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Preface

Thank you very much for making use of Toshiba microcomputer LSlIs.
Before use this LSI, refer the section, “Points of Note and Restrictions”.
Especially, take care below cautions.

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO), which can release the HALT mode may not be able to do so if they are
input during the period CPU is shifting to the HALT mode (for about 3 clocks of
fepn) with IDLEL or STOP mode (RUN and IDLE2 are not applicable to this case).
(In this case, an interrupt request is kept on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.




TOSHIBA TMP93CS44/S45

Low Voltage/Low Power
CMOS 16-bit Microcontrollers
TMP93CS44F/TMP93CS45F

1. Outline and Device Characteristics

The TMP93CS44/TMP93CS45 are high-speed, advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP93CS45 does not have a ROM, the
TMP93CS44 has a built-in ROM. Otherwise, the devices function in the same way.

The TMP93CS44F/TMP93CS45F are housed in 80-pin flat package (P-LQFP80-1212-0.50E).

The device characteristics are as follows:

(1) Original 16-bit CPU (900/L CPU)
e TLCS-90 instruction mnemonic upward compatible
e 16-Mbyte linear address space
e  General-purpose registers and register bank system

e 16-bit multiplication/division and bit transfer/arithmetic instructions

e Micro DMA: 4 channels (1.6 us per 2 bytes at 20 MHz)
(2) Minimum instruction execution time: 200 ns at 20 MHz

(3) Internal RAM: 2 Kbytes

Internal ROM: | Tmposcsaa 64-Kbyte ROM
TMP93CS45 None

(4) External memory expansion
e Can be expanded up to 16 Mbytes (for both programs and data)
e AMS/AMI6 pin (Select the external data bus width)

e Can mix 8- and 16-bit external data buses (Dynamic bus sizing)
(5) 8-bit timer: 4 channels
(6) 16-bit timer: 2 channels

030619EBP1

* The information contained herein is subject to change without notice.

« 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 patent or patent rights of TOSHIBA or others.

e TOSHIBA is continually working to improve the quality 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 a malfunction or failure of such TOSHIBA products could cause loss of human life, 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 for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office 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 energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made
at the customer’s own risk.

* The products described in this document are subject to the foreign exchange and foreign trade laws.

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law
and regulations.

o 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.

Purchase of TOSHIBA I2C components conveys a license under the Philips I12C Patent Rights to use
these components in an I2C system, provided that the system conforms to the I2C Standard
Specification as defined by Philips.
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(7) Serial interface: 2 channels

(8) Serial bus interface: 1 channel

e I2C bus mode

e  Clocked-synchronous 8-bit serial interface mode

(9) 10-bit AD converter: 8 channels

(10) High current output: 8 ports

(11) Watchdog timer

(12) Bus width/wait controller: 3 blocks

(13) Interrupt functions:

33

e 9 CPU interrupts

e 17 internal interrupts

e 7 external interrupts

(14) I/O ports

TMP93CS44

62 pins

TMP93CS45

44 pins

(15) Standby function: 4 HALT modes (RUN, IDLE2, IDLE1, STOP)

(16) Clock gear function

e  Dual clock operation

e High-frequency clock can be changed from fc to fc/16

(17) Wide range of operating voltage
e Vcc=27t05.5V

(18) Package
Type Number Package
TMP93CS44F
TMP93CS45F P-LQFP80-1212-0.50E

] 7-level priority can be set (except NMI and INTWD)

93CS44-2
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TOSHIBA TMP93CS44/S45
<«— VCC[2]
900/L CPU |
ANO to AN2 (P50 to P52) —»> <« Vssi2]
AN3/ADTRG (P53) —| , XWA wlA High- 1l
AN4 to AN7 (P54 to P57)—>»{ 10-bit 8-ch XBC BlC frequency I
AVCC—p> AD converter 0OSsC
AVSS —> XDE DLE
VREFH —> XHL H{L
VREFL—> XIX IX > CK
XIY lY
Xiz Iz Low- |l XT1(P66)
Do ggg% X serialio XSP sP frequency Lt XT2 (P67)
SCLKO/CTs0 (P62) <f»| (Channel 0) «—82-bits—> < Avs/avTe
TXD1 (P63) <> sR[_LF] <« EA
RXD1 (P64) <{>] (gﬁgﬁr'“'e/lol) [_pc 1] < ReseT
SCLK1/CTs1 (P65) €1 —p> ALE
<> TESTL/TEST2
Interrupt  [€T> INTO (P35)
WAIT (PP7701) :: controller  |e}— Nmi
P72 :Z
E;i <« port 7 Watchdog
P75 €1 timer
P76 <>
P77 €| 2-Kbyte RAM
Port0  |[«f> ADOto AD7*
(POO to PO7)
INTL/TIO (P40) <1>  g.bit timer
(Timer 0)
Port1 |« ADS8 to AD15/A8 to A15*
8-bit timer (P10toP17)
(Timer 1)
Port2 |« AOto A7/A16 to A23*
8-bit timer (P20 to P27)
(Timer 2)
—> RD (P30) *
8-bit timer Port 3 —T> WR (P31)*
TO3 (P41) <> (Timer 3) “T> HWR /SCK (P32)
64-Kbyte ROM V\t/ai}I
INT4/TI4 (P42) <> 16.pit timer controller
- 3 blocks
TS (043 <bl Giners (@ blocks)
INT6/TI6 (P45) <> _hit ti : : Serial bus  |«{» SO/SDA (P33)
INTZ/TI7 (P46) <1 125“?;};;”5“)9’ (#‘&ggg‘ggids'” the ) interface  [«}> SI'SCL (P34)
TOG6 (P47) <> controller

Note: The pin state after reset.

Product AM8/ AM16 Pin Function after Reset
TMP93CS44 “H” level Item in parentheses () are the initial setting after reset.
L Except for “*” pins, item in parentheses ( ) are the initial
H” level )
setting after reset.
TMP93CS45 Except for “*” pins, item in parentheses ( ) are the initial
“L” level setting after reset. However, port 1 is initialized item of out
parentheses.

Figure 1.1 TMP93CS44/TMP93CS45 Block Diagram

93CS44-3
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2.

2.1

Pin Assignment and Functions

The assignment of input and output pins for the TMP93CS44/TMP93CS45, their names and

functions are described below.

Pin Assignment

Figure 2.1.1 shows pin assignment of the TMP93CS44F/TMP93CS45F.

LS MmN dHO
AAAAAAAA o~
NohYTooNdoLLILILIILL2D
$S585$35R35955555
QYd8285800088888
LLLLLLLLLLLLLLLL

[T P31(WR)
[T P30 (RD)
T vce
T p2s
T 1 P24
[TT 1 P23
T 1 p22
MTT—1 P17
T P16
[TT 1 P15
T P13
TT 1 P12

(SO/SDA) P33 [IT—] 61
(sl/scL) P34 CIT—]
(INTO) P35 [TT—]
(TIO/INTL) P40 CIT—]
(TO3) P41 CIT—] 65
(TI4/INT4) P42 CTT—]
(TIS/INTS5) P43 O]
(TO4) P44 CIT—]
(TIB/INT6) P45 CTT—]
(TI7/INT7) P46 (] 70
(To6) P47 CIT—]
VREFH OT—]
VREFL OI1T—]

AvSs OT—]

Avcc O] 75

(ANO) P50 CTT—]
(AN1) P51 CIT—]
(AN2) P52 CIT—]
(AN3/ ADTRG ) P53 [ITT—]
(AN4) P54 CIT—] 80

60 [T P32 (AWR/SCK)

55T 1 P26
50 11 P21
45111 P14

[T P11
4111 P10

TMP93CS44F/45F
QFP80

Top view

O

Figure 2.1.1 Pin Assignment (P-LQFP80-1212-0.50E)

[N —
pe0 115
pe1 C1T]
pe2 1T
P63 1T
P64 [1T]
P65 C—I1]10
p70 1T
p71 IO
vss I
p72 CTT
p73 1115
p74 IO
p75 CTT
p76 C11]
p77 1T
CcLK =TT 20

(AN5) P55 CIT]1
(AN6) P56 I

(AN7) P57 IO

(WAIT,

(TXD1
(RXDL
(SCLK1/CTS1

(TXDO
(RXDO
(SCLKO/CTS0

40

35

30

25

21

PO7 (AD7)
P06 (AD6)
PO5 (AD5)
P04 (AD4)
P03 (AD3)
P02 (AD2)
PO1 (AD1)
POO (ADO)
ALE

vsS

vce
TEST2
TEST1
P67 (XT2)
P66 (XT1)
RESET

EA

X2

X1

AMB8/ AM16
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2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.

Table 2.2.1 to Table 2.2.3 show “Pin Names and Functions”.

Table 2.2.1 Pin Names and Functions (1/3)

Pin Names Num_ber I/O Functions
of Pins
P00 to PO7 8 1/0 [Port 0: I/O port that allows selection of I/O on a bit basis
ADO to AD7 3 states | Address/data (Lower): Bits 0 to 7 for address/data bus
P10 to P17 8 1/0 [Port 1: I/O port that allows selection of /0O on a bit basis
ADS8 to AD15 3 states | Address/data (Upper): Bits 8 to 15 for address/data bus
A8 to A15 Output | Address: Bits 8 to 15 for address bus
P20 to P27 8 1/0 | Port 2: 1/0 port that allows selection of 1/0 on a bit basis
(with pull-up resistor)
AO to A7 Output | Address: Bits 0 to 7 for address bus
Al16 to A23 Output |Address: Bits 16 to 23 for address bus
P30 1 Output | Port 30: Output port
RD Output |Read: Strobe signal for reading external memory
P31 1 Output | Port 31: Output port
WR Output | Write: Strobe signal for writing data on pins ADO to AD7
P32 1 1/0 | Port 32: 1/0 port (with pull-up resistor)
HWR Output |High write: Strobe signal for writing data on pins AD8 to AD15
SCK 1/0 |Mode clock SBI SIO mode clock
P33 1 1/0 | Port 33: 1/0 port
SO Output | Serial send data
SDA I/0 | SBI I°C bus mode channel data
P34 1 1/0 | Port 34: 1/0 port
SI Input | Serial receive data
SCL I/0 | SBI I°C bus mode clock
P35 1 1/0 | Port 35: 1/0 port
INTO Input | Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P40 1 1/0 [Port 40: I/0 port
TIO Input | Timer input O: Timer 0 input
INT1 Input | Interrupt request pin 1: Interrupt request pin with rising edge 1
P41 1 1/0 [Port 41: I/O port
TO3 Output | Timer output 3: 8-bit timer 3 output
P42 1 1/0 | Port 42: 1/0 port
TI4 Input | Timer input 4: Timer 4 input
INT4 Input | Interrupt request pin 4: Interrupt request pin with
programmable rising/falling edge i
93CS44-5 2004-02-10
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Table 2.2.2 Pin Names and Functions (2/3)

Pin Names Num_ber I/O Functions
of Pins
P43 1 1/0 | Port 43: 1/0 port
TI5 Input | Timer input 5: Timer 4 input
INTS Input | Interrupt request pin 5: Interrupt request pin with rising edge 4
P44 1 1/0 |Port 44: 1/0 port
TO4 Output | Timer output 4: Timer 4 output pin
P45 1 1/0 | Port 45: 1/0 port
TI6 Input | Timer input 6: Timer 5 input
INT6 Input | Interrupt request pin 6: Interrupt request pin with
programmable rising/falling edge I T
P46 1 1/0 | Port 46: 1/0 port
TI7 Input | Timer input 7: Timer 5 input
INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge 1
P47 1 1/0 | Port 47: 1/0 port
TO6 Output |Timer output 6: Timer 5 output pin
P50 to P52, 7 Input |Port 50 to Port 52, Port 54 to Port 57: Input port
P54 to P57
ANO to AN2, Input [ Analog input: Analog signal input for AD converter
AN4 to AN7
P53 1 Input [Port53: Input port
AN3 Input | Analog input: Analog signal input for AD converter
ADTRG Input | AD converter external start trigger input
P60 1 1/0 | Port 60: 1/0 port (with pull-up resistor)
TXDO Output | Serial send data 0
P61 1 1/0 | Port 61: 1/O port (with pull-up resistor)
RXDO Input | Serial receive data 0
P62 1 1/0 |Port 62: /0 port (with pull-up resistor)
SCLKO I/0 | Serial clock I/0 0
CTs0 Input | Serial data send enable 0 (Clear to send)
P63 1 1/0 |Port 63: /0 port (with pull-up resistor)
TXD1 Output |Serial send data 1
P64 1 1/0 | Port 64: 1/0 port (with pull-up resistor)
RXD1 Input | Serial receive data 1
P65 1 1/0 |Port 65: /0 port (with pull-up resistor)
SCLK1 1/0 | Serial clock 1/0 1
CTs1 Input | Serial data send enable 1 (Clear to send)
P66 1 1/0 |Port 66: /O port (Open-drain output)
XT1 Input | Low-frequency oscillator connecting pin
P67 1 1/0 |Port 67: 1/0 port (Open-drain output)
XT2 Output | Low-frequency oscillator connecting pin
93CS44-6 2004-02-10



TOSHIBA TMP93CS44/S45

Table 2.2.3 Pin Names and Functions (3/3)

Number

Pin Names - 1/0 Functions
of Pins
P70 1 1/0 | Port 70: 1/0 port (High current output available)
WAIT Input | WAIT: Pin used to request CPU bus wait (It is active in (1 + N) WAIT mode. Set by the

bus-width/wait control register)

P71 to P77 7 1/0 |Port 71 to Port 77: 1/O port (High current output available)

AVCC 1 Input | Power supply pin for AD converter

AVSS 1 Input |GND pin for AD converter (0 V)

VREFH 1 Input | Pin for high-level reference voltage input to AD converter

VREFL 1 Input |Pin for low-level reference voltage input to AD converter

NMI 1 Input | Non-maskable interrupt request pin: Interrupt request pin with falling edge. Can also be
operated at falling and rising edges by program.

X1 1 Input |High-frequency oscillator connecting pin

X2 1 Output |High-frequency oscillator connecting pin

RESET 1 Input |Reset: Initializes TMP93CS44/S45. (with pull-up resistor)

ALE 1 Output | Address latch enable. Can be disabled for reducing noise.

CLK 1 Output | Clock output: Outputs “fgys + 2" clock.

Pulled-up during reset.

Can be disabled for reducing noise.

EA 1 Input |External access:

“0” should be inputted with TMP93CS45.

“1" should be inputted with TMP93CS44.

AM8/ AM16 1 Input |Address mode: Selects external data bus width.

(The case of TMP93CS44)
“1" should be inputted. The data bus width for external access is set by chip
select/WAIT control register, port 1 control register.

(The case of TMP93CS45)
“0” should be inputted with fixed 16-bit bus width or 16-bit bus interlarded with 8-bit
bus. “1” should be inputted with fixed 8-bit bus width.

VCC 2 Input | Power supply pin (All VCC pins should be connected with GND (0 V).)
VSS 2 Input [GND pin (0 V) (All VSS pins should be connected with GND (0 V).)
TESTLU/TEST2 2 Output/Input | TEST1 should be connected with TEST2 pin. Do not connect to any other pins.

Note: Built-in pull-up resistors can be released from the pins other than the RESET pin by software.
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3. Operation

This section describes the functions and basic operational blocks of TMP93CS44/545 devices.
See the 7. “Points of Note and Restriction” for the using notice and restrictions for each block.

3.1 CPU

TMP93CS44/S45 devices have a built-in high-performance 16-bit CPU (900/L. CPU). (For
CPU operation, see TLCS-900/L CPU in the previous section.)

This section describes CPU functions unique to the TMP93CS44/S45 that are not described in
the previous section.

3.1.1 Reset

When resetting the TMP93CS44/S45 microcontroller, ensure that the power supply
voltage is within the operating voltage range, and that the internal high-frequency
oscillator has stabilized. Then set the RESET input to low level at least for 10 system

clocks (16 ps at 20 MHz). Thus, when turn on the switch, be set to the power supply voltage

is within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then hold the RESET input to low level at least for 10 system clocks.

Clock gear is initialized 1/16 mode by reset operation. It means that the system clock
mode fSYS is set to fc/32 (= fc/16 x 1/2).
When reset is accepted, the CPU sets as follows:

e  Program counter (PC) according to reset vector that is stored FFFFOOH to FFFF02H.
PC<7:0> < Stored data in location FFFFOOH
PC<15:8> < Stored data in location FFFF01H
PC<23:16> <« Stored data in location FFFF02H

e Stack pointer (XSP) for system mode to 100H.
e Bits IFF2 to IFFO of status register to 111. (Sets mask register to interrupt level 7.)
e MAX bit of status register to 1. (Sets to maximum mode.)
e Bits RFP2 to RFPO of status register to 000. (Sets register banks to 0.)
When reset is released, instruction execution starts from PC (Reset vector). CPU internal
registers other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows.
e Initializes built-in I/O registers as per specifications.

e Sets port pins (including pins also used as built-in I/Os) to general-purpose
input/output port mode.

e  Pulls up the CLK pin to “H” level.
e Sets the ALE pin to “L” level (the case of TMP93CS45), to High-impedance (High-Z)
(the case of TMP93CS44).

Note 1: By resetting, register in the CPU except program counter (PC), status register (SR) and
stack pointer (XSP) and the data in internal RAM are not changed.

Note 2: The CLK pin is pulled up to “H” level during reset. When the voltage is put down

externally, there is possible to cause malfunctions.

Figure 3.1.1 and Figure 3.1.2 show the reset timing chart of TMP93CS44 and
TMP93CS45.
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3.1.2 AM8/AM16 pin

(1) TMP93CS44

Set this pin to “H”. After reset, the CPU accesses the internal ROM with 16-bit bus

width. The bus width when the CPU accesses an external area is set by bus width/wait
control registers and the registers of port 1, which are described in section 3.6.3. (The
value of this pin is ignored and the value set by register is active.)

(2) TMP93CS45

1.

With fixed 16-bit data bus external 16-bit data bus or 8-bit data bus is selectable
Set this pm to “L”. Port 1, AD8 to AD15 and A8 to A15 pins are fixed to ADS8 to

AD15 functions. The values set in port 1 control register and port 1 function
register are invalid.

The external data bus width is set by the bus width/wait control register which
is described in section 3.6.3.

It is necessary to set the program memory to be accessed to 16-bit data bus after
reset.

With fixed external 8-bit data bus

Set this pin to “H”. Port 1, AD8 to AD15 and A8 to A15 pins are fixed to A8 to
A15 functions. The values set in port 1 control register and port 1 function register
are invalid.

The values of bit4 <BOBUS>, <B1BUS> and <B2BUS> in the bus width/wait
control register described in section 3.6.3 are invalid. The external 8-bit data bus
is fixed.
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP93CS44/545.

000000H Internal 1/0 A i 1
256. )

000080H (128 bytes) ar%% tzxt)e direct
— v

000100H f=================~""—1

Internal RAM
(2 Kbytes)
000880H

64-Kbyte area
(An)

External memory

010000H |---=========————————-

16-Mbyte area
(r32)
(-r32)
(r32+)

(r32 + d8/16)

(

(

FFO000H N

r32 +r8/16)
nnn)

64-Kbyte internal ROM External area
LalpEseEs) for TMP93CS45

FFFFOOH [==========~-=————————+
FFFFFFH Vector table (256 bytes) )

([ =Internal area)

Figure 3.2.1 Memory Map
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3.3 Dual Clock, Standby Function

Dual clock, standby control circuits consist of (1) System clock controller, (2) Prescaler clock
controller and (3) Standby controller.

The oscillator operating mode is classified to (a) Single clock mode (Only X1 and X2 pin), and
(b) Dual clock mode (X1, X2, XT1 and XT2 pin).

Figure 3.3.1 shows a transition figure. Figure 3.3.2 shows the block diagram. Figure 3.3.3
shows I/0 registers. Table 3.3.1 shows the internal operation and system clock.

Reset
RUN mode Instruction Release reset
(Stops only CPU) [nterra ]
IDLE2 mode Instruction NORMAL mode Instruction STOP mode

Interry Interrupt

(Stops CPU and AD) (fc/gear value/2) (Stops all circuits)

Instrugti

IDLE1 mode Interrupt
(Operates only oscillator)

NP

(a) Single clock mode transition figure

Reset

RUN mode Release reset
(Stops only CPU) ion

=
7}
=
=
Q

n

Y
Instruction NORMAL mode

Interru

IDLE2 mode
(Stops CPU and AD)

(fc/gear value/2)
X

Instrugtt Instruction

IDLE1 mode

(Operates only oscillator)

Interrupt

nstruction Interrupt STOP mode
RUN mode (Stops all circuits)
Stops only CPU Instruction
( p y ) ntern v
Instructi Instruction
IDLE2 mode  [Sromupt—»] SLOW mode
(Stops CPU and AD) (=" (fs/2)

IDLE1 mode

Interrupt
(Operates only oscillator)

N N

(b) Dual clock mode transition figure
Figure 3.3.1 Transition Figure

The clock frequency input from X1, X2 pin is called fc and the clock frequency input from
XT1, XT2 pin is called fs. The clock frequency selected by SYSCR1<SYSCK> is called
system clock fgpy. The devided clock of fgpy is called system clock fgys, and the 1 cycle of
fsys, is called 1 state.
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Table 3.3.1 Internal Operation and System Clock

. Oscillator System Clock
Operating Mode High Frequency | Low Frequency CPU Internal /O ¢
(fc) (fs) SYS
RESET Reset Reset fc/32
NORMAL Operate
Operate
Single | RUN Oscillation Programmable
lock Stop (fc/2, fcl4, fcl8,
clock | |pLE2 Stop only AD fc/16, fc/32)
Stop ’
IDLE1
Stop
STOP Stop Stop
RESET Stop Reset Reset fc/32
Oscillation
Programmable
NORMAL Programmable Operate (fc/2, fcl4, fcl8, fc/16, fc/32)
Dual SLOW Programmable Oscillation Operate fs/2
ua
clock |RUN Oscillator being used as system Programmable
IDLE2 clock: Oscillation Stop only AD (fc/2, fc/4, fc/8,
\DLE Other oscillator: Programmable Stop fc/16, fc/32, fs/2)
Stop
STOP Stop Stop
93CS44-14 2004-02-10
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System Clock Control Register 0
7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00BEH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High- Low- High- Low- Select clock | Warm-up Select prescaler clock
frequency |frequency |frequency |frequency |after timer 00: frpH
oscillator oscillator oscillator oscillator released (Write) 01:fs
(fc) (fs) (fc) after (fs) after STOP mode | ;. oo 10: fc/16
released released ' ) 11: (Reserved)
0: Stop 0: Stop STOP mode [ STOP mode |¢. 1o 1: Start timer
1: Oscillation [ 1: Oscillation 1:fs (Read)
0: Stop 0: Stop 0: End
1: Oscillation | 1: Oscillation warm up
1: Not end
warm up
System Clock Control Register 1
7 6 5 4 3 2 1 0
SYSCR1 | Bit symbol SYSCK GEAR2 GEAR1 GEARO
(006FH) | Read/Write R/W
After reset 0 1 | 0 I 0
Function Select Select gear value of high frequency (fc)
system 000: fc
clock 001: fc/2
A s
. : fo
1:fs 100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
Clock Output Control Register
7 6 5 4 3 2 1 0
CKOCR | Bit symbol - - ALEEN CLKEN
(006DH) | Read/Write RIW RW
After reset o | o 0/1 M2 [ gyq (e
Function Always write to “0”. ALE pin CLK pin
output control | output control
0: High-Z 0: High-Z
output output
1: ALE output | 1: CLK output
Watchdog Timer Mode Control Register
7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) | Read/Write R/W
After reset 1 o | o 0 o | o 0 0
Function WDT control WDT detection time Warm-up HALT mode 0: Don'tcare | Pin state
. timer 1: Connects control in
0: Disable 00: 2 fSYs 0:2% 00: RUN mode WDT STOP mode
. 01: z‘g/fsys frequency 01: STOP mode output to 0: /0 off
1: Enable 10: 221/fsys inputted 10: IDLE1 mode RESET 1 Remains
11: 2°°/fsYs 121 11: IDLE2 mode pin the state
frequency internally. before
inputted halt
Note 1: SYSCR1<bit7:4> and CKOCR<bit5:2> are read as “1”".
Note 2: In the TMP93CS44, resetting sets <ALEEN>, <CLKEN> bit to “0” (High-impedance ALE and CLK). In the

TMP93CS45, resetting sets <ALEEN>, <CLKEN> bit to “1” (output ALE and CLK). The CLK pin is internally

pulled up during reset regardless of the product types.
Note 3:

Writing “0” to SYSCR1<SYSCK> enables the high-frequency oscillator regardless of the value of

SYSCRO<XEN>. Additionally, writing “1” to <SYSCK> register enebles the low-frequency oscillator

regardless of th value of SYSCRO<XTEN>.
Figure 3.3.3 1/O Registers about Dual Clock, Standby

93CS44-16
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3.3.1  System Clock Controller

The system clock controller generates system clock (fsys) for CPU core and internal I/0.
It contains two oscillation circuits and clock gear circuit for high frequency (fc). The register
SYSCR1<SYSCK> changes system clock to either fc or fs, SYSCRO<XEN>, <XTEN>
controls enable/disable each oscillator, SYSCR1<GEARZ2:0> changes high-frequency clock
gear to either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fc/8 or fc/16), and these functions can reduce the
power consumption of the equipment in which the device is installed.

The system clock (fsyg) is set to fc/32 (fc/16 x 1/2) because of <XEN> = “1”, <XTEN> = “0”,
<SYSCK> = “0", <GEAR2:0> = “100” by resetting. For example, fSys is set to 0.625 MHz by
resetting the case of 20 MHz oscillator is connected to X1, X2 pins.

The high-frequency (fc) and low-frequency (fs) clocks can be easily obtained by connecting
a resonator to the X1/X2, XT1/XT2 pins, respectively. Clock input from an external
oscillator is also possible.

The XT1, XT2 pins have also port 66, 67 function. Therefore the case of single clock mode,
the XT1, XT2 pins can be used as I/O port pins.

(il High-frequency clock '----------5 (il Low-frequency clock ----=-------5
Pox X2 X1 X2 11 XTi XT2 XT1 )ﬁz i
i i i (Open) i
i 1 74HCUO4 1 1 .
i Refer to chapter | i |
i 5 “Application 1 | i
: zI Circuit.” - /I ,I H
| (a) Crystal/ceramic (b) External oscillator I 1 (c) Crystal resonator (d) External oscillator \
| resonator . !
Figure 3.3.4 Examples of Resonator Connection
Note 1: Note on using the low-frequency oscillation circuit.
In connecting the low-frequency resonator to ports 66 and 67, it is necessary to make the
following settings to reduce the power consumption.
(Connecting with resonators)
PB6CR<P66C:67C> =“11", P6<P66:67> = “00”
(Connecting with oscillators)
P6CR<P66C:67C> =“11", P6<P66:67> = “10”
Note 2: Accurate adjustment of the oscillation frequency.

The CLK pin outputs at 1/2 the system clock frequency (fsys/2) is used to monitor the oscillation
clock. With a system requiring adjustment of the oscillation frequency, an adjusting program
must be written.
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(1) Switching from NORMAL to SLOW mode
When the resonator is connected to X1, X2, or XT1, XT2 pin, the warm-up timer is

used to change the operation frequency after getting stabilized oscillation.

The warm-up time can be selected by WDMOD<WARM>.

This starting and ending of warm-up timer are performed like the following example

1, 2 by program.

Note 1: The warm-up timer is also used as a watchdog timer. So, when it is used as a
warm-up timer, the watchdog timer must be disabled.

Note 2: The case of using oscillator (Not resonator) with stabilized oscillation, a warm-up
timer is not need.

Note 3: The warm-up timer is operated by a oscillation clock. Therefore, warm-up time has

an error.

Table 3.3.2 Warm-up Time

Warm-up Time

WDMOD<WARM> Change to NORMAL Change to SLOW
0 (2"/frequency) 0.8192 (ms) 500 (ms)
1 (2'"%frequency) 3.2768 (ms) 2000 (ms)

at fc =20 MHz, fs = 32.768 kHz

93CS44-18
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Clock setting example 1:
Changing from the high frequency (fc) to the low frequency (fs).
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDCR EQU 005DH
WDMOD EQU 005CH
RES 7, (WDMOD) ; . .
Disables watchdog timer.
LD (WDCR), B1H ;
SET 4, (WDMOD) Sets warm-up time to 2'%/fs.
SET 6, (SYSCRO) Enables low-frequency oscillation
SET 2, (SYSCRO) Clears and starts warm-up timer.
WUP: BIT 2, (SYSCRO) ; )
Detects end of warm-up timer.
JR NZ, WUP ;
SET 3, (SYSCR1) ; Changes fgys from fc to fs.
RES 7, (SYSCRO) ;  Disables high-frequency oscillation.
SET 7, (WDMOD) ; Enables watchdog timer.
/L
<XEN> ( N—ro«
[}
X1, X2 pins AVAVAVAVAVAYAVAYAVAYAVAVAVAVAYAVAYAVAYAYA
] [}
<XTEN> / / :
XT1, XT2 pins I A YAVAVAVAVA|AVAVAVAVAVAVAVAVAV:

Warm-up timer

End of warm-up timer
<SYSCK>

System clock fgys

Comewhs \ [ cumswoys || :
- (- |
S T
\/\/\/E\/\/\/‘;\/\/\/\/\/\/}}/\/V/\V \WAWAWAN

»
:V \
]
]

Changes fsys Disables
fromfc to fs high frequency

Enables Clears and starts
low frequency warm-up timer
|
A\

End of warm-up timer
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Clock setting example 2:

Changing from the low frequency (fs) to the high frequency (fc).

SYSCRO EQU
SYSCR1 EQU

WDCR EQU
WDMOD EQU
RES
LD
SET
SET
SET
WUP: BIT
JR
SET
RES
SET
<XEN>
X1, X2 pins
<XTEN>
XT1, XT2 pins

Warm-up timer

End of warm-up timer
<SYSCK>

System clock fgys

006EH
006FH
005DH
005CH

7, (WDMOD)
(WDCR), B1H
4, (WDMOD
7, (SYSCRO
2, (SYSCRO
2, (SYSCRO
NZ, WUP

3, (SYSCR1)
6, (SYSCRO)
7, (WDMOD)

_—_

} Disables watchdog timer.

Sets warm-up time to 2"/fc.
Enables high-frequency (fc).

Clears and starts warm-up timer.

' } Detects end of warm-up timer.

Changes fgys from fs to fc.

Disables low-frequency oscillation.

Enable watchdog timer.

—/

(

| AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAV

~

\\/

N

<

-4

Counts up by fSYS \ /

Il
JAVAVAVAVAVAY(VAVAVAY:

Counts up”by fc

fs

\

fc
L

\WAWAW/

A

Enables
high frequency

\d

Clears and starts
warm-up timer

-

End of warm-up
timer

A4

Change fsys
from fs to fc

Disables
low frequency

NVANYAY//SANE\VAV/VAVAVAVAVAVAY,

93CS44-20
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(2) Clock gear controller

When the high-frequency clock fc is selected at SYSCR1<SYSCK> =“0”, the clock
gear select register SYSCR1I<GEARZ2:0> sets fFPH to either fc, fc/2, fe/4, fe/8, fc/16.

Switching fFpPH with the clock gear reduces the power consumption.

Clock setting example 3:

Changing gear value of the high-frequency clock
SYSCR1 EQU 006FH

LD (SYSCR1), XXXX0000B : Changes fgys to fc/2.
LD (SYSCR1), XXXX0100B : Changes fgys to fc/32.

X: Don’t care

(High-frequency clock gear changing)
To change the frequency of the clock gear, write the value to SYSCR1<GEAR2:0>
register. It is necessary to continue the warm-up time until changing after writing
the register value.

There is a possibility that the instruction next to the clock gear changing
instruction is executed by the clock gear before changing. To execute the
instruction next to the clock gear changing instruction by the clock gear after
changing, input the dummy instruction (Instruction to execute the write cycle) as
follows.

Example: SYSCR1 EQU 006FH
LD (SYSCR1), XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ; Dummy instruction.

Instruction to be executed by the clock gear after changing

X: Don’t care
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3.3.2

3.3.3

Prescaler Clock Controller

The 9-bit prescaler provides a clock to 8-bit timer 0, 1, 2, 3, 16-bit timer 4, 5, and serial
interface 0, 1.

The clock input to the 9-bit prescaler is selected either frpH, fc/16, or fs by
SYSCRO<PRCK1:0> register.

<PRCK1:0> register is initialized to “00” by resetting.

When the IDLE 1 mode (Operates only oscillator) is used, set TRUN<PRRUN> to “0” to
stop 9 bit prescaler before “HALT” instruction is executed.

Internal Clock Pin Output Function

CLK pin outputs fsys divided by 2 internal clock.

Outputs are specified by the clock output control register CKOCR<CLKEN>. Writing “1”
sets clock output, and writing “0” sets high impedance.

After reset, CKOCR<CLKEN> is depended on each product types. It is necessary to set
for each usage. Table 3.3.3 shows the value and operation after reset.

During reset, CLK pin is internally pulled up regardless of the value of <CLKEN>
register. See “TMP93CS44/545 Reset Timing Chart” in Figure 3.1.1 and Figure 3.1.2.

Table 3.3.3 <CLKEN> and CLK Pin Operation after Reset

Type Number | CKOCR<CLKEN> CLK Pin Operation

TMP93CS44 0 High impedance
TMP93CS45 1 fsys/2 clock output

Note: To set <CLKEN> = “0" and set CLK pin to high impedance, pull up externally to prevent
through current which follows to the input buffer of CLK pin.
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3.34

WDMOD
(005CH)

Standby Controller

(1) HALT mode

When the HALT instruction is executed, the operating mode changes RUN, IDLEZ2,
IDLE1 or STOP mode depending on the contents of the HALT mode setting register
WDMOD<HALTM1:0>. Figure 3.3.5 shows the alternative states of watchdog timer
mode registers.

Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
Read/Write R/W
After reset 1 o | o 0 o | o 0 0
Function Watchdog | Watchdog timer detect Warm-up HALT mode selection Runaway STOP
timer time selection timer detection mode pin
control 0:2"/clock 00: RUN mode internal reset | control
0: Disable 00: 215/fSYS frequency [01: STOP mode control 1 Drive
1: Enable 01: 2"fsys selection  [10: IDLE1 mode 1: Executes pins in
10: 2"%sys 1:2"clock  [11: IDLE2 mode internal resef STOP
11: 2% ffgys frequency by runaway | mode
selection detection
|—> Pin state control in STOP mode
0 1/0 off
1 Retains the state before halt
HALT mode setting
00 | RUN mode (Only CPU stop)
01 | STOP mode (All circuits stop)
10 | IDLE1 mode (Only oscillator operating)
11 | IDLE2 mode (Partial I/O operating)
—> Warm-up time selection at returning from the stop
mode (see Table 3.3.6)
0 |2"select clock frequency
1 | 2'"%select clock frequency
Figure 3.3.5 Watchdog Timer Mode Register
The futures of RUN, IDLE2, IDLE1 and STOP modes are as follows.

1. RUN: Only the CPU halts; power consumption remains unchanged.

2. IDLE2: The built-in oscillator and the specified I/O operates.

The power consumption is reduced to 1/2 than that during NORMAL
operation.

3. IDLE1: Only the built-in oscillator operates, while all other built-in circuits stop.
Consumption is reduced to 1/5 or less than that during NORMAL
operation.

4. STOP: All internal circuits including the built-in oscillator stop.

This greatly reduces power consumption.

93CS44-23
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The operations in the halt state is described in Table 3.3.4.
Table 3.3.4 1/O Operation during HALT Mode
HALT mode RUN IDLE2 IDLE1 STOP
WDMOD<HALTM1:0> 00 11 10 01
CPU Stop
1/0 Port Keep the state when the “HALT” instruction was executed. | See Table 3.3.7
8-bit timer
16-bit timer

BLOCK

Serial channel

Serial bus interface Operate

Stop
AD converter

Watchdog timer

Interrupt controller

(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt

release sources are determined by the combinations between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.5.

Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before executing the HALT instruction
exceeds the value of the interrupt mask register, the interrupt due to the source is
processed after releasing the HALT mode, and CPU starts executing an instruction
that follows the HALT instruction. When the interrupt request level set before
executing the HALT instruction is less than the value of the interrupt mask
register, releasing the HALT mode is not executed (in non-maskable interrupts,
interrupt processing is processed after releasing the HALT mode regardless of the
value of the mask register.)

However only for INTO interrupts, even if the interrupt request level set before
executing the HALT instruction is less than the value of the interrupt mask
register, releasing the HALT mode is executed. In this case, interrupt processing is
not processed, and CPU starts executing the instruction next to the HALT
instruction, but the interrupt request flag is held at “1”.

Note: Usually, interrupts can release all halts status. However, the interrupts = (NMI,

INTO) which can release the HALT mode may not be able to do so if they are
input during the period CPU is shifting to the HALT mode (for about 3 clocks of
fepH) with IDLE1 or STOP mode (RUN and IDLE2 are not applicable to this
case). (In this case, an interrupt request is kept on hold internally.)
If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.

Release by resetting

Releasing all halt status is executed by resetting.

When the STOP mode is released by RESET, it is necessary enough resetting
time (3 ms or more) to set the operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is executed. However the other setting
contents are initialized. (Releasing due to interrupts keep the state before the
“HALT” instruction is executed.)
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Table 3.3.5 Halt Releasing Source and Halt Releasing Operation

Interrupt Receiving Status Interrupt Enable Interrupt Disable
(Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT mode
RUN | IDLE2 | IDLE1 | STOP | RUN | IDLE2 | IDLE1 | STOP
NMI . . . * - - - -
INTWDT ¢ X x x - — — -
INTO . . . *’ o o o o
INT1, INT4 to INT7 . . x x x x x x
INTTO to INTT3 * * X X x x X X
,el';:s'}ng Interrupt | INTTR4 to INTTR7 . . x % x x “ o
source INTTO4, INTTO5 . . x x x x x x
INTRXO, INTTXO . . x x x x x x
INTRX1, INTTX1 . . x x x x x x
INTS2 * * X X X x X X
INTAD . x x x x X X
RESET . * . * . * *

After releasing the HALT mode, CPU starts interrupt processing. (RESET initializes LSI.)
After releasing the HALT mode, CPU starts executing an instruction that follows the HALT
instruction.

X! It can not be used to release the HALT mode.

- This combination type does not exist because the priority level (Interrupt request level) of
non-maskable interrupts is fixed to highest priority level “7”.

*1: Releasing the HALT mode is executed after passing the warm-up time.

Note:  When releasing the HALT mode is executed by INTO interrupt of the level mode in the interrupt
enabled status, hold level “H” until starting interrupt processing. If level “L” is set before holding level

“L”, interrupt processing is correctly started.

(Example releasing “RUN” mode)
INTO interrupt releases halt state when the RUN mode is on.

Address |
8203H LD (lIIMC), 00H ; Selects interrupt rising edge for INTO.
8206H LD (INTEOAD), 06H ; Sets interrupt level to “6” for INTO.
8209H El 5 ; Sets interrupt level to “5” for CPU.
820BH LD (WDMOD), 00H ; Sets HALT mode to “RUN".
820EH HALT ; Halts CPU.
i
INTO _/_\_ » INTO interrupt routine
I
I

820FH LD RETI
[}
|

When halt is released by reset, the states (Including those of the internal RAM)
before halt state was entered can be maintained. However, if the HALT instruction is
executed within the internal RAM, the contents of the RAM may not be maintained. In
this case, we recommend releasing the halt state using INTO.
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(3) Operation
1. RUN mode

In the RUN mode, the system clock continues to operate even after a HALT
instruction is executed.

Only the CPU stops executing the instruction. In the halt state, an interrupt
request is sampled with the falling edge of the “CLK” signal.

Releasing the RUN mode is executed by the external/internal interrupts. (See
Table 3.3.5 “Halt Releasing Source and Halt Releasing Operation”.)

Figure 3.3.6 shows the interrupt timing for releasing the halt state by
interrupts in the RUN/IDLE2 mode.

A AV AY AV aY Y aveVal aValavavava
CLK X X X

]
|
T
]
:
A0 to A23 X Address '
i
|
T
]

Address + 2

ALE

e e 4 - {Bea } |- -

(
}

ADO to AD15 = |- ~fadaresd)~ - ( Data } - F - fadresgt- —|- - - §§ - - - -
(

RD / )

WR

NMI

5

1

i
(LL':I/ZIO) i 55—/ i

A

! \

!

INT1, INT4 to INT7
(Rising edge)

INT4, INT6
(Falling edge)

Internal INT

)
RUN/IDLE2
mode

Figure 3.3.6 Timing Chart for Releasing the Halt State by Interrupt in RUN/IDLE2
Modes

2. IDLE2 mode

In the IDLE2 mode, the system clock is supplied to only specific internal I/O
devices, and the CPU stops executing the current instruction.

In the IDLE2 mode, the halt state is released by an interrupt with the same
timing as in the RUN mode. The IDLE2 mode is released by external/internal
interrupt, except INTWDT/INTAD interrupts. (See Table 3.3.5 “Halt Releasing
Source and Halt Releasing Operation”.)

In the IDLE2 mode, the watchdog timer should be disabled before entering the

halt status to prevent the watchdog timer interrupt occurring just after releasing
the HALT mode.
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|
(¢ !

ewe XXX A LT
|

— (¢
A0toA23 Address 4 ! Addrgss + 2

] )] H
ALE E
|
|
[

ADO to AD15 - —|- ~addresg~ |- ~{ Data ) =|- = = 1

(Level)

(Rising edge)

IDLE1 mode

In the IDLE1 mode, only the internal oscillator operates. The system clock in
the MCU stops, the CLK pin is fixed at the level “H” in the output enable
(CKOCR<CLKEN> = “17).

