fc/24 (0.5 us) fc/2° (2.0 ps) fc/2® (8.0 us)
00 (fperiph/4) fc/2° (1.0 us) fc/2” (4.0 us) fc/2° (16 ps) fc/2™ (64 ps)
11 (fc/8) 01 (fperiph/2) — fc/2° (2.0 ps) fc/2° (8.0 ps) fc/2'° (32 ps)
10-(fperiph) — fc/2® (1.0 us) fc/2” (4.0 ps) fc/2° (16 ps)
00 (fpériph/4) fc/2? (0:125ps)\|  fc/2* (0.5 ps) fc/2® (2.0 ps) fc/2® (8.0 pus)
00 (fc) 01-(fpériph/2) - fc/2® (0.25 us) | fc/2® (1.0 ps) fc/2” (4.0 ps)
10 (fperiph) - fc/2® (0.125 ps) | fc/2* (0.5 ps) fc/2® (2.0 ps)
00 (fperiph/4) — fc/2* (0.5 us) fc/2° (2.0 ps) fc/2® (8.0 us)
01 (fc/2) 01 (fperiph/2) — fc/2® (0.25 us) | fc/2® (1.0 ps) fc/2” (4.0 us)
10 (fperiph) — — fc/2* (0.5 ps) fc/2° (2.0 us)
1 (fc) 00 (fperiph/4) — fc/2* (0.5 pus) fc/2® (2.0 ps) fc/2® (8.0 pus)
10°(fcr4) 01 (fperiph/2) — — fc/2° (1.0 ps) fc/2” (4.0 us)
10 (fpériph) — — fc/2* (0.5 ps) fc/2® (2.0 ps)
00 (fperiph/4) — — fc/2° (2.0 pus) fc/2® (8.0 us)
11A(fc/8) 01((fperiphi/2) — — fc/2® (1.0 ps) fc/2” (4.0 us)
10.(fperiph) — — — fc/2° (2.0 ps)
Note 1>~ The prescaler’'s output_clock ¢Tn must be selected such that the relationship ¢Tn < fsys/2 is
satisfied (i.e., $Tn must be slower than fsys/2).
Note 2: Do not change the clock gear value while the timer is running
Note 3: The — character means “Don’t use”

One of prescaler output clocks - ¢TO, $T2, $T8 or $T32 - is used for the serial interface baud rate

generator.
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(2) Baud rate

The baud rate generator is used to generate the transmit/receive clock which determines the rate at
which data is transferred via serial channels.

The clock source fed to the baud rate generator is the clock ¢TO, ¢T2, ¢T8 or ¢T32 as output by
the 6-bit prescaler. This input clock is selected by setting the bits BROCR<BROCK1:BROCKO0> in
the baud rate generator control register.

The baud rate generator contains a divider which can divide the input-clock frequency by 1, n +
% (n = 2-15, m = 0-15) or 16. The input clock frequency is divided according to the values set in

BROCR<BROADDE,BR0S3:BR0S0> and BROADD<BROK3:BROKO> to specify the rate of
transfer.

e For UART mode
1) When BROCR<BROADDE> =0

The value set in BROADD<BROK3:BROKO> is ignored and the input cloek.is divided by the
value N set in BROCR<BRO0S3:BR0S0>(N=1, 2, 3... 16).

2) When BROCR<BROADDE> =1

The input clock is divided by-N+(16-K)/16, where the value of N is specified by BROCR
<BR0S3:BR0S0> (N = 2, 3../15)andthe value of K is specified by BROADD<BROK3:0> (K =
1,2,3..15).

Note: When N = 1 or 16, division’by N+(16-K)/16is disabled. In that case, always set
BROCR<BROADDE=> 10 0:

e  For I/O interface mode

Division by N+(16-K)/16 cannot be used in\1/O interface mode. In this mode always set
BROCR<BROADDE> to-0-so that the input clock-will be divided by N.

Thebaud rate‘is-calculated as follows;
o /In UART mode

Baud rate-generator input clock
Baud rate generator divisor

Baud rate = +16

The maximum baud rate which can be generated by the baud rate generator is 500 kbps and
is generated when ¢T0 = 8 MHz.
In addition to-an eutput from the baud rate generator, fsys/2 can also be used as a serial clock.

If fsys/2 is used as a/serial clock, the maximum baud rate is 1 Mbps, which is generated when
fsys = 32MHz:

e In1/O interface mode

Baud rate generator input clock
Baud rate generator divisor

Baud rate =
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e  When dividing the input clock by an integer (N)

If T2 is chosen as the input clock to the baud rate generator with the divisor N
(BROCR<BR0S3:BR0S0>) set to 10 and BROCR<BROADDE> set to 0 after fc = 24.576 MHz
has been specified as fperiph and ¢TO has been set to fperiph/4, then the baud rate in UART
mode is calculated as follows:

* Clock conditions (" System clock : High-speed (fc)
High-speed clock gear : x 1 (fc)
Prescaler clock : fperiph/4 (fperiph = fsys)

_ fc/16 |
Baud rate = 10 * 16

= 24,576 x 10° + 16 + 10 + 16 = 9600 (bps)

Note: Since division by N+(16-K)/16 is disabled, the\value-set in BROADD<BROK3:BROKO0> is
ignored.

e When dividing the input clock by N+(16-K)/16 (UART.mode anly)

If T2 is chosen as the input (clock to the baud rate generator( with the divisor N
(BROCR<BRO0S3:BR0S0>) set (to~7;. K '(BROADD<BROK3:BROKO0>) set to 3 and
BROCR<BROADDE> set to 1 afterfc = 19.2 MHz has been-specified as fperiph and ¢T0 has
been set to fperiph/4, the baud rate-is calculated as follows:

* Clock conditions (" System clock : High-speed-(fc)
[High-speed clock gear £ %1 (fc)
Prescaler clock : fperiph/4 (fperiph = fsys)
Baud rate 7 % +16
1+ 52
16

= 19.26010%:)16 + (7 + %) + 16=9600 (bps)

Taples 3.11.2 and 3.11.3show example baud rates in UART mode.

Instead of a prescaler-output, a clock input from an external source can also be used as the
serial clock. In this casethe-baud rate is calculated as follows:

e UART mode
Baud rate-=‘external clock input/16
However,.the périod of the external clock must be greater than or equal to 4/fsys.

) 1/ interface mode
Baud.Rate = external clock input
However, the period of the external clock must be greater than or equal to 16/fsys.
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Table 3.11.2 UART Baud Rate Selection
(When the baud rate generator is used and BROCR<BROADDE> = 0)

Units: kbps
. Input Clock
fc [MHz] 3 ' Divisor N
(Specified with BROCR<BR0S3:BR0S0>) ¢T0 oT2 6T8 $T32

(fc/4) (fc/16) (fc/64) (fc/256)

19.6608 1 307.200 76.800 19.200 4.800
T 2 153.600 38.400 9.600 2.400

0 4 76.800 19.200 4.800 1.200

0 8 38.400 9.600 2.400 0.600

T 0 19.200 4.800 1.200 0.300
24.576 5 76.800 19:200 4.800 1.200
T A 38.400 9.600 2.400 0.600
29.4912 1 460.800 115.200 28.800 7.200
T 2 230.400 57.600 14.400 3.600

0 3 153.600 38/400 9,600 2.400

0 4 115,200 28.800 7.200 1.800

0 6 76/800 19.200 4800 1.200

T c 381400 9.600 2.400 0.600

Note: The values shown in the table above are applied when the system clock frequency = fc, the clock gear
= fc/1 and the prescaler clock frequency = fperiph/4:

Table 3.11.3 UART Baud Rate Selection
(When TMRAG timer triggerQutputis used and TMRAG input clock = ¢T1)

Units: kbps
fc
TAOREG
29.4912 MHz| 24.576MHz 24 MHz ,{19.6608 MHz| 16 MHz 12.288 MHz

1H 230.4 192 187.5 153.6 125 96
2H 115.2 96 93.75 76.8 62.5 48
3H 76.8 64 62.5 51.2 41.67 32
4H 57.6 48 46.88 38.4 31.25 24
5H 46.08 384 37.5 30.72 25 19.2
6H 384 32 31.25 25.6 20.83 16
8H 288 24 2344 19.2 15.63 12
AH 23.04 19.2 18.75 15.36 125 9.6
10H 14.4 12 11.72 9.6 7.81 6

14H 11.52 9/6 9.38 7.68 6.25 4.8

Calculate the baud rate.as.follows (when timer TMRAG is used):

Clack’frequency specified with SYSCR0< PRCK1:PRCKO0>
TAOREG x2x16

Transferrate/=

(when TMRAG input clock = ¢ T1)

Note 1: The trigger signal from timer TMRAG6 cannot be used as the transfer clock in I/O interface mode.

Note 2: The values shown in the table above are applied when the system clock frequency = fc, the clock
gear = fc/1, and the prescaler clock frequency = fperiph/4.
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(3) Serial clock generator
This circuit generates a basic clock used to transmit and receive data.
e  For /O interface mode

In SCLK output mode (when SCOCR<IOC> = 0), the basic clock is generated by dividing
the baud rate generator output, described above, by 2.

In SCLK input mode (when SCOCR<IOC> = 1), the basic clock-is generated by detecting
either the rising or falling edges of the SCLK input, as specified by the SCOCR<SCLKS>
setting.

e  For asynchronous (UART) mode

One of the following four sources is selected to generate'the basic clock SIOCLK: the clock
output by the baud rate generator as described above, the system clock (fsys/2), the trigger
output signal from timer TMRAG, or the external clock (on the SCLKO/pin).~The setting of
SCOMODO0<SC1:SCO0> specifies which sourceis selected.

(4) Receive counter

The receive counter is a 4-bit binary counterwhich is used in asynchronous (JART) mode. This
counter is incremented every time a SIOCLEK pulse'is detected. Receiving.one bit of data requires 16
SIOCLK pulses and data is sampled three times:at the seventh, eighth’ and ninth pulses. The received
data is determined from the three samples by-majority rule.

(5) Receive controller
e  For /O interface mode

In SCLK output mode (when SCOCR<IOC> =-0),/the RXDO pin is sampled at the rising
edge of the shift elock.which is output tothe SCLKO pin.

In SCLK input mode (when SCOCR<IOC>+='1), the RXDO pin is sampled at either the rising
or-falling edgé of the SCLK input,-as specified by the setting of SCOCR<SCLKS>.

e “For asynchronous (UART).made

Thereceive contfoller-incorporates a start bit detection circuit so that it can start receive
operation upon the detection of a valid start bit.
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(6)

Receive buffer

The receive buffer has double-buffer structure to prevent overrun errors. Received data is stored
one bit at a time in receive buffer 1 (a shift register). When all bits of data have been received, the
data is transferred to another receive buffer, receive buffer 2 (SCOBUF), at which point an INTRX0
interrupt is generated. Also, the receive buffer full flag (SCOMOD2<RBFLL>) is set to 1
simultaneously, indicating that receive buffer 2 contains valid data.

The CPU reads data from receive buffer 2 (SCOBUF). This read\causes the RBFLL flag to be
cleared to 0. Next received data can be stored in receive buffer ’eévervbefore the CPU reads the data
out from receive buffer 2 (SCOBUF).

When SCLK output is selected in 1/0 interface mode, receive huffer 2 (SCOBUF) can be enabled
or disabled by setting SCOMOD2<WBUF> accordingly. Disabling receive buffer 2 allows the
device to handshake with the remote device it is communieating with, so that(it stops CLK output
every time it has sent a single frame. In that case, the CRU-reads data from receive-buffer 1. This read
causes CLK output to restart. When receive buffer 2 is@nabled in I/O interface mode, operation is as
follows: The first received data is transferred from-reeeive buffer-¥ to receive’buffer 2. CLK output
stops when the next data has been received and-both receive buffers 1 and2 contain valid data. Once
the CPU has read data from receive buffer.2, the data in receivg buffer.1is transferred to receive
buffer 2, at which point an INTRXO interrupt is'generated and CLK-output/is restarted. Therefore, no
overrun error occurs in SCLK output-l/©.interface mode, regardless of the WBUG setting.

Note: In this mode the SCOCR-OEER flag-has-no-meaning, resulting in undefined
operation. Be sure toread SCOCR/ta.initialize, this flag before changing the mode
from SCLK output mode.

()

In other operating modes, teceive buffer/2 is always enabled to improve performance for
continuous transfer. However, if the CPU has.not read the data out from receive buffer 2 (SCOBUF)
by the time all the'hits of the'next data item have beenreceived into receive buffer 1, an overrun error
will occur. If an @verrun error occurs, the contents of receive buffer 1 will be lost; the contents of
receive’buffer 2°'and"SCOCR<RB8> will be retained.

SCOCR<RB8> stores either the-parity bit which is added to 8-bit UART data or the most
significant bit.of 9-bit UART data.

I 9/hit UART mode, slave controller wake-up operation can be enabled by setting
SCOMOD0<WU> to Z:\In this case, an INTRXO interrupt is only generated if SCOCR<RB8> = 1.

TFransmit counter

The transmit’ counter-is a 4-bit binary counter used in asynchronous (UART) mode. Like the
receive counter,this counter is incremented every time a SIOCLK pulse is detected and generates a
transmit clock (TXDCLK) pulse every 16 SIOCLK pulses.

15 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

TXDCLK |_| |_|

Figure 3.11.3 Generating a Transmit Clock
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(8) Transmit controller

Timing at which data is
written to the transmit I | £ «
buffer or shiff’register ’

Note 2
ss—JC
N No transmission «

CTS

In 1/O interface mode

In SCLK output mode (when SCOCR<IOC> = 0), data is output from the transmit buffer to
the TXDO pin one bit at a time at each rising edge of the shift clock output on the SCLKO pin.

In SCLK input mode (when SCOCR<IOC> = 1), data is output from the transmit buffer to
the TXDO pin one bit at a time, either at each rising edge or each falling edge of the SCLK input
as specified by the setting of SCOCR<SCLKS>.

In asynchronous (UART) mode

After transmit data has been written to the transmit \buffer by the CPU, the transmit
controller will start transmitting the data at the next rising-edge 0f TXDCLK, thus generating a
transmit shift clock (TXDSFT).

Handshaking function

The device has a CTS pin, which makes it possible to transmit data in frame units, preventing

overrun errors from occurring. This function can-be.enabled or disabled using-SECOMOD<CTSE>.

When the CTSO0 pin goes High, the transmitter stops transmissjan after(it has finished sending the

current data and remains idle until the €TS0~pin_goes back to Low.—Thé transmit controller
generates an INTTXO interrupt to request\the next transmission, of;,data from-tie CPU and, after
writing the data to the transmit buffer,will wait for the new data to b€ sent.

Although the device does not have-an~RTS pin, the handshaking function can be implemented in

the following way: One of the receiver’s.perts can be assigned to'the\function and when the receiver
has finished receiving data, it\drives that port High-(using the receive interrupt routine), thereby
requesting the transmitter to temporarily suspenddtransmission.

socu (UL ]]

TXDCLK

<
TXD —5

TMP1942 TMP1942
TXD| RXD
CTS RTS (any port)
Fransmitter Receiver

Figure 3.11:4 "Handshaking Function

takes place during this period.

Note 1 14 15 16

N
~
=
(6]
=
[e)]

L

—n
—w
L
—
—n

-/ /4ar
] —

—5 §

\ startbit A bit0

"

Note 1:

Note 2:

When CTS goes High during transmission, the transmitter will stop sending data upon the
completion of transmitting the current data item.

The transmitter starts sending data at the first falling edge of the TXDCLK clock after the CTS
signal has been pulled Low.

Figure 3.11.5 Clear to Send (CTS) Signal Timing
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(9) Transmit buffer

The transmit buffer (SCOBUF) has double-buffer structure. The double-buffer can be enabled or
disabled by setting SCOMOD1<WBUF> accordingly. When the double-buffer is enabled, data
written to transmit buffer 2 (SCOBUF) is transferred to transmit buffer 1 (a shift register), at which
point an INTTX interrupt is generated. Also, the SCnMOD2 TBEMP flag is set to 1 simultaneously,
indicating that transmit buffer 2 is empty so that next transmit data can be written. The TBEMP flag
is cleared to 0 when next transmit data is written to transmit buffer’2-When the double-buffer is
disabled, the CPU writes transmit data to transmit buffer 1 and an INTTX intgrrupt occurs upon the
completion of transmission.

Note: In this mode the SCOCR UEER flag has/no-neaning, resulting in undefined
operation. Be sure to read SCOCR to initialize this/flag before changing the mode
from SCLK output mode.

If it is necessary to handshake with the remote device;Set WBUF to 0 to(disable-transmit buffer 2.
To perform continuous transmission without handshaking, you can improyve perforrmance by setting
WBUF to 1 to enable transmit buffer 2.

(10) Parity controller

Data transmission with parity is enabled by setting the PE bit-of the'serial channel control register
SCOCR to 1. Note, however, that parity-can.only be used in 7tbit/UART mode or 8-bit UART mode.
The SCOCR<EVEN> bit can be (sed te select even or odd parity:

During transmission the parity controller automatically generates parity bits from the data written
to the transmit buffer (SCOBUF)/ Upon the completion of transmitting the data, it stores the parity in
SCOBUF<TB7> in 74bitUART mode or SCOMQ@DO<TB8> in 8-bit UART mode. The PE and EVEN
bits in the SCOCR register must be set before-the.transmit data is written to the transmit buffer.

During-reception the parity controller-automatically generates parity bits from the data which has
beenvshifted in and-transferred from receiveduffer 1 to receive buffer 2 (SCOBUF), and compares it
with_the parity-stored in SCOBUR<RB7=-in/7-bit UART mode or SCOCR<RB8> in 8-bit UART
mode. If-the parities do net-match, a-parity error is generated, setting the SCOCR<PERR> flag.

In 1/0 interface mode, SCOCR<PERR> is not a parity flag but functions as an underrun error flag.
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(11) Error flags
Three error flags are available for the purpose of increasing the reliability of the received data.

1. Overrun error <OERR>

In both UART and 1/0O interface modes, an overrun error occurs when all bits of the next
frame have been received before data stored in the receive buffer-is read out completely. An
overrun error causes the OERR flag to be set. Reading the flag cléars:it to 0. If SCLK output is
selected in I/O interface mode, however, this flag is undefined hecause no overrun error will
occur.

2. Parity error/underrun error <PERR>

In UART mode, the PERR flag is set to 1 when a parity error occurs. A parity error occurs if
the parity calculated from the received data differs-from the received pafity-hit. Reading the
PERR flag clears it to 0.

In I/O interface mode, the PERR bit indicates anjunderrurverror. \When SCOMOD2<WBUF>
is setto 1, an underrun error occurs irythefollewirig case: In SCKK.inputmode/ it occurs if data
stored in the transmit shift register-has been transmitted butyno data Is-set in the transmit
double-buffer before the next transfer-clock is input. In| SCLK, output mode, this flag is
undefined because no underryn-error.will occur. The PERRflag/snot set when transmit buffer
2 is disabled. Reading the flag clears-it to 0.

3. Framing error <FERR>

In UART mode, the FERR flag is set to T>when a framing error occurs. Reading the flag
clears it to 0. A framing-error occurs if the stop bit-in/the received data is detected as being 0
when sampled /arotnd the center.

Operating’ Mode Error Flag Description
UART OERR Overrun error flag
PERR Parity error flag
FERR Framing error flag
I/Q.interface OERR Overrun error flag
(SCLK.input) PERR Underrun error flag (WBUF = 1)
Fixed to 0 (WBUF = 0)
FERR Fixed to 0
O interface OERR Undefined
(SCLK output) PERR Undefined
FERR Fixed to O

Note:FERR reading occurs during the interruption handling must be executed before a receive buffer reading.
Polling for reading FERR is prohibited.
See the example in 3.11.4 (3) Mode 2 (8-bit UART Mode) for the details.

(12) Direction of data transfer

In 1/O interface mode, the direction of transfer can be toggled between MSB first and LSB first by
setting SCnMOD2<DRCHG>. Do not change the direction of transfer while data is being
transferred.
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(13) STOP bit length

In UART mode, the STOP bit length in transmit data can be toggled between one bit and two bits
by setting SCnMOD2<SBLEN>.

(14) Status flag

The SCnMOD2<RBFLL> bit is a flag which indicates that the receive buffer is full when the
double-buffer is enabled (WBUF = 1). Once a single frame of data has beeneceived and the data has
been transferred from receive buffer 1 to receive buffer 2, this flag is set'to 1] indicating that buffer 2
is full (contains data). When the CPU/DMAC reads the receive buffer, the flag is cleared to 0. When
WBUF = 0, the RBFLL bit has no meaning and cannot-be-used‘as a status flag. TBEMP is a flag
which indicates that transmit buffer 2 is empty when the double-bufferis enabled (WBUF = 1). Once
data has been transferred from transmit buffer 2 to transmit'buffer ¥ (a shift register), this flag is set
to 1, indicating that transmit buffer 2 is empty. When the CPU/DMAC writes-data to the transmit
buffer, the flag is cleared to 0. When WBUF = 0, the TBEMP.bit has no meaning and-cannot be used
as a status flag.

(15) Transmit/receiver buffer configuration

WBUF =0 WBUF =1

UART Transmit SINGLE DOUBLE

Recéive DOUBLE DOUBLE

1/0 interface Transmit SINGLE DOUBLE

(SCLK input) Receive DOUBLE DOUBLE

1/0 interface Transmit SINGLE DOUBLE

(SCLK output) Receive SINGLE DOUBLE

(16) Signal generation timing
1) UART mode
Reception
Mode

: . . 8 bits, 7 bits + parity,
9 bits 8 bits + parity panty,

or 7 bits

Interrupt generation timing

Center-of-first stop bit

Center of first stop bit

Center of first stop bit

Framing error generation
timing

Center-of stop bit

Center of stop bit

Center of stop bit

Parity-€rror generation
timing

Center of last bit
(parity bit)

Center of last bit
(parity bit)

Qverrun error generation
timing

Center of stop bit

Center of stop bit

Center of stop bit

Transmission

Mode

9 bits

8 bits + parity

8 bits, 7 bits + parity,
or 7 bits

Interrupt generation timing
(WBUF =0)

Immediately before stop
bit is sent

Immediately before stop
bit is sent

Immediately before stop
bit is sent

Interrupt generation timing
(WBUF =1)

Immediately after data is
transferred to transmit
buffer 1 (immediately
before start bit is sent)

Immediately after data is
transferred to transmit
buffer 1 (immediately
before start bit is sent)

Immediately after data is
transferred to transmit
buffer 1 (immediately
before start bit is sent)
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2) 1/O interface mode

Reception
Interrupt SCLK output mode | Immediately after rise of last SCLK pulse
generation timing | scLK input mode | Immediately after rise of last SCLK pulse (rise mode);
(WBUF =0) in fall mode, immediately after fall of last SCLK pulse
Interrupt SCLK output mode | Immediately after rise of last SCLK pulse (immediately after data is
generation timing transferred to receive buffer 2)‘arimmediately after data is read
(WBUF =1) from receive buffer 2

SCLK input mode

Immediately after rise of last SCLK pulse (rise mode); in fall mode,
immediately after fall of last SCLK pulse (immediately after data is
transferred to receive buffer 2)

Overrun error
generation timing

SCLK output mode

Immediately after rise of last SCLK pulse

SCLK input mode

Immediately after rise.oflast.SELK pulse (rise mode); in fall mode,
immediately after fallof-tast SCLK pulse

Transmission

Interrupt SCLK output mode | Immediately after rise ofdast SCLK pulse

generation timing | scLK input mode | Immediately-after ¥ise.of last SCLK pulge’(rise. mode); in fall mode,
(WBUF = 0) immediately after fall of last SCLK pulse

Interrupt SCLK output mode | Immediately-after rise of last SCLK pulse of immediately after data
generation timing is transferredto transmit buffer 1

(WBUF =1) SCLK input mode | Jmmediately.after rise of last SCLK pulse (rise mode); in fall mode,

immediately after fall of last SCLK pulse; or immediately after data
is transferred to transmit buffer-t

Underrun error
generation timing

SCLK output mgde

lmmediately after rise of fast SCLK pulse

SCLK input mode

Immediately after rise of ext SCLK pulse (rise mode); in fall mode,
immediatelyafter faltof next SCLK pulse

Note 1:

Do not modify~any control register during-trapsmission or reception

(while reception.is enabled).

Note 2:

received:

Do not disable reception (by settingnSCOMODO<RXE> to 0) while data is being
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3.11.3 Register description

7 6 5 4 3 2 1 0
SCOMODO Bit symbol TB8 CTSE RXE wu SM1 SMO0 SC1 SCO
(OXFFFF_F232) | Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transmit  |Handsha-ki [Receive Wake-up |Serial transfer mode Serial transfer clock
data bit 8 [ng function |control function 00: /O interface madé |(for UART)

control 0:Disable |0: Disable |g1: 7-bit UART mode “.|00! Timer TA6TRG
0:Disable reception |1: Enable |10: 8-bit UART mode |01/Baud rate generator

CTS 1:Enable 11: 94bit UART miode’) ) |10: Internal clock fsys/2
1:Enable reception 11:External clock
CTs (SCLKO input)

Note:In_IO interface mode, the clock is
selected using the—serial control
fegister (SCOCRY):

b——> Wake-up function

9-bit UART mode Other modes
0 Interrupt when data
is reeeived
Don't care
1 Interrupt anly when
RB8 =1

Handshaking function (CTS pin) enable
0{Disable (continuous transmission allowed)
1 | Enable

Note: Do not set RXE to ¥ while setting each mode-register' (SCOMODO, SCOMOD1, and SCOMOD?2).
Set RXE to l-after settinig all other register bits.

Figure/3/11.6 Serial Mode Cantrol-Register 0 (SCOMODO, for SIO0)

7 6 5 4 3 2 1 0
SCOMOD1 Bit symbol 12S0 FBPX0 SIOEN — — _ _ —
(OXFFFF_F235) | Read/write | R/W RIW RIW — — _ — _
After reset 0 0 0 — — — — —
Function IDLE Syne SIO
o Idle format operation
1+Running-{0:Half-dupl [0: Disable
ex 1: Enable
1:Full-dupl
ex

<SIOEN>: Enables or disables a clock supply to SIO module components other than
registers.

Note: When setting SIOEN to 1, set it before setting 12S0 and FDPXO.

Figure 3.11.7 Serial Mode Control Register 1 (SCOMOD1, for SIO0)
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7 6 5 4 3 2 1 0
SCOMOD2 Bitsymbol | TBEMP | RBFLL | TXRUN | SBLEN | DRCHG | WBUF | SWRST1 | SWRSTO
(OXFFFF_F236)  ["Readiwrite RIW W w
After reset 1 0 0 0 0 0 0 0
Function Transmit  |Receive Transmi-ssi|STOP bit  [Direction of [Double-buff|Soft reset
buffer buffer full |onin length transfer erenable  |writing 10 then 01
empty flag |flag progress  [o: 1 bit 0: LSB first |0: Disable- [triggers a reset.
0: Full 0: Empty  (flag 1: 2 bits  |1: MSB first|1: Enable
1: Empty |1: Full 0:Stopped
1:Transmi-t
ting

<SWRST1:0>: Writing 10 and 01 in this order triggers _a_software reset. This initializes the

<WBUF>:

<DRCHG>:

<TXRUN>:

<RBFLL>:

<TBEMP>:

<SBLEN>:

mode register bits SCOMODO<RXE>~SCOMOD2<TBEMP>, <RBFIL> and
<TXRUN>, control register bits SCOCR<OERR>, <PERR>|andt<FERR>, and
the internal logic.

Enables or disables the double-buffer for transmission/(SCLK output/input)
and reception (SCLK outpat) in If©-interface modé and transmission in UART
mode. In other modes, the double-buffer is always enabled fegardless of the
setting.

Specifies the direction of transfer in I/O intérface mode. In UART mode, this bit
is fixed to O (LSB first).

This bit is a status-flag which indicates whether transmission shift operation is
in progress. When this bit is set to_1;.it indicates that data is being transmitted.
When this bit is set to 0, it indicates thattransmission is completely finished (if
TBEMP =/1) orthat the device is waiting with next transmit data stored in the
transmit buffer (if TBEMP =-0).

This bit.is a flag which indicates“whether the receive double-buffer is full.
RBFIL js)set to 1 when-data has-been transferred from the receive shift register
to thereceive, doubletbuffer.It is cleared to 0 when the data has been read.
This‘flag has no-meaningif the double-buffer is disabled.

This bit is~a_flag-which indicates whether the transmit double-buffer is empty.
TBEMP is set.to_1 when data has been transferred from the transmit
double-buffer to ‘the transmit shift register, resulting in the transmit
double-buffer being empty. It is cleared to 0 when transmit data has been
written to_the double-buffer. This flag has no meaning if the double-buffer is
disapted.

Specifies’the transmit STOP bit length in UART mode. During reception, the
device always recognizes a single STOP bit regardless of the setting of this bit.

Note: If it is necessary to perform a soft reset during transmission, perform it twice consecutively.

Figure 3.11.8 Serial Mode Control Register 2 (SCOMOD2, for SIO0)
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7 6 5 4 3 2 1 0
SC1MODO Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCO
(OXFFFF_F23A) | Read/Write R/IW
After reset 0 0 0 0 o | o o | o
Function Transmit |1 Enable |Receive |Wake-up [Serial transfer mode Serial transfer clock
data bit 8 CTS control function 00: I/O interface méde |(for UART)
0:Disable |0: Disable [01: 7-bit UART mode . |00: Timer TA6TRG
reception (1: Enable |10: 8-bit UART modé ( [0%:Baud rate generator
1:Enable 11: 9-bit UART mode “|10: Inférnal clock fsys/2
reception t1:-External clock
(SCLK1 input)

Note:; n-[/Q_interface mode, the clock is

selected using the serial

control

register (SC1CR).

L/ 5/ X\Make-up function

9-bit UART mode

Other modes

is received

Interrupt when.data

RB8=1

Interrupt only when

Don't care

Note: Do not set RXE to 1 while setting each mode regijster (SCTMODO, SC1IMOD1, and SC1MOD?2).
Set RXE to 1 after setting all other-register bits.

Figure 3.11.9 SerialkMode Control Register 0 (SC1MODO, for SIO1)

7 6 5 4 3 1 0
SC1MOD1 Bit symbol [2S0 FDPX0 SIOEN — — — — —
(OXFFFF F23D) Read/Write R/W R/W RAWV — — —_ J— J—
B After reset 0 0 0 — — — — _
Function I ldle Sync SIO
0: Idle format operation
1: Running 0:Half-dupl (O: Disable
ex 1: Enable
1:kull-dupl
ex
<SIOEN>: Enables or disables a clock supply to SIO module components other than
registers;
Note: When setting SIOEN to 1, set it before setting 12S0 and FDPXO.

Figure 3.11.10 Serial Mode Control Register 1 (SC1MOD1, for SIO1)
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7 6 5 4 3 2 1 0
SCOMOD2 Bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST1 | SWRSTO
(OXFFFF_F23E) | Read/Write RIW w w
After reset 1 0 0 0 0 0 0 0
Function Transmit  [Receive Transmi-ssi|STOP bit  [Direction of |Double-buff|Soft reset
buffer buffer full |onin length transfer erenable  |writing 10 then 01
empty flag |flag progress  [o: 1 bit 0: LSB first |0: Disable- [triggers a reset.
0: Full 0: Empty |flag 1: 2 bits  |1: MSB first|1: Enable
1: Empty |1: Full 0: Stopped
1:Transmi-t
ting

<SWRST1:0>: Writing 10 and 01 in this order triggers ‘a software reset. This initializes the

<WBUF>:

<DRCHG>:

<TXRUN>:

<RBFLL>:

<TBEMP>:

<SBLEN>:

mode register bits SCIMODO<RXE>,~SC1IMOD2<TBEMP>, <RBFIL> and
<TXRUN>, control register bits SCICR<OERR>, <PERR> and-<FERR>, and
the internal logic.

Enables or disables the doublébuffer for transmission/(SCLK output/input)
and reception (SCLK output)in IfO-interface mode and transmission in UART
mode. In other modes,the double-buffer is always enabled regardless of the
setting.

Specifies the direction-of transfer in 1/O interface mode. In UART mode, this
bit is fixed to 0 (LSB first)

This bit is a status-flag which indicates whether transmission shift operation is
in progress-When this bit is set'to 1, it indicates that data is being transmitted.
When this bit is set to O, it indicates thattransmission is completely finished (if
TBEMP-z 1) orthat the device is waiting with next transmit data stored in the
transmit buffer (if TBEMP =.0):

This bit is a flag which-indicates’whether the receive double-buffer is full.
RBFIL js set to 1 when. data-has been transferred from the receive shift
register to thereceive double-buffer. It is cleared to 0 when the data has been
read. This flag-has.no-meaning if the double-buffer is disabled.

This bit is-a flag-which indicates whether the transmit double-buffer is empty.
TBEMP is set’to 1 when data has been transferred from the transmit
double-buffer to “the transmit shift register, resulting in the transmit
double-buffer being empty. It is cleared to 0 when transmit data has been
written“tq'the double-buffer. This flag has no meaning if the double-buffer is
disabled:

3pecifies/the transmit STOP bit length in UART mode. During reception, the
device always recognizes a single STOP bit regardless of the setting of this
bit.

Note: If it is necessary to perform a soft reset during transmission, perform it twice consecutively.

Figure 3.11.11 Serial Mode Control Register 2 (SC1MOD2, for SIO1)
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X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SC3MODO Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(OXOFFFF_F282) | Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transmit |1:Enable [Receive Wake-up |Serial transfer mode Serial transfer clock
data bit 8 CTS control function 00: I/O interface mode. | (for UART)
0:Disable |O: Disable |g1: 7-bit UART mode” {00:Timer TA6TRG
reception |1: Enable 10: 8-bit UART mode. \ |01:Baud rate generator
1:Enable 11: 9-bit UART mode_ {107 Internal clock fsys/2
reception 11: External clock
(SCLK1 input)

L——— Wake:up function

9-bit UART mode

Other modes

is received

Interrupt When data

RB8 =1

Interruptonly when

Don't care

Note: Do not set RXE to 1 while setting-each-mede register(SC3MOD0,-SC3MOD1, and SC3MOD?2).
Set RXE to 1 after setting all other register bits.

Figure 3.11.12 Serial Mode-Control Register 0 (SC3MODO, for SIO3)

7 6 5 4 3 2 1 0
SC3MOD1 Bit symibdl 12S0 FDPX0Q SIOEN — _ _ — —
(OXFFFF_F2gs) | ReadWrite /| / RW RIW RIW — — _ — —
B After reset 0 (¢} 0 —_ — — — —
Function Idle Sync SO
0: Idle format operation
1: Running |0:Half-dupl |0:"Bisable
2 1: Enable
1:Full-dupl
ex
<SIOEN>:; ‘Enables.or _disables a clock supply to SIO module components other than
registers.
Note: When setting SIOEN to 1, set it before setting 12S0 and FDPXO.

Figure 3.11.13 Serial Mode Control Register 1 (SC3MOD1, for SIO3)

TMP1942CY/CZ-254




TOSHIBA

TX
TMP1942CY/CZ @%’f;‘ém

7 6 5 4 3 2 1 0
Bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST1 [ SWRSTO
Read/Write R/W W w
After reset 1 0 0 0 0 0 0 0
Function Transmit  [Receive Transmi-ssi|STOP bit  [Direction of |Double-buff|Soft reset
buffer buffer full |onin length transfer erenable  |writing 10 then 01
empty flag |flag progress  [o: 1 bit 0: LSB first |0: Disable- [triggers a reset.
0: Full 0: Empty |flag 1: 2 bits  |1: MSB first|1: Enable
1: Empty |1: Full 0: Stopped
1:Transmi-t
ting

<SWRST1:0>: Writing 10 and 01 in this order triggers ‘a software reset. This initializes the

<WBUF>:

<DRCHG>:

<TXRUN>:

<RBFLL>:

<TBEMP>:

<SBLEN>:

mode register bits SC3MODO<RXE>,~SC3MOD2<TBEMP>, <RBFIL> and
<TXRUN>, control register bits SC3CR<OERR>, <PERR> and-<FERR>, and
the internal logic.

Enables or disables the doublébuffer for transmission/(SCLK output/input)
and reception (SCLK output)in IfO-interface mode and transmission in UART
mode. In other modes,the double-buffer is always enabled regardless of the
setting.

Specifies the direction-of transfer in 1/O interface mode. In UART mode, this
bit is fixed to 0 (LSB first)

This bit is a status-flag which indicates whether transmission shift operation is
in progress-When this bit is set'to 1, it indicates that data is being transmitted.
When this bit is set to O, it indicates thattransmission is completely finished (if
TBEMP-z 1) orthat the device is waiting with next transmit data stored in the
transmit buffer (if TBEMP =.0):

This bit is a flag which-indicates’whether the receive double-buffer is full.
RBFIL js set to 1 when. data-has been transferred from the receive shift
register to thereceive double-buffer. It is cleared to 0 when the data has been
read. This flag-has.no-meaning if the double-buffer is disabled.

This bit is-a flag-which indicates whether the transmit double-buffer is empty.
TBEMP is set’to 1 when data has been transferred from the transmit
double-buffer to “the transmit shift register, resulting in the transmit
double-buffer being empty. It is cleared to 0 when transmit data has been
written“tq'the double-buffer. This flag has no meaning if the double-buffer is
disabled:

3pecifies the transmit STOP bit length in UART mode.

Note: If it is necessary to perform a soft reset during transmission, perform it twice consecutively.

Figure 3.11.14 Serial Mode Control Register 2 (SC3MOD2, for SIO3)
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TOSHIBA TMP1942CY/CZ Iaé’fsé”’
7 6 5 4 3 2 1 0
SC4MODO Bit symbol TB8 CTSE RXE Wwu SM1 SMO SC1 SCOo
(OXFFFF_F28A) | Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transmit |1:Enable [Receive Wake-up |Serial transfer mode Serial transfer clock
data bit 8 CTS control function 00: Reserved (for UART)
0:Disable |0: Disable |01: 7-bit UART mode” {00:Timer TA6TRG
reception|1: Enable |10: 8-bit UART mode \ [01: Baud rate generator
1:Enable 11: 9-bit UART mode. 107 Internal clock fsys/2
reception 11: Don't care

L/~ 2/ Wake-up function

9-bit UART mode

Other modes

is received

Interrupt when data

RB8 =1

Interrupt only'when

Don't care

Note: Do not set RXE to 1 while setting~each mede register (SC4MODO, SC4MOD1, and SC4MOD?2).
Set RXE to 1 after setting all other register bits.

Figure 3.11.15 SeriabMode-Control Register 0 (SC4MODO, for SI04)

7 6 5 4 3 1 0
SC4MOD1 Bit symbol 12S0 FDPXO0 SIOEN — — — —
(OXFFFF_F28D) | Read/ite R R/W R — — — —
After reset 0 5} 0 — — — —
Function Idle Sync SIO
0: Idle format operation
1: Running |0:Half-dupl |0: Bisable
ex 1: Enable
1:Full-dupl
ex
<SIOEN>: Enables-or _disables a clock supply to SIO module components other than
registers,
Note: When setting SIOEN to 1, set it before setting 12S0 and FDPXO.

Figure 3.11.16 Serial Mode Control Register 1 (SC4MOD1, for SIO4)
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T
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SC4MOD?2 Bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST1 [ SWRSTO
(OXFFFF_F28E) | Read/Write R/W W w
After reset 1 0 0 0 0 0 0 0
Function Transmit | Receive Transmi-ssi| STOP bit  [Direction of | Double-buf | Soft reset
buffer buffer full  {onin length transfer ferenable |writing 10 then 01
empty flag |flag progress  [0: 1 bit 0: LSB first | 0: Disable . | triggers a reset.
0: Full 0: Empty |flag 1: 2 bits  |1: MSB first| 1:\Enable
1: Empty |1: Full 0: Stopped
1:Transmi-t
ting

<SWRST1:0>: Writing 10 and 01 in this order triggers ‘a software reset. This initializes the

<WBUF>:

<DRCHG>:

<TXRUN>:

<RBFLL>:

<TBEMP>:

<SBLEN>:

mode register bits SCAMODO<RXE>,~SC4MOD2<TBEMP>, <RBFIL> and
<TXRUN>, control register bits SC4CR<OERR>, <PERR> and-<FERR>, and
the internal logic.

Enables or disables the doublébuffer for transmission/(SCLK output/input)
and reception (SCLK output)in IfO-interface mode and transmission in UART
mode. In other modes,the double-buffer is always enabled regardless of the
setting.

Specifies the direction-of transfer in 1/O interface mode. In UART mode, this
bit is fixed to 0 (LSB first)

This bit is a status-flag which indicates whether transmission shift operation is
in progress-When this bit is set'to 1, it indicates that data is being transmitted.
When this bit is set to O, it indicates thattransmission is completely finished (if
TBEMP-z 1) orthat the device is waiting with next transmit data stored in the
transmit buffer (if TBEMP =.0):

This bit is a flag which-indicates’whether the receive double-buffer is full.
RBFIL js set to 1 when. data-has been transferred from the receive shift
register to thereceive double-buffer. It is cleared to 0 when the data has been
read. This flag-has.no-meaning if the double-buffer is disabled.

This bit is-a flag-which indicates whether the transmit double-buffer is empty.
TBEMP is set’to 1 when data has been transferred from the transmit
double-buffer to “the transmit shift register, resulting in the transmit
double-buffer being empty. It is cleared to 0 when transmit data has been
written“tq'the double-buffer. This flag has no meaning if the double-buffer is
disabled:

3pecifies/the transmit STOP bit length in UART mode. During reception, the
device always recognizes a single STOP bit regardless of the setting of this
bit.

Note: If it is necessary to perform a soft reset during transmission, perform it twice consecutively.

Figure 3.11.17 Serial Mode Control Register 2 (SC4MOD2, for SI04)
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X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SCEMODO Bit symbol TB8 CTSE RXE Wwu SM1 SMO SC1 SCo
Read/Write R/W
(OXFFFF_F292)
After reset 0 0 0 0 o | o o | o
Function Transmit |1:Enable [Receive Wake-up |Serial transfer mode Serial transfer clock
data bit 8 CTSs control function 00: Reserved (for UART)
0:Disable [0: Disable |01: 7-bit UART mode” {00:Timer TA6TRG
reception (1: Enable |10: 8-bit UART mode \ [01: Baud rate generator
1:Enable 11: 9-bit UART mode_ 107 Internal clock fsys/2
reception 11: Don't care

L 5 Wake-up function

9-bit UART mode

Other modes

is received

Interrupt-when data

RB8 = 1

Interrupt only when

Don't care

Note: Do not set RXE to 1 while setting each-mode register (SC5MOD0Q, SC5MOD1, and SC5MOD?2).
Set RXE to 1 after setting all other register bits:

Figure 3.11.18 Serial Mode €onttol Register.0(SC5MQODO, for SIOb5)

7 5 3 1 0
SC5MOD1 Bit symbol 1280 FDPXO0 SIOEN — — —
(OXFFFF_F295) | Read/Write RNV R/W RMW — — —
After reséet 0 0 — — —
Function Vidie Sync SIO
0: Idle format operation
1 Running O:Half-dupl 0:-Disablje
ex 1: Enable
1:Full-dupl
ex
<SIOEN>: Enables or-disables a clock supply to SIO module components other than
registers.
Note: When setting°SIOEN to 1, set it before setting 12S0 and FDPXO.

Figure 3.11.19 Serial Mode Control Register 1 (SC5MOD1, for SIO5)
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TX
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SC5MOD2 Bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST1 | SWRSTO
(OXFFFF_F296) | Read/Write RIW w w
After reset 1 0 0 0 0 0 0 0
Function Transmit  [Receive Transmi-ssi|STOP bit  [Direction of |Double-buf |Soft reset
buffer buffer full |onin length transfer ferenable  [writing 10 then 01
empty flag |flag progress  [o: 1 bit 0: LSB first |0:/Disable._ |triggers a reset.
0: Full 0: Empty [flag 1: 2 bits  |1: MSB first|1: Enable
1: Empty |1: Full 0: Stopped
1
Transmi-
tting

<SWRST1:0>: Writing 10 and 01 in this order triggers a software reset/ Fhis.initializes the

<WBUF>:

<DRCHG>:

<TXRUN>:

<RBFLL>:

<TBEMP>:

<SBLEN>:

mode register bits SCSMODO<RXE>, SC5MOD2<TBEMP>, <RBFIL> and
<TXRUN>, control register bits SCCR<OERR>, <PERR> and,<FERR>, and
the internal logic.

Enables or disables the(double-buffer for transmission (SCLK output/input)
and reception (SCLK gutput).in I/0 interface mgde-and transmission in UART
mode. In other modes, the double-buffer is always enabled regardless of the
setting.

Specifies the direction of transferin 1/Q_interface mode. In UART mode, this
bit is fixed to O(LSB first).

This bit is/d status flag which indicates whether transmission shift operation is
in progress. When this bit is set to 1, itindicates that data is being transmitted.
When/this bit is set to 0, it indicates that transmission is completely finished (if
TBEMP.= 1)/or that the device-is\waiting with next transmit data stored in the
transmit buffer (if TBEMP-=0).

This-bit is a flag whjeh indicates whether the receive double-buffer is full.
RBEIL is set.to. 1 wheh data has been transferred from the receive shift
register to the receive double-buffer. It is cleared to O when the data has been
read. This. flag-has no meaning if the double-buffer is disabled.

This bit is a flag-which indicates whether the transmit double-buffer is empty.
TBEMP/is set to 1 when data has been transferred from the transmit
double-buffer to the transmit shift register, resulting in the transmit
double-buffer being empty. It is cleared to 0 when transmit data has been
written to'\the double-buffer. This flag has no meaning if the double-buffer is
disabled.

Specifies the transmit STOP bit length in UART mode. During reception, the
device always recognizes a single STOP bit regardless of the setting of this
bit.

Note: If it is necessary to perform a soft reset during transmission, perform it twice consecutively.

Figure 3.11.20 Serial Mode Control Register 2 (SC5MOD2, for SIO5)

TMP1942CY/CZ-259




TX
TOSHIBA TMP1942CY/CZ @%’f;‘ém

7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(OXFFFF_F231) | Read/Write R R/W R (cleared to 0 when read) R/W

After reset — 0 0 o | o | o 0 0

Function Receive  |Parity type |Parity 0: SCLKO |0:Baud rate

data hit8 [0: Odd 0: Disabled 1: Error [ T_] generator

1: Even 1: Enabled 1:SCLKO
Overrun Parity Framing 1 $CEKO pin input
/underrun [_L]

—

L> I/O’interface input clock selection
0/ Baud rate generator
1 | SCLKO pin input

——— Active edge selectionfor SCLKO input

Data transmitted{fecéived [ ]
at rising edge of SCLKO —5

Data transmitted/received —
at falling edge of SCLKO [ ]

0

—> Rramiing error flag Cleared to

— = PRarity-error/underrun error flag 0 when
——<——> ©Qverrun error flag read

Parity type
0 | Odd parity
1 | Even parity

Note 1: All error flags_are Cleared to 0 when/read.

Note 2: ForSCLK output operation, set SCEKS to O (rising edge).

Figure 3.11.21 Serial €ontrol Register (SCOCR, for SIO0)
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TX
TOSHIBA TMP1942CY/CZ @%’f;‘ém

7 6 5 4 3 2 1 0
SC1CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
(OXFFFF_F239) | Read/Write R R/W R (cleared to 0 when read) R/IW

After reset — 0 0 o | o | o 0 0

Function Receive |Parity type |Parity 0: SCLKO |0:Baud rate

data bit8 |0: Odd 0: Disabled 1: Error [ T_] generator

1: Even 1: Enabled 1:SCLKO
Overrun Parity/ Framing 1BEEKO pin input
underrun [_L]

—

L> I/O’interface input clock selection
0/ Baud rate generator
1 | SCLKO pin input

——— Active edge selectionfor SCLKO input

Data transmitted{fecéived [ ]
0 at rising edge of SCLKO —5

Data transmitted/received —
! at falling edge of SCLKO [ ]

—> Rramiing error flag Cleared to
L —“———>"parity-error/underrun error flag >~ O when
———> Overrun error flag read
Parity type
0 | Odd parity

1 | Even parity

Note 1: All error flags_are Cleared to 0 when/read.

Note 2: ForSCLK output operation, set SCEKS to O (rising edge).

Figure 3.11.22 Serial €ontrol Register (SC1CR, for SIO1)
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TX
TMP1942CY/CZ @%’f;‘ém

TOSHIBA
7 6 5 4 3 2 1 0
SC3CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(OXFFFF_F281) | Read/Write R RIW R (cleared to 0 when read) RIW
After reset — 0 0 0 | 0 | 0 0 0
Function Receive Parity type |Parity 0: SCLKO |0:Baud rate
data bit8 (0. Odd 0: Disabled 1: Error [ r] generator
1: Even 1: Enabled 1:SCLKO
Overrun Parity/ Framing 1: JGLKO pin input
underrun [ ) ]
— ]
L> 1[0 interface input clock-selection
0| Baud rate gengrator
1 | SCLKO pin input
——— Active €dge selectign’for SCLKO input
Data transmitted/received [ r]
0 at rising edge.of SCLKO
Data-transmitted/received —
! at falling-edge of SCLKO [ ]
————> Framing/error flag Cleared to
L —/———"PRarity-error/underrun error flag ~ O when
—<—=——> Qverrun error flag read
Parity type
0 | Odd parity
1 | Even parity
<OERR>: Inboth\UART)and I/O interface-modes; an overrun error occurs when all bits of the
hext frame-have been received/before data stored in the receive buffer is read out
completely./An overrun.errorcauses the OERR flag to be set.
<PERR>: In UART mode, the-PERRflag is set to 1 when a parity error occurs. Reading the
PERR flag clears it te 0..In 1/O interface mode, the PERR bit indicates an underrun
error. When SCOMOD2<WBUF> is set to 1, an underrun error occurs in the following
case: In SCLK (input mode, it occurs if data stored in the transmit shift register has
been transmitted\but no data is set in the transmit double-buffer. In other modes, this
flag is notset-Reading the flag clears it to 0.
<FERR>: In UART mode,/the FERR flag is set to 1 when a framing error occurs. Reading the

flag clears.it to O.

Note 1: All error flags are cleared to O when read.

Note 2: For SCLK output operation, set SCLKS to 0 (rising edge).

Figure 3.11.23 Serial Control Register (SC3CR, for SIO3)
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X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SCACR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(OXFFFF_F289) | Read/Write R RIW R (cleared to 0 when read) RIW

After reset — 0 0 0 | 0 | 0 0 0

Function Receive Parity type |Parity 0: SCLKO |0:Baud rate

data bit8 [0: Odd 0: Disabled 1: Error [ T_] generator

1:Even  |1: Enabled 1:SCLKO
1: SGLKO pin input

Overrun Parity/

underrun

Framing

)

— ]

.

1[0 interface input clock-selection

0| Baud rate gengrator

1 | SCLKO pin input

Active €dge selectign’for SCLKO input

Data transmittedireceived [ ]
0 at rising edge.of SCLKO —

Data-transmitted/received —
! at falling-edge of SCLKO [ ]

—————> Framing/error flag Cleared to

L4 ——"PRarity-error/underrun error flag > O when

—<—————> Qverrun error flag

read

Parity type

0 | Odd parity

1 | Even parity

Note 1: All érror flags-arecleared to 0 when'réad.

Note 2: ForSCLK output operation,.set SCLKS to 0 (rising edge).

Figure 3.11.24 Serial. Cantrol Register (SC4CR, for SIO4)
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X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
SC5CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(OXFFFF_F293) | Read/Write R R/IW R (cleared to 0 when read) R/W

After reset — 0 0 o | o | o 0 0

Function Receive Parity type |[Parity 0: SCLKO |0:Baud rate

databit8 (0: Odd 0: Disabled 1: Error [ T_] generator

1:Even  |1: Enabled 1:SCLKO

Overrun Parity/

underrun

Framing

)

1: SCLKO pin input

—

L> I/O’interface input clock selection

0/ Baud rate generator

1 | SCLKO pin input

L—

———> Overrun error flag

Parity type

Active~edge selectioh/for SCLKO input

o [Srammmeneaeete [ 1)

1 | trating shbe o soiko. L)

Kraming error flag Cleared to
—————= PRarity-error/underrun error flag ?e\;Vge”

0 | Odd parity

1 | Even parity

Note 1: All error flags_are Cleared to 0 when/read.

Note 2: ForSCLK output operation, set SCEKS to O (rising edge).

Figure 3.11.25 Serial €ontrol Register (SC5CR, for SIO5)
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X
TOSHIBA TMP1942CY/CZ @%’f;‘ém
7 6 5 4 3 2 1 0
BROCR Bit symbol — BROADDE | BROCK1 | BROCKO | BROS3 BROS2 BROS1 BROSO
(OXFFFF_F233) Read/Write R/W
After reset 0 0 o | o o | o | o [ o
Function Must Division by [ 00: ¢TO
always be [N+(16-K)/16 | 01: ¢T2 Setsd/alue of divisor N
setto 0. 0: Disable | 10: ¢T8
1:Enable | 17: 4732
Selects baud rate generator input_clock
00 | Internal clock ¢TO
01 |Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 0
BROADD Bit symbol — — — — BROK3 BROK2 BROK1 BROKO
(OXFFFF_F234) - I'peadiwrite — — — — RIW
After reset — — — — 0 | 0 | 0 | 0
Function
Sets K value for division by N + (16-K)/16
Sets divisor value-forbaud rate generator.
BROCR<BROADDE> = 1 | BROCR<BROADDE> = 0
BROADD<BROK3:0> BROCR<BR0S3:0>
0000 (N'=46) | 0010 (N =2) 0001 (N = 1) (ONLY UART)
! ! l
0001 (N-=1) | 1111 (N=15) 1111 (N = 15)
0000 (N = 16)
0000 thyvalid Invatid —
0001/(K = 1) Invalid Divided By N Divided by N
] +(16:K)/16
1111 (K = 15)

Note 1: ~The ;baud rate generator divisor cannot be set to 1 in UART mode if division by
N+(16-K)/16 is being used. It cannot be set to 1 at all in I/O interface mode.

Note 2: )When using division~by N+(16-K)/16, be sure to set K (1 to 15) in BROADD
<BROK3:BROKO> “before setting BROCR<BROADDE> to 1. However, if BROCR
<BR0OS3:BR0OS0>= 0000 or 0001 (i.e. if N =16 or 1), do not use division by N+(16-K)/16.

Note 3: Division by N+(16-K)/16 can only be used in UART mode. In I/O interface mode, set

BROCR<BROADDE> to 0 to disable division by N+(16-K)/16.

Figure 3.11.26 Baud Rate Generator Control Registers (BROCR and BROADD, for SIO0)
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TOSHIBA TMP1942CY/CZ Iaé’fsé”’
7 6 5 4 3 2 1 0
BR1CR Bit symbol — BR1ADDE | BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(OxFFFF_F23B) [ Readiwrite RIW
After reset 0 0 o | o o | o | o [ o
Function Must Division by [ 00: ¢TO
always be [N+(16-K)/16 | 01: ¢T2 Setsd/alue of divisor N
setto 0. 0: Disable | 10: ¢T8
1:Enable | 17: 4732

Selects baud rate generator input_clock

00 | Internal clock ¢TO

01 |Internal clock ¢T2

10 | Internal clock ¢T8

11 | Internal clock ¢T32

7 6 5 4 3 2 1 0
BR1ADD Bit symbol — — — — BR1K3 BR1K2 BRIKI BR1KO
(OXFFFF_F23C)  ['Read/write — — — — RIW
After reset — — — — 0 | 0 | 0 | 0
Function
Sets K value for division by N+(16-K)/16

Sets divisor value-forbaud rate generator.

BROCR<BROADDE> =1 | BROCR<BROADDE> =0
BROADD<BROK3:0> BROCR<BRO0S3:0>
0000 (N =46) | 0010 (N=2) 0001 (N = 1) (ONLY UART)
1 I !
0001 (N-=1) | 1111 (N =15) 1111 (N = 15)
0000 (N = 16)
0000 thvalid Invatid —
000V (K=1) Invalid Divided by N Divided by N
\ +(16:K)/16
1111 (K = 15)

The baud rate generator divisor cannot be set to 1 in UART mode if division by

Note 1.
N+(16-K)/16 is being used. It cannot be set to 1 at all in I/O interface mode.

Note 2: )When using division~by N+(16-K)/16, be sure to set K (1 to 15) in BR1ADD
<BR1K3:BR1KO0> “before setting BR1CR<BR1ADDE> to 1. However, if BR1CR
<BR1S3:BR1S0>= 0000 or 0001 (i.e. if N =16 or 1), do not use division by N+(16-K)/16.

Note 3: Division by N+(16-K)/16 can only be used in UART mode. In I/O interface mode, set
BR1CR<BR1ADDE> to 0 to disable division by N+(16-K)/16.

Figure 3.11.27 Baud Rate Generator Control Registers (BR1CR and BR1ADD, for SIO1)
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7 6 5 4 3 2 1 0
BR3CR Bit symbol — BR3ADDE | BR3CK1 BR3CKO BR3S3 BR3S2 BR3S1 BR3S0
(OxFFFF_F283) [ Read/write RIW
After reset 0 0 o | o o | o | o [ o
Function Must Division by [ 00: ¢TO
always be [N+(16-K)/16 | 01: ¢T2 Setsd/alue of divisor N
setto 0. 0: Disable | 10: ¢T8
1:Enable | 17: 4732

Selects baud rate generator input_clock

00 | Internal clock ¢TO

01 |Internal clock ¢T2

10 | Internal clock ¢T8

11 | Internal clock ¢T32

7 6 5 4 3 2 1 0
BR3ADD Bit symbol — — — — BR3K3 BR3K2 BR3K1 BR3KO
(OXFFFF_F284)  ['Readiwrite — — — — RIW
After reset — — — — 0 | 0 | 0 | 0
Function
Sets K value for division by N+(16-K)/16

Sets divisor value-forbaud rate generator.

BROCR<BROADDE> =1 | BROCR<BROADDE> =0
BROADD<BROK3:0> BROCR<BRO0S3:0>
0000 (N =46) | 0010 (N=2) 0001 (N = 1) (ONLY UART)
1 1 I
0001 (N-=1) | 1111 (N =15) 1111 (N = 15)
0000 (N = 16)
0000 thvalid Invatid —
000V (K=1) Invalid Divided by N Divided by N
! +(16:K)/16
1111 (K = 15)

The baud rate generator divisor cannot be set to 1 in UART mode if division by

Note 1.
N+(16-K)/16 is being used. It cannot be set to 1 at all in I/O interface mode.

Note 2: )When using division~by N+(16-K)/16, be sure to set K (1 to 15) in BR3ADD
<BR3K3:BR3K0> “before setting BR3CR<BR3ADDE> to 1. However, if BR3CR
<BR3S3:BR3S0>= 0000 or 0001 (i.e. if N =16 or 1), do not use division by N+(16-K)/16.

Note 3: Division by N+(16-K)/16 can only be used in UART mode. In I/O interface mode, set

BR3CR<BR3ADDE> to 0 to disable division by N+(16-K)/16.

Figure 3.11.28 Baud Rate Generator Control Registers (BR3CR and BR3ADD, for SIO3)
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7 6 5 4 3 2 1 0
BR4CR Bit symbol — BR4ADDE | BR4CK1 | BR4CKO | BR4S3 BR4S2 BR4S1 BR4S0
(OxFFFF_F28B) [ Read/write R/W
After reset 0 0 o | o o | o | o [ o
Function Must Division by [ 00: ¢TO
always be [N+(16-K)/16 | 01: ¢T2 Setsd/alue of divisor N
setto 0. 0: Disable | 10: ¢T8
1:Enable | 17: 4732
Selects baud rate generator input_clock
00 | Internal clock ¢TO
01 |Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 0
BR4ADD Bit symbol — — — — BR4K3 BR4K2 BR4K1 BR4KO
(OXFFFF_F28C)  ['Read/write — — — — RIW
After reset — — — — 0 | 0 | 0 | 0
Function
Sets K value for division by N+(16-K)/16
Sets divisor value-forbaud rate generator.
BROCR<BROADDE> = 1 | BROCR<BROADDE> = 0
BROADD<BROK3:0> BROCR<BR0S3:0>
0000 (N'=46) | 0010 (N =2) 0001 (N = 1) (ONLY UART)
! ! l
0001 (N=1) | 1111 (N=15) 1111 (N = 15)
0000 (N = 16)
0000 thvalid Invatid —
0001/(K = 1) Invalid Divided By N Divided by N
) +(16:K)/16
1111 (K = 15)

Note 1: ~The jbaud rate generator divisor cannot be set to 1 in UART mode if division by
N+(16-K)/16 is being used. It cannot be set to 1 at all in I/O interface mode.

Note 2: )When using division~by N+(16-K)/16, be sure to set K (1 to 15) in BR4ADD
<BR4K3:BR4K0> “before setting BR4CR<BR4ADDE> to 1. However, if BR4CR
<BR4S3:BR4S0>= 0000 or 0001 (i.e. if N =16 or 1), do not use division by N+(16-K)/16.

Note 3: Division by N+(16-K)/16 can only be used in UART mode. In I/O interface mode, set

BR4CR<BR4ADDE> to 0 to disable division by N+(16-K)/16.

Figure 3.11.29 Baud Rate Generator Control Registers (BR4CR and BR4ADD, for SIO4)
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7 6 5 4 3 2 1 0
BR5CR Bit symbol — BR5ADDE | BR5CK1 | BR5CKO | BR5S3 BR5S2 BR5S1 BR5S0
(OXFFFF_F293) | Read/Write RIW
After reset 0 0 o | o o | o | o [ o
Function Must Division by [ 00: ¢TO
always be [N+(16-K)/16 | 01: ¢T2 Setsd/alue of divisor N
setto 0. 0: Disable | 10: ¢T8
1:Enable | 17: 4732
Selects baud rate generator input_clock
00 | Internal clock ¢TO
01 |Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 0
BR5ADD Bit symbol — — — — BR5K3 BR5SK?2 BR5K1 BR5KO
(OxFFFF_F294) [ Read/write — — — — RIW
After reset — — — — 0 | 0 | 0 | 0
Function
Sets K value for division by N+(16-K)/16
Sets divisor value-forbaud rate generator.
BROCR<BROADDE> = 1 | BROCR<BROADDE> = 0
BROADD<BROK3:0> BROCR<BR0S3:0>
0000 (N'=46) | 0010 (N =2) 0001 (N = 1) (ONLY UART)
1 l !
0001 (N=1) | 1111 (N=15) 1111 (N = 15)
0000 (N = 16)
0000 thvalid Invatid —
000V(K = 1) Invalid Divided By N Divided by N
B +(16:K)/16
1111 (K = 15)

Note 1: ~The jbaud rate generator divisor cannot be set to 1 in UART mode if division by
N+(16-K)/16 is being used. It cannot be set to 1 at all in I/O interface mode.

Note 2: )When using division~by N+(16-K)/16, be sure to set K (1 to 15) in BR5ADD
<BR5K3:BR5K0> “before setting BRSCR<BR5ADDE> to 1. However, if BR5CR
<BR5S3:BR5S0>= 0000 or 0001 (i.e. if N =16 or 1), do not use division by N+(16-K)/16.

Note 3: Division by N+(16-K)/16 can only be used in UART mode. In I/O interface mode, set
BR5CR<BR5ADDE> to 0 to disable division by N+(16-K)/16.

Figure 3.11.30 Baud Rate Generator Control Registers (BR5CR and BR5ADD, for SIO5)
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System
RISC

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO |(Fortransmission)

SCOBUF
(OXFFFF_F230) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO |(Forreception)

Figure 3.11.31 Serial Transmit/Receive Buffer Register (SCOBUF,-for SIO0)

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TBI l TBO I(Fortransmission)

SC1BUF
(OXFFFF_F238) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 l RBO |(F0r reception)

Figure 3.11.32 Serial Transmit/Receive Buffer Register (SC1BUF, for SIQ1)

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 | B3 I B2 | TB1 | TBO |(Fortransmission)

SC3BUF
(OXFFFF_F280) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO I(Forreception)

Figure 3.11.33 Serial Transmit/Receive Buffey’Register(SC3BUF, for SIO3)

| TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO |(Fortransmission)

SC4BUF
(OXFFFF_F288) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 I RB2 | RB1 | RBO |(Forreception)

Figure 3:1Y.34 Serial Transmit/Receive Buffer Register (SC4BUF, for SI04)

7 6 5 2 3 2 1 0
| 787 | 786 | 185 | TB4“| TB3 | TB2 [ TB1 | TBO | (For transmission)
SC5BUR
(OXFFFF_F290) 7 6 5 4 3 2 1 0

| rB7 | RB6 | RB5.| RB4 | RB3 | RB2 | RB1 | RBO | (For reception)

Figure 3.11:35/3erial-Fransmit/Receive Buffer Register (SC5BUF, for SIO5)
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3.11.4 Functional description for each mode

(1) Mode 0 (I/O interface mode)

This mode comprises two submodes: SCLK output mode, in which the synchronizing clock
SCLK is generated internally by the device, and SCLK input mode, in which the synchronizing
clock SCLK is input from an external source.

1) Transmission

Timing at which transmit
data is written to buffer

If WBUF =0, that is, the transmit double-buffer is disabled in.SCLK)/output mode, 8 bits of
data and the synchronizing clock signal are output on the TXD0and SCLKO pins, respectively,
each time the CPU writes data to the transmit buffer, When‘all the/data bits have been output,
an INTTXO interrupt is generated.

If WBUF = 1, that is, the transmit double-buffer-is-enabled, data is transferred from transmit
buffer 2 to transmit buffer 1 when the CPU writes data-to transmit buffer 2 whiletransmission
is stopped or when data has been transmitted from transmit buffer 1 (shift register).
Simultaneously, SCOMOD2<TBEMP> is set'to 1 and an INTTXO (nterrupt occurs. If transmit
buffer 2 does not contain data to be transferred-to’transmit buffer 1,"SCLKO putput is stopped
without generating an INTTXO interrupt.

[

[

A\ f f ‘" i A\ ]
SCLKO output 5&\ \»t |
_() )
TXDO bit 0 bit 1 X bit 6 bit 7 X bito X
/7
(INTTXO interrupt request) v
)}
TBRUN I
When WBUF=.0
Timing at which transmit
data is written to buffer %
1\ .
SCLKO output
g f TS I
(4
TXDO bit 0 bit 1 \ \ bite JToit7 X~ bito X
77
(INTTXO interrupt request) \ /
TBRUN J b | | Ll
TBEMP J k
When WBUF = 1 (if buffer 2 contains data)
Timing at whieh transmit
data is written-to-buffer F <
\ -\ ‘"
SCLKO outpt i i s& i
_() )
TXDO bit 0 bit 1 \ bit 6 bit 7
v ”

(INTTXO interrupt request)

rqa

TBRUN

n

TBEMP

|—‘!_

When WBUF = 1 (if buffer 2 does not contain data)

Figure 3.11.36 Transmit Operation in 1/O Interface Mode (SCLKO Output Mode)
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If WBUF = 0, that is, the transmit double-buffer is disabled in SCLK input mode, 8 bits of
data are output on the TXDO pin when the SCLKO input becomes active with data present in
the transmit buffer. When all the data bits have been output, an INTTXO interrupt is generated.
Writing the next transmit data must be completed before point A in the shown below.

If WBUF =1, that is, the transmit double-buffer is enabled, data is transferred from transmit
buffer 2 to transmit buffer 1 when the CPU writes data to the transmit buffer before the SCLKO
input becomes active or when data has been transmitted from transmit)buffer 1 (shift register).
Simultaneously, SCOMOD2<TBEMP> is set to 1 and an INTTX0-interrupt occurs. If the
SCLKO input becomes active when transmit buffer.2 does/not ‘contain data, the internal bit
counter starts counting but an underrun error flag is set, causing 8-bits of dummy data (FFh) to
be transmitted.

Timing at which transmit A

data is written to buffer 4 rl

(SSCCLIFP?SI n=FE)u:tRise mode) T T _()3_1 T T T

(SS%Lﬁ?SI n:pllftFaII mode) l l _Ss_l l l l

TXDO bit 0 bit 1 Z’Z’ bit 5 bit 6 bit 7 bit 0 bit 1
2

(INTTXO interrupt request) . -l

)
When WBUF = 0

Timing at which transmit |—| A

data is written to buffer 4

(SSCCLIFP?SI n=FE)u:tRise mode) T T _()3_1 T T T

(SS%LKP?SI n:pllftFaII mode) l l _Ss_l l l l

TXDO bit 0 bit1 i’((’ bit 5 bit-6 bit 7 bit 0 bit 1
)

(INTTXO interrupt request) «

TBRUN I | I
TBEMP _Ll | |

Timing at which transpnit A
data is written to buffer «
n
SCLKO input
(SCLKS,=Q: Rise mode) T T _()()_T T T T -
SCLKO input 1 1 —S‘;—l 1 1 1
(SCLKS-=%:-Faltmode)
{(
TXDO bit.0 bit 1 » bit5 bit 6 bit 7 1 1
) H
(INTTXO interrupt request) I | «

TBRUN I | I
TBEMP _I I
PERR

(indicating underrun error) |

When WBUF = 1 (if buffer 2 does not contain data)

Figure 3.11.37 Transmit Operation in I/O Interface Mode (SCLKO Input Mode)
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2)

Timing at which received
data is written to buffer

Reception

If WBUF = 0, that is, the receive double-buffer is disabled in SCLK output mode, the
synchronizing clock is output on the SCLKO pin and the next data item is shifted into receive
buffer 1 each time the received data is read by the CPU. When 8 bits of data have been received,
an INTRXO interrupt is generated.

SCLK output is initiated by setting SCOMODO<RXE> to 1. IfWBUF = 1, that is, the receive
double-buffer is enabled, the received frame is transferred to transmit buffer 2 and then the next
frame is received into receive buffer 1. When data has beentransferred from receive buffer 1 to
receive buffer 2, SCNMOD2<RBFLL> is set to 1 and.an INTRX0 interrupt occurs.

If the CPU/DMAC does not read data from receive buffer 2.before the next eight bits of data
have been received, an overrun error occurs, setting SCnCR<OERR>. In-that case, SCLKO
output is stopped without generating an INTRXO intérrupt. After an_overrun-error occurs,
reading data from receive buffer 2 causes the 'data_in receive buffer t.te be transferred to
receive buffer 2, generating an INTRXO interfupt'to restart reception.

{

SCLKO output

P!
i
f 1 f 9

RXDO

bit 0 bit 1 \ bit 6 bit7 X bito X

(INTRXO interrupt request)

/7

Timing at which received
data is written to buffer

{
i)
When WBUF =0

|-| (4

SCLKO output _l

»n

RXDO bit7

bit 0

bit 1

bit 6

(INTRXO interrupt request) |_|

/7

{(

—

RBFULL

Timing at which réceived
data is written to\buffer

When WBUF ="1.(if data is read

from buffer 2)

(4
SCLKO output _l T T T % T
/
(4
RXDO bit7 bit 0 bit 1 \ bit 6 bit 7
7)
(INTRXO interrupt request) |-| ”
»
RBFULL I

When WBUF = 1 (if data is not read from buffer 2)

Figure 3.11.38 Receive Operation in I/O Interface Mode (SCLKO Output Mode)
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In SCLK input mode, the receive double-buffer is always enabled. The received frame is
transferred to receive buffer 2, so that receive buffer 1 can receive the next frame immediately.

Each time received data has been transferred to receive buffer 2, an INTRXO0 interrupt

occurs.

Timing at which received

data is written to buffer rl «

SCLKO input

(SCLKS =0: Rise mode) T T _()()_T T _T

SCLKO input —(,‘,—l

(SCLKS =1: Fall mode) l l l 1
{(

RXDO bit 0 bit 1 ~ bit5 bit 6 bit 7 bit 0
)

(INTRXO interrupt request) |'| « -|

RBFULL _| |

If data is read from buffer 2

Timing at which received

data is written to buffer «
SCLKO input
(SCLKS =0: Rise mode) T T —S()—T T T
SCLKO input —S‘;—l ]
(SCLKS =1: Fall mode) l l l
(4
RXDO bit 0 bit 1 o bit5 bit'6 bit 7 bit 0
)

(INTRXO interrupt request) |_|

RBFULL I
OERR |

Figure/3/11.39 “Receive Operation in KO Interface Mode (SCLKO Input Mode)

Note: Before receive operation can be performed/in either SCLK input mode or SCLK output mode,
receptien/must be enabled by setting-SEOMOD<RXE> to 1.

3) “Transmission/reception (full-duplex)
Setting SCOMODI<FDPX0> to 1 enables full-duplex communication.

If WBUF ="0,-that is, both the transmit and receive double-buffers are disabled in SCLK
outputdmede, writing data to the transmit buffer initiates SCLK output and shifts the received
8-bit data into-receive buffer 1, generating a receive interrupt (INTRXO0). Simultaneously, the
8-bit data written to the transmit buffer is output on the TXDO pin. When all bits of data have
been transmitted, a transmit interrupt (INTTXO) is generated, causing SCLK output to stop.
When the CPU subsequently reads the receive buffer and writes data to the transmit buffer,
next transmission/reception starts. Transmission/reception is restarted when the CPU has
performed both the read and write, regardless of their sequence.
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If WBUF =1, that is, both the transmit and receive double-buffers are enabled, writing data
to the transmit buffer initiates SCLK output and shifts the received 8-bit data into receive
buffer 1, which is then transferred to receive buffer 2, generating a receive interrupt (INTRXO0).
Simultaneously, the 8-bit data written to the transmit buffer is output on the TXDO pin. When
all bits of data have been transmitted, a transmit interrupt (INTTXO) is generated and the next
data is transferred from transmit buffer 2 to transmit bufferl. If transmit buffer 2 does not
contain data to be transferred (TBEMP = 1) or receive buffer 2 contains data (RBFLL = 1),
SCLK output is stopped. When the CPU subsequently reads the receivebuffer and writes data
to the transmit buffer, SCLK output is restarted and next transmission/reception starts.