In the halt state, and interrupt request is sampled asynchronously with the
system clock, however the halt release (Restart of operation) is performed
synchronously with it.

IDLE1 mode is released by external interrupts (NMI, INTO). (See Table 3.3.5
“Halt Releasing Source and Halt Releasing Operation”.)

When the IDLE1 mode is used, setting TRUN<PRRUN> to “0” to stop 9-bit
prescaler before “HALT” instruction reduces the power consumption.

Figure 3.3.7 illustrates the timing for releasing the halt state by interrupts in
the IDLE1 mode.

<
>

Xt _ I\ S S \Y YAV AV AW AW N

e e R B e T B B s

- =-=-- -—(’-\ddress)————(Data)————
/____

|

T

1

1

1
R L
o~ I~ T~

& /

WR

[ S Y
=~ I~

N

INTO

”
——- ]
_—

=
-

f

IDLE1 mode —»}
I

INTO (
¥

J~

¢

Figure 3.3.7 Timing Chart of Halt Released by Interrupts in IDLE1 Mode

93CS44-27 2004-02-10



TOSHIBA TMP93CS44/S45

4. STOP mode

The STOP mode is selected to stop all internal circuits including the internal
oscillator. The pin status in the STOP mode depends on setting of a bit in the
watchdog timer mode register WDMOD<DRVE>. (See Figure 3.3.5 for setting of
WDMOD<DRVE>.) Table 3.3.7 summarizes the state of these pins in the STOP
mode.

The STOP mode is released by external interrupts (NMI, INT0). When the
STOP mode is released, the system clock output starts after warm-up time
required to attain stable oscillation. The warm-up time can be set using
WDMOD<WARM>. See the example of warm-up time (Table 3.3.6).

In a system which supplies stable clock generated by an external oscillator, the
warm-up time can be reduced by using the setting of T45CR<QCU>.

Figure 3.3.8 illustrates the timing for releasing the halt state by interrupts
during the STOP mode.

Wgrm-up
i i time i
AW AY AW AW AW a R WAV AW aWaWaWaWs
o X X XF-$-- | |/ \
AotoA2s Address )I— -4§-- TE e ﬂ Addréss + 2
ne i +— |
ADO to AD15 ————(Address)—- —'( Data)—————- —‘;-—SS——-E—SS —————— 'SS————"—(Address)———-( Data )—- -
RD / i \_33 - /;—S(, 4 /
WR E \_33 - ,4:_5(: 4
o Lt i H (
NMI : ) | 12
INTO i . : '
(Level) : ) Lo
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Figure 3.3.8 Timing Chart of Halt State Release by Interrupts in STOP Mode
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Table 3.3.6 The Example of Warm-up Time after Releasing the STOP Mode

Clock Operation Frequency Warm-up Time [ms]
Clock Frequency
after the STOP Mode [ \wpMOD<WARM> =0 | WDMOD<WARM> = 1

fc 0.8192 3.2768

fc/2 1.6384 6.5536

fc/4 3.2768 13.1072 fc = 20 MHz

fc/8 6.5536 26.2144

fc/16 13.1072 52.4288

fs 500 2000 fs = 32.768 kHz

How to calculate the warm-up time
WDMOD<WARM>=0: Clock operation frequency after the 2"*/STOP mode.
WDMOD<WARM> =1:  Clock operation frequency after the 2'®/STOP mode.

The NORMAL/SLOW mode selection is possible after released STOP mode. This is
selected by SYSCRO<RSYSCK>. Therefore, Setting to <RSYSCK>, <RXEN>,
<RXTEN> is necessary before “HALT” instruction is executed.

Setting example: The STOP mode is entered when the low-frequency (fs) operates, and after that
high-frequency operates after releasing by NMI.

Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH
8FFDH LD (SYSCR1), 08H - fsys = fs/2.
9000H RES 4, (WDMOD) ; Sets warm-up time to 2"/fc.
9002H LD (SYSCRO0), -11000 - - B ; Operates high frequency after released.
9005H HALT
[}
NV \ ' » Clears and starts warm-up timer.
(High frequency)¢
End
NMI Int?rrupt routine.
I
9006H LD XX, XX RETI
I
I
—: No change
Note: When different modes are used before and after STOP mode as the above mentioned, there is

possible to release the HALT mode without changing the operation mode by acceptance of the
halt release interrupt request during execution of “HALT” instruction (during 8 states). In the
system which accepts the interrupts during execution “HALT” instruction, set the same
operation mode before and after the STOP mode.
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Table 3.3.7 Pin States in STOP Mode
. TMP93CS44 TMP93CS45
Pin Name I/O
<DRVE>=0 | <DRVE>=1 | <DRVE>=0 | <DRVE> =1
P00 to P07 Input mode A A X X
Output mode High-Z Output X X
ADO to AD7 High-Z High-Z High-Z High-Z
P10 to P17 Input mode A A X X
Output mode/A8 to A15 High-Z Output X X
AD8 to AD15 High-Z High-Z High-Z High-Z
P20 to P27 Input mode A A A A
Output mode A0 to A7/A16 to A Output A Output
A23
P30 (RD), P31 (WR) | Output High-Z Output High-Z “H” level output
P32 (HWR/SCK) Input mode PU* PU
Output mode PU* Output
P33 to P35 Input mode Invalid Invalid
Output mode High-Z Output
P40 to P47 Input mode Invalid Invalid
Output mode High-Z Output
P50 to P57 Input A A
P60 to P65 Input mode PU* PU The same as for
p TMP93CS44
Output mode PU* Output
P70 to P77 Input mode Invalid Invalid
Output mode High-Z Output
NMI Input Input Input
ALE Output (<ALEEN> =1) “L” level output “L” level output
CLK Output (<CLKEN> = 1) High-Z “H” level output
RESET Input Input Input
EA Input “H” level fix “H” level fix “L” level fix “L” level fix
AM8/ AM16 Input “H” level fix “H” level fix Input Input
X1 Input Invalid Invalid
X2 Output “H” level output “H” level output
P66 Input mode Invalid Invalid
Output mode High-Z Output* The same as for
XT1 n ] TMP93CS44
P67 Input mode Invalid Invalid
Output mode High-Z Output*
XT2 ] [ ]
Input: Input gate in operation. Fix input voltage to 0 or 1 so that the input pin stays constant.
Output:  Output state.
Output*: Open-drain output state. Input gate in operation. Set output to “L” or attach pull up on pin so that the input gate stays
constant.
Invalid:  Input is not accepted.
High-Z:  Output is at high impedance.
PU: Programmable pull-up pin in input gate in operation. Fix the pin to avoid through current since the input gate
operates when a pull-up pin resistor is not set.
PU*: Programmable pull-up pin in input gate disable state. No through current even if the pin is set to high impedance.
A: When a HALT instruction is executed and the CPU stops at the address of the port register, an input gate operates.
Fix the pin to avoid through current, and change the program.
x: Cannot set.
('R To connect a low-frequency resonator to port 66 and port 67, it is necessary to set the following procedures to reduce
the consumption power supply.
(Connecting to a resonater)
Set P6BCR<P66C:67C> ="11", P6<P66:67> = “00"
(Connecting to an oscillator)
Set P6BCR<P66C:67C>=“11", P6<P66:67>=“10"
Note: Port registers are used for controlling programmable pull up. If a pin is also used for an output function (e.g., TO3) and

the output function is specified, whether pull up is selected depends on the output function data. If a pin is also used for
an input function, whether pull up is selected depends on the port register setting value only.
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3.4

Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop <IFF2:0> and the
built-in interrupt controller.
Altogether the TMP93CS44/S45 have the following 33 interrupt sources:

Internal interrupts .........ccccevvvvneenenn. 26
e  Software interrupts: 8
e Illegal instruction execution: 1

e Interrupts from built-in I/Os: 17

External interrupts ........ccccveeeeeeennn. 7

e External pins (NMI, INTO, INT1, INT4, to INT7)

A fixed individual interrupt vector number is assigned to each interrupt source; six levels of
priority can also be assigned to each maskable interrupt. Non-maskable interrupts have a fixed
priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the priority of the
interupt source to the CPU. When more than one interrupt is generated simultaneously, the
interrupt controller sends the value of the highest priority (7 for non-maskable interrupts is the
highest) to the CPU.

The CPU compares the value of the priority sent with the value in the CPU interrupt mask
register <IFF2:0>. If the value is greater than that the CPU interrupt mask register, the
interrupt is accepted. The value in the CPU interrupt mask register <IFF2:0> can be changed
using the EI instruction (Executing EI n changes the contents of <IFF2:0> to n). For example,
programming EI 3 enables acceptance of maskable interrupts with a priority of 3 or greater, and
non-maskable interrupts which are set in the interrupt controller. The DI instruction (<IFF2:0>
=17) operates in the same way as the EI 7 instruction. Since the priority values for maskable
interrupts are 0 to 6, the DI instruction is used to disable acceptance of maskable interrupts.
The EI instruction becomes effective immediately after execution (with the TLCS-90, the EI
instruction becomes effective after execution of the subsequent instruction).

In addition to the general-purpose interrupt processing mode described above, there is also a
micro DMA processing mode. Micro DMA is a mode used by the CPU to automatically transfer
byte or word data. It enables the CPU to process interrupts such as data saves to built-in I/Os at
high speed.

Figure 3.4.1 is a flowchart showing overall interrupt processing.

93CS44-31 2004-02-10



TOSHIBA TMP93CS44/S45

Interrupt processing

Read interrupt vector V.
Clear interrupt request F/F.

Start vector

Yes
match of vector V and
— micro DMA l
No Data transfer by
micro DMA
Y
PUSH PC l
PUSH SR
General-purpose : COUNT «- COUNT -1
] purposf SR<IFF2:0> « Agcepted <« Micro DMA
interrupt processing interruput ;
processing
level +1
INTNEST « INTNEST + 1
Yes
COUNT=0
— PC « (FFFFOOH + V)
No -

L

Interrupt processing
program

|

RETI instruction

POP SR
POP PC
INTNEST « INTNEST - 1

Y
End

Figure 3.4.1 Interrupt Processing Flowchart
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34.1

General-purpose Interrupt Processing

When accepting an interrupt, the CPU operates as follows. In the cases of software
interrupts or interrupts generated by the CPU because of attempts to execute illegal
instructions, the following steps (1) and (3) are not executed.

(1) The CPU reads the interrupt vector from the interrupt controller. When more than one
interrupt with the same level is generated simultaneously, the interrupt controller
generates interrupt vectors in accordance with the default priority (which is fixed as
follows: The smaller the vector value, the higher the priority), then clears the interrupt
request.

(2) The CPU pushes the program counter and the status register to the system stack area
(Area indicated by the system mode stack pointer (XSP)).

(3) The CPU sets a value in the CPU interrupt mask register <IFF2:0> that is higher by 1
than the value of the accepted interrupt level. However, if the value is 7, 7 is set
without an increment.

(4) The CPU increments the INTNEST (Interrupt nesting counter).

(5) The CPU jumps to address stored at FFFFOOH + interrupt vector, then starts the
interrupt processing routine.

The following diagram shows all the above processing state number.

Bus Width of Stack Bus Width of Interrupt Processing State
Area Interrupt Vector Area Number
8 bits 8 bits 35
16 bits 31
) 8 bits 29
16 bits -
16 bits 25

To return to the main routine after completion of the interrupt processing, the RETI
instruction is usually used. Executing this instruction restores the contents of the program
counter and the status registers and decrements INTNEST (Interrupt nesting counter).

Though acceptance of non-maskable interrupts cannot be disabled by program,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts an interrupt request with a priority higher than the value in
the CPU mask register <IFF2:0>. The CPU mask register <IFF2:0> is set to a value higher
by 1 than the priority of the accepted interrupt. Thus, if an interrupt with a level higher
than the interrupt being processed is generated, the CPU accepts the interrupt with the
higher level, causing interrupt processing to nest.

The interrupt request with a priority higher than the accepted now interrupt during the
CPU is processing above (1) to (5) is accepted before the 1’st instruction in the interrupt
processing routine, causing interrupt processing to nest. (This is the same case of over
lapped each non-maskable interrupt (Ievel 7).) The CPU does not accept an interrupt
request of the same level as that of the interrupt being processed.

Resetting initializes the CPU mask registers <IFF2:0> to 7; therefore, maskable
interrupts are disabled.
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The following (1) to (5) show a flowchart of interrupt processing.

(1) Maskable interrupt (2) Non-maskable interrupt
(Main) (INTTO interrupt routine) (Main) (NMI interrupt routine)
Ell D1
(1] IFF 2 [1] IFF « 7
l /[2] i /[2]
INTTO NMI
(Level 1) [3] (Level 7) [3]
[5] [4] RETI [5] [4] RETI
l IFF <1 l IFF « 7
During execution of the main program, the CPU Dl instruction is executed in the main program, so that
accepts an interrupt request. The CPU increments the the interrupts of only level 7 are accepted. The CPU
IFF so that the interrupts of level 1 are not accepted does not increment the IFF even if the CPU accepts
during processing the interrupt routine. an interrupt request of level 7.
(3) Interrupt nesting (4) Software interrupt
(Main) (INTTO interrupt routine) (INTT1 interrupt routine) (Main) (SWI3 routine)
El 3 D1
IFF « 4 [3] IFF « 5
(1] (1] 2]
i INTTl 5] i /
INTTO (Level 4) SWI3
(Level 3) —|_ [3]
| [7] RETL . AN v
(9] [8] [6] ] [4_  RET
IFF <3 RETI IFF « 4
During processing the interrupts of level 3, the IFF is set to 4. The CPU accepts the software interrupt request
When an interrupt with a level higher than level 4 is generated, during DI status (IFF = 7) because of the level 7.
the CPU accepts the interrupt with the higher level, causing The IFF is not changed by the software interrupts.

interrupt processing to nest.

(5) Interrupt sampling timing

(INTTO interrupt routine)
(Main)

El3 / (3]
1 (:21\')’;14) Example: (Underline): Instruction
XXX 11, [2], ...: Execution flow
/[2]

INTTO

(Level 3) [6] 5] (4l
| ~ ! |
[j] [71 WREﬂ RETI

If an interrupt with a level higher than the interrupt being
processed is generated, the CPU accepts the interrupt with the
higher level. The program counter which returns at e is the start
address of INTTO interrupt routine.
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The addresses FFFFOOH to FFFFFFH (256 bytes) of the TMP93CS44/S45 are assigned
for interrupt vector area.

Table 3.4.1 TMP93CS44/S45 Interrupt Table

Addr :
Default Priority Type Interrupt Source Vect?{/’\’/alue Ri?e?fg g;{%ggfﬁr
Vector
1 Reset or SWIO0 instruction 0OO0OO0OH|(FFFFOOH -
2 SWI 1 instruction 0004 H|FFFFO4H -
3 lllegal instruction, or SWI2 0008 H|FFFFO8H -
4 SWI 3 instruction 00O0CH|FFFFOCH -
5 Non- SWI 4 instruction 0010H|(FFFF10H -
6 maskable | swi 5 instruction 0014H|FFFF14H -
7 SWI 6 instruction 0018 H|FFFF18H -
8 SWI 7 instruction 001CH|FFFF1CH -
9 NMI: NMi pin input 0020H|FFFF20H 08H
10 INTWD: Watchdog timer 0024 H|FFFF24H 09H
11 INTO: INTO pin input 0028H|FFFF28H 0AH
12 INT1: INT2 pin input 002 CH|FFFF2CH OBH
13 INT4: INT4 pin input 0O030H|FFFF30H OCH
14 INTS: INT5 pin input 0034H|FFFF34H ODH
15 INT6: INT6 pin input 003 8H|FFFF38H OEH
16 INT7: INT7 pin input 003 CH|FFFF3CH OFH
17 INTTO:  8-bit timer O 0O040H|FFFF40H 10H
18 INTT1:  8-bit timer 1 0044H|FFFF44H 11H
19 INTT2:  8-bit timer 2 0048H|FFFF48H 12H
20 INTT3:  8-bit timer 3 004 CH|FFFF4CH 13H
21 INTTR4: 16-bit timer 4 (TREG4) OO0O50H|FFFF50H 14H
22 INTTRS: 16-bit timer 4 (TREG5) 0054 H|FFFF54H 15H
23 Maskable |INTTR6: 16-bittimer 5 (TREG6) 0058H|FFFF58H 16H
24 INTTR7: 16-bit timer 5 (TREG7) O05CH|FFFF5CH 17H
25 INTTO4: 16-bit timer 4 (Overflow) 006 0H|FFFF60H 18H
26 INTTOS5: 16-bit timer 5 (Overflow) 006 4H|FFFF64H 19H
27 INTRXO: Serial receive (Channel 0) 006 8H|FFFF68H 1AH
28 INTTXO: Serial send (Channel 0) 006 CH|FFFF6CH 1BH
29 INTRX1: Serial receive (Channel 1) 0070H|FFFF70H 1CH
30 INTTX1: Serial send (Channel 1) 0074 H|FFFF74H 1DH
31 INTAD: AD conversion completion 0078H|FFFF78H 1EH
32 INTS2: Serial bus send and receive 007 CH|FFFF7CH 1FH
- (Reserved) 0080H|FFFF80H -
to to to to to
- (Reserved) 0O0FCH|FFFFFCH -
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Setting to reset/interrupt vector
1. Reset vector
FFFFOOH PC<7:0>
FFFFO1H | PC<15:8>
FFFFO2H | PC<23:16>
FFFFO3H XX
The vector base addresses are depended on the products.
Type Number Vector Base Address PC Setting Sequence after Reset Notes
TMP93CS44 PC<7:0> «- Address FFFFOOH P27 to P20/A23 to A16 pins input
TMP93CS45 PC<15:8> « Address FFFFO1H ports with pull-up due to reset. The
. logic data is “FFH". When port 2 is
PC<23:16> « Address FFFF0O2H .
TMP93PS44 FFFFOOH < used as A23 to A16 pins to access
TMP93CU44 the program ROM, set PC<23:16> to
TMP93CW44 “FFH” and the reset vector to
TMP93PW44A “FFO000H Fo FFFFFFH” (for mainly
products without ROM).

2. Interrupt vector (except reset vector)

Address refer to vector +0
+1
+2
+3

PC<7:0>
PC<15:8>
PC<23:16>
XX

XX: Don't care
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(Setting example)
Sets the reset vector: FFOOOOH, NMI vector: FFOABCH, INTAD vector: 123456H.

ORG
DL

ORG
DL

ORG
DL

ORG
LD

ORG
LD

ORG

FFFFOOH

FFO000H ; Reset = FFOOOOH.

FFFF20H

FF9ABCH : NMI = FF9ABCH.

FFFF78H

123456H ; INTAD = 123456H.

FFO000H

AB Note:
ORG, DL are assembler directives.
[ORG: Control location counter.

EF?:ABCH DL: Defines long word (32 bits) data.

123456H

C A
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3.4.2

Micro DMA

In addition to the conventional interrupt processing, the TLCS-900 also has a micro DMA
function. When an interrupt is accepted, in addition to an interrupt vector, the CPU
receives data indicating whether processing is micro DMA mode or general-purpose
interrupt. If micro DMA mode is requested, the CPU performs micro DMA processing.

The TLCS-900 can process at very high speed because it has transfer parameters in
dedicated registers in the CPU. Since those dedicated registers are assigned as CPU
control registers, they can only be accessed by the LDC instruction.

(1) Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the
micro DMA start vector value. The micro DMA has four channels so that it can be set
for up to four types of interrupt source.

When a micro DMA interrupt is accepted, data is automatically transferred from the
transfer source address to the transfer destination address set in the control register,
and the transfer counter is decremented. If the value in the counter after decrementing
is other than 0, micro DMA processing is completed; if the value in the counter after
decrementing is 0, general-purpose interrupt processing is performed.

32-bit control registers are used for setting transfer source/destination addresses.
However, the TLCS-900 has only 24 address pins for output. A 16-Mbyte space is
available for the micro DMA.

There are two data transfer modes: one-byte mode and one-word mode. Incrementing,
decrementing, and fixing the transfer source/destination address after transfer can be
done in both modes. Therefore data can easily be transferred between I/O and memory
and between I/Os. For details of transfer modes, see the description of transfer mode
registers.

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the
initial value of the transfer counter is 0000H) can be performed for one interrupt
source by micro DMA processing.

When the transfer counter is decremented to “0” after data is transferred with micro
DMA, general-purpose interrupt processing is performed. After processing the
general-purpose interrupt, starting the interrupts of the same channel restarts the
transfer counter from 65536. If necessary, reset the transfer counter.

Interrupt sources processed by micro DMA processing are those with the micro DMA
start vectors listed in Table 3.4.1.

The following timing chart is a micro DMA cycle of the transfer address INC
(Increment) mode (Condition: MAX mode, 16-bit bus width for 16 MBytes, 0 waits).
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(2) Register configuration (CPU control register)

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 1
DMAS1
DMAD1
DMAC1
DMAM1
Channel 2
DMAS2
DMAD2
DMAC2
DMAMZ‘
Channel 3
DMAS3
DMAD3
DMAC3
DMAM3
<8 bits—]
16 bits—>
< 32 bits >

These control register can not be set only “LDC cr, r” instruction.

Example:

LD
LDC
LD
LDC
LD
LDC
LD
LDC

XWA, 100H
DMASO, XWA
XWA, 50H
DMADO, XWA
WA, 40H
DMACO, WA
A, O5H
DMAMO, A

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0 (1 to 65536)
Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

](Use only lower 24 bits.)
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(3) Transfer mode register details

(DMAMO to DMAM3)

0 0 0 0 Mode Note: When setting values for
l l | | | | this register, set the upper 4 bits to 0.
I | I
l ¢— Z 0 = byte transfer, 1 =word transfer (E/I)iﬁ;: :ttg% t,{,lml_?z

0 0 0 Z | Transfer destination address INC mode............ccceeeerinnnns for I/O to memory 16 states
(DMADnN+) < (DMASN)
DMACh <~ DMACn - 1 (1.6 us)
if DMACn = 0 then INT.

0 0 1 Z | Transfer destination address DEC mode ...........ccccccevuvnes for I/O to memory 16 states
(DMADN-) < (DMASN)
DMACh <~ DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

0 1 0 Z | Transfer source address INC mode............cccovcveeeeneeninnne for memory to I/O 16 states
(DMADN) « (DMASN+)
DMACh « DMACnh — 1 (1.6 ps)
if DMACn = 0 then INT.

0 1 1 Z | Transfer source address DEC mode..........ccccovcvveveneeninnne for memory to I/O 16 states
(DMADnN) « (DMASN-)
DMACh « DMACnh — 1 (1.6 ps)
if DMACn = 0 then INT.

1 0 0 Z | Fixed address MOde...........cvevuveeriiianiieeniie e 1/0to 1/0 16 states
(DMADN) « (DMASnN)
DMACh <~ DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

1 0 1 1 | Counter MOUE........eevieiieieerie et e for interrupt counter 11 states
DMASN «~ DMASh + 1
DMACh « DMACnh — 1 (1.1 ps)
if DMACn = 0 then INT.

Note 1: n: Corresponds to micro DMA channels O to 3.

(1 states = 100 ns at 20 MHz, High-frequency mode)

DMADnN+/DMASN+: Post-increment (Increments register value after transfer.)
DMADN-/DMASN-: Post-decrement (Decrement register value after transfer.)

Note 2: Execution time: When setting source address/destination address area to 16-bit bus, 0

waits.

Clock condition: fc = 20 MHz, clock gear: 1 (fc)

Note 3: Do not use the codes other than the above mentioned codes for transfer mode register.
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3.4.3

Interrupt Controller

Figure 3.4.4 is a block diagram of the interrupt circuits. The left half of the diagram
shows the interrupt controller; the right half includes the CPU interrupt request signal
circuit and the halt release signal circuit.

Each interrupt channel (Total of 24 channels) in the interrupt controller has an interrupt
request flip-flop, interrupt priority setting register, and a register for storing the micro
DMA start vector. The interrupt request fip-flop is used to latch interrupt requests from
peripheral devices. The flip-flop is cleared to 0 at reset, when the CPU reads the interrupt
channel vector after the acceptance of interrupt, or when the CPU executes an instruction
that clears the interrupt of that channel (Writes 0 in the clear bit of the interrupt priority
setting register).

For example, to clear the INTO interrupt request, set the register after the DI instruction
as follows.

INTEOAD < ----0---B

The status of the interrupt request flip-flop is detected by reading the clear bit. Detects
whether there is an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority setting
register (e.g., INTEOAD, INTE45 etc.) provided for each interrupt source. Interrupt levels
to be set are from 1 to 6. Writing O or 7 as the interrupt priority disables the corresponding
interrupt request. The priority of the non-maskable interrupt (NMI pin, watchdog timer
etc.) is fixed to 7. If interrupt requests with the same interrupt level are generated
simultaneously, interrupts are accepted in accordance with the default priority (the smaller
the vector value, the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among the
simultaneous interrupts and its vector address to the CPU. The CPU compares the priority
value <IFF2:0> set in the status register by the interrupt request signal with the priority
value sent; if the latter is higher, the interrupt is accepted. Then the CPU sets a value
higher than the priority value by 1 in the CPU SR<IFF2:0>. Interrupt requests where the
priority value equals or is higher than the set value are accepted simultaneously during the
previous interrupt routine. When interrupt processing is completed (after execution of the
RETI instruction) , the CPU restores the priority value saved in the stack before the
interrupt was generated to the CPU SR<IFF2:0>.

The interrupt controller also has four registers used to store the micro DMA start vector.
These are I/O registers; unlike other micro DMA registers (DMAS, DMAD, DMAM, and
DMAC). Writing the start vector of the interrupt source for the micro DMA processing (See
Table 3.4.1), enables the corresponding interrupt to be processed by micro DMA processing.
The values must be set in the micro DMA parameter registers (e.g., DMAS and DMAD)
prior to the micro DMA processing.
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(1) Interrupt priority setting register

(Prohibit read-modify-write)

Symbol |Address| 7 6 | 5 | a4 3 | 2 | 1 | o
INTAD INTO <« Interrupt source
IADC IADM2 | 1ADM1 [ IADMO 10C IoM2 | 1oM1 | 10MO |« Bit symbol
INTEOAD | 0070H R/W W R/W W <« Read/Write
0 0o | o [ o 0 o [ o J o « After reset
INTS INT4
I5C I5SM2 ] 15M1 [ 15M0 14C 4mM2 T 14aM1 T 14MO
INTE45 | 0071H =T W =T W
0 0 | 0 | 0 0 0o [ o [ 0
INT7 INT6
I7C I7M2 ] 17M1 | 17M0 I6C I6M2 | 16M1 ] 16MO
INTE67 72H
67| 00 RIW W RIW w
0 0o [ o J o 0 0o [ o J o
INTT1 (Timer 1) INTTO (Timer 0)
ITIC ITaM2 | 1ITaM1 | ITIMO ITOC ITOM2 [ 1ITOM1 | 1TOMO
INTET10 | 0073H =TT W =T W
0 0o | o J o 0 o [ o J o
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C IT3M2 [ 1T3M1 [ IT3MO IT2C IT2M2 [ 1T2M1 [ 1IT2MO0
INTET32 | 0074H =T W =T W
0 0 | o [ o 0 o [ o T o
INTTR5 (TREGS) INTTR4 (TREG4)
IT5C ITSM2 | 1IT5M1 [ IT5MO IT4C IT4M2 | 1T4M1 [ 1T4MO
INTET54 75H
541 0075 R/W W R/W W
0 0 | | 0 0 0o [ o [ 0
INTTR7 (TREG7) INTTR6 (TREG6)
IT7C IT7M2 | 1T7M1 [ IT7MO IT6C IT6M2 [ IT6M1 [ 1T6MO
INTET? 76H
6| 0076 RIW W RIW W
0 0 [ 0o T o 0 0o [ o [ 0
INTTO5 INTTO4
ITOSC [ ITO5M2 [ ITO5M1 [ ITOS5MO | ITO4C [ ITO4M2 | ITO4M1 | ITO4MO
INTEO54 | 0077H W W W W
0 0 | 0 | 0 0 o [ o [ 0
INTTXO INTRXO
ITXOC [ ITXOM2 [ ITXOM1 [ ITXOMO | IRXOC [ IRXOM2 [ IRXOM1 | IRXOMO
INTESO | 0078H = W S W
0 0 | 0 | 0 0 0o [ o [ 0
INTTX1 INTRX1
ITXIC [ ITXaM2 | ITXIM1 [ ITXIMO | IRXIC | IRX1IM2 [ IRXIM1 | IRXIMO
INTES1 79H
S1 | 0079 RIW W RIW W
0 0o [ o J o 0 o [ o J o
INT1 INTS2
11C IaM2 [ 1M1 [ 1Mo 1S2C IS2M2 | 1s2m1 | 1s2mMo0
INTE1S2 | 007AH =T W = W
0 o | o J o 0 o [ o J o
Py I T |
— P
L IXxM2 IXxxM1 IXxMO0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to 1.
0 1 0 Sets interrupt request level to 2.
0 1 1 Sets interrupt request level to 3.
1 0 0 Sets interrupt request level to 4.
1 0 1 Sets interrupt request level to 5.
1 1 0 Sets interrupt request level to 6.
1 1 1 Prohibits interrupt request.
—>  IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | = —==—- Don't care - ----

Note 1: Read-modify-write is prohibited.

Note 2: Note about clearing interrupt request flag
The interrupt request flag of INTRXO, INTRX1 are not cleared by writing “00” to IXXC because of they
are level interrupts. They can be cleared only by resetting or reading SCBUFn.

Figure 3.4.5 Interrupt Priority Setting Register
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(2) External interrupt control
Interrupt Input Mode Control Register
7 6 5 4 3 2 1 0
IIMC Bit symbol — I0IE IOLE NMIREE
(007BH) Read/Write w w
After reset 0 0 0 0
Function Always 1: INTO 0: INTO 1: Can be
- write “0”. input edge accepted
Prohibit enable mode in NMI
read'— 1: INTO rising
modify- level edge.
write mode
T
—> INTO input enable (Note 1) |—> NMI rising edge enable
0 INTO disable (P35 function only) 0 Interrupt request generation at
1 Input enable falling edge
1 Interrupt request generation at
rising/falling edge
Note 1: The INTO pin can also be used for standby release as described L—» |\T0 Jevel enable (Note 2)
later. Even if the pin is not used for standby release, setting this 0 Rising edge detect interrupt
register to “0” maintains the port function during standby mode. 1 High level interrupt
Note 2: Case of changing from level to edge for INTO pin mode (<IOLE> “1” — “0")
Execution example:
LD (INTEOAD) , xxxx0000B ; INTO disable, clean the request flag.
LD (IIMC) , XXxxx10xB ; Change from level to edge.
LD (INTEOAD) , xxxxOnnnB ; Set interrupt level “n” for INTO, clear the request flag.
Note 3: 1IMC<BIt7:3> is always read as “1".
Note 4: See electrical characteristics in section 4 for external interrupt input pulse.

Figure 3.4.6 Interrupt Input Mode Control Register

Table 3.4.2 Setting of External Interrupt Pin Functions

Interrupt Shared Pin Mode Setting method
__ "\ Falling edge IIMC<NMIREE> =0
NMI NMI
(Dedicated pin) Falling and rising
S edges IIMC<NMIREE> = 1
A Rising edge IIMC<IOLE> = 0, <IOIE> = 1
INTO P35
; ; Level IIMC<IOLE>=1, <IOIE>=1
INT1 P40 _f Rising edge -
7'_ Rising edge T4AMOD<CAP12M1:0>=0,00r0,10r1, 1
INT4 P42
_\_ Falling edge TAMOD<CAP12M1:0>=1,0
INTS P43 J Rising edge -
7'_ Rising edge T5MOD<CAP34M1:0>=0,00r0,1o0r1,1
INT6 P45
T\ Falling edge T5MOD<CAP34M1:0> = 1, 0
INT7 P46 _ /7 Rising edge -
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(3) Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it
simultaneously compares the interrupt vector (Bits 2 to 6 of the interrupt vector) with
each channel’s micro DMA start vector. When the two match, the interrupt from the

channel whose value matched is processed in micro DMA mode.

If the interrupt vector matches more than one channel, the channel with the lower

channel number has a higher priority.

Micro DMAO Start Vector

7 6 5 4 3 2 1 0
DMAOV Bit symbol DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
(007CH) | Read/Write w
Prohibit | After reset o | o [ o ] o 0
reag_'fy Function Micro DMA channel 0 processed by matching bits 2 to 6 of the interrupt vector.
modify-
write
Micro DMA1 Start Vector
7 6 5 4 3 2 1 0
DMA1V Bit symbol DMA1V4 | DMA1V3 | DMA1V2 | DMA1Vl1 | DMA1VO
(007DH) | Read/MWrite w
Prohibit | After reset o | o | o [ o 0
reagffy Function Micro DMA channel 1 processed by matching bits 2 to 6 of the interrupt vector.
modify-
write
Micro DMA2 Start Vector
7 6 5 4 3 2 1 0
DMA2vV Bit symbol DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2VO
(007EH) | Read/Write w
Prohibit | After reset o | o | o [ o 0
reagffy Function Micro DMA channel 2 processed by matching bits 2 to 6 of the interrupt vector.
modify-
write
Micro DMA3 Start Vector
7 6 5 4 3 2 1 0
DMA3V Bit symbol DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
(007FH) Read/Write w
Prohibit | After reset o | o [ o 0 0
rea(cji'-fy Function Micro DMA channel 3 processed by matching bits 2 to 6 of the interrupt vector.
modify-
write
Figure 3.4.7 Micro DMA Start Vector Register
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(4) Notes

The instruction execution unit and the bus interface unit of this CPU operate
independently of each other. Therefore, if the instruction used to clear an interrupt
request flag of an interrupt is fetched before the interrupt is generated, it is possible
that the CPU might execute the fetched instruction to clear the interrupt request flag
while reading the interrupt vector after accepting the interrupt.

To avoid the above occurring, clear the interrupt request flag by entering the
instruction to clear the flag after the DI instruction. In the case of setting an interrupt
enable again by EI instruction after the execution of clearing instruction, execute EI
instruction after clearing instruction and following more than one instruction are
executed. When EI instruction is placed immediately after clearing instruction, an
interrupt becomes enable before interrupt request flags are cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by
execution of POP SR instruction, disable an interrupt by DI instruction before
execution of POP SR instruction.
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3.5 Functions of Ports

The TMP93CS44 has 62 bits for I/O ports. The TMP93CS45 has 44 bits for I/O ports because
Port 0, Port 1, P30, and P31 are dedicated pins for ADO to AD7, AD8 to AD15 (or A8 to A15), RD,
and WR .

These port pins have I/O functions for the built-in CPU and internal I/Os as well as
general-purpose I/O port functions. Table 3.5.1 lists the function of each port pin. Table 3.5.2
lists I/O registers and specification.

Table 3.5.1 Functions of Ports
(PU = with programmable pull-up resistor)
. Pin o Direction Pin Name for Built-in
Port Name | Pin Name Number Direction R Setting Unit Function

Port 0 P00 to P07 8 110 - Bit ADO to AD7
Port 1 P10 to P17 8 110 - Bit ADS8 to AD15/A8 to A15
Port 2 P20 to P27 8 110 PU Bit A0 to A7/A16 to A23
Port 3 P30 1 Output - (fixed) RD

P31 1 Output - (fixed) WR

P32 1 110 PU Bit HWR /SCK

P33 1 110 - Bit SO/SDA

P34 1 110 - Bit SI/SCL

P35 1 110 - Bit INTO
Port 4 P40 1 110 - Bit TIO/INT1

P41 1 110 - Bit TO3

P42 1 110 - Bit TI4/INT4

P43 1 110 - Bit TIS/INTS

P44 1 110 - Bit TO4

P45 1 110 - Bit TI6/INT6

P46 1 110 - Bit TI7IINT7

P47 1 110 - Bit TO6
Port 5 P50 to P52 3 Input - (fixed) ANO to AN2

P53 1 Input - (fixed) AN3/ ADTRG

P54 to P57 4 Input - (fixed) AN4 to AN7
Port 6 P60 1 110 PU Bit TXDO

P61 1 110 PU Bit RXDO

P62 1 110 PU Bit SCLKO/ CTS0

P63 1 110 PU Bit TXD1

P64 1 110 PU Bit RXD1

P65 1 110 PU Bit SCLK1/CTS1

P66 1 110 - Bit XT1

P67 1 110 - Bit XT2
Port 7 P70 1 110 - Bit WAIT (High current output)

P71 to P77 7 110 - Bit (High current output)
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Table 3.5.2 1/0 Registers and Specification (1/2)

Port

Name

Specification

I/0 Register

Pn

PnCR

PnFC

Port 0

P00 to PO7

Input port (Note 1)

Output port (Note 1)

= |O

ADO to AD7 bus

None

Port 1

P10 to P17

Input port (Note 1)

Output port (Notel)

AD8 to AD15 bus (Note 2)

X

AD8 to AD15 output (Note 2)

Port 2

P20 to P27

Input port (without pull up)

Input port (with pull up)

R |O| X

Output port

A0 to A7 output (Note 1)

A16 to A23 output

o|lo|x

R|O|Rr|[O|O|FR|O|FR|O]|X

Port 3

P30

Output port (Note 1)

Outputs RD only when accessing external space

None

Always outputs RD

Ol |X

P31

Output port (Note 1)

Outputs WR only when accessing external
space

None

RlO|RP|FP|[O|RP|RP|O|O|O|RL|FL]|O|O

P32

Input port SCK input (without pull up)

Input port SCK input (with pull up)

Output port

HWR output (<P32M> = 0)

SCK output (<P32M>=1)

P33

Input port

Output port

SDA /0, SO output

P34

Input port

OoO|rRr|O|O|FRr|F,|O|O|O

Sl input

X

Output port

o

SCL I/0

=

P35

Input port/INTO input (Note 3)

Output port

None

Port 4

P40

Input port/TIO/INT

Output port

None

P41

Input port

Output port

TO3 output

P42

Input port/TI4/INT4 input

Output port

P43

Input port/TI5/INTS5 input

Output port

Rlo|lkr|lo|lr|r|lo|r|lo|r|o|r|kr|lo|lo|r|r|o]|lr]|k]|r|o|o

None

X: Don't care, n: Port number

Note 1: In the TMP93CS45, these functions are not available.

Note 2: In the TMP93CS45, these functions are fixed depending on the value of the

AM8/ AM16 pin.

Note 3: Using P35 pin as INTO, IIMC register has to be set enable interrupt.

93CS44-50

2004-02-10



TOSHIBA TMP93CS44/S45
Table 3.5.2 1/0 Registers and Specification (2/2)
L I/O Register
Port Name Specification
Pn PnCR | PnFC
Port 4 P44 Input port X 0 0
Output port X 1 0
TO4 output x 1 1
P45 Input port/TI6/INT6 input X 0
Output port X 1 None
P46 Input port/TI7/INT7 input x 0
Output port X 1
P47 Input port X 0
Output port X 1
TOG6 output X 1
Port 5 P50 to P57 Input port X
None
ANO to AN7 input (Note 4) x
Port 6 P60 Input port (without pull up) 0 0 0
Input port (with pull up) 1 0 0
Output port X 1 0
TXDO output X 1 1
P61 Input port/RXDO input (without pull up) 0 0
Input port/RXDO input (with pull up) 1 0 None
Output port x 1
P62 Input port/SCLKO/ CTS0 input (without pull up) 0 0 0
Input port/SCLKO/ CTS0 input (with pull up) 1 0 0
Output port X 1 0
SCLKO output X 1 1
P63 Input port (without pull up) 0 0 0
Input port (with pull up) 1 0 0
Output port X 1 0
TXD1 output (Note 3) X 1 1
P64 Input port/RXD1 input (without pull up) 0 0
Input port/RXD1 input (with pull up) 1 0 None
Output port X 1
P65 Input port/SCLK1/ CTS1 input (without pull up) 0 0 0
Input port/SCLK1/CTS1 input (with pull up) 1 0 0
Output port X 1 0
SCLK1 output X 1 1
P66, P67 Input port x 0
Output port (Note 5) x 1 None
XT1/2 (Note 6) x 0
Port 7 P70 Input port/ WAIT input x 0
Output port X 1 None
P71 to P77 Input port X 0
Output port X 1

X: Don't care, n: Port number

Note 4:

Note 5:
Note 6:

Using P50 to P57 pins as input channels for the AD converter, the channels are
selected by ADMOD1<ADCH2:0>.

Using P66 and P67 pins as the output ports, output is through the open-drain buffer.

Using P66 and P67 pins as the XT1 to XT2, oscillation is enabled by the SYSCRO
register.
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Resetting makes the port pins listed below function as general-purpose I/0 ports.
I/0 pins programmable for input or output are set to input ports except P66/XT1, P67/XT2.
To set port pins for built-in functions, a program is required.

Since the TMP93CS45 needs external ROMs, some ports are permanently assigned for
memory interface.

e PO0OtoP0O7 — ADOtoAD7 e P30 — RD
e P10toP17 — ADS8toAD15 (or A8 to Al5) e P31 — WR
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351

Port 0 (P00 to P07)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control
register POCR. Resetting sets all bits of POCR to 0 and sets port 0 to input mode. Figure
3.5.3 shows the registers for port 0.

In addition to functioning as a general-purpose I/O port, port 0 also shares functions as
an address data bus (ADO to AD7). To access external memory, port 0 functions as an
address data bus (ADO to AD7) and all bits of the control register POCR are set to 0.

With the TMP93CS45, which needs external ROMs, port 0 always functions as an
address data bus (ADO to AD7) regardless of the value set in control register POCR.

N\

Reset

y

Direction control

(on bit basis)

POCR write

Internal data bus

Y

Output o
latch P |
T Output buffer

PO write

2
S

Port 0
P00 to P07
(ADO to AD7)

S

A

B

Selector
A —>

A

A

—/\

PO read
B —>

=

Bl

Figure 3.5.1 Port0

Selector
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3.5.2  Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control
register P1CR and function register P1FC. Resetting sets all bits of output latch P1, control
register P1CR, and function register P1FC to 0 and sets port 1 to input mode.

Figure 3.5.3 shows the registers for port 1.

In addition to functioning as a general-purpose I/O port, port 1 also shares functions as
an address data bus (ADS8 to AD15) or an address bus (A8 to A15).

With the TMP93CS45, which needs external ROMs, port 1 always functions as an
address data bus (ADS8 to AD15) (the case of AM8/ AM16 = 0), as an address bus (A8 to A15)
(the case of AM8/ AM16 = 1) regardless of the value set in control register P1CR.

Reset

——

Direction control
(on bit basis)

T

P1CR write

‘ l

Function control
(on bit basis)

P1FC write

3

Output * 11 Port 1
latch P10 to P17
Output buffer (ADS to AD15/A8 to A15)

Internal data bus

Y
P1 write S

B
<] Selector

/-\_/ A
P1read

A

Figure 3.5.2 Port1

93CS44-54 2004-02-10



TOSHIBA TMP93CS44/S45
Port 0 Register
7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 PO5 P04 P03 P02 PO1 POO
(0000H) Read/Write RIW
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol PO7C P06C P0O5C P04C P0O3C P02C PO1C P0O0OC
(0002H) Read/Write w
Prohibit | After reset o | o | o 0 o [ o | o ] o
reaj_‘fy Function 0: Input 1: Output (at external access, port 0 becomes AD7 to ADO and POCR is set to “0".)
modity- Y T
write
Port 0 1/O setting
0 Input
) 1 Output
Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) Read/Write RIW
After reset Input mode (Output latch register is set to “0".)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) Read/Write w
Prohibit | After reset o | o | o [ o | o | o | o [ o
read- Function <<See P1FC below.>>
modify-
write
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) Read/Write w
Prohibit | After reset o | o [ o | o | o | o | o [ o
read- Function P1FC/P1CR =00: Input 01: Output 10: AD15to AD8 11: A15to A8
modify- — T
write
Port 1 function setting
1FC<P1XF>
P1CR 0 1
<P1XC>
0 InDUt DOrt Address data bus
putp (AD15 to AD8)
Address bus
1 Output port (A15 to A8)
Note: <P1XF> is bit X in register P1FC; <P1XC>, in register P1CR.
Figure 3.5.3 Registers for Port 0 and Port 1
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3.5.3

Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on bit basis using the control
register P2CR and function register P2FC. All bits of the output latch P2 is set to 1 by reset,
and all bits of P2CR and P2FC are cleared to 0. Port 2 becomes the input mode with the

pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 2 also shares functions as
an address data bus (A0 to A7) and an address bus (A16 to A23). Using port 2 as address
bus (A0 to A7 or A16 to A23), write 0 to output latches and be off the programmable pull-up

resistor.

Al6 to A23 —>»{B

A0 to A7T—> A

A~ Reset

—

Direction control
(on bit basis)

Selector [—

S

P2CR write

) l

Function control
(on bit basis)

P2FC write

I’

Internal data bus

Output
latch

Y

—>» B

A

P2 write

b

S

Selector

\ 2
S

B |«

Selector

b

P2 read

A

o

Output buffer

JP-ch

Programmable
pull up

[ Port 2
P20 to P27
(A0 to A7/A16 to A23)

A

Figure 3.5.4 Port 2
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Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) Read/Write RIW
After reset Input mode (Output latch register is set to “1".)
Note 1: When port 2 is used in the input mode, P2 register controls the built-in pull-up resistor. Read-modify-write is
prohibited in the input mode or the 1/O mode.
Setting the built-in pull-up resistor may be depended on the states of the input pin.
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit symbol p27C P26C P25C P24C P23C p22C p21C P20C
(0008H) Read/Write w
Prohibit | After reset 0 o | o | o | o | o | o 0
read- Function <<See P2FC below.>>
modify-
write
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) Read/Write w
Prohibit | After reset 0 o | o | o | o | o | o 0
read- Function P2FC/P2CR = 00: Input  01: Output 10: A7 to A0 11: A23 to A16
modify- e T
write
Port 2 function setting
P2FC<P2XF>
0 1
P2CR<P2XC>
Address bus
0 Input port (A7 to AO)
Address bus
1 Output port (A23 to A16)
Note 2: <P2XF> is bit X in register P2FC; <P2XC>, in register P2CR. To set as an address bus A23 to A16, set

P2FC after setting P2CR.

Figure 3.5.5 Registers for Port 2
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3.54

Port 3 (P30 to P35)

Port 3 is an 6-bit general-purpose I/O port.

I/0 can be set on a bit basis, but note that P30 and P31 are used for output only. I/O is set
using control register P3CR and function register P3FC. Resetting sets all bits of output
latch P3 to 1. All bits of control register P3CR (bits 0 and 1 are unused), and function
register P3FC are set to 0. Resetting also outputs 1 from P30 and P31.

In addition to functioning as a general-purpose I/0 port, port 3 also shares functions as
an I/0 for the CPU’s control/status signal and serial bus interface.

With the TMP93CS44, when P30 pin is defined as RD signal output mode (<P30F> = 1),
setting the output latch register <P30> to 0 outputs the RD strobe (Used for the pseudo
static RAM) from the P30 pin even when the internal address area is accessed.

If the output latch register <P30> remains 1, the RD strobe signal is output only when
the external address area is accessed.

When P33 and P34 are used as the serial bus interface I/O pins in 12C bus mode
(P3FC<P34F:P33F> = 11), set open drain outputs (ODE<ODE34:33> = 11).

With the TMP93CS45, which needs external ROMs, P30 outputs the RD signal; P31, the
WR signal, regardless of the values set in function registers <P30F> and <P31F>.

The RD signal is output not only when the external address area is accessed at <P30> =
1 but also the internal address area is accessed at <P30>= 0.
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(1) P30 (RD), P31 (WR)

N\ Reset

—

Function control
(on bit basis)

3

P3FC write

S
Output

for TMP93CS45

S

Internal data bus

latch

P3 write

< b

P3 read

(2) P32 (HWR/SCK)

Reset

—

Direction control

N\

A N
Selector L

Output buffer
|—) B

RD, WR

{1 P30 (RD)
P31 (WR)

(on bit basis)

T

P3CR write
0—¢

Function control

(on bit basis)

P3FC<P32F> write
' l

Function control

(on bit basis)

P3FC<P32M> write

[’

S

Internal data bus

P

P-ch
Programmable
pull up

p[1P32 (HWR /SCK)

Output
latch

P3 write

Y

A —4

(2]

Output

HWR —{ A Selector
buffer

Selector>{ B

SCK—{g

S
d

R

Selector

B

A

P3 read

d
SCK < <

Figure 3.5.6 Port 3 (P30, P31, P32)
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(3) P33 (SDA/SO), P34 (SCL/SD)

N\

Reset

Direction control

(on bit basis)

A
P3CR write

Ibﬁ

Function control

(on bit basis)

Internal data bus

[1P33 (SDA/SO)

P34 (SCL/SI)

P3FC write
l y
S S
A
Output latch N
|
£ Selector >
P3 write Open-drain
SDA/SO out B possible
SCL out v ODE<ODE34:33>
S
B |«
ﬂ Selector
P3 read A<
SDA in <—<}

SCL/Slin

Figure 3.5.7 Port 3 (P33 and P34)

(4) P35 (INTO)
Port 35 is a general-purpose I/O port, and also used as an INTO pin for external

interrupt request input.

a2 Reset
Direction control

(on bit basis)

P3CR write
2] l
>
< S
_% Output latch L~ {1P35 (INTO)
©
£
2 P3 write
£ A4

S
B[«
\/I[\I Selector X§7
Ale
P3read
Level/edge
INTO detect
interrupt
IIMC<IOIE
- U= limc<ioLes
Figure 3.5.8 Port 3 (P35)
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Port 3 Register
7 6 5 4 3 2 1 0
P3 Bit symbol P35 P34 P33 P32 P31 P30
(0007H) Read/Write RIW
After reset 1 | 1 | 1 1 1 | 1
Function Input mode
Input mode (oulled up) Output mode
Note 1: When port 32 is used in the input mode, P3 register controls the built-in pull-up resistor. Read-modify-write
is prohibited in the input mode or the I/O mode.
Setting the built-in pull-up resistor may be depended on the states of the input pin.
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol P35C P34C P33C P32C
(000AH) Read/Write W
Prohibit After reset 0 | 0 | 0 0
read- Function 0: Input  1: Output
modify- Py
write T
»1/O setting
0 Input
1 Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol P32M P34F P33F P32F P31F P30F
(000BH) | Read/Write w w
Prohibit After reset 0 0 0 0 0 0
:ﬁﬁgi-fy Function 0: HWR 0: Port 0: Port 0: Port 0: Port 0: Port
write 1: SCK 1: SCL/SI | 1:SDA/SO| 1: P32M 1: WR 1. RD
e }
P34 function setting (Note 2)
<P34C> 0 1 P31 (RD ) function setting
<P34F> <P30> 0 1
0 Input port Output port <P30F>
0 “0” output “1” output
1 Input SI I/0 SCL — —
Always RD RD output
P33 function setting (Note 2) <« 1 OUtplg (for only forl
pseudo external
<g3s3c> 0 1 SRAM) access
<P33F> L——— P31 (WR) functi tti
unction settin
Note 2: When P33 and P34 0 Input port Output port <P31> ) .
i 0 1
are used as the serial 1 Don't set I/0 SDA/ <P31F>
bus interface 1/0 pins Output SO “y wqn
us p : : 0 0" output 1” output
in 1°C bus mode PSZi’/IZ function setting 1 WR output only for external
< >
(P3FC<P34F:P33F> 0 1 access
e <P32F>
—11 .
), set open-drain 0 Port
outputs 1 Output Input/output
(ODE<ODE34:33> = “HWR ” “SCK”
11).

Figure 3.5.9 Registers for Port 3
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3.55

Port 4 (P40 to P47)

Port 4 is a 8-bit general-purpose I/0O port. I/O can be set on bit basis. Resetting sets port 4
to the input port. In addition to functioning as a general-purpose I/O port, port 4 also
shares functions as an input for 8-bit timer O clock, 16-bit timer 4 and 5 clocks, an output
for 8-bit timer F/F 3, 16-bit timer F/F 4 and 6 output. Writing 1 in the corresponding bit of
the port 4 function register (P4FC) enables output of the timer.

(1) P40 and P41

Reset
/-\_/

Direction control

(on bit basis)

PACR write

P

S

A 4

Output latch

: N
P4 write S

. 1 B

\l\l Selector
A

P4 read

TIO, INT1 <

Reset

—

Direction control

(on bit basis)

Internal data bus

P4CR write

‘ l

Function control
(on bit basis)

P4FC write
S
Output latch
S
A
P4 write Selector
Timer F/F OUT B
(TO3: Timer 3)
B
< ! Selector
W Ale
P4 read 2
I~ rea

Figure 3.5.10 Port 4 (P40 and P41)

—1 1 P40

(TIO/INT1)

[\
>—e¢— (P41
(TO3)
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(2) P42 to P47

Reset

(N
Direction control
(on bit basis)
P4CR write
S
> Output latch * ——11 P42 (TI4/INT4)
P43 (TI5/INT5)
P45 (TIB/INT6)
P4 write g P46 (TI7/INT7)
B
ﬁ Selector
A
P4 read
TI4, INT4 «
TI5, INTS
TI6, INT6
TI7, INT7
Reset
2]
>
A —
o]
kot
o Direction control
g (on bit basis)
3
E
P4CR write
‘ l
Function control
(on bit basis)
P4FC write
S
> Output latch \
S
A N
P4 write Selector l)_"_D P44 (TO4)
B P47 (TO6)
Timer F/F OUT
TOA4: Timer 4
TOG6: Timer 5 B
< pd Selector
\[\I A
I~ P4 read S[
Figure 3.5.11 Port 4 (P42 to P47)
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Port 4 Register

7 6 5 4 3 2 1 0
P4 Bit symbol P47 P46 P45 P44 P43 P42 P41 P40
(000CH) | Read/Write RIW
After reset 1 | o1 ] 1 ] 1 ] 1 ] 1 ] 1 | 1
Input mode
Port 4 Control Register
7 6 5 4 3 2 1 0
P4ACR Bit symbol P47C P46C P45C P44C P43C P42C P41C P40C
(000EH) Read/Write w
Prohibit | After reset o | o | o [ o | o | o | o [ o
read- Function 0: Input 1. Output
modify- °
write T—) Port 4 I/O setting
0 Input
1 Output
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC Bit symbol P47F P44F P41F
(0010H) Read/Write w w W
Prohibit After reset 0 0 0
:ﬁigi'fy Function | 0: Port 0: Port 0: Port
write 1: TO6 1: TO4 1. TO3

!

Setting P41 as TO3
P4FC<P41F> 1
P4CR<P41C> 1

»Setting P44 as TO4
PAFC<P44F> 1
P4CR<P44C> 1

»Setting P47 as TO6
PAFC<P47F> 1
P4CR<P47C> 1

Note: P40/TIO0, P42/TI4, P43/TI5, P45/TI6, P46/TI7 pin does not have a register changing port/function.
For example, when it is used as an input port, the input signal for port is inputted to 8- or 16-bit timer as a
timer input.

Figure 3.5.12 Register for Port 4
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3.5.6 Port5 (P50 to P57)

Port 5 is an 8-bit input port, also used as an analog input pin for the internal AD
converter. Additionally, P53 is also used as an analog conversion external trigger input pin

(ADTRG).
N\
ﬁ 0 Port 5
P50 to P52
9 Port 5 read (ANO to AN2)
Qa P53 (AN3/ ADTRG )
g P54 to P57
© (AN4 to AN7)
£
i)
£
Conversion AD Channel
result - 1— ter selector
register conver
I~ AD read

e -7

1 1

1 P < /I 1

1 ADTRG ' only for P53 function !

Figure 3.5.13 Port 5
Port 5 Register
7 6 5 4 3 2 1 0
P5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(000DH) | Read/Write R
After reset Input mode

Figure 3.5.14 Register for Port 5

Note: The input channel selection of AD converter is set by AD converter mode register ADMODL.
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3.5.7

(1

Port 6 (P60 to P67)

Ports 60 to 65
Ports 60 to 65 are a 6-bit general-purpose I/0 port. I/Os can be set on a bit basis.
Resetting sets P60 to P65 to an input port and connects a pull-up resistor.
It also sets all bits of the output latch register to 1.

In addition to functioning as a general-purpose I/O port, P60 to P65 can also share
function as an I/O for serial channels 0 and 1. Writing “1” in the corresponding bit of
the Port 6 function register (P6FC) enables this function.

Resetting sets the function register value to 0 and sets all bits to input ports.

Port 66 and port 67

Port 66 and port 67 are a 2-bit general-purpose I/O port. I/Os can be set on a bit
basis.

The output buffer for P66, P67 is an open-drain type buffer.

Resetting outputs high-impedance (High-Z) because output latch and control
register are set to 1.

In addition to functioning as a general-purpose I/O port, P66, P67 can also function
as a low-frequency oscillator connecting pin (XT1, XT2) for dual clock mode. The dual

clock function can be set by programming system clock control registers SYSCRO,
SYSCRI1.

Port 60 (TXDO0) and port 63 (TXD1)

Port 60 and port 63 also function as serial channel TXD output pins in addition to I/O
ports.

They have a programmable open-drain function.

A~ Reset
| Direction control
(on bit basis)
P6CR write
0—¢
[%2]
3 Function control
% (on bit basis)
o
g —[>0——| h
5 P6FC write P-c
I [Programmable}
lS g pull up
I\
Output latch A >———{1P60 (TXDO0)
Selector . P63 (TXD1)
Open-drain
’—’ B possible
P6 write ODE<ODEG63:60>
TXDO, TXD1 S£
B ke
<] Selector
N
A€
P6 read
Figure 3.5.15 Ports 60 and 63
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(2) Port 61 (RXDO) and port 64 (RXD1)
Port 61 and port 64 are I/O ports, and also used as RXD input pins for serial

channels.

N\

Reset

—

(on bit basis)

Direction control

T

P6CR write

[’

S

Internal data bus

Output latch

P6 write

b

RXDO0, RXD1<

W

P6 read

S

B

Selector

A

Figure 3.5.16 Port 61 and Port 64

(3) Port 62 (CTS0 /SCLKO) and port 65 (CTS1/SCLK1)

I/0 pin for serial channels.

N\

Reset

—

(on bit basis)

Direction control

P6CR write

I)ﬁ

Internal data bus

(on bit basis)

Function control

P6FC write

3

S

Output latch

A

—{>O——|

T B
P6 write
SCLKO OUT

SCLK1O0UT 1

A

S

Selector

o

P6 read

S

Selector

S

Programmable
pull up

[\
> ¢ [1]P61 (RXDO)
P64 (RXD1)

Port 62 and port 65 are I/O ports, and also used as a CTS input pin and as a SCLK

J P-ch

Programmable
pull up

DS ¢ P62 (SCLKO/CTS0)

P65 (SCLK1/CTS1)

CTSO, CTS1 <€

SCLKO, SCLK1 <—<}—

Figure 3.5.17 Port 62 and Port 65
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(4) Port 66 (XT1) and port 67 (XT2)

Port 66 and port 67 are general purpose I/0 ports. It is also used as a low-frequency

oscillator connecting pin.

~ Reset_4>—¢
BUSG S Low-frequency oscillation enable
Direction control
(on bit basis) Y
P6CR write
' l
S
B
use Output latch P [1P66 (XT1)
Output buffer
(Open-drain
P6 write output)
v
S 5l
B
2 |e use Selector
o) Vi L
g A £ :7
g P6 read wor
o q (ON at “1") )€
£
Q
b= S
£ | BUS7
> Direction control
(on bit basis)
P6CR write
S
BUS? Output latch L 4 {1P67 (XT2)
Output buffer
(Open-drain
P6 write output)
v Low-frequency clock (fs)
S B e
BUS7
Selector
A
N/
P6 read
Figure 3.5.18 Port 66 to Port 67
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Port 6 Register
7 6 5 4 3 2 1 0
P6 Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0012H) Read/Write RIW
After reset 1 | 1 1 | 1 ] 1 ] 1 ] 1 ] 1
Output mode Input mode
Note 1: When P6 is used in the input mode, P6 register controls the built-in pull-up resistor. Read-modify-write is
prohibited in the input mode or the 1/0 mode. Setting the built-in pull-up resistor may be depended on the
states of the input pin.
Port 6 Control Register
7 6 5 4 3 2 1 0
P6CR Bit symbol P67C P66C P65C P64C P63C P62C P61C P60C
(0014H) Read/Write w
Prohibit | after reset 1 | 1 | o | o | o | o | o [ o
modify- Function 0: Input 1: Output
write °
. _T » Port 6 /0 setting
Note: Output buffer for port 66, 67 is an open-drain output type. 0 Input
1 Output
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol P65F P63F P62F P60F
(0016H) Read/Write W w w
Prohibit After reset 0 0 0 0
;‘:g‘gf Function 0: Port 0:Port | 0:Port 0: Port
ify-
: fy 1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
write l h‘
P63 TXD1 output setting (Note) P60 TXDO output setting (Note)
P6FC<P63F> 1 P6FC<P60F> 1
P6CR<P63C> 1 P6CR<P60C> 1

P65 SCLK1 output setting

P6FC<P65F>

PB6CR<P65C>

—>» P62 SCLKO output setting
P6FC<P62F>
P6CR<P62C>

Note 2: To set the TXD pin to open drain, write “1” in bit0 (for TXDO pin) or bitl (for TXD1 pin) of the ODE register.
P61/RXDO0, P64/RXD1 pins do not have a register changing port/function.

When using as input ports, the serial receive data is input to SIO.

Note 3:

Notes on using low-frequency oscillation circuit. To connect a low frequency resonator to port 66, 67, it is

necessary to set the following procedures to reduce the consumption power supply.

(Connecting to a resonator)

Set P6CR<P66C:P67C> =“11", P6<P66:67> = “00”
(Connecting to an oscillator)

Set P6CR<P66C:P67C> ="11", P6<P66:67> = “10"

Figure 3.5.19 Register for Port 6
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3.5.8 Port 7 (P70 to P77)

Port 7 is an 8-bit general-purpose I/0 port. I/O can be set on a bit basis. Port 7 can output
large current and drive LED directly. In addition to I/O port, port 70 also shares functions
as WAIT input pin. Resetting sets the function register P7CR to 0, and all bits to input

ports. Port 7 as an input port. It also sets all bits of the output latch register P7 to 1.

(1) P70 (WAIT)
Port 70 is a general-purpose I/0O port, and also used as an WAIT pin for external
wait input.

N Reset

Direction control
(on bit basis)

P7CR write
S
Output latch * —{ 1P70 (WAIT)

Internal data bus

\ 2
P7 write S

B
ﬂ Selector

I~ P7 read aly
WAIT <€

(2) P71to P77
Reset
N\

Direction control
(on bit basis)

P7CR write

[’

S
Output latch

* p—11P71to P77

Internal data bus

\ 2
P7 write S

B
< \/I[\] Selector

P7 read A

Figure 3.5.20 Port 7
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Port 7 Register
7 6 5 4 3 2 1 0
P7 Bit symbol P77 P76 P75 P74 P73 P72 P71 P70
(0013H) Read/Write RIW
After reset 1 1 | 1 | 1 ] 1 | 1 1 | 1
Input mode
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR Bit symbol pP77C P76C P75C P74C P73C P72C P71C P70C
(0015H) Read/Write w
Prohibit | After reset 0 o | o [ o [ o | o o | o
read_- Function 0: Input 1: Output
modify- °
write T
> Port 7 1/0 setting
0 Input
1 Output
Note: P70/ WAIT pin does not have a register changing port/function.

For example, when it is used as and input port, the input signal is inputted as WAIT input.

When it is used as WAIT input pin, bit<BmWn> of bus width WAIT control register must be specified.

Figure 3.5.21 Register for Port 7
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3.6 Bus Width/Wait Controller and AM8/ AM16 Pin

TMP93CS44/S45 have a built-in controller used to control wait (WAIT pin) and data bus size

(8 or 16 bits) for any of the three block address areas.
And AM8/ AM16 pin selects external data bus width for TMP93CS45.

3.6.1 AMBS/AMI6 pin

(1) TMP93CS44

Set this pin to “H”. After reset, the CPU accesses the internal ROM with 16-bit bus
width. The bus width when the CPU accesses an external area is set by the bus
width/wait control register (Described at 3.6.3) and the registers of Port 1. (The value 1
of this pin is ignored and the value set by register is active.)

(2) TMP93CS45

1. With fixed external 16-bit data bus and external 16-bit data bus or 8-bit data bus
is selectable

Set this pin to “L”. Portl, AD8 to AD15 and A8 to A15 pins are fixed to ADS8 to

AD15 functions. The values set in port 1 control register and port 1 function

register are invalid.
The external data bus width is set by the bus width/wait control register which
is described in section 3.6.3.

It is necessary to set the program memory to be accessed to 16-bit data bus after
reset.

2. With fixed external 8-bit data bus
Set this pin to “H”. Portl, ADS8 to AD15 and A8 to Al5 pins are fixed to A8 to

A15 functions. The values set in port 1 control register and port 1 function register
are invalid.

The values of bit4: <BOBUS>, <B1BUS>, and <B2BUS>, in the bus width/wait
control register described in section 3.6.3 are invalid. The external 8-bit data bus
is fixed.
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3.6.2 Address/Data Bus Pins

Port 0/ADO to AD7, port 1/AD8 to AD15/A8 to A15 and port 2/A16 to A23/A0 to A7
function as address/data bus for connecting the external memories and so on.

(1) (2 (3) 4)
Products TMP93CS45F (Note 4) TMP93CS44F (Note 2), (Note 3)
Number OLﬁidress BUS | \1ax 24 (to 16 Mbytes) | Max 24 (to 16 Mbytes) | Max 16 (to 64 Kbytes) | Max 8 (to 256 bytes)
Number qf Data Bus 8 16 8 16
Pins
Number of‘MuItlpIexed 8 16 0 0
Pins
EA Vi VIH
Mode Pins
AMS8/ AM16 ViH VL ViH
b Port 0 ADO to AD7 ADO to AD7 ADO to AD7 ADO to AD7
I
Funztiton Port 1 A8 to A15 ADS8 to AD15 A8 to A15 ADS8 to AD15
Port 2 A16 to A23 Al16 to A23 A0 to A7 A0 to A7
(Note 1) (Note 1)
AD7to 0 AD15 to 0 AD7t0 0 AD15toO
Timing Chart
Ak / 0\ Ak / \ Ak / \ A/ 0\
RD \_/ RD \_/ RD \_/ RD \_/

Note 1:In case of (3) and (4), the data bus signals output the addresses since the signals are
also used as the address bus. Writing “0” to bit CKOCR<ALEEN>, ALE signal can be
stopped outputting.

Note 2: After reset operation, port 0, port 1 and port 2 of TMP93CS44F function as input
ports.

Note 3:In case of TMP93CS44F, all (1) to (4) can be available using P1CR, P1FC, P2CR
and P2FC registers.

Note 4: In case of TMP93CS45F, case (3) and (4) cannot be available.
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3.6.3

Bus Width/Wait Control Registers

Figure 3.6.1 shows control registers.

One block address areas are controlled by 1-byte bus width/wait control registers
(WAITCO, WAITC1, WAITC2).

(1

(2

3

Data bus size select

Bit4 (<BOBUS>, <B1BUS>, <B2BUS>) of the control register is used to specify data
bus size. Setting this bit to 0 accesses the memory in 16-bit data bus mode; setting it to
1 accesses the memory in 8-bit data bus mode.

Changing data bus size depending on the access address is called dynamic bus sizing.
Table 3.6.1 shows the details of the bus operation.

This bit is changed by the state of AM8/ AM16 pin.

Wait control

Control register bits 3 and 2 (<BOW1:0>, <B1W1:0>, <B2W1:0>) are used to specify
the number of waits.

These bits execute the following operation by setting.
“00” A 2-state wait is inserted regardless of the WAIT pin status.
“01” A 1-state wait is inserted regardless of the WAIT pin status.

“10” A 1-state wait is inserted and the WAIT pin status is sampled. If the pin is
low, inserting the wait maintains the bus cycle until the pin goes high.

“11>  The bus cycle is completed without a wait (0 waits) regardless of the WAIT
pin status.

These bits are initialized to 00 by reset.

Address area specification

Control register bits 1 and 0 (<BOC1:0>, <B1C1:0>, <B2C1:0>) are used to specify
the target address area. Setting these bits to 00 enables settings (Wait state, bus size
etc.) as follows:

e  WAITCO setting enabled when 7FO0H to 7FFFH is accessed.
e  WAITC1 setting enabled when 880H to 7FFFH is accessed.
e  WAITC2 setting enabled when 8000H to 3SFFFFFH is accessed.

Setting bits to 01 enables setting for each block when 400000H to 7FFFFFH is
accessed. Setting bits to 10 enables them 800000H to BFFFFFH is accessed. Setting
bits to 11 enables them when CO0000H to FFFFFFH is accessed.
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7 5 4 3 2 1 0
WAITCO Bit symbol BOBUS BOW1 BOWO BOC1 BOCO
(0068H) Read/Write W
Prohibit | After reset 0 o | o o | o
::23{]( Function 0: 16-bit | 00: 2 waits 00: 7FO0H to 7FFFH
it bus 01: 1 wait 01: From 400000H
1: 8-bit bus | 10: (1 + N) waits 10: From 800000H
11: 0 waits 11: From CO0O000H
WAITC1 Bit symbol B1BUS B1w1l | B1WO B1C1 | B1CO
(0069H) Read/Write w
Prohibit After reset 0 0 I 0 0 | 0
Lﬁggi'fy_ Function 0:16-bit | 00: 2 waits 00: 880H to 7FFFH
write bus 01: 1 wait 01: From 400000H
1: 8-bit bus | 10: (1 + N) waits 10: From 800000H
11: 0 waits 11: From CO0O000H
WAITC2 | Bit symbol B2BUS | Baw1i | B2wWO B2c1 | B2CO
(006AH) Read/Write W
Prohibit | After reset 0 o | o o | o
:soagi'f Function 0:16-bit | 00: 2 waits 00: From 8000H
it bus 01: 1wait 01: From 400000H
1: 8-bit bus| 10: (1 + N) waits 10: From 800000H
11: 0 waits 11: From CO0O000H
Figure 3.6.1 Bus Width/Wait Control Registers
Table 3.6.1 Dynamic Bus Sizing
Operand Operand Start Memory CPU Address CPU Data
Data Size Address Data Size D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
16 bits 2n+1 b7 to b0 XXXXX
2n+2 XXXXX b15 to b8
32 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
2n+2 XXXXX b23 to b16
2n+3 XXXXX b31 to b24
16 bits 2n+0 b15 to b8 b7 to b0
2n+2 b31 to b24 b23 to b16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n +2 XXXXX b15 to b8
2n+3 XXXXX b23 to b16
2n+4 XXXXX b31 to b24
16 bits 2n+1 b7 to b0 XXXXX
2n+2 b23 to b16 b15 to b8
2n+4 XXXXX b31 to b24

xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance
and the write strobe signal remains non-active.
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3.6.4

Bus Width/Wait Control

An image of the actual bus width/wait control is shown below. Out of the whole memory
area, address areas that can be specified are divided into four parts. Addresses from
000000H to 3FFFFFH are divided differently: 7FO0H to 7FFFH is specified for WAITCO;
880H to 7FFFH, for WAITC1; and 8000H to 3FFFFFH, for WAITC2. The reason is that a
device other than ROM (e.g., RAM or I/O) might be connected externally.

7F00H to 7FFFH (256 bytes) for WAITCO are mapped mainly for possible expansions to
external I/0.

880H to 7FFFH (approx. 31 Kbytes) for WAITC1 are mapped there mainly for possible
extensions to external RAM.

8000H to 3FFFFFH (approx. 4 Mbytes) for WAITC2 are mapped mainly for possible
extensions to external ROM. With the TMP93CS45, which does not have a built-in ROM,
the program is externally read at address FFOOOOH in this setting (16-bit bus, 2 waits).
With the TMP93CS44 which has a built-in ROM, addresses from FFO000H to FFFFFFH
are used as the internal ROM area; WAITC2 is disabled in this area. After reset, the CPU
reads the program from the built-in ROM in 16-bit bus, 0 WAIT mode.

WAITCO WAITC1 WAITC2
0o B8R 1" g1c1:05 =00
JrooH [ <BOCL0>=00

<B2C1:0> =01

400000H
<B0OC1:0> =01 <B1C1:0> =01 <B2C1:0> =01

800000H
<BOC1:0> = 10 <B1C1:0> =10 <B2C1:0> = 10

CO0000H
<BOC1:0> =11 <B1C1:0>=11 <B2C1:0> =11

FFFFFFH

(Mainly for 1/0) (Mainly for RAM) (Mainly for ROM)

Note 1: Access priority is highest for built-in I/O, then built-in memory, and lowest for the bus
width/wait controller.

External areas other than WAITCO to WAITC2 are accessed in 0 WAIT mode. In the
TMP93CS45, when the AM8/ AM16 pin is set to “L”, the data bus width is fixed to 16-bit.
When the AM8/ AM16 pin is set to “H”, it is fixed to 8 bits. In the TMP93CS44, the data
bus width is always fixed to 16 bits.

When using the bus width/wait controller, do not specify the same address area more
than once. (However, when addresses 7FO0H to 7FFFH for WAITCO and 880H to
7FFFH for WAITC1 are specified, in other words, specifications overlap, only the
WAITCO setting is active.)

Note 2:
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3.6.5 Example of Usage

(1) Example of usage-1

Figure 3.6.2 is an example in which an external memory is connected to the
TMP93CS45. In this example, a ROM is connected using 16-bit bus; a RAM is
connected using 8-bit bus.

Decoder

10CS

RAMCS
) ROMCS
74HC573

_>D Q Address bus

wecss || [ Le PO T 10 1

Upper == — L) O
Address Cs Cs Cs Cs

Upper byte Lower byte 8-bit bus 8-bit bus
::>D Q __ ROM __ ROM __ _RAM _ 1o
OE OE WE OE WE

LE OE

ALE

ADS8 — T @
5

il
a2k —
(

ADO
to
g2 AD7

,E AM8/ AM16

B b
WR pb—>

Figure 3.6.2 Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits)

WAITCO EQU 68H

WAITC1 EQU 69H

WAITC2 EQU 6AH

LD (WAITCO), XXX10000B ; WAITCO = 8 bits, 2 waits, 7FO0H to 7FFFH.

LD (WAITC1), XXX11100B ; WAITCL1 = 8 bits, 0 waits, 880H to 7EFFH.

LD (WAITC2), XXX00111B ; WAITC2 = 16 bits, 1 wait, CO0000H to FFFFFFH.
X: Don't care
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(1) Example of usage-2

TMP93CS45

Upper
Address|[

p—

ALE
A8
to
A15

ADO

Figure 3.6.3 is an example in which an external memory is connected to the
TMP93CS45. In this example, a ROM, RAM, and I/O are connected using 8-bit bus.

Decoder

10CS

RAMCS

ROMCS

74HC573

o o

LE

Address bus

N

8-bit bus
ROM

OE

1

8-bit bus
___RAM
OE WE

l

8-bit bus
___wo
OE WE

to

AD7

EA
E AM8/ AM16

%
WR

Figure 3.6.3 Example of External Memory Connection (ROM, RAM and I/O = 8 bits)

WAITCO
WAITC1
WAITC2
LD
LD
LD

EQU
EQU
EQU
(WAITCO),
(WAITC1),
(WAITC2),

X: Don't care

68H
69H
6AH

XXX10000B
XXX11100B
XXX00111B

; WAITCO = 8 bits, 2 waits, 7FOOH to 7FFFH
; WAITCL1 = 8 bits, 0 waits, 880H to 7TEFFH
; WAITC2 = 8 bits, 1 wait, COO000H to FFFFFFH

93CS44-78

2004-02-10



TOSHIBA

TMP93CS44/S45

3

Example of usage-3

Figure 3.6.4 is an example in which an external memory is connected to the
TMP93CS44. In this example, ROM 128 Kbytes are connected using 16-bit bus, and
RAM 256 Kbytes are connected using 16-bit bus.

Decoder

ROMCS
RAMCS
TMP93CS44
Upper
address
Latch x 16
ADS8 to AD15 [« > ROM (128 Kbytes x 16)
Address bus_ D8 to D15 —>
D Q DO to D7
ADO to AD7 [€ LE ol 52
A —
L——>»qCs
ALE RAM (128 Kbytes x 8)
_ > 1/01 to 1/08 [«>|
RD P >d OE
HWR P >J RIW
e———>»JcCs Upper byte
WR k RAM (128 Kbytes x 8)
> 1/01 to /08 [«—>
>J OE
-9 >d R/ W
N
AMS/ AMTE L 3gcCs Lower byte
EA

Figure 3.6.4 Example of External Memory Connection (ROM and RAM = 16 bits)

The TMP93CS44 has built-in ROM and RAM. When ROM and RAM have
insufficient capacity, it is possible to connect an external memory as the example of the
external memory connection. In this example, the memory configuration is as follows.

Memory Memory Size Address Data Bus
ROM Internal | 64 Kbytes FFOOOOH to FFFFFFH 16 bits
External | 128 Kbytes 400000H to 41FFFFH 16 bits
SRAM |[Internal |2 Kbytes 000080H to 00087FH 16 bits
External | 256 Kbytes 800000H to 83FFFFH 16 bits
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3.7 8-Bit Timers

TMP93CS44/S45 contains four 8-bit timers (Timer 0, 1, 2, 3), each of which can be
operated independently. The cascade connection allows these timers to be used as 16-bit
timer. The following four operating modes are provided for the 8-bit timers.

e  8-bit interval timer mode (4 timers)
e  16-bit interval timer mode (2 timers)

e  8-bit programmable square wave pulse generation (PPG: Variable duty with variable
cycle) output mode (1 timer)

e  8-bit pulse width modulation (PWM: Variable duty with constant cycle) output mode (1
timer)

Figure 3.7.1 shows the block diagram of 8-bit timer (Timer 0, 1), and Figure 3.7.2 shows
the block diagram of 8-bit timer (Timer 2, 3).

Each interval timer consists of an 8-bit up counter, 8-bit comparator, and 8-bit timer
register. Besides, timer flip-flops (TFF1, TFF3), are provided for pair of timer 0/1 and 2/3.

Among the input clock sources for the interval timers, the internal clocks of ¢T1, ¢$T4,
¢T16, and ¢T256 are obtained from the 9-bit prescaler shown in Figure 3.7.3.

The operation modes and timer flip-flops of the 8-bit timer are controlled by five control
registers TIOMOD, T32MOD, TFFCR, TRUN and TRDC.
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Figure 3.7.1 Block Diagram of 8-Bit Timers (Timer O and 1)
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Figure 3.7.2 Block Diagram of 8-Bit Timers (Timer 2 and 3)
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1.

Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input

clock for 8-bit timer 0, 1, 2, 3, 16-bit timer 4, 5 and serial interface 0, 1.

Figure 3.7.3 shows the block diagram. Table 3.7.1 shows prescaler clock resolution

into 8, 16-bit timer.

frPH \

fs
XT1 3

fc/2

fc/a| fc/8

G

q
fc/16

X1 [

Figure 3.7.3 The Block Diagram of Prescaler

SYSCR1<GEAR2:0>

T

to CPU

System clock (fsys)

9-bit prescaler

—dZ|4|8|16|32|64|128|256|512|
1 YYYY Y Y ¢ ¢ Y

> > ¢T1
2 N ¢
3 > ¢T4
3 > ¢$T16
L> ¢T256
SYSCRO > ¢T1
5 <PRCK1:0> > §T4
3 Run/stop > $T16
© and clear|
n
> 01
TRUN<PRRUN> .
SYSCR1<SYSCK> >0
= > ¢T2
[S] 5
< > ¢T8
3 > ¢T32

Table 3.7.1 Prescaler Clock Resolution to 8- and 16-Bit Timer
at fc =20 MHz, fs =32.768 kHz

to 16-bit timer
4,5

to serial
interface
0,1

Select System| Select Prescaler Gear Value Prescaler Clock Resolution
Clock Clock <GEAR2:0>
<SYSCK> <PRCK1:0> ’ ¢T1 T4 ¢T16 $T256

1 (fs) XXX fs/2® (244 us) | fs/2° (977 ps) |fs/2” (3.9 ms) | fs/2'(62.5 ms)

000 (fc) fc/2® (0.4 ps) |fc/2® (1.6 ps) |fc/2” (6.4 pus) | fc/2'(102.4 ps)

00 (fepr) 001 (fc/2) fc/2* (0.8 ps) |fc/2® (3.2 ps) |fc/2® (12.8 us) | fc/2'(204.8 ps)

0 (fc) FPH 010 (fc/d) fc/2° (1.6 ps) | fc/2” (6.4 ps) |fc/2® (25.6 ps) | fc/2™(409.6 ps)

011 (fc/8) fc/2® (3.2 ps) |fc/2® (12.8 ps) | fc/2'°(51.2 us) | fc/2*(819.2 ps)
100 (fc/16) fc/2” (6.4 ps) | fc/2® (25.6 ps) | fc/2'1(102.4 us) | fc/2'°(1.6384 ms)

01 3 5 7 11

XXX (Low-frequency clock) XXX fs/2® (244 ps) | fs/2° (977 ps) |fs/2” (3.9 ms) | fs/2'(62.5 ms)

XXX 10 (Note) XXX fs/2” (6.4 us) | fc/2® (25.6 us) | fc/2(102.4 us) | fe/2™(1.6384 ms)
(fc/16 clock) TH s s :
XXX: Don't care

Note: The fc/16 clock as a prescaler clock can not be used when the fs is used as a system clock.
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The clock selected among fFPH clock, fc/16 clock, and fs clock is divided by 4 and

input to this prescaler. This is selected by prescaler clock selection register
SYSCRO<PRCK1:0>.

Resetting sets <PRCK1:0> to “00”, therefore fFPH/4 clock is input.

The 8-bit timer selects between 4 clock inputs: ¢T1, $T4, ¢T16, and $T256 among the
prescaler output.

This prescaler can be run or stopped by the timer control register TRUN<PRRUN>.
Counting starts when <PRRUN> is set to “1”, while the prescaler is cleared to zero and
stops operation when <PRRUN> is set to “0”.

When the IDLE1 mode (Operates only oscillator) is used, set TRUN<PRRUN> to “0”
to stop this prescaler before “HALT” instruction is executed.

Up counter

This is an 8-bit binary counter which counts up by the input clock pulse specified by
T10MOD and T32MOD.

The input clock of timer 0, 2 are selected from the external clock from TIO (Only
timer 0) pin and the three internal clocks ¢T1, ¢T4, and ¢T16, according to the set
value of TIOMOD/T32MOD registers.

The input clock of timer 1 and 3 differs depending on the operation mode. When set
to 16-bit timer mode, the overflow outputs of timer 0 and 2 are used as the input clock.
When set to any other mode than 16-bit timer mode, the input clock is selected from
the internal clocks ¢T1, $T16, and ¢T256 as well as the comparator output (Match
detection signal) of timer 0, 2 according to the set value of T1I0MOD and T32MOD
registers.

Example: When T1I0MOD<T10M1:0> = 01, the overflow output of timer 0 becomes the
input clock of timer 1 (16-bit timer mode).
When T10MOD<T10M1:0>=00 and T10MOD<T1CLK1:0>=01, ¢T1
becomes the input of timer 1 (8-bit timer mode).

Operation mode is also set by TIOMOD and T32MOD registers. When reset, it is
initialized to TIOMOD<T10M1:0> =00 and T32MOD<T32M1:0> = 00 whereby the up
counter is placed in the 8-bit timer mode.