Timing at which received
data is written to buffer rl

Timing at which transmit
data is written to buffer J_+> r+>
o 4 )

bit 5 bit 6 bit 7 bit-0 bit 1

SCLKO output 1 1

L

TXDO bit 0 bit 1

RXDO bit 0 bit 1 bit 5 bit 6 bity bit0 bit 1

SR TRTR TR

(INTTXO interrupt request)

1%
)

« [

»

(INTRXO interrupt request)

When WBUE =0

Timing at which received
data is written to buffer |-|

Timing at which transmit
data is written to buffer J_+\ ﬂ
SCLKO output 1 ) —%—T 1 1 1

TXDO bit 0 bit 1 Y pits5 bit.6 bit 7 bit O bit 1

RXDO bit\0 bit 1 ¥ it 5 bit 6 bit 7 bit 0 bit 1

(INTTXO interrupt request) I |

{L
1))
(INTRXO interrupt request) > |-|
1))

When WBUF =1

Timing at which received
data is written to buffer ﬂ

Timing at which transmit
data is written to ‘buffer ﬂ

/

SCLKO-output & 1 1 | | 1
(

TXDO bit 0 bit1 X, bit5 bit 6 bit 7
» H
£( H

RXDO bit 0 bit1 X, bit5 bit 6 bit 7
n H

(INTTXO interrupt request) | |

rgé
)y
(INTRXO interrupt request) “ |_|
1))

When WBUF =1

Figure 3.11.40 Transmit/Receive Operation in I/O Interface Mode (SCLKO Output Mode)
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Timing at which received
data is written to buffer

Timing at which transmit
data is written to buffer

SCLKO input

TXDO

RXDO

(INTTXO interrupt request)

(INTRXO interrupt request)

If WBUF =0, that is, the transmit double-buffer is disabled in SCLK input mode (the receive
double-buffer is always enabled in SCLK input mode), 8-bit data is output on the TXDO pin
and 8-bit data is shifted into the receive buffer simultaneously when the SCLK input becomes
active with data present in the transmit buffer. When all bits of data have been transmitted, a
transmit interrupt (INTTXO) is generated. When all bits of data have been received and then
transferred from receive buffer 1 to receive buffer 2, a receive ‘interrupt (INTRXO) is generated.
Next transmit data must be written to the transmit buffer before the SCLK pulse for the next
frame is input, that is, before point A in the figure below. Because the receive double-buffer is
enabled, the received data must be read before the reception-of-the-next frame is completed.

If WBUF = 1, that is, both the transmit and receive-double-buffers are enabled, the data in
transmit buffer 2 is transferred to transmit buffer 1, generating a transmit interrupt (INTTXO0),
when all bits of data in transmit buffer 1 have been transmitted. When the received 8-bit data
has been shifted into receive buffer 1, the datalis transferred to receive buffer2, generating a
receive interrupt (INTRXO0). Then, the SCLK-input pulse for the rext\.frame”initiates the
transmission of the data transferred from-transmit’buffer 2 to transmit~buffer 1 and the
reception of data into receive buffer 1. If the data in receivelbuffer 2\is-notread before the last
bit of the frame is received, an overrdp-errar occurs. If transmit-data is-nat written to transmit
buffer 2 before the SCLK pulse for the-next frame is input, an-underrury error occurs.

m
| f f f

2

L v L L L L
£
bit 0 bit1 X, bit5 bit 6 bit 7 bit 0 bit 1
) T
< H
X ) bito—X" bit1 X (bit5g (X bité X hit7 X bito X bit1 X
R

(e
1)

« [

n

When WBUF =0
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Timing at which received
data is written to buffer

Timing at which transmit
data is written to buffer J—l

SCLKO input 1 1 [ &_T 1 1 1
| | | | l l
I
TXDO bit 0 bitl X, bit5 bit 6 bit 7 bit 0 bit 1
" :
I i
RXDO X bito X bit1 X, bit5 X bit6 <X \bit7 bito X bit1 X
"
INTTXO interrupt request
( pt request) || «
(INTRXO interrupt request) ‘ |_|
)
When WBUF = 1 (without error)
Timing at which received
data is written to buffer |_|
Timing at which transmit
data is written to buffer J—l
SCLKO input 1 1 g ‘)—T 1 1 1
| | i L l L
(
TXDO bit 0 bit T~ X, bit5 bit & bit 7 bit 0 bit 1
" :
I H
RXDO X bito X bit . bits X, bit6 X' bit7 bito X btz X

(INTTXO interrupt request) I |

{(
n

L

(INTRXO interrupt request)

n

{{

PERR (underrun error)

n

When-WBUE = 1 (if error occurs)

(2) “Mode 1/ (7-bit UART mode)

Setting the SM1 and SMO bits of the serial channel mode register SCOMOD to 01 places the
device into 7-bit UART-modg.

In this mede;_a parity bit can be used. Parity can be enabled or disabled using the PE bit of the
serial channel contral register SCOCR. When PE = 1 (parity enabled), even or odd parity can be
length can also be specified using

selected using SCOCR<EVEN>. The STOP bit

SCNMOD2<SBLEN>.
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Example: To transmit data in the following format, set the control registers as shown below.

N Qo) 2 X2 X2 e Ko Ko g sor

<«——— Direction of transfer (transfer rate = 2400 bps at fc = 24.576 MHz)

* Clock conditions System clock: High-speed.(fc)
High-speed clock gear: x 1 (fc)
Prescaler clock: fperiph/4 (fperiph) 5Fsys)
76543210
PDCR — - - - - - - - 1 ;
} Set PDO to TXDO pin.
PDFC - - - - - - - - 1
SCOMOD <« X 0 -X0101 Select 7-bit UART mode.
SCOCR « X1 1XXXO00 Select even parity.
BROCR « 00101010 Set transfer(rate t0_.2400 bps.
IMCCLH «--110100 Enable INTTXQ interrtpt and set its priority levelto/4.
SCOBUF « * * * * * % *x % Set transmit,data.
Note: X =Don't care; “—" = No change

(3) Mode 2 (8-bit UART mode)

Setting the SM1 and SMO bits of SCOMOD 10710 places the device-into/8-bit UART mode. In this
mode, a parity bit can be used. Parity-can beenabled or disabled using"SCOCR<PE>. When PE = 1
(parity enabled), even or odd parity'\can be.selected using SCOCR<EVEN>.

Example: To transmit data-in-the following format;.set the control registers as shown below.

AY DS 000600

<«——+ Direction of transfer (transfer rate = 9600 bps at fc = 24.576 MHz)

* Clock conditions System-clock: High-speed (fc)
High-speed clock gear: x 1 (fc)
Prescaler clock: fper|ph/4 (fpenph = fsys)

e  Setting-in the main routine

PDCR
SEOMOD
SCOCR
BROCR
IMCCLE
SCOMOD

.
.
-
-
2

543210
—————— 0 - Set PD1 (RxDO) to input pin.
0IX1001 Select 8-bit UART mode.
T XX X 00 Select odd parity.
o191 01 Set transfer rate to 9600 bps.
120100 Enable INTRXO interrupt and set its priority level to 4.
—1IX---- Enable reception.

e  Example of interrupt routine processing

INTCLR
Reg.

if Reg.
Reg.

«~XX1120000 Clear interrupt request.

< SCOCR AND 0x1C
# 0 then ERROR processing

} Check for errors.

<« SCOBUF Read received data.
End of interrupt processing

Note: X = Don't care; “—" = No change
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(4) Mode 3 (9-bit UART mode)

Setting SCOMODO0<SM1:SMO0> to 11 places the device into 9-bit UART mode. In this mode a
parity bit cannot be used; hence, parity should be disabled by setting SCOCR<PE> to 0.

During transmission the most significant bit (the 9th bit) is written to the TB8 bit of the serial
channel mode register SCOMODO. During reception the bit is stored-in the RB8 bit of the serial
channel control register SCOCR. Data is always written to or read from the buffer register the most
significant bit first and then the rest of the data from SCOBUF. The STOP bit [éngth can be specified
using SCnMOD2<SBLEN>.

Wake-up function
In 9-bit UART mode, slave controller wake-up can be enabled, hy setting SCOMODO<WU> to 1.

An INTRXO interrupt will only be generated if RB8 =-1.

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Stave2 Slave 3

Note: The slave controller's ¥XD pin must always'be placed in open-drain output mode by setting
the ODE register accordingly.

Figure 3,11.41 Serial Link Usingthe Wake-Up Function
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Protocol
1) The master and slave controllers are placed in 9-bit UART mode.
2) Each slave controller is enabled for reception by setting SCOMODO<WU> to 1.
3) The master controller transmits one frame of data including the 8-bit slave controller selection
code. At this point the most significant bit (bit 8: TB8) is set to 1:
\start/<b|t OX X X X X X X >/ Vstop
Slave controller selection code
4) Each slave controller receives the above frame. The_slave controller whose selection code
matches the transmitted selection code clears its W) bit {0 0.
5) The master controller transmits data to the \selected slave contreller (the-one whose
SCOMODO0<WU> bit has been cleared to 0)--At this-point the most significant bit (bit 8: TB8)
is setto 0.
\start/<b|t0X X X X X X X >\blt8 / stop
Data
6) No interrupt (INTRXO) is generated.for the slave controllers whose WU bit remains 1 because

the most significant bit ofithe received data (bit-8:-RB8) =.0."Fhese slave controllers ignore the
received data. The slave contreller whose YWU bit has been cleared to 0 can transmit data to the
master controller so/as tonotify the master contreller that it has finished receiving.

Example settingsr Serial link with two. slave controllers using the internal clock fsys/2

as) the transfer clock

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Selection code Selection code
00000001 00001010
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e  Master controller settings

Main routine

7654321
PDCR “— - - - - - - 0
PDFC “— - - - - - - X
IMCCLL «~--11010
IMCCLH «~--11010
SCOMODO «+ 1010111
SCOBUF «~0000O0O00O0

Interrupt routine (INTTXO0)

INTCLR «~XX11000
SCOMODO « 0 - - — — — —
SCOBUF — * xR k%
End of interrupt processing

e  Slave settings

Main routine

7654321
PDCR — - - - - - - 0
PDFC — - - - - - = X
ODE — X X - = 4 -
IMCCLL «~--110171
IMCCLH «~--1/1-6.20
SCOMODO « 00 1111121

Interrupt routine (INTRX0)
7654321
INTCLR < X, X211 000

Reg. </ SCOBUF
iT—Reg. \=“selection code
Then

SCOMODO - - - 0 — = =

P OOFR R RO

o o

Set PDO to TXDO and PD1 to RXDO.

Enable INTRXO0 and set interrupt level to 5.

Enable INTTXO and set intefrupt-level to 4.

Select 9-bit UART mode and set transfer clock to fsys/2.
Set selection code for slave 1.

Clear interrupt request.
Set TB8 t0,0-
Set transmit data.,

Set PDO to TXD (opépn-drain output) and PD1 to RXD.
Enablg INTTX0 and INTRXO.

Select 9-bitUART mode and set transfer clock to fsys/2 and
WU to 1.

Clear-interrupt request.

Clear WU to 0.
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3.12 Serial Bus Interface (SBI)

The TMP1942 contains one serial bus interface (SBI) channel. The serial bus interface has the following two
operating modes:

I2C bus mode (multi-master)

Clock-synchronous 8-bit SIO mode

In 1°C bus mode, the serial bus interface can be connected to external devices via PF4 (SDA) and PF5 (SCL).
In clock-synchronous 8-bit SIO mode, it can be connected to external deviees via PF3 (SCK), PF4 (SO) and
PF5 (SI).

The following table shows the pin settings for each mode:

ODE PFER PAFRC
<ODEF5, F4>  |<PF5C{PFAC, PF3C> | <PF5F, PF4F, PF3F>
I’C bus mode 11 11X 110
Clock-synchronous 8-bit 011
SIO mode XX 070 3
X: Don't care
3.12.1 Configuration
INTS2interrupt request
SCL
l I SCK
—] Pr3
SIO Clock (SCK)
Control
N Input/
T l Output
¢T ——> Divider Control —D ora
5 SO
SIO data (SO/SDA)
. Transfer | Control Sl
1°C Bus Controller <:_
Clock
i Synchroni-[<—® l
CNO'Sﬁ || zation.and ZAN _D PFS
anceller
Control o _ 12C Bus Datal - (SI/SCL)
Shift Register Control Noise SDA
Canceller
7 I |
SBIOCR2/ {2COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI control I°C bus Address SBI Data Buffer SBI Control SBI Baud Rate
register 2/SBI Register Register Register 1 Registers 0 and 1

status register
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3.12.2 Control

The following registers are used to control the serial bus interface and monitor its operating status:

e  Serial bus interface control register 1 (SBIOCR1)

e  Serial bus interface control register 2 (SBIOCR2)

e  Serial bus interface data buffer register (SBIODBR)
e I°C bus address register (I2COAR)

e  Serial bus interface status register (SBIOSR)

e Serial bus interface status register 0 (SBIOBRO)

e  Serial bus interface status register 1 (SBIOBR1)

The functions of the above registers vary according to-the.current’operating mode_of the serial bus
interface. For details, refer to Section 3.12.4, “Control in-l2C bus-mode”, and Sectioh 3:12.7, “Control in
clock-synchronous 8-bit SIO mode”.

3.12.3 1°C Bus Mode Data Formats

Figure 3.12.1 shows the serial bus interface data formats used in 1°C’bus mode:

(@) Addressing format

< 8bhits — 1< 1to8bits/~——)1|<— 1to8bits -1
T TTTTIR[A A A
S| Slave address |/|C Data C Data C|P
WK K K
le—— One entry Of arbitraryfength ~—+———
(b)  Addressing format (with restart)
[<—— 8 bits~——=—=1 k< 1to 8 bits <=1 8 bits 1< 1to8bits —1
T 17V ¥ JAR[A A F'TTTTTIR[IA A
S} Stave addréss ) |/ |C Data C|S| slaveaddress |’|C Data C|P
W| K K W|K K
l—, 0ne entry ——<< Of arbitrary length—| |«—— One entry ——j< Of arbitrary length —|

(c) Free data format (format usedto transfer data’ from master device to slave device)

< 8bhits — 21— 1to8bits —>1[<— 1to8bhits —|1
T T T T T1~]a A A
S Data C Data c Data C(P
K K K
One enfry Of arbitrary length

S: Start condition
R/W: Direction bit
ACK: Acknowledge bit

P: Stop condition

Figure 3.12.1 1°C Bus Mode Data Formats
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3.12.4 1°C Bus Mode Control Registers

When the serial bus interface is operated in I°C bus mode, the following registers are used to control the

interface and to monitor its operating status:

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
. SCKOo/
SBIOCR1 Bit symbol BC2 BC1 BCO ACK — SCK2 SCK1 SWRMON
(OXFFFF_F240) | Read/Write W R/W W R/IW
After Reset o | o | o 0 o, | o 1
Function Selects number of bits to be Ack clock Selects internal SCL output clock
transferred (Note 1) 0' Do not frequency (Note 2) and monitors
generate reset state
1: Generate

Selects-internahSCL output clock freguency. <SCK2:SCK0>

(for pvrite)

000\[hZ4 )|/400 kHz{)

001 n=5 222 kHz System.clacky fc(=32 MHz)
010 =6 118 kHz Clock gear—": fc/l
0lt.|n=7 |[60.6 kHz/ § | 4TO= fperiph/4 (= 8 MHz)
1001 n=8 |30.8 kHz _ ¢T0

101 [n=0 | 15.5KkHz | oMY = anag [He)
110 [n=10 [7.78 kHz |

111 reserved

Software.reset state monitor <SWRMON> (for read)

0 Softwarereset in progress

1 Software’reset not in progress

Selects number of bits to be transferred

<ACK>=0 <ACK>=1
<BC2:0
> Number of | Data length | Number of | Data length
clock cycles clock cycles
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Note I+Clear-SBIOCR1<BC2:BC0>"t0\ 000 before switching the device to clock-synchronous 8-bit SIO

mode.

Note 2: Far details of the S€Line_clock frequency, refer to Section 3.12.5 (3), “Serial clock”.

Figure 3.12.2 1°C Bus Mode Registers
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(OXFFFF_F243) | Read/Write w W (Note 1) W (Note 1)
After Reset 0 0 0 1 o | o o | o
Function Selects Selects Start/stop | Cancels Selects serial bus Generates software
master/ transmit/ |generation | INTSBI interface operating reset
slave receive 0: Generate| interrupt | mode (Note 2) A reset can be
0: Slave 0: Receive | stop request 00: Port mode generated by writing 10
1: Master |[1: Transmit| state 0:— 01: SIO mode and then 01 to these
1: Generate| 1: Cancel |10: 12C bus mode bits.
start interrupt 11:(Reserved)
state request '

l: Selects serial bus interface operating mode (Note 2)

00

Rort mode (serial bus interface.output disabled)

[0}

Clock-synchronous 8-bit SIO mode

10

I*C bus mode

1Y

(Reserved)

Note 1: When read, this register functions as the SBIOSR-register.

Note 2: Check to see that the bus is free before switching the/device to porf-mode:Also, check that input
signals on the ports are High before  switching from port \mode) to 1°C bus mode or
clock-synchronous 8-bit SIO mode.

Figure 3.12:3_I°C-Bus Mode/Registers

Table 3.12/1-Output.Clock (¢T0O). Resolutions

@fc=32 MHz

Peripheral Clock
Selection <FPSEL>

Clock'Gear Value
<GEAR1:0>

Selected Prescaler
Clock-<PRCK1:0>

Prescaler Output
Clock Resolution

oTO

00 (fc)

00-(fperiph/4)

fc/2? (0.125 ps)

01 (fperiph/2)

10 (fperiph)

01 (fc/2)

00-(fperiph/4)

fc/2® (0.25 ps)

01 (fperiph/2)

10 (fperiph)

0 (fgear)

10 (fc/4)

00 (fperiph/4)

fc/2* (0.5 ps)

01 (fperiph/2)

10 (fperiph)

11 (fc/8)

00 (fperiph/4)

fc/2® (1.0 ps)

01 (fperiph/2)

10 (fperiph)

00 (fc)

00 (fperiph/4)

fc/2% (0.25 ps)

01 (fperiph/2)

10 (fperiph)

01 (fc/2)

00 (fperiph/4)

01 (fperiph/2)

10 (fperiph)

1 (fc)

10 (fc/4)

00 (fperiph/4)

01 (fperiph/2)

10 (fperiph)

11 (fc/8)

00 (fperiph/4)

01 (fperiph/2)

10 (fperiph)

Note: The — character means “Don’t use”.

TMP1942CY/CZ-285




TX
TOSHIBA TMP1942CY/CZ @%’f;‘ém

Serial Bus Interface Status Register

7 6 5 4 3 2 1 0
SBIOCR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(OXFFFF_F243) | Read/Write R
After Reset 0 0 0 1 0 0 0 0
Function Master/ Transmit/r |12C bus INTS2 Arbitration |Slave General Last
slave eceive status interrupt lost address call received
selection |selection |o: Byus free |request detection |match detection  [bit
0: Slave  |0: Receive (1: Bus busy|StatUS 0:— detegtion ~10:-— 0:0
1: Master |1: Transmit 0:Interrupt  [1: Detected |0: — 1: Detected|1: 1
request 1 Detected
generated
1: Interrupt
request
cancelled
A

L Last received bit

O’ | Last bit received.was-Q

1 | Lastbit received)was-t

Slave address-match detection

0 —

1 | Matching slave address or general call has
been-detected

L—— Arbitration' 105t detection

0 £

1| Arbitration lost has been detected

Note: When written, this register functions as the SBIOCR2 register.

Figure 3)12.4 1°C Bus Mode Registers
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TOSHIBA
Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 0
SBIOBRO Bit symbol — 12SBIO — — — — _
(OXFFFF_F244) | Read/Write — R/W — — — — W
After Reset — 0 — — — — —
Function IDLE Must
0: Idle always be
1: Operate setto 0.
Operation in IDLE mode
0 |[Idle
I~ | Opéerate
Serial Bus Interface Baud Rate Register.1
7 6 5 4 3 2 0
SBIOBR1 Bit symbol P4EN — — — N — —
(OXFFFF_F245) | Read/Write RIW — — e — — w
After Reset 0 — — — — — —
Function Internal
clock
0: Stopped
1: Operate
Operation in IDLE mode
0| Idle
1 \| Operate
Serial Bus Interface Baud Rate Register
7 6 5 4 3 2 0
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DBO
(OXFFFF_F241) | Read/Write R (receive)/W (transmit)
After Reset Undefined
Note: When writing-transmit data, make sure-that the data is MSB-justified (bit 7 is the MSB).
I¥*C-Bus-Address Register
7 6 5 4 3 2 0
SBIOBR1 Bit symbal SA6 SA5 SA4 SA3 SA2 SAl ALS
(OXFFFF_F242) | ReadlWiite w
After Reset 0 J 0 | 0 | 0 | 0 | 0 0
Function Specifies slave address when device is operating as slave device Specifies
address
recognition
mode

Operation in IDLE mode

l

0 |ldle

1 [Operate

Figure 3.12.5 1°C Bus Mode Registers
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3.12.5 Control in I°C Bus Mode

1)

@)

)

Specifying acknowledgment mode

Setting SBIOCR1<ACK> to 1 causes the serial bus interface to operate in acknowledgment mode.
When operating as the master device, the device allows one extra clock cycle for an acknowledge
signal. In transmitter mode, the device releases the SDA pin during this clock cycle so that it can
receive an acknowledge signal from the receiver. In receiver mode, the device pulls the SDA pin
Low during this clock cycle, thus generating an acknowledge signal.

Setting SBIOCR1<ACK> to 0 causes the serial bus interfaceto-operatein non-acknowledgment
mode, in which case the device will not generate an extraclock cycle for an acknowledge signal.

Selecting the number of bits to be transferred

SBIOCR1<BC2:BCO0> can be used to specify the\number of bits in the (next-data item to be
transmitted or received.

Since the BC2:BCO bits are cleared to 000 as‘a start condition, the slave-address and direction bit
are always transferred as eight bits. In all( gther_cases, the BC2:BCO0 bits-hold the’'value which has
been set.

Serial clock
1) Clock source

The SBIOCR1<SCK2:SEKQ> bits are used to select the maximum transfer frequency of the
serial clock which is gutputonthe SCL pin in.master mode.

[; YHIGH 1 tLow 1/fscl

|

SBIOCR1 <SCK2:0> n

n 000 4

tow =2 n/<|>T0 001 5
tHIGH = 2 /$TO + 4/¢TO 010 6
fscl = 1/({ ow+tHIGRH) 011 7
TO 100 8
“on+4 101 9
110 10

Figure 3.12.6 Clock Source
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2) Clock synchronization

In 1°C bus mode, a master device which first pulls the clock line Low will disable the clocks
of other master devices which are outputting a High clock pulse, thus implementing
wired-AND bus configuration. Therefore, any master which is outputting a High clock pulse
must detect the situation and take appropriate action.

Since the serial bus interface has a clock synchronization function, transfers are always
performed correctly even when multiple master devices are present on the bus.

The clock synchronization procedure is described below using an example in which there are
two masters on the bus.

Wait for High-levet
period counting
s Start High-level period counting

Internal SCL output (master
A)

=7

Reset High-level
period count

Internal SCL output
(master B)

TN
[~ |
/7\7\/

SCL line

1
1
I
I
[}
1
1
]
I
l
I
i
!
I
b

RN

Figure 3.12.7 Clock Synchranization Example

Master A pulls the internal SCLooutput Low at peint 'a"so that the bus SCL line goes Low.
Master B detects this-and-resets its High=level period count before pulling its internal SCL
output Low.

Master A finishes Low-level period counting at point 'b', releasing its internal SCL output
back High. However, since master B is still-holding the SCL line Low, master A does not start
High-level periad, counting. At point*‘c™\when master B has released its internal SCL output
back High_and-the bus SCL line-goes High, master A detects these conditions and starts
High-level period counting.

Thus; the bus clock frequency is)determined by the master connected to the bus which has
the shortest High-level~period and the master connected to the bus which has the longest
Low-level period.

(4) Setting the slave address and selecting address recognition mode

To operate the device.as a slave device, set the slave address in I2COAR<SA6:SA0> and <ALS>.
Setting ALS.t0'0 selects/address recognition mode.

(5) Specifying a master.or slave
Setting SBIOCR2<MST> to 1 causes the device to operate as a master device.

Setting SBIOCR2<MST> to 0 causes the device to operate as a slave device. If a stop condition or
arbitration lost is detected on the bus, SBIOCR2<MST> is automatically cleared to O by hardware.
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(6) Selecting a transmitter or receiver

Setting SBIOCR2<TRX> to 1 causes the device to operate as a transmitter. Setting
SBIOCR2<TRX> to 0 causes the device to operate as a receiver.

In slave mode,
e when transferring data in addressing format
e when the received slave address is the same as the value set in I2E0AR

e when a general call (all 8 bits of data after a start condition are Q)\is received

TRX is set to 1 by hardware when the direction bit (R#W ) sent/from the master device is 1 or set
to 0 when the direction bit is 0.

In master mode, when acknowledgement is returned-from_a slave device, TRX changes to 0 by
hardware if the transmitted direction bit is 1 or changes to 1\f the transmitted direction-bit is 0. When
no acknowledgement is returned, TRX remains unchanged.

If a stop condition or arbitration lost is detected on/the bus, SBIQCR2<TRX>) is automatically
cleared to 0 by hardware.

(7) Generating a start/stop condition

When SBIOSR<BB> = 0, writing1s-to-SBIOCR2<MST, TRX,/BB, PIN> causes a start condition
and 8-bit data to appear on the bus:.Ensurethat SBIOCR1<ACK> has been set to 1 beforehand.

1
sctine 1 N\_/ T\ N\ AN\ N\ B\
T /a6 XA X" a X A3, X A2 X At X A0 X rRwW /
Rl

1
1
1
SDA Line :
1
1
Start Condition I Slave addressand direction bit IAcknowIedge signal

Figure 3.12.8 Generating a Start-Condition and Slave Address

When BB =-1;-writing 1s to-SBIOCR2<MST, TRX, PIN> and a 0 to SBIOCR2<BB> initiates a
stop condition output sequence-on the bus. Do not change the contents of SBIOCR2<MST, TRX, BB,
PIN> until a'stop condition-has.been generated on the bus.

Stop Condition

Figure 3.12.9 Generating a Stop Condition

The bus status can be determined by reading SBIOSR<BB>. SBIOSR<BB> is set to 1 (bus busy
state) upon the detection of a start condition on the bus or reset to 0 (bus free state) upon the detection
of a stop condition.
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SCL Line

Internal SDA Output \ / \

(Master A)

Internal"SDA Output
(Master B)

SDA Line

(8)

©)

Requesting interrupt service and canceling requests

When a serial bus interface interrupt request (INTS2) occurs, SBIOCR2<PIN> is reset to 0. The
SCL line is held Low while SBIOCR2<PIN> = 0.

PIN is reset to 0 when the device has finished transmitting or receiving one word of data, and set to
1 when data is written to or read from SBIODBR. There is a delay of tLOW between PIN being set to
1 and the SCL line being released.

In address recognition mode (i.e. when 12COCR<ALS> = 0), PIN_is-reset to 0 when the slave
address received matches the value set in I2COAR or when a géneral call is received (i.e. when the
eight data bits after the start condition are all 0). Writing a-1'to SBIOCR2<PIN> in the program sets it
to 1; however, writing a 0 to PIN does not clear it to 0.

Serial bus interface operating mode

The SBIOCR2<SBIM1:SBIMO> bits are used to set the operating mode of:the seriakbus interface.
To use the serial bus interface in 1°C bus mode, set SBIOCR2<SBIM1:SBIMO> to-10. Ensure that the
bus is free before switching from this mode to pert/mode.

(10) Monitoring detection of arbitration lost

Since multi-master operation is possible in1?€ bus mode (i.e.\tw6-6r more masters may exist on
the bus simultaneously), a procedure for-arbjtrating among-masters-centending for bus control is
needed in order to guarantee the integrity-of data being transferred.

Any attempt to generate astartcondition in the bus busy state will result in “arbitration lost”; data
is not output on the SCL dr(SDA line. The data on the SDA Jine is used for bus arbitration in 1°C bus
mode.

The arbitration procedure is described below-using an example in which two masters are residing
on the bus simultaneously. Masters A and-B-outputthe same data until the bit at point “a”, at which
point master A\outputs a Low signal and-master-B a High signal. Since the SDA line of the bus has
wired“AND configuration, it js pulled (L.ow by master A. When the SCL line goes High at point “b”,
the slave /device latches the SDAline-data (i.e. the data output by master A). The data output by
master B-at-this time has no-effect-and. is ignored. This condition of master B is referred to as
“arbitration lost”. Master B releases the SDA pin so that it will not affect data output by other masters.
H/more than one master transmits,the same first data word, the arbitration procedure will be
continued on the next and subsequent words.

Arbitration is lost and the internal
SDA output is driven High

Figure 3.12.10 Arbitration Lost
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The internal SDA output level for each master is compared with the level of the bus SDA line at
the rising edge of the SCL clock. If the levels do not match, it is assumed that arbitration is lost and
SBIOSR<AL> will be set to 1.

At this point the SBIOSR<MST,TRX> bits are reset to 00, thus placing the master into slave
receiver mode. SBIOSR<AL> is cleared to 0 by writing data to or reading data from SBIODBR, or by
writing data to SBIOCR2.

Internal SCL
Master A[ OUtPUt
'C’;“:m?' SDA "\ D7A XD6A\ D5A /D4AX D3A X D2A X B1AX DOA/. \D7A’XD6A’X D5A’X DAA’
utpu
|—> Clock output/stops.here.
Internal SCL 1 2 3 4

Output
Master B

Internal SDA D7B XDéB 3 Internal SCL.output

Output
Internal" SDAautput

<AL>

¢
<MST> P\
/

K
<TRX> [ \
/
1

Access to SBIODBR or
SBIOCR2

Figure 3.12.11 Example for Master B (D7A =D7B, D6A = D6B)

(11) Monitoring detection 'of a slave address match

If the device is operating as a slave device inaddress recognition mode (I2COAR<ALS> = 0) and
receives-a.general call or a slave address of the same value as that set in I2COAR, SBIOSR<AAS>
will pe'setto'l. IFI2COAR<ALS> = 1,/SBIOSR<AAS> will be set to 1 upon the reception of the first
word-The/AXAS flag is cleared-to-0 _bywriting data to or reading data from SBIODBR.

(12) Monitoring detection of a general call

SBIOSR<ADO> is set to 1 when a general call is received (i.e. when the eight data bits after the
start condition are all 0)in slave mode, and is reset to 0 when a start or stop condition is detected on
the\bus.

(13) Monitoring the last bit received

SBIOSR<LRB> holdsthe value of the SDA line which is latched at the rising edge of the SCL
clock. In acknowledgment mode, the value read from SBIOSR<LRB> immediately after an INTS2
interrupt request has been generated is equivalent to the value of the ACK signal.
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(14) Software reset

If the serial bus interface circuit locks due to noise from external sources, it can be initialized using
the software reset function.

Writing 10 and then 01 to SBIOCR2<SWRST1:SWRSTO0> causes a reset signal pulse to be
applied to the serial bus interface circuit, initializing it. All control registers and status flags are
initialized to their reset values. SBIOCR2<SWRST1:SWRSTO0> are automatically cleared to 00 upon
the initialization of the serial bus interface.

Note: A software reset also resets the selection of the opgrating mode, ‘causing a transition from
I°C bus mode to clock-synchronous 8-bit SIO mode.

(15) Serial bus interface data buffer register (SBIODBR)

Reading received data from and writing transmit data~to the serial bug interface circuit are
accomplished by reading from and writing to SBIODBR. In addition, in. master mode the slave
address and the direction bit are set in this register, after which a start condition is-generated.

(16) 1°C bus address register (I2COAR)

When the device is operating as a slave-device,the I2COAR<SAG;SA0>bits are used to set the
slave address. In addition, when I2COAR<ALS>'= 0, the device recognizes the slave address output
by the master device, and data is sent in addressing format/Wheh J2COAR<ALS> = 1, the device
will not recognize the slave address ‘output-by the master device; and data will be sent in free format.

(17) Baud rate register (SBIOBR1)

Before the I°C bus can'\be used,|the PAEN bit of the-baud rate circuit control register (SBIOBR1)
must be set to 1.

(18) IDLE2 setting register(SBIOBRO0)

The SBIOBR0<12SBI0> bit enables or disables device operation after the device has entered IDLE
modg. This\bit mustbe’set before the'instrdetion to enter standby mode is executed.
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3.12.6 Data Transfer Procedure in I°C Bus Mode

(1) Initializing the device

First, set SBIOBR1<P4EN> and SBIOCR1<ACK, SCK2:SCKO0>. Set SBIOBR1<P4EN> to 1 and
clear bits 7-5 and 3 of SBIOCR1 to 0.

Next, set the slave address in 12COAR<SA6:SA0> and set I2COAR<ALS> to 0 for addressing
format.

Then, to initialize the device to slave receiver mode, set SBIOCR2<MST, TRX, BB> to 000,
SBIOCR2<PIN> to 1, SBIOCR2<SBIM1:SBIMO0> to 104and clearbits 1 and 0 of SBIOCR2 to 00.

76543210

SBIOBR1 <~ 1 0000O0O00O0 Operate internal baud.rate generator.

SBIOCRL «~ 00 0 X 0 X X X Set ACK and S€L clocks.

I2COAR  « X X X X X X X X Set slave address and’address recognition mode.
SBIOCR2 «< 00011000 Select slave receiver mode.

(Note) X: Don't care

(2) Generating a start condition and slave address

1)

In master mode

Follow the procedure described. belowto generate a startcondition and slave address in
master mode:

First, check that the hus_is free (SBIOSR<BB> = 0). Next, place the serial bus into
acknowledgment mode-hy-setting SBIOCR1<ACK> to|1. Also, write the slave address and
direction bit to SBIODBR.

While SBIOSR<BB>) = 0, set SBIOCR2<MST, TRX, BB, PIN> to 1111 to generate a start
condition on-the bus_Then output nine tlock pulses on the SCL pin. For the first eight clock
pulses, outputtheslave address and direction bit which have been set in SBIODBR. Release the
SDAline on the ninth clock pulseto receive an acknowledge signal from the slave device.

AR INTS2 interrupt requestis-generated at the falling edge of the ninth clock pulse, resetting
SBIOCR2<PIN> to 0. Ta_master-made, the SCL line is held Low while PIN = 0. In addition,
only when an acknowledge signal is returned from the slave device, the generation of an INTS2
interrupt request causes SBIOCR2<TRX> to change state according to the transmitted direction
bit!

Settings in the main‘routine

7654 3)/)210

Reg. & SBIOSR

Reg. < Reg.~e 0x20

if Reg. = 0x00 Check that bus is free.

Then

SBIOCRL « X X X 1 0 X X X Select acknowledgement mode.

SBIODRL « X X X X X X X X Set slave address and direction for target slave.
SBIOCR2 «~11111000 Generate start condition.

Example of INTS2 interrupt routine processing

INTCLR <« 0X34 Clear interrupt request.

Processing
End of interrupt processing
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2)

In slave mode
In slave mode a start condition and slave address are received.

The slave address and the direction bit are received from the master device with the first
eight clock pulses on the SCL line after the start condition. The start condition is also received
from the master device. When a general call or an address identical to the slave address which
has been set in I2COAR is received, the SDA line is pulled Low on the ninth clock pulse to
output an acknowledge signal.

An INTS2 interrupt request is generated at the falling edge of/the ninth clock pulse, resetting
SBIOCR2<PIN> to 0. In slave mode, the SCL line‘is_held Low while PIN = 0.

Note: DMA transfer can be used only when the following\conditions are satisfied:

- A single master corresponds to a single slave.
- Continuous transmission or reception.is possible.

[}
SCL i 1 2 3 4 5 6 7 8 9
I

1
1
SDA b\

/R X8 X X Rl X e X AL X Ao X mw RACK 7
N J

Y
Start condition Slave address + difection bit

<PIN>

INTS2 Interrupt
Request

L
(I'I_

Master output
- — — - Slave output

Figure 3.12.12 Generating a Start Condition and Slave Address

(3) Transferring one word-of data

During the INTS2 interrupt processing which takes place after the device has finished transferring
one word of data; SBIOSR<MST> is testedte-determine whether the device is placed in master mode
or slave mode.

1)

In master mode (when SBIOSR<MST> = 1)
SBIOSR<TRX> is tested-to-determine whether the device is a transmitter or a receiver.

ln transmitter modé (when SBIOSR<TRX> =1)

SBIOSR<LRB>\js-fested. If SBIOSR<LRB> = 1, the receiver is not requesting data;
therefore, a\sequence for generating a stop condition (described later) should be performed to
termingtedhe data-transfer.

If SBIOSR<LRB> = 0, the receiver is requesting the next data item. If the next data item to
be transferred is 8 bits long, write the transfer data to SBIODBR. If it is not 8 bits long, set
SBIOCR1<BC2:BC0> and SBIOCR1<ACK> before writing the transfer data to SBIODBR.
When data is written to the data buffer register, SBIOCR2<PIN> is set to 1, the serial clock for
transferring the next word of data is generated from the input on the SCL pin, and one word of
data is output on the SDA pin. When the device has finished transferring data, an INTS2
interrupt request is generated, SBIOCR2<PIN> is reset to 0 and the SCL pin is pulled Low. To
transfer more than one word, repeat the above procedure starting from the test of
SBIOSR<LRB>.