The counting and stop and clear of up counter can be controlled for each interval
timer by the timer operation control register TRUN. When reset, all up counters will be
cleared to stop the timers.
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3. Timer register

This is an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, TREG2, TREG3, matches the value of up counter, the
comparator match detect signal becomes active. If the set value is O0H, this signal
becomes active when the up counter overflows.

Timer registers TREG2 are double buffer structure, each of which makes a pair with
register buffer.

The timer flip-flop controll register TRDC<TR2DE> bits control whether the double
buffer structure in the TREG2 should be enabled or disabled. They are disabled when
<TR2DE> = 0 and enabled when they are set to 1.

In the condition of double buffer enable state, the data is transfered from the register
buffer to the timer register when the 2n — 1 overflow occurs in PWM mode, or at the
PPG cycle in PPG mode. Therefore, during timer mode, the double buffer can not be
used.

When reset, it will be initialized to <TR2DE> = 0 to disable the double buffer. To use
the double buffer, write data in the timer register, set <TR2DE> to 1, and write the
following data in the register buffer.

Up counter

U

| Comparator (CP2) |
2\

| Timer register 2 (TREG2) |

VAN Matching detection of PPG
— (e
[ Shift trigger 2" - 1 overflow of PWM
Selector
| Register buffer 2 | <—TREG2WR
N\ T
[ Write [
¢ Internal data bus ) TRDC<TR2DE>

Figure 3.7.4 Configuration of Timer Register 2

Note: Timer register and the register buffer are allocated to the same memory address.
When <TR2DE> = 0, the same value is written in the register buffer as well as the
timer register, while when <TR2DE> = 1 only the register buffer is written.

The memory address of each timer register is as follows.
TREGO: 000022H TREG2: 000026H
TREG1: 000023H TREG3: 000027H

All the registers are write only and cannot be read.
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Comparator

A comparator compares the value in the up counter with the values to which the
timer register is set. When they match, the up counter is cleared to zero and an
interrupt signal (INTTO, INTT1, INTT2, INTT3) is generated. If the timer flip-flop
inversion is enabled, the timer flip-flop is inverted at the same time.

Timer flip-flop (Timer F/F: TFF1, TFF3)
The timer flip-flop is a flip-flop inverted by the match detect signal (8-bit comparator
output) of each interval timer.

Inverting is disabled or enabled by the timer flip-flop control register
TFFCR<TFF3IE, TFF1IE>.

After reset operation, the value of TFF1, TFF3 is undefined. Writing 01 or 10 to
TFFCR<TFF3C1:0, TFF1C1:0> sets 0 or 1 to TFF1, TFF3. Additionally, writing 00 to
this bit inverts the value of TFF1, TFF3. (Software inversion.)

The signal of TFF3 is output through the TO3 pin (Also used as P41). When using as
the timer output, the timer flip-flop should be set by port 4 function register P4FC
beforehand. The output pin of TFF1 does not exist.
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Timer Operation Control Register
7 6 5 4 3 2 1 0
TRUN Bit symbol | PRRUN TSRUN | T4RUN | T3RUN | T2RUN | TIRUN | TORUN
(0020H) | Read/write |  R/W RIW
After reset 0 o | o | o [ o J o [ o

SYSCRO
(006EH)

Function

Prescaler and timer run/stop control

0: Stop and clear
1. Run (Count up)

Note: TRUN<BIt6> is always read as “1".

!

> Count operation

PRRUN:
TS5RUN:
TARUN :
T3RUN:
T2RUN:
T1RUN:
TORUN :

0 Stop and clear
1 Count

Operation of prescaler

Operation of 16-bit timer (Timer 5)
Operation of 16-bit timer (Timer 4)
Operation of 8-bit timer (Timer 3)
Operation of 8-bit timer (Timer 2)
Operation of 8-bit timer (Timer 1)
Operation of 8-bit timer (Timer 0)

System Clock Control Register

7 6 5 4 3 2 1 0
Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High-frequency| Low-frequency]High-frequency [Low-frequency|Select clock |Warm-up Select prescaler clock

oscillator (fc)
0: Stop
1: Oscillation

oscillator (fs)
0: Stop
1: Oscillation

oscillator (fc)
after released
STOP mode

0: Stop
1: Oscillation

oscillator (fs)
after released
STOP mode

0: Stop
1: Oscillation

after released|timer (Write) [00: frpH

STOP mode |0: Don't care|01: fs

0:fc 1: Start timer|10: fc/16

Lifs (Read) 11: (Reserved)

0: End
warm up

1: Notend
warm up

l

Select prescaler input clock

00 |[fepH

01 |fs

10 |fc/16

11 | (Reserved)

Figure 3.7.5 8-Bit Timer Related Registers (1/5)
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Timer 0, 1 Mode Control Register
7 6 5 4 3 2 1 0
T10MOD Bit symbol Tio0M1 T10MO T1CLK1 T1CLKO TOCLK1 TOCLKO
(0024H) | Read/Write RIW RIW
After reset o | o o | o o | o
Function Operation mode Source clock of timer 1 Source clock of timer 0
00: 8-bit timer 00: TOOTRG 00: TIO
01: 16-bit timer 01: ¢T1 0l1: ¢T1
10: - 10: ¢T16 10: ¢T4
11: - 11: ¢$T256 11: ¢T16

|—> Input clock of timer O

00

External Input (TI0)

01

6T1 (Prescaler)

10

$T4 (Prescaler)

11

$T16 (Prescaler)

> Input clock of timer 1

T10MOD<T10M1:0> = 01

T10MOD<T10M1:0> =01

00

Comparator output
of timer 0

Overflow output of
timer O

01

Internal clock ¢T1

10

Internal clock ¢T16

(16-bit timer mode)

11

Internal clock $T256

> Set the operation mode of
timer 0 and 1.

00

Two 8-bit timers (Ti

mer 0 and timer 1)

01

16-bit timer

10

11

Figure 3.7.6 8-Bit Timer Related Register (2/5)
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Timer 2 and Timer 3 Mode Control Register
7 6 5 4 3 2 1 0
T32MOD Bit symbol T32M1 T32MO0 PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
(0028H) Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock of timer 3 Source clock of timer 2
00: 8-bit timer 00: Don't care 00: TO2TRG 00: —
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: 28-1 11: $T256 11: ¢T16
I I

|—>|nput
00

——>Input

clock of timer 2

Don't set

01 | ¢T1 (Prescaler)

10 | ¢T4 (Prescaler)

11 | ¢T16 (Prescaler)

clock of timer 3

T32MOD<T32M1:0> = 01

T32MOD<T32M1:0> = 01

00 Comparator output | Overflow output of
of timer 2 timer 2
01 | Internal clock ¢T1
(16-bit timer mode)
10 | Internal clock $T16
11 | Internal clock $T256
»Select PWM cycle
00 [ Don't care
01 | (2° - 1) x Input clock frequency of timer 2
10 | (2 - 1) x Input clock frequency of timer 2
11 | (2% - 1) x Input clock frequency of timer 2

»Set the operation mode of timer 2 and 3.

00

Two 8-bit timers (Timer 0 and timer 1)

01 | 16-bit timer

10 | 8-bit PPG output

11

8-bit PWM output (Timer 2)
8-bit timer (Timer 3)

Figure 3.7.7 8-Bit Timer Related Register (3/5)
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Timer Flip-Flop Control Register

7 6 5 4 3 2 1 0
TFFCR Bit symbol TFF3C1 TFF3CO TFF3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
(0025H) | Read/write W RIW w RIW
After reset 1 | 1 0 0 1 | 1 0 0
Function 00: Invert TFF3 TFF3 TFF3 00: Invert TFF1 TFF1 TFF1
01: Set TFF3 inversion inversion 01: Set TFF1 inversion inversion
. trigger source . trigger source
10: CIea}r TFF3 0: Disable |0: Timer 2 10: Cleatr TFFL 0: Disable 0: Timer 0
11: Don't care 1: Enable 1: Timer 3 11: Don't care 1: Enable 1: Timer 1
I I I I

| |

Select inverse signal of timer F/F3 Select inverse signal of timer F/F1
(“Don't care” except in 8-bit timer mode) (“Don't care” except in 8-bit timer mode)
0 | Inversion by timer 2 0 | Inversion by timer O
1 | Inversion by timer 3 1 | Inversion by timer 1
—>Inversion of timer F/F3 (TFF3) —>Inversion of timer F/F1 (TFF1)
0 | Disable invert 0 | Disable invert
1 [Enable invert 1 [Enable invert
L———Control of timer F/F3 (TFF3) L———Control of timer F/F1 (TFF1)
00 Invert the yalue pf TFF3 00 Invert the yalue pf TFF1
(Software inversion) (Software inversion)
01 | Set TFF3 to “1” 01 | Set TFF1 to “1”.
10 | Clear TFF3 to “0” 10 | Clear TFF1 to “0".
11 | Don’t care (Note) 11 | Don’t care (Note)

Note: TFFCR<TFF3C1:0, TFF1C1:0> is always read as “1".

Figure 3.7.8 8-Bit Timer Related Register (4/5)
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Timer Register Double Buffer Control Register

7 6 5 4 3 2 1 0

TRDC Bit symbol TR2DE -
(0029H) Read/Write RIW

After reset 0 0

Function 0: Double Always
buffer write “0”".
disable

1: Double
buffer
enable

|

Operation of timer register 2 double butter
0 | Disable
1 [Enable

Figure 3.7.9 8-Bit Timer Related Register (5/5)

(1) 8-bit timer mode
Four interval timers 0, 1, 2, 3 can be used independently as 8-bit interval timer.
1. Generating interrupts in a fixed cycle (in case of timer 1)

To generate timer 1 interrupt at constant intervals using timer 1 INTT1), first
stop timer 1 then set the operation mode, input clock, and a cycle to TI0OMOD and
TREG1 register, respectively. Then, enable interrupt INTT1 and start the

counting of timer 1.

Example: To generate timer 1 interrupt every 1 second at fs = 32 kHz, set each register in the following manner.

System clock:  Low frequency (fs)

* Clock condition
Prescaler clock: Low frequency (fs)

MSB LSB
7 6 54 3 2 10
TRUN «- X - - - -0 - Stop timer 1, and clear it to “0”.
T10MOD «00 XX 10 - - Set the 8-bit imer mode, and select ¢T16 (4 ms at fs = 32
kHz) as the input clock.
TREG1 «~1 1111010 Set the timer register 1 s + ¢T16 = 250 = FAH
INTET10 «1101 - - - - Enable INTT1, and set it to Level 5.
TRUN «1 X - - - -1 Start timer 1 counting.

X: Don't care, (: No change

Use the Table 3.7.1 for selecting the input clock.

Note: The input clock of timer 0 and timer 1 are different from as follows.
Timer O: TIO input, (T1, (T4, (T16.
Timer 1: Match output of timer 0, (T1, (T16, (T256.
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2. Generating a 50% duty square wave pulse
The timer flip-flop is included in timer 1 and 3.

The timer flip-flop (TFF3) is inverted at constant intervals, and its status is
output to timer output pin (TO3). The output pin of TFF1 does not exist.

Example: To output a 2.4 (s square wave pulse from TO3 pin at fc ( 20 MHz, set each register in the following
procedures. Either timer 2 or timer 3 may be used, but this example uses timer 3.

System clock:  High frequency (fs)
* Clock condition | Clock gear: 1 (fc)
Prescaler clock: fepy

76 54 3 210

TRUN «- X - -0 - - - Stop timer 3, and clear it to “0”.

T32MOD « 0 0 X X 0 1 - - Set the 8-bit timer mode, and select ¢T1 (0.4 ps at fc = 20
MHz) as the input clock.

TREG3 «000000O0T11 Set the timer register at 2.4 ps + ¢T1+2=3.

TFFCR «1011 - - - - Set TFF3 to “0”, and set to invert by the match detect signal
from timer 3.

P4CR «------1+= .

PAFC o X X - X X 1X } Select P41 as TO3 pin.

TRUN «- X -=-1-- - Start timer 3 counting.

X: Don't care, —: No change

oT1

TRUN

<T3RUN>

Bit7 to 2

Up counter  Bitl

Comparator timing

Comparator output
(Matching detect)

w

Lof

Bit0 0 1 2
[

0 1 2
[1 [1

|

] -
3
=

) o

. 137

-
-
W/ M
UC3 clear k | | ﬂ

N I —

/ \ [

1.2 ps at fc =20 MHz

<

2y

Figure 3.7.10 Square Wave (50% duty) Output Timing Chart
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3. Making timer 1 count up by match signal from timer O comparator
(Same function is achieved by using timer 3 and timer 2)

Set the 8-bit timer mode, and set the comparator output of timer 0 as the input
clock to timer 1.

Comparator output
(Timer 0 match) ﬂ ﬂ

Timer O up counter
(when TREGO = 5) 1 X2 X3 X4aX5X1X2X3X4X5X1X2X3)

Timer 1 up counter
(when TREG1 = 2) 1 X 2 X 1
Timer 1 match output ﬂ

Figure 3.7.11 Timer 1 Count up by Timer O

(2) 16-bit timer mode

A 16-bit interval timer is configured by using the pair of timer 0 and timer 1 or timer
2 and timer 3.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer
0/1 mode register TIOMOD<T10M1:0> to 01.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input
clock of timer 1 and 3, regardless of the set value of TIOMOD<T1CLK1:0> and
T32MOD<T3CLK1:0>. Table 3.7.1 shows the relation between the cycle of timer
(Interrupt) and the selection of input clock.

The lower 8 bits of the timer (Interrupt) cycle are set by the timer register TREGO or
TREGZ2, and the upper 8 bits are set by TREG1 or TREG3. Note that TREGO and
TREG?2 always must be set first. (Writing data into TREGO and TREG2 disables the
comparator temporarily, and the comparator is restarted by writing data into TREG1
and TREG3.)

Setting example: To generate an interrupt INTT3 every 0.4 seconds at fc = 20 MHz, set the following values for timer

registers TREG2 and TREG3.

System clock:  High frequency (fs)
* Clock condition | Clock gear: 1 (fc)
Prescaler clock: fepy

When counting with input clock of $T16 (6.4 us at 20 MHz)
0.4 s+ 6.4 us = 62500 = F424H
Therefore, set TREG3 = F4H and TREG2 = 24H, respectively.
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The comparator match signal is output from timer 2 each time the up counter UC2
matches TREG2, where the up counter UC2 is not be cleared.

With the timer 3 comparator, the match detect signal is output at each comparator
timing when up counter UC3 and TREG3 values match. When the match detect signal
is output simultaneously from both comparators of timer 2 and timer 3, the up
counters UC2 and UC3 are cleared to 0, and the interrupt INTT3 is generated. If
inversion is enabled, the value of the timer flip-flop TFF3 is inverted.

Example: When TREG3 = 04H and TREG2 = 80H

2’5‘(':“3? CL’Jf é’f) counter 0000H  0080H  0180H  0280H  0380H  0480H
match detect sgnal I 1 1 1 1
Interrupt INTT3 !—|
]
Timer output TO3 X Inversion

Figure 3.7.12 Timer Output by 16-Bit Timer Mode

(3) 8-bit PPG (Programmable pulse generation) output mode

Square wave pulse can be generated at any frequency and duty by timer 2. The
output pulse may be either low active or high active. In this mode, timer 3 cannot be
used.

Timer 2 outputs pulse to TO3 pin (Also used as P41).

tH L
l¢ t N
€ >

TREG2 and UC2 match ﬂ
(Interrupt INTT2)

TREG3 and UC2 match ( (
(Interrupt INTT3) /ﬂ \ /ﬂ

oS |

N

TREG2
TREG3

<

<

Figure 3.7.13 8-Bit PPG Output Waveforms
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In this mode, a programmable square wave is generated by inverting timer output
each time the 8-bit up counter (UC2) matches the timer registers TREG2 and TREG3.

However, it is required that the set value of TREG2 is smaller than that of TREGS3.

Though the up counter (UC3) of timer 3 is not used in this mode, UC3 should be set
for counting by setting TRUN<T3RUN> to 1.

Figure 3.7.14 shows the block diagram for this mode.

TRUN<T2RUN> T(TB
$T1 —> 8-bit «— TFFCR
$T4 —>| Selector up counter TFF3 <TFF3C1:0, TFF3IE>
$T16 —>] (uc2) <
T T [ Inversion
T32MOD<T2CLK1:0>
| L >» INTT2
| Comparator | Comparator I) > INTT3
2\
| TREG2 |
Selector Shift trigger
TREG2-WR —»
| Register buffer | | TREG3 |

TRDC<TR2DE>

Internal data bus

Figure 3.7.14 Block Diagram of 8-Bit PPG Output Mode

When the double buffer of TREGZ2 is enabled in this mode, the value of register
buffer will be shifted in TREG2 each time TREG3 matches UC2.

Use of the double buffer makes easy the handling of low duty waves (when duty is
varied).

Match with TREG2
and up counter ﬂ ﬂ

(Up counter = Q) (Up counter =Q>)
Match with TREG 3

( Shift from register buffer

TREG2 MX Q,
7

(Value to be compared) Q1
Register buffer Q2 X Q3

&TREG 2 (Register buffer)
write

Figure 3.7.15 Operation of Register Buffer
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Example: Generating 1/4 duty 62.5 kHz pulse (at fc = 20 MHz)
1 1
[} [}

<
16 us

System clock:  High frequency (fs)
* Clock condition Clock gear: 1 (fc)
Prescaler clock: fppy

Calculate the value to be set for timer register.
To obtain the frequency 62.5 kHz, the pulse cycle t should be: t = 1/62.5 kHz = 16 ps.
Given ¢T1=0.4 ps (at 20 MHz),
16 us + 0.4 us =40
Consequently, to set the timer register 3 (TREG3) to TREG3 = 40 = 28H
and then duty to 1/4, t x 1/4 =16 ps x 1/4 =4 ps

4pus+0.4ps=10
Therefore, set timer register 2 (TREG2) to TREG2 = 10 = 0AH.

~ 76 54 3 210
TRUN « - X - 00 - - Stop timer 2, 3 and clear it to “0".
T32MOD «1 0 X XX X 01 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TREG2 «~00001010 Write “OAH”.
TREG3 «~00101000 Write “28H”.
TEECR «0 11 X - - - - Sets TFF3 and enable the inversion and double buffer
‘—|—' enable.
> Writing “10” provides negative logic pulse.
PACR - - - - --1- .
PAFC o X X - X X 1X } Set P41 as the TO3 pin.
TRUN «1 X - =-11- - Start timer 2 and timer 3 counting.

X: Don't care, —: No change
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(4) 8-bit PWM Output mode

This mode is valid only for timer 2. In this mode, maximum 8-bit resolution of PWM
pulse can be output.

PWM pulse is output to TO3 pin (also used as P41) when using timer 2. Timer 3 can
also be used as 8-bit timer.

Timer output is inverted when up counter (UC2) matches the set value of timer
register TREG2 or when 20—1 (n=6, 7 or 8; specified by T32MOD<PWM21:20>)
counter overflow occurs. Up counter UCO is cleared when 2»—1 counter overflow
occurs.

To use this PWM mode, the following conditions must be satisfied.
(Set value of timer register) < (Set value of 2» — 1 counter overflow)

(Set value of timer register) = 0

2 matcn Al Al A

oLk [ al al

(Interrupt INTT2)

TO3

| tPwm
= (PWM cycle) .

Figure 3.7.16 8-Bit PWM Waveforms

Figure 3.7.17 shows the block diagram of this mode.

TRUN<T2RUN> T??’
oT1 —> )
8-bit up counter TFFCR
T4 —»]| Selector > oo Clear TFF3 K= TrFacio,
6T16 —> TFF3IE>
Invert
T32MOD<T2CLK1:0> g T32MOD
- <T32M1:0> =11
) overflow “—T32MOD
control <PWM21:20>
Overflow
| Comparator I)
| | & » INTT2
| TREG2 |
Selector Shift trigger
TREG2-WR —»]
| Register buffer |
TRDC<TR2DE> ~
0 Internal data bus 0

Figure 3.7.17 Block Diagram of 8-Bit PWM Mode

93CS44-97 2004-02-10



TOSHIBA TMP93CS44/S45

In this mode, the value of register buffer will be shifted in TREG2 if 2» — 1 overflow is
detected when the double buffer of TREGZ2 is enabled.

Use of the double buffer makes easy the handling of small duty waves.

Match with TREG2 ﬂ ﬂ
Up counter = Q1 Up counter = Qy

2" -1 overflow

[ shiftinto TREG?2

TREG2 Q1 N Q,
(Value to be compared) Xﬁ
Register buffer Q2 X Q3
&TREez (Register buffer)
write

Figure 3.7.18 Operation of Register Buffer

Example: To output the following PWM waves to TO3 pin at fc = 20 MHz.

"~ 288ps

50.8 ps

System clock:  High frequency (fs)
* Clock condition Clock gear: 1 (fc)
Prescaler clock: frpy

To realize 50.8 ps of PWM cycle by ¢T1 =0.4 pus (at fc =20 MHz),
50.8 us+0.4pus=127=2n-1

Consequently, n should be set to 7.

As the period of low level is 28.8 ps, for ¢T1=0.4 ps,

set the following value for TREG2.
28.8 us + 0.4 us =72 =48H

MSB LSB

TRUN « - - - -0 - - Stop timer 2, and clear it to “0”".

T32MOD «1110--01 Set 8-hit PWM mode (cycle: 2’ — 1) and select ¢T1 as the
input clock.

TREG2 «~01001000 Writes “48H”.

TEFCR «1 01X - - - - Clears TFF3, enable the inversion and double buffer.

PACR - - - ---1+= ,

PAEC - X X - X 1 X } Set P41 as the TO3 pin.

TRUN «1 X - - -1- - Start timer 2 counting.

X: Don't care, —: No change
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Table 3.7.2 PWM Cycle
at fc = 20 MHz, fs = 32.768 kHz

Select Select PWM Cycle

System Prescaler Gear Value 2% _1 27 _1 2% _1

Clock Clock <GEARZ:0> [T ri T 474 | oTi6 | oTL | T4 | oT16 | oTL | oT4 | ¢T16
<SYSCK>| <PRCK1:0>
1 (fs) XXX 154ms | 61.5ms | 246ms | 31.0ms | 124ms | 496ms | 623 ms | 249 ms | 996 ms
000 (fc) 252 us | 100.8 ps | 403.2 us | 50.8 us | 203.2 us | 812.8 ps | 102.0 us | 408.0 us | 1.63 ms
00 001 (fc/2) 50.4 us | 201.6 us | 806.4 ps | 101.6 pus | 406.4 us | 1.63 ms | 204.0 us | 816.0 us | 3.26 ms
0 (fc) (frpH) 010 (fc/4) 100.8 us | 403.2 us | 1.61ms | 203.2 us | 812.8 us | 3.26 ms | 408.0 us [ 1.63 ms | 6.53 ms
011 (fc/8) 201.6 us | 806.4 ps | 3.23ms | 406.4 us [ 1.63ms | 6.52ms | 816.0 us | 3.26 ms | 13.06 ms
100 (fc/16) 4032 ps | 1.61ms | 6.45ms | 8128 us | 3.25ms | 13.04ms | 1.63ms | 653 ms [26.11 ms
01
XXX (Low-frequency XXX 154ms | 61.5ms | 246 ms | 31.0ms | 124ms | 496 ms | 623 ms | 249 ms | 996 ms
clock)
XXX 10 XXX 4032 ps | 1.61ms | 6.45ms | 8128 us | 3.25ms [ 13.04ms | 1.63ms | 6.53 ms | 26.11 ms
(fc/16 clock)

XXX: Don't care

(5) Timer mode setting registers
Table 3.7.3 shows the list of 8-bit timer modes.

Table 3.7.3 Timer Mode Setting Register

Register Name T10MOD/T32MOD TFFCR
Name;é;;‘t“ecr“o“ in T10M/T32M PWM2 T1CLK/T3CLK TOCLK/T2CLK TFFLIS/TFF3IS
: ) Upper Timer Lower Timer Timer F/F Invert
Function Timer M PWM | .
unctio imer Mode Cycle Input Clock Input Clock Signal Select
* External clock
01 _ (Only timer 0),

16-bit timer mode - oT1, 6T4, 6T16 -

(00, 01, 10, 11)

* Lower timer External clock 0: Lower timer
P 00 - match, (Only timer 0), output
8-bit timer x 2 channels 4T1, 16, 256 4TL, 6T4, $T16 1: Upper timer
(00, 01, 10, 11) (00, 01, 10, 112) output
* * * * External clock *
i 10 — _ (Only timer 0), _
8-bit PPG x 1 channel §TL, 674, $T16
(00, 01, 10, 11)
* " § . * * External clock | *
2°-1,2"-1,2°-1 i
_bi 11 ’ J _ (Only timer 0), _
8-bit PWM x 1 channel (01, 10, 11) §TL, 674, $T16
(00, 01, 10, 11)
*
L 0T1, $T16, $T256 .
8-bit timer x 1 channel 1 - (01, 10, 11) - Output disabled

—: Don’t care, *: Don’t set in TLOMOD
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3.8 16-Bit Timers/Event Counters

The TMP93CS44/TMP93CS45 contains two (Timer 4 and timer 5) multifunctional 16-bit
timer/event counter with the following operation modes.

16-bit interval timer mode

e 16-bit event counter mode

16-bit programmable pulse generation (PPG) mode

Can be used following operation modes by capture function.

e Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Timer/event counter consists of 16-bit up counter, two 16-bit timer registers, two 16-bit
capture registers (One of them applies double buffer), two comparators, capture input controller,
and timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers: TAMOD/T5MOD, T4FFCR/T5FFCR,
TRUN and T45CR.

Figure 3.8.1, 2 shows the block diagram of 16-bit timer/event counter (Timer 4 and timer 5).

Timer 4 and 5 can be used independently.

All timers operate in the same manner, and thus only the operation of timer 4 will be
explained below.
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Timer 4 Mode Control Register
7 6 5 4 3 2 1 0
T4MOD Bit symbol CAP1IN | CAP12M1 | CAP12MO CLE TACLK1 T4ACLKO
(0038H) Read/Write W RIW
After reset 1 o | o 0 o | o
Function 0: Software | Capture timing 0:UC4 Timer 4 source clock
capture 1 0: Disable clear 00: Tl4 pin
1: Don't care INT4 occurs at rising disable | 01: ¢T1
edge. 1:UC4 10: ¢T4
01: T4t TI5T clear 11: 4716
INT4 occurs at rising enable ’
edge.
10:TI4T Al
INT4 occurs at rising
edge.
11: TFF1T  TFF1l
INT4 occurs at rising
edge.
. |

Figure 3.8.3 16-Bit Timer/Event Counter Related Register (1/6)

|—)Timer 4 input clock

00 | External clock (TI4)

01 |¢T1
10 |¢T4
11 |¢T16

—> Clearing the up counter UC4

0 | Clear disable

1 | Clear by match with TREG5.

—> Capture timing of timer4

Capture control

INT4 control

00 | Capture disable

CAP1 at Tl4 rise

Interrupt occurs at the
rising edge of Tl4

CAP2 at TFF1 fall

0L | AP at Ti5 rise (INT4) input.

10 | CAPLat TI4 rise LQTE;S‘ELSZC;VS atthe
CAP2 at Tl4 fall Tia (INT) input__\_

" CAP1 at TFF1 rise Interrupt occurs at the

rising edge of Tl4
(NTZ) input, /"

—— > Software capture control

0 | The up counter 4 value is loaded to CAP1.

1 |Don't care
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Timer 4 Flip-Flop Control Register
7 6 5 4 3 2 1 0
T4AFFCR | Bit symbol CAP2T4 | CAP1T4 | EQS5T4 EQ4T4 | TFF4C1 | TFFACO
(0039H) Read/Write RIW W
After reset o | o o | o 1 | 1
Eunction TTF4 invert trigger 00: Invert TFF4
0: Disable trigger 01: Set TFF4

1: Enable trigger

10: Clear TFF4

Invert when|Invert when
the UC the UC
value is value is
loaded to [loaded to
CAP2 CAP1

Invert when|Invert when|11: Don't care

the UC

matches matches

TREGS5

the UC Always read as “11”.
TREG4

]

|—)Timer flip-flop 4 (TFF4) control

00

Inverts the TFF4 value (Software inversion).

01

Sets TFF4 to “1".

10

Clear TFF4 to “0".

11

Don'’t care (Always read as “11”".)

Time

L——— Invert when the UC matches TREG4

r flip-flop 4 (TFF4) invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Inver

—>Time

t when the UC matches TREG5
r flip-flop 4 (TFF4) invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Inver

> Time

t when the UC value is loaded to CAP1
r flip-flop 4 (TFF4) invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Inver

> Time!

t when the UC value is loaded to CAP2
r flip-flop 4 (TFF4) invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Figure 3.8.4 16-Bit Timer/Event Counter Related Register (2/6)
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Timer 5 Mode Control Register
7 6 5 4 3 2 1 0
T5MOD Bit symbol CAP3IN | CAP34M1 | CAP34MO CLE T5CLK1 T5CLKO
(0048H) Read/Write w RIW
After reset 1 o | o 0 o | o
Function 0: Software | Capture timing 0:UC5 Timer 5 source clock
capture 00: Disable clear 00: TI6 pin
1:Don't care INT6 occurs at rising disable 01: ¢T1
edge. 1:UCs 10: ¢T4
o1: 16T TI7TT clear 11: ¢T16
INT6 occurs at rising enable ’
edge.
10: TIsT  TIed
INT6 occurs at fall
edge.
11: TFF1T TFF1
INT6 occurs at rising
edge.

|—> Timer 5 input clock
00 | External clock (T16)

01 |¢T1
10 |¢T4
11 | ¢T16

—> Clearing the up counter UC5
0 | Clear disable

1 | Clear by match with TREG7

> Timer 5 capture timing

Figure 3.8.5 16-Bit Timer/Event Counter Related Register (3/6)

Capture control

INT6 Control

00

Capture disable

01

CAP3 at TI6 rise
CAP4 at TI7 rise

Interrupt occurs at the
rising edge of TI6
(INT6) input.

10

CAP3 at TI6 rise
CAP4 at TI6 fall

Interrupt occurs at the
falling edge of
TI6 (INT6) input_\—

11

CAP3 at TFF1 rise
CAP4 at TFF1 fall

Interrupt occurs at the

rising edge of TI6
(NT6) input,  —/"

» Software capture control

0

The up counter 5 value is loaded to CAP3.

1

Don't care
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Timer 5 Flip-Flop Control Register
7 6 5 4 3 2 1 0
T5FFCR Bit symbol CAP4T6 | CAP3T6 | EQT7T6 EQ6T6 | TFF6CLl | TFF6CO
(0049H) Read/Write RIW W
After reset o | o o | o 1 | 1
Eunction TTF6 invert trigger 00: Invert TFF6
0: Disable trigger 01: Set TFF6

1: Enable trigger

Invert when|Invert when
the UC the UC
value is value is
loaded to [loaded to
CAP4 CAP3

Invert when |Invert when

the UC

matches matches

TREG7

the UC
TREG6

10: Clear TFF6
11: Don't care
Always read as “11".

]

|—)Timer flip-flop 6 (TFF6) control

00

Inverts the TFF6 value (Software inversion).

01

Sets TFF6 to “1".

10

Clear TFF6 to “0".

11

Don’t care (Always read as “11".)

L——— Invert when the UC matches TREG6

Timer flip-flop 6 (TFF6) invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Invert when the UC matches TREG7
—>Time

r flip-flop 6 (TFF6)

invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

> Time

Invert when the UC value is loaded to CAP3

r flip-flop 6 (TFF6)

invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

> Time

Invert when the UC value is loaded to CAP4

r flip-flop 6 (TFF6)

invert trigger

0

Trigger disable (Invert prohibition)

1

Trigger enable (Invert permission)

Figure 3.8.6 16-Bit Timer/Event Counter Related Register (4/6)
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Timer 4 and Timer 5 Control Register
7 6 5 4 3 2 1 0
T45CR Bit symbol QCU DB6EN DB4EN
(003AH) Read/Write RIW RIW
After reset 0 0 I 0
Function |Watchdog Double buffer
I:Il\lgl’er‘:"ll up 0: Disable
timer 1: Enable
control Double Double
buffer of buffer of
TREG6 TREG4

|—> Double buffer control

0

Disable

1

Enable

DB6EN: Double buffer of TREG6
DB4EN: Double buffer of TREG4

» Watchdog timer/warm-up timer input control

0

Use 7 stage binary counter

1

Not use 7 stage binary counter (Note 1)

Note 1: In case of unused 7 state binary counter as a warm-up timer, the stable clock must be input from external

circuit.

Note 2: Bit6 to 2 of TA5CR is read as 1.

Figure 3.8.7 16-Bit Timer/Event Counter Related Register (5/6)
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Timer Operation Control Register
7 6 5 4 3 2 1 0
TRUN Bit symbol PRRUN T5RUN T4RUN T3RUN T2RUN T1RUN TORUN
(0020H) | Read/Write RIW RIW
After reset 0 o | o o | o | o | o
Eunction Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)
T—)Count operation
0 Stop and clear
1 Count
PRRUN: Operation of prescaler
T5RUN: Operation of 16-bit timer (Timer 5)
T4RUN: Operation of 16-bit timer (Timer 4)
T3RUN: Operation of 8-bit timer (Timer 3)
T2RUN: Operation of 8-bit timer (Timer 2)
T1RUN: Operation of 8-bit timer (Timer 1)
TORUN: Operation of 8-bit timer (Timer 0)
Note: Bit6 of TRUN is read as “1".
System Clock Control Register
7 6 5 4 3 2 1 0
SYSCRO Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o

Function

High-frequenc
oscillator (fc)

0: Stop
1: Oscillaton

Low-frequenc
oscillator (fs)

0: Stop
1: Oscillaton

High-frequenc
oscillator (fc)
after released
STOP mode
0: Stop

1: Oscillaton

Low-frequenc
oscillator (fc)
after released
STOP mode
0: Stop

1: Oscillaton

Select clock [Warm-up Select gear value of
after released|timer
STOP mode [(Write)

0: fc
1:fs

0: Don'tcare |o1: fs

0: End
warm up

1: Notend
warm up

high frequency (fs)
00: fepH

1: Start timer |10: fc/16
(Read) 11: (Reserved)

l

high frequency

1/4 times clock

Select gear value of
00 |fepH
01 |fs
10 |fc/16

11 | (Reserved)

Figure 3.8.8 16-Bit Timer/Event Counter Related Registers (6/6)
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1. Prescaler
There are 9-bit prescaler and prescaler clock selection registers to generate input
clock for 8-bit timer 0, 1, 2, 3, 16-bit timer 4, 5 and serial interface 0, 1.
Figure 3.8.9 shows the block diagram. Table 3.8.1 shows prescaler clock resolution
into 8, 16-bit Timer.
Tto CPU
System clock fgys
fEPH \ 9-bit prescaler
2|4|8|16|32|64|128|256|512|
y YYYY VY Y ¢ ¢ Y
5 > ¢T1
2 > ¢T4 To 8-bit timer
18 > ¢T16 0,123
> L > ¢T256
SYSCRO > ¢T1
5 <PRCK1:0> > ¢T4 To 16-bit timer
XT1 O 2 Run/stop > $T16 '
@ and clear|
ol
> 1
TRUN<PRRUN> To
SYSCR1<SYSCK> > ¢ To serial
= > ¢pT2 interface
[S] 0,1
o > ¢T8
> O
p % ——> ¢T32
fc| fec/2| fela| fc/8|fc/16
SYSCR1<GEAR2:0>
X1 [

Figure 3.8.9 The Block Diagram of Prescaler

Table 3.8.1 Prescaler Clock Resolution to 8-Bit Timer and 16-Bit Timer
at fc =20 MHz, fs =32.768 kHz

| m | Pr ler i
Select System| Select Prescaler | .\ .16 Prescaler Clock Resolution
Clock Clock <GEAR2:0>
<SYSCK> <PRCK1:0> ' ¢T1 ¢oT4 ¢T16 $T256
1 (fs) XXX fs/2® (244 ps) | fs/2® (977 ps) |fs/2” (3.9 ms) | fs/2™(62.5 ms)
000 (fc) fc/2® (0.4 ps) |fc/2® (1.6 ps) |fc/2” (6.4 us) | fc/2™(102.4 ps)
00 (fepr) 001 (fc/2) fc/2* (0.8 ps) |fc/2® (3.2 ps) |fc/2® (12.8 us) | fc/2™(204.8 ps)
0 (fc) FPH 010 (fc/4) fc/2° (L6 ps) | fc/2” (6.4 ps) | fc/2° (25.6 ps) | fc/2™(409.6 ps)
011 (fc/8) fc/2® (3.2 ps) | fe/2® (12.8 ps) | fc/2'°(51.2 ps) | fc/2'%(819.2 ps)
100 (fc/16) fc/2” (6.4 ps) | fc/2® (25.6 ps) | fc/2'(102.4 ps) | fe/2'°(1.6384 ms)
01
XXX (Low-frequency XXX fs/2® (244 ps) | fs/2® (977 ps) |fs/2” (3.9 ms) | fs/2™(62.5 ms)
clock)
10 (Note) 7 9 1 15
XXX (fc/16 clock) XXX fc/2” (6.4 ps) | fc/2° (25.6 us) | fc/2'(102.4 ps) | fc/2'°(1.6384 ms)

XXX: Don't care

|€——  16-bit timer
[—— 8-bittimer

Note: The fc/16 clock as a prescaler clock can not be used when the fs is used as a system clock.
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The clock selected among fFPH clock, fc/16 clock, and fs clock is divided by 4 and
input to this prescaler. This is selected by prescaler clock selection register
SYSCRO<PRCK1:0>.

Resetting sets <PRCK1:0> to 00, therefore fFPH/4 clock is input.

The 16-bit timer 4, 5 selects between 3 clock inputs: ¢T1, ¢T4, and $T16 among the
prescaler outputs.

This prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUN> is set to 1, while the prescaler is
cleared to 0 and stops operation when <PRRUN> is set to 0.

When the IDLE1 mode (Operates only oscillator) is used, set TRUN<PRRUN> to 0 to
stop this prescaler before “HALT” instruction is executed.

Up counter
UC4 is a 16-bit binary counter which counts up according to the input clock specified
by TAMOD<T4CLK1:0> register.

As the input clock, one of the internal clocks ¢T1, ¢T4, and ¢T16 from 9-bit prescaler
(also used for 8-bit timer), and external clock from TI4 pin (also used as P42/INT4 pin)
can be selected. When reset, it will be initialized to <T4CLK1:0>= 00 to select TI4
input mode. Counting or stop and clear of the counter is controlled by timer operation
control register TRUN<T4RUN>.

When clearing is enabled, up counter UC4 will be cleared to 0 each time it coincides
matches the timer register TREG5. The “clear enable/disable” is set by TAMOD<CLE>.

If clearing is disabled, the counter operates as a free-running counter.

A timer overflow interrupt INTTO4) is generated when UC4 overflow occurs.

Timer registers

These two 16-bit registers are used to set the interval time. When the value of up
counter UC4 matches the set value of this timer register, the comparator match detect
signal will be active.

Setting data for both upper and lower timer registers (TREG4 and TREG5) is always
needed. For example, either using 2-byte data transfer instruction or using 1-byte data
transfer instruction twice for lower 8 bits and upper 8 bits in order.

e 111 T
i TREG4 TREGS5 i
i Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits i
H (TREG4H) (TREGAL) (TREG5H) (TREG5L) H
i 000031H 000030H 000033H 000032H E
) e e o e e e e e e e e = e e = = = = = = = = = = = = = = = = = = == = == - == === ——— 1
7= TIMer5 —==-=----m-mmmm oo oo oooooooo-oooo--o----o
i TREG6 TREG7 i
i Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits i
| (TREG6H) (TREG6L) (TREG7H) (TREG7L) |

1
i 000041H 000040H 000043H 000042H !

TREG4 to TREG?7 are write-only registers, so they can not be read by software.

93CS44-110 2004-02-10



TOSHIBA

TMP93CS44/S45

TREG4 timer register is of double buffer structure, which is paired with register
buffer. The timer control register T45CR<DB4EN> controls whether the double buffer
structure should be enabled or disabled. Disabled when <DB4EN> = 0, while enabled
when <DB4EN>= 1.

When the double buffer is enabled, the timing to transfer data from the register
buffer to the timer register is at the match between the up counter (UC4) and timer
register TREGS5.

After reset, TREG4 and TREG5 are undefined. To use the 16-bit timer after reset,
data should be written beforehand.

When reset, it will be initialized to <DB4EN> =0, whereby the double buffer is
disabled. To use the double buffer, write data in the timer register, set <DB4EN>=1,
and then write the following data in the register buffer.

TREG4 and register buffer are allocated to the same memory addresses
000030H/000031H. When <DB4EN> = 0, same value will be written in both the timer
register and register buffer. When <DB4EN> =1, the value is written into only the
register buffer.

Capture register

These 16-bit registers are used to latch the values of the up counter.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or two 1-byte data load instruction, from the lower 8-bit followed
by the upper 8 bits.

7= Timer4 —---------------ooo-ooo-—oo— oo ooo-ooo-ooo-oo--------o
! CAP1 CAP2 !
i Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits i
' (CAP1H) (CAP1L) (CAP2H) (CAP2L) :
i 000035H 000034H 000037H 000036H '
| e e e e e e e e e e e e e e e e = = ——————————————— ]
7 TIMEr 5 — === === oo oo oo
! CAP3 CAP4 !
i Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits i
H (CAP3H) (CAP3L) (CAP4H) (CAP4L) H

1
i 000045H 000044H 000047H 000046H !

CAP1 to CAP4 are read-only registers, so it cannot be written by software.
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Capture input control
This circuit controls the timing to latch the value of up counter UC4 into CAPI,
CAP2. The latch timing of capture register is controlled by register T4AMOD<CAP12M
1:0>.
e  When TAMOD<CAP12M1:0> = 00
Capture function is disabled. Disable is the default on reset.
e  When TAMOD<CAP12M1:0> =01

Data is loaded to CAP1 at the rise edge of TI4 pin (also used as P42/INT4) input,
while data is loaded to CAP2 at the rise edge of TI5 pin (also used as P43/INT5)
input.

e  When T4AMOD<CAP12M1:0>=10

Data is loaded to CAP1 at the rise edge of TI4 pin input, while to CAP2 at the fall
edge. Only in this setting, interrupt INT4 occurs at fall edge.

e  When TAMOD<CAP12M1:0> =11

Data is loaded to CAP1 at the rise edge of timer flip-flop TFF1, while to CAP2 at
the fall edge.

Besides, the value of up counter can be loaded to capture registers by software.
Whenever “0” is written in TAMOD<CAP1IN> the current value of up counter will be
loaded to capture register CAP1. It is necessary to keep the prescaler in RUN mode
(TRUN<PRRUN> to be “17).

Comparator

These are 16-bit comparators which compare the up counter UC4 value with the set
value of (TREG4, TREG5) to detect the match. When a match is detected, the
comparators generate an interrupt (INTTR4, INTTR5) respectively. The up counter
UC4 is cleared only when UC4 matches TREG5. (The clearing of up counter UC4 can
be disabled by setting TAMOD<CLE>=0.)

Timer flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators and the
latch signals to the capture registers. Disable/enable of inversion can be set for each
element by T4AFFCR<CAP2T4, CAP1T4, EQ5T4, EQ4T4>. After reset, the value of
TFF4 is undefined. TFF4 will be inverted when “00” is written in T4FFCR<TFF4C1:0>.
Also it is set to “1” when “01” is written, and set to “0” when “10” is written. The value
of TFF4 can be output to the timer output pin TO4 (also used as P44). Timer output
should be specified by the function register of port 4. (See register for port 4 in Figure
3.5.11.)
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(1) 16-bit timer mode

Generating interrupts at fixed intervals

In this example, the interval time is set in the timer register TREGb5 to generate the

interrupt INTTRS5.

- 765
TRUN « - X -
INTET54 «~1 10
T4FFCR « X X 0
T4MOD «~ 0 0 1
TREGS5 « * x *

* * *

| TRUN “1 X -

(** =01, 10, 11)

X: Don't care, —: No change

(2) 16-bit event counter mode

o O O O b~

3

1
0
0

*

2

0
0
1

*

* B O
L =)

Stop timer 4.

Enable INTTR5 and sets interrupt level 4. Disable INTTRA4.
Disable trigger.

Select internal clock for input and disable the capture
function.

Set the interval time (16 bits).

Start timer 4.

In 16-bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (TI4 pin input) as the input clock. To read the value of

the counter, first perform “software capture” once and read the captured value.

The counter counts at the rise edge of TI4 pin input.
T14 pin can also be used as P42/INT4.

Since both timers operate in exactly the same way, timer 4 is used for the purposes of

*

explanation.
~ 7
TRUN <« -
P4CR - -
INTET54 « 1
T4FFCR « X
T4MOD «0
TREGS5 « *
| TRUN «1

X

*

X: Don't care, —: No change

Stop timer 4.
Set P42 to input mode.

Enable INTTRS5 and sets interrupt level 4, while disables
INTTR4.

Disable trigger.

Select TI4 as the input clock.

Set the number of counts (16 bits).
Start timer 4.

When used as an event counter, set the prescaler in RUN mode. (TRUN<PRRUN> = 1)
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(3) 16-bit programmable pulse generation (PPG) output mode
Square wave pulse can be generated at any frequency and duty by timer 4. The
output pulse may be either low active or high active.

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be
enabled by the match of the up counter UC4 with the timer register TREG4 or TREG5
and to be output to TO4 (also used as P44). In this mode, the following conditions must
be satisfied.

(Set value of TREG4) < (Set value of TREG5)
Match with TREG4
(Ir?tecrruvglt INTTR4) A1 M M N N

Match with TREG5 ﬂ I—I I—I I—I

(Interrupt INTTR5)
1
[}

TO4 pin Y %_1 L L] L]

Figure 3.8.10 Programmable Pulse Generation (PPG) Output Waveforms

When the double buffer of TREG4 is enabled in this mode, the value of register
buffer 4 will be shifted in TREG4 at match with TREGS5. This feature makes easy the
handling of low duty waves.

Match with TREG4 ﬂ ﬂ
Up counter = Q1 Up counter = Q>
Match with TREG5 )ﬂ
[ shift into the TREG5
TREG4 R)
(Value to be compared) Q1 X77‘ Q2

Register buffer Q2 X__ Q3
Write into the TREG4

Figure 3.8.11 Operation of Register Buffer
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Shows the block diagram of this mode.
TO4 (PPG output)

TRUN<T4RUN>
1 16-bi FIF
¢T1L  —> selector -bit up counter
oT4  — uca Clear (TFF4)
0T16 —>
[
- Match —¢
| 16-bit comparator l—)— | 16-bit comparator |—<
7N ) ZAN
| TREG4 |
Selector
TREG4-WR —>
| Register buffer 4 | | TREG5 |
T45CR<DB4EN>
{ Internal data bus !

Figure 3.8.12 Block Diagram of 16-Bit PPG Mode

In 16-bit PPG mode, set the registers is the following order:

7 6 54 3 210
| T45CR <0 X XXX X-0 Double buffer of TRG4 disable.
TRUN «~- X -0 - - - - Stop timer 4.
TREG4 P T A Set the duty (16 bits).
TREG5 R Set the cycle (16 bits).
T45CR «~ 0 X X X X X -1 Double buffer of TREG4 enable.
(Change the duty and cycle at the interrupt INTTR5.)
TAFFCR «~X X 001110 Set the mode to invert TFF4 at the match with
TREG4/TREGS, and also set the TFF4 to “0".
T4MOD «~00100 1 * * Select the internal clock for the input, and disable the capture
(** =01, 10, 11) function.
P4CR “«- - -1 - - - - }
Assign P44 as TOA4.
P4FC « - X X1 X X - X
| TRUN «~1 X -1 - - - - Start timer 4.

X: Don't care, —: No change

93CS44-115 2004-02-10



TOSHIBA

TMP93CS44/S45

(4) Application examples of capture function

Used capture function, they can be applied in many ways, for example:

1. One-shot pulse output from external trigger pulse
2. Frequency measurement
3. Pulse width measurement
4. Time difference measurement
One-shot pulse output from external trigger pulse
Set to TAMOD<CAP12M1:0> = 01.
Set the up counter UC4 in free-running mode with the internal input clock,

input the external trigger pulse from TI4 pin, and load the value of up counter into
capture register CAP1 at the rise edge of the TI4 pin.

When the interrupt INT4 is generated at the rise edge of TI4 input, set the
CAP1 value (c) plus a delay time (d) to TREG4 (= ¢ + d), and set the above set value
(c + d) plus a one-shot pulse width (p) to TREG5 (= c + d + p). When the interrupt
INT4 occurs the T4AFFCR<EQ5T4, EQ4T4>register should be set “11” and that the
TFF4 inversion is enabled only when the up counter value matches TREG4 or
TREG5. When interrupt INTTR5 occurs, this inversion will be disabled after
one-shot pulse is output.

The (c), (d) and (p) correspond to ¢, d and p in Figure 3.8.13.

Set the counter in free-running mode.

(inemnal giock 11NNV JUUUUL - JUUUL - JUUUL - - -

TI4 pin input
(External trigger pulse) Load the up counter value into capture I—
register 1 (CAP1) INT4 occurred '
Match with TREG4 /fT '
Inversion ! INTTR5 occurfed
Match with TREG5 enable ! |
! [

caused by loading lenable
of the up counter

[}

]

I

[}

]

i

! Disables inversion kulnversion
]

i

Timer output pin TO4 i/ value into CAP1.

] 1 r
] ] ]
' Delay time ! Pulse width _i
' (d) ' (p)

Figure 3.8.13 One-shot Pulse Output (with Delay)
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Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger
pulse to TI4 pin

System clock:  High frequency (fs)
* Clock condition Clock gear: 1 (fc)
Prescaler clock: fppy

Main setting
Keep counting (Free runnig)
_ |_|_|—> Count with ¢T1
T4AMOD «~- -1 01 0 0 1
= > Load the up counter value into CAP1 at the rise edge of Tl4
pin input.
T4FFCR « X X 00 O0O10
I_H——) Clear TFF4 to 0.
> Disable TFF4 inversion.
P4CR “- - -1 - - - - )
Select P44 as the TO4 pin.
P4FC «~ - X X1 X X - X }
INTE45 <~ - - - -1100 Enable INT4, and disable INTTR4 and INTTR5.
INTET54 <1 0 001 00O
TRUN «~1 X -1 - - - - Start timer 4.
_ Setting of INT4
TREG4 < CAP1+3ms/¢T1
TREG5 < TREG4 + 2 ms/¢T1
T4FFCR «~ X X - - 11 - -
l_'_, » Enable TFF4 inversion when the up counter value matches
TREG4 or TREGS.
INTET54 «~1 100 - - - - Enable INTTRS.
Setting of INTTR5
| TAFFCR <« X X - - 0 0 - -
I_|_‘ » Disable TFF4 inversion when the up counter value matches
TREG4 or TREGS.
INTET54 «~1 100 - - - - Disable INTTR5.

X: Don't care, —: No change

When delay time is unnecessary, invert timer flip-flop (TFF4) when the up
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c)
plus the one-shot pulse width (p) to TREG5 when the interrupt INT4 occurs. The
TFF4 inversion should be enabled when the up counter (UC4) value matches
TREGS5, and disabled when generating the interrupt INTTR5.
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Count clock
(ntemmatciocky __[UTUUIUL - __ LI — JUu - - -

TI4 pin input < crp
(External trigger pulse)—‘\>Load the up counter value into capture l\— )
register 1 (CAP1). INT4 occurred 1 > Load the up-counter value into

_~>» INTTRS5 occurred capture register 2 (CAP2).

]
!
Match with TREG5 |
|
]

Inversion enable (

Timer output pin TO4 M‘

e Pulsewidth i al

' (9] Disables inversion caused by loading of
Enables inversion caused by the up counter value into CAP2.

loading of the up counter
value into CAP1.

Figure 3.8.14 One-shot Pulse Output (without Delay)

2. Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by the 8-bit timers
(Timer O and timer 1) and the 16-bit timer/event counter (Timer 4).

The TI4 pin input should be selected for the input clock of Timer 4. Set to
T4MOD<CAP12M1:0> = 11. The value of the up counter is loaded into the capture
register CAP1 at the rise edge of the timer flip-flop (TFF1) of 8-bit timers (Timer 0
and timer 1), and into CAP2 at its fall edge.

The frequency is calculated by the difference between the loaded values in
CAP1 and CAP2 when the interrupt INTTO or INTT1) is generated by either 8-bit

timer.
Count clock
(internal ciock) Juuuuut.. U
Cl Cc2
TFF1
]
Loading UC16 into CAP1 Cl

Loading UC16 into CAP2

— 1 - AT
Q
N
— 1 - " """
Q
N

INTTO/INTT1

Figure 3.8.15 Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set
to 0.5 seconds and the difference between CAP1 and CAP2 is 100, the frequency
will be 100 = 0.5 [s] = 200 [Hz].
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Count clock
(Internal clock)

Loading UC16 into CAP1

INT4

_ T
C1
TI4 pin (External pulse)
[}
j C1l

[}
|
|
I
[} [}
Loading UC16 into CAP2 \ \‘HCZ HCZ
[}
[}

Pulse width measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer/event counter counting (Free running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC4 values into CAP1 and CAP2 at the rising edge
and falling edge of the external trigger pulse respectively. The interrupt INT4
occurs at the falling edge of TI4.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 x 0.8 pus = 80 ps.

Additionally, the pulse width which is over the UC4 maximum count time
specified by the clock source can be measured by changing software.

Figure 3.8.16 Pulse Width Measurement

Note: Only in this pulse width measuring mode (T4MOD<CAP12M1:0>=10),
external interrupt INT4 occurs at the falling edge of T4 pin input. In other
modes, it occurs at the rising edge.

The width of “L” level can be measured by multiplying the difference between
the first C2 and the second C1 at the second INT interrupt and the internal clock
cycle together. See Figure 3.8.17 “Time Difference Measurement”.
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4. Time difference measurement

This mode is used to measure the difference in time between the rising edges of
external pulses input through TI4 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (Free running) with the
internal clock, and load the UC4 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT5.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up counter value into CAP1 and
CAP2 was performed. (= (CAP2 — CAP1) x the internal clock cycle.)

Count clock
(internal clock) S 11— U] E—
C2

C1
TI4 pin input

TI5 pin input

[}

]

I

i

I
Loading UC16 into CAP1 ﬂ

|

Loading UC16 into CAP2 !
\‘h

INT4 !

/"'—\
——e ]

INTS

A

Time difference

vl

Figure 3.8.17 Time Difference Measurement
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3.9 Serial Channel

TMP93CS44/TMP93CS45 contains 2 serial I/O channels for full duplex asynchronous
transmission (UART) as well as for I/O extension.
The serial channel has the following operation modes.

I/0 interface mode —— Mode 0: To transmit and receive I/O data using
(Channel 0 and 1) the synchronizing signal SCLK for
extending I/0.
UART mode Mode 1: 7-bit data
(Channel 0 and 1) 4E Mode 2: 8-bit data

Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wakeup function for making the
master controller start slave controllers in serial link (Multi-controller system).

Figure 3.9.1 shows the data format (for one frame) in each mode.

Serial channel 0 and 1 can be used independently.

e Mode 0 (I/O interface mode)

“ XaioX 1 X 2 X3 X4 X5 X

<«— Transfer direction

y--

o
><
<

e Mode 1 (7-bit UART mode)

7 Stop
XParityy Stop o

H
><
N
><
w
><
iy
><
o
><
o

No parity o _\Start,( BitOX
Parity ~ " \startfBito X

e Mode 2 (8-bit UART mode)

H
><
N
><
w
><
iy
><
o
><
o

Noparity =~ "\start{BioX 1 X 2 X 3 X 4 X 5 X 6 X 7 YVstop
Parity " \start{BioX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparity/stop
e Mode 3 (9-bit UART mode)
" \startfBioX 1 X 2 X3 X4 X5 X6 X7 X8 YVstop

£

" \starrBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 XBit8 YStop (Wakeup)

/
When bit8 = 1, address (Select code) is denoted.
When bit8 = 0, data is denoted.

Figure 3.9.1 Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in order to
temporarily store transmitted or received data, so that transmitting and receiving operations
can be done independently (Full duplex).

However, in I/O interface mode, SCLK (Serial clock) pin is used for both transmission and
receiving, the channel becomes half duplex.

The receiving data register is of a double buffer structure to prevent the occurrence of overrun
error and provides one frame of margin before CPU reads the received data. The receiving data
register stores the already received data while the buffer register receives the next frame data.

By using CTS and RTS (there isno RTS pin, so any 1 port must be controlled by software), it
is possible to halt data send until the CPU finishes reading receive data every time a frame is
received (Handshake function).

In the UART mode, a check function is added not to start the receiving operation by error
start bits due to noise. The channel starts receiving data only when the start bit is detected to
be normal at least twice in three samplings.

When the transmission buffer becomes empty and requests the CPU to send the next
transmission data, or when data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun error,
parity error, or framing error occurs during receiving operation, flag SCOCR/SC1CR<OERR,
PERR, FERR> will be set.

The serial channel 0/1 includes a special baud rate generator, which can set any baud rate by
dividing the frequency of 4 clocks (¢T0, $T2, ¢T8, and ¢pT32) from the internal prescaler (shared
by 8- or 16-bit timer) by the value 1 to 16. In addition, serial channel 0/1 can operated by using
external input clock (SCLK).

In I/O interface mode, it is possible to input synchronous signals as well as to transmit or
receive data by external clock.
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391

SCOMOD
(0052H)

Control registers

The serial channel 0 is controlled by 3 control registers SCOCR, SCOMOD and BROCR.
Transmitted and received data are stored in register SCOBUF.
The serial channel 1 has same registers (SC1CR, SC1IMOD, BR1CR and SC1BUF).

Serial Channel 0 Mode Control Register

Y

7 6 5 4 3 2 1 0
Bit symbol TB8 CTSEO RXE wu SM1 SMO SC1 SCO
Read/Write R/W
After reset | Undefined 0 0 0 0 | 0 0 I 0
Function Transfer Handshake | Receiving Wakeup Serial transmission mode | Serial transmission
data function function function 00: 1/O interface clock (UART)
bit8 0: Receive | 0: Disable mode 00: TO2 Trigger
0: CTso disable  [1:Enable | 01: 7-bit UART 01: Baud rate
disable 1: Receive 10: 8-bit UART generator 0
1. CTSO enable 11: 9-bit UART 10: Internal clock ¢1
enable 11: External clock
(SCLKO input)
° °

I

|—>Serial transmission clock (for UART mode)

00

Timer 2 match detect signal

01

Baud rate generator

10

Internal clock ¢1 (fsys)

11

External clock (SCLKO input)

L——— Serial transmission mode

00

1/0 Interface mode

01
10
11

UART

7-bit length
8-bit length
9-bit length

L Wakeup function

(Don'’t care in the modes other than 9-bit UART)

0 [ Disable

1 |Enable

»Receiving function

0 | Receive disable

1 | Receive enable

Transmission data bit8

8-bit UART mode

(Parity) parity bit

Stores transmission

9-bit UART mode

data bit8

Stores transmission

»Handshake function (CTS0 pin)

0 | Disable (Always transferable)

1 |Enable

Figure 3.9.2 Serial Channel 0 Related Register (1/7)
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Serial Channel 0 Control Register

7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0051H) Read/Write R RIW R (Cleared to “0” when read) RIW
After reset | Undefined 0 0 0 I 0 | 0 0 0
Function Received Parity Parity 0: SCLKO 0: Baud
data 0: Odd addition 1: Error (_£&) rate
it 1: Even 0: Disable 1:SCLko | 9enerator
1:Enable  [Overrun Parity Framing (T v) L Siﬁli_ri(;?ut

p— |

|——>Serial transmission clock
(for I/O interface mode) (Note 1)

0 [ Baud rate generator
1 | SCLKO pin input

—>Edge selection in SCLK pin input mode
Transmits and receives (_ A ) data at
rise edge of SCLK

Transmits and receives (T y__ ) data at
fall edge of SCLK

0

—>Framing error flag Cleared to 0 when
—>Parity error flag read. (Note 2)
—>Overrun error flag

»Enable parity addition
0 [ Prohibition (Disable)

1 [ Permission (Enable)

>Addition/check of even parity
0 |[Odd parity
1 [ Even parity

»Receving data bit8

8-bit UART mode Stores received parity
(Parity) bit
9-bit UART mode Sitt%res received data

Note 1: To use baud rate generator, set TRUN<PRRUN> to 1, putting the prescaler in RUN mode.

Note 2: As all error flags are cleared after reading, do not test only a single bit with a bit testing instruction.

Figure 3.9.3 Serial Channel 0 Related Register (2/7)
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Baud Rate Generator 0 Control Register

7 6 5 4 3 2 1 0
BROCR Bit symbol - BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
(0053H) | Read/Write RIW RIW
After reset 0 o | o o | o | o [ o
Function A'Y¥a)ﬁ%,, 00: ¢TO
write “0". 01: ¢T2 i o
10: ¢T8 Setting of the divided frequency
11: ¢T32

|

|—> Setting of the divided frequency of baud rate generator

0000 16 divisions

0001 | 1 division (not divided) (Note 2)
to to

1111 15 divisions

————— > Selecting the input clock of baud rate generator
00 | Internal clock ¢TO
01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32

Note 1: To use baud rate generator, set TRUN<PRRUN> to 1, putting the prescaler in RUN mode.
Note 2:  “1 division” of baud rate generator can be used only UART mode. Do not set it in I/O interface mode.
Note 3: Bit6 of BROCR is read as 1.

Note 4: Don't read from or write to BROCR register during sending or receiving.

Serial Channel O Buffer Register

7 6 5 4 3 2 1 0
SCOBUF | Bit symbol RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
(0050H) TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO
Prohibit Read/Write R (Receiving)/W (Transmission)
read- After reset Undefined
modify-
write

Figure 3.9.4 Serial Channel O Related Registers (3/7)
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Serial Channel 1 Mode Control Register
7 6 5 4 3 2 1 0
SC1MOD | Bit symbol TB8 CTSE1 RXE wu SM1 SMO SC1 SCO
(0056H) | Read/Write RIW
After reset | Undefined 0 0 0 0 | 0 0 I 0
Function Transferred | Handshake | Receiving Wakeup Serial transmission mode | Serial transmission clock
data function function function 00: 1/O interface mode (UART)
bit8 0: CTS1 0: Receive |0:Disable |o1: 7-Bit UART 00: TO2 trigger
disable disable [ 1: Enable 10: 8-Bit UART 01: Baud rate generator
1: CTS1 1: Receive 11: 9-Bit UART 10: Internal clock ¢1
enable enable 11: External clock (SCLK1
input)
° °

v
Transmission data bit8

I

|—)Serial transmission clock (for UART mode)

00

Timer 2 match detect signal

01

Baud rate generator

10

Internal clock ¢1 (fsys)

11

External clock (SCLK1 input)

The clock selection for the 1/O interface
mode is controlled by the serial control

register (SC1CR).

L——> Serial transmission mode

00 | Serial transmission mode

01 7-bit length
10 UART mode 8-bit length
11 9-bit length

—— > Wakeup function
(Don't care in the modes other than 9-bit UART)

0 [ Disable

1 | Enable

» Receiving control

0 [ Receive disable

1 | Receive enable

8-bit UART mode
(Parity)

Stores transmission
parity bit

9-bit UART mode

Stores transmission
data hit8

»Handshake function (CTS1 pin)

0 | Disable (Always transferable)

1 | Enable

Figure 3.9.5 Serial Channel 1 Related Register (4/7)
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Serial Channel 1 Control Register

7 6 5 4 3 2 1 0

Bit symbol RB8 OERR PERR FERR
Read/Write R R (Clear to “0” when read)
Undefined 0 0 o | o | o 0 0
Parity 0: SCLK1 0: Baud rate

0: Odd (A generator

1: Even 1:SCLK1 |1:SCLK1

(1) Pin input

SCI1CR PE

(0055H)

After reset

Received
data
bit8

Parity
addition
0: Disable
1: Enable

Function
1: Error

Overrun Parity Framing

p— |

L—) Serial transmission clock
(for 1/O interface mode) M*Y

0 [Baud rate generate
1 | SCLK1 pin input

L——> Edge selection in SCLK pin input mode
Transmits and receives (__A ) data at
rise edge of SCLK

Transmits and receives (—y,__) data at
fall edge of SCLK

0

—>Framing error flag
—>Parity error flag
—>Overrun error flag

Cleared to 0
when read
(Note 2)

» Enable parity addition
0 |Disable
1 |Enable

> Addition/check of even parity
0 |[Odd parity
1 | Even parity

> Receiving data bit8

Note 1:

8-bit UART mode
(Parity)

Stores transmission
parity bit

9-bit UART mode

Stores transmission
data hit8

To use baud rate generator, set TRUN<PRRUN> to 1, putting the prescaler in RUN mode.

Note 2: As all error flags are cleared after reading, do not test only a single bit with a bit testing instruction.

Figure 3.9.6 Serial Channel 1 Related Register (5/7)
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Baud Rate Generator 1 Control Register

7 6 5 4 3 2 1 0
BR1CR Bit symbol - BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(0057H) | Read/write | R/W RIW
After reset 0 o | o o | o | o [ o
Function vAvmgy% 82 ¢;g
lO; $T8 Setting of the divided frequency
11: $T32

|

|—)Setting of the divided frequency of baud rate generator

0000 16 divisions

0001 1 division (not divided) (Note 2)
to to

1111 15 divisions

> Selecting the input clock of baud rate generator
00 | Internal clock ¢TO
01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32

Note 1: To use baud rate generator, set TRUN<PRRUN> to “1”, putting the prescaler in RUN mode.
Note 2: “1 division” of baud rate generator can be used only UART mode. Do not set it in I/O interface mode.
Note 3: Bit6 of BR1CR is read as “1".

Note 4: Don't read from or write to BR1CR register during sending or receiving.

Serial Channel 1 Buffer Register

7 6 5 4 3 2 1 0
SCOBUF | Bit symbol RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
(0054H) TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
Prohibit Read/Write R (Receiving)/W (Transmission)
read- After reset Undefined
modify-
write

Figure 3.9.7 Serial Channel 1 Related Registers (6/7)
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Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol P65F P63F P62F P60F
(0016H) -
Read/Write w w w
Prohibit After reset 0 0 0 0
read.— Function 0: Port 0: Port 0: Port 0: Port
modify- 1: SCLK1 1:TXD1  [1:SCLKO 1: TXDO
write
|—> Setting TXDO output P60
0 |Port
1 | TXDO output (Channel 0)
——> Setting SCLKO output P62
0 | Port
1 | SCLKO output (Channel 0)
—— > Setting TXD1 output P63
0 |Port
1 [ TXD1 output (Channel 1)
» Setting SCLK1 output P65
0 |[Port
1 | SCLK1 output (Channel 1)
Open-drain Enable Register
7 6 5 4 3 2 1 0
ODE Bit symbol ODE34 ODE33 ODEG63 ODEG60
(0058H) Read/Write RIW
After reset 0 0 0 0
Function P34 P33 P63 P60
0:CMOS ([0:CMOS [0:CMOS | 0:CMOS
1: Open 1:Open 1: Open 1:Open
drain drain drain drain
' |
L Setting P33 as open-drain output L’ Setting P60 as open-drain output
0 | CMOS output 0 | CMOS output
1 | Open-drain output 1 | Open-drain output
—> Setting P34 as open-drain output —> Setting P63 as open-drain output
0 [ CMOS output 0 [ CMOS output
1 | Open-drain output 1 | Open-drain output

Note: Bit7 to 4 of ODE are read as 1.

Figure 3.9.8 Serial Channel Related Registers (7/7)
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3.9.2  Configuration
Figure 3.9.9 shows the block diagram of the serial channel 0.

Ir--Serial clock generation circuit'=====-===========-=-----------
1 i !
' BROCR<BROCK1.:0> _External clock |
: : <BROS3:0> TO2TRG :
i ! ! (Timer 2 comparator output) i
1
i 7l = 50 | - UART :

| > 8 K ! g mode 1 SIOCLK
! | © 3 T <@ :
: N ol 3 S !
| §T32 — e ks :
A : &1
! --- Baudrate --- 'T‘ 'T‘ i
: generator SCOMOD \
! <SC1:0> P
| System SCOMOD |
iclock fgys (1) <SM1:.0>
: . ;
! 2 I/0 interface mode
P 1
SCLKO input 1 g |
(Shared LI > |
with P62) ! |
e 1

SCOCR
<IoC>
SCLKO output 3} < TS
(Shared INTRXO  INTTX
Serial channel Transmission
Receive counter SCOMOD—) interrupt counter
. <wWu>
(Only UART + 16) control (Only UART =+ 16)
RXDCLK { 0 A I TXDCLKY 0
Recei | Transmission |
SCOMOD<RXE> —] (Or?l;eg:;?ﬁ"fe) control e
' < > (Only UART + 16) [€ :G:‘ (Shared with P62)
SCOCR
<PE> <EVEN> SCOMOD<CTSEO>

RXDO D—0—>|Receive buffer 1 (Shift register)| | Parity control |

(Shared
with P61)

A 4

|

| RB8 |Receive bufferZ(SCOBUF)| | Error flag |

<OERR> <PERR> <FERR>]
vV v

l
SCOCR

Y

| TBS |Transmissi0n buffer(SCOBUF)|—E]

A

{ Internal data bus {
Figure 3.9.9 Block Diagram of the Serial Channel 0
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Figure 3.9.10 shows the block diagram of the serial channel 1.
Ir--Serial clock generation circuit'===-==-======-====-=-----------
1 ) !
H BR1C|3<?I_?}9<_1'_O_>_ _External clock |
: : <BRI1S3:0>1 TO2TRG :
! ! ! (Timer 2 comparator output) :
1
070 T 5| 1] UART :
V0T2 —7 5 [ ! b5 mode 1 SIOCLK
! [ 7] 8 T > O :
Lkt I IANE: g [
' 9T32 — o i g !
1 ! o 1
! : | by [
! ~-- Baudrate --- 'T‘ T |
! generator SC1IMOD T T i
i <SC1:0> :
! 1MOD
! System E(S:M 1%> '
! clock/fsys (¢1) 5 : -
! 3 I/0 interface mode |
—_— 1
SCLKZ1 input i g !
(Shared > i
with P65) ! |
el 1
SC1CR
<loC>
SCLK1 output < °
(Shared
with P65) INTRX1  INTTX1
y A A A
i Transmission
Receive counter | | SCIMOD Se?rile?:]ua;;nel counter
. <wWu>
(Only UART + 16) control (Only UART - 16)
RXDCLK Y, A ) 1 TXDCLKY, A
. | Transmission |¢
SCIMOD<RXE> — (gﬁ;el')’:g?“.”fe) control ==
' <: >(0”'y UART + 16)[€ :G:‘ (Shared with P65)
SCICR
<PE>  <EVEN> SCIMOD<CTSE1>
v v v

RXD1 [——1¢

(Shared
with P64)

>—>|Receive buffer 1 (Shift register)| | Parity control |

Y

|

| RB8 |Receive bufferZ(SClBUF)| | Error flag |
I

|
SCICR
<OERR> <PERR> <FERR>}
LA . 7

v
| B8 |Transmissi0n buffer(SClBUF)|—D TXD1

A

(Shared with P63)

( Internal data bus (
Figure 3.9.10 Block Diagram of the Serial Channel 1
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1. Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input
clock for 8-bit timer 0, 1, 2, 3, 16-bit timer 4, 5, and serial interface 0, 1.

Figure 3.9.11 shows the block diagram. Table 3.9.1 shows prescaler clock resolution

into the baud rate generator.

frPH \

T to CPU
i System clock fgys

9-bit prescaler

—dZ|4|8|16|32|64|128|256|512|
1 YYYY Y Y ¢ ¢ Y

> > ¢T1
i<} N ¢
3 > ¢T4
8 > ¢T16
L > ¢T256
SYSCRO > ¢T1
. 5 <PRCK1:0> > §T4
XT1 3 8 Run/stop > ¢T16
© and clear|
n
> ¢1
TRUN<PRRUN> .
SYSCR1<SYSCK> >0
= > ¢T2
3 8 N
< > ¢T8
>
| & $T32
fc| fer2| feia| ferlrcrre

SYSCR1<GEAR2:0>

Figure 3.9.11 The Block Diagram of Prescaler

Table 3.9.1 Prescaler Clock Resolution to Baud Rate Generator

To 8-bit
timer 0, 1, 2 and

To 16-bit timer 4
and 5

To serial
interface 0 and
1

at fc = 20 MHz, fs = 32.768 kHz

Select System|Select Prescaler ;
C|OC)|l( Clock Gear Value Prescaler Output Clock Resolution
. <GEAR2:0>
<SYSCK> <PRCK1:0> G 0 o1 $T0 oT2 678 $T32
1 (fs) XXX fs/2 (61 ps) |fs/2® (122 pus) | fs/2* (488.5 ps) | fs/2° (1.95 ps) | fs/2® (7.8 ps)
000 (fc) fc/2 (0.1 ps) | fc/2? (0.2 ps) | fc/2*(0.8 ps) | fc/2® (3.2 us) | fc/2® (12.8 pus)
00 (fepry) 001 (fc/2) fc/2% (0.2 ps) | fc/2® (0.4 ps) |fc/2®(1.6 ps) | fc/2” (6.4 us) | fc/2® (25.6 ps)
0 (fc) FPH 010 (fc/d) | fc/2° (0.4 ps) | fc/2° (0.8 us) |fe/2° (B2 ps) | fc/2® (12.8 us) | fc/2(51.2 pis)
011 (fc/8) fc/2* (0.8 ps) | fc/2° (1.6 ps) | fc/27 (6.4 ps) | fc/2° (25.6 ps) | fc/2'(102.4 ps)
100 (fc/16) fc/2° (1.6 ps) | fc/2° (3.2 ps) | fc/2®(12.8 us) | fe/2'°(51.2 us) | fc/2'%(204.8 ps)
01
XXX (Low-frequency | XXX - - fs/2* (488.5 us) | fs/2° (1.95 ps) | fs/2® (7.8 ps)
clock)
10 (Note) 8 10 12
XXX (fc/16 clock) XXX - - fc/2® (12.8 us) | fc/2'°(51.2 us) | fc/2'3(204.8 us)

XXX: Don't care, —: Can not use

Note: The fc/16 clock as a prescaler prescaler clock can not be used when the fs is used as a system clock.
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The clock selected among fFPH clock, fc/16 clock, and fs clock is divided by 4 and
input to this prescaler.

This is selected by prescaler clock selection register SYSCRO<PRCK1:0>.

Resetting sets <PRCK1:0> to “00” and selects the fFPH clock input divided by 4.

The baud rate generator selects between 4 clock inputs: ¢TO0, ¢T2, ¢T8, and $T32
among the prescaler outputs.

The prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUN> is set to “1”, while the prescaler is
cleared to zero and stops operation when <PRRUN> is set to “0”.

When the IDLE1 mode (operates only oscillator) is used, set TRUN<PRRUN> to “0”
to reduce the power consumption of this prescaler before “HALT” instruction is
executed.

Baud rate generator

Baud rate generator comprises a circuit that generates transmission and receiving
clocks to determine the transfer rate of the serial channel.

The input clock to the baud rate generator, $T0, ¢T2, T8, or ¢T32 is generated by
the 9-bit prescaler which is shared by the timers. One of these input clocks is selected
by the baud rate generator control register BROCR<BROCK1:0>.

The baud rate generator includes a 4-bit frequency divider, which divides frequency
by 1 to 16 values to determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is explained
below.

e UART mode

Input clock of baud rate generator

Baud rate = - +16
aud rate Frequency divisor of baud rate generator
e I/O interface mode
Baud rate Input clock of baud rate generator -9

Frequency divisor of baud rate generator

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢T2 (fc/16), and
frequency divisor is 5, the transfer rate in UART mode becomes as follows:

System clock:  High frequency (fs)
* Clock condition Clock gear: 1 (fc)
Prescaler clock: fppy

+16

Baud rate = fC/516

=12.288 x 106+ 16 + 5 + 16 = 9600 (bps)

The maximum baud rate of this baud rate generator is 307.2 kbps.
Table 3.9.2 shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.9.3 shows
an example of baud rate using timer 2.
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Table 3.9.2 Selection of UART Transfer Rate (1) (when baud rate generator is used)

Unit (kbps)
fc [MHz] _Input Clock| ¢TO 0T2 oT8 6T32
Frequency Diviso (4/fc) (16/fc) (64/fc) (256/fc)
9.830400 1 153.600 38.400 9.600 2.400
2 76.800 19.200 4.800 1.200
4 38.400 9.600 2.400 0.600
8 19.200 4.800 1.200 0.300
16 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
10 19.200 4.800 1.200 0.300
14.745600 1 230.400 57.600 14.400 3.600
3 76.800 19.200 4.800 1.200
6 38.400 9.600 2.400 0.600
12 19.200 4.800 1.200 0.300
17.2032 7 38.400 9.600 2.400 0.600
14 19.200 4.800 1.200 0.300
19.6608 2 153.600 38.400 9.600 2.400
76.800 19.200 4.800 1.200
8 38.400 9.600 2.400 0.600
16 19.200 4.800 1.200 0.300

Note 1: Transfer rate in 1/O interface mode is 8 times faster than the values given in the above
table.

Note 2: This table is calculated when fc is selected as a system clock, fc/1 as a clock gear, and
the system clock as a prescaler clock.

Table 3.9.3 Selection of UART Transfer Rate (2) (when timer 2 (input clock ¢T1) is used)

Unit (kbps)

fc| 19.6608 | 14.7456 12.288 12 9.8304 8 6.144

TREG2 MHz MHz MHz MHz MHz MHz MHz
1H 153.6 115.2 96 76.8 62.5 48
2H 76.8 57.6 48 38.4 31.25 24
3H 51.2 38.4 32 31.25 16
4H 38.4 28.8 24 19.2 12

5H 30.72 23.04 19.2 9.6
8H 19.2 14.4 12 9.6 6

AH 15.36 11.52 9.6 4.8
10H 9.6 7.2 6 4.8 3

14H 7.68 5.76 4.8 2.4

How to calculate the transfer rate (when timer 2 is used):

The clock frequency selected by the register SYSCRO<PRCK1:0>
TREG2 x 8 x 16

L(when timer 2 (input clock ¢T1) is used)

Transfer rate =

Note 1: Timer 2 match detect signal cannot be used as the transfer clock in I/O interface mode.

Note 2: This table is calculated when fc is selected as a system clock, fc/1 as a clock gear, and
the system clock as a prescaler clock.
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Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
¢ TI/O interface mode
When in SCLK output mode with the setting of SCOCR<IOC> = 0, the basic clock
will be generated by dividing by 2 the output of the baud rate generator described
before. When in SCLK input mode with the setting of SCOCR<IOC> = 1, the rising
edge or falling edge will be detected according to the setting of SCOCR<SCLKS>
register to generate the basic clock.
e UART mode
According to the setting of SCOMOD<SC1:0>, the above baud rate generator
clock, internal clock ¢p1 (Max 625 kbps at fc = 20 MHz), the match detect signal

from timer 0, or external clock SCLKO will be selected to generate the basic clock
SIOCLK.

Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode and counts up by
SIOCLK clock. 16 pulses of SIOCLK are used for receiving 1 bit of data, and the data
bit is sampled three times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is “1”, “0” and “1” at 7th, 8th and 9th clock

respectively, the received data is evaluated as “1”. The sampled data “0”, “0” and “1” is
evaluated that the received data is “0”.

Receiving control

e T/O interface mode

When in SCLK output mode with the setting of SCOCR<IOC> = 0, RXDO signal
will be sampled at the rising edge of shift clock which is output to SCLKO pin.

When in SCLK input mode with the setting SCOCR<IOC> =1 RXDO signal will
be sampled at the rising edge or falling edge of SCLKO input according to the
setting of SCOCR<SCLKS> register.

e UART mode

The receiving control has a circuit for detecting the start bit by the rule of
majority. When two or more “0” are detected during 3 samples, it is recognized as
start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.
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Receiving buffer
To prevent overrun error, the receiving buffer has a double buffer structure.

Received data are stored one bit by one bit in the receiving buffer 1 (Shift register
type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the stored data
are transferred to the receiving buffer 2 (SCOBUF), generating an interrupt INTRXO.
The CPU reads only receiving buffer 2 (SCOBUF). Even before the CPU reads the
receiving buffer 2 (SCOBUF), the received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SCOBUF) is read before all bits of the next data
are received by the receiving buffer 1, an overrun error occurs. If an overrun error
occurs, the contents of the receiving buffer 1 will be lost, although the contents of the
receiving buffer 2 and SCOCR<RBS8> is still preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 9-bit
UART mode are stored in SCOCR<RBS8>.

When in 9-bit UART mode, the wakeup function of the slave controllers is enabled by
setting SCOMOD<WU> to 1, and interrupt INTRXO0 occurs only when SCOCR<RB8> is
set to 1.

Transmission counter

Transmission counter is a 4-bit binary counter which is used in UART mode and,
counts by SIOCLK clock, generating TXDCLK every 16 clock pulses.

SIOCLK

TXDCLK

15 16 1t

H 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

=

2

=

_3
_3

Figure 3.9.12 Generation of Transmission Clock

Transmission controller
e I/0O interface mode

In SCLKO output mode with the setting of SCOCR<IOC> =0, the data in the
transmission buffer are output bit by bit to TXDO pin at the rising edge of shift
clock which is output from SCLKO pin.

In SCLKO input mode with the setting of SCOCR<IOC> = “1", the data in the
transmission buffer are output bit by bit to TXDO pin at the rising edge or falling
edge of SCLKO input according to the setting of SCOCR<SCLKS> register.

e UART mode

When transmission data are written in the transmission buffer sent from the
CPU, transmission starts at the rising edge of the next TXDCLK, generating a
transmission shift clock TXDSFT.
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Handshake function

The serial channels use the CTSO pin to transmit data in units of frames, thus
preventing an overrun error. Use SCOMOD<CTSEO> to enable or disable the
handshake function.

When CTSO goes high, data transmission is halted after the completion of the
current transmission and is not restarted until CTSO returns to low. An INTTXO
interrupt is generated to request the CPU for the next data to transmit. When the CPU
write the data to the transmit buffer, processing enters standby mode.

An RTS pin is not provided, but a handshake function can easily be configured if the
receiver sets any port assigned to the RTS function to high (in the receive interrupt
routine) after data receive, and requests the transmitter to temporarily halt

transmission.
TMP93CS44/S45 TMP93CS44/S45
TXD » RXD
CTS RTS (Any port)
Sender Receiver

Figure 3.9.13 Handshake Function

Timing to write § 4
Transmission buffer
—= > i (t
CcTso TSend is suspended| \ 4
Note 1 Note 2

13 14 15 16 1 2 3 4 14 15 16 1 2 3
SIOCLK SS ES
[ ( [

TXDCLK (
— 5

S 4
TXD 7 \ Start bit < BitO

((
2]

Note 1: If the CTS signal rises during transmission, the next data is not sent after the completion of the current

transmission.
Note 2:  Transmission starts at the first TXDCLK clock fall after the CTS signal falls.

Figure 3.9.14 Timing of CTS (Clear to send)
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10.

11.

Transmission buffer

Transmission buffer (SCOBUF) shifts out and sends the transmission data written
from the CPU from the least significant bit (LSB) in order. When all bits are shifted out,
the transmission buffer becomes empty and generates INTTXO interrupt.