TMP1942CY/CZ-295
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INTS2 interrupt
if MST =0
Then go to slave mode processing
if TRX=0
Then go to receiver mode processing
if LRB=0
Then go to processing for generating stop condition
SBIOCRL « X X X X 0 X X X Set number of bits to be transferred and ACK.
SBIODBR « X X X X X X X X Write transfer data.
End of interrupt processing
Note: X: Don't care

SCL pin 1 2 3 4 5 6 7 8 9
Write to SBIODBR
SDA pin \ b7 X b6 X D5 X D4 X D3 X D2 X—DiI X DO A ACK ,

‘ Ack signal
from receiver

INTS2 Interrupt Request ﬂ

<PIN> I

Master output
=== - Slave output

Figure 3.12.13 Example in Which SBIOCR1<BC2:B€0> =000 and SBIOCR><ACK> = 1 (Transmitter Mode)

In receiver mode (when SBIOSR<TRX> =0)

If the next data iterm to_be transferred is 8-bits long, write the transfer data to SBIODBR. If it
is not 8 bits long, set'SBIOCR1<BC2:BC0> and-SBIOCR1<ACK> and then read the received
data from SBIODBR in-order to release the SCL line.’(The data read out immediately after the
transmission of the slave address is undefined.) When data is read from the data buffer register,
SBIOCR2<PIN>issetto 1. The serial cloek for, transferring the next word of data is output on
the SCL [pin/ The\SDA pin is pulled-Low at the final bit when the acknowledge signal goes
L ow.

An INTS2 interrupt request is.now generated, SBIOCR2<PIN> is reset to 0 and the SCL pin
is pultedLow. Eachtimereceived data is read from SBIODBR, a clock pulse for one-word data
transfer and an acknowledge.signal are output.

Read received/data

SCL

SR G AN R I D S L "o D7

Ack signal to
transmitter

<PIN> ]
(

INTS2 Interrupt Request |-|

Master output
- — — - Slave output

Figure 3.12.14 Example in Which SBIOCR1<BC2:BC0> = 000 and SBIOCR1<ACK> =1 (Receiver Mode)
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To instruct the transmitter to terminate data transmission, set SBIOCR1<ACK> to 0 before
reading the data which is one word before the last data to be received. This disables generation
of an acknowledge clock pulse for the last data. As part of the processing after the generation of
an end-of-transfer interrupt request, set SBIOCR1<BC2:BCO0> to 001 and read out data, at
which time a clock pulse for one-bit data transfer is generated. Since the master at this time is a
receiver, it will hold the bus SDA line High. The transmitter receives this High-level signal as
an ACK signal, so that the receiver can request the transmitter-to terminate transmission.

As part of the processing after the interrupt request generated upon the completion of
receiving this one bit, generate a stop condition to termingte-data transfer.

SCL 9 1 2 3 4 5 6 7 8 1
== A Vel Rt U i Y At Voo b Wl oSl il N
sbA— ] D7_W_D6_w_D5_ W Da_W_ D3 W D2 W D1/ 00_ " "N acksignal (High)
to transmitter

<PIN> _|_| |_! L

INTS2 Interrupt Request I | ! ﬂ : ﬂ

After clearing SBIOCR1<ACK> to 0, read reéceived data. T—<BC250> After setting
SBIOCR1<BC2:BCO> to

001, read received data.

N

Master output
- —— - Slave output

Figure 3.12.15 Terminating Data-Transmissionin Master Receiver Mode

Example: When receiving data N/times

INTS2 interrupt (after transmitting/data)
76543210
SBIOCRL « X X X X 0 X X X Set number of bits received and ACK.
Reg. < SBIOCBR Read dummy data.
End of interrupt

INTSZ interrupt-(first to (N-2)thdata reception)
76543210
Reg. <. SBI0ODBR Read first to (N-2)th received data.
End of interrupt

INTS2 interrupt ((N-1)th data reception)
76543210
SBIOCR1 « X X X0 0. XX X Disable generation of clock for acknowledge signal.
Reg. < SBIODBR Read (N-1)th received data.
End of interrupt

INTS2 interrupt (Nth_data reception)
76543210
SBIOCRL «~ 00100 X XX Generate clock for 1-bit transfer.
Reg. <« SBIODBR Read Nth received data.
End of interrupt

INTS2 interrupt (after receiving data)

Processing for generating stop condition Terminate data transfer.
End of interrupt
Note: X: Don't care
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2) Inslave mode (SBIOSR<MST> =0)

In slave mode, an INTS2 interrupt request is generated when a slave address or general call
sent by the master is received, or when the data transfer is completed after a general call is
received or the received slave address is found to match the device's address. Also, if the
arbitration-lost condition is detected in master mode, the device will operate in slave mode, in
which case an INTS2 interrupt request will be generated when_the device has finished
transferring the word in which the arbitration-lost condition was detected. When an INTS2
interrupt request occurs, SBIOCR2<PIN> is set to 0 and the SCL pin-is pulled Low. The SCL
pin is released tLOW after data is written to or_read\from)SBIODBR, or tLOW after
SBIOCR2<PIN> is set to 1.

In slave mode, perform the processing which nermally needs to be performed in slave mode
or any processing which needs to be performed afterthe device has entéred-slave mode upon
detecting the arbitration-lost condition.

In each case, test SBIOSR<AL, TRX, AAS, ADO> to détermine.the necessary processing.
Table 3.12.1 shows the various slave'mode-statuses and the necessary processing for each.

Example: When the slave address is matched and.the direction bit is 1 in‘slave receiver mode

INTS2 interrupt
if TRX=0
Then go to other processing
ifAL=1
Then go to other processing
if AAS=0
Then go to other processing
SBIOCRL « X X X1 0 X X X Set number of bits to be transmitted.
SBIODBR « X XX X 0 X/X X Settransmit data.
Note: X: Don't care
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Table 3.12.2 Processing in Slave Mode
<TRX>| <AL> [<AAS> | <ADO> Status Processing
1 1 1 0 The arbitration-lost condition was Set SBIOCR1<BC2:BCO> to the
detected while the slave address was number of bits in one word and write
being sent and the device received a the data to be transmitted to SBIODBR.
slave address sent by another master
for which the direction bit was 1.
0 1 0 In slave receiver mode, the device
received a slave address sent by
another master for which the direction
bit was 1.
0 0 The device has finished sending one Test/SBIOSR<LRB>. If it is set to 1,
data word in slave transmitter mode: indicating that the receiver is not
requesting the next data item, set
SBIOCR2<PIN> to 1 and reset <TRX>
to 0 toyrelease the bus. If
SBI0OSR<LRB> = 0, indicating that the
receiver is requesting-the-next data
itém, set SBIOCR1<BC2:B€0> to the
number of bits in\one word and write
the data to be transmitted to SBIODBR.
0 1 1 1/0 The arbitration-lost conditionyas Read SBIODBR t0/set’'SBIOCR2<PIN>
detected while the slave-address was to 1 (a dummy read); or set it by writing
being sent and the devicereceived altoit.
either a slave address ‘'sent by-another
master for whichrthe directien bit was 0
or a general call.
0 0 The arbitration=lost.condition was
detected while the slaye address or
data was being sent and the device
finished-sending the word.
0 1 1/0 In stave receiver mode, the device
received ejther a slave address senthy
another master for which the direction
bit was-0-or a general call,
0 1/0 In slave receiver mode, the.device has | Set SBIOCR1<BC2:BCO> to the

finished receiving onedward-of. data.

number of bits in one word and read
the received data from SBIODBR.
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(4) Generating a stop condition

If SBIOSR<BB> = 1, set SBIOCR2<MST,TRX,PIN> to 111 and reset SBIOCR2<BB> to 0. The
device starts a sequence for outputting a stop condition to the bus. Do not rewrite the contents of
SBIOCR2<MST, TRX,BB,PIN> until the stop condition appears on the bus.

Note, however, that if the bus SCL line has been pulled Low by some other device, the device will
wait until the SCL line is released High again; when SCL is High again, the device will drive the
SDA pin High, thereby generating a stop condition.

76543210
SBIOCR2 <~ 11011000 Generate stop ¢ondition.

" — <MST>
7 — <TRX>

" — <BB> Stop eondition
" — <PIN> - 'Z/‘_
1

SCL pin

R QoRreRE

SDA pin

<PIN> _| /
<BB> (read) |

Figure 3.12.16. Generating a Stop Condition
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Q)

Restart procedure

Restart is used by a master device to change the direction of transfer with respect to a slave device
without terminating data transfer. The following shows how to trigger a restart when the device is
operating in master mode.

First, reset SBIOCR2<MST,TRX,BB> to 000 and set SBIOCR2<PIN> to 1 to release the bus.
Since at this time the SDA pin is held High and the SCL pin is released, no stop condition is
generated on the bus, with the result that the bus appears to other masters.to be in busy state still.
Then, test SBIOSR<BB> and wait until it becomes 0, confirming that the-SCL pin has been released.
Next, test SBIOSR<LRB> and wait until it becomes 1, confirmingthat no other device is pulling the
bus SCL line Low. After using the above procedures to ‘confirm that the bus is free, generate a start
condition by following the procedure described earlier in (2).

Note, however, that in order to yield the necessary pestart set-up time, a wait time of at least 4.7 us
must be generated by software between the bus freestate being'confirmed and.alstart-condition being
generated.

76543210

SBIOCR2 «~ 00011000 Release bus.
E if SBIOSR<BB> = 0 Check that SCL pin is released.
Then
[ if SBIOSR<LRB> = 1 Check that no other deviee is pulling SCL line Low.
Then
4.7 us Wait
SBIOCRL « X X X 1 0 X XX Select acknowledgement mode.
SBIODBR « X X X X X X %X Set slave-address and\direction for target slave.
SBIOCR2 « 1111 1000 Generate start.condition.

SCL (bus) / \

SCL pin

SDA pin

<LRB>

<BB>

<PiN>

Note: X: Don't care

“0" > <MST> " —» <MST>
“07 »<TRX> “1" > <TRX>
“o Ly/<BB> “1" - <BB>
1o <PIN> “1" -><PIN>
[e—4.7ns (min.) _— Start condition

SN~/

D)

| —
e T N P

I

Figure 3.12.17 Restart Generation Timing

Note : Please do not carry out the light of <MST>="0" in the state of <MST>="0" (it cannot re-start).
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3.12.7 Control in clock-synchronous 8-bit SIO mode

The following section describes the registers which are used to control the serial bus interface and to
monitor its operating status when it is used in clock-synchronous 8-bit SIO mode

Serial Bus Interface Baud Rate Register 0

7 6 5 4 3 2 1 0
SBIOCR1 Bit symbol SIOS SIOINH SIOM1 SIOMO — SCK2 SCK1 SCKO
(OXFFFF_F240) | Read/Write w — W R/W
After Reset 0 0 o | o — o | o 1
Function Indicate Continue/ |Transfer mode Selects\serial clock frequency and
transfer abort selection monitors/reset state

start/stop  transfer  |0Q: Transmit mode
0: Stop 0: Continue (01: (Reserved)

1: Start transfer 10: Transmit/receive
1: Abort mode
transfer

11: Receive mode

|

Selects serial clock frequency-<SCK2:SCKO0>/ (for write)
000~[n=3 [1.25 kHz )
001 |n=4 |625 kHz System clock:: fc(=40 MHz)
010/n=5 |312.5 kHz Clock gear: :fc/l

011 (n=6 [156.3 kHz } 6TO = fperiph/4 (= 10 MHz)
100 |n=7 |78.13 KHz
101 | n=8 [39.06-kHz
110 /=9 [19:53 kHz |
111 . ~_ | External clock

Frequency = % [Hz]

Note: Set SBIOCR1<SIOS> to 0 and SBIOER1<SIOINH> to 1/before setting the transfer mode and the serial clock

frequency.
Serial Bus Interface Data.Buffer Register
7 6 5 4 3 2 1 0
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(OXFFFF_F241) | Read/Write R (receive)/W (transmit)
After Reset Undefined

Figure 3.12.18 SIO Mode Registers
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 0
SBIOCR2 Bit symbol — — — — SBIM1 SBIMO —
(OXFFFF_F243) | Read/Write — — — — W —
After Reset — — — — 0 | 0 —
Function Selects serial bus
interface operating
mode
00: Port mode
01: Clock-synchronous
8-bit SIO-mode
10: °C bus(node
11: (Reserved)
Selects Serial Bus Interface Operating Mode
7 6 5 4 3 2 0
SBIOSR Bit symbol — — — —~ SIOF SEF —
(OXFFFF_F243) | Read/Write — — — — R —
After Reset — — — = 0 Q —
Function Serial Shift
transfer opefration
operation status
status 0=Shiff
0: Transfer operation
terminated| terminated
1: Transfer in[1:"Shift
progress operation
in progress|
Serial BusInterface Baud Rate Register 0
7 6 5 4 3 2 0
SBIOBRO Bit symbol — [2SBI0 — — — — —
(OXFFFF_F244) | Read/Write - R/W — — — — W
After Reset — 0 — — — — —
Function IDLE Must
0: IdI€ always be
1: Operate setto 0.
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 0
SBIOBR1 Bit.symbol R4EN -+ — — _ _ _
(OXFFREF-E245) | Read/Write R/W e — — — — —
After Reset 0 — — — — — —
Function Internal
clock
0: Stopped
1: Operate

Figure 3.12.19 SIO Mode Registers
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(1) Serial clock
1) Clock source
Clock sources can be selected using SBIOCR1<SCK2:SCKO0> as described below.

Internal clock

In internal clock mode, one of seven clock source frequencies can be selected. The serial
clock is output to external devices on the SCK pin. Note that whera transfer starts, the SCK pin
is driven High.

The device has an automatic wait function which.works(as follows: if an operation to write
data (during transmission) or read data (during reception).in-a program cannot keep up with the
serial clock rate, the device will automatically stop the seriakclock and suspend the next shift
operation until reading or writing has been completed.

Automatic Wait

SCK Pin Output ||1| |2| |3 7] [s 11 2777 611 8y 2] 2] [3
50 Pinouput N a0 L)@ X ) a 2300 &0 CY &

Write Transmit
a b c
Data X X

Figure 3.12,20 Automatic Wait Function

External clock (SBIOCR1<SCKR2:SCKO0> = 111)

A clock signalfromran external sourcedinput via the SCK pin can be used as the serial clock.
To ensure that shift operations will be perfarmed without fail, the High-level and the Low-level
durations,of-the serial clock must satisfy.the pulse width conditions given below.

SCK/Pin |_22_| | L

tSCKL tsckH

tscKL, tsckH=> 8ifsys

Figure 3.12.21 Maximum Transfer Frequency for External Clock Input
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2) Edges used for shifting

During transmission data is shifted at the leading edge; during reception data is shifted at the
trailing edge.

Leading-edge shift

Data is shifted at the leading edge of the serial clock (the falling edge of the SCK pin
input/output).

Trailing-edge shift

Data is shifted at the trailing edge of the serial clock (the <rising edge of the SCK pin
input/output).

SCK pin |||||||||||||||

SO pin bito X bit1 X bit2 X hit3 X bit4 X bit5, X bit6 X bit7

Shift Register 76543210 *7654321X**765432 ***76543X****7654X*****765X******76X Hexan

(a)Leading-edge shift

SO pin Nobito Xobit1 X bit 2° X bit3 X bit4 X bit5 X bit6 X bit7
Shift Register o X0 X 210%0X 3710w Y 43010+ ¥ 543210K 6543210~ 76543210
(b) Trailing-edge shift Note: * = Don't care

Figure 3.12.22 Edges Used for Shifting
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(2) Transfer mode

SBIOCR1<SIOM1:SIOMO> is used to select the mode of transfer among transmit mode, receive
mode and transmit/receive mode.

1) 8-bit transmit mode

After selecting transmit mode in the control register, write transmit data to SBIODBR.

Transmission is initiated by setting SBIOCR1<SIOS> to 1 after writing transmit data to the
data buffer register. The transmit data is transferred from SBIODBR-t0/the shift register, from
which the data is shifted out to the SO pin synchronpusly with/the/serial clock, starting with the
least significant bit (LSB). Once the transmit data hasbeen transferred from SBIODBR to the
shift register, SBIODBR becomes empty and generates-an~INTSBI (buffer empty) interrupt
request to request the next transmit data.

If an internal clock is being used, unless the next data item has been'set inthe data buffer
register after the transmission of all 8 bits,of data, the device will automatically stop the serial
clock and suspend processing. The automatic’wait is released when the) next transmit data is
written into the data buffer register.

If an external clock is being used, data-must be written into-SBIODBR before the next data
item can be shifted. The transfer-rate thus depends on the-maximunvdelay between an interrupt
request being generated and data being written into SBIODBR by an interrupt service routine.

When transmission is started, after the SBIOSR<SIOF> goes High, the SO pin outputs the
final bit of the last transferred data until the falling edge of SCK.

To terminate/transmission write a 0 to SBIOCR1<SIOS> or a 1 to SBIOCR1<SIOINH> in the
interrupt service\routine for the INT32-interrupt. Once SBIOCR1<SIOS> has been cleared,
transmission-will beterminated when all\the-data has been output. Check SBIOSR<SIOF> in
the-program to determine whether transmission has been terminated. SBIOSR<SIOF> is reset
to 0 uponthe-termination of (transmission. If SBIOCR1<SIOINH> has been set to 1,
transmission will be aborted~immediately and SBIOSR<SIOF> cleared to 0.

Furthefrmore, if an~external clock is being used, SBIOCR1<SIOS> must be cleared to 0
before the device can start-shifting out the next transmit data. Unless SBIOCR1<SIOS> has
heen cleared to 0 /before the device shifts out the data, dummy data will be transmitted and
transmit operation.ends.

76(543\210

SBIOCR1\ « 0,1, 0.0 0/X X X Select transmit mode.
SBIODBR « X X X X X X X X Write transmit data.
SBIOCRL «~1 0000 X X X Start transmission.

INTS2 interrupt
SBIODBR «+ X X X X X X X X Write transmit data.
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<SIOS>

<SIOF>

<SEF>

SCK pin (output)

SO pin

Clear SIOS

L

" X]ag X a1 X a2 X az X ag X a5 X ag X a7 X]bo X b1 X bo X b3 Xb4 X bs X bg X b7

INTS2 Interrupt Request

SBIODBR

<SI0S>

<SIOF>

<SEF>

SCK pin (input)

SO pin

\
XaX b

T (a) Internal clock
Write transmit data

Clear SIOS

S

_ ]

“ Xao X a1 X/az X azXaa X as X as X az X[bo X b1 X b2 X b3 X ba X bs

be Xb7

INTS2 Interrupt Request

SBIODBR

\
b

(b) External clock

X
!

Write transmit data

Figure 3.12:23 Transmit Mode

Example: Sample—program (MIPS16) that instructs termination of SIO transmission (with
external clock)

ADDIJ— r3, r0, 0x04
STEST1 : kLB r2, (SBIOSR)

AND r2, r3

BNEZ r2, STEST1

ADDIU  r3, r0, 0x20
STEST2 . LB r2, (PA)

AND r2, r3

BEQZ r2, STEST2

ADDIU  r3, r0, 0y00000111

STB r3, (SBIOCR1)

; 1f SBIOSR<SEF> = 1 then loop

; 1f SCK =0 then loop

; <SIOS>«0

TMP1942CY/CZ-307



TX
TOSHIBA TMP1942CY/CZ @%’f;‘ém

SCK pin |

SIOF

SO pin bité X bit 7

tsoDH = Min. 3.5/fgys/2 [s]

Figure 3.12.24 Transmit Data Retention Time When Terminating - Transmission

2)  8-bit receive mode

After selecting receive mode in the control register,write a 1 to SBIOCR1<SIOS>, enabling
the device to receive data. Data is read into the shift register from the Sl pin-synchronously with
the serial clock, beginning with the least significant bit. When 8 bits of data have been read, the
received data is transferred from the shift-registerto SBIODBR and an INTS2 (buffer full)
interrupt request is generated, requesting thatthe received data be read-out, The received data is
read out from SBIODBR by an interrpt-service routine.

If an internal clock is being used, the automatic wait funetion’is)activated, halting the serial
clock until the receive data istead.out from SBIODBR;

If an external clock is’being used, shift operation_is.synehronized to the externally sourced
clock. The maximum transfer rate for extérnal clock operation thus depends on the maximum
delay between an interrupt\request being generated and the received data being read out.

To terminate reception write a 0 to SBIOCR1<SIOS> or a 1 to SBIOCR1<SIOINH> in the
interrupt service routine for the INTS2 interrupt. Once SBIOCR1<SIOS> has been cleared,
receptionywill be-terminated when atl-the received data bits have been written into SBIODBR.
Check . SBIOSR<SIOF> in the program to-determine whether reception has been terminated.
SBIOSR<SIOF> is resetto 0 upon/the termination of reception. After confirming that reception
has/been termiinated, read out-thelast data item received. If SBIOCR1<SIOINH> has been set
to I,reception will He aborted-immediately and SBIOSR<SIOF> cleared to 0. (In that case, the
received’data is invalidtand need not be read out.)

Note: K.the transfer mode is changed during receive operation, the contents of SBIODBR will be lost. If it is
necessary to change the-transfer mode, first terminate reception (by writing a 0 to SBIOCR1<SIOS>)
and read out the last data received.

7.6.5 4 3/210
SBIOCR1 « 0.1 I30 X X X Select receive mode.

SBIOCR1 « 10110000 Start reception.

INTS2 interrupt
Reg. <« SBIODBR Read received data.
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<slos> Ae | N

<SIOF> |

<SEF>

SCK pin (output)

Sl pin

INTS2 Interrupt Request

[e———— Clear SIOS —

~ N A XN

SBIODBR

Read received data Read-received data

Figure 3.12.25 Receive Mode (example,with internal clock)

3) 8-bit transmit/receive mode

After selecting transmit/receive_mede in-the control register, write the transmit data to
SBIODBR. Then set SBIOCR1<SIOS> 10 1, enabling the ‘device)to transmit/receive data.
Transmit data is output on the SO pin at the falling edge_of the-serial clock starting with the
least significant bit, while thereceived data is read into'the shift register from the Sl pin at the
rising edge of the serial¢lock: When 8 bits-of-data have-been read, the received data is
transferred from the shift register to SBIGDBR and an INTS2 interrupt request is generated.
Use an interrupt seryice routine to read out the-received data from the data buffer register, then
write transmit data to_the data buffer register. Since SBIODBR is shared for transmission and
reception, always be sure to read out the{eceived data before writing transmit data to the data
buffer register.

If-an internal clock is being used;-the automatic wait function is activated, halting the serial
clock until thereceived data has been fead out and the next transmit data has been written into
the data buffer register.

If anexternal clock-is-heing used, since shift operation is synchronized to the externally
sourced clock, the received-data must be read out and the next transmit data written into the
data buffer register,before the next shift operation can start. The maximum transfer rate for
external clock operation thus depends on the maximum delay between an interrupt request
being generated and the, received data being read out.

When' transmission is started, after the SBIOSR<SIOF> goes High, the SO pin outputs the
final bit of-the last transferred data until the falling edge of SCK.

To terminate transmission/reception write a 0 to SBIOCR1<SIOS> or a 1 to
SBIOCR1<SIOINH> in the interrupt service routine for the INTS2 interrupt. Once
SBIOCR1<SIOS> has been cleared, transmission/reception will be terminated when all the
received data bits have been written into SBIODBR. Check SBIOSR<SIOF> in the program to
determine whether transmission/reception has been terminated. SBIOSR<SIOF> is reset to 0
upon the termination of transmission/reception. If SBIOCR1<SIOINH> has been set to 1,
transmission/reception will be aborted immediately and SBIOSR<SIOF> cleared to 0.
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Note: If the transfer mode is changed during transmit/receive operation, the contents of SBIODBR will be lost.
If it is necessary to change the transfer mode, first terminate transmission/reception (by writing a O to
SBIOCR1<SIOS>) and read out the last received data.

fe—— Clear SIOS —

<SIOS>
<SIOF> nd RN
<SEF>
sckpn e T LML UULR L
SO pin - v ap X a1 Xa» Xaz Xag Xas Xag Xay bo X b1\ X\b2 X b3°X bg X bs X bg X b7
Sl pin coXc1XcoXcez3XeaXesXes Xy dg X d1 X.ds X d3 X dsg X ds X dg X-d¥)
INTS2 Interrupt Request n n
SBIODBR X a )@( b Xd
) )

Write transmit data (a) Read received data (6) Write transmit data/(b) Read received data (d)

Figure 3.12.26 Transmit/Receive-Mode (example with-internal_clock)

SCK pin |

SIOF

SO pin bit 6 X Bit 7 of last word transmitted

tSODM = Min. 4/fsysi2 [s]

Figure 3.12.27/Transmit-Data Retention Time’'When Terminating Transmission/Reception
(in Transmit/Receive Mode)

7654321Q

SBIOCRE, «~ 01 000 X X X Select transmit mode.
SBIODBR « X X X X X X X X Write transmit data.
SBIOCR1L « 1 00 00 X X X Start transmission/reception.

INTS2 interrupt

Reg. </ SBIODBR Read received data.
SBIODBR « X X XX X X X X Write transmit data.
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3.13 ANALOG/DIGITAL CONVERTER

The TMP1942 contains a 10-bit Half Flash analog/digital converter (A/D converter) with sixteen analog
input channels. In addition to normal conversion, the converter supports highest-priority conversion mode, in
which continuous conversion can be interrupted by conversion for a specific analog channel. The converter
also supports an A/D monitor function, which allows the device to compare the value in the specified
conversion result register with the value set in the compare register to determine which is greater. This
function enables the device to monitor analog quantities without software intepvention.

Figure 3.13.1 shows a block diagram of the A/D converter. The pins for the sixteen analog input channels
(ANO-AN15) are also used as input-only port pins and/or key input.pins.

Note: When placing the device into IDLE, SLEEP or STOP mode to.reduce the device's current consumption,
check that the A/D converter has stopped operating before executing the instruction-to enter a standby
mode. This is necessary because, with some timings, the internal comparater may remain enabled
while the device is in a standby mode. When placing the device into SLOW mode, stop the operation of
the A/D converter beforehand.

Internal Data Bus Internal Data Bus Internal Data Bus

8N 2
s [ 10 17 g
| \/ \/ \/ |

ADMOD1 ADMODQ ADMOD2 ADMOD3 ADMOD4
ADSCN HPADCE
End
End Busy
l Scan i
. A/D monitor controller A/D Nionifor Infterrupt
Channel Selection repeat
Controller | _
Inteftupt Busy start A/D Start Controller
Interval
ADTRG —T T—INTTAO/l

N | AID L/ Highest-priority A/D
orma Senversias Conversion Termination | Highest-Priority A/D Conversion
Controllgh - Interrupt Termination Interrupt
AN15 (P67) ! ! Interrupt Request INTAD
% A/D Conversion
o Sample.and Result Registers
=3 + 9 >
AN7/ADTRG £ Hold .| |ADREGO7L to 8FL £ =
= ADREGO7H to 8FH 2 B
_ 5 5
[J)
B
Comparator 2 g <|‘::>
ANO (P50) L g 8
£
A/D Conversion |- § 8
Result Register
VREFH [} o o
VREFL [] D/A Converter

Figure 3.13.1 A/D Converter Block Diagram

TMP1942CY/CZ-311



TOSHIBA

TX
TMP1942CY/CZ @%’f;‘ém

3.13.1

Control Registers

The A/D converter is controlled by the A/D mode control registers (ADMODO0, ADMOD1, ADMOD2,
ADMOD3 and ADMOD4). Also, the A/D conversion results are stored in the sixteen A/D conversion
result upper/lower registers: ADREGO8H/L to ADREG7FHY/L. The results of highest-priority conversion
are stored in ADREGSPH/L.

Figure 3.13.2 shows the registers associated with the A/D converter.

A/D Mode Control Register 0

ADMODO

(OXFFFF_F318)

7 6 5 4 3 2 1 0
Bit symbol EOCFN ADBF RI ITM1 ITMO REPEAT SCAN ADS
Read/Write R R/W
After Reset 0 0 0 0 0 0 0 0
Function Normal A/D Normal A/D Repeat interval | Specifies Specifies Selects repeat |Selectg Starts A/D
conversion end |conversion in repeat mode |interrupt interrupt mode channel'scan feonversion
flag busy flag 0: No interval generati_on _generati.on 0: Single mode 0: Don't care
0: Before 0: Conversion 1. g A/D clock interval n intgrval R conversion |@: thannel 1 Starts
conversion not in cycles f:;:;zlt-jﬂxed ::;ggtzlc-iﬂxed mode -fixed mode”’|  conversion.
l - progress conversion conversion 1: Repeated  {1-Chanpel This bit is
conversion {1 Conversion conversion. $can mod¢
. i mode. mode always read
in progress in progress mode
as 0.
1: Conversion
completed
/ Specifies,A/D, conversion interrupt generation
In channel-fixed mode, this bit specifies.the :.r’:te(;val ffychannel-fixed repeated conversion
interval between the end of évery. Qe
conversion, every fourth conversion ér Channel-fixed repeated conversion mode
every eighth conversjon, as.specified with <SCAN> =0, <REPEAT>=1
ITM1:ITMO, and the next conversion being 00 | Generate interrupt every time conversion is
started. In channel scan mode, this bit performed
spe(ilfles t?e injerval bethetr; the etnd ofa 01 | Generate interrupt every fourth time
sm.g e continuous scan an e next scan conversion is performed
being started.

10 | Generate interrupt every eighth time
conversion is performed

11 | Setting prohibited

Figure 3.13.2-A/D_Converter Registers (1/12)
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A/D Mode Control Register 1
7 6 5 4 3 2 1 0
Bit symbol — I12AD — ADSCN | ADCH3 | ADCH2 | ADCH1 | ADCHO
ADMOD1 Read/Write — RIW — RIW RIW
(OXFFFF_F319) ' \fter Reset — 0 — 0 0 o | o [ o
Function IDLE Selects Analog input channel selection
0: Idle channel scan
1: Operate operating
mode
0: 4-channel
scan
1: 8-channel
scan
Selects Analog Input Channel
<SCAN>
<ADCH3.2, 1, 0> 0 1 1
, Channel scan Channel scan
Channel-fixed
(ADSCN = 0) (ADSCN = 1)
0000 ANO ANO ANO
0001 AN1 ANO to AN1 ANQ tol AN
0010 AN2 ANO to AN2 AND-to AN2
0011 AN3 ANO to AN3 ANO to AN3
0100 AN4 AN4 ANO to AN4
0101 AN5 AN4 to AN5 ANO to AN6
0110 ANG ANZ to ANG ANO to AN6
0111 (Note) AN7 AN4 to ANT ANO to AN7
1000 ANS ANS AN8
1001 AN9 AN8 to-AN9 ANS to AN9
1010 AN10 ANS to AN10 ANS to AN10
1011 AN11 ANS to AN11 AN8 to AN11
1100 AN12 AN12 AN8 to AN12
1101 AN13 ANT2 to AN13 ANS to AN13
1110 AN14 AN12 to AN14 ANS to AN14
1111 AN15 AN12 to AN15 ANS to AN15

Note:

when using the ADTRG inputwith ADTRGE set to 1.

The AN7-pin is shared‘with-the ADTRG input. Therefore, do not set <ADCH3:ADCHO> to 0111

Figure 3.13.2 A/D Converter Registers (2/12)
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A/D Mode Control Register 2
7 6 5 4 3 2 1 0
Bit symbol | EOCFHP | ADBFHP — HPADCE | HPADCH3 | HPADCH2 | HPADCH1 | HPADCHO
ADMOD2 Read/Write R R — R/W
(OXFFFE_F31A) [Cafter Reset 0 0 — 0 0 o | o | o
Function Highest-priority [ Highest-priority Starts Analog input channel selection for

A/D conversion | A/D conversion

end flag busy flag
0: Before 0: Conversion
conversion not in
or progress
conversion 1. Conversion
in progress in progress
1: Conversion
completed

0: Don't care
1: Starts

This bit is

0.

highest-priority
AID conversion

conversion.

always read as

highest-priority A/D conversion

<HPADCH3.2, 1, 0>

Analog Input Channel for
Highest-Priority"A/D Conversion

0000 ANO
0001 AN1
0010 ANZ2
0011 AN3
0100 AN4
0101 ANS
0110 ANG6
0111 AN7
1000 ANS
1001 AN9
1010 AN10
1011 AN11
1100 AN12
1101 AN13
1110 AN14
1171 AN15

Figure 3.13.2_A/D Converter Registers (3/12)
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A/D Mode Control Register 3
7 6 5 4 3 2 1 0
Bit symbol — — ADOBIC REGS3 REGS2 REGS1 REGSO | ADOBSV
ADMOD3 Read/Write RIW — RIW
(OXFFFF_F31B) [N\ frer Reset 0 — 0 o | o [ o [ o 0
Function Must A/D monitor|Selects A/D conversion result register to be A/D monito
always be interrupt compared with compare registerwhen A/D function
setto 0. generation |monitor function is enabled 0: Disable
condition 1: Enable
0: Less
than
compare
register
1: Greater
than
compare
register
A/D Conversion-Result Register
<REGS.2, 1, 0> 9
to BefCompared
0000 ADREGO08
0001 ADREG19
0010 ADREG2A
0011 ADREG3B
0100 ADREG4C
0101 ADREG5D
0110 ADREG6E
0111 ADREGT7F
IXXX ADREGSP
Figure 3.13.2-A/D Converter Registers(4/12)
A/D'Mode Control Régister 4
7 6 5 4 3 2 1 0
Bit symbol HADHS( |/HADHTG ADHS ADHTG — — ADRST1 | ADRSTO
ADMOD4 Read/Write R/W — — W w
(OXFFFF_F31C) ['Atter Resef 0 0 0 0 — — — —
Function Hafdware Hardware Hardware Hardware Writing 10 and then 01
start source |start of start source~|start of triggers the software reset
for highest-priori for normal normal A/D of the A/D converter.
highest-priori [ty A/D AlID conversion
ty AID conversion |conversion |0 pDisable
conversion  [o: Disaple  |0: External  |1: Enable
0" External  |1: Epable trigger
trigger 1: INTTAO
1: INTTA1 interrupt
interrupt

Note 2:

Note 3:

Note_ I:. When performing A/Dyconversionusing a hardware start resource by setting ADHTG or HADHTG to 1, observe

the-following procedure: Te_use an external trigger, first set PSFC<P57F> to 1 (ADTRG) before enabling

hardware start. To use an 8-bit timer, first set ADHS or HADHS to 1 to select the use of a timer interrupt. Then,
enable hardware start and finally operate the timer to enable A/D conversion to start at constant intervals.

To change the hardware start resource (from an 8-bit timer to external trigger, or vice versa), first perform a

software reset before changing the setting.

To stop using an external trigger (ADTRG) to start A/D conversion, first disable hardware start (by setting
ADHTG or HADHTG to 0) and then set PSFC<P57F> to 0 to set the pin to a general-purpose port.

Figure 3.13.2 A/D Converter Registers (5/12)
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A/D Conversion Result Lower Register 08

7 6 5 4 3 2 1 0
Bit symbol ADRO1 ADROO — — — — OVRO ADRORF
ADREGOSL ' pead/write R — — — — R R
(OXFFFF F300) After Reset Undefined — — — ~ 0 0
Function Stores lower 2 bits of A/D Overrun flag [ A/D conversion
conversion result 0:No overrun | result store flag
occurred 1: Conversion
1/OvVerrun result stored
occurred
A/D Conversion Result Upper Register 08
7 6 5 4 3 2 1 0
Bit symbol ADROQ09 ADRO08 ADROQ7 ADRO06 ADRO05 ADRO04 ADRO3 ADRO02
ADREGO8H -
OXFFFF F301 Read/Write R
(Ox - ) After Reset Undefined
Function Stores upper 8 bjts-of A/D conversion result
A/D Conversion Result Lower Register 19
7 6 5 4 3 2 1 0
Bit symbol ADR11 ADR10 — < — =< OVR1 ADR1RF
2DREG19FL302 Read/Write R — — — —< R R
FFFF
(0 ) [atter Reset Undefined a4 R — A 0 0
Function Stores lower 2 bits of A/D Overrun flag [ A/D conversion
conversion result 0: No overrun |result store flag
occurred 1: Conversion
1: Overrun result stored
occurred
A/D Conversion Result UpperRegister 19
7 6 5 4 3 2 1 0
Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREGI19H Read/Write R
(OXFFFF_F303) After Reset Undefined
Function Stores upper 8 bits of A/D conversion result
Converted value for channe—2 8 r. 6 5 4 3 2 1 0
X
I1
ADREGxH l l ADREGXL
4. \6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
C
v

Bits 2 to 5 are always read as 1s.

Notel: Bit’0 is the A/D conversion result store flag ADRxRF. This bit is set to 1 when an A/D converted
value is stored in the register pair. This bit is cleared to 0 when the lower register (ADREGxL) is read.

Note2: Bit 1 is the overrun flag OVRXx. This bit is set to 1 when the next conversion result is written before
both conversion result registers (ADREGxH and ADREGxL) have been read. Reading the flag
clears the bit.

Figure 3.13.2 A/D Converter Registers (6/12)
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A/D Conversion Result Lower Register 2A
7 6 5 4 3 2 1 0
Bit symbol ADR21 ADR20 — — — — OVR2 ADR2RF
ADREG2AL T Read/write R — — — — R R
(OXFFFF_F304) After Reset Undefined — — — — 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun | result store flag
occurred 1: Conversion
1: Overrun result stored
oceurred
A/D Conversion Result Upper Register 2A
7 6 5 4 3 2 1 0
Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG2AH -
OXFEEE F305 Read/Write R
(Ox - ) After Reset Undefihed
Function Stores upper 8 hits of-A/D._conversion result
A/D conversion result lower\register 3B
7 6 5 4 3 2 ¥ 0
Bit symbol ADR31 ADR30 — — — = OVR3 ADR3RF
zDREGgiI:%OG Read/Write R — < — — R R
XFFFF ,
( - ) [ Atter Reset Undefined — — — = 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun |result store flag
occurred 1: Conversion
1: Overrun result stored
occurred
A/D conversion result upper register-38
7 6 5 4 3 2 1 0
Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG3BH Read/Write R
(OXFFFF_F307) After Reset Undefined
Function Stores/upper8\bits of A/D conversion result
Converted value-forchanne—2 8 ! 6 4 3 2 1 0
X
T
ADREGxH l l ADREGxL
7/6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N
v

Bits 2 to 5 are always read as 1s.