Parity control circuit

When serial channel control register SCOCR<PE>is set to 1, it is possible to transmit
and receive data with parity. However, parity can be added only in 7- or 8-bit UART
mode. With SCOCR <EVEN> register, even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data written in
the transmission buffer SCOBUF, and data are transmitted after being stored in
SCOBUF<TB7> when in 7-bit UART mode while in SCOMOD<TB8> when in 8-bit
UART mode. <PE> and <EVEN> must be set before transmission data are written in

the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added after the
data are transferred in the receiving buffer 2 (SCOBUF), and then compared with
SCOBUF<RB7> when in 7-bit UART mode and with SCOMOD<RB8> when in 8-bit
UART mode. If they are not equal, a parity error occurs, and SCOCR<PERR> flag is
set.

Error flag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>
If all bits of the next data are received in receiving buffer 1 while valid data are
stored in receiving buffer 2 (SCOBUF), an overrun error will occur.
2. Parity error <PERR>
The parity generated for the data shifted in receiving buffer 2 (SCOBUF) is
compared with the parity bit received from RXD pin. If they are not equal, a parity
error occurs.
3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the
majority is 0, a framing error occurs.
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. Signal generation timing

1) In UART mode

Receive

Mode

9-Bit

8-Bit + Parity

8-Bit, 7-Bit + Parity, 7-Bit

Timing for Interrupt
Generation

Center of last bit (Bit8)

Center of last bit
(Parity bit)

Center of stop bit

Timing for Framing
Error Generation

Center of stop bit

Center of stop bit

Center of stop bit

Timing for Parity Error

Center of last bit

Center of stop bit

Generation (Parity bit)
Timing for Overrun Center of last bit Center of last bit ¢ bi
Error Generation (Bit8) (Parity bit) Center of stop bit

Note:

In 9-bit and 8-bit + parity mode, interrupts coincide with the ninth bit pulse. Thus,

when serving the interrupt, it is necessary to want for a 1-bit period (to allow the
stop bit to be transferred) to allow checking for a framing error.

Send

Mode

9-Bit

8-Bit + Parity

8-Bit, 7-Bit + Parity, 7-Bit

Timing for Interrupt
Generation

Immediately before
stop bit sent

2) In I/O interface mode

Timing for Send
Interrupt Generation

SCLKO output mode

Immediately after rise of last SCLKO signal

(See Figure 3.9.17)

SCLKO input mode

Immediately after rise (Rising mode) or fall (Falling mode) of

last SCLKO signal

(See Figure 3.9.18)

Timing for Receive
Interrupt Generation

SCLKO output mode

Immediately after final SCLKO (when received data are
transferred to receive buffer 2 (SCOBUF) (See Figure 3.9.19)

SCLKO input mode

Immediately after final SCLKO (when received data are
transferred to receive buffer 2 (SCOBUF) (See Figure 3.9.20)
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Operational description

(1) Mode 0 (I/O interface mode)

This mode is used to increase the number of I/O pins of for transmitting or receiving

data to or from the external shifter register.

This mode includes SCLK output mode to output synchronous clock SCLKO and
SCLK input mode to input external synchronous clock SCLKO.

Output extension

Input extension

TMP93CS44/S45 Shift register TMP93CS44/S45 Shift register
Al—> Al «—
B|— B| <
TXD > S| C|— RXD QH C| <«
D|— D| <
SCLK » SCK E|—> SCLK > CLOCK E| <
Fl— F| <
Port > RCK G|— Port > S/L G| <
H|— H| <«
TC74HC595 or the like TC74HCL165 or the like
Figure 3.9.15 Example of SCLK Output Mode Connection
Output port extension Input port extension
TMP93CS44/S45 Shift register TMP93CS44/S45 Shift register
Al—> Al <«
B|— B| <«
TXD Sl cl— RXD QH C| <«
D|—> D| <
SCLK [« SCK E|—> SCLK CLOCK E| <
Fl— F|<
Port RCK G|— Port S/L G|«
H|— H| <«
TC74HC595 or the like TC74HCL165 or the like
— External clock — External clock
Figure 3.9.16 Example of SCLK Input Mode Connection
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1. Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TXDO
pin and SCLKO pin, respectively, each time the CPU writes data in the
transmission buffer. When all data is output, INTESO<ITX0C> will be set to
generate INTTXO interrupt.

Timing to write

transmission data [t— (
SCLKO output > 7 |—S§—T [ I

TXDO X Bito X Bt X 22:)( Bite_ X_ Btz X__
TXDSFT [ I ( $—,_| I M
ITX0C —

(INTTXO interrupt request)

(
¥

((
1]

Figure 3.9.17 Transmitting Operation in I/O Interface Mode (SCLK output mode)

In SCLK output mode, 8-bit data are output from TXDO pin when SCLKO input
becomes active while data are written in the transmission buffer by CPU.

When all data are output, INTESO<ITX0C> will be set to generate INTTXO0
interrupt.

SCLKO input

(SCLkS 0 L L L f L LS

Rising edge mode)

SCLKO input e O I e O

Falling edge mode)

(

TXDO X_Bito X Bitl )(i(’ Bits X _ Bite X _ Btz X
}

TXDSFT M |_|_§( [ [

ITX0C )

—

(INTTXO interrupt request)

((
R

Figure 3.9.18 Transmitting Operation in I/O Interface Mode (SCLK input mode)
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Receiving

In SCLK output mode, synchronous clock is outputted from SCLKO pin and the
data are shifted in the receiving buffer 1 whenever the receive interrupt flag
INTESO<IRX0C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred in the receiving buffer 2 (SCOBUF) at the
timing shown below, and INTESO<IRX0C> will be set again to generate INTRX0

§

interrupt.
IRXOC R ‘\7
i S A s P N B
(
RXDO Bit0 X Bitt X BitZ()Z:X Bitt X Bit7 Y
}

Timing to shift data in Generate
the receiving buffer 2 (( INTRXO0 \)ﬂ_
]

(
7

Figure 3.9.19 Receiving Operation in I/O Interface Mode (SCLK output mode)

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK
input becomes active while the receive interrupt flag INTESO<IRX0C> is cleared
by reading the received data. When 8-bit data is received, the data will be shifted
in the receiving buffer 2 (SCOBUF) at the timing shown below, and
INTESO<IRX0C> will be set again to generate INTRXO interrupt.

SCLKO input

(SCLKS =0: T T |—SS—T T T

Rising edge mode)

SCLKO input |—5$—¢

(SCLKS =1: l l 1 l

Falling edge mode) (

RXDO Bto X Bitt X B (’b( Bite X Bit7 Y
}

Timing to shift data in Generate

the receiving buffer 2 INTRXO \)ﬂ

Figure 3.9.20 Receiving Operation in I/O Interface Mode (SCLK input mode)

Note: For data receiving, the system must be placed in the receive enable state
(SCOMOD<RXE> = 1).
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(2) Mode 1 (7-bit UART mode)

7-bit UART mode can be set by setting serial channel mode register
SCOMOD<SM1:0> to 01.
In this mode, a parity bit can be added, and the addition of a parity bit can be

enabled or disabled by serial channel control register SCOCR<PE>, and even parity or
odd parity is selected by SCOCR <EVEN> when <PE> is set to 1 (Enable).

Setting example: When transmitting data with the following format, the control registers should be set as described
below.

" \starfBitoX_ 1 X 2 X 3 X 4 X 5 X 6 X5 Ystop

«—— Direction of transmission (Transmission rate: 2400 bps at fc = 12.288 MHz)

System clock:  High frequency (fs)
* Clock condition | Clock gear: 1 (fc)
Prescaler clock: frpy

7 6 54 3210
| P6CR - - - - - - -1 } ,
Select P60 as the TXD pin.

P6FC « X X - X - X1

SCOMOD «~ X 0 - X010 1 Set 7-bit UART mode.

SCOCR « X 11 X XX 00 Add an even parity.

BROCR «<0 X1 00101 Set transfer rate at 2400 bps.

TRUN «~1 X - - - - - - Start the prescaler for the baud rate generator.

INTESO «<1 100 - - - - Enable INTTXO interrupt and set interrupt level 4.
| SCOBUF « * * *ookoox ok k Set data for transmission.

X: Don't care, —: No change

(3) Mode 2 (8-bit UART mode)

8-bit UART mode can be specified by setting SCOMOD<SM1:0> to 10. In this mode,
parity bit can be added, the addition of a parity bit is enabled or disabled by
SCOCR<PE>, and even parity or odd parity is selected by SCOCR<EVEN> when <PE>
is set to 1 (Enable).

Setting example: When receiving data with the following format, the control register should be set as described below.

" \starfBio X 1 X 2 X3 X 4 X 5 X 6 X 7 X238 Ystop

<«——— Direction of transmission (Transmission rate: 9600 bps at fc = 12.288 MHz)

System clock:  High frequency (fs)
* Clock condition Clock gear: 1 (fc)
Prescaler clock: fppy
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Main setting

| PeCR
SCOMOD
SCOCR
BROCR
TRUN
INTESO

~

(O N N ¥
= O X |

«— -

__ Interrupt processing
Acc « SCOCR AND 00011100
if Acc # 0 then ERROR

| Acc « SCOBUF

(<]

X X © o |

)]

o R - |

X: Don't care, —: No change

P X X | b

o X P | W

[Eny

N

= X O |

o O O O B

o

N N

Select P61 (RXD) as the input pin.
Enable receiving in 8-bit UART mode.
Add an odd parity.
Set transfer rate at 9600 bps.

Start the prescaler for the baud rate generator.

Enable INTRXO interrupt and set interrupt level 4.

} Check for error.

Read the received data.

(4) Mode 3 (9-bit UART mode)
9-bit UART mode can be specified by setting SCOMOD<SM1:0> to 11. In this mode,
parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCOMOD<TBS8>, while in receiving

it is stored in SCOCR<RB8>. For writing and reading the buffer, the MSB is read or
written first then SCOBUF.

Wakeup function

In 9-bit UART mode, the wakeup function of slave controllers is enabled by setting
SCOMOD<WU> to 1. The interrupt INTRXO0 occurs only when <RB8> = 1.

i

TXD

Master

RXD

Slave 1

Slave 2

TXD

Slave 3

RXD

Note:

TXD pin of the slave controllers must be in open drain output mode.

Figure 3.9.21 Serial Link Using Wakeup Function
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Protocol
1.
2.
3.

Select the 9-bit UART mode for the master and slave controllers.
Set SCOMOD<WU> bit of each slave controller to 1 to enable data receiving.

The master controller transmits one-frame data including the 8-bit select code for
the slave controllers. The MSB (Bit8) <T'B8> is set to 1.

"\ starfBio X 1 X 2 X 3 X 4 X 5 X 6 X7 X & Vsip¥Y

Select code of slave controller “1”

Each slave controller receives the above frame, and clears <WU> bit to O if the
above select code matches its own select code.

The master controller transmits data to the specified slave controller whose
SCOMOD<WU?> bit is cleared to 0. The MSB (Bit8) <TB8> is cleared to 0.

""" \startfBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 \8itg /stopY

Data 0

The other slave controllers (with the <WU> bit remaining at 1) ignore the
receiving data because their MSBs (Bit8 or <RB8>) are set to 0 to disable the
interrupt INTRXO.

The slave controllers (SWU> = 0) can transmit data to the master controller, and
it is possible to indicate the end of data receiving to the master controller by this
transmission.
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Setting example: To link two slave controllers serially with the master controller, and
use the internal clock ¢1 as the transfer clock.

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used
for the purposes of explanation.

e Setting the master controller

~ Main
P6CR «- - - - - -01 ) )
Select P60 as TXDO pin and P61 as RXDO pin.
P6FC « X X - X - - X1 }
INTESO «<~1 1001101 Enable INTTXO0 and set the interrupt level 4.
Enable INTRXO0 and set the interrupt level 5.
SCOMOD «~1 0101110 Set ¢1 as the transmission clock in 9-bit UART mode.
| SCOBUF «<~00O0O0OTU OO L1 Set the select code for slave controller 1.
INTTXO interrupt
SCOMOD «~0 - - - - - - - Sets TB8 to “0".
SCOBUF R Set data for transmission.

e  Setting the slave controller 2

~ Main
POCR co- o -0t Select P61 as RXDO pin and P60 as TXDO pin (Open-drain
P6FC EX X - X - - X1 } outpa) P pin (&p
ODE « X X X X - - -1
INTESO «~1 10111 0 Enable INTRX0 and INTTXO.
SCOMOD «<~0 01111 0 Set <WU> to “1” in the 9-bit UART transmission mode with
transfer clock ¢1.
~ INTRXO interrupt
Acc < SCOBUF
if Acc = Select code
Then SCOMOD «-~---0-—-—— Clear <WU> to “0".
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3.10 Serial Bus Interface (SBI)

The TMP93CS44/S45 has a 1-channel serial bus interface which employs a clocked
synchronous 8-bit serial bus interface and an I2C bus.

The serial bus interface is connected to an external device through P33 (SDA) and P34 (SCL)
in the I2C bus mode; and through P32 (SCK), P33 (SO), and P34 (SI) in the clocked synchronous

8-bit SIO mode.

TMP93CS44/S45 has no an arbitration function which is necessary when two or more master
devices scramble for the bus control. In master mode, other devices which are connected on the

same bus need be slave devices (Single master).

Setting of every pins is as follows.

ODE<ODE34:33> |P3CR<P34C, P33C, P32C> |P3FC<P32M, P34F, P33F, P32F>
I°C Bus Mode 11 11X X110
Clock Synchronous 011
8-Bit SIO Mode XX 010 1111
X: Don't care

3.10.1 Configuration

—> INTS2 interrupt request

SCL
> SCK
Y _E]
P32
SIO e -
clock (SCK/HWR )
control [«
7y Input/
¢ OUtpUtl
contro
. —1 P33
fc/a—>| Divider —{  sio0 > SO (SO/SDA)
l Transfer | data control S|
N control <::
I1°C bus
< clock circuit ¢
Noi synchronous [€—® 7\ AN 1 P34
o P = Shift > I°C bus " (SI/scL)
Control register data control oise
A A 7| canceller SDA
N i A
3 NI | |
SBICR2/ I2CAR SBIDBR SBICR1 SBICR3
SBISR
SBI control I°C bus SBI data SBI control SBI control
register 2/ address buffer register 1 register 3
SBI status register register
register

Figure 3.10.1 Serial Bus Interface (SBI)
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3.10.2 Serial bus interface (SBI) control

The following registers are used for control and operation status monitoring when using
the serial bus interface (SBI).

e Serial bus interface control register 1 (SBICR1)

e Serial bus interface control register 2 (SBICR2)

e Serial bus interface control register 3 (SBICR3)

e Serial bus interface data buffer register (SBIDBR)
e I2C bus address register 12CAR)

e  Serial bus interface status register (SBISR)

The above registers differ depending on an mode to be used.

Refer to section 3.10.4 “I2C Bus Mode Control” and 3.10.6 “Clock Synchronous 8-Bit SIO
Mode Control”.

3.10.3 The Data Formats in the I°C Bus Mode

The data formats when using the TMP93CS44/S45 in the I12C bus mode are shown below.

(a) Addressing format

l«—— 8 bits > 1 |« 1 to 8 bits > 1 [« 1to 8 bits—>»{ 1
| | | | | | R A A A
S Slave address l|c Data C Data C|P
w(K K K
< 1 € 1 or more >
(b) Addressing format (with restart)
le—— 8 bits 1| 1 to 8 bits 1 8 bits 1 1to 8 bits —>»{ 1
I B T B Y A TT T T 17T [Rla A
S Slave address /{C Data C|S Slave address /|C Data C|P
w|K K w(K K
< 1 < 1 or more—>| 1 1 or more—>
(¢) Free data format
l€——— 8 bits —>| 1 [«—— 11t0 8 bits 1 1to 8 bits —>»{ 1
T T T 17T |4 A A
S Data C Data C Data C|P
K K K
< 1 < 1 or more
S: Start condition

R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.10.2 Data Format in the I°C Bus Mode
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3.10.4

SBICR1
(004BH)

Prohibit
read-modify-

write

IC Bus Mode Control
The following registers are used for control and operation status monitoring when using
the serial bus interface (SBI) in the I2C bus mode.
Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SCKO
Read/Write w R/W w
After reset o | o | o 0 o | o [ o
Function Number of transferred bits AC?OWbdge Serial clock selection
mode
(Note 1) specification (Note 2)

Serial clock selection

l

000
001
010
011
100
101
110
111

-  kHz
-  kHz
-  kHz
74.6 kHz
38.2 kHz
19.3 kHz
=10 9.71kHz
(Reserved)

Il
© 00 N O O A

zzzzz2zZZz
Il

System clock: fc
Clock gear: fc/1
fc =20 MHz

(Output on SCL pin)

L— Acknowledge mode specification

0

Not generate clock pulse for acknowledge signal

1

Generate clock pulse for acknowledge signal

» Number of transferred bits

<BC2:0>

<ACK>=0

<ACK>=1

Number of

Clock Bits

Number of
Clock

Bits

000
001
010
011
100
101
110
111

~N o b~ WODN B
~N o OB~ WODNBFE

9

0o ~NOO O WNDN

N o g~ wWwDN P

Note 1: Set <BC2:0> to “000” before switching to a clock synchronous 8-bit SIO mode.
Note 2: Refer to sentence of 3.10.4 (3) “Serial clock”.

Note 3:  This I°C bus circuit does not support high-speed mode. It supports standard mode only.

Figure 3.10.3 Register for I°C Bus Mode (1/4)
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBICR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO
(004EH) Read/Write W (R/W Nt w
Pronibit | After reset 0 0 0 1 o | o
read- Function Master/ Transmitter/ |Start/stop Cancel Serial bus interface
modify- slave receiver condition INTS2 operating mode selection
write selection selection generation | request (Note 2)

————> Start/stop condition generation

|—>SBI operating mode selection

00 | Port mode (Serial bus interface output disable)

01 | SIO mode

10 | IC bus mode

11 | (Reserved)

—> Cancel INTS2 request

0

1

Cancel interrupt service request

0

Generate the stop condition

1

Generate the start condition

» Transmitter/receiver selection

0

Receiver

1

Transmitter

> Master/slave selection

0

Slave

1

Master

Note 1: This register functions as the SBISR by reading.

Note 2: Switch a mode to the port mode after confirming that the bus is free.

Switch a mode to the I°C bus mode and the clocked-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.10.4 Register for I°C Bus Mode (2/4)
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Serial Bus Interface Status Register

7 6 5 4 3 2 1 0

SBISR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(004EH) Read/Write R

After reset 0 0 0 1 0 0 0 0
Prohibit Function Master/ Transmitter]1°C bus INTS2 Noise Slave GENERAL |Last received
read- slave receiver status request detection address CALL bit monitor

] selection |selection |monitor status monitor match detection

modify- status status monitor detection monitor
write monitor monitor monitor

— |

|—> Last received bit monitor
0 [Last received bit “0”
1 | Last received bit “1”

L——> GENERAL CALL detection monitor
0 [Non GENERAL CALL detected

1 | GENERAL CALL detected

L——— Slave address match detection monitor
Non slave address match or
GENERAL CALL detected

Slave address match or GENERAL
CALL detected

0

L Noise detection monitor
0 | Non noise detected

1 | Noise detected

- > INTS2 request status
0 [ Interrupt service requested

1 | Interrupt service cancelled

> |°C bus status monitor
0 |Bus free

1 | Bus busy

\4

Transmitter/receiver selection status monitor
0 [Receiver

1 | Transmitter

»Master/slave selection status monitor
0 [Slave
1 [Master

Note: Bits 7 to 2 of this register function as the SBICR2 by writing.

Figure 3.10.5 Register for I°C Bus Mode (3/4)
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Serial Bus Interface Control Register 3
7 6 5 4 3 2 1 0
SBICR3 Bit symbol SWRST
(004FH) Read/Write RIW
After reset 0
Function Software
reset
0: Don't care
1: Initialize
SBI
I
—> Software reset
0 |[Don't care
1 Initialize SBI (after initializing SBI,
SWRST is automatically cleared to “0").|
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIDBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(004CH) Read/Write R (Receive)/W (Send)
Prohibit After reset Undefined
read-
modify Note 1: When writing the send data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
-write Note 2: SBIDBR can't be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibitted.
Note 3: Written data in SBIDBR is cleared by INTS2 signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
12CAR Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
(004DH) Read/Write w
After reset o | o | o | o | o | o | o 0
Prohibit Function Slave address selection. Addres_s_
. recognition
read-modify mode
-write specification

!

Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition

Figure 3.10.6 Register for I°C Bus Mode (4/4)
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(1

(2

3

Acknowledge mode specification

Set SBICR1<ACK> to “1” for operation in the acknowledge mode. The
TMP93CS44/S45 generates an additional clock pulse for an acknowledge signal when
operating in the master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low level in order to
generate the acknowledge signal.

Set <ACK> to 0 for operation in the non-acknowledge mode. The TMP93CS44/S45
does not generate a clock pulse for the acknowledge signal when operating in the
master mode.

In the acknowledgment mode, when the TMP93CS44/545 is the slave mode, clocks
are counted for the acknowledge signal. During the clock for the acknowledge signal,
when a received slave address matches to a slave address set to the I2CAR or a
GENERAL CALL is received, the SDA pin is set to low level generating an
acknowledge signal.

After a received slave address matches to a slave address set to the I2CAR and a
GENERAL CALL is received, in the transmitter mode during the clock for the
acknowledge signal, the SDA pin is released in order to receive the acknowledge signal
from the receiver. In the receiver mode, the SDA pin is set to low level generating an
acknowledge signal.

In the non-acknowledgment mode, when the TMP93CS44/S45 is the slave mode,
clocks for the acknowledge signal are not counter.

Number of transfer bits

SBICR1<BC2:0> are used to select a number of bits for transmitting and receiving
data.

Since <BC2:0> are cleared to 000 as a start condition, a slave address and direction
bit transmissions are executed in 8 bits. Other than these, <BC2:0> retain a specified
value.

Serial clock

1. Clock source

SBICR1<SCK2:0> are used to select a maximum transfer frequency output on
the SCL pin in the master mode. Set the baud rates, which have been calculated
according to the formula below, to meet the specifications of the I12C bus, such as
the smallest pulse width of trow.

tHIGH fLow 1/fscl

<SCK2:0> n

(Bits 2 to 0 in the SBICR1)
tLow = 2"/fFpH 882 ﬁ-,‘
tHigH = 2"/frpH + 12/fFpy 010 6
fscl = 1/(tLow + tHIGH) 011 7
_ fepy 100 8
2x2"+12 101 9
110 10

Figure 3.10.7 Clock Source
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(4)

(5)

2. Clock synchronization

The I2C bus has a clock synchronization function to meet the transfer speed to a
slow processing device when a transfer is performed between device which have
different process speed.

The clock synchronization functions when the SCL pin is high level and the SCL
line of the bus is low level in the serial bus interface circuit. The serial bus
interface circuit waits counting a clock pulse in high level until the SCL line of the
bus is high level. When the SCL line of the bus is high level, the serial bus
interface circuit starts counting during high level. The clock synchronization
function holds clocks which are output from the serial interface circuit to be high
level.

The slave device can stop the clock output of the master device on one word or
one bit basis.

Additionally, the transfer speed by the master device matches to the process
speed of the slave device.

clock pulse

SCL pin (Slave device)

. .
1 [}
SCL pin (Master device) /1 Wait + Start counting high-level width of a
I
[}
|
[}
[}
I

SCL (Bus)

Figure 3.10.8 Clock Synchronization

Slave address and address recognition mode specification
To operate the TMP93CS44/S45 in the addressing format which recognizes the slave
address, set I2CAR<ALS> to 0 and set the slave address to the I2CAR<SA6:0>.

To operate the serial bus interface circuit in the free data format which does not
recognize the slave address, set <ALS> to 1. When the TMP93CS44/S45 used in the
free data format, the slave address and the direction bit are not recognized. They are
handled as data just after generation of start conditions.

Master/slave selection

Set SBICR2<MST> to 1 for operating the TMP93CS44/S45 as a master device.
<MST?> is cleared to 0 by the hardware after a stop condition on a bus is detected.
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(6) Transmitter/receiver selection

Set SBICR2<TRX> to 1 for operating the TMP93CS44/S45 as a transmitter. Set
<TRX> to O for operation as a receiver. When data with an addressing format is
transferred in the slave mode, when a slave address with the same value that an
I12CAR or the GENERAL CALL is received (All 8-bit data are O after the start
condition), <TRX> is set to 1 by the hardware if the direction bit (R/W) sent from the
master device is 1, and is set to 0 by the hardware if the bit is 0. In the master mode,
after the acknowledge signal is returned from the slave device, <TRX> is set to 0 by the
hardware if a transmitted direction bit is 1, and set to 1 by the hardware if it is 0. When
the acknowledge signal is not returned, the current condition is maintained.
<TRX> is cleared to 0 by the hardware after the stop condition on the I2C bus is

detected.
The following shows <TRX> change conditions in each mode and <TRX> after
changing.
. . . o <TRX> r
Mode Direction Bit Change Condition afte
Changing
S| Mod 0 A received slave address is the same as 0
ave Mode 1 avalue set to I2CAR. 1
0 . . 1
Master Mode 1 ACK signal is returned. o

When the TMP93CS44/545 operates in the free data format, the slave address and
the direction bit are not recognized. They are handled as data just after generating a
start condition. The TRX was not changed by the hardware.

(7) Start/stop condition generation

When SBICR2<BB> is 0, the start condition and slave address and direction bit are
output by writing 1 to SBICR2<MST, TRX, BB, PIN>. It is necessary to set 1 to
SBICR1<ACK> beforehand.

sctine ~TTTT N\ /TN\L/2\L/3\/A\/S5\/\/T\ B\ /O
spaline 1 N\_L / A6 X A5 X_aa X A3 X A2 X AL X A0 X Rw_/

Start condition |« Slave address and the direction bit ,! Acknowledge signal

Figure 3.10.9 Start Condition Generation and Slave Address Generation

When SBICR2<BB> is 1, a sequence of generating the stop condition is started by
writing 1 to <MST, TRX, PIN> and 0 to <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until the stop condition is generated on a bus.

When a stop condition is generated and the SCL line on the bus is set to low level by
another device, a stop condition is generated after releasing the SCL line.
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8

(9

1

SCL line /] T
——— 1

spAline ___ \ Y/ T

Stop condition

Figure 3.10.10 Stop Condition Generation

The bus condition can be indicated by reading the contents of <BB>. <BB>is set to 1
when the start condition on a bus is detected, and is set to 0 when the stop condition is
detected.

Cancel interrupt service request

When the TMP93CS44/S45 is the master mode and transferring a number of clocks
set by the SBICR1<BC2:0> and the SBICR1<ACK> is complete, a serial bus interface
interrupt request (INTS2) is generated.

In the slave mode, the INTS2 is generated when the received slave address is the
same as the value set to the I2CAR and an acknowledge signal is output, when a
GENERAL CALL is received and an acknowledge signal is output, or when
transferring/receiving data is complete after the received slave address is the same as
the value set to the I2CAR and a GENERAL CALL is received.

When the serial bus interface interrupt request occurs, the SBISR<PIN> is cleared
to 0. During the time that the PIN is 0, the SCL pin is set to low level.

Either writing or reading data to or from the SBIDBR sets the <PIN> to 1.
The time from the <PIN> being set to 1 until the SCL pin is released takes tL.OW.
Although the <PIN> can be set to 1 by the program, the <PIN> is not cleared to 0
when it is written 0.
Serial bus interface operation mode selection

SBICR2<SBIM1:0> is used to specify the serial bus interface operation mode. Set
<SBIM1:0> to 10 when used in the I2C bus mode after confirming that input signal via
port is high level.

Switch a mode to port after making sure that a bus is free.

(10) Noise detection monitor

The I2C bus is easy to be affected by noise, because the bus is driven by the open
drain and the pull-up resistor.

With the TMP93CS44/S45, the SDA pin output and the SDA line level are compared
at a rise of the SCL line on the bus, and whether data are output correctly on the bus is
detected only in the master transmitter mode.

When the SDA pin output differs from the SDA line level, the SBISR<AL> is set to 1.

When the AL is set to 1, the SDA pin is released and the MST and the TRX are
cleared to 0 by the hardware. The TMP93CS44/S45 changes to the slave receiver mode,
and continues outputting clocks unit transferring data when the AL was set to 1 is
completed.

Either writing or reading data to or from the SBIDBR, or writing data to the SBICR2
clears to the AL to 0.
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saee N/ / 4 /S /S S U
soapn N\ / N\ J/ TTTTTTTToTTToTmmommmomomeees

I
| (o o o o o o o e e e e e n e e En e n e en em e e e e e
s N/ /LI
] . .
Noise 1 Noise detection

<AL> l
<MST> I"w
<TRX> L

Figure 3.10.11 Noise Detection Monitor

(11) Slave address match detection monitor
SBISR<AAS> is set to 1 in the slave mode, in the address recognition mode (I2CAR
<ALS> = 0) when receiving the GENERAL CALL or the slave address with the same
value that is set to the I2CAR. When <ALS> is 1, <AAS> is set to 1 after receiving the
first 1 word of data. <AAS> is set to 0 by writing/reading data to/from a data buffer
register.

(12) GENERAL CALL detection monitor

SBISR<ADO> is set to 1 in the slave mode, when the GENERAL CALL is received
(All 8-bit data are O after the start condition). <ADO> is set to 0 when the start or stop
condition is detected on a bus.

(13) Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is sent to SBISR<LRB>.
In the acknowledge mode, immediately after the INTS2 interrupt request is generated,
the acknowledge signal is read by reading the contents of <LRB>.
(14) Software reset function

Software reset function is used to initialize the SBI which is rocked by external noise,
etc. When SBICR3<SWRST> is set to 1, the internal reset signal pulse is generated
and inputted into the SBI circuit.

All command registers and state registers are initialized to initial values. <SWRST>
is automatically set to O after the SBI circuit is initialized.

(15) Serial bus interface data buffer register (SBIDBR)
The SBIDBR register can read out the receiving data and write the sending data.
After the start condition generated in the master mode, set the slave address and the
direction bit in this register.
(16) I2C bus address register (I2CAR)

I2CAR<SAG6:0> sets the slave address when the TMP93CS44/S45 are operated as the
slave devices. Setting [2CAR<ALS> = 0, the slave address output from master device is
recognized, and the data format is changed to the addressing format. Setting
I2CAR<ALS> =1, the slave address is not recognized, and the data format is changed
to the free data format.
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3.10.5 Data Transfer in I1°C Bus Mode

(1) Device initialization
First, set SBICR1<ACK, SCK2:0>. Specify 0 to bits 7 to 5 and 3 in the SBICR1.

Set the slave address <SA6:0> and <ALS> to I2CAR (<ALS>=0 when the
addressing format).

Subsequently, set 0 to <MST, TRX, BB>; 1 to <PIN>; 10 to <SBIM1:0>; and 0 to bits 0
and 1 in the SBICR2. The slave receiver mode is set.

Note: The initialization of the serial bus interface circuit must be complete within the time
from all devices which are connected to the bus have initialized to any device does
not generate a start condition. If not, there is a possibility that another device starts
transferring before an end of the initialization of the serial bus interface circuit. Data
can not be received correctly.

(2) Start condition and slave address generation
Confirm a bus free status (when SIBSR<BB> = 0).

Set the SBICR1<ACK> to 1 and specify a slave address and a direction bit to be
transmitted to the SBIDBR.

When the SBISR<BB> is 0, the start condition are generated and the slave address
and the direction bit which are set to the SBIDBR are output on a bus by wiring 1 to
the SBICR2<MST, TRX, BB> and PIN. An INTS2 interrupt request occurs at the 9th
falling edge of the SCL clock cycle, and the <PIN> is cleared to 0. The SCL pin is pulled
down to the low-level while the <PIN> is 0. When an interrupt request occurs, the
<TRX> changes by the hardware according to the direction bit only when an
acknowledge signal is returned from the slave device.

Note : Do not write a slave address to be output to the SBIDBR while data are transferred.
If data is written to the SBIDBR, data to been outputting may be destroyed.

-
SDA pin TN\ / Ae X as X aa X A3 X A2 X AL X A0 XRIwW AT
N

A Y - Acknowledge signal

Slave address + Direction bit from a slave device

<PIN> L .

INTS2 (
interrupt request rL -

Start condition

Figure 3.10.12 Start Condition Generation and Slave Address Transfer
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(3) 1-word data transfer

Test SBISR<MST> by the INTS2 interrupt process after a 1-word data transfer is
completed, and determine whether the mode is a master or slave.

1. When <MST> is “1” (Master mode)

Test SBISR<TRX> and determine whether the mode is a transmitter or
receiver.

When <TRX> is “1” (Transmitter mode)

Check SBISR<LRB>. When <LRB> is 1, a receiver does not request data.
Implement the process to generate the stop condition (Described later) and
terminate data transfer.

When <LRB> is 0, the receiver requests new data. When the next transmitted
data is 8 bits, write it to the SBIDBR. When the next transmitted data is other
than 8 bits, set SBICR1<BC2:0>, set SBICR1<ACK> to 1, and write the
transmitted data to the SBIDBR. After writing the data, SBISR<PIN> becomes 1,
the serial clock pulse is generated for transferring a new 1 word of data from the
SCL pin, and then the 1-word data is transmitted. After the data is transmitted,
the INTS2 interrupt request occurs. <PIN> becomes 0 and the SCL pin is set to
the low level. If the data to be transferred is more than one word in length, repeat
the procedures from <LRB> test mentioned above.

SCL pin 1 2 3 4 5 6 7 8 9

Write to SBIDBR

SDA pin \_ b7 X b6 X b5 X pa X p3 X b2 X b1 X bo A/

)\_ Acknowledge signal
from a receiver

<PIN> ] [

INTS2 (
interrupt request _ _ rL -

Figure 3.10.13 Example of when <BC2:0> =“000", <ACK> = “1" (Transmitter mode)

When <TRX> is “0” (Receiver mode)

When the next transmitted data is other than 8 bits, set SBICR1<BC2:0> again.
Set <ACK> to 1 and read the received data from the SBIDBR to release the SCL
line. The read data is undefined immediately after the slave address is set. After
the data is read, <PIN> becomes 1. Serial clock pulse for transferring new 1 word
of data is defined SCL and outputs “L” level from SDA pin with acknowledge
timing.

The INTS2 interrupt request then occurs and <PIN> becomes 0. The SCL pin is
set to the low level. The TMP93CS44/S45 outputs a clock pulse for 1 word of data
transfer and the acknowledge signal each time that received data is read from the
SBIDBR.
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Read SBIDBR
SCL pin
soapin T D7_A_D6_ A D5 A_ D4 W D3 W D2 W D1 A D0 X, HANewD7
Acknowledge signal
to a transmitter
<PIN> ]

L
INTS2 (

interrupt request _ _ rL -

Figure 3.10.14 Example of when <BC2:0> =“000", <ACK> = “1" (Receiver mode)
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In order to terminate the transmitting data to the transmitter, set <ACK> to 0
before reading data which is 1 word before the last data to be received. The last
data does not generate a clock pulse for the acknowledge signal. After the data is
transmitted and an interrupt request has occurred, set <BC2:0> to 001 and read
the data. The TMP93CS44/S45 generates a clock pulse for a 1-bit data transfer.
Since the master device is a receiver, the SDA line of the bus keeps the high level.
The transmitter receives the high-level signal as the ACK signal. The receiver
indicates to the transmitter that data transfer is complete.

After 1-bit data is received and the interrupt request has occurred, the
TMP93CS44/S45 generates the stop condition and terminates data transfer.

SCL pin 1 2 3 4 5 6 7 8 1

_______ —-—— - - - - - - - - - - — o = ——— - ————

SDA pin D7 A D6 W D5 W D4 W D3 W D2 A DI A DO / rx
cknowledge signal

sent to a transmitter
<PIN>

INTS2 ( l ( | (
interrupt request i ﬂ | ﬂ

“0” - <ACK> Read SBIDBR T—"001" — <BC2:0>
Read SBIDBR

Output of master
————— Output of slave

Figure 3.10.15 Termination of Data Transfer in Master Receiver Mode
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When <MST> is “0” (Slave mode)

In the slave mode, the TMP93CS44/S45 operates either in normal slave mode or
in recovery process after a noise detection.

In the slave mode, an INTS2 interrupt request occurs when the serial bus
interface circuit receives a slave address or a GENERAL CALL from the master
device, or when a GENERAL CALL is received and data transfer is complete after
matching a received slave address. In the master mode, the TMP93CS44/S45
operates in a slave mode if a noise is detected. An INTS2 interrupt request occurs
when word data transfer terminates after a noise detection. When an INTS2
interrupt request occurs, the SBISR<PIN> is reset, and the SCL pin is set to low
level. Either reading or writing from or to the SBIDBR or setting the <PIN> to 1
releases the SCL pin after taking tLOW time.

The TMP93CS44/S45 tests the SBISR<AL>, the SBISR<TRX>, the <AAS>, and
the <ADO> and implements processes according to conditions listed in the next
table.

Table 3.10.1 Operation in the Slave Mode

<TRX>| <AL> | <AAS> | <ADO> Conditions Process

1 0 1 0 In the slave receiver mode, the Set the number of bits in 1 word to <BC2:0>
TMP93CS44/S45 receives a slave and write transmitted data to the SBIDBR.
address of which the direction bit sent
from the master is “1”.

0 0 In the slave transmitter mode, 1-word | Check <LRB>. If <LRB> is set to “1”, set <PIN>
data is transmitted. to “1” since the receiver does not request next
data. Then, clear <TRX> to “0” release the
bus. If <LRB> is set to “0”, set the number of
bits in a word to <BC2:0> and write transmitted
data to the SBIDBR since the receiver
requests next data.

0 0 1 1/0 In the slave receiver mode, the Read the SBIDBR for setting <PIN> to “1”
TMP93CS44/S45 receives a slave (Reading dummy data) or write “1” to <PIN>.
address or GENERAL CALL of which
the direction bit sent from the master is
“0".

0 1/0 In the slave receiver mode, the Set the number of bits in a word to <BC2:0>
TMP93CS44/S45 terminates receiving | and read received data from the SBIDBR.
of 1-word data.
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(4) Stop condition generation

When SBISR<BB> is 1, a sequence of generating a stop condition is started by
writing 1 to SBICR2<MST, TRX, PIN>, and 0 to <BB>. Do not modify the contents of
<MST, TRX, BB, PIN> until the stop condition is generated on the bus. When
SBICR2<MST, TRX, PIN> are written “1” and <BB> is written “0” (generate stop
condition in master mode), <BB> changes to “0” by internal SCL changes to “17,
without waiting stop condition. To check whether SCL and SDA pin are “1” by sensing
their ports is needed to detect bus free condition.

“1" - <TRX>
“0" - <BB>
“1" - <PIN>

“1" —» <MST>
Stop condition

Internal SCL

SCL pin

SDA pin

<PIN> _F /
<BB> (Read)

Figure 3.10.16 Stop Condition Generation

93CS44-163 2004-02-10



TOSHIBA

TMP93CS44/S45

(5) Restart

Restart is used to change the direction of data transfer between a master device and
a slave device during transferring data. The following explains how to restart the
TMP93CS44/S45.

Clear 0 to the <MST>, <TRX>, and <BB> and set 1 to the <PIN>. The SDA pin
retains the high level and the SCL pin is released. Since a stop condition is not
generated on the bus, the bus is assumed to be in a busy state from other devices. And
confirm SCL pin, that SCL pin is released and become bus-free state by SBISR<BB> =
“0” or signal level “1” of SCL pin in port mode. Test the <LRB> until it becomes 1 to
check that the SCL line of the bus is not set to low level by other devices. After
confirming that the bus stays in a free state, generate a start condition with procedure

2.

In order to meet setup time when restarting, take at least 4.7 us of waiting time by
software from the time of restarting to confirm that the bus is free until the time to
generate the start condition.

“0" —» <MST> “1" —» <MST>
‘0" —» <TRX> “1" —» <TRX>
“0" —» <BB> “1”
“1" —> <PIN> 1

SCL (Bus) [\ . /
SCL pin JACAY \ / )
SDA pin )_/ \

— |

<LRB> . \

| |

Y
<N

— <BB>
“1” — <PIN>
|<— 4.7 ps (Min) /—Start condition

Figure 3.10.17 Timing Diagram when Restarting the TMP93CS44/S45
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3.10.6 Clock Synchronous 8-Bit SIO Mode Control

The following registers are used for control and operation status monitoring when using
the serial bus interface (SBI) in the clock synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBICR1 Bit symbol SI0S SIOINH SIoOM1 SIOMO SCK2 SCK1 SCKO
(004BH) Read/Write W w
After reset 0 0 o | o o | o | o
Prohibit Function Indication Continue/ Transfer mode select Serial clock selection
read- transfer abort 00: 8-bit transmit
qulfy— start/stop transfer .
write 0: Stop 0: Continue 01: (Reserved)
1: Start 1: Abort 10: 8-bit transmit/receive
11: 8-bit receive
Serial clock selection
000 | fc/2® (625 kHz)
001 | fc/2®  (312.5kHz)
010 | fc/2"  (156.3 kHz) System clock: fc
011 | fc/2® ( 78.13kH2) %| Clock gear: fc/1
100 | fc/2°  ( 39.06 kHz) | \ fc = 20 MHz (Output on SCK PIN)
101 | fe/2" ( 19.53 kHz)
110 | fe/2" ( 9.77kHz)
111 | External clock (Input from SCK pin)
————> Transfer mode select
00 | 8-hit transmit mode
01 | Reserved
10 | 8-bit transmit/receive mode
11 | 8-bit receive mode
> Continue/abort transfer
0 [ Continue transfer
1 | Abort transfer (Automatically cleared after abort)
> Indicate transfer start/stop
0 |Stop
1 | Start
Note: Set <SIO> to 0 and <SIOINH> to 1 when setting the transfer mode and the serial clock.
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIDBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(004CH) Read/Write R (Receive)/W (Send)
Prohibit After reset Undefined
read-
modify-
write

Figure 3.10.18 Registers for SIO Mode (1/2)
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Serial Bus Interface Control Register 2
6 5 4 3 2 1 0
SBICR2 Bit symbol SBIM1 SBIMO
(004EH) Read/Write w
- After reset 0 | 0
Ferz?g—lblt Function Serial bus interface
modify- operation mode selection
write 00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)
Serial bus interface operation mode selection
00 | Port mode (Serial bus interface output disable)
01 [ SIO mode
10 | I°C bus mode
11 | (Reserved)
Note 1: Switch a mode to port after data transfer is complete.
Note 2: Switch a mode to SIO mode after confirming that input signals via port are high level.
Serial Bus Interface Status Register
6 5 4 3 2 1 0
SBISR Bit symbol SIOF SEF
(004EH) Read/Write R
- After reset 0 0
Prohibit Function Serial Shift
read_— tarnsfer operating
modify- operating  |status
write status monitor
monitor

Shift operating status monitor
0 | Shift operation terminated

1 | Shift operation in process

——>Serial transfer operating status monitor
0 | Transfer terminated

1 | Transfer in process

Figure 3.10.19 Registers for SIO Mode (2/2)
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(1) Serial clock

1. Clock source

SCK pin output

SO pin output

Write transmitted

data

SBICR1<SCK2:0> are used to select the following functions.
Internal clock

In the internal clock mode, any of seven frequencies can be selected. The
serial clock is output to the outside on the SCK pin. The SCK pin becomes a
high level when data transfer starts. When writing (in the transmit mode) or
reading (in the receive mode) data cannot follow the serial clock rate, an
automatic-wait function is executed to stop the serial clock automatically and
hold the next shift operation until reading or writing is complete.

Automatic-wait function

1 21 [377][7] [s 1 J2" 1 Jel_J7] Jel_[2]_J2] [
PR c— e D 60 0 B
/\/
:Xa Xb Xc

Figure 3.10.20 Automatic-wait Function

External clock (<SCK2:0> = 111)

An external clock supplied to the SCK pin is used as the serial clock. In
order to ensure shift operation, a pulse width of at least 4 machine cycles is
required for both high and low levels in the serial clock. The maximum data
transfer frequency is 625 kHz. (fc = 20 MHz.)

sckon [ 1L 1]

| |

]
tsckL tsckH

tsckL, tsckH > 4 tcyc tcyc: 4/fepH (in NORMAL mode, IDLE mode)

Figure 3.10.21 External Clock
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2. Shift edge

The leading edge is used to transmit data, and the trailing edge is used to
receive data.

Leading edge shift

Data is shifted on the leading edge of the serial clock (at the falling edge of
the SCK pin input/output).

Trailing edge shift

Data is shifted on the trailing edge of the serial clock (at the rising edge of
the SCK pin input/output).

SCK pin l l l l l l l l
|
|
SO pin E\ Bit0 X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
|
A

Shift register 76543210) 7654321 ) ++765432) x+x 76543 x5 7654 s 765 s in 76 Y wxsin 7

(a) Leading edge

SCK pin j: j: j: j: j: j: j: j:

[}
[}
Sl pin \ ieioX mBitr X Bz X Bita X Bita X Bits X Bit6 X Bit7

I
Shift register Xo X 10w x5 5w X 210w sx# X 3210wx» X 4321044+ 5432104+ 6543210+ { 76543210

(b) Trailing edge
*: Don't care

Figure 3.10.22 Shift Register
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(2) Transfer mode
SBICR1<SIOM1:0> are used to select a transmit, receive, or transmit/receive mode.
1. 8-bit transmit mode
Set a control register to a transmit mode and write data to the SBIDBR.

After the data is written, set SBICR1<SIOS> to 1 to start data transfer. The
transmitted data is transferred from the SBIDBR to the shift register and output
to the SO pin in synchronous with the serial clock, starting from the least
significant bit (LSB). When the data is transferred to the shift register, the
SBIDBR becomes empty. The INTS2 (Buffer empty) interrupt request is
generated to request new data.

When the internal clock is used, the serial clock will stop and automatic-wait
function will be initiated if new data is not loaded to the data buffer register after
the specified 8-bit data is transmitted. When new data is written, automatic-wait
function is canceled.

When the external clock is used, data should be written to the SBIDBR before
new data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to the SBIDBR by the interrupt service program.

When the transmit is started, after SBISR<SIOF> goes 1 the same value as the
final bit of the last data is output until the falling edge of the SCK.

Transmitting data is ended by clearing <SIOS> to 0 with the buffer empty
interrupt service program or setting SBICR1<SIOINH> to 1. When <SIOS> is
cleared, the transmitted mode ends when all data is output. In order to confirm if
data is surely transmitted by the program, set <SIOF> to be sensed. <SIOF> is
cleared to 0 when transmitting is complete. When <SIOINH> is set to 1,
transmitting data stops. <SIOF> turns 0.

When the external clock is used, it is also necessary to clear <SIOS> to 0 before
new data is shifted; otherwise, dummy data is transmitted and operation ends.
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Clear <SIOS>

<SIOS>

<SIOF> j

|
<SEF> _i_l
SCK pin (Output)
SO pin

INTS2 interrupt request

SBIDBR — Xa)b

Write transmitted data
(a) Internal clock

Clear <SIOS>

A
Y

<SI0S> i
<SIOF>

<SEF>

SCK pin (Input)

SO pin

INTS2 interrupt request

SBIDBR — Xa)b

Write transmitted data
(b) External clock

Figure 3.10.23 Transfer Mode

Example: Program to stop transmitting data (when external clock is used).

STEST1: BIT SEF, (SBISR) ; If <SEF> = 1 then loop.
JR Nz, STEST1
STEST2: BIT 2, (P3) ;1 SCK =0 then loop.
JR Z, STEST2
LD (SBICR1), 00000111B ; <SIOS>« 0.
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SCK pin

|
|
T
<SIOF> i
|
T
|

SO pin Bit6 X Bit7

2.

tsopH = Min 3.5/fgpy [s] (in NORMAL mode)

Figure 3.10.24 Transmitted Data Hold Time at End of Transmit

8-bit receive mode

Set the control register to a receive mode and SBICR1<SIOS> to 1 for switching
to the receive mode. Data is received from the SI pin to the shift register in
synchronous with the serial clock, starting from the least significant bit (LSB).
When the 8-bit data is received, the data is transferred from the shift register to
the SBIDBR. The INTS2 (Buffer full) interrupt request is generated to request to
read the received data. The data is then read from the SBIDBR by the interrupt
service program.

When the internal clock is used, the serial clock will stop and automatic-wait
function will be initiated until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the
clock pulse provided externally, the received data should be read from the
SBIDBR before next serial clock input. If the received data is not read, further
data to be received is canceled. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time when received data is read.

Receiving data is ended by clearing <SIOS> to 0 with the buffer full interrupt
service program or setting SBICR1<SIOINH> to 1. When <SIOS> is cleared,
received data is transferred to the SBIDBR in complete blocks. The received mode
ends when the transfer is complete. In order to confirm if data is surely received
by the program, set SBISR<SIOF> to be sensed. <SIOF> is cleared to 0 when
receiving is complete. After confirming that receiving has ended, the last data is
read. When <SIOINH> is set to 1, receiving data stops. <SIOF> turns 0 (the
received data becomes invalid, therefore no need to read it).

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case
that the mode needs to be switched, receiving data is concluded by clearing
<SIOS> to 0, read the last data, and then switch the mode.
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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTS2 interrupt request

SBIDBR

|<— Clear <SIOS> —>|

Read received data Read received data
Figure 3.10.25 Receive Mode (Example: Internal clock)

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIDBR.
After the data is written, set SBICR1<SIOS> to 1 to start transmitting/receiving.
When transmitting, the data is output from the SO pin on the leading edges in
synchronous with the serial clock, starting from the least significant bit (LSB).
When receiving, the data is input to the SI pin on the trailing edges of the serial
clock. The 8-bit data is transferred from the shift register to the SBIDBR, and the
INTS2 interrupt request occurs. The interrupt service program reads the received
data from the data buffer register and writes data to be transmitted. The SBIDBR
is used for both transmitting and receiving. Transmitted data should always be
written after received data is read.

When the internal clock is used, automatic-wait function is initiated until
received data is read and next data is written.

When the external clock is used, since the shift operation is synchronized with
the external clock, received data is read and transmitted data is written before
new shift operation is executed. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time when received data is read and transmitted
data is written.

When the transmit is started, after SBISR<SIOF> = 1 output from the SO pin
holds final bit of last data until falling edge of the SCK.

Transmitting/receiving data is ended by clearing <SIOS> to 0 by the INTS2
interrupt service program or setting SBICR1<SIOINH> to 1. When <SIOS> is
cleared, received data is transferred to the SBIDBR in complete blocks. The
transmit/receive mode ends when the transfer is complete. In order to confirm if
data is surely transmitted/received by the program, set SBISR<SIOF> to be
sensed. <SIOF> becomes 0 after transmitting/receiving is complete. When
<SIOINH> is set, transmitting/receiving data stops. <SIOF> turns 0.

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case
that the mode needs to be switched, transmitting/receiving data is concluded
by clearing <SIOS> to 0, read the last data, and then switch the transfer mode.
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|<— Clear <SIOS> —>|
<Sl0S> ‘G /‘. _______ |
<SIOF>

<SEF>

SCK pin (Output)

SO pin

Sl pin

INTS2 interrupt request

SBIDBR Xa b X_d
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 3.10.26 Transmit/Receive Mode (Example: Internal clock)

SCK pin

<SIOF>

SO pin Bit6 X Bit7 in last transmitted word ;/

>
1 1

tsopH = Min 4/fgpy [s] (in NORMAL mode)

Figure 3.10.27 Transmitted Data Hold Time at End of Transmit/Receive
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3.11 AD Converter

TMP93CS44/S45 incorporate a high-speed, high-precision 10-bit analog/digital converter (AD
converter) with 8-channel analog input.

Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO to
AN7) are also used as input-only port 5 and can be also used as input ports.

e Internal data bus e
s G m
ADMOD1 <ADTRGE> || \DMODO
<ADCH2:0> <VREFON> <EOCF> <ADBF> <ITM0> <REPET> <SCAN> <ADS>
A A
Scan
S Repeat
> § Interrupt
> O Busy ADTRG
End
Start
Y
v v Channel select > AD converter |5 INTAD
control circuit interrupt
AN7 (P57) 1>
ANG (P56) 1>
§_ ANS (P55) 1> § AD conversion
£ > [3) result register
2 A/ __ANd (Egg) O 2 S";‘]mlz'e > ADREGOAL to 37L
3 ADTRG (P53) E o ADREGO4H to 37H
£ AN2 (P52) 1> S| -
AN1 (P51) 0>
ANO (P50) 1>
A\ 4
VREFH[} 1
DA converter N———
VREFL[] >

Figure 3.11.1 Block Diagram of AD Converter

Note 1: When the power supply current is reduced in IDLE2, IDLE1, STOP mode, there is possible to set
a standby enabling the internal comparator due to a timing. Stop operation of AD converter before
execution of “HALT” instruction.

Note 2: Inregard to the lowest operation frequency.
The operation of AD converter is guaranteed with clock of fepy >4 MHz (Used fc clock). Is not
guaranteed with fs clock.
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3.11.1 AD converter registers

AD converter is controlled by two AD mode control registers (ADMODO and ADMOD1).
AD conversion result is stored in eight AD conversion result registers (ADREG04H/L,
ADREG15H/L, ADREG26H/L, ADREG37H/L).

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO Bit symbol EOCF ADS8F - - ITMO REPET SCAN ADS
(00SEH) | Read/Write R RIW
After reset 0 0 0 0 0 0 0 0
Function AD AD Always write| Always write] Specifies Repeat mode |Scan mode [AD
conversion |conversion [“0". “0". interrupts for |specification |specification [conversion
end flag busy flag fixed channelo: single 0: Fixed- start
0: Conver- |1: Conver- Irepeat ) conver- channel  [0:Don't
sion in sion is conversion sion mode mode care
progress idle mode. 1: Repeat 1: Channel |1: Start
1: Conver- |1: Conver- 0: Every conver- scan mode | conver-
sion end sion in conver- sion mode sion
progress sion
1: Every four Always read|
conver- as “0".
sions

— |

|—> AD conversion start
0 |[Don't care

1 | Start AD conversion

—> AD scan mode specification
0 [ AD conversion fixed-channel mode

1 | AD conversion channel scan mode

—> AD repeat mode specification
0 [ AD single conversion mode

1 | AD repeat conversion mode

L AD specifies interrupts for fixed
channel/repeat conversion mode

Fixed channel/repeat conversion mode
<SCAN> ="0", <REPET> ="1"
0 | Generates interrupt every conversion

Generates interrupt every four
conversions

A

AD conversion busy flag
0 |[AD conversion is idle

1 | AD conversion in progress

>AD conversion end flag
0 [ AD conversion in progress

1 | AD conversion end

Figure 3.11.2 Register for AD Converter (1/4)
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 Bit symbol VREFON ADTRGE ADCH2 ADCH1 ADCHO
(00SFH) Read/Write RIW RIW
After reset 1 0 0 | 0 I 0
Function Strilng External
resistor trigger start Analog input channel
0: OFF control selection
1: ON
0: Disable
1: Enable
| I
Analog input channel selection
<SCAN 0 1
Channel Channel
<ADCH2:0> fix scan
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 (Note) AN3 ANO — AN1 — AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 ANG6 AN4 — AN5 — AN6
111 AN7 AN4 — AN5 — AN6 — AN7

» Conversion start control by external trigger

(ADTRG pin input)

0

Disable

1

Enable

>Analog reference voltage control

0

OFF

1

ON

Set the <VREFON> bit to 1 before starting
conversion (before writing 1 to
ADMODO<ADS>).

Note: As the AN3 and the ADTRG are the same pin, <ADCH2:0> =011 can't be set when <ADTRGE> is set to 1

and ADTRG is used.

Figure 3.11.3 Register for AD Converter (2/4)
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AD Conversion Result Register 0/4 Low
7 6 5 4 3 2 1 0
ADREGO04L | Bit symbol ADRO1 ADROO ADRORF
(0060H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result.
result tored
flag
1: Exist result
AD Conversion Result Register 0/4 High
7 6 5 4 3 2 1 0
ADREGO04H | Bit symbol ADRO9 ADROS8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO2
(0061H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 1/5 Low
7 6 5 4 3 2 1 0
ADREG15L | Bit symbol ADR11 ADR10 ADR1RF
(0062H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD| Conversion
conversion result.
result stored
flag
1: Exist result
AD Conversion Result Register 1/5 High
7 6 5 4 3 2 1 0
ADREG15H | Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(0063H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 3 2 1 0
Channel x conversion result
| Il J
ADREGxH ¢ ¢ ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Y

e Bits 5to 1 are always read as 1.

e BitO is conversion result stored flag bit <ADRXRF>.
<ADRXRF> is set to 1 when the AD conversion result is
stored. Reading either the ADREGxH or the ADREGXL
registers clears <ADRxRF> to 0.

Figure 3.11.4 Register for AD Converter (3/4)
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AD Conversion Result Register 2/6 Low
7 6 5 4 3 2 1 0
ADREG26L | Bit symbol ADR21 ADR20 ADR2RF
(0064H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result.
result stored
flag
1: Exist result
AD Conversion Result Register 2/6 High
7 6 5 4 3 2 1 0
ADREG26H | Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(0065H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 3/7 Low
7 6 5 4 3 2 1 0
ADREG37L | Bit symbol ADR31 ADR30 ADR3RF
(0066H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of Conversion
AD conversion result.
result stored
flag
1: Exist result
AD Conversion Result Register 3/7 High
7 6 5 4 3 2 1 0
ADREG37H | Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADRS33 ADR32
(0067H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x conversion result
| J | J
ADREGxH ¢ ¢ ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Y

e Bits 5to 1 are always read as 1.

o Bit0 is conversion result stored flag bit <ADRXRF>.
<ADRXRF> is set to 1 when the AD conversion result is
stored. Reading either the ADREGxH or the ADREGXL
registers clears <ADRxRF> to 0.

Figure 3.11.5 Register for AD Converter (4/4)
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3.11.2 Operation

(1) Analog reference voltage

High analog reference voltage is applied to the VREFH pin, and low analog reference
voltage is applied to the VREFL pin. The voltage between VREFH and VREFL is
divided into 1024 increments using a string resistor. AD conversion is based on
comparing the analog input voltage with these reference voltage increments.

To turn the switch between VREFH and VREFL off, write 0 to the
ADMOD1<VREFON> bit.

To start AD conversion when the switch is off, first write 1 to <VREFON>. After that,
wait at 3 us long enough to get the stabilized oscillation, write 1 to ADMODO<ADS>.
(2) Selecting analog input channels

The procedure for selecting analog input channels depends on the operating mode of
the AD converter.

e  When analog input channel is used to fix (ADMODO<SCAN> = 0)

To set ADMOD1<ADCHZ2:0>, selecting one channel from analog input pins ANO
to AN7.

e When analog input channel is used to scan (ADMODO<SCAN> = 1)
To set ADMOD1<ADCH2:0>, selecting one channel from 8 scan mode.
Table 3.11.1 shows the analog input channel selection each operating mode.

Areset initializes ADMODO<SCAN> to 0 and ADMOD1<ADCH2:0> to 000, selecting
pin ANO for the AD converter input.

The pins not used as analog input channels can be used as general-purpose input

ports (P5).
Table 3.11.1 Analog Input Channel Selection
Fixed channel Channel scan
<ADCH2:0>
<SCAN>=0 <SCAN>=1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 — AN2 — AN3
100 AN4 AN4
101 AN5 AN4 —> AN5
110 AN6 AN4 - AN5 — AN6
111 AN7 AN4 — AN5 —> AN6 — AN7

(3) Starting AD conversion
AD conversion starts when ADMODO<ADS> to 1, or ADMOD1<ADTRGE> is set to 1
and the falling edge is input through ADTRG pin.
When AD conversion starts, AD conversion busy flag ADMODO<ADBF> is set to 1,
indicating AD conversion is in progress.

Writing 1 to <ADS> while conversion is in progress restarts the conversion. Check
the conversion result stored flag ADREGxL<ADRxRF> to determine whether the AD
conversion data are valid at this time.

Inputting the falling edge to the ADTRG pin while conversion is in progress is
invalid.
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(4) AD conversion modes and completion interrupt
Follow the four AD conversion modes are supported.
¢ Fixed channel single conversion mode
¢ Channel scan single conversion mode
e Fixed channel repeat conversion mode
¢ Channel scan repeat conversion mode

AD conversion mode can selected by setting AD mode control register
ADMODO<REPET, SCAN>.

When AD conversion end, AD conversion completion interrupt INTAD request
occurs. And the ADMODO<EOCF> flag is set to 1 to indicate that AD conversion has
completed.

1. Fixed channel single conversion mode
Fixed channel single conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 00.

In this mode, conversion of the specified single channel is executed once only.
After conversion is completed, ADMODO<EOCF> is set to 1, ADMODO<ADBF> is
cleared to 0 and occurs INTAD interrupt request.
2. Channel scan single conversion mode
Channel scan single conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 01.

In this mode, conversion of the specified channel are executed once only. After
conversion is completed, ADMODO<EOCF> is set to 1, ADMODO<ADBF> is
cleared to 0 and occurs INTAD interrupt request.

3. Fixed channel repeat conversion mode
Fixed channel repeat conversion mode can be specified by setting

ADMODO<REPET, SCAN> to 10.

In this mode, conversion of the specified single channel is executed repeatedly.
After conversion is completed, ADMODO<EOCEF> is set to 1, ADMODO0<ADBF>
remains 1 not changed to 0. The timing of INTAD interrupt request can selected
by setting of ADMODO<ITMO>.

When <ITMO> is set to 0, interrupt request occurs after every conversion.
When <ITMO> is set to 1, interrupt request occurs after every fourth
conversion.
4. Channel scan repeat conversion mode
Channel scan repeat conversion mode can be specified by setting

ADMODO<REPET, SCAN> to 11.

In this mode, specified channels are converted repeatedly. After every scan
convert completion, ADMODO<EOCF> is set to 1 and INTAD interrupt request
occurs. ADMODO<ADBF> remains 1, not changed to 0.

To stop the repeat conversion mode (3. and 4.), write 0 to ADMODO<REPET>.
After the current conversion is completed, repeat conversion mode is terminated,
and ADMODO<ADBF> is cleared to 0.

If the device enters the IDLE2, IDLE1 or STOP modes during AD conversion,
the conversion halt immediately. After the halt mode is released, AD conversion
restarts from the beginning in repeat conversion mode (3. and 4.), it does not
restart in single conversion mode (1. and 2.).
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Table 3.11.2 shows the relations between AD conversion modes and interrupt request.

Table 3.11.2 Relation between AD Conversion Modes and Interrupt Request

Mode Interrupt Request ADMODO
Timing <ITMO> |<REPET>| <SCAN>
) Fixed chqnnel After conversion X 0 0
single conversion mode
. Channel scan After conversion X 0 1
single conversion mode
After every conversion 0
Fixed channel repeat 1 0
conversion mode After every fourth 1
conversion
Channel scan After every scan X 1 1
repeat conversion mode conversion

X: Don't Care

(5) AD conversion time

140 states (14 us at fc = 20 MHz) are required for AD conversion of one channel.

(6) Storing and reading the AD conversion result
AD conversion results are stored in AD conversion result registers high/low
(ADREGO4H/L to ADREG37H/L). These registers are read only.

In fixed channel repeat conversion mode, AD conversion results are stored in order
from ADREGO04H/L to ADREG37H/L. Except in this mode, AD conversion results for
channel ANO and AN4, AN1 and AN5, AN2 and AN6, AN3 and AN7 are stored
severally ADREG04H/L, ADREG15H/L, ADREG26H/L, ADREG37H/L.

Table 3.11.3 shows correspondence between analog input channels and AD
conversion result registers.

Table 3.11.3 Correspondence between Analog Input Channels and
AD Conversion Result Registers

AD Conversion Result Registers
Analog Input . Fixed Channel Repeat
Channel (port 5) Conversion Modes Conversion Mode
except Right .
(Every fourth conversion)
ANO ADREGO4H/L
AN1 ADREG15H/L ADREGO4HIL
AN2 ADREG26H/L v
ADREG15H/L
AN3 ADREG37H/L !
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREG15H/L '
AN6 ADREG26HI/L ADREG37HIL
AN7 ADREG37HIL

AD conversion result registers bitO is AD conversion result stored flag <ADRxRF>.
The flag shows that whether those registers are read or not. When AD conversion
results are stored in those registers (ADREGxH or ADREGxL), this flag is set to 1.

When each register is read, this flag is cleared to 0, and AD conversion end flag
ADMODO<EOCF> is also cleared to 0.
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Setting example:

1. This example converts the analog input voltage at the AN3 pin. The INTAD
interrupt routine writes the result to memory address 0800H.

Main routine setting:

~ 7 6 54 3 210
INTEOAD <1100 - - - -
ADMOD1 «~1 XXX 0011
ADMODO <X X 00O0O0O01

~ Example of interrupt routine processing:
WA <« ADREG37

WA > > 6
| (0800H) «~— WA

Enables INTAD and sets level 4.

Sets analog input channel to AN3.

Starts AD conversion in fixed channel single conversion
mode.

Reads ADREG37L and ADREG37H values and writes them
to WA (16 bits).

Shifts right WA six times and zero fills the upper bits.
Writes contents of WA to memory address 0800H.

2. This example repeatedly converts the analog input voltages at pins ANO to AN2,
using channel scan repeat conversion mode.

010
111

INTEOAD <1000
ADMOD1 «~1 X X X0
ADMODO «~ X X 000

X: Don't care, —: No change

Disables INTAD.

Sets ANO to AN2 as analog input channels.

Starts AD conversion in channel scan repeat conversion
mode.
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3.12 Watchdog Timer (Runaway detecting timer)

TMP93CS44/S45 contain a watchdog timer of runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects that
the CPU has started to malfunction (Runaway) due to causes such as noise. When the watchdog
timer detects a malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of
the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.

This watchdog timer consists of 7-stage and 15-stage binary counters.

These binary counters are also used as a warm-up timer for the internal oscillator
stabilization. This is used for releasing the stop and before changing system clock.

3.12.1 Configuration
Figure 3.12.1 shows the block diagram of the watchdog timer (WDT).

Internal reset

WDTI interrupt
A +
SYSCRO<WUEF> 1 Enable Reset
< Qs ese
Interrupt control WDMOD<WDTE>
) R Write disable code to
T WDCR

WDMOD<WARM>—>| Selector| | Selector WDMOD (B1H)
T45CR<QCU> 7 A A A A  <WDTPLO>

27 29 .211 213 215

SYSCRO<WUEF>

15-stage binary counter

Selector

Selector

Write clear code to

HALT instruction
(STOP, IDLE1 mode)

Selector

CPU

XT1[}—e

Selector

<
3
> O
$ SYSCR1<SYSCK>
fc fc/2| fc/a| fc/8|fc/16
SYSCR1<GEAR2:0>

Figure 3.12.1 Block Diagram of Watchdog Timer/Warm-up Timer
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The watchdog timer consists of 7-stage and 15-stage binary counters which use system
clock (fsys) as the input clock. The 15-stage binary counter has fsys/215, fsys/217, fgys/219
and fgys/22! output. Selecting one of the outputs with the WDMOD<WDTP1:0> register
generates a watchdog timer interrupt and outputs watchdog timer out when an overflow
occurs. The binary counter for the watchdog timer should be cleared to 0 with runaway
detecting result software (Instruction) before an interrupt occurs.

Example:
LDW (WDMOD), B100H ; Disable.
LD (WDCR), 4EH ; Write clear code.
SET 7, (WDMOD) ; Enable again.

The runaway detecting result can also be connected to the reset pin internally. In this
case, the watchdog timer resets itself.

S N
T~~~
o

WDT counter n X Overflow X n

WDT interrupt (
]
WDT clear Clear code of write
(Software) (o *+
12

Figure 3.12.2 Normal Mode

Overflow

WDT counter n (¢
12

WDT interrupt

{(
2]
((
2]

8 to 20 states (12.8 to 32 us at 20 MHz)

Internal reset

Figure 3.12.3 Reset Mode

For warm-up counter, 27 and 29 output of 15-stage binary counter can be selected using
WDMOD<WARM> register. When a stable-external oscillator is used, shorter warm-up
time is available using T45CR<QCU> register. When <QCU> =1, counting value 27 is
selected. When the watchdog timer is in operation, this shorter warm-up time function
cannot be available. This function can be available by setting <QCU> = 0.
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3.12.2 Control Registers

Watchdog timer (WDT) is controlled by two control registers WDMOD and WDCR.
(1) Watchdog timer mode register (WDMOD)
1. Setting the detecting time of watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting
the runaway. This register is initialized to WDMOD<WDTP1:0> = 00 when reset.

The defecting time of WDT is shown Table 3.12.1.
2.  Watchdog timer enable/disable control register <WDTE>
When reset, WDMOD<WDTE> is initialized to 1 enable the watchdog timer.

To disable, it is necessary to set this bit to 0 and write the disable code (B1H) in
the watchdog timer control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state to enable state by merely
setting <WDTE> to 1.

3. Watchdog timer out reset connection <RESCR>
This register is used to connect the output of the watchdog timer with RESET
terminal, internally. Since WDMOD<RESCR> is initialized to O at reset, a reset
by the watchdog timer will not be performed.
(2) Watchdog timer control register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.

e Disable control

By writting the disable code (B1H) in this WDCR register after clearing
WDMOD<WDTE> to 0, the watchdog timer can be disabled.

WDMOD «~0 - - - - - X X Clear WDMOD<WDTE> to “0".
WDCR <1 0110001 Write the disable code (B1H).

X: Don't care, —: No change

¢ Enable control
Set WDMOD<WDTE> to 1.
e  Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code
(4EH) into the WDCR register.

WDCR <01 001110 Write the clear code (4EH).
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Watchdog Timer Mode Control Register
7 6 5 4 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 [ HALTMO RESCR DRVE
(005CH) Read/Write RIW
After reset 1 o | o 0 o | o 0 0
Function  |wpT Select detecting time Warm-up | Standby mode 1:Internally [1: Drive the
00: 2% time connects pin even
control Ce SYS WDT out in STOP
0: Disable 01: 27'ffsys 00: RUN mode tothe mode
10: 2%/fsys 01: STOP mode reset pin
1: Enable 2
11: 2%/fsys 10: IDLE1 mode
11: IDEL2 mode care
(See Table 3.12.1)

Watchdog timer enable/disable control

0

Disable

1

Enable

Selection of warm-up time when changing clock

A\ 4
Please refer to the section 3.3

“Dual Clock, Standby Function”.

Y

Watchdog timer out control

0 |[Don't care

1

Connects WDT out to a reset

v
at fc

=20M Hz, fs = 32.768 kHz

WDMOD<WARM> Changing to Normal (fc) Changing to Slow (fc)
0 (2**/oscillation frequency) 0.8192 ms 500 ms
0 (2"%/oscillation frequency) 3.2768 ms 2000 ms
Selection of warm-up time when returning from the stop mode at fc = 20M Hz, fs = 32.768 kHz
Warm-up Time
System Clock Gear Value
Selection <SYSCK> | <GEAR2:0> T45CR<QCU>=0 T45CR<QCU>=1
<WARM>=0 <WARM> =1 <WARM> =X
XXX
1 (fs) (Don't care) 0.500 s 2.000s 3.9ms
000 (fc) 0.8192 ms 3.277 ms 6.4 us
001 (fc/2) 1.638 ms 6.544 ms 12.8 ps
0 (fc) 010 (fc/4) 3.277 ms 13.107 ms 25.6 us
011 (fc/8) 6.554 ms 26.214 ms 51.2 us
100 (fc/16) 13.107 ms 52.429 ms 102.4 ps
Note: When the watchdog timer is in operation, TA5CR<QCU> is set to 0.
Figure 3.12.4 Watchdog Timer Related Register (1/2)
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Watchdog Timer Control Register

7 | e | s | 4 | 3 | 2 | 1 | o
WDCR Bit symbol _
(005DH) Read/Write w
After reset -

Function B1H: WDT disable code
4EH: WDT clear code

L—>Disable/clear WDT
B1H Disable code
4EH Clear code
Others | Don't care

Note: When the watchdog timer is in operation, T4A5CR<QCU> is set to 0.

Figure 3.12.5 Watchdog Timer Related Register (2/2)

Table 3.12.1 Watchdog Timer Detecting Time
at fc = 20M Hz, fs = 32.768 kHz

System Clock Watchdog Timer Detecting Time
) Gear Value
Selection ) WDMOD<WDTP1:0>
<SYSCK> <GEAR2:0>
00 01 10 11
XXX 2.000s 8.000's 32.000 s 128.000 s
1 (fs) \
(Don't care)
000 (fc) 3.277 ms 13.107 ms 52.429 ms 209.715 ms
001 (fc/2) 6.554 ms 26.214 ms 104.858 ms 419.430 ms
0 (fc) 010 (fc/4) 13.107 ms 53.429 ms 209.715 ms 838.861 ms
011 (fc/8) 26.214 ms 104.858 ms 419.430 ms 1.678s
100 (fc/16) 52.429 ms 209.715 ms 838.861 ms 3.355s
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3.12.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD<WDTP1:0>. The watchdog timer must be zero cleared by software before an
INTWD interrupt is generated. If the CPU malfunctions (Runaway) due to causes such as
noise, but does not execute the instruction used to clear the binary counter, the binary
counter overflows and an INTWD interrupt is generated. The CPU detects malfunction
(Runaway) due to the INTWD interrupt and it is possible to return to normal operation by
an anti-malfunction program. By connecting the watchdog timer out pin to peripheral
devices’ resets, a CPU malfunction can also be acknowledged to other devices.

The watchdog timer restarts operation immediately after resetting is released.

The watchdog timer stops its operation in the IDLE1 and STOP modes. In the RUN mode,
the watchdog timer is enabled.

However, the function can be disabled when entering the RUN, IDLE2 mode.

Example:
1. Clear the binary counter
WDCR «<01001110 Write clear code (4EH).

2. Set the watchdog timer detecting time to 217/fsys
WDMOD «~101 - - - XX

3. Disable the watchdog timer
WDMOD «~0 - - - - - X X Clear WDTE to 0.
WDCR <1 0110001 Write disable code (B1H).

4. Set IDLE1 mode

WDMOD «~0 - - -10 X .

Disables WDT and sets IDLE1 mode.
WDCR «~1 01 1 0001
Executes halt command Set the HALT mode.

5. Set the STOP mode (Warm-up time: 216/fsys)

WDMOD - - -1 01 X X Set the STOP mode.
Executes halt command Execute HALT instruction. Set the HALT
mode.

X: Don't care, —: No change
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4.

Electrical Characteristics

“X" used in an expression shows a cycle of clock fgpH selected
by SYSCR1<SYSCK>. If a clock gear or a low speed oscillator
is selected, a value of “X” is different. The value as an example

4.1 Maximum Ratings is calculated at fc, gear = 1/fc (SYSCRI<SYSCK, GEAR2:0> =
(TMP93CS44F, TMP93CS45F) s
Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t06.5 \Y
Input voltage VIN -0.5t0 Vcc+0.5 \
Output current (Per 1 pin) P7 loL1 20 mA
Output current (Per 1 pin) except P7 loL2 2 mA
Output current (P7 total) ZloL1 80 mA
Output current (Total) ZloL 120 mA
Output current (Total) SloH -80 mA
Power dissipation (Ta =85 °C) Pp 350 mwW
Soldering temperature (10 s) TSOLDER 260 °C
Storage temperature TstG —65 to 150 °C
Operating temperature TopPr —40 to 85 °C
Note: The maximum ratings are rated values which must not be exceeded during
operation, even for an instant. Any one of the ratings must not be exceeded. If
any maximum rating is exceeded, a device may break down or its performance
may be degraded, causing it to catch fire or explode resulting in injury to the
user. Thus, when designing products which include this device, ensure that no
maximum rating value will ever be exceeded.
4.2 DC Characteristics (1/2)

Ta = —40 to 85°C

Parameter Symbol Condition Min  |Typ. (Note)| Max Unit
fc=4to 20 MHz fs=30to 4.5
Power supply voltage V 5.5 \%
PRy vollag ce fc=41012.5 MHz |34 kHz 2.7
Input Vcc =45V 0.8
| P ADO to AD15 ViL cc
ow Ve <45V 0.6
voltage Port 2 to port 7
(except P35) Vi 03 0.3 Vce
RESET, NMI, INTO | V2 Vee=271055V 0.25 Vce
EA , AM8/ AMI6 Vi3 0.3
X1 ViLa 0.2Vcc v
Input Vcc =45V 2.2
h-ph ADO to AD 15 Vig cc
9 Ve <45V 2.0
voltage Port 2 to port 7
V 0.7V
(except P35) IH1 cc Vcc+0.3
RESET, NMI, INTO | Vi Vec=271055V 0.75 Vcc
EA , AM8/ AM16 VIH3 Vce-0.3
X1 ViHa 0.8 Vcc
loL=1.6 mA
Output low voltage VoL 0.45 \%
(Vec=2.7t05.5V)
(Vec =5V + 10%) 16
Output low current (P7) loL7 VoL=1.0V mA
(Vee =3V +10%) 7
lon = —400
VoH1 OH WA 2.4 Vv
. (Ve =3V +10%)
Output high voltage
lon =—400 pA
VoH2 4.2 \%
(Vcc =5V +10%)
Note: Typical values are for Ta = 25°C and Vcc =5 V unless otherwise noted.
93CS44-189 2004-02-10



TOSHIBA TMP93CS44/S45
DC Characteristics (2/2)
Parameter Symbol Condition Min  |Typ. (Note 1) Max | Unit
. . VExT=1.5
oot R, |Roa- 1k a5 |
putp (Voc =5V + 10% only)
Input leakage current Il 0.0<V|N<Vce 0.02 +5 WA
Output leakage current ILo 0.2<V|N<Vcc-0.2 0.05 +10
Power down voltage ViL2=0.2Vcc,
(at stop, RAM back up) VSTOP |10 = 0.8Vee 2.0 6.0 v
Vcc =55V 45 130
— i Vec=45V 50 160
RESET pull-up resistor RRrsT kQ
Vec=3.3V 70 280
Vec =27V 90 400
Pin capacitance Cio fc =1MHz 10 pF
Schmitt width
RESET, NMI, INTO VTH 0.4 1.0 v
Vce =55V 45 130
Vec =45V 50 160
Programmgble RkH cc KO
pull-up resistor Vee =33V 70 280
Vec=27V 90 400
NORMAL (Note 3) 19 25
RUN Vec =5V +10% 17 25
IDLE2 fc = 20 MHz 12 17
IDLE1 35 5
mA
NORMAL (Note 3) 6.5 10
RUN Vec =3V +10% 50 9
fc=12.5 MHz
IDLE2 (Typ. Ve = 3.0 V) 45 6.5
IDLE1 lcc 0.8 1.5
SLOW (Note 3) 20 45
RUN Vec =3V +10% 16 20
fs = 32.768 kHz A
IDLE2 (Typ. Ve = 3.0 V) 15 25
IDLE1 5 15
Ta <50°C Vee = 10
STOP Ta<70°C 2.7V 0.2 20 pA
Ta<85°C 1055V 50
Note 1: Typical values are for Ta = 25°C and Vcc =5 V unless otherwise noted.
Note 2: Ipar is guranteed for total of up to 8 ports.
Note 3: Icc measurement conditions (NORMAL, SLOW).

Only CPU is operational; output pins are open and input pins are fixed.

(Reference) Definition of Ipar

RExT

A

O
IDAR

VEXT

)

93CS44-190 2004-02-10



TOSHIBA TMP93CS44/S45

4.3 AC Characteristics

(1) Vec=5V+10%

No Parameter Symbol - Variable 1_6 MH2z 2_0 MHz Unit
Min Max Min | Max | Min | Max
1| Oscillation period (= X) tosc 50 31250 62.5 50 ns
2| CLK pulse width tcLk 2X - 40 85 60 ns
3 [ A0 to A23 valid — CLK hold taK 0.5X-20 11 5 ns
4 [ CLK valid — A0 to A23 hold tKA 1.5X-70 24 5 ns
5| AO to A15 valid — ALE fall tAL 0.5X-15 16 10 ns
6 | ALE fall - A0 to A15 hold LA 0.5X - 20 11 5 ns
7 | ALE high pulse width L X-40 23 10 ns
8 | ALE fall -» RD / WR fall tc 0.5X - 25 6 0 ns
9| RD/WR rise — ALE rise teL 0.5X - 20 11 5 ns
10 | AO to A15 valid — RD / WR fall tacL X-25 38 25 ns
11 | AO to A23 valid — RD / WR fall tacH 1.5X - 50 44 25 ns
12 | RD/WR rise — A0 to A23 hold tca 0.5X - 25 6 0 ns
13 [ AO to A15 valid — DO to D15 input tADL 3.0X - 55 133 95| ns
14 [ A0 to A23 valid — DO to D15 input tADH 3.5X - 65 154 110| ns
15| RD fall - DO to D15 input trRD 2.0X - 60 65 40| ns
16 | RD low pulse width tRR 2.0X - 40 85 60 ns
17 | RD rise — DO to D15 hold tHR 0 0 0 ns
18 | RD rise — AO to A15 output tRAE X-15 48 35 ns
19 [ WR low pulse width tww 2.0X - 40 85 60 ns
20| DO to D15 valid — WR rise tow 2.0X - 55 70 45 ns
21| WR rise — DO to D15 hold twD 0.5X - 15 16 10 ns
22 | AO to A23 valid — WAIT input [ﬁo*dﬂ) WA'TJ tAWH 3.5X — 90 129 85| ns
23 | A0to A15 valid > WAT input [ S "AT)| taw 3.0X— 80 108 70| ns
24 | RD /WR fall - WATT hold (A OWAT)T ey, | 2040 125 100 ns
25| A0 to A23 valid — Port input tAPH 2.5X-120 36 5[ ns
26 | A0 to A23 valid — Port hold tapH2 | 2.5X+50 206 175 ns
27 | WR rise — Port valid tcp 200 200 200| ns

AC measuring conditions
e Output level: High 2.2V, low 0.8V, CL =50 pF
(However CL = 100 pF for ADO to AD15, A0 to A23, ALE, RD, WR, HWR , CLK)
e Inputlevel:  High 2.4V, low 0.45V (ADO to AD15)
High 0.8 x V¢, low 0.2 x V¢ (except for ADO to AD15)
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(2) Vec=3V+10%

No. Parameter Symbol - Variable 1?'5 MHz Unit
Min Max Min | Max
1 | Oscillation period (= X) tosc 80 31250 80 ns
2 | CLK pulse width tcLK 2X-40 120 ns
3| A0 to A23 valid — CLK hold tak 0.5X-30 10 ns
4 | CLK valid — AO to A23 hold tKA 1.5X - 80 40 ns
5| AO to A15 valid — ALE fall tAL 0.5X - 35 5 ns
6 | ALE fall - AO to A15 hold LA 0.5X - 35 5 ns
7 | ALE high pulse width L X -60 20 ns
8 | ALE fall > RD / WR fall tLc 0.5X-35 5 ns
9| RD/WR rise — ALE rise teL 0.5X - 40 0 ns
10 | A0 to A15 valid — RD / WR fall tacL X -50 30 ns
11 | AO to A23 valid — RD / WR fall tacH 1.5X - 50 70 ns
12 | RD/WR rise — A0 to A23 hold tca 0.5X — 40 0 ns
13 [ AO to A15 valid — DO to D15 input tADL 3.0X-110 130| ns
14 | AO to A23 valid — DO to D15 input tADH 3.5X-125 155| ns
15 | RD fall - DO to D15 input tRD 2.0X-115 45| ns
16 | RD low pulse width tRR 2.0X - 40 120 ns
17 | RD rise — DO to D15 hold tHR 0 0 ns
18 | RD rise — AO to A15 output tRAE X-25 55 ns
19 | WR low pulse width tww 2.0X - 40 120 ns
20 | DO to D15 valid — WR rise tow 2.0X - 120 40 ns
21| WR rise — DO to D15 hold twb 0.5X — 40 0 ns
22 | A0 to A23 valid — WAIT input [ﬁo*dﬂ) WA'T} tAWH 3.5X - 130 150| ns
23 [ A0 to AL5 valid > WA input S "] taw 3.0X - 100 140 ns
24 | RD /WR fall - WATT hold (L OwWATIT oy, | 2040 160 ns
25| AO to A23 valid — Port input tAPH 2.5X -195 5[ ns
26 | AO to A23 valid — Port hold tapH2 | 2.5X+50 250 ns
27 | WRrise — Port valid tcp 200 200| ns

AC measuring conditions
e Output level: High 0.7 x Ve, low 0.3 x Vg, CL =50 pF
o Input level: High 0.9 x Vg, low 0.1 x Ve
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Note:

(3) Read cycle

CLK

A0 to A23

WAIT

Port input
(Note)

ADO to AD15

ALE

] ] ]
] ] ]
I I I
I I I I
] ] ] ] ]
] ] ] ] ]
] ] ] ] ]
] ] ] ] ]
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| o = — |
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X | | : X_
] ] ] ] [
] ] ] ] [
| | | | ul ] [
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5 5 N L ;
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| ot | | i
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: <€ : tAPHZ : > : :
] ] ] [
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| — i [
e e DG : trD * l
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1 P 1 tLc — 1 | P tHR ol
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-4----- {  nooAls R LEE { DotD15 Pp------
| | | | |
| [ taL = [€—ta ] | | [«—tcp
I [ I I [l
| ' | | |
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i : i i 0
|1 L > l l l
] ] ] ]

Since the CPU accesses the internal area to read data from a port, the control signals of external
pins such as RD and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics of
port input/output shown above are typical representation. For details, contact your local Toshiba
sales representative.
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(4) Write cycle

I I I
[} [} [}
[} [} [}
I I I
[} } }
I I I I
[} [} [} [}
[} [} [} [}
1 1 1 1
clk | X : | X |
i i i i
[} [} [} [}
[} | | |
AOtoA23 | i i i X
I I I I I
I I I I I
! ! ! ! !
WAIT | l N \ / l
i i i i i
[} [} [} [} [}
[} [} Il 1 1
Port output | ' ' | )3 i
(Note) ! : T T > < |
| | - " : sillePl
R — T T ™ | ww ] f—
WR, HWR | ! \ ! ! Y !
i i | | twp
: | < tow : e
ADOt0 AD15 =+ ----- { AQto A15 ) »
]
[}

——

ALE / 1\
1

DO to D15
T
|
|
|
|
|
i

Note: Since the CPU accesses the internal area to write data to a port, the control signals of external pins
suchas WR and CS are not enabled. Therefore, the above waveform diagram should be regarded
as depicting internal operation. Please also note that the timing and AC characteristics of port
input/output shown above are typical representation. For details, contact your local Toshiba sales
representative.