Noted:~Bit 0 is the A/D conversion result store flag ADRxXRF. This bit is set to 1 when an A/D converted
value is stored in the register pair. This bit is cleared to 0 when the lower register (ADREGXL) is read.

Note2: Bit 1 is the overrun flag OVRXx. This bit is set to 1 when the next conversion result is written before
both conversion result registers (ADREGxH and ADREGxL) have been read. Reading the flag
clears the bit.

Figure 3.13.2 A/D Converter Registers (7/12)
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A/D Conversion Result Lower Register 4C
7 6 5 4 3 2 1 0
Bit symbol ADR41 ADR40 — — — — OVR4 ADR4RF
ADREGACL [ Read/write R — — — — R R
(OXFFFF_F308) After Reset Undefined — — — — 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun | result store flag
occurred 1: Conversion
1: Overrun result stored
ocedrred
A/D Conversion Result Upper Register 4C
7 6 5 4 3 2 1 0
Bit symbol ADR49 ADR48 ADRA47 ADR46 ADR45 ADR44 ADR43 ADR42
ADREG4CH -
OXFFEE F309 Read/Write R
(Ox - ) After Reset Undefihed
Function Stores upper 8 hits of-A/D._conversion result
A/D Conversion Result Lower Régister 19
7 6 5 4 3 2 ¥ 0
Bit symbol ADR51 ADRS50 — — — = OVR5 ADR5RF
AE)DREGSI?ZZOA Read/Write R — < — — R R
XFFFF ,
( - [ Atter Reset Undefined — — — = 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun |result store flag
occurred 1: Conversion
1: Overrun result stored
occurred
A/D Conversion/Result Upper Register/19
7 6 5 4 3 2 1 0
Bit symbol ADR59 ADR58 ADRS7 ADR56 ADRS5 ADRS54 ADR53 ADR52
ADREGSDH Read/Write R
(OXFFFF_F30B) After Reset Undefined
Function Stores/upper8\bits of A/D conversion result
Converted value-forchanne—2 8 r 6 4 3 2 1 0
X
I
ADREGxH l l ADREGXxL
7/,6 5 4 2 1 0 7 6 5 4 3 2 1 O
N
v

Bits 2 to 5 are always read as 1s.

clears the bit.

Noted:~Bit 0 is the A/D conversion result store flag ADRxXRF. This bit is set to 1 when an A/D converted
value is stored in the register pair. This bit is cleared to 0 when the lower register (ADREGXL) is read.

Note2: Bit 1 is the overrun flag OVRXx. This bit is set to 1 when the next conversion result is written before
both conversion result registers (ADREGxH and ADREGxL) have been read. Reading the flag

Figure 3.13.2 A/D Converter Registers (8/12)
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A/D Conversion Result Lower Register 6E

7 6 5 4 3 2 1 0
Bit symbol ADR61 ADRG0 — — — — OVR6 ADR6RF
ADREGGEL Read/Write R — — — — R R
(OXFFFF_F30C) After Reset Undefined — — — — 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun | result store flag
occurred 1: Conversion
1: Overrun result stored
ocedrred
A/D Conversion Result Upper Register 6E
7 6 5 4 3 2 1 0
Bit symbol ADRG69 ADRG68 ADRG67 ADRG66 ADRG5 ADR64 ADR63 ADRG62
ADREG6EH -
OxEFEE E30D Read/Write R
Ox - ) After Reset Undefined
Function Stores upper 8 bhits of-A/D.conversion result
A/D Conversion Result Lower Régister 7F
7 6 5 4 3 2 ¥ 0
Bit symbol ADR71 ADR70 — — — = OVR7 ADR7RF
AE)DREGFF:OE Read/Write R — <> — — R R
XFFFF
( - ) Atter Reset Undefined — — — = 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun | result store flag
occurred 1: Conversion
1: Overrun result stored
occurred
A/D Conversion/Result Upper Register/7F
7 6 5 4 3 2 1 0
Bit symbol ADR79 ADR78 ADR77 ADR76 ADR75 ADR74 ADRT73 ADR72
ADREGTFH Read/Write R
(OXFFFF_F30F) After Reset Undefined
Function Stores/upper8\bits of A/D conversion result
Converted valueforchanne—2__8-—7 6. 5 4 3 2 1 0
X
T
ADREGxH l l ADREGXxL
7/,6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
<
v

Bits 2 to 5 are always read as 1s.

Notel:~Bit 0 is the A/D conversion result store flag ADRXRF. This bit is set to 1 when an A/D converted
value is stored in the register pair. This bit is cleared to 0 when the lower register (ADREGxXL) is read.

Note2: Bit 1 is the overrun flag OVRXx. This bit is set to 1 when the next conversion result is written before
both conversion result registers (ADREGxH and ADREGxL) have been read. Reading the flag

clears the bit.

Figure 3.13.2 A/D Converter Registers (9/12)
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A/D Conversion Result Lower Register SP

7 6 5 4 3 2 1 0
Bit symbol | ADRSP1 | ADRSPO — — — — OVRSP |ADRSPRF
ADREGSPL Read/Write R — — — — R R
(OxFFFF_F310) After Reset Undefined — — — — 0 0
Function Stores lower 2 bits of A/D Overrun flag | A/D conversion
conversion result 0: No overrun | result store flag
occurred 1: Conversion
1: Overrun result stored
ocedrred

A/D Conversion Result Upper Register SP
7 6 5 4 3 2 1 0
Bit symbol | ADRSP9 | ADRSP8 | ADRSP7 | ADRSP6 | ADRSP5 | ADRSP4 | ADRSP3 | ADRSP2

ADREGSPH
OXFEEE F311 Read/Write R
(Ox - ) After Reset Undefingd
Function Stores upper 8 bits ofA/D.conversion result

Converted value for channe
X

ADREGxH l l ADREGXxL
7 6 5 4 3.2 1,0 7 6\5 4,3 2 1 0

X

N
Bits'2 to 5 are always read as 1s.

Notel: Bit O is the A/D conversion result-store flag ADRxRFE. This bit)is set to 1 when an A/D converted
value is stored in the register pair.\This bit is cleared to 0 when the lower register (ADREGXL) is read.

Note2: Bit 1 is the overrun flag OYRX. This bit is set to 1 when the next conversion result is written before
both conversion result registers (ADREGxH and-ADREGxL) have been read. Reading the flag
clears the bit.

Figure’3/13.2 A/D Converter, Registers (10/12)

A/D Conversion.Result Lower Register

7 6 5 4 3 2 1 0
Bit symbol ADR21 ADR20 — — — — — _
ADREGSPL I peadiinite RIW — — — — R R
(OXFFFF_F314) After-Reset Undefined — — — — 0 0
Function Stores lower 2 bits of AID
conversion result

A/D_Conversion Result Compare Upper Register

7 6 5 4 3 2 1 0
Bit symbol ADR?29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
2)25;3:87:215) Read/Write R/W
- After Reset 0
Function Stores upper 8 bits of A/D conversion result

Note: When setting or modifying a value in these registers, first disable the A/D monitor function by setting
ADMOD3<ADOBSV> to 0.

Figure 3.13.2 A/D Converter Registers (11/12)
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Stores lower 2 bits of A/D conversion result

7 6 5 4 3 2 1 0
Bit symbol — — — — — ADCCK2 | ADCCK1 | ADCCKO
ADCCLK Read/Write — — — — — R/W R/W R/W
(OXFFFF_F31F) After Reset — — — — — 0 0 0

Selects prescaler output for A/D
converter

000: fade
Function 001: Divided by 2
0107 Divided-by4
011/ Divided by 8
1XX:-Dividéd by 16

Note 1: A/D conversion is executed using the clock selected’bythe.above register. However, if the accuracy
of conversion needs to be guaranteed, be sure to-choose a’‘conversion clack\frequercy such that
the conversion period is at least 1 us, that is; 2-MHz or less in terms! af A/Dconversion clock
frequency.

Note 2: Do not change the conversion clock frequency while A/D conversion is.inprogress/After conversion
is completed, wait at least 2 ADCLK cycles-before changing the/clock frequency.

ADCLK2:0

PHYTO +2 +4 +8 +16

> ADCLK

Figure 3.13:2-A/D-Converter Registers (12/12)
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3.13.2 Functional description

(1) Analog reference voltage

Apply the High-level analog reference voltage to the VREFH pin and the Low-level analog
reference voltage to the VREFL pin. VREF is automatically turned on when A/D conversion is
started and turned off when conversion is completed, thus preventing IREF from flowing
unnecessarily.

(2) Selecting the analog input channel

The procedure for selecting the analog input channel varies with the A/D converter operating
mode.

(2-1) Analog reference voltage
e Using a fixed analog input channel (ADMODO<SEAN>=0)
Choose one of the pins ANO to AN5 ‘as thé€ analog input’ channel” by setting
ADMOD1<ADCH3:ADCHO> to the appropriate value.
e Scanning analog input channels (ADMODO<SCAN> = 1)

Choose one of the 24 available scan modes by setting ADMOD1<ADCH3:ADCHO0> and
ADSCN to the appropriate values.

(2-2) Highest-priority A/D conversion
Choose one of the pins /ANO_ to” AN15 -as—the\ a@nalog input channel by setting
ADMOD2<HPADCH3:HPADCHQ> to-the appropriate value,

After a reset, channel:fixed input on the ANO pin.is/selected since ADMODO<SCAN> and
ADMOD1<ADCH3;ADCHO>-afe initialized to 0 and 0000, respectively. The pins other than that
used as the analog input channel can be used as-ordinary input port pins.

If highest-priopity A/D conversion is activated, during normal A/D conversion, highest-priority
A/D conversion-isperformed upon the completion of the current conversion cycle. Normal A/D
conversion' is_resumed upon the eompletion/of highest-priority A/D conversion.

Example: When highest-priority/A/D conversion for AN15
(ADMOD2<HPADCH3:HPADCHO> = 1111) is activated during repeated scan
conversion for channels ANO to AN3 (ADMODO<REPEAT:SCAN> = 10 and
ADMOD1<ADCH3:ADCHO0> = 0011)

Highest-priority A/D |_|
Conversion Activated

/
Channel Converted Q cho | chi | ch2 | Chis ch3 Cho Chi
7
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(3) Starting A/D conversion

A/D conversion is classified into normal A/D conversion and highest-priority A/D conversion.
Normal A/D conversion can be initiated programmatically by setting ADMODO0<ADS> to 1.
Highest-priority A/D  conversion can be initiated programmatically by setting
ADMOD2<HPADCE> to 1. Normal A/D conversion is performed in one of the four operating
modes as specified with ADMODO0<2:1>. Highest-priority A/D conversion is only performed in
channel-fixed single conversion mode. A/D conversion can also be-activated by a hardware start
source, which is specified with ADMOD4<ADHS> for normak._A/D conversion and
ADMOD4<HADHS> for highest-priority A/D conversion. When thes ADHS or HADHS bit is set to
0, A/D conversion is triggered by a falling edge on the ADTRG pin. When the bit is set to 1,
normal A/D conversion is triggered by INTTAO from_ 8-bit\ timer )0 and highest-priority A/D
conversion is triggered by INTTA1 from 8-bit timer 1.~ A/D conversion can still be started
programmatically if hardware start is enabled.

When normal A/D conversion starts, the normal A/D conversion busy flag (ADMODO<ADBF>)
is set to 1, indicating that normal A/D conversion™is~in progress. When highest-priority A/D
conversion starts, the highest-priority A/D conversionbusy flag (ADMOD2<ADBFHP>) is set to 1,
indicating that highest-priority A/D conversion is in-progress, with’the normal A/D) conversion busy
flag and end flag (EOCFN) holding the \alues they had before highest-priarity’ A/D conversion
starts.

Normal A/D conversion can be restarted-by setting ADMODO<ADS> to 1 during normal A/D
conversion. Restarting normal/A/D~conveérsion caneels_the current conversion. However, if all
necessary sampling operations_have been completed for the current conversion, the conversion
result is stored before A/Dconversion is restarted.

If the start of normal A/D-conversion using a hardware resource is enabled, normal A/D
conversion is restarted when the start condition\for the resource is satisfied during normal A/D
conversion. The current'conversion is cancelled-when normal A/D conversion is restarted. However,
if all necessary sampling operations havé-been-completed for the current conversion, the conversion
resuly/is-stared befoere’ A/D conversion is;restarted.

If ADMOD2<HPADCE> is set.to. 1 during normal A/D conversion, the result of the current
conversion~is stored in the cenversion result registers, after which highest-priority A/D conversion
starts, that is, A/D conversion-farthe channel specified with ADMOD2<3:0> (channel-fixed single
conversian) starts. Once the result-of highest-priority conversion is stored in ADREGSP, normal
A/D conversion is resumed following the last conversion for which the result was stored.

If the start of highest-priority A/D conversion using a hardware resource is enabled and the start
condition|for the\resource is satisfied during normal A/D conversion, the result of the current
conversion i3 stered inthe conversion result registers, after which highest-priority A/D conversion
starts, that is, A/D-conversion for the channel specified with ADMOD2<3:0> (channel-fixed single
conversion) starts. Once the result of highest-priority conversion is stored in ADREGSP, normal
AJ/D conversion is resumed following the last conversion for which the result was stored.

Highest-priority A/D conversion is not restarted even if ADMOD2<HPADCE> is set to 1 during
highest-priority A/D conversion.
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(4) AJD conversion modes and the A/D conversion completed interrupt

The following four A/D conversion modes are available for normal A/D conversion, as specified
with the settings of ADMODO0<2:1>. Highest-priority A/D conversion always operates in
channel-fixed single conversion mode regardless of the settings of ADMODO0<2:1>.

o  Channel-fixed single conversion mode
e  Channel scan single conversion mode
e  Channel-fixed repeated conversion mode

e  Channel scan repeated conversion mode

(4-1) Normal A/D conversion

Use ADMODO<REPEAT:SCAN> to select the A/D conversionmode. When A/D conversion has
been started, ADMODO<ADBFN> is set to 1. When-the-specified A/D conversion has been
completed, an A/D conversion completed interrupt-(INTAD)is generated and( ADMODO<EOCF>
is set to 1, indicating that A/D conversion has been completed. If REPEAT=0,”ADBFN is cleared
to 0 simultaneously when EOCF is set to 1. If REPEAT = 1, however,/ conversion’ continues with
ADBFN held to be 1.

(a) Channel-fixed single conversion mode

Channel-fixed single conversion_mode-is selected by setting ADMO@DO<REPEAT:SCAN> to
00.

In this mode, conversion is-performed once for a single selected channel. After the conversion
has been completed, ADMODO<EQCF> will be set to 1 and ADMODO<ADBF> cleared to 0,
thereby generating an INTAD interrupt request. EOCF.can be cleared to 0 by reading it.

(b) Channel scan single conversion mode

Channel scan single conversion mode;is selected-by setting ADMODO<REPEAT:SCAN> to 01.

In'this mode, conversion is.performed once for each selected channel which is scanned. After the
scan_conversion-has been completed, MADMODO<EOCF> will be set to 1 and ADMODO0<ADBF>
clearedta 0, thereby generating an tNTAD interrupt request. EOCF can be cleared to 0 by reading
it.

(CYChannel/fixed repeated conversion mode

Channel-fixed repeated conversion mode is selected by setting ADMODO<REPEAT:SCAN> to
10,

In this ‘mode, conversion is performed repeatedly for a single selected channel. After the
conversion has been completed, ADMODO<EOCF> will be set to 1. ADMODO<ADBF>, however,
remains at 1 and is not cleared to 0. The timing at which an INTAD interrupt request will be
generated depends on the settings of ADMODO<ITM1:ITMO0>, which also determine the timing at
which EOCF is set. EOCF can be cleared to 0 by reading it.

If ADMODO<ITM1:1TMO0> = 00, an interrupt request will be generated for each A/D conversion
session completed. In that case, the conversion result is always stored in ADREG08. EOCF
becomes 1 once the conversion result has been stored.
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If ADMODO<ITM1:ITM0> = 01, an interrupt request will be generated for every fourth A/D
conversion session completed. In that case, the conversion results are stored sequentially in
registers ADREGO08 through ADREG3B. EOCF becomes 1 once the conversion result has been
stored in ADREG3B. The next conversion result will be stored intADREGO08 again. EOCF can be
cleared to 0 by reading it.

If ADMODO<ITM1:ITMO> = 10, an interrupt request will be-generated for every eighth A/D
conversion session completed. In that case, the conversion (results\are stored sequentially in
registers ADREGO08 through ADREG7F. EOCF becomes_ 1. once-the/conversion result has been
stored in ADREGTF. The next conversion result will be stored.in. ADREGO08 again. EOCF can be
cleared to 0 by reading it.

The setting of ADMODO<RI> determines the repeat interval for repeatéd conversion mode. If
ITML:ITMO = 00, this bit controls the interval befween-a single conversién being,completed and
the next conversion being started. If ITM1:1ITMO/= 01, the bit centrols ‘the interval between four
conversions being completed and the next conversien being started. i ITM11TMO = 10, the bit
controls the interval between eight conversions-being completedand the-next conversion being
started.

(d) Channel scan repeated conversion mode

Channel scan repeated conversion-mode is selécted-hy setting ADMODO<REPEAT:SCAN> to
11.

In this mode, conversion is-performed repeatedly for selected scanned channels. Each time one
scan conversion operation~has been completed, ADMODO<EOCF> will be set to 1, thereby
generating an INTAD interrupt request. ADMODO<ADBF> remains at 1 and is not cleared to 0.
EOCEF can be cleared,to 0 by reading it.

To/ stop loperation in repeat |conversion mode (mode (c) or (d) ), write a 0 to
ADMODO<REPEAT>. Repeat-conversionmode will then be terminated and ADMODO<ADBF>
cleared to.0-as soon as the conversion currently in progress has been completed.

If ADMOD1<I2AD> = 0 and the’device enters a standby state (IDLE, SLEEP or STOP mode),
the-A/D converter will immediately stop operating, even if A/D conversion is in progress. After the
device has exited thé-standby state, if the A/D converter is operating in repeat conversion mode
(made (c) or (d) ), A/D-conversion will start again from the beginning (the register settings remain
the same//status information is initialized and operation is restarted from the beginning); however,
if the A/D-converter_is-Operating in single conversion mode (mode (a) or (b) ), it will not restart
conversion operatien (it will remain stopped).

(4-2) Highest-priority A/D conversion

Highest-priority A/D conversion is only performed in channel-fixed single conversion mode,
regardless of the settings of ADMODO<REPEAT:SCAN>. When the start condition is satisfied,
conversion for the channel specified with ADMOD2<HPADCH3:HPADCHO0> is performed once.
After the conversion has been completed, a highest-priority A/D conversion completed interrupt
will be generated, ADMOD2<EOCFHP> set to 1 and <ADBFHP> cleared to 0. The EOCFHP flag
can be cleared to 0 by reading it.
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Table 3.13.1 Relationship Among A/D Conversion Modes, Interrupt Generation Timing and Flag Operation

Conversion | Interrupt Generation | EOCF Setting Timing |ADBF (After Interrupt ADMODO
Mode Timing (*1) is Generated) ITM1:0|REPEATISCAN
Channel-fixed After conversion has been  |After conversion has been 0 o 0 0
single conversion |completed completed
Every time one conversion |Every time one conversion 1(*2) 00
) has been completed has been completed
Channel-fixed - - - -
Every time four conversions |Every time four conversions 1(*2) 01
repeated 1 0
. have been completed have been completed
conversion
Every time eight conversions |Every time eight conversions 1(*2) 10
have been completed have been completed
Channel scan After scan conversion has  |After scan conversion has 0 L 0 1
single conversion |been completed been completed
Channel scan Every time one scan Every time one scan
repeated conversion has been conversion has been 1®2) — 1 1
conversion completed completed

(Note*1) EOCEF is cleared when it is read.

(Note*2) If repeat intervals are used with RI set to 1, ADBF indicates @ during interval periods:

Channel Converted

Channel Converted

ADMODO<RI> can be used to control/the-time between one scan-conversion being completed
and the next scan conversion being startéd-(repeat interval). This pjtis only effective when REPEAT
=1.

Example:  When repeated-scan_for'channels ANQ to,/AN2 is set

Repeated scan conversions'when RH= 0

0 1 2 Q 1 2 0
— S g
First-Scan Second Scan Third Scan
Repeated scan conversions when Rl = 1
0 1 2 ESoXE | 1 2 0
— —7\_ J — 7
First' Scan Interval of 8 ADC Second Scan

clock cycles

Note: If the start condition.for.highest-priarity A/D-conversion is satisfied during an interval period, highest-priority A/D
conversion is started immediately. Since.the interval counter continues running during highest-priority A/D
conversion/ the next scan will start when-hoth of the following conditions are satisfied: an overflow of the
interval counter-and the completion of highest-priority A/D conversion.

(5). Highest-priority conversion-mode

Highest-priority\ A/D)conversion can be performed by interrupting normal A/D conversion.
Highest-prierity A/D_-conversion can be started either programmatically by setting
ADMOD2<HMPADCE> to 1 or by using a hardware resource as specified with ADMODA4<7:6>. If
highest-priority A/D’ conversion is started during normal A/D conversion, the converter first stores
the result of the current conversion to the appropriate result register pair, and then performs a single
conversion for the channel specified with ADMOD2<3:0>. The result of that conversion is stored in
ADREGSP, at which point a highest-priority A/D conversion interrupt is generated. Then, normal
A/D conversion is resumed following the last conversion for which the result was stored. Any
condition that triggers highest-priority A/D conversion is ignored while highest-priority A/D
conversion is in progress.

For example, suppose channel scan repeated conversion is being performed for ANO to ANS. If
HPADCE is set to 1 during conversion for AN3, the converter will wait for the conversion for AN3
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Start Conversion

(6)

()

_I SMP: Sample Hold

to complete and then perform conversion for the channel specified with HPADC3:HPADCO. After
storing the result of that conversion in ADREGSP, the converter resumes channel scan repeated
conversion from AN4.

A/D monitor function

Setting ADMOD3<ADOBSV> to 1 enables the A/D monitor function, which generates an A/D
monitor interrupt if the value of the conversion result register specified with REGS<3:0> is greater
or less (as specified with ADOBIC) than the value of the compare register. This comparison is
performed each time the result is stored in the specified conversion result register, and an interrupt
is generated if the condition is satisfied. Since the conversigh tesult register used for the A/D
monitor function is usually not read in the program, its ‘everrun flag (O¥Rn) and conversion result
store flag (ADRNRF) are always set. Therefore, do not use those flags of the conversion result
register used for the A/D monitor function.

A/D conversion time

Two clock pulses are required for a single A/B_conversion. The A/D cohversian.clock frequency
can be selected from among prescaler outputs PHYTO,\PHYTL1, PHYT2, PHY F4.and PHYTS. To
guarantee the accuracy of the conversion, the-A/B_conversion time must be‘at least 1 us, that is, 2
MHz or less in terms of A/D conversion: ¢clock-frequency. The fellowing-figure and tables show
example settings:

Example: Repeated scan conversien for channels 0(to 2 (ADC clock frequency = 1 MHz)

CMP: A/D Conversion

SAVE: Store Result

Conversion for
Channel 0

$et-up SMP CMP SAVE

Conversion for
Channel 1

Conversion for
Channel 2

Conversion for
Channel Q

ADC 1 Clock(1 pmi@max)

4~5Clcok(4ito 5 psec) 2 Clcoki(2 psec) 2 Clcoki(2 psec)

SMP CMP SAVE

4 Clock (4 usec)

SMP CMP SAVE

4 Cleok (4 psec)

SMP CMP
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Table 3.13.2 Example A/D Conversion Settings (1)

@f =32 MHz
Peripheral Clock Gear Prescaler A/D Conversion Time
Clock Select | <GEAR1:0> | Clock Source
<FPSEL> <PRCK1:0> ¢TO ¢T1 oT2 T4 ¢T8
00 (fperiph/4) | qaring | setng | s 2us apis
00(fc) | OL(fperiph2) | dating | seung | seumg )| s 2us
10 (fperipn) | sotng | seting |( setng | seting 1ys
00 (fperiphia) | leve 1us Jus 45 8us
01 (fer2) | 01 (fperiphi2) | uieng b 1us 248 As
o (geat) 10 (feriph) | soting | \seting) | setwg |2 2ps
00 (fperiph/4) lus 2us 4us 8us 16ps
10 (fc/4) | O1 (fperiph/2) Isne\;filllwig 1us 2us 4us 8us
10 (fperiph) 's”eﬁii‘; 's”evtﬁ‘lig s 2us 4us
00 (fperiph/4) 2us 4us 8us 16us 32us
11 (fc/8) 01 (fperiph/2) lys 2us 4us 8us 16ps
10 (fperiph) ps 1us 2us 4ys 8us
00 (fperiph/4) Isr;:gg Isr;filllri\g 1ps 2ps 4us
00 (fc) | (mperiphi2) | Soeng | eng | seting 1ys 20
10 (fperiph) - cotng | ) seting | setng | seting 1y
00 (fperiphra)-| - tvare 1us 2us Ays 8us
Qv (fc/2) | 01 (fperiphi2) |- tmer teting 1us ous Aus
L wwernh | s | e | S | we | s
00 (fperipht4) lus 2us 4us 8us 16pus
10 (fc/4) ( (| OL (fperiph/2) 's'lvt?:g 1us 2us 4us 8us
10(fperiph) | Somng | setimg 1ys 2ps 4ps
00 (fperiph/4) 2us 4us 8us 16ps 32us
11 (fc/8) 01 (fperiph/2) lus 2us 4us 8us 16ps
10 (fperiph) Isneﬂ:g lus 2us 4pus 8us
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Table 3.13.3 Example A/D Conversion Settings (2)
@f =32 MHz
Conversion Clock

PHYTO

fadc fadc 12 fadc /4 fadc /8 fadc /16
16MHz Invalid setting Invalid setting Invalid setting Invalid setting 2 psec
12 MHz Invalid setting Invalid setting Invalid setting Invalid ‘setting 2.8usec
10 MHz Invalid setting Invalid setting Invalid setting Invalid setting 3.2usec
8 MHz Invalid setting Invalid setting Invalid setting usec 4 usec
4 MHz Invalid setting Invalid setting 2 usec 4 usec 8 usec
2MHz Invalid setting 2 usec 4 usec 8 usec 16 usec

Note:  The maximum conversion speed, that is, the minimum convetsion time-this A/D converter, can achieve is 2 us.
However, 4 s is required before the first conversion resultcan-peretrieved from the (conversion result register
(or a maximum of 5 us is required depending on the conversion start request timing because of the interface
between the system clock and A/D conversion clock)-Subsequently, conversionresultscan be obtained every
2 ps. Therefore, in single conversion mode or highest-priority~-conversion mode;,A/D.conversion requires 4 or 5
times the conversion time shown in the above|table. In_repeated conversion orscan mode, only the first
conversion requires 4 or 5 times the table value~(a-maximum of 4 to 5 us) but-subsequent conversions are
performed within the time shown in the table (a maximum of 2 us).
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(8) Storing and reading out A/D conversion results

AJ/D conversion results are stored in A/D conversion result upper/lower registers (ADREGO08H/L
to ADREG7FH/L).

In channel-fixed repeated conversion mode, A/D conversion results are sequentially stored in
ADREGO8H/L to ADREG7FH/L. However, if ITM1 and ITMQO specify that an interrupt be
generated every time conversion has been completed, conversion-results will be stored in
ADREGO8H/L only. If ITM1 and ITMO specify that an interrupt be generated every fourth time
conversion has been completed, conversion results will be sequentially-stored in ADREGO8H/L to
ADREG3BH/L.

Table 3.13.3 shows the relationship between analog input-channels and A/D conversion result
registers.

Table 3.13.3 Relationship Between Analog Input Channels and A/D-Conversion Regult-Registers

A/D Conversion Result Register
Analog Input Channel : - -
(PortA) Other than channel-fixed ( [Chanhnel-fixed repeated conversion
repeated conversion mode mode (every eighthtime)

ANO ADREGO8HI/L ADREGOSRIL N

AN1 ADREG19H/L l

AN2 ADREG2AH/k

AN3 ADREG3BHIL l

AN4 ADREG4CH/L

ANS5 ADREG5DHIL

ANG ADREGBEH/L

AN7 ADREG7FHI/L ADREG7FHIL

ANS ADREGOSH/L <ITM1:0> = 00

ANO ADREGA9H/L ADREGO8H/L
<ITM1:0>=01

AN10 ADREG2AH/L ADREGOSH/L~

AN11 ADREG3BHI/L ADREG3BH/L

AN12 ADREGA4CH/L <ITM1:0> =10
ADREGO8H/L~

AN13 ADREG5DH/L ADREG7EHIL

AM14 ADREG6EH/L

AM{S ADREGTFHIL

In highest=priority A/D conversion-mede, conversion results are always stored in ADREGSPH/L.

(9) “Data-polling

To process the results of A/D conversion by means of data polling rather than using an interrupt,
poll) ADMODO<EOCF=.~If this flag is set, the appropriate A/D conversion result register pair
contains theconversion yesult. Check the flag and then, if it is set, read the A/D conversion result
registers. To-detect_an_overrun, first read the upper register and then the lower register. The
conversion result’is valid if OVRn =0 and ADRNnRF = 1 in the lower register.
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3.14 Digital/Analog Converter

This section describes the D/A converter the TMP1942 contains.

3.14.1 Features

e  Three 10-bit D/A converter channels.
e  Each channel contains a full-range buffer amplifier.
e  Each channel can be placed in standby state using control registers.

3.14.2 Operation

When the OP and REFON bits of the control register DACCNTn are setto 1s, writing output code and
the VALID bit to the output register pair DAREGNL/DAREGnNH causes the voltage corresponding to the
output code to appear on the DAOUTN output pin. The value.in-the output registers will be reflected in
DAOUT only if the VALID bit is set. Therefore, when updating the.code, set the VALID.bit if 10-bit data
has been updated in DAREGNH first and then DAREGNL.. ©nce the VALID bit-has been’set to 1, the
value stored in DAREGNL/H is fetched into the D/A/converter’as 10-bit data; which will be recognized
as code. Setting DACCNTNn<OP> to 0 places the DAQOUTn output pin into-the’ high=impedance state.
Setting DACCNTn<REFON> to 0 enables reduction-of current consumption-hy decreasing Iref.

1 il

I—) \% DAREGnNL DAREGNH

CLR Controller a2 18

T W Internal DAREG (10 bits)

DAE

DAOUTN

(]

Opn

Controller
Resistor
Section

Amplifier

REFONN

<:> DACCNTh

— DAREFHH

System Diagram for DACn

Figure 3.14.1 D/A Converter Block Diagram
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DACCNTO Register
7 6 5 4 3 2 1 0
(OXFFFF_F342)| Bit symbol — — — — — — REFONO OPO
Read/Write — — — — — — R/W R/W
After Reset — — — — — — 0 0
Function 0: Ref off 0: Output
1:-Ref on high-impe
dance
1: Output
DACCNT1 Register
7 6 5 4 3 2 1 0
(OXFFFF_F346)| Bit symbol — — — — ~ — REFON1 OP1
Read/Write — — — — — — RIW R/W
After Reset — — — — — — 8] 0
Function 0:-Refoff 0: Output
1-Reéfon high-impe
dance
1: Output
DACCNT2 Register
7 6 5 4 3 2 1 0
(OXFFFF_F34A)| Bit symbol — — < — — — REFON2 OP2
Read/Write — — — — — — R/W R/W
After Reset — — — — — — 0 0
Function 0: Ref off 0: Output
1: Ref on high-impe
dance
1: Output

Output-Register DAREGOL

e 6 5 4 3 2 1 0
(OXFFFF_F340)| Bit symbol DACOL DACO00 — — — — — VALID
Read/Write R/W R/W RIW R/W — — — w
After Reset 0 0 0 0 — — — 0
Funection Must always [Must always 0: Don't care
be setto 0. [be settoO. 1: Output
code valid
Output Register DAREGOH
7 6 5 4 3 2 1 0
(OXFFFF_F341)] Bit symbol DACO09 DACO08 DACO07 DACO06 DACO05 DACO04 DACO03 DACO02
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function

Note: When writing data to DAREGO, first write DAREGOH and then DAREGOL, using byte accesses.
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Output Register DAREG1L

7 6 5 4 3 2 1 0
(OXFFFF_F344)] Bit symbol DAC1 DACO — — — — — VALID
Read/Write R/W R/W R/W R/W — — — w
After Reset 0 0 0 0 — — — 0
Function Must always |Must always 0: Ref off 0: Don't care
be setto 0. [be settoO. 1-Ref on 1: Output
code valid

Output Register DAREG1H

7 6 5 4 3 2 1 0
(OxFFFF_F345)| Bit symbol DAC9 DACS8 DAC? DAC6 DAC5 DAC4 DAC3 DAC2
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
Output Register( DAREG2L
7 6 5 4 3 2 1 0
(OXFFFF_F348)] Bit symbol DAC1 DACO — ~ — — — VALID
Read/Write RIW R/W R/W RIW — A — W
After Reset 0 0 0 0 — — — 0
Function Must always “{Must always 0: Don't care
be-set'to 0. |be set to 0. 1: Output
code valid
Output Register DAREG2H
7 6 5 4 3 2 1 0
(OXFFFF_349) | Bit symbol DAC9 DAC8 DAC7 DACB DAC5 DAC4 DAC3 DAC2
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function

Note: When'writing data to DAREG1 and DAREGO, first write DAREGnH and then DAREGNL, using byte
accesses.
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3.15 Key on Wake-up Circuit

3.15.1

3.15.2

Overview

e 14inputs, KEYO to KEYD, can be used to terminate STOP/SLEEP mode or as an external interrupt.
However, all 14 inputs must be set collectively (in the CG block). Whether individual pins are used
or not used can be specified separately (KWUPSTNn).

e Asingle interrupt source is available.

e Rising edge, falling edge, High level, or Low level detection can be selected’for individual inputs
(KWUPSTN).

e  The interrupt source is cleared by KWUPCLR in the interrupt handling/routine.

e Key input pins have pull-up resistors which can be enabled-ar-disabled by setting bit 0 (PE) of
KWUPCNT. Bit 1 (DPE) specifies whether the pull-up\resistors”are dynamic or static. Pull-up
resistors cannot be set individually.

Key on wake-up operation

The TMP1942 has 14 key input pins (KEYO0 to KEY D). The KWUPEN bit of the IMCGBL1 register in
the CG specifies whether the key inputs are used to-terminate standby mode-Or.as an-ofdinary interrupt.
Setting the bit to 1 causes all of KEYQ/ to~KEYD to be used to” terminate standby mode. Use
KWUPSTn<KEYnEN> to specify whetherto-use each key input and " KWUPSTn<KEYn1l: KEYn0> to
specify the active condition for each key input. The key on wake-Up eircuit detects key inputs and reports
the result of detection to the CG MMICGBL register using-an ‘active High signal. Therefore, set the
detection level to High level by“setting WMICGB1<EMCG51:EMCG50> to 01. Since the result of
detection in the CG is also reperted-to-the interrupt eontroller (INTC) as an active High signal, set the
corresponding interrupt to High'level-detected in the INTC. Setting IMCGB1<KWUPEN> to 0 (default)
causes all of KEYO0 to KEYD to-be used as ordinary interrupts. In that case, set the detection level to
High level in the INTC but the\CG need not be set. Also use KWUPSTNn to specify whether each key
input is used and its active condition. In the interruptthandling routine, write 1010 to KWUPCLR to clear
all key interrupts.

Note:

If two or more key inputs are detected“at’different times, the second key input is cleared
simultaneously-with the first key inputif the second key input is detected before the key interrupt
clearing sequence’in the interrupt handling routine for the first key input. If the second key input
is detected after the clearing sequence for the first key input, a key interrupt will be generated
agaim.

3.¥5:3  Pull-up function

Each key input has & pull-up resistor. Setting KWUPCNT<PE> to 1 results in all of KEYO to KEYD
being pulled up. However, any key inputs which have been specified not to be used with
KWUPSTn<KEYnEN:=>will not be pulled up regardless of the setting of this bit.

Setting KWUPCNT<DPE> to 1 selects dynamic pull-up mode, where the key inputs are pulled up
only during given periods at a frequency specified with T1S1:T1S0 and T2S1:T2S0. In this mode,
current consumed by the key inputs can be reduced. When DPE is set to 0, the key inputs are always
pulled up.
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Notel: Procedures for using key inputs in static pull-up mode

A) When setting key inputs first after powering up the device
1) Set KWUPCNT (PE = 1, DPE = 0).
2) Set the KWUPSTn<KEYnEN> corresponding to the key inputs to be used to 1.
3) Wait until the pull-up resistors are disabled.
4) Set the active conditions using the KWUPSTn corresponding to-the key inputs to be used.
5) Clear the interrupt request using KWUPCLR.
6) Set the CG and INTC (refer to Section 3.4, “Interrupts” for details).