93CS44-194 2004-02-10



TOSHIBA

TMP93CS44/S45

4.4  Serial Channel Timing

(1) T/O interface mode

1. SCLK input mode
] (Note 1)|
Parameter Symbol Variable 32.768 MHz 12.5 MHz 20 MHz Unit
Min Max Min | Max [ Min Max Min [ Max
SCLK cycke tscy 16X 488 us 1.28 pus 0.8 us ns
Output data tscy/2 - 5X -
—» Falling edge of SCLK toss 50 9L.5ps 190 100 ns
SCLK rising/falling edge
_» Output data hold toHs 5X -100 152 us 300 150 ns
SCLK rising/falling edge
— Input data hold (Note 2) tHSR 0 0 0 0 ns
SCLK rising/falling edge
5 Effective data input (Note 2) | 'SRD tscy—5X - 100 336 ps 780 450 | ns
Note 1: When fs is used as system clock or fs divided by 4 is used as input clock to prescaler.
Note 2: SCLK rising/falling timing; SCLK rising in the rising mode of SCLK,
SCLK falling in the falling mode of SCLK.
2. SCLK output mode
] (Note)
Parameter Symbol Variable 32.768 MHz 12.5 MHz 20 MHz Unit
Min Max Min | Max | Min Max Min Max
SCLK cycle (Programmable) tscy 16X 8192X 488 s |250 ms|1.28 ps |655.36 us| 0.8 ps |409.6 us| ns
Output data t tscy — 2X — 150 427 ps 970 550 ns
— SCLK rising edge 0SS ['scY H
SCLK rising edge
— Output data hold loHs 2X-80 60 ps 80 20 ns
SCLK rising edge
— Input data hold tHSR 0 0 0 0 ns
SCLK rising edge
_» Effective data input tsSrRD tscy— 2X-150 428 ps 970 550 ns

Note: When fs is used as system clock or fs divided by 4 is used as input clock to prescaler.

(Output mode/

SCL
input rising edge mode

D -
SCLK J _]

tscy ;

B

I

I R N

(Input falling edge mode) toHs
toss
e —
Output _cli_;tg \ 0 X 1 X 2 X 3 X
tSRD N tHSR
Input data
Sata X0 X X1 X X2z X X2 X
Valid Valid Valid Valid
(2) UART mode (SCLKO and SCLK1 are external input)
(Note)
Parameter Symbol Variable 32.768 MHz 12.5MHz 20MHZ g
Min Max Min Max Min Max | Min [ Max
SCLK cycle tscy 4X + 20 122 us 340 220 ns
SCLK low level pulse width tscyL 2X+5 6 us 165 105 ns
SCLK high level pulse width tscyH 2X+5 6 us 165 105 ns
Note: When fs is used as system clock or fs divided by 4 is used as input clock to prescaler.
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4.5 AD Conversion Characteristics

AVce = Ve, AVss = Vsg

Parameter Symbol | Power Supply Min Typ. Max Unit
Analog reference voltage (+) VREFH Vec =5V +10% Vec-02V Vee Vee
Veec=3V+10% Vcc-0.2V Vce Vce
= +109 . \%
Analog reference voltage (-) VREFL Vec =5V £ 10% Vss Vss Vss 0.2V
Vcc =3V +10% Vss Vss Vss+0.2V
Analog input voltage range VaIN VREFL VREFH
Analog current for analog reference Ve =5V +£10% 0.5 15
voltage IREF Ve =3V +10% 0.3 0.9 mA
<VREFON>=1 (VReFL =
— oV)
<VREFON> =0 Vec=271t05.5V 0.02 5.0 pA
Error Vece =5V +10% +1.0 +3.0 LSB
(except quantization errors) B Vee =3V +10% +1.0 +5.0
Note 1: 1LSB = (VRerH - VRerL)/2™ [V]
Note 2: The operation above is guaranteed for fepy > 4 MHz.
Note 3: The value Icc includes the current which flows through the AVCC pin.
4.6 Event Counter Input Clock (External input clock: TIO, Tl4, TI5, TI6, TI7)
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min Max Min Max
Clock cycle tvck 8X + 100 740 500 ns
Low level clock pulse width tvCKL 4X + 40 360 240 ns
High level clock pulse width tVCKH 4X + 40 360 240 ns
4.7 Interrupt and Capture Operation
(1) NMI and INTO interrupts
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min Max Min Max
NMI, INTO low level pulse width tINTAL 4X 320 200 ns
NMI, INTO high level pulse width tNTAH 4X 320 200 ns
(2) INT1, INT4 to INT7 interrupts and capture
Variable 12.5 MHz 20 MHz .
Parameter Symbol - - - Unit
Min Max Min Max Min Max
INTl, INT4 to INT7 low level pulse tNTeL | 4X + 100 420 300 ns
width
INTl, INT4 to INT7 high level pulse tnTen | 4X+ 100 420 300 ns
width
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4.8 Serial Bus Interface Timing
(1) I2C bus mode

Parameter Symbol - Variable Unit
Min Typ. Max
START command — SDA fall tesTA 3X ns
Hold time START condition tHD:STA 2"X ns
SCL low level pulse width tLow 2"X ns
SCL high level pulse width tHIGH 2"X + 12X ns
Data hold time (Input) tHD:IDAT 0 ns
Data setup time (Input) tsu:IDAT 250 ns
Data hold time (Output) tHD:ODAT 7X 11X ns
Data output — SCL rising edge toDAT 2"X — tHD:0DAT ns
STOP command — SDA fall tESDA 3X ns
SDA falling edge — SCL rising edge tEDRC 2"X ns
Setup time STOP condition tsu:sTo 2"X + 16X ns
Note: “n” value is set by SBICR1<SCK2:0>.
START command STOP iommand
SDA / X X ¢/ | N 2
lGsTA HD:0DAT > letopar tFSDAE
| ltLOW , 1 il ?_\ FORA| |
SCL N/ L /¢ P4
‘_J }* tHIGH >
tHD:STA tHD:IDAT tSU:IDAT tsu:sTo
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(2) Clock synchronous 8-bit SIO mode
1. SCKinput mode
Variable .
Parameter Symbol - Unit
Min Max
SCK cycle tscyz 2°X ns
SCK falling edge — Output data hold toHs?2 6X ns
Output data — SCK rising edge toss? tscy2 — 6X ns
SCK rising edge — Input data hold tHSR2 6X ns
Input data — SCK rising edge tiss2 0 ns
2. SCK output mode
Variable .
Parameter Symbol - Unit
Min Max
SCK cycle tscy2 25X 21X ns
SCK falling edge — Output data hold toHs2 2X ns
Output data — SCK rising edge toss? tscyz2 — 2X ns
SCK rising edge — Input data hold tHSR2 2X ns
Input data — SCK rising edge tiss2 0 ns
toss2
< tscy2 <
> |eliss2
SCK ‘\ i B )
(Input/output mode)  toHs2 > €
SO y s
(Output data) ,5< K
> l€ tHSR2
Sl y s
(Input data) >§(
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5.

Table of Special Function Registers

The special function registers (SFRs) include the I/O ports and peripheral control registers

allocated to the 128-byte addresses from 000000H to 00007FH.

oy
2
(3
4
(5)
(6)
(7
(®
9

1/0 port

1/0 port control

Clock control

Interrupt control

Bus width/wait control
Timer control

Serial channel control
Serial bus interface control

Watchdog timer control

(10) AD converter control

Configuration of the table

Symbol Name Address | 7 | 6

— Bit symbol

— Read/Write

— Initial value after reset
— Remarks

Note: “Prohibit RMW” in the table means that you cannot use RMW instructions on these

registers.

(Example) When setting only bitO of register POCR, “SET 0, (0002H)” cannot be used. The LD

(Transfer) instruction must be used to write all 8 bits.
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Table 5.1 /O Register Address Map

Address Name Address Name Address Name Address Name

000000H | PO 20H | TRUN 40H | TREG6L 60H | ADREGO4L
1H|P1 21H | (Reserved) 41H | TREG6H 61H | ADREGO4H
2H | POCR 22H | TREGO 42H | TREG7L 62H | ADREG15L
3H | (Reserved) 23H | TREG1 43H | TREG7H 63H | ADREG15H
4H [ P1CR 24H | TIOMOD 44H | CAP3L 64H | ADREG26L
5H | PIFC 25H | TFFCR 45H | CAP3H 65H | ADREG26H
6H | P2 26H | TREG2 46H | CAP4AL 66H | ADREG37L
7H| P3 27H | TREG3 47H | CAP4H 67H | ADREG37H
8H | P2CR 28H | T32MOD 48H | TSMOD 68H | WAITCO
9H | P2FC 29H | TRDC 49H | TSFFCR 69H | WAITC1
AH [ P3CR 2AH 4AH | (Reserved) 6AH | WAITC2
BH | P3FC 2BH 4BH | SBICR1 6BH | (Reserved)
CH|P4 2CH 4CH [ SBIDBR 6CH | (Reserved)

(Reserved)

DH | P5 2DH 4DH [ 12CAR 6DH [ CKOCR
EH | PACR 2EH 4EH | SBICR2 6EH | SYSCRO
FH | (Reserved) 2FH 4FH | SBICR3 6FH | SYSCR1
10H | P4FC 30H | TREGA4L 50H | SCOBUF 70H | INTEOAD
11H | (Reserved) 31H | TREG4H 51H | SCOCR 71H | INTE45
12H | P6 32H | TREGS5L 52H | SCOMOD 72H | INTE67
13H | P7 33H | TREGS5H 53H | BROCR 73H | INTET10
14H | P6CR 34H | CAP1L 54H | SC1BUF 74H | INTET32
15H | P7CR 35H | CAP1H 55H | SC1CR 75H | INTET54
16H | P6FC 36H | CAP2L 56H | SCIMOD 76H | INTET76
17H |\ 37H | CAP2H 57H | BR1CR 77H | INTEO54
18H 38H | T4AMOD 58H | ODE 78H | INTESO
19H 39H | T4FFCR 59H 79H | INTES1
1AH 3AH | T45CR 5AH (Reserved) 7AH | INTE1S2
1BH >(Reserved) 3BH 5BH 7BH | IIMC
1CH 3CH 5CH | WDMOD 7CH | DMAOV
1DH 3DH (Reserved) 5DH | WDCR 7DH | DMA1V
1EH 3EH 5EH | ADMODO 7EH | DMA2V
1FH |/ 3FH 5FH | ADMOD1 7FH | DMA3V

Note: Do not access addresses which do not have register names allocated.
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(1) /O port
Symbol| Name | Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO Port 0 00H Un?g?:]ed
Input mode
pi7 | P | P15 | P4 | P13 [ P12 PIL | P10
P1 Port 1 01H RIW
o | o [ o [ o J o J o o | o
Input mode
P27 | P26 | pP2s | pP2a | P23 | P22 P21 | P20
06H W
P2 Port 2 (Prohibit 1 | 1 | 1 | 1 | 1 | 1 1 | 1
*
RMW?) Input mode
P35 | P34 | P33 | P32 P3L | P30 (otey)
07H T
P3 Port 3 (Prohibit 1 I 1 I 1 | 1 1 I 1
*
RMW?) Input mode Output mode
P47 P46 Pas | pPas | Pa3 | Pa P4l | P40
P4 Port 4 OCH RW
1 [ 1 T 1 T 1 T r e 1 [ 1
Input mode
ps7 | P56 | Pss | pPsa | P53 | P52 P51 | P50
P5 Port 5 ODH R
Input mode
P67 | Pe6 | Pes | Pesa | P63 | Pe2 P6L | P60
12H T
P6 Port6 | (Prohibit T I 1 T T T T 1
*
RMW) Outpul mode I I Input |mode I
P77 | P76 ps | P4 | P73 | P72 P71 | P70
P7 Port 7 13H RW
1 | 1 ] r T r ] 1 ] 1 | 1
Input mode

Note 1: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch
register P30 to O outputs the RD strobe from P30 pin for PSRAM, even when the internal
address is accessed. If the output latch register P30 remains 1, the RD strobe is output only
when the external address is accessed.

Note 2: Port 66 and 67 are also used as XT1, XT2. Therefore these pins are open drain output type.

Read/Write

R/W: Either read or write is possible.

R:  Only read is possible.
W:  Only write is possible.
Prohibit RMW: Prohibit read-modify-write.
(Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCEF instruction.)
Prohibit RMW*: Read-modify-write is prohibited when controlling the PU resistor.
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(2) T/0O port control
Symbol | Name Address 7 6 5 4 3 2 1 0
PO7C PO6C PO5C PO4C P0O3C P0O2C PO1C POOC
POCR control i
register (Fl;rl\c/)lr\}l\lt;It 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0: Input  1: Output (when external access, set as AD7 to ADO and cleared to “0".)
pizc | pwec | pisc | pPuac | pisc | piec | Puic [ Pioc
Port 1 04H W
P1CR control (Prohibit
) o | o [ o [ o J o J o [ o T o
register RMW
9 ) <<Refer to the “P1FC">>
pizF | PieF | PisF | PuaF | P13F | Pi2F | P1uiF | PloOF
Port 1 05H W
P1FC function ihi
register (Erl\cl)llcllvt;lt 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
P1FC/P1CR =00: Input 01: Qutput 10: AD15to AD8 11: Al5to A8
p27c | P26C | P2sc | pP2ac | pP2sc | p2ec | P21c | P20C
Port 2 08H W
P2CR control (Prohibit
) o | o [ o [ o J o J o [ o T o
register RMW
9 ) <<Refer to the “P2FC">>
P27k | P26F | P2sF | P24aF [ P23F | P22F | P21k | P2oF
Port 2 09H W
P2FC function ihi
register (Eﬂ\}l\glt 0 I 0 | 0 I 0 I 0 | 0 I 0 I 0
P2FC/P2CR =00: Input  01: Output 10: A7to A0 11: A23to A16
PasC | P34C | P33c | P32c
Port 3 0AH Y,
P3CR control (Prohibit 0 I 0 I 0 | 0
register RMW,
9 ) 0: Input 0: Output
P32M P34F | P33F | P32F P31F P30F
Port 3 0BH w w
P3FC | function (Ef&*\}lg't 0 0 0 0 0 0
register 0: HWR 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCK 1: SCL/SI |1: SDA/SO|1: P32M [1: WR 1:RD
P47C P46C P45C P44C P43C P42C P41C P40C
Port 4 OEH vy,
P4ACR control ihi
register (Er&*\}{g't 0 0 0 0 0 0 0 0
0: Input 0: Output
PATF P44F P41F
Port 4 10H- w w w
P4FC function (Fl;r,\(/’lt\‘/'\g't 0 0 0
register 0: Port 0: Port 0: Port
1: TO6 1: TO4 1: TO3
P67C P66C P65C P64C P63C P62C P61C P60C
P6CR control ihi
register (Fl;rl\(/)lr\}l\/t;It ! | ! | 0 | 0 | 0 | 0 | 0 | 0
0: Input 0: Output
prrc | prec | prsc | prac | prac | prec | pric | P7oC
Port 7 15H W
P7CR control ihi
register (Erl\cl)llcllvt;lt 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0: Input 0: Output
P65F P63F | P62F P60F
Port 6 16H w w w
P6FC | function (Féf&*\}{g't 0 0 0 0
register 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 |1: SCLKO 1: TXDO
Note: With the TMP93CS45, which requires an external ROM, port 0 functions as ADO to AD7; port 1,

ADS to AD15 or A8 to A15; P30, the RD signal; P31, the WR signal, regardless of the values set
in POCR, P1CR, P1FC, P30F and P31F.
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(3) Clock control
Symbol | Name Address 7 6 5 4 3 2 1 0
- - ALEEN CLKEN
R/W R/W
Clock o | o 0/ 0/1
CKOCR output 006DH |Always write “0". ALE pin CLK pin
control control control
register 0: High-Z 0: High-Z
output output
1: ALE output |1: CLK output
XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
R/W
1 0 1 0 0 0 0 0
High-frequency | Low-frequency | High-frequency | Low-frequency | Select clock | Warm-up Select prescaler clock
System oscillator (fc) |oscillator (fs) |oscillator (fc) [oscillator (fs) |after released |timer 00: fEPH
clock 0: Stop 0: Stop after released | after released [STOP mode | (Write) o1 s
SYSCRO control 006EH  |,. ocitation | 1: osciliation |STOP mede | STOP mode o ¢ o:Dontcare |,
0: St 0: St . . i
register O o o Lfs L:Starttimer |, . Reserved)
1: Oscillation | 1: Oscillation (Read)
0:End
warm up
1:Not end
warm up
SYSCK GEAR2 GEAR1 I GEARO
R/W
0 1 o | o
Select system | Select gear value of high frequency (fc)
System clock 000: fc
clock 0: f .
SYSCR1 006FH © 001: fo/2
control Lfs 010: fc/4
register 1 (Note 2) 011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)

Note 1: The value after reset of <CLKEN>, <ALEEN> is following:
TMP93CS44: 0 (High-impedance output)

TMP93CS45: 1 (CLK or ALE output)
But during reset, CLK pin is pulled up internally regardless of the products.

Note 2: The high-frequency oscillator will be enabled regardless the value of SYSCRO<XEN> when
SYSCR1<SYSCK> is clear to O.

On the other hand, the low-frequency oscillator will be enabled regardless the value of
SYSCRO<XTEN> when SYSCR1<SYSCK> is set to 1.
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(4) Interrupt control (1/2)
Symbol| Name | Address 7 6 | 5 | 4 3 | 2 | 1 | o
INTAD INTO
INTEoAD| T ATOMD | 0070H IADC | IADM2 | IADM1 | IADMO 10C IoM2 | 10M1 | IOMO
enable | (prohibit [ Rw W RIW W
register RMW)
0 o | o | o 0 o | o [ o
INTS INT4
INT4/5 | 0071H I5C 15M2 | I15M1 | 15MO 14C 14M2 | 14M1 | 14MO
INTE45 enable (Prohibit RIW W RIW W
register RMW)
0 o | o T o 0 o | o T o
INT7 INT6
INT6/7 | 0072H I7C 7M2 | 7M1 | 17MO 16C 16M2 | I16M1 | 16MO
INTE6G7 enable (Prohibit
register RMW) RW w RIW w
0 o | o [ o 0 o | o [ o
INTT1 (Timer 1) INTTO (Timer 0)
INTTL/0 | 0073H ITIC | mM2 | ITIML | ITAMO | ITOC | ITOM2 | ITOM1 | ITOMO
INTET10 ri;?sfr (Prohibit R W m W
! RMW)
0 o | o [ o 0 o | o [ o
INTT3 (Timer 3) INTT2 (Timer 2)
INTTS/2 | 0074H IT3C | IT3M2 | IT3M1 | IT3MO | IT2C | IT2M2 | IT2M1 | IT2MO
INTET32 engl:ile (Prohibit RIW | W I RIW I W I
register RMW
) 0 o | o [ o 0 o | o [ o
INTTR5 (TREG5) INTTR4 (TREG4)
INTTS/4 | 0075H ITSC | M5M2 | IT5M1 | IT5MO | ITAC | ITAM2 | ITAM1 | IT4MO
INTET54 enal:;le (Prohibit W W W W
register RMW
) 0 o | o [ o 0 o [ o [ o
INTTR7 (TREG7) INTTR6 (TREGS)
INTT7/6
0076H IT7C IT7M2 [ 1IT7M1 [ IT7MO IT6C ITemM2 | 1TéM1 [ IT6MO
INTET76 enable (Prohibit
. RW w RIW w
register RMW)
0 o [ o J o 0 o | o [ o
INTTOS INTTO4
INTTO
NTEOsal 54 0077H 1" jTosC | 1Tosm2 | 1mosm1 | 1Tosmo | 1To4c | ITo4m2 | 1Toam1 | ITo4amMo
enable (Pr0h|b|t RW W R/W W
register RMW) o o T o | o o o 1 o ] o
INTRXO/ INTTXO INTRXO
NTESO | TXO 0078H | ;txoc [ 1mxom2 [ imxom1 [ 1Txom0 | IRX0C [ IRXOM2 [ IRXOM1 | IRXOMO
enable (Prohlblt RW W R/W wW
register RMW) 0 0] o | o 0 0 o0 | o
INTRXL/ INTTXL INTRXL
ntesy| T 0079H [ 7xac [ imxam2 [ imxaM1 [ 1Imxamo | IRXIC [ IRXIM2 [ IRXIM1 [ IRXIMO
enable (Prohibit RIW W RIW W
register RMW) o o ] o [ o o o T o [ o
INTL/ INTL INTS2
INTS2 | OO7AH 11C M2 [ 1M1 | 1Mo IS2C Is2m2 | 1s2m1 | 1s2mo
INTELS2|  aple | (Prohibit
RW w RIW w
register RMW) 0 o | o [ o 0 o | o [ o
I [ I I
¢ : ' |
|—> IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to 1.
0 1 0 Sets interrupt request level to 2.
0 1 1 Sets interrupt request level to 3.
1 0 0 Sets interrupt request level to 4.
1 0 1 Sets interrupt request level to 5.
1 1 0 Sets interrupt request level to 6.
1 1 1 Prohibits interrupt request.
>| IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interrupt request. [ @ ————- Don't care — — — — —
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Interrupt control (2/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMA 0 7CH w
DMAOQV | request (Prohibit
o | o | o [ o J o
vector
RMW
) Micro DMAQO start vector
DMA1V4 | DMA1V3 | DMALV2 | DMALVL | DMALVO
DMA 1 7DH w
DMA1V request (Prohibit
o | o | o [ o J o
vector RMW
) Micro DMAL start vector
DMA2v4 | DMA2v3 | DMA2v2 | DMA2V1 | DMA2VO
DMA 2 7EH w
DMA2V request (Prohibit
o | o | o [ o J o
vector RMW
) Micro DMAZ2 start vector
DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA 3 7FH w
DMA3V request (Prohibit
o | o | o [ o J o
vector RMW
) Micro DMA3 start vector
- I0E | 10LE [ NMIREE
W w
0 0 0 0
Interrupt 7B'__| . ; ; - N
) (Prohibit Always 1:INTO 0:INTO 1: Opera:
input e : -
IIMC mode RMW) write “0”. input edge tion
control enable mode even at
1:INTO N_NII
level .
mode rising
edge
(5) Bus width/wait control
Symbol | Name Address 7 6 5 4 3 2 1 0
BOBUS BOW1 BOWO BOC1 BOCO
w
Block 0 68H 0 0o | o 0o | o
WAITCO| control | (Prohibit 0:16-bit | 00: 2 waits 00: 7FOOH to 7FFFH
register RMW) bus 01: 1 wait 01: 400000H to
1: 8-bit 10: (1 + N) waits 10: 800000H to
bus 11: 0 waits 11: COO000H to
B1BUS | BIwl [ BIWO | BIC1 | B1CO
w
B\}\(,’,ille 69H 0 o | o o | o
WAITCL| . Jhirol (Prohibit 0:16-bit | 00: 2 waits 00: 880H to 7FFFH
register RMW) bus 01: 1 wait 01: 400000H to
1: 8-bit 10: (1 + N) waits 10: 800000H to
bus 11: 0 waits 11: COOOOOH to
B2BUS | B2w1l [ B2wo | B2C1 | B2CO
w
B\}%ITTZ 6AH 0 o | o 1 | 1
WAITCZ| ol (Prohibit 0:16-bit | 00: 2 waits 00: 8000H to
register RMW) bus 01: 1 wait 01: 400000H to
1: 8-bit 10: (1 + N) waits 10: 800000H to
bus 11: 0 waits 11: COOOOOH to
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(6) Timer control (1/3)
Symbol | Name Address 7 6 5 4 3 2 1 0
PRRUN T5RUN T4ARUN T3RUN T2RUN T1RUN TORUN
. RIW RIW
imer
TRUN control 20H 0 0 | 0 | 0 | 0 0 | 0
register Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)
8-bit 22H -
TREGO | timer (Prohibit W
register O RMW) Undefined
8-hit 23H -
TREG1 | timer (Prohibit w
register 1 RMW) Undefined
8-bit TI0M1 | T10MO T1CLK1 | TI1CLKO | TOCLK1 | TOCLKO
timer 0 RIW RW
and 1 0o | o o | o o | o
T10 source 241 — ; ;
MOD | CLK and 00: 8-bit timer 00: TOOTRG 00: TIO INPUT
mode 01: 16-bit timer 01: ¢T1 01: ¢T1
COI’_ltI'O| 10: — 10: ¢T16 10: ¢T4
register 11 - 11: ¢T256 11: ¢T16
TFF3CL | TFF3co | TFF3IE | TFF3IS [ TFFICL | TFF1CO | TFFLE | TFFLIS
. w RIW w RIW
Bbt 1 [ 1 0 0 1 [ 1 0 0
TEFCR flip-flop 25H 00: Invert TFF3 1. TFF3 TFF3 00: Invert TFF1 1. TFF1 |TFF1
control 01: Set TEE3 invert |inversion | 01: Set TEF1 invert  |inversion
register 10: Clear TFF3 enable |select 10: Clear TFF1 enable  |select
11: Don't care 0: T!mer 2 11: Don't care 0: T!mer 0
1: Timer 3 1: Timer 1
8-hit 26H -
TREG2 | timer (Prohibit w
register 2 RMW) Undefined
8-hit 27H -
TREG3 | timer (Prohibit W
register 3 RMW) Undefined
8-bit T32M1 | T32mM0 | PwM21 | PWM20 [ T3CLKL | T3CLKO | T2CLK1 | T2CLKO
timer 2 R/W
and 3
T32 source 28H - 0_ | 0 - 0 | 0 - 0 | 0 - 0 | 0
MOD CLK and 00: 8-bit timer 00: — 00: TO2TRG 00: —
mode 01: 16-bit timer 01: 2°— 1 PWM 01: ¢T1 01: ¢T1
control 10: 8-bit PPG 10: 2" -1 cycle 10: ¢T16 10: ¢T4
register 11: 8-bit PWM 11: 28-1 11: $T256 11: ¢T16
TR2DE | -
Ti R/W
imer
register 0 0
double 0: Double [Always
TRDC buffer 29H buffer |write “0”.
control disable
register 1: Double
buffer
enable
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Timer control (2/3)
Symbol| Name Address | 5 | 4 | 3 2 1 | 0
lﬁ-bit 30H -
TREGAL| e | (pronibit W
Yow RMW) Undefined
16-bit 31H -
TREGAH| % | (Pronibit w
high RMW) Undefined
16-bit 32H -
TREGSL re;'i’:ti'rs (Prohibit w
low RMW) Undefined
TREG5H resi’:grs (Prohibit w
high RMW) Undefined
Capture -
CAPI1L | register 1 34H R
low Undefined
Capture -
CAP1H | register 1 35H R
high Undefined
Capture -
CAP2L | register 2 36H R
low Undefined
Capture -
CAP2H | register 2 37H R
high Undefined
CAPLIN [cAP12M1[cAP12MO] CLE | T4CLKL | T4CLKO
16-bit W R/W
timer 4 1 0 I 0 0 0 I 0
source - —- -
Tamop | CLK and 38H 0:Software Captqre timing 1: UIC4 Source clock
mode capture (0Q: Disable clear  [00: TI4
control LDont |o1:Ti4 T Tms 1| €nable o141
register cae  fioomia T T4 { 10: $T4
11: TTF1 T TTF1 11: ¢T16
CAP2T4 | CAP1T4 | EQ5T4 EQ4T4 TFF4C1 | TFF4CO
R/W W
. 1 1
o T o [ o [ |
timer 4 TFF4 invert trigger 00: Invert TFF4
TAFFCR| flip-flop 39H 0: Disable trigger 01: Set TFF4
cor_]trol 1: Enable trigger 10: Clear TFF4
register Invert when |Invert when |Invert when [Invertwhen [11: Don't care
the UC value[the UC value|the UC the UC
is loaded to |is loaded to |matches matches
CAP2 CAP1 TREG5 TREG4
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Timer control (3/3)

Symbol| Name Address 7 6 5 4 3 2 1 0
QCU DB6EN DB4EN
R/W R/W
0 o | o
T4 and T5 Warm-up Double buffer
T45CR cor_1tro| 3AH timer 0: Disable
register control 1 Enable
Double Double
buffer of  |buffer of
TREG6 TREG4
16-bit A0H -
TREGGL | _Umer (Prohibit w
egister 6 -
low RMW) Undefined
16-bit 41H -
TREGGH| UM | (Pronibit W
egister 6 -
high RMW) Undefined
16-bit 42H -
TREG7L| _limer (Prohibit w
register 7 -
low RMW) Undefined
16-bit 43H -
TREG7H| e | (Prohibit w
egister 7 :
high RMW) Undefined
Capture -
CAP3L | register 3 44H R
low Undefined
Capture -
CAP3H | register 3 45H R
high Undefined
Capture -
CAPA4L | register 4 46H R
low Undefined
Capture -
CAP4H | register 4 47H R
high Undefined
CAP3IN CAP34M1|CAP34MO CLE T5CLK1 I T5CLKO
16-bit W R/W
timer 5 1 0 I 0 0 0 I 0
source - —- -
5MoD | CLK and 48H 0:Software Captqre timing 1: U|C5 Source clock
mode capture |00: Disable clear  100:TI6
control LDont |o1:Tie 1t Tz 1| €nable o141
register cae  fioome T TIe 10: $T4
11: TTF1 T TTF1 11:¢T16
CAP4T6 | CAP3T6 | EQ7T6 | EQ7T6 | TFF6C1 | TFF6CO
R/W W
16.bit 0 0‘| 0 [ o 1 [ 1
timer 5 TFF6 invert trigger 00: Invert TFF6
TSFFCR| flip-flop 49H 0: Disable trigger 01: Set TFF6
control 1: Enable trigger 10: Clear TFF6
register Invert when |Invert when |Invert when [Invertwhen [11: Don't care
the UC value[the UC value|the UC the UC
is loaded to |is loaded to |matches matches
CAP4 CAP3 TREG7 TREG6
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(7) Serial channel control
Symbol | Name Address 7 6 5 4 3 2 1 0
Serial 50H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 0 . TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SCOBUF| “hutfer (Prohibit R (Receiving)/W (Transmission)
register RMW) g -
Undefined
RB8 EVEN PE OERR | PERR | FERR | sCLks | 1oC
) R R/W R (Cleared to “0" by reading.) R/W
Chi‘;;'z'l o Undefined| 0 0 o [ o [ o 0 0
SCOCR |~ ontrol 51H Receiving | Parity 1: Parity 1: Error 0: SCLKO_[1: Input
register data bit8 |0: Odd enable 10 orun Parity Framing (—F> SCLKO pin
1: Even 1:(&‘%))
TB8 CTSEO RXE Wu SM1 SMO SC1 SCO
Serial RIW
channel 0 Undefined 0 0 0 0 0 o | o
SCOMOD|  mode 52H Transmission |1: CTSO  [1: Receive|1: Wakeup|00: I/O interface 00: TO2 trigger
I%c;?;ce)lr data bit8 enable enable enable |01: UART 7-bit 01: Baud rate generator
10: UART 8-bit 10: Internal clock ¢1
11: UART 9-bit 11: External clock SCLKO
- BROCKL | BROCKO | BROS3 [ BR0OS2 | BROS1 [ BROSO
R/W R/W
0 o | o o | o o | o
BROCR Baggn:?ct)? 0 53H Fix at 00: ¢TO Set frequency divisor
register “0”. 01: ¢T2 0000: 16 divisions
10: ¢T8 0001
11: ¢T32 to } 1 to 15 divisions
1111
Serial 54 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 1 - TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SC1BUF buffer (Prohibit R (Receiving)/W (Transmission)
: RMW)
register Undefined
RB8 EVEN PE OERR | PERR | FERR | sCLks [ 1oC
R R/W R (Cleared to “0" by reading.) R/W
Serial Undefined 0 0 o | o [ o 0 0
SCI1CR Cllz?]?%l 55H Receiving |Parity 1: Parity 1: Error 0: SCLK1 [1: Input
register data bit8 |0: Odd enable Overrun  |Parity Framing (—F) SCLK1 pin
1: Even 1:(S£¢Lil)
TB8 CTSE1 RXE WU SM1 SMO SC1 SCO
) R/W
oonal Undefined 0 0 0 0 0 0o | o
SC1MOD mode 56H Transmission [1: CTS1 |1: Receive|1l: Wakeup|00: I/O interface 00: TO2 trigger
control data bit8 enable enable enable [p1: UART 7-bit 01: Baud rate
register 10: UART 8-bit generator
11: UART 9-bit 10: Internal clock ¢1
11: External clock SCLK1
- BR1CK1 | BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
R/W R/W
0 o | o o | o o | o
BRICR Baggn;?ct)? L 57H Fix at 00: ¢TO Set frequency divisor
register “0”. 01: ¢T2 0000: 16 divisions
10: ¢T8 0001
11: ¢T32 to } 1 to 15 divisions
1111
ODE34 | ODE33 | ODE63 | ODE60
Serial RIW
ODE | open-drain 58H 0 0 0 0
enable 1:P34 1: P33 1: P63 1: P60
open open open open
drain drain drain drain
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(8) Serial bus interface control (1/2)

Symbol| Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO0
ABH W R/W W
(C bus o | o [ o 0 0 o | o
mode) Number of transfer bits Acknowledge Setting of the divide value “n”
000: 8 100: 4 mode 000: 4 100: 8
001: 1 101:5 specification 001:5 101: 9
Serial bus | (Prohibit |010: 2 110: 6 0: Disable 010: 6 110: 10
spicRy | interface | RMW) o113 111: 7 1 Enable 011: 7 111: (Reserved)
co_ntrol SIOS SIOINH SIOM1 SIOMO SCK2 | SCK1 | SCKO
register 1 - W W
0 0 0 0 0 0 0
slo | — _ l o | o |
mode) Indicate Continue/ | Transfer mode select Serial clock selection
transfer  fabort 00: 8-bit transmit 000: fFPH/2°  100: fFPH/2®
st.art/stop transfer 01: (Reserved) 00L: fFPH/2®  101: frpH/2™
(Prohibit O: Stop 0: Continue |4 g it transmitireceive 010: fepHi2’  110: p/2tt
RMW) 1: Start 1: Aport 11: 8-bit receive 011: fEpH/2®  111: External clock (SCK pin)
MST TRX BB | PIN SBIM1 SBIMO
4EH w
(°C bus 0 0 0 1 0 0
mode) Master/ Transmitter/ |Start/stop Cancel Serial bus interface
slave receiver generation INTS2 operating mode
selection  selection | when the request selection
0: Slave 0: Receiver |MsT, TRX, |0:Don’t 00: Port mode
(Prohibit 1:Master |1: Transmitter [PIN are “17) care 01: SIO mode
Serialbus | RMW) 0: Stop 1:Cancel |10: f’c bus mode
interface 1: Start 11: (Reserved)
SBICR2
control SBIM1 | SBIMO
register 2 JEn W
0 0
(SlO - - |
mode) Serial bus interface
operating mode
selection
00: Port mode
(Prohibit 01: SIO mode
RMW) 10: I°C bus mode
11: (Reserved)
MST TRX BB PIN AL | AAS ADO LRB
4EH R
(°C bus 0 0 0 1 0 0 0 0
mode) Master/ Transmitter/ |1°C bus INTS2 Noise Slave GENERAL |Last
slave receiver status request detection |address CALL received
selection selection monitor status monitor much detection [bit monitor
(Prohibit status status 0: Bus free|monitor 1:detect |detection |monitor  (q:«Q”
RMW) monitor monitor 1: Bus 0: Request monitor 1: Detect 1:%1”
0: Slave 0: Receiver busy 1: Cancel 1: Detect
Serial bus 1: Master  [1: Transmitter
interface SIOF SEF
SBISR status R
register AEH 5 5
(SlO - -
mode) Serial Shift
transfer operating
operating |[status
. status monitor
(Prohibit monitor 0: Termi-
RMW) 0: Termi- nated
nated 1:In
1:In process
process
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Serial bus interface control (2/2)
Symbol| Name Address 7 6 5 4 3 2 1 0
SWRST
R/W
Serial bus 0
interface
SBICR3 4FH Software
status reset
register 3 .
0: -
1: Initialize
SBI
Serial bus DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
interface 4CH R (Recei
SBIDBR | data (Prohibit (Receive)W (Send)
uffer RMW .
register ) Undefined
sA6 | sas | sa4 | sa3 [ sa2 | sa1 | sAo ALS
W
2C bus ADH o [ o | o [ o | o [ o [ o 0
I2CAR address (Prohibit Address
register RMW) recognition
Slave address selection mode
0: Enable
1: Disable
(9) Watchdog timer
Symbol| Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 | HALTMO RESCR DRVE
R/W
Watchdog 1 015 | O 0 O | 0 0 O
timer mode 1: WDT 00: 2”/fgys Warm-up |HALT mode 1: Connect |1:Drive
WDMOD control 5CH enable |01: 2Y/fgyg timer 00: RUN mode internally | the pin
register 10: 2%sys 0: 2*/inputted [ 01: STOP mode WDTout | in SdTOP
t t mode
11: 2%fsys frequency |10 |pLE1 mode o ese
1: 2% inputted 11: IDLE2 mode p
frequency ’
Watchdog -
timer W
WDCR cor_ltrol 5DH —
register B1H: WDT disable code 4EH: WDT clear code

93CS44-211

2004-02-10




TOSHIBA TMP93CS44/S45
(10) AD converter control
Symbol| Name Address 7 6 5 4 3 2 1 0
EOCF AD8F - — ITMO REPET SCAN ADS
R R/W
AD mode 0 0 0 0 0 0 0 0
ADI\SOD control 5EH 1: End 1: Busy Always Always 0: Every |0: Single |O:fixed- 1: START
register 0 write *0".  fwrite “0".  |conversion|1: Repeat channel
1: Every 1: Scan
four
conversion,
VREFON ADTRGE | ADCH2 ADCH1 ADCHO
R/W R/W
AD mode 1 0 0 0 0
AD'\]/-|0D control 5FH 0: OFF External
register 1 1: ON trigger start :
control Analog mqu
0: Disable channel selection
1: Enable
AD ADRO1 ADROO ADRORF
*1) .
conversion R R
AD result 60H i
REGO4L reqister Undefined 0
0 /?1 low Stores lower two bits of Conversion
AD conversion result result stored flag
AD ADRO09 ADRO8 ADRO7 ADRO6 ADRO5 ADRO04 ADRO3 ADRO2
conversion
AD R
result 61H .
REGO04H register Undefined
0/4 high Stores upper eight bits of AD conversion result
AD ADR11 ADR10 ADR1RF
*1) .
conversion R R
AD result 62H i
REG15L > Undefined 0
register -
15 low Stores lower _two bits of Conversion
AD conversion result result stored flag
AD ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
conversion
AD R
result 63H -
REG15H register Undefined
1/5 high Stores upper eight bits of AD conversion result
AD ADR21 ADR20 ADR