B) When modifying the active condition for a key input during operation
1) Disable key interrupts in the INTC (IMC1<18:16> = 000).
2) Modify the active condition for the key input using.the corresponding KWUPRSTN.
3) Clear the interrupt request using KWUPCLR:
4) Enable key interrupts in the INTC (set IMC1<18:16> to an appropriate. level);

C) When enabling a key input during operation
1) Disable key interrupts in the INTC (IMC1<18:16> = 000).
2) Set the KWUPSTn<KEYnEN> torresponding to the key inputto be used to 1.
3) Wait until the pull-up resistors-are disabled.
4) Set the active condition using.the KWUPSTn eorresponding to the key input to be used.
5) Clear the interrupt request.using KWUPCLR.
6) Enable key interrupts inthe\INTC (set IMC1<18:16> to/an appropriate level).

Note2 : Procedures for using key inputs in dynamic pull-up mode

A) When setting Keyinputs first after powering up_the’device
1) set KWURCNTAPE = 1, DPE =0, ThSn =-desired time).
2) Set the aetive conditions using the, KWUPSTn corresponding to the key inputs to be used.
3) Clear’the interrupt request using KWUPCLR.
4) Set the . KWUPSTn<KEYnEN>-corfesponding to the key inputs to be used to 1.
5) Set the CG and INTC (refer to_Section 3.4, “Interrupts” for details).

B) When modifying the/active condition for a key input during operation
1) Disable key interrupts i the INTC (IMC1<18:16> = 000).
2) Modify the active condition for the key input using the corresponding KWUPSTn.
3) Clear the interruptrequest using KWUPCLR.
4) Enable key interrupts in the INTC (set IMC1<18:16> to an appropriate level).

C) When enabling a key input during operation
1) Disable key interrupts in the INTC (IMC1<18:16> = 000).
2) Set the active condition using the KWUPSTn corresponding to the key input to be used.
3) Clear the interrupt request using KWUPCLR.
4) Set the KWUPSTn<KEYNnEN> corresponding to the key input to be used to 1.
5) Enable key interrupts in the INTC (set IMC1<18:16> to an appropriate level).
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Note3: Procedures for using key inputs without pull-up resistors

A) When setting key inputs first after powering up the device
1) Set KWUPCNT (PE = 0, DPE = 0).
2) Set the active conditions using the KWUPSTn corresponding to the key inputs to be used.
3) Clear the interrupt request using KWUPCLR.
4) Set the KWUPSTn<KEYnEN> corresponding to the key inputsto_be used to 1.
5) Set the CG and INTC (refer to Section 3.4, “Interrupts” for details).

B) When modifying the active condition for a key input ddring operation
1) Disable key interrupts in the INTC (IMC1<18:16> =-000):
2) Modify the active condition for the key input using the corresponding KWUPSTN.
3) Clear the interrupt request using KWUPCLR.
4) Enable key interrupts in the INTC (set IMC1<18:16> to’an appropriate-level).

C) When enabling a key input during operation
1) Disable key interrupts in the INTC (MMC1<18:16> = 000).
2) Set the active condition using the KWWPSTr/ corresponding to'the Key input to be used.
3) Clear the interrupt request using"KWUPCLR.
4) Set the KWUPSTn<KEYnEN>¢orresponding to the Key input to be used to 1.
5) Enable key interrupts in the INTC (set IMC1<18:16> to an appropriate level).

Note: Ensure that fs is operating befere attempting to enable dynamic pull-up by setting DPE to 1.
If DPE is set to 1 when fs.is-not operating, key inputs-cannot be detected.
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Key on wake-up control register KWUPCNT

7 6 5 4 3 2 1 0
(OxFFFF_F371) | Bit symbol — — T2S1 T2S0 T1S1 T1SO DPE KYPE
Read/Write R/IW — R/IW
After Reset 0 — — | — — | — 0 0
Function Must Dynamic pull-up Dynamic pull-up period | 0: Static 0: Disable
always be interval 00: 4/fs  10: 16/fs pull-up pull-up
setto 0. 00: 128/fs 10:512 /fs | o1: 8/fs 11: 32/fs 1: Dynamic| 1: Enable
01: 256/fs 11: 1024/fs pull-up pull-up

The following illustrates operation in dynamic pull-up mode:

el

T1

T2

Key inputs are pulled up only during the T1 periods as-specified with T1S1:T1S0,

00: 4/fs (125 us @ fs=32kHz)
01: 8/fs (250 us @ fs=32kHz)
10: 16/fs (500 us @ fs=32kHz)
11: 32/fs (1 ms @ fs=32kHz)

Dynamic pull-up is repeated at intervals of T2 as specified with-T.281:T2S0.

00: 128/fs (4 ms @ fs=32kHz)
01: 256/fs (8 m @ fs=32kHz s)
10: 512/fs (16 ms @ fs=32kHz)
11: 1024/fs (32 ms @ fs=32kHKz)

3.15.4 Detecting Key Inputs and Detection Timing

1)

2)

8)

-

When pull-up resistors are disabled with PE set t0-0

KWUPSTn<KEYn1;0> can be used to-specify a High level, Low level, rising edge or falling
edge as the active condition~for key inputs. The active condition for key inputs is constantly
monitored,

In static pull-up mode with-PE-set to 1and DPE set to 0

KWUPSTn<KEYn1:0> can be-used to specify a High level, Low level, rising edge or falling
edge_as the active condition for key inputs. The active condition for key inputs is constantly
monitored.

In"dynamic pull-up mode with PE set to 1 and DPE set to 1

The active condition-for each key input (interrupt) is detected one fs clock cycle before the T1
period ends. Only edge detection is supported. Therefore, key input must be asserted for at least a
period of T2. In this case, do not set the active condition to a level. There is a delay of up to T2
before detection. The following figure shows an example when the active condition is a falling

edge.
[

Pull-up

Key Input

Interrupt Detection Timing

- 1 Low for T2 or longer [
H or High-Z [ |

[ [ |

H or High-Z or L

T| Key input detected

Result of Internal Sampling |
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TOSHIBA
5 4 2 1 0
KWUPSTO Bit symbol KEY01 KEY00 — — KEYOEN
(OXFFFF_F360) | Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets KEYO active KEYO
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST1 Bit symbol KEY11 KEY10 — — KEY1EN
(OXFFFF_F361) | Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets KEY1 active KEY1
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST2 Bit symbol KEY21 KEY20 — — KEY2EN
(OXFFFF_F362) | Read/Write RAW — — R/W
After Reset 1 | 0 7— — 0
Function Sets KEY2/active KEY2
condition interrupt
00:\Low level input
01: High level 0: Disable
10 Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST3 Bit symbol KEY31 KEY30 — — KEY3EN
(OXFFFF_F363) | Read/Write RIW — — R/W
After Reget 1 | 0 — — 0
Function Sets KEY3-active KEY3
condition interrupt
Q0: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST4 Bit-symbol KEY41 KEY40 — — KEY4EN
(OXFFFF_F364)-J-Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets KEY4 active KEY4
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge

TMP1942CY/CZ-338



TX
TMP1942CY/CZ @%’f;‘ém

TOSHIBA
5 4 2 1 0
KWUPST5 Bit symbol KEYS51 KEY50 — — KEYS5EN
(OXFFFF_F365) | Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets KEY5 active KEY5
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST6 Bit symbol KEY61 KEY60 — — KEYGEN
(OXFFFF_F366) | Read/Write RIW - — RIW
After Reset 1 | 0 — — 0
Function Sets KEY6 active KEY6
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST7 Bit symbol KEY71 KEY70 — — KEY7EN
(OXFFFF_F367) | Read/Write RAW — — RIW
After Reset 1 | 0 7— — 0
Function Sets KEYZ’active KEY7
condition interrupt
00:\Low level input
01: High level 0: Disable
10 Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST8 Bit symbol KEY81 KEY80 — — KEY8EN
(OXFFFF_F368) | Read/Write RIW — — R/W
After Reget 1 | 0 — — 0
Function Sets KEY8-active KEY8
condition interrupt
Q0: Low level input
01; High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 2 1 0
KWUPST9 Bit-symbol KEY91 KEY90 — — KEY9EN
(OXFFFF_F369)-J-Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets KEY9 active KEY9
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge

TMP1942CY/CZ-339



TX
TMP1942CY/CZ @%’f;‘ém

TOSHIBA
5 4 3 2 1 0
KWUPSTA Bit symbol KEYA1 KEYAO — — — KEYAEN
(OXFFFF_F36A)| Read/Write R/W — — — R/W
After Reset 1 | 0 — — — 0
Function Sets KEYA active KEYA
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 3 2 1 0
KWUPSTB Bit symbol KEYB1 KEYBO —# — — KEYBEN
(OxFFFF_F36B)| Read/Write R/W — — — R/W
After Reset 1 | 0 > — — 0
Function Sets KEYB active KEYB
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 3 2 1 0
KWUPSTC Bit symbol KEYC1 KEYCO — — — KEYCEN
(OxFFFF_F36C)| Read/Write RAW — — — R/W
After Reset 1 | 0 — 7— — 0
Function Sets KEYC active KEYC
condition interrupt
00:\Low level input
01: High level 0: Disable
10 Falling edge 1: Enable
11: Rising edge
5 4 3 2 1 0
KWUPSTD Bit symbol KEYD1 KEYDO — — — KEYDEN
(OXFFFF_F36D)| Read/Write RIW — — — R/W
After Reget 1 | 0 — — — 0
Function Sets KEYD-active KEYD
condition interrupt
Q0: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
5 4 3 2 1 0
KWUPCLR Bit symbol — — KEYCLR3 | KEYCLR2 | KEYCLR1 | KEYCLRO
(OXFFFF_F370) | Read/Write w
After Reset — — — | — | — | —
Function Writing 1010 clears all key sources.
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3.16 INTB, INTC, INTD, INTE

The TMP1942 supports extended interrupts INTB, INTC, INTD and INTE. These four interrupts are
internally ORed and the result is input to the CG and INTC. Therefore, they represent a single interrupt source.
You can determine which interrupt has actually occurred by checking the corresponding bits of INTFLG.

These flags are cleared when read.

INTBST
(OXFFFF_F380)

INTCST
(OXFFFF_F381)

INTDST
(OXFFFF_F382)

Can be used to terminate STOP/SLEEP mode (wake-up) or as an external_interrupt. When used for
wake-up, all four interrupts must be set collectively (in the CG block). Whether individual pins are used
or not used can be specified separately (INTnST).

A single interrupt source is available (INTBCDE).

Rising edge, falling edge, High level, or Low level detection can.be selected for individual inputs

(INTnST).

The interrupt source is cleared by reading INTFLG in the/interrupt-handling routine:

Which interrupt has occurred can be determined using the INTFLG register.

5 4 2 I 0
Bit symbol INTB1 INTBO — — INTBEN
Read/Write RIW e — R/W
After Reset 1 | Q — — 0
Function Sets INTB active INTB
condition interrupt
00; Low level input
01; High-level 0: Disable
10~Falling edge 1: Enable
11:\Rising edge
5 4 2 1 0
Bit symbol INTC1 INTCOQ — — INTCEN
Read/Write R/W — — R/W
After Reset 1 | 0 — — 0
Function Sets INTC active INTC
conditigh interrupt
00: Low levél input
01: High tevel 0: Disable
10:Falling-edge 1: Enable
11: Rising edge
5 4 2 1 0
Bit symbel INTD1 INTDO — — INTDEN
Read/A\Write R/W — — R/W
After Reset 1 | 0 — — 0
Funetion Sets INTD active INTD
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
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7 6 5 4 3 2 1 0
INTEST Bit symbol — — INTE1 INTEO — — — INTEEN
(OXFFFF_F383) | Read/Write — — R/W — — — R/W
After Reset — — 1 | 0 — — — 0
Function Sets INTE active INTE
condition interrupt
00: Low level input
01: High level 0: Disable
10: Falling edge 1: Enable
11: Rising edge
7 6 5 4 3 2 1 0
INTFLG Bit symbol — — — — INTES INTDS INTCS INTBS
(OXFFFF_F384) | Read/Write — — — — R
After Reset — — — — 0 0 0 0
Function 0: Interrupt ™, | 0: Interrupt [ O: Interrupt. 10: Interrupt
net not not not
generated generated generated generated
1AInterrupt [1: Interrupt (|1:Interrupt |1: Interrupt
generated generated generated generated

Note: Setting procedures

A) When setting INT inputs first after'powering up the device
1) Set the active conditions using.the INTnST correspanding-te’the interrupt inputs to be used.
2) Clear the interrupt request-hy-reading INTFKG.
3) Set the INTnST<INTHENS corfesponding to-the-interpupt inputs to be used to 1.
4) Set the CG and INTC (refer to Section 3.4, “Interrupts” for details).

B) When modifying the active condition for an INT.input during operation
1) Disable INTBCD\interrupts in the INTC(NVIC1<26:24> = 000).
2) Modify. the active/condition forthe INT input using the corresponding INTnST.
3) Clear/theinterrupt requésthy reading INTFLG.
4) Enable INTBCD interrupts inithe INTC (set IMC1<26:24> to an appropriate level).

C).When enabling an INT input during operation
1)-Disable INTBCD jnterrupts in the INTC (IMC1<26:24> = 000).
2) Set the active candition using the INTnST corresponding to the interrupt input to be used.
3) Clear the interrupt.request by reading INTFLG.
4) Set the' INTRST<INTnEN> corresponding to the interrupt input to be used to 1.
5) Enable)INTBCD-interrupts in the INTC (set IMC1<26:24> to an appropriate level).
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3.17

ROM Correction Function

This section describes the ROM correction function the TMP1942 supports.

The TMP1942, however, only supports the registers used for the ROM correction function. When
debugging the ROM correction function, therefore, use the ROM correction circuit only to replace the
contents of the registers and check subsequent operation by rewriting data in_the appropriate flash memory
areas. The mask ROM version of the product supports the full ROM correction function.

3.17.1 Features

e Can replace data at four locations: 8 words for each.

e When the PC value or the address generated by the DMAC (matches;the address stored in an address
register (including 5 low-order “don’t care” bits), the data from-the corresponding ROM correction
data register located in RAM will be used in place of the'ROM data at that address.

e ROM correction is automatically enabled by setting an address in an address-register.

e [fitis necessary to correct more than eight words ifYROM, for example, when'madifying a program,
place a instruction for jumping to a RAM address.in-the/data register in. RAMSO that'you can correct
data within RAM.

3.17.2 Operation

By setting the physical address of a ROM area (including a\prdjected area) in the address register
ADDREGRN, you can substitute thedata fromythe datafegisterin-RAM corresponding to the ADDREGnN
for the ROM data at that address.~Setting an address~in ADDREGn automatically enables the ROM
correction function. Upon a reset, the\entire ROM correction-function is disabled. Therefore, to perform
ROM correction in the initial routine after the reset process completes, set an address in an appropriate
address register. The ROM correction function is enabled for the address register(s) for which an address
is set, so that ROM data will-bereplaced if the addresssmatches with the value of the PC (when the CPU
holds bus control) or/if it/matches with the sotrce-or destination address generated by the DMAC (when
the DMAG halds _bus €ontrol). For example, setting-addresses in ADDREGO and ADDREG3 enables
ROM correction for_the corresponding areas,/So that an address match will constantly be monitored for
these address/registers’and if the addresses-match, ROM data will be replaced. In that case, ROM
correction wilknot be performed_for ADDREG2 and ADDREG4. Although the address registers have
bits 31;5, an address match is detected only for A<18:5> to simplify the circuit. Internally, the ROMCS
signal 4vhich_indicates the ROM area-and the match detection from the ROM correction circuit are
logically~ANDed. ROM correction addresses can only be specified on 8-word boundaries (that is, A0 to
A4 are 0). This means data-is replaced in 32-byte units. To replace only part of 32 bytes, write the same
data for the addresses for which-no replacement is required.

The following table showsthe relationship between ADDREGnN and the RAM areas:

Address Register Corresponding RAM Area
ADDREGO OXFFFF_BF80 ~ OXFFFF_BF9F
ADDREG1 OXFFFF_BFAOQ ~ OXFFFF_BFBF
ADDREG2 OXFFFF_BFCO ~ OXFFFF_BFDF
ADDREG3 OXFFFF_BFEO ~ OXFFFF_BFFF

TMP1942CY/CZ-343



T
TOSHIBA TMP1942CY/CZ I’g}g‘gm
G-Bus (
r-=—=(r-~~°-° T
I Contained in |
I TMP1942FD !
' I
| . .
I Address Register : IADDREGnN erte‘Det_ectlon
I ADDREGnH I and Hold Circuit
' I
! I
Comparison RAM ROM

Compare Circuit

Conversion Circuit

Selector
Operand Instruction
Address Address

=

|

B
N

1

TX19/L MPU

Selector

Operand
Data

I
)

Instruction

Data

GBIF

1C

Figure 3.17.1 ROM Correction System Diagram
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3.17.3 Registers
(1) Address registers
7 6 5 4 3 2 1 0
ADDREGO Bit symbol ADDOQ7 ADDO06 ADDO5 — — — —
(OXFFFF_E540) | Read/Write R/W —
After Reset 0 0 0 — — —
Function
15 14 13 12 11 10 9 8
Bit symbol ADDO015 ADDO014 ADDO013 ADDO012 ADDO1T ADDO010 ADDOQ09 ADDO8
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
23 22 21 20 19 18 17 16
Bit symbol ADDO023 ADDO022 ADDO021 Add020 ADDO019 ADDO018 ADDO1Y ADDO016
Read/Write RIW
After Reset 0 0 0 0 0 Q 0 0
Function
31 30 L9 28 27 26 25 24
Bit symbol ADDO031 ADDO030 ADD029 ADDO028 ABDO027 ADD026 ADDO025 ADDO024
Read/Write RIW
After Reset 0 0 Q 0 0 0 0 0
Function
7 6 5 4 3 2 1 0
ADDREG1 Bit symbol ADDQ7 ADD06 ADDO5 A — — — —
(OXFFFF_E544) | Read/Write R/W —
After Resgt 0 0 0 — — — —
Function
15 14 13 12 11 10 9 8
Bit-symbol ADDO015 ADDO014 ADD13 ADDO012 ADDO11 ADDO10 ADDO09 ADDO8
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
23 22 21 20 19 18 17 16
Bit symbol ADDO023 ADDO022 ADDO021 Add020 ADDO019 ADDO018 ADDO017 ADDO016
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
31 30 29 28 27 26 25 24
Bit symbol ADDO031 ADDO030 ADDO029 ADDO028 ADDO027 ADDO026 ADDO025 ADDO024
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
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7 6 5 4 3 2 1 0
ADDREG2 Bit symbol ADDO07 ADDO06 ADDO05 — — — — —
(OXFFFF_E548) | Read/Write R/W —
After Reset 0 0 0 — — — — —
Function
15 14 13 12 11 10 9 8
Bit symbol ADDO15 | ADDO14 | ADDO013 | ADDO012 | ADDO011 | ADDO10 ADDO09 ADDO08
Read/Write R/W
After Reset 0 0 0 0 Q 0 0 0
Function
23 22 21 20 19 18 17 16
Bit symbol ADDO023 | ADD022 | ADDO021 Add020 ADDQ19 | ADDO018 | ADPO617.| ADDO016
Read/Write RAV
After Reset 0 0 0 0 0 0 0 0
Function
31 30 29 28 27 26 25 24
Bit symbol ADDO31 | ADDO030 | ADDO029 (| ADD028 | ADD027 | |ADD026 \| ADDO025 | ADDO024
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function
7 6 5 4 3 2 1 0
ADDREG1 Bit symbol ADDOQ7 ADDO6 ADDO05 — — — — —
(OXFFFF_E54C)| Read/Write R/W —
After Reset 0 0 0 — — — — —
Function
15 14 13 12 11 10 9 8
Bit symbol ADDO015 | ADDO014 ADD13 ADDO012 | ADDO11 | ADDO010 ADDO09 ADDO08
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Fuanction
23 22 21 20 19 18 17 16
Bit.symbol ADD023 }-ABD022-| ADDO021 Add020 ADDO019 | ADDO018 | ADDO017 | ADDO016
ReadWrite R/W
After, Reset Q 0 0 0 0 0 0 0
Function
31 30 29 28 27 26 25 24
Bit symbol ADDO31 | ADDO030 | ADDO029 | ADD028 | ADD027 | ADDO026 | ADDO025 | ADDO024
Read/Write R/W
After Reset 0 0 0 0 0 0 0 0
Function

Note:

DMAC transfer to an address register is not supported. However, DMAC transfer to the substitution
data areas allocated in RAM is supported. The ROM correction function is valid for both CPU
access and DMAC access.
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3.18 Timer for Real-Time Clock

The TMP1942 contains a timer for real-time clock.

Using the 32.768-kHz low-frequency clock, the timer implements a time-keeping function by generating

interrupts every 0.0625 s, 0.125 s, 0.25 s or 0.50 s.

The timer for real-time clock can operate in any mode in which low-frequeney-oscillation is enabled. In
addition, a real-time clock interrupt can be used to release the device from a standby mede (other than STOP
mode). When using a real-time clock interrupt (INTRTC), set the IMCGB3register in the CG block

appropriately.

3.18.1 Configuration

RTCCR

fs
(32.768 kHz)

Figure 3.18.1 shows a block diagram of the timer for redl-time.clock.

RTCCR <RTCSEL>

RTCCR <RTCRUN>

RUN

/CLEAR

Selector

211

212 213 214

144Stage Binary Counter

8-bit
Aceumulater,

f

RTCREG

Figure 3.18.1 Block-Diagram of Timer for Real-Time Clock

Interrupt Request
INTRTC

The timer for real-timé ctock.can be controlled using the timer for real-time clock control register
(RTCCRY). Figure 3.18.2 shaws the functions of this._register.

(OXFFFF_FOAO0)| Read/Write

7 6 5 4 3 2 1 0
Bit symbol —+ — — — RTCRCLR | RTCSEL1 | RTCSELO | RTCRUN
— — — — R/W R/W R/W
After Reset 0 — > — 0 o | o 0
Function Must Clears 00: 2%/fs 0: Stop and
always be accumulator | 01: 2%3/fs clear
setto 0. 0:Clear | 10: 2%fs 1: Count
1:Don't  |11: 2%s
care

T— Interrupt generation cycle
(fs = 32.768 kHz)

00

0.50s

01

0.25s

10

0.125s

11

0.0625 s

Figure 3.18.2 Timer for Real-Time Clock Control Register
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The timer for real-time clock has an accumulator which, when set, holds a cumulative count of the
timer for real-time clock interrupts which have been generated. If, for example, an interrupt generation
cycle of 0.5 second is selected, this register can hold a cumulative count for up to 127.5 seconds.
Accumulator
7 6 5 4 3 2 1 0
RTCREG Bit symbol RUI7 RUI6 RUI5 RUI4 RUI3 RUI2 RUIL RUIO
(OXFFFF_FO0A4)| Read/Write R
After Reset o | o | o | o [ o | o~DJ)Jo | o
Function Accumulate count value

Figure 3.18.3 Accumulator of Timer for Real-Time €lock

Each time an INTRTC interrupt is generated, the accumulater is-inCremented after-one cycle of the fs
clock. The accumulator must be read in SLOW mode.

An instruction for clearing the accumulator is| not/accepted within one( fs)¢lock cycle after the
generation of an INTRTC interrupt. To clear the accumulator, execute twosclear-accamulator instructions

in SLOW mode.

fs Clock

INTRTC Interrupt

_

LT

Accumulated
Counter Value

n+1

Example 1: Clearing the ‘aceumulator

7.6 54 3 2,40
SYSCR1 <« X% 1 —— X ===
RTCCR “~ 0 X X x0——1
RTCCR <« 0. X X X 0. —=1
SYSCR1 <« X X 0 —— X ~—

Instruction for clearing
accumulated counter
value notaccepted

Seléct SLOW mode.
Clear accumulator twice.

Restore NORMAL mode.

Example 2:Setting up a timer for real-time clock interrupt

Ihitiaksettings

IMCGB3
IMCEHL
E1CRCG
INTCLR
RTCCR

codoo~
o/d o’co o
o'~ S o R v
ordrHa
P r oo o
X Ok x o/

«—
«—
<«
<«
«—

XPFP P XO®Pr

INTRTC interrupt

7
“— 0
« 0011101

ol
N

oo
o
o
o w
RN
[ENEN

EICRCG
INTCLR
Processing
End of interrupt

P ORFRP XPEFrOo

o

Set interrupt level.

Clear interrupt request for CG block.
Clear interrupt request for INTC block.
Start timer counting.

Clear interrupt request for CG block.
Clear interrupt request for INTC block.

Note 1. X = Don't care

Note 2: To disable interrupts, set IMCEHL before setting IMCGB3.
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3.19 Watchdog Timer (Runaway Detection Timer)
The TMP1942 contains a watchdog timer for the purpose of runaway detection.
When the CPU starts operating erratically (runaway) due to noise or other causes, the watchdog timer

(WDT) detects this runaway condition to re-establish a normal condition. Upon detecting a runaway condition,
the watchdog timer notifies the CPU by generating a non-maskable interrupt:

Also, output from the watchdog timer can be transmitted to a reset input (internal)to’the chip) in order to
forcibly reset the device.

3.19.1 Configuration

Figure 3.19.1 shows a block diagram of the watchdog timer.

WDMOD <RESCR>

|

Reset Controller Internal Reset

Interrupt Request
D—l——>
INTWD

RESET Pin

WDMOD
<WDTP1: 0> Selector
215 217 219 221
fsys/2 Binary Colinter (22 stages) R Q S

Relsef (g

WDMOD <WDTE>

Internal Reset ®

Write 4EH Write B1H

Watchdog Timer
Control Register WDCR

~
i

Internal Data Bus

Figure 3.19.1 Watchdog Timer Block Diagram
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The watchdog timer consists of a 22-stage binary counter clocked by the system clock fsys/2. Four
binary counter outputs are available: 2'°, 2", 2'° and 2°!. Any one of these counter outputs can be
selected using WDMOD<WDTP1:WDTPO0>, so that when the selected counter output overflows, a
watchdog timer interrupt will be generated, as shown in Figure 3.19.2.

WDT Counter n X Overflow X :(,

?) X
WDT Interrupt | | « <
7

=
Write Clear,Code . V)_\_
g

WDT Clear (Software) )

Figure 3.19.2 Normal Mode

Also, it is possible to reset the chip itself when the counter output overflows. In this case, the chip is
reset for a period of 22 to 29 states as shown in Figure 3.19.3/ When the chip-is.reset’in this way, the
watchdog timer is clocked by a clock of fsys, insteadof by the afore<mentioned-input-clock fsys/2. The
fsys clock is derived by dividing the high-speed escillator's clock fC by aclock gear of/8.

Overflow

WDT Counter n X_\ «

)

WDT Interrupt «
N

Internal Reset

| |
22 10)29 states (8.8~116-us @\fc = 40 MHz, fsys = 5 MHz, fsys/2 = 2.5 MH2)

Figure 3.19.3 Reset'Mode

Note: Even when'the-chip isTeset by the watchdog timer, the PLLOFF pin is sampled. Thus, the
PLLOFF pin must be held at a/constantloegic-Jevel, either High or Low.
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3.19.2

Control Registers

The watchdog timer (WDT) can be controlled using two control registers (WDMOD and WDCR).

(1)

Watchdog timer mode register (WDMOD)

a. Setting the watchdog timer detection time (WDTP1:WDTPOQ)

@

These two bits are used to set the watchdog timer interrupt detection time necessary for detecting
a runaway condition. Upon a reset, WDMOD<WDTP1:WDTPO0> are-initialized to 00. Figure
3.19.4 shows watchdog timer detection times.

. Enabling/disabling the watchdog timer (WDTE)
Upon a reset, WDMOD<WDTE> is initialized to 1, enabling the watchdog timer.

To disable the watchdog timer, set this bit to 0 and,/atthe-same time, write the disable code (B1H)
to the WDCR register. This dual setting ensures that the watehdog timer cannot easily be disabled
by a runaway condition.

To re-enable the watchdog timer after it has-heen-disabled, simply Set.the WDMQ@D<WDTE> bit
to 1.

. Connecting the watchdog timer output to-reset (RESCR)

This bit is used to specify whether or-not the CPU itself\will be reset upon the detection of a
runaway condition. Upon/ia reset, WDMOD<RESCR> ~is initialized to 0. When
WDMOD<RESCR> = 0, the CPWU will not be reset by the watchdog timer output.

Watchdog timer control register(WDCR)

This register contrals the watchdog timer by.disabling the watchdog timer function and clearing
the binary counter.

e Disabling thetwatchdog timer

The watchdog-timer can be disabled/by setting WDMOD<WDTE> to 0 and then writing the
disable.code (B1H) to the WDCR-reyister.

WDMOD «— 0 - - - x=- - Clear WDTE to 0.
WDCR «~101100041 Write disable code (B1H).

e Enabling the watchdog timer
Set WDMOD<WDTE>10,1.

e  Clearing‘the binary-Counter

Writing the clear,code (4EH) to the WDCR register clears the binary counter and restarts
counting.

WDCR «~01001110 Write clear code (4EH).

Note: Writing the disable code (B1H) causes the binary counter to be cleared.
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7 6 5 4 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO — — I2WDT RESCR —
(OXFFFF_F090) | Read/Write R/W R/W — — R/W R/W
After Reset 1 o | o — — 0 0 0
Function Controls Selects WDT detection IDLE 1: Transmits | Must
WDT time 0: Idle WDT always be
1: Enable |00: 216/fSYS 1: Operate OU-tpUt to |settoO.
01: 218/fsys Fhlp s
0 22 internal
10: SYS reset pin

11: 222/fsys

\—> Controls.watchdog timer eutput

o —
1 Transmit WD T output to reset

—> Watchdog timer detection time @ fe.=32MHz, fs = 32.768 kHz
SYSCR1 SYSCR1 Watchdog Timer-Detection Time
System Qlock Clock Gear WDMODWDTPL, 0>
Selection Value
<SYSCK> | <GEAR1:0> 00 01 10 11
1 (fs) XXX 2.0s 8.0's 32.0s 128.0s
00 (fc) 2.048 ms 8.192 ms 32.768 ms 131.072 ms
0 (f0) 01 (fc/z) 4.096 ms 16.384 ms 65.536 ms 262.144 ms
10-(fc/4) 8.192 ms 32.768 ms 131.072 ms 524.288 ms
11 (fclg) 16.384 ms 65.536 ms 262.144 ms 1048.576 ms

Disables/enables watchdog timer
0 Disable
1 Enable

Figure 3.19.4 Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
WDCR Bit symbol —
(OXFFFF—F091) |\Read/Write w
After Reset —
Function B1H: WBT disable code
4EH: WDT clear code
L Disables or clears WDT
B1H Disable code
4EH Clear code
Other values | —

Figure 3.19.5 Watchdog Timer Control Register
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3.19.3

Functional Description

After the detection time which has been set in WDMOD<WDT1:WDTO0>, the watchdog timer
generates an interrupt (INTWDT). The binary counter for the watchdog timer must be cleared to zero by
software before an INTWDT interrupt can occur. If runaway occurs in the CPU due to noise or other
causes, and prevents the CPU from executing the instruction to clear the binary counter, the binary
counter will overflow and generate an INTWDT interrupt. This interrupt notifies the CPU that it has
gone out of control, so that the CPU can restore itself to a normal conditien by executing a program to
correct the runaway condition. Also, output from the watchdog timer can be trahsmitted to the reset pin
or other pins of peripheral devices to address the CPU runway conditien.

The watchdog timer will start operating as soon as the device-has completed its reset sequence.

In SLEEP and STOP modes, the watchdog timer is reset and remains idle. If the bus is free (BUSAK
= Low), it will continue to count. In IDLE mode, the WDMOD<I2WDT> setting determines whether the
watchdog timer is on or off. Before placing the deviceinto IDLE mode, set WDMOD<I12WDT> as
required.

Examples:
1) Clearing the binary counter

76543210
WDCR «<~010011430 Write clear code (4EH),

2) Setting the watchdog timer detection time fo 2"%/fsys

76543210
WDMOD «~101c-3+- -

3) Disabling the/watchdeg timer

7\6~54/)3 210
WDMOD «—0- == - - - - Clear WDTE to 0.
WDCR ¢/ 0110001 Wirite disable code (B1H).
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4 Electrical Characteristics

4.1 Absolute Maximum Ratings

The letter x in equations presented in this chapter represents the cycle period of the fsys clock
selected through the programming of the SYSCR1.SYSCK bit. The fsys«lock may be derived from
either the high-speed or low-speed crystal oscillator. The programming o he clock gear function
also affects the fsys frequency. All relevant values in this chapter are calc d-with the high-speed
(fe) system clock (SYSCR1.SYSCK=0) and a clock gear factor of 1/fc (SYSC [120]200).

Parameter Symbol Rating Unit
Supply voltage Vees -0.5-4.0 \
Vces ~0:5~6.0 \Y
Input voltage VIN3 - 0.5~Vcez + 0.5 Vv
Vns(Note) ~0.5~Vces+ 0.5 \
Low-level output current VAIN -/0/5~ AVCC+0.5 \%
VAREFH - 0.5~ AVCC+0.5 \Y
Analog input
DAREFH - 0.5~ DAVCC+0.5 \Y
Per pin loL 5
Low-level output current
Total YloL 80
: mA
) Per pin lon -5
High-level output current
Total 2loH <80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260 °C
Storage temperature TsTG -65~150 °C
Operating temperature ToPR -40~85 °C

Vces=DVees = AVec=DAVEE=CVcc, Vees=DVeces1=DVces2
Vss=DVss =AVss=DAVss =CV§s

Note : PortC-, PertF

Note: Maximum ratings arelimiting values. of-operating /and environmental conditions which should not be
exceeded-under the worst possible conditions. The equipment manufacturer should design so that no
maximum rating value is exceeded with respeet to current, voltage, power dissipation, temperature, etc.
Exposureto-conditions beyond those listed above may cause permanent damage to the device or affect
device reliability, which could increase-potential risks of personal injury due to IC blowup and/or burning.
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4.2 DC Electrical Characteristics (1/4)

Ta=-40~85°C
.. . T .
Parameter Symbol Condition Min yp Max Unit
(Note 1)
fosc = 5~8MHz
fsys = 2.56~32MHz 3.0
PLLON fs = 30~34kHz
(INTLV="H") | fosc = 5~7MHz
fsys = .5~28MHz 2.7
fs = 30~34kHz
(INTLV="H")
fosc = 10~20MHz
fsys = 1~20MHz
PLLOFF fs = 30~34kHz o
DVCC3 (Crystal) (INTLV=L") : 3.6
fosc = 10~16MHz \%
Supply voltage fovs = 1~16H
DAVCC=AVCC fsysgo e z
=CVCC=DVCC3 225 Z
DAVSS=AVSS fosc = 20~32MHZ
—CVSS= 0V PLLOFF fsys/=1:25~16MHz 3.0
fs'= 30=-34kHz
(External
<DFOSC>= “0”
clock)
fos¢c =.10~16MHz
fsys.= ¥~16MHz 27
fs =830~34kHz
DVCC5* fsys = 1~32MHz
4.5 5.25
(Note 2) fs =30~34kHz
g | POO~P17(AD0~15) ViL 0.6
£ | p20-pB7 PDO-PE7 | ViL1 .03pvees
S | —m8 —
= |PLLOFF,BWO ,BW1, v
a — IL2 0.2 DVCC3
£ |RSTPUP ,RESET, NMI -03
5 [ RERE L N
>
2 | pPCo~PC7 ,PFO~PF6 Vi 0.3 DVCC5
g v
— [ x1 L4 0.2 DVCC3
7 DVCE322.7V, v
o | P00~P17(ADO~15) IH DVCCBSA-5V 2.0
& | P20~PB7 ,PDO~PE7_{ VIH1 0.7DVCC3 DVCC3 +
2 |PLLOFF Bwo Bw1, [, 03
3 _— IH2 0.8DVCC3
2 [RSTPUP ,RESET,NMI
3 DVCC5
% | Pco~Pc7 PFO~PF6” ) | ViH3 0.7DVCCS "
< . 0.3
(=)
T v DVCC3 +
X1 IH4 0.8DVCC3
0.3
DVCC3>2.7V
Low-leveloutput voltage Vo loL=1.6mA 0.45
DVCC5>4.5V
Vo1 DVCC3>2.7V 2.4 \Y
High-level otitput voltage Vou2 lon=-400pA | pyces»2.7v 2.4
(Note3) DVCC524.5V 4.2
Note 1: Vccz = 3.3V, Vees = 5.0 V, Ta = 25°C, unless otherwise noted.
Note 2: DVCC5*:DVCC51,DVCC52
DVCC5*can be used also as 2.7V<DVCC5*<3.6V.
Note 3: PortC,PortF
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4.3 DC Electrical Characteristics (2/4)

Ta=-40~85°C
Parameter Symbol Condition Min Typ (Note ) Max Unit
Input leakage current L) 0.0 <V <D VCCn (n=3,5) 0.02 +5 A
Output leakage current Lo 0.2<V|<DVCCn -0.2(n=3,5) 0.05 +10 "
v V| =0.2DVCC3

STOP1 2.2 3.6
Power-down voltage V|H2 = 0.8DVCC3 v
(STOP mode, RAM backup) v V|2 =0.2DVCC5 Y

STOP2 V)2 = 0.8DVCC5 STORY 5.25
Pull-up resistor at Reset RRST Vee =3-3V£03V 100 550 kQ
Programmable pull-up resistor | PKH1 DVCC3=3.3V+0.3V 30 45 100
P32~P37,P40~P43 DVCCS5 = 4.5V~5.25V kQ
KEYO~KEYD PKH2 30 55 100
Pin capacitance C fc = 1MHz

) 10 10 pF
(except power/ground pins)
Note: Veez =3.3V, Vees = 5.0V, Ta = 25°C, unless otherwise noted.
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4.4 DC Electrical Characteristics (3/4)

(1) TMP1942CYUE

DVCC3=3.3V+0.3V, DVCC51= DVCC52 = 3.3V+0.3V ,Ta=-40~85°C

Parameter Symbol Condition Min Typ (Noted) Max |Unit
NORMAL (Note2) Gear=1/1 fsys = 32MHz 70 90
IDLE(Doze) (fosc = 8MHZ , PLLON) 22 34 mA
IDLE(Halt) INTLV="H" 20 30
NORMAL (Note?2) Gear=1/1 fsys = 16MHz 44 58
IDLE(Doze) lcc (fosc = 16MHz, PLLOFF) 11 15 mA
IDLE(Halt) INTLV="L" 10 13
SLOW fs = 32.768kHz 50 120 pA
SLEEP fs = 32.768kHz 8 60 HA
STOP DVCC3=2.7~3.6V ¢ 50 WA

DVCC5 =2.7~3.6V

(ICC Normal).

Notel: Vcez=3.3V, Vees =5.0V, Ta = 25°C, unless otherwise. hoted.
Note2: The measurement conditions of Icc NORMAL
CPU:Dhrystone(Ver.2.1)(There is external memory access)
8bit Timer:500kHz/50%Outputx3ch{50kHz/50%0utputx3ch
16 bit Timer:500kHz/50%O0utputx3ch,;50kHz/50%O0utputx3ch,2ms Interval Timerx6ch,2-phase

pulse input counterx2ch

SIO:UART(11.5kbps)x1ch,l/O.interface mode (50kHz)x4ch
ADC:Fixed channel, Continuous-eenversion
DAC:Output(0x200)x3ch
Note3: The measurement conditions-oflcc SKOW,lcc SLEEP
CPU:Equivalent to NORMAL(mode
Timer for Real-Time cleck;2-pulse input counter,
Dynamic pull-up mode-(16ms cycle250us sampling)
Note4: The supply currentflowing through the DVCE3;DVCC5, CVCC, AVCC and DAVCC pins is include in the digital
supply current parametey (ICC).
Note5: The supply-current flowing through the A/D.and D/A converter is include in the refarence current parameter
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(2) TMP1942CZUE/XB

DVCC3=3.3V+0.3V , DVCC51= DVCC52 = 3.3V+0.3V ,Ta=-40~85°C

- Min. Typ. Max. Unit
Parameter Symbol Condition
(Notel)

NORMAL (Note2) Gear=1/1 fsys = 32MHz 70 90
IDLE(Doze) (fosc = 8MHZ , PLLON) 22 34 mA
IDLE(Halt) INTLV="H" 20 30
NORMAL (Note2) Gear=1/1 fsys = 16MHz 40 58
IDLE(Doze) lcc (fosc = 16MHz, PLLOFF) 1 15 mA
IDLE(Halt) INTLV="L" 10 13
SLOW fs = 32.768kHz 50 120 pA
SLEEP fs = 32.768kHz 8 60 pA

DVCC3 =2.7~-3.6V
STOP 1 50 pA

DVCC5 = 2.7~3.6V

(ICC Normal).

Notel: Veesz =3.3V, Vees =5.0 V, Ta = 25°C, unless otherwise hoted-
Note2: The measurement conditions of Icc NORMAL
CPU:Dhrystone(Ver.2.1)(There is external/memory.access)
8hit Timer:500kHz/50%0utputx3ch,50kHz/50%0utputx3ch
16 bit Timer:500kHz/50%O0utputx3ch,50kHz/50%O0utputx3ch,2ms Interval Timerx6ch,2-phase

pulse input counterx2ch

SIO:UART(11.5kbps)x1ch,l/O interface-mode (50kHz)%4ch
ADC:Fixed channel, Continugus conversion
DAC:Output(0x200)x3ch
Note3: The measurement conditions oftec SLOW,lcc SLEEP
CPU:Equivalent to NORMAL mode
Timer for Real-Time clock;2-pulse input counter,
Dynamic pull-up-mode (16ms cycle, 250us sampling)
Note4: The supply current flowing through the DVCC3/DVCC5; CVCC, AVCC and DAVCC pins is include in the digital
supply current parameter-(ICC).
Note5: The supply current flowing through-the A/D ‘and-D/A converter is include in the refarence current parameter
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4.5 DC Electrical Characteristics (4/4)

(1) TMP1942CYUE
DVCC3=3.3V+0.3V , DVCC51= DVCC52 = 5.0V+0.25V , Ta=-40~85°C

Parameter Symbol Condition Min  [Typ(Note1)] Max [Unit
fsys = 32MHz , .
(fooe = BMHzZ,, PLLON) INTLV="H" 9 90 m
NORMAL Gear=1/1
fsys = 16MHz
e (f,o. = 16MHz , PLLOFF) a4 58 mA
INTLV=“L"
SLOW fs = 32.768kHz 50 120
HA
SLEEP fs = 32.768kHz 8 60
DVCC3=2.7~3.6V
1 50 pA

STOP

DVCCS5 =4.75~5.25V

Notel: Notel: Vecs=3.3V, Vees =5.0 V, Ta = 25°C, unless otherwise noted.

Note2: The measurement conditions of lcc NORMALPlease réfer to 4.4 DC Electrical/Characteristics (3/4) Note2
and Note3.

Note3: An electroc current to use in CVCC, AVCC and/DAVCC is inncluded jn DVCC3(ICC).

Note4: An electroc current to use in DVCC51 and-DYCC52 is inncluded in-BVCC5(ICC).

(2) TMP1942CZUE/XB
DVCC3=3.3vV+0.3V, DVCC51= DVCC52 = 5.0V+0.25V ,Ta=-40~85°C
Parameter Symbol Condition Min  [Typ (Note)] Max [Unit
fgys = 32MHz
(oo = 8MHZ , PLLON) INTLVZ*H" 70 90 mA
NORMAL Gear=1/1 foye= ToNIZ
lce (fose = 16MHzZ , PLLOFF) 24 58 mA
INTLV=L
SLOW fs = 32.768kHz 50 120
HA
SLEEP fs'> 32.768kHz 8 60

DVEC3 =2.7~-3.6V
DVECS, =4.75~5.25V

STOP

Notel: Notel: Vces = 3.3 V, Nces = 5.0V, Ta = 25°C, unless otherwise noted.

Note2: “The measurement conditions,of lcc NORMAL: Please refer to 4.4 DC Electrical Characteristics (3/4) Note2
and Note3.

Note3: An electroc current to use in CVCC, AVCC and DAVCC is inncluded in DVCC3(ICC).

Note4: An electroc current to use in DVCC51 and DVCC52 is inncluded in DVCC5(ICC).
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4.6 10bit A/D Converter Electrical Characteristics

(1) TMP1942CYUE
Ta=-40~85°C
Parameter Symbol Condition Min Typ Max Unit
Reference (+) VREFH 2.7 3.6 \Y
AVCC-0.3 AVCC AVCC+0.3
Reference (-) VREFL AVSS AVSS AVSS +0.2 V
Analog input VAIN VREFL VREFH V
DVCC3 = AVCC
Conversion =VREFH =3.3V £ 0.3V 2 25 mA
Reference IREF DVSS = AVSS = VREFL
current DVCC3=AVCC
No conversion =VREFH = 2.7~3.6V +0.02 +5 pA
DVSS = AVSS = VREFL
Analog input capacitance — 20 pF
Analog input impedance — 5 kQ
DVCC3 = AvVCC
INL error — =VREFH = 3.3V.+ 0.3V +2.5 LSB
DVSS = AVSS # VREEL
AIN resistance<5Q
DNL error T AIN load/€apacitance<50pF £2 LSB
AVCC lead capacitance>10uF
Offset error - VREFH load capacitance>10uF 44 LSB
Conversion time>2us
(Scan-mode)
Gain error J— Conversion time>4pus +4 LSB
(Single mode)

(ICC).

Notel: 1LSB = (VREFH - VREFL) +1024[V]
Note2: The A/D converter must/be stopped when operating the TMP1942 with the low-speed clock (fs).
Note3: The supply ctyrent flowing-through the AVCCpin.is included in the digital supply current parameter
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(2) TMP1942CZUE/XB
Ta=-40~85°C
Parameter Symbol Condition Min Typ Max Unit
Reference (+) VREFH 2.1 3.6 Y
AVCC-0.3 AVCC AVCC+ 0.3
Reference( -) VREFL AVSS AVSS AVSS + 0.2 \
Analog input VAIN VREFL VREFH \
DVCC3 = AVCC
Conversion =VREFH =3.3V £ 0.3V 2.2 2.85 mA
Reference IREE DVSS = AVSS = VREFL
current DVCC3=AvVCC
No conversion = VREFH = 2.7~3.6V +0.02 +5 pA
DVSS = AVSS = VREFL
Analog input capacitance — 20 pF
Analog input impedance — 5 kQ
DVCC3 = AVCC
INL error — =VREFH = 3.3V + 0.3V +2.5 LSB
DVSS = AVSS = VREFL
AIN resistance<5Q
DNL error T AlIN load capagitahce<50pF 2 LSB
AVCC load capacitance=10uF
Offset error e VREFH load capasitance>10uF +a LSB
Conversion time=2p1s
(Scanmode)
Gain error — Conversion time>4us +4 LSB
(Single-mode)

Notel: 1LSB = (VREFH - VREFL)/1024[V]

Note2: The A/D converter must bé stopped when operating the TMP1942 with the low-speed clock (fs).

Note3: The supply current flowing through the AVCC pinis-ineluded in the digital supply current parameter

(IcC).
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4.7 10bit D/A Converter Electrical Characteristics

Ta=-40~85°C
Parameter Symbol Condition Min Typ Max Unit
Reference (+) DAREFH 2.7 3.6 v
DAVCC -0.3\| DAVCE DAVCC+0.3 \Y
DVCC3 =DAVCC
<DAREFON>=1 = DAREFH =3.3V £ 0.3V 0.6 1 mA
Reference IDREF DVSS = DAVSS
current DVCC3 =DAVCC
<DAREFON>=0 = DAREFH =2.7~3.6V +0.02 +5 HA
DVSS = DAVSS
DVCC3=DAVCC
Output current IDAOUT = DAREFH =2.7~3.6V +1 +1/5 mA
DVSS = DAVSS
DVCC3=DAVCC
Outpu voltage range DAOUT = DAREFH = 2.7~3.6V. DAVSS+0.3 DAVCC-0.3 \%
DVSS = DAVSS
DVCC3 = bAVCC
Gain error — = DAREFH = 3.3V % 0.3V +1 +3 LSB
DVSS = DAVSS

parameter (ICC).

Notel: 1LSB = (DAREFH — DAVSS)/ 1024[V]
Note2: The D/A converter must be stoppedwhen operating/the TMP.1942 with the low-speed clock (fs).
Note3: The supply current flowing through the DAVCC pin.is included in the digital supply current

Note4: IDREF electoric current value-is an-electoric current value when | moved three D/A converter.
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4.8 AC Electrical Characteristics

(1) Vce=3.0~3.6V, Ta= 0~70°C, ALE = 0.5 clock cycle

(recommended when tsys is 50 ns or longer)

Equation 20 MHz(fsys)* )
No. Parameter Symbol Unit
Min Max Min Max
1 | System clock period (x) tsys 31.25 33333 50 ns
2 | A0-A15 valid to ALE low tAL 0.4x—-12 8 ns
3 | A0—-A15 hold after ALE low LA 0.4x -8 12 ns
4 | ALE pulse width high L 0.4x -6 14 ns
5| ALE lowto RD or WR asserted tLe 0.4x -8 12 ns
6 | RD or WR negated to ALE high toL x—15 35 ns
7 | A0O-A15 valid to RD or WR asserted tacL X — 20 30 ns
8 | AO—A23 valid to RD or WR asserted tACH x—20 30 ns
9 | AD-A23 hold after RD or WR negated tCAR x—15 35 ns
10 | A0O-A15 valid to DO-D15 data in tADL x(2+W)-42 58 ns
11 | A0-A23 hold after RD or WR negated tADH X (2 + W)<42 58 ns
12 | RD asserted to DO-D15 data in tRD x(1+W)-28 22 ns
13 [ RD width low tRR X (14 W) =10 40 ns
14 | DO-D15 hold after RD negated tHR 0. 0 ns
15 | RD negated to next AO—A15 output tRAE X< 15 35 ns
16 [ WR width low tww x(L+ W) — 10 40 ns
17 | D0-D15 valid to WR negated tBW x (1 +W)-18 32 ns
18 | D0-D15 hold after WR negated twb x—15 35 ns
19 [ A0-A23 valid to WAIT input TAWR 1)5x — 30 45 ns
20 | AO-A15 valid to WAIT input tAWL 1/5% - 30 45 ns
21| WAIT hold after RD or WR asserted tew (0.5 + M= 1) x (0.5 +N) x 27 58 ns
+2 - 17
*WAIT =0

AC measurement conditions:

¢ Output levels: High =2.4 V, Low = 0:45 V, 'CL = 30)pF
¢ Input levels: High,=2 V,; tew =0.6 V

W: Number of wait-state eycles inserted>(0 to 7 for' programmed wait insertion)
N : Value of-N for (1 + N) wait insertion
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(2Vee=3.0~3.6V,Ta= 0~ 70°C, ALE = 1.5 clock cycles

No. Parameter Syrrbo . Equation 32.MHz(fsys)* Unit
Min Max Min Max
1 | System clock period (x) tsys 31.25 33333 ns
2 | A0O—A15 valid to ALE low taL 1.4x-12 31 ns
3 | A0O-A15 hold after ALE low LA 0.4x -8 4 ns
4 | ALE pulse width high tLL 1.4x -6 37 ns
5 | ALE lowto RD or WR asserted tLc 0.4x -8 4 ns
6 | RD or WR negated to ALE high toL x-15 16 ns
7 | A0O-A15 valid to RD or WR asserted | tacl 2x — 20 42 ns
8 | AO-A23 validto RD or WR asserted | tacH 2x - 20 42 ns
9 | A0O—A23 hold after RD or WR negated | tca x—15 16 ns
10 | A0-A15 valid to DO-D15 data in tADL X (3 W) =42 51 ns
11 | A0-A23 valid to DO-D15 data in tADH X (3 FW)- 42 51 ns
12 | RD asserted to DO-D15 data in tRD X (L+ W) — 28 3 ns
13 | RD width low tRR x(1+W)-/A0 21 ns
14 | D0-D15 hold after RD negated tHR 0 0 ns
15 | RD negated to next AO—A15 output {RAE X £ 15 16 ns
16 | WR width low tww X (YFW).— 10 24 ns
17 | DO-D15 valid to WR negated tpw X1+ W)=18 13 ns
18 | DO-D15 hold after WR negated twp X<15 16 ns
19 | A0-A23 valid to WAIT input tAWH 2.5x 130 48 ns
20 | AO—A15 valid to WAIT input tawd 2:5x ~30 48 ns
1 WAIT hold after RD or WR asserted | tcw (0.5 + N -1)% (0.5 N) x 18 29 s
+ 2 - 17
*WAIT =0

AC measurement conditions:

¢ Output levels: High = 2.4V, bow-=0.45 V, CL = 30pF
e Input levels: High =2 V Low = 0.6 V

W: Number of wait-State cycles-inserted (0 to 7 for programmed wait insertion)
N : Value of N far{1 +/N)-waitinsertion
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(1) Read Cycle Timing (ALE = 1.5,No-Wait)

4CLK/1BUS Cycle

— SO S1 S2 S3 SO

L
v tAL RY tcL
ALE _/ \ ,/
— x +
LA
-+ X + - -+
ADO~15 === ===== -< A0~15 t----< DO~15 ’- ----- '----<
= . tADL -Xx 7 =X
tADH
tHR |
AD16~23 4 ttACH 8
~ ACL
T
fLc {RR ICAR
{RAE
— \| tRD rd
RD \ /

TMP1942CY/CZ-365



X
TOSHIBA TMP1942CY/CZ I’ Risc”

(2) Read Cycle Timing (ALE = 1.5,1-Wait (Internal wait) )

5CLK/1BUS Cycle

e | N N S\
SO S1 w1 S2 S3 SO

L

T tAL
ALE _/ g a !/_
LA
_’_ A - _‘_
ADO-15 = = += = = — o AO~15 )= ————— ~ ~ ==/ pous )----- -
X + X b
tADL
tADH IHR
|
A16~23 Y cH
~ tacl
iy
fLc tRR {CAR
{RAE
L HF
— \ {RD
RD
\e /
cs0-3 \ /
_\_ .l_
. ' X
R/W / \
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(3) Read Cycle Timing (ALE = 1.5.2-Wait (External N = 1) )

6CLK/1BUS Cycle

Internal
CLK

[\

ALE

\

[\

[\

2

~

A0~15

> A<

fcw

tAWL/H

WAIT

Note: If talv{y and/or taw cannot be satisified, a bus cycle must be initiated with the WAIT pin asserted.
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(4) Write Cycle Timing (ALE = 1.5,No-Wait)

4CLK/1BUS Cycle
Internal
CLK
L
Vi t RY tc
ALE _/ AL \ L L/
— -x
LA
il |
-+ ) X
ADQ~15 == =F == === -< A0~15 D0~15
X =\ 7
tpw twp
a tacH “K
AD16~23 { :I
AC| YA
fLc )I tww tcAR
S I’
WR, HWR * /
_\_ .
Cs0-~3 \ /
_\_ _‘-
. -+ X
R/W / \
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SIO Timing

(1) /O Interface Mode

In the tables below, the letter x represents the fsys cycle period, which varies, depending on the
programming of the clock gear function.

1. SCLK Input Mode(SI00,S101,SI03,S104)

Sym Equation 200MHz 32 MHz .
Parameter bol v - - Unit
in Max “fMin\ | Max/ | Min | Max
SCLK period tscy 16x 800 500 ns
TxD data to SCLK rise or fall toss | (tscy/2) —5x - 23 127 72 ns
TxD data hold after SCLK rise or fall* toHS (tscy/2) + 3x 550 343 ns
RxD data valid to SCLK rise or fall* {SRD 2X + 8 108 70 ns
RxD data hold after SCLK rise or fall* tHSR 0 0 0 ns
SIO5(DVCC51=2.7V~3.6V or 4.5V~5.25V)
Parameter sb)grln FTquatlon ?0 MHz .32 MHz Unit
Min Max | Min—| Max /| Min | Max
SCLK period tscy 16x 800 500 ns
TxD data to SCLK rise or fall toss )\(tscy/2)< 5x —23 127 72 ns
TxD data hold after SCLK rise or fall* tOHS (tscy/2) + 3x 550 343 ns
RxD data valid to SCLK rise or fall* tSRD 2X + 8 108 70 ns
RxD data hold after SCK rise tHSR 0 0 0 ns

Note *: SCLK rise or fall: Measured relative to the programmed active*edge of SCLK.
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2. SCLK Output Mode (SIO0,SI01,SI03,SI04)

Sym Equation 20 MHz 32 MHz .
Parameter bol - - - Unit
0 Min Max | Min | Max | Min | Max
SCLK period (programmable) tscy 16x 800 500 ns
TxD data to SCLK rise toss (tscy/2) — 15 385 235 ns
TxD data hold after SCLK rise toHs (tscy/2) — 15 385 235 ns
RxD data valid to SCK rise tSRD X+ 23 73 54 ns
RxD data hold after SCK rise tHSR 0 0 0 ns
(SI05 DVCC51=2.7V~3.6V or 4.5V~5.25V)
Svm Equation 20 MHz 32 MHz .
Parameter by | .q - - Unit
0 Min Max—{Min | Max | Min_{-Max
SCLK period (programmable) tscy 16x 800 500 ns
TxD data to SCLK rise toss (tscy/2) — 15 385 235 ns
TxD data hold after SCLK rise toHs (tscy/2) - 15 385 235 ns
RxD data valid to SCK rise tSRD X+ 23 73 54 ns
RxD data hold after SCK rise tHSR 0 0 0 ns

SCLK |

tscy

SCK Output
Mode /
A

ctive-High SC

SCLK

[Active-LOW SC}j I I

Input Mode

S S W A

toss toHs
OUTPUT DATA X X X
0 1 2 3

D

1 0) tHSR

—>
INPUT DATA X X X X X X X

A 0 1 2 3

VALID

VALID

VALID

VALID
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4.9 SBI Timing

(1) I2C mode

In the table below, the letters x and T represent the fsys and ¢TO cycle periods, respectively.
The letter n denotes the value of n programmed into the SCK[2:0]{SCL output frequency select)
field in the SBIOCRL1.
Equation Standard Mode FastMode .
Parameter Symbol fsys = 8 MHz, n = 4{fsys =32 MHz, n = 4| Unit
Min Max Min Max Min Max

SCL clock frequency tscL 0 0 100 0 400 kHz
Hold time for START condition tHD:STA 4.0 0.6 us
Low period of the SCL clock (Note 1) |t ow 4.7 1.3 us
SCL clock high width tHIGH 4.0 0.6 us
Setup. time for a repeated START tSU-STA Software - 0.6 us
condition ’ (Note 5)
Data hold time(Input)(Note3,4) tHD:DAT 0 0 ys
Data setup time tSU:DAT 250 100 ns
Setup time for STOP condition tsu:sTO 4.0 0.6 us
Bus free time between STOP and Software
START conditions 'BUF (Note 5) 4.7 v us

Note2:

Note3:
Note4:

SCL and SDA lines.

Note5: Software-dependent.

Notel: SCL clock low width (output) is calculatedbwith (2 (h= 1)+ 4)T.

Standard made: 6 usec.@.Typ (fsys =8 MHz, n = 4)

Fast(mode:

1.5usec @-Typ (fsys = 32 MHz, n = 4)
SCL clock high width (output).is-ecaluculated with (2 (n — )T.

Standard mode: 4 psec@ Typ (fsys = 8 MHz, n = 4)

Fastmode:

The output data hold tirne.is equal to 12X.
The Philips12C-bus’specification states that a device must internally provide a hold time of at
least 300 ns for) the-SBDA signal to [bridged the undefined region of the fall edge of SCL.
However, TMP1942CY/CZ SBI does-not.satisfy this requirement. Also, the output buffer for SCL
does not incarporate slope control ofthe falling edges; therefore, the equipment manufacturer
should design se that the input data-hold time shown in the table is satisfied, including tr/tf of the

tsct

R

fLow

fr  tHIGH

1
i T
! |

STA

TJV—J
tsupA ‘)ﬁ%ﬂm

=
1 1
T

/

\

S: START condition

P; STOP condition

Sr: Repeated START condition

lysec-@\Typ (fsys = 32 MHz, n = 4)

1
tsu;gro

Note6: To operate the SBI in I2C Fast mode, the fysy frequency must be no less than 20 MHz. To
operate the SBI in 12C Standard mode, the fysy fewquency must be no less than 4 MHz.
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(2) Clock-Synchronous 8-Bit SIO Mode

In the tables below, the letters x and T represent the fsys and ¢TO cycle periods, respectively.
The letter n denotes the value of n programmed into the SCK[2:0] (SCL output frequency select)
field in the SBIOCRL1.

The electrical specifications below are for an SCK signal with a,50% duty cycle.
3. SCK Input Mode (DVCC51=2.7V~3.6V or 4.5V~5.25V)

Equation 32 MHz )
Parameter Symbol - - Unit
Min Max Min—{ Max

SCK period tscy 16x 500 ns
SO data to SCK rise toss (tscy/2) — (6x + 30) 34 ns
SO data hold after SCK rise toHs (tscy/2) + 4x 374 ns
Sl data valid to SCK rise tSRD 0 0 ns
Sl data hold after SCK rise tHSR 4x + 10 134 ns

4. SCK Output Mode (DVCC51=2.7V~3.6V or. 4.5V~+5.25V)

Equation 32 MHZz i
Parameter Symbol - - Unit
Min Max Min | Max
SCK period (programmable) tscy 2"T 1000 ns
SO data to SCK rise toss (tscy/2) — 20 480 ns
SO data hold after SCK rise toHS (t&cy/2) — 20 480 ns
Sl data valid to SCK rise tSRB. 2x + 30 92 ns
Sl data hold after SCK rise tHSR 0 0 ns
le tscy N
SCLK \ \ / \ / \ ,
toss] toHs
OUTPUT DATA
ATA 0 - \ \
{sSrRD tHSR
> < —>-|<—
INPUT DATA
o o | e X R R
VALID VALID VALID VALID
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4.10 Event Counters

In the table below, the letter x represents the fsys cycle period.

Equation 32 MHz )
Parameter Symbol - - Unit
Min Max Min Max
Clock low pulse width tvCKL 2X +100 163 ns
Clock high pulse width tvCKH 2X + 100 163 ns

4.11  Timer Capture

In the table below, the letter x represents the fsys cycle period

Equation 32MHz )
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width tcpL 2X +100 163 ns
High pulse width tcpH 2X +100 163 ns

4.12  General Interrupts (INTO to INTA)

In the table below, the letter x represents the¢ fsys.cycle period

Equation 32 MHz .
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width for INTO-INTA tINTAL X + 100 132 ns
High pulse width for INTO—INTA tINTAH X A4+-100 132 ns

4.13 NMI and STOP/SLEEPWake-up Interrupts

Equation 32 MHz )
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width for NMI/and
UNTBE 100 100 ns
INTO-INT4
High pulse width for INTO<INT4 tINTBH 100 100 ns
4.14 SCOUT pin
Equation 32 MHz .
Parameter Symbol - - Unit
Min Max Min Max
SCOUT-high pulse-width tsch 0.57-5 10.6 ns
SCOUT low pulse width tseL 05T- 5 10.6 ns

Note: In the above table, the letter T represents the cycle period of the SCOUT output clock.

tscH

scouT tscL
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4.15 Bus Request and Bus Acknowledge Signals

BUSRQ \

(Notel)
BUSAK ‘\ /‘F
(C
P
tBAA
X- taBa (Note2) F
ADO~AD15 >. - el e ——— - _<
_ g
n S
A0~AZ3, ; e Now2) oL -
RD, WR
ﬁ~§, R _SS ______________ 1__
R/W, HWR \
ALE / \
{C
P
Equation 32 MHz ,
Parameter Symbol - - Unit
Min Max Min Max
Bus float to BUSAK asserted taBA 0 80 0 80 ns
Bus float after BUSAK negated tBAA 0 80 0 80 ns

states.

Note 1: If the current bus eycle has not terminadted due to wait-state insertion, the TMP1941AF
does not respond-to BUSRQ<Until the’wait' state ends.

Note 2: This broken-lines indicate-that output buffers are disabled, not that the signals are at
indeterminate-states. The pin-holds the last logic value present at that pin before the bus is
relinquished. This is dynamically~accomplished through external load capacitances. The
equipment manufacturér may maintain the bus at a predefined state by means of off-chip
resistors, but he or{she should design, considering the time (determined by the CR
constant) it takes—for asignal to reach a desired state. The on-chip, integrated
programmable pullup/pulldown resistors remain active, depending on internal signal
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4.16 KWUP
Pull-up Register Inactive
Equation 32 MHz .
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width for KEYO~D tkyTBL 100 100 ns
High pulse width for KEYO~D tkyTBH 100 100 ns
Static Pull-up
Equation 32 MHz )
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width for KEYO~D tkyTBL 100 100 ns
Dynamic Pull-up
Equation 32 MHz )
Parameter Symbol - - Unit
Min Max Min Max
Low pulse width for KEYO~D tkyTBL T2+100 T2+100 ns
T2: Dynamic pull-up frequency
4.17  2-phase input pulse counter mode
Equation 32 MHz .
Parameter Symbol - - Unit
Min Max Min Max
2-phase input pulse cycle Tdcyc 8Y. 250 us
2-phase input set up Tabs Y+20 31.27 us
2-phase input hold Tabh Y+20 31.27 us
Y:Sampling clock(fs or fsys/2)
A
. Tabs
B
Tabh
Tdcyc
4.18 ADTRG Input
Equation 32 MHz )
Parameter Symbol . . Unit
Min Max Min Max
ADTRGlow-level pulse width tady fsysy/2+20 51.25 ns
ADTRG high level pulse interval Tadh fsysy/2+20 51.25 ns
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5.

I/O Register Summary

The internal 1/0 registers occupy 8-kbyte addresses from FFFFEOOOH through FFFFFFFFH.

(1) 1/O Ports

(2) Watchdog Timer (WDT)

(3) Real-Time Clock (RTC)

(4) 8-Bit Timer

(5) 16-Bit Timer

(6) UART/Serial 1/0 0/1 (UART/SIO)
(7) 12CBUS/Serial 1/0 (12C/SIO)

(8) UART/Serial 1/0 3/4/5 (UART/SIO)
(9) 10-Bit A/D Converter (ADC)

(10) 10-Bit D/A Converter (DAC)

(11) Key On Waik up (KWUP)

(12) Interrupt Controller (INTC)

(13) DMA Controller (DMAC)

(14) Chip Select (CS)/Wait Controller
(15) Clock Generator (CG)

(16) FLASH

(17) ROM correction

Table Organization

Mnemonic |Register Name |/ Address

—> Bit Symbol

——> Read/Write

—> Reset Value

—> Function

Access

R/W  \Read/Write. The user can read and write the register bit.

R 7 Readomly]
W/ ¢ Writeonly.

W=* : The user canread and write the register bit, but a read always returns a value of 1.
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[1] /O PORT

Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFFOOOH | PO FFFFFO10H FFFFFO20H | PACR

1H | P1 1H 1H | P4FC

2H | POCR 2H | P2 2H

3H 3H 3H

4H | PICR 4H | P2CR 4H

5H | P1FC 5H | P2FC 5H

6H 6H 6H

7H 7H 7H

8H 8H | P3 8H

9H 9H 9H

AH AH | P3CR AH

BH BH | P3FC BH

CH CH €H

DH DH DH

EH EH | P4 EH

FH FH FH
Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFO40H | P5 FFFFFO50H | PA FFEEFO60H | PE

1H | P6 1H | PB 1H | PF

2H 2H | PACR 2H | PECR

3H | P5FC 3H | PAFC 3H | PEFC

4H 4H | PBCR 4H | REGR

5H | P6FC 5H | PBRC 5H_[\PFFE

6H 6H 6H | PEODE

7H 7H 7H | PFODE

8H 8H\ . PC 8H

9H 9H |~PD 9H

AH AH\|\PCCR AH

BH BH/| PCFC BH

CH | P9 CH | PDCR CH | Reserved

DH DH | PDFC1 DH | Reserved

EH | POCR EH | PDFC2 EH | Reserved

FH | POFC FH | RDODE FH | Reserved
[2] WDT [3] RTC
Address |.Mnemonic Address | Mnemonic
FFFFFO90H | WDMOD FFFFFOAQH | RTCCR

1H | WDCR H

2H 2H

3H 3H

4H 4H | RTCREG

5H SH

6H 6H

7H 7H

8H 8H

9H 9H

AH AH

BH BH

CH CH

DH DH

EH EH

FH FH
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[4] 8 bit Timers

Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFF100H | TAOLIRUN FFFFF110H | TA45RUN FFFFF120H | TAS9RUN
1H 1H 1H
2H | TAOREG 2H | TAAREG 2H | TASREG
3H | TAIREG 3H | TASREG 3H | TAOREG
4H | TAOIMOD 4H | TA45MOD 4H | TABOMQD
5H | TAIFFCR 5H | TASFFCR 5H | TA9FFGR
6H 6H 6H
7H 7H 7H
8H | TA23RUN 8H | TA67RUN 8H | TAABRUN
9H 9H 9H
AH | TA2REG AH | TABREG AH-|-TAAREG
BH | TASREG BH | TATREG BH | TABREG
CH | TA23MOD CH | TA67TMOD CH-| TAABMOD
DH | TA3FFCR DH | TA7FFCR BH-| TABFFCR
EH EH EH
FH FH FH
[5] 16 bit Timers
Address | Mnemonic Address | Mnemonic Address | Mnemenic Address | Mnemonic
FFFFF1 40H | TBORUN FFFFF150H | TBIRUN FEFFF160H | TB2RUN FFFFF170H | TB3RUN
1H 1H 1H 1H
2H | TBOMOD 2H | TBIMOD 2H | TB2MOD 2H | TB3MOD
3H | TBOFFCR 3H | TBIFFCR 3H | TB2FFCR 3H | TB3FFCR
4H | TBOST 4H | TB1ST 4H_[\TB2ST 4H | TB3ST
5H 5H 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H | TBORGOL 8H |~TB1RGOL 8H |’ TB2RGOL 8H | TB3RGOL
9H | TBORGOH 9H\| \TB1RGOH 9H | TB2RGOH 9H | TB3RGOH
AH | TBORGIL AH/|/TBIRGIL AH | TB2RGIL AH | TB3RGIL
BH | TBORG1H BH | TBIRG1H BH | TB2RG1H BH | TB3RG1H
CH | TBOCPOL CH | TB1CPOL CH | TB2CPOL CH | TB3CPOL
DH | TBOCPOH DH | TB1CPOH DH | TB2CPOH DH | TB3CPOH
EH | TBOGPIL EH | TBICP1L EH | TB2CP1L EH | TB3CP1L
FH | TBOCP1H FH | TBICPIH FH | TB2CP1H FH | TB3CP1H
Address |[Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFF180H | TB4RUN FFFFF190H | TB5RUN FFFFF1AQH | TB6RUN FFFFF1BOH | TB7TRUN
1A 1H 1H 1H
2M \TB4MOD 2" TB5MOD 2H | TB6MOD 2H | TB7MOD
3H_ | TB4FFCR 3H | TB5FFCR 3H | TB6FFCR 3H | TB7FFCR
4H | TB4ST 4H | TB5ST 4H | TB6ST 4H | TB7ST
5H 5H 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H | TB4RGOL 8H | TB5RGOL 8H | TB6RGOL 8H | TB7RGOL
9H | TB4RGOH 9H | TB5RGOH 9H | TB6RGOH 9H | TB7RGOH
AH | TB4RGIL AH | TB5RGIL AH | TB6RGIL AH | TB7RGIL
BH | TBARG1H BH | TB5RG1H BH | TB6RG1H BH | TB7RG1H
CH | TB4CPOL CH | TB5CPOL CH | TB6CPOL CH | TB7CPOL
DH | TB4CPOH DH | TB5CPOH DH | TB6CPOH DH | TB7CPOH
EH | TB4CP1L EH | TB5CP1L EH | TB6CP1L EH | TB7CP1L
FH | TB4CP1H FH | TB5CP1H FH | TB6CP1H FH | TB7CP1H
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Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFF1COH | TBS8RUN FFFFF1DOH | TBORUN FFFFF1EOH | TBARUN FFFFF1FOH | TBBRUN

1H 1H 1H 1H

2H | TBBMOD 2H | TBIMOD 2H | TBAMOD 2H | TBBMOD

3H | Reserved 3H | Reserved 3H | Reserved 3H | Reserved

4H | TB8ST 4H | TBOST 4H | TBAST 4H | TBBST

5H 5H 5H 5H

6H 6H 6H 6H

7H 7H 7H 7H

8H | TBBRGOL 8H | TBORGOL 8H_| TBARGOVK 8H | TBBRGOL

9H | TBBRGOH 9H | TB9RGOH 9H{_ TBARGOH 9H | TBBRGOH

AH | TBSRGI1L AH | TBORGIL AH [ TBARGIL AH | TBBRG1L

BH | TB8RG1H BH | TBORG1H BH\| TBARGIH BH | TBBRG1H

CH | TB8CPOL CH | TB9CPOL €H.| TBACPOL CH | TBBCPOL

DH | TB8CPOH DH | TB9CPOH DH \TBACPOH DH | TBBCPOH

EH | TB8CPIL EH | TBOCPIL EH | TBACP1L EH | TBBCP1L

FH | TBSCP1H FH | TBOCP1H FH.)TBACP1H FH | TBBCP1H
Address | Mnemonic Address | Mnemonic
FFFFF200H | TBCRUN FFFFF210H | TBDRUN

1H 1H

2H | TBCMOD 2H | TBDMOD

3H | Reserved 3H | Resernved

4H | TBCST 4H | TBDST

5H 5H

6H 6H

7H 7H

8H | TBCRGOL 8H\|. TBDRGOL

9H | TBCRGOH 9H |~FBDRGOH

AH | TBCRGIL AH\|\TBDRG1L

BH | TBCRG1H BH/|/TBDRG1H

CH | TBCCPOL CH | TBDCPOL

DH | TBCCPOH DH | TBDCPOH

EH | TBCCR1K EH | TBDCPIL

FH | TBCCP1H FH | TBDCP1H
[6] UART/SIO 0/1 [7] I2CBUS/SIO [8] UART/SIO 3/4 UART/SIO 5
Address |.Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFF230H | SCOBUF FFFFF240H | SBIOCRA FFFFF280H | SC3BUF FFFFF290H | SC5BUF

1H | SCOCR 1H | SBIODBR 1H | SC3CR 1H | SC5CR

2H/[ scemoDo 2H | 12COAR 2H | SC3MODO 2H | SC5MODO

34 \BROCR 3H.["SBIOCR2/SR 3H | BR3CR 3H | BR5CR

4H_ | BROADD 4H | SBIOBRO 4H | BR3ADD 4H | BRSADD

5+ | SCOMOD1 SH | (SBIOBR1) 5H | SC3mMOD1 5H | SC5MOD1

6H | SCOMOD2 6H 6H | SC3MOD2 6H | SC5MOD2

7H 7H 7H 7H

8H | SC1BUF 8H 8H | SC4BUF 8H

9H | SCICR 9H 9H | SC4CR 9H

AH | SCIMODO AH AH | SC4MODO AH

BH | BRICR BH BH | BR4CR BH

CH | BR1ADD CH CH | BR4ADD CH

DH | SCIMOD1 DH DH | SC4MOD1 DH

EH | scimMOD2 EH EH | scamoD2 EH

FH FH FH FH
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[9] 10 bitADC
Address | Mnemonic Address | Mnemonic
FFFFF300H | ADREGOSL FFFFF310H | ADREGSPL
1H | ADREGO8SH 1H | ADREGSPH
2H | ADREG19L 2H
3H | ADREG19H 3H
4H | ADREG2AL 4H | ADCOML
5H | ADREG2AH 5H | ADCOMH
6H | ADREG3BL 6H
7H | ADREG3BH 7H
8H | ADREGA4CL 8H | ADMODO
9H | ADREG4CH 9H | ADMOD1
AH | ADREG5DL AH | ADMOD2
BH | ADREG5DH BH | ADMOD3
CH | ADREG6EL CH | ADMOD4
DH | ADREG6EH DH
EH | ADREG7FL EH
FH | ADREG7FH FH | ADCLK
[10] 10BIT DAC
Address | Mnemonic
FFFFF340H | DAREGOL
1H | DAREGOH
2H | DACCNTO
3H
4H | DAREGIL
5H | DAREG1H
6H | DACCNT1
7H
8H | DAREG2L
9H | DAREG2H
AH | DACCNT2
BH
CH
DH
EH
FH
[11] KWUP [12] INTBCDE
Address [‘Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFF360H | KWUPSTO FFFFF370H | KWUPCLR FFFFF 380H | INTBST
1A/ KWURST1 1H | KWUPCNT 1H | INTCST
2H FKWUPST2 2H_["Reserved 2H | INTDST
3H | KWUPST3 3H 3H | INTEST
4F | KWUPST4 A 4H | INTFLG
5H | KWUPSTS5 5H 5H
6H | KWUPST6 6H 6H
7H | KWUPST? 7H 7H
8H | KWUPSTS8 8H 8H
9H | KWUPST9 9H 9H
AH | KWUPSTA AH AH
BH | KWUPSTB BH BH
CH | KWUPSTC CH CH
DH | KWUPSTD DH DH
EH EH EH
FH FH FH
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[13] INTC
Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFEOOOH | IMCO FFFFEO10H | IMC4 FFFFEO20H | IMC8 FFFFEO30H | IMCC
1H 1H 1H 1H
2H 2H 2H 2H
3H 3H 3H 3H
4H | IMC1 4H | IMC5 4H | IMC9 4H | IMCD
5H 5H 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H | IMC2 8H | IMC6 8H.| IMCA 8H | IMCE
9H 9H 9H 9H
AH AH AH AH
BH BH BH BH
CH | IMC3 CH | IMC7 €H.| IMCB CH | IMCF
DH DH DH DH
EH EH EH EH
FH FH FH FH
Address | Mnemonic Address | Mnemonic Address | Mnemonie Address | Mnemonic
FFFFEO40H | IVR FFFFEO50H FEEFEO60H | INTCLR FEFFEO70H
1H 1H 1H 1H
2H | IVR 2H 2H 2H
3H 3H 3H 3H
4H 4H 4H 4H
5H 5H 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H 8H 8H 8H
9H 9H 9H 9H
AH AH AH AH
BH BH BH BH
CH CH CH CH
DH DH DH DH
EH EH EH EH
FH FH FH FH
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[14] DAMC
Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFE200H | CCRO FFFFE210H | BCRO FFFFE220H | CCR1 FFFFE230H | BCR1

1H 1H 1H 1H

2H 2H 2H 2H

3H 3H 3H 3H

4H | CSRo 4H 4H | CSR1 4H | NCR1

5H 5H 5H 5H

6H 6H 6H 6H

7H 7H 7H 7H

8H | SARO 8H | DTCRO 8H-[SARY 8H | DTCR1

9H 9H 9H 9H

AH AH AH AH

BH BH BH BH

CH | DARO CH CH.DAR1 CH

DH DH DH BH

EH EH EH EH

FH FH FH FH
Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFE240H | CCR2 FFFFE250H | BCR2 FFFFE260H | CCR3 FFFFE270H | BCR3

1H 1H 1H 1H

2H 2H 2H 2H

3H 3H 3H 3H

4H | CSR2 4H | NCR2 4R .CSR3 4H | NCR3

5H 5H 5H 5H

6H 6H 6H 6H

7H 7H 7H 7H

8H | SAR2 8H\| . DTCR2 8H|/SAR3 8H | DTCR3

9H 9H 9H 9H

AH AH AH AH

BH BH BH BH

CH | DAR2 CH CH | DAR3 CH

DH DH DH DH

EH EH EH EH

FH FH FH FH
Address | Mnemonic Address “{Mnemonic Address | Mnemonic Address | Mnemonic
FFFFE280H [NDCR FFFFE290H FFFFE2AOH FFFFE2BOH

1H 1H 1H 1H

2H 2H 2H 2H

3H 3H 3H 3H

4H 4H 4H 4H

5H 5H 5H 5H

6H 6H 6H 6H

7H 7H 7H 7H

8H 8H 8H 8H

9H 9H 9H 9H

AH AH AH AH

BH BH BH BH

CH | DHR CH CH CH

DH DH DH DH

EH EH EH EH

FH FH FH FH
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[15] CS/WAIT Controller

Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFE400H | BMAO FFFFE410H FFFFE480H | BO1CS FFFFE490H
1H 1H 1H 1H
2H 2H 2H 2H
3H 3H 3H 3H
4H | BMA1 4H 4H | B23CS 4H
5H 5H 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H | BMA2 8H 8H-| BEXCS 8H
9H 9H 9H 9H
AH AH AH AH
BH BH BH BH
CH | BMA3 CH CH CH
DH DH DH BH
EH EH EH EH
FH FH FH FH
[16] CG
Address | Mnemonic Address | Mnemonic Address | Mnemonic Address | Mnemonic
FFFFEEOOH | SYSCRO FFFFEE10H | IMCGAO FFFFEE20H | EICRCG FFFFEE40H | Reserved
1H | SYSCR1 1H 1H | Reseryed 1H | Reserved
2H | SYSCR2 2H 2H | Reserved 2H | Reserved
3H | SYSCR3 3H 3H [.Reserved 3H | Reserved
4H | ADCCK 4H | IMCGBQ 4H 4H | Reserved
5H 5H 5H 5H | Reserved
6H 6H 6H 6H | Reserved
7H 7H 7H 7H | Reserved
8H 8H. [\Reserved 8H 8H | Reserved
9H 9H/| Reserved 9H 9H | Reserved
AH AH"| Reserved AH AH | Reserved
BH BH | Reserved BH BH | Reserved
CH CH CH CH
DH DH DH DH
EH EH EH EH
FH EH FH FH

[17] FLASH(PTASH only./Access to FLASH is not possible with DMA.)

Address

Mnemonic

FFFFE510H
1H
2H
3H

SEQMOD

4H
5H
6H
7H

SEQCNT

8H
9H
AH
BH

CH
DH
EH
FH

Address

Mnemonic

FFFFE520H

FLCS
1H
2H
3H

4H
5H
6H
7H

8H
9H
AH
BH

CH
DH
EH
FH
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[18] ROM correction(Access to FLASH is not possible with DMA.)
Address | Mnemonic

FFFFE540H | ADDREGO
1H
2H
3H
4H | ADDREG1
5H
6H
7H
8H | ADDREG2
9H
AH
BH
CH | ADDREG3
DH
EH
FH
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6. JTAG Interface

The TMP1942FDXB/CY XB processor provides a boundary-scan interface that is compatible with Joint Test
Action Group (JTAG) specifications, using the industry-standard JTAG protocol (IEEE Standard 1149.1/D6).

This chapter describes that interface, including descriptions of boundary scanning, the pins and signals used by
the interface, and the Test Access Port (TAP).

6.1 What Boundary Scanning Is

With the evolution of ever-denser integrated circuits (ICs),~surface<mounted devices, double-sided
component mounting on printed-circuit boards (PCBs), and buried-vias,~in-circuit tests that depend upon
making physical contact with internal board and chip connections have become more and more difficult to use.
The greater complexity of ICs has also meant that tests to fully exercisethese chips have become much larger
and more difficult to write.

One solution to this difficulty has been the development of boundary-scan circuits;Ahoundary-scan circuit
is a series of shift register cells placed between each pin and thednternal circuitry gfthe\C towwhich the pin is
connected, as shown in Figure 6.1.1. Normally, these boundarfy-scan cells are-bypassed; whenjthe IC enters test
mode, however, the scan cells can be directed by the/testprogram to pass data along-the shiftregister path and
perform various diagnostic tests. To accomplish this;the.tests'use the four signals-described in the next section:
TDI, TDO, TMS, TCK, and TRST.

Integrated Circuit

IC package pin —
[ |

Boundary-scan cells

Figure 6.1.1 JTAG Boundary-scan Cells

TMP1942CY/CZ-385



TX
TOSHIBA TMP1942CY/CZ Ia Fise”

6.2 Signal Summary

The JTAG interface signals are listed below and shown in Figure 6.2.1.

e TDI JTAG serial data in

e TDO JTAG serial data out

e TMS JTAG test mode select
e TCK JTAG serial clock input

e TRST JTAG test reset input

Instruction register

JTBI pin

JTDO pin
TAP Controller Bypass register

JTMS pin

114 0

JTCK pin
Boundary-scan register

TRST pin

Figure 6.2.1 JTAG Interface Signals and Registers

The JTAG boundary-scan mechanism (referred to in this chapter as JTAG mechanism) allows testing of the

connections between the processor,the printed circuit board to which it is attached, and the other components
on the eircuit\board.

The JTAG mechanism does-notprovide any capability for testing the processor itself.
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6.3 JTAG Controller and Registers
The processor contains the following JTAG controller and registers:
e Instruction register
e  Boundary-scan register
e  Bypass register
e ID Code register

e  Test Access Port (TAP) controller

The processor executes the standard JTAG EXTEST operation asseciated-with External Test functionality
testing.

The basic operation of JTAG is for the TAP controller state-machine-to monitor the JTMS input signal.
When it occurs, the TAP controller determines the test functionality to e implemented.(This_includes either
loading the JTAG instruction register (IR), or beginning a serial data-scan through a data register (DR), listed in
Table 6.3.1. As the data is scanned in, the state of the JTMS pin Signals each new data-word, and indicates the
end of the data stream. The data register to be selected is detérmined by the contents-of the Instruction register.

6.3.1 Instruction Register

The JTAG Instruction register includes-eight shift register-based eells; thisregister is used to select the
test to be performed and/or the test data.register to be accessed: As/listed in Table 6.3.1, this encoding
selects either the Boundary-scan register or.the Bypassregister or Device Identification register.

Table 6.3.1 JTAG Instruction Register Bit-Encoding

IrEthrSlJé:tgnLCSoBd)e Instruction Selected Data Register
0000 EXTEST Boundary Scan Register
0001 SAMPLE/PRELOAD Boundary Scan Register
0010 t0/1110 Reserved Reserved
1111 BYRASS Bypass register

Figure 66.3.1shows the format-af the-Instruction register

MSB LSB

Figure-66.3.1 Instruction Register

The instruction’ code is shifted out to the Instruction register from the LSB.

Figure 6.3.2 Instruction Register Shift Direction
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6.3.2 Bypass Register

The Bypass register is 1 bit wide. When the TAP controller is in the Shift-DR (Bypass) state, the data
on the TDI pin is shifted into the Bypass register, and the Bypass register output shifts to the TDO output
pin.

In essence, the Bypass register is a short-circuit which allows bypass of board-level devices, in the
serial boundary-scan chain, which are not required for a specific test. The!: gical location of the Bypass

D

register in the boundary-scan chain is shown in Figure6.3.3. Use of the B egister speeds up access
to boundary-scan registers in those ICs that remain active in the board-leve

Board
input /
& JTDO JTDI
— >
Board \
output JTDI

£

JTDO

JTDI JTDO
dl

|

IC package . @
Board @

ry Scan register includes all of the inputs and outputs of the TMP1942 processor, except
output and control signals. The pins of the TMP1942 chip can be configured to drive any

in the Boundary Scan register from the Shift-DR state. Incoming data to the
lill g while in the Capture-DR state with the Boundary Scan register enabled.
nregister is a single, 115-bit-wide, shift register-based path containing cells

d output pads on the TMP1942 processor.

er Operation

connected to all i

The TDI input is loaded to the LSB of the Boundary Scan register. The MSB of the Boundary Scan
register is retrieved from the JTDO output.
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6.3.4 Test Access Port (TAP)

The Test Access Port (TAP) consists of the five signal pins: TRST, TDI, TDO, TMS, and TCK. Serial
test data and instructions are communicated over these five signal pins, along with control of the test to be

executed.

As Figure shows, data is serially scanned into one of the three registers (Instruction register, Bypass
register, or the Boundary-scan register) from the TDI pin, or it is scanned from one of these three registers

onto the TDO pin.

The TMS input controls the state transitions of the main TAP controller;state-machine.

The TCK input is a dedicated test clock that allows serial JTAG\data to be shifted synchronously,

independent of any chip-specific o

e\ S\ )\

r system clocks.

TMS and TDI sampled on rising edge of TCK

Data scanned in serially

0

Instruction register

Lo o NS

\

TDBO-sampled pn falling edge of TCK

Datg scanned out serially

3 0

Instruction register

0

Bypass register

Boundary-scan registe

=R

Bypass register ]

Boundary-sean register

Figure 6.3.4~JTAG Test Access Port

TDO pin

Datdon the TDI and TMS pins isssampled on the rising edge of the TCK input clock signal. Data on
the DO-pin/changes on the falling edge’of the TCK clock signal.

6.3.5~_ TAR_Controller

The processor.implements the 16-state TAP controller as defined in the IEEE JTAC specification.

6.3.6 “Controller Reset

The TAP controller state machine can be put into Reset state the following:

e assertion of the TRST si

gnal (Low) resets the TAP controller.

e  keeping the TMS input signal asserted through five consecutive rising edges of TCK input.

In either case, keeping TMS asserted maintains the Reset state.
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6.3.7 TAP Controller

The state transition diagram of the TAP controller is shown in Figure6.3.5. Each arrow between states
is labeled with a 1 or 0, indicating the logic value of TMS that must be set up before the rising edge of
TCK to cause the transition.

1
Test-Logic-Reset [«
0

Y

0 ( I
Run-Test/Idle

Select-DR-Scan Select-IR*Scan

A
A 0 4 0
1 /—i Capture-DR . /—i Capture-IR
\f 0 y 0
A 1 y 1
\->‘ EXit 1-DR 1 \->‘ Exit 1-IR 1
v 0 L 0
Pause-DR 0 Pause-IR 0
A 1 Y l
0 Exit 2-DR @2-|R
A X 4 1
Upda@«—/ Update-IR
\Z
1 0 0

Figure 6.3.5’ TAP Controller State Diagram

The following paragraphs describe each of the controller states. The left vertical column in Figure6.3.5
is the data column, andythe right vertical column is the instruction column. The data column and
instruction column reference data register (DR) and instruction register (IR), respectively.
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Test-Logic-Reset

When the TAP controller is in the Reset state, the Device Identification register is selected as
default. The three most significant bits of the Boundary-scan register are cleared to 0, disabling
the outputs.

The controller remains in this state while TMS is high. If TMS is-held low while the controller is
in this state, then the controller moves to the Run-Test/Idle state:

Run-Test/Idle

In the Run-Test/Idle state, the IC is put in a test mode enly\when certain instructions such as a
built-in self test (BIST) instruction are present. For instructionsthat do not cause any activities
in this state, all test data registers selected by the current instruction retain their previous states.

The controller remains in this state while TMSris\held taw. When TMS s high;-the controller
moves to the Select-DR-Scan state.

Select-DR-Scan
This is a temporary controller state, Here, the }C does not exeeute any specific functions.

If TMS is held low when the controllér.is in this state, then-the controller moves to the
Capture-DR state. If TMS is héld high, the controller moves'to the Select-IR-Scan state in the
instruction column.

Select-1R-Scan
This is a temporary controller state. Here, the IC does not execute any specific functions.

If TMS is held low when the controlleris-in'this state, then the controller moves to the
Capture-IR state. If TMS is held high, the contraller returns to the Test-Logic-Reset state.

Capture-DR

lnthis/controtler state, if the fest dataregister selected by the current instruction on the rising
edgeof TCK has parallelinputs;sthen data can be parallel-loaded into the shift portion of the
data register. If the test data.register does not have parallel inputs, or if data need not be loaded
into the selected data register;.then the data register retains its previous state.

If TMS is held low Wwhile the controller is in this state, the controller moves to the Shift-DR state.
If TMS is held high, the controller moves to the Exit1-DR state.

Shift-DR
In this controlley state, the test data register connected between TDI and TDO shifts data one
stage forward towards its serial output.

When the controller is in this state, then it remains in the Shift-DR state if TMS is held low, or
moves to the Exitl-DR state if TMS is held high.
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Exit 1-DR
This is a temporary controller state.

If TMS is held low when the controller is in this state, the controller moves to the Pause-DR
state. If TMS is held high, the controller moves to the Update-DR state.

Pause-DR

This state allows the shifting of the data register selected by the instruction register to be
temporarily suspended. Both the instruction register and the data register retain their current
states.

When the controller is in this state, then it remains in'\the Pause“DR state if TMS is held low, or
moves to the Exit2-DR state if TMS is held high.

Exit 2-DR
This is a temporary controller state.

When the controller is in this state, then it retuyns to the Shift-DR state-if TMS is held low, or
moves on to the Update-DR state~if( TMS is_held high.

Update-DR

In this state, data is latched, on'the-falling edge of TCK, onta the parallel outputs of the data
registers from the shift registerpath. The data held at the\parallel output does not change while
data is shifted in the associated shift register path:

When the controller’is/in this state, it movés.to either the Run-Test/Idle state if TMS is held low,
or the Select-DR-Scarystate if TMS is held_high.

Capture-IR

In this state, data is parallel-loaded into‘the instruction register. The two least significant bits are
assigned the values “01”. The higher-order bits of the instruction register can receive any design
specificwalues. The/Capture-HR=state is used for testing the instruction register. Faults in the
instruction register, if any exist, may be detected by shifting out the data loaded in it.

When the controllgr/is in this state, it moves to either the Shift-IR state if TMS is low, or the
Exitl-IR state if TMS is high.

ShifttIR
In this state, the instruction register is connected between TDI and TDO and shifts the captured
data towardits serial output on the rising edge of TCK.

When the controller is in this state, it remains in the Shift-IR state if TMS is low, or moves to the
Exitl-IR state if TMS is high.
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e Exitl-IR
This is a temporary controller state.
When the controller is in this state, it moves to either the Pause-IR state if TMS is held low, or
the Update-IR state if TMS is held high.
e  Pause-IR
This state allows the shifting of the instruction register to be temporarily suspended. Both the
instruction register and the data register retain their current’states,
When the controller is in this state, it remains in the Pause-IR state if TMS is held low, or moves
to the Exit2-IR state if TMS is held high.
e Exit2-IR
This is a temporary controller state.
When the controller is in this state, it moves to-eithér the Shift-IR&tate if FMS is held low, or the
Update-IR state if TMS is held high.
e Update-IR
This state allows the instruction previously shifted into thé instruction register to be output in
parallel on the rising edge‘of TCK:-Then it beComes the current instruction, setting a new
operational mode.
When the controller is in_this/state, it moves to either the Run-Test/Idle state if TMS is low, or
the Select-DR-8can'state if TMS is high.
Table 6.3.2shows theg'boundary scan order of the-processor signals.
Table 6.3.2 TMP1942 JTAG/Boundary-Scan Ordering
[TDI] 1:P50 2: P51 3:P52 4: P53 5:P54 6:P55
7: P56 8: P57 9: P60 10- P61 11: P62 12: P63 13: P64
14: P65 15:P66 16: P67 17-P00 18:P01 19: PO2 20: P03
21: P04 22: P05 23:P06 24: P07 25: P10 26: P11 27: P12
28: P13 29:P14 30: P15 31: P16 32: P17 33: P20 34: P21
35: P22 36: P23 37: P24 38: P25 39: P26 40:P27 41: ALE
42: BW1 43:P30 44: P31 45: P32 46: P33 47: P34 48: P35
49: P36 50: P37 51:R40 52:P41 53:P42 54:P43 55:P44
56: P90 57. P91 58° P92 59: P93 60: P94 61: P95 62: P96
63: P97 64: PAO 65: PA1 66: PA2 67: PA3 68: PA4 69: PAS
70: PA6 71: PA7 72:RSTPUP 73: PCO 74: PC1 75: PC2 76:PC3
77:PC4 78:PC5 79: PC6 80:PC7 81:PFO 82: PF1 83: PF2
84: PF3 85: PF4 86: PF5 87: PF6 88:TEST1 89:RESET 90:PD6
91:PD7 92:NMI 93:BWO 94:PB0 95:PB1 96:PB2 97:PB3
98:PB4 99:PB5 100:PB6 101:PB7 102:PDO 103:PD1 104:PD2
105:PD3 106:PD4 107:PD5 108:PEO 109:PE1 110:PE2 111:PE3
112:PE4 113:PE5 114:PE6 115:PE7 [TDO]:
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6.4 Instructions for JTAG
This section defines the instructions supplied and the operations that occur in response to those instructions.
6.4.1 The EXTEST Instruction

This instruction is used for external interconnect test, and targets the/boundary scan register between
TDI and TDO. The EXTEST instruction permits BSR cells at output pins to shift out test patterns in the
Update-DR state and those at input pins to capture test results in the Capture-DR state.

Typically, before EXTEST is executed, the initialization pattern is first-shifted"into the boundary scan
register using the SAMPLE/PRELOAD instruction. In the Update-DR/state, the boundary scan register
loaded with the initialization pattern causes known data to be driven-immediately from the IC onto its
external interconnects. This eliminates the possibility of bus conflicts.damaging the IC outputs. The flow
of data through the boundary scan register while the EXTEST instruction is selected is shown in Figure
6.4.1, which follows:

Boundary Scan Path

INPUT E_E_ Core\Logic —E—E OUTPUT

DI [ >—— =] o

Figure 6.4.1 Test Data/FlowWhile the EXTEST Instruction is Selected

The following steps describe the basic test algorithm of an external interconnect test.
1. Initialize the TAR controller to the Test-Logic-Reset state.

2/ Xoad the instruction register with SAMBLE/PRELOAD. This causes the boundary scan
registér to be‘connected between FDILand TDO.

3. Initialize the boundary scan.register by shifting in determinate data.

4-Then, load the initidl test data into the boundary scan register.

5. Load the instruetion register with EXTEST.

6. Capture the dataapplied to the input pin into the boundary scan register.

7. Shift out the captured data while simultaneously shifting in the next test pattern.
8. Read out the data in the boundary scan register onto the output pin.

Steps 6 to 8 are repeated for each test pattern.
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6.4.2 The SAMPLE/PRELOAD Instruction

This instruction targets the boundary scan register between TDI and TDO. As the instruction's name
implies, two functions are performed through use of the SAMPLE/ PRELOAD instruction.

e SAMPLE allows the input and output pads of an IC to be monitored. While it does so, it does not
disconnect the system logic from the IC pins. The SAMPLE function occurs in the Capture-DR
controller state. An example application of SAMPLE is to take a snapshot of .the activity of the IC's
1/0 pins so as to verify the interaction between ICs during normal functional‘operation. The flow of
data for the SAMPLE phase of the SAMPLE/PRELOAD. instruction’is shown in Figure 6.4.2.

Boundary Scan Path

N
=>——— OUTPUT

e - @

K 5
0! [ >—— TR0

Figure 6.4.2 Test Data Flow While SAMPLE is Selected

o PRELOAD allows the boundary-scan register to be initialized before|another instruction is selected.
For example, prior to selectign \of the EXTEST/ipstruction, “initidlization data is shifted into the
boundary scan register using PRELOAD as described in\the previous subsection. PRELOAD
permits shifting of the baundary, scan register withoutinterfering with the normal operation of the
system logic. The flow of'datafor the PRELOAD phase-afthe SAMPLE/PRELOAD instruction is
shown in Figure 6.4/3

Boundary. Scan Path

INPUT, E—‘>— Core Logic —‘>—E OUTPUT

N
DI [ p—F>— B> oo
Figure 6.4.3 <Test Data Flow While PRELOAD is Selected

6.4.3~_The-BYPASS Instruction

This instruction targets-the’bypass register between JTDI and JTDO. The bypass register provides a
minimum length Serial path through the IC (or between JTDI and JTDO) when the IC is not required for
the current test. The BYPASS instruction does not cause interference to the normal operation of the
on-chip system logic. The flow of data through the bypass register while the BYPASS instruction is
selected is shown in Figure 6.4.4.

Bypass Register

N N
™ [ B>—] oo

1-bit

Figure 6.4.4 Test Data Flow While the Bypass Instruction is Selected
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6.5Note
This section describes details of JTAG boundary-scan operation that are specific to the processor.
e The DAOUTO, 1, 2, X2, and X1 signal pads do not support JTAG.
e Reset for JTAG
(1) JTAG circuit is initialized by TRST assertion. And then deassert TRST .

(2) Atinputto TMS =1 and asserted for more 5 TCK cycles.

TMP1942CY/CZ-396



TX
TOSHIBA TMP1942CY/CZ Ia RIS

7 1/0 Port Equivalent-Circuit Diagrams

e How to read circuit diagrams

The circuit diagrams in this chapter are drawn using the same gate symbols as for the 74HCxx
Series standard CMOS logic ICs.

The signal named STOP has a unique function. This signal goes attive-high if the CPU sets the
HALT bit when the STBY[1:0] field in the SYSCR2 register is programmed_to 01 (i.e., STOP mode)
and the Drive Enable (FRVE) bit in the same register is cleared. If the DRVEbit is set, the STOP
signal remains inactive (at logic 0).

e The input protection circuit has a resistor in the range of seyeral tensto several hundreds of ohms.

m PO(DOto D7 /ADO to AD7), P1(D8 to D15 / AD8 to AD15, A8\to A15), P2(A16 to A23, A0 to A7),
P92 to P97, PAO to PAG, PBO to PB6, PCO to PC5, PC7,RD0,-PD1, PD4, PEL1, PE4, PEG6, PE7,

PF3, PF6
\VCC
Output Data P-ch
Output Enable @IK N-cH

STOP

Input Data<—o<]ﬁ M [1 input/Output

Input Enable

m P30(RD), P31(WR ), DCLK, PCST3 to PCSTO0, SDAO/TPC,/TDO

Vce
Output-Data
Output
STOP
m P32to P36, P40ta P43
Vce
Output Data P-ch
Vce
Output Enable < N-ch > Programmable
STOP. Pull-up Resistor
Input data ‘—Mﬁ MWV o | Input/Output

Input Enable
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m P5 (ANO to AN7)

Analog Input
Channel Select L 1

Analog Input m—“—’W\/—D input

I
Input Data —oﬂ—c(lTi
Input Enable
m P6 (ANS to AN15)
Vce
[>0 | Programmahle
Analoa Input Pull-up Resistor
nalog Inpu
Channel Select L L
Analog Input [I]—‘ Input
Pull-up Control
Input Data —OQ—C(ZT'
Input Enable

= PD2, PD3, PD5, PEO, PE2,\PE3) PES5, PFO, PF2, PF4, PF5

Odtput\Data

X_:) | E> P-ch
Open-Drain $

Output-Enable —) o—— N-ch

Output Enable —H o~ |
STOP

Input Data 4—04—(1_‘ —\W L] Input/Output

Input Enable

m P90, P91, PA7, PB7, RC6, PF1

Vce
Output Data P-ch
Vce
Output Enable N-ch 1>04 Programmable

STOP Pull-up Resistor
Pull-up Control

Input Data <—o<]—ﬁ —\WV o] Input/Output

Input Enable

TMP1942CY/CZ-398



TX
TOSHIBA TMP1942CY/CZ Ia RIS

m PD6 (XT1), PD7 (XT2)

Clock
Input Enable

Input Data o o<} ___E)fc_iﬂfit?r_?i[c_uit“
» +— ] PD7(XT2)

Output Data
Output Enable HD |

Input Enable

Input Data <—A><]—¢f<]—‘
Output Data
Output Enable ‘E:)—| N .

STOP

[ PD6(XT1)

Low-Frequency
Oscillator Enable

= NMI , BWO to BW1, PLLOFF, RSTPUP

NMI < —o<g] A ] Input

Schmitt-Trigger,

PLLOFF

m RESET

Reset [ ] Input

Schmitt-Trigger

WDTOUT
Reset Enable

m DRESETDBGE, SDI/DINT, TCK, TMS, TDI

Debag Reset

Schmitt-Trigger

m TRST

Test Reset Input

Schmitt-Trigger
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m X1, X2

Oscillator Circuit

: ————W 1 x2
High-Frequency | J i
Oscillator Enable 10— B> [' < :
i - : W [ x1
Clock
m VREFH, VREFL
VREFON — D% 1 /pch

|—m—| [] VREFH

1 \Ladder'Resistor

[ YRERY

TMP1942CY/CZ-400



TOSHIBA

TX
TMP1942CY/CZ Ia Ris"

8. Notations, Precautions and Restrictions

8.1 Notations and Terms

1)

@)

1/0 register fields are often referred to as <register_mnemonic>.<field_name> for the interest of brevity.
For example, TRUN.TORUN means the TORUN bit in the TRUN register.

fc, fs, fsys, state
fosc:  Clock supplied from the X1 and X2 pins
fpll:  Clock generated by the on-chip PLL
fc: Clock selected by the PLLOFF pin
fs: Clock supplied from the XT1 and XT2 pins
fgear: Clock selected by the SYSCR1.GEAR[1:0] bits
fsys:  Clock selected by the SYSCR1.SYSCK bit
The fsys cycle is referred to as a state.

In addition, the clock selected by the SYSCR1.FPSEL/bit and the prescaler clock’ source selected by the
SYSCRO0.PRCK]1:0] bits are referred to as fperiph and-¢F0 respectively.

8.2 Precautions and Restrictions

1)

)

©)

(4)

(5)

(6)

(")

Processor Revision ldentifier
The Process Revision Identifier (PRId) register in the TX19 core of the TMP1942 contains 0x0000_2C91.

BWO0 to BW1 Pins

The BWO0 and BW1 pins must be_connected to the DVCC pin' to ensure that their signal levels do not
fluctuate during chip operation.

Oscillator Warm-Up Counter

If an external crystal is utilized, an interrupt signalprogrammed to bring the TMP1942 out of STOP mode
triggers the” en-chip warm<up counter. Thé system clock is not supplied to the on-chip logic until the
warm-up’ eounter expires.

Programmable Pull-up Resistors

When port pins are‘configured as-input ports, the integrated pull-up resistors can be enabled and disabled
urider’software control. The pull-up resistors are not programmable when port pins are configured as
output parts.

The relevant port registersare \programmed with the data resistor.

External’' Bus Mastership
The pin states whil€ the.bus-is granted to an external device are described in Chapter 7, 1/0 Ports.

Watchdog Timer (WDT)

Upon reset, the WDT is enabled. If the watchdog timer function is not required, it must be disabled after
reset. When relevant pins are configured as bus arbitration signals, the I/O peripherals including the WDT
can operate during external bus mastership.

A/D Converter (ADC)

The ladder resistor network between the VREFH and VREFL pins can be disconnected under software
control. This helps to reduce power dissipation, for example, in STOP mode.
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(8) Undefined Bits in I/O Registers

Undefined 1/0 register bits are read as undefined states. Therefore, software must be coded without

relying on the states of any undefined bits.

(9) Notations, Precautions and Restrictions

Overflow Exception #1

Problem:

When an overflow exception is taken, the EPC register might contain an_incorrect return address, pointing to

the instruction immediately following the one that caused an overflow.

The restart location in the EPC register should be the address of the.arithmetic instruetion that caused the

exception, rather than the following instruction.

Detects an/overflow and writes toEPC.

n Arithmetic Instruction (e.g., ADD) F D E M

n+4 Next Instruction F D E

M w

! NG

Instruction Pipeline Détectsan interrupt:

T

Writes to EPC.

EPC Register

In the above example, the processor writes address a-toxthe EPC register upon detection of an overflow.
However, executing the/ngxt instruction generates-an.interrupt at the same time, causing the processor to

rewrite the EPC register with address n+4 in the next cycle.

e Problem‘Causing Situation:

A) Software uses the ADD,/ADD}-or SUB instruction in the 32-bit ISA.

B), The ADD, ADDI or SUB instruction causes an overflow.

C)~.Another exception isrequested simultaneously with the overflow.

This\problem occurs when all of-these conditions are true.

Workarounds:

e  Before returning from the overflow exception handler, determine whether the instruction

pointed to by the EPC register caused an overflow.

e  Make sure that two arithmetic instructions will not appear consecutively.

e Disable interrupts prior to arithmetic instructions.

You should always use one of these workarounds to avoid this problem.

Note: Toshiba's compiler uses no instructions that could cause an overflow. Therefore, since
condition c) above never becomes true, this problem does not occur.
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Overflow Exception #2

Problem:

If an overflow exception caused a jump to the exception handler and the first instruction in that exception
handler caused another exception, the EPC register should point to the address.of the first instruction in the
exception handler. However, the EPC register might contain the address that cdused.the overflow exception.

e Problem-Causing Situation:

When, with the instruction pipeline full, an overflow exception wastaken at the following sequence
of instructions and then the first instruction in the ovérflow~exception handler causes another
exception

ADD, ADDI or SUB <= # Instruction that| causes an overflow
Jump or branch instruction <= # Instruction with a delay slot
Delay slot

Note: Toshiba's compiler uses no instructions that could cause_an ovesflow. Therefore, this
problem does not occur.

Workaround:

Don’t place a jump or branch instruction~immediately following an instruction that could cause an
overflow (ADD, ADDI or SUB).
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LWL and LWR Instructions

Problem:

The LWL or LWR instruction might provide incorrect results.

e  Problem-Causing Situation #1:

a.

The destination of a load instruction (LB, LBU, LH, LHU AW, tWL-or LWR) is identical to
that of the LWL or LWR instruction.

The instruction pipeline is full. (The load instruction and-the-LWL or LWR instruction will be
executed consecutively.)

The DMAC is programmed for data cache snooping. Once the load instruction is executed, the
DMAC initiates a DMA transaction. After it has\beensepviced, the LWLar LWR.instruction is
executed.

This problem occurs when all of these conditions/afe true.

e Problem-Causing Situation #2:

a.

The destination of a load instruction (LByYLBU, LH, LHU"LW, LWL or LWR) is identical to
that of the LWL or LWR instruction.

The Doze or Halt bit in the-€onfig register is setto. 1 immediately before the load instruction.

The instruction pipelineisfull. (The load instructionsand the LWL or LWR instruction will be
executed consecutivety:)

After the load instruction is executed, the processor.isput in the STOP, SLEEP or IDLE mode.

After an interfupt signaling brings the processor out of the STOP, SLEEP or IDLE mode, the
LWL or LWRVinstruetion is executed:

Note:

This-applies to-the case in which>ah, interrupt signaling does not generate an interrupt
upon exit-from STOP, SLEER of/IDLE mode. In other words, either the IEc bit in the
Status register is cleared (interrupts disabled), or if the IEc bit is set, the priority level of
the incoming interrupt signalingis lower than the mask level programmed in the CMask
field in the Status register. (Exitfrom STOP, SLEEP or IDLE mode can be accomplished
even with such settings.)

This problem occurs- when all of these conditions are true.

Wofkarounds:

To use the LWL or LWRinstruction,

1) Place a NOP between a load instruction and the LWL or LWR instruction, or

2) Disable the data cache snooping of the DMAC before the LWL or LWR instruction is executed.
Also, don’t put the processor in STOP, SLEEP or IDLE mode before the LWL or LWR

instruction is executed.
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Overflow Exception When a DSU Probe Is Used

Problem:

It looks as if an overflow exception caused a jump to the reset and nonmaskable exception vector address
(0OxBFC0_0000).

e Problem-Causing Situation:

When an overflow exception occurs, with the processor eonnected'to a DSU probe

Note: Toshiba’'s compiler uses no instructions that could cause’ an overflow. Therefore, this
problem does not occur.

Workaround:

Don’t place a jump or branch instruction immediately following aninstruction) that.could cause an
overflow (ADD, ADDI or SUB).

IDLE (Doze) Mode

Problem:

A deadlock might occur when returningte normal operating mode from IDLE (Doze) mode.

e  Problem-Causing Situation

When the DMAC jinitiates a DMA transaction-with snooping enabled after the Doze bit in the Config
registeris-set and befare the CPU clock-stops.

Workaround:;

If snooping is enabled, stop the DMAC before putting the processor in IDLE (Doze) mode.
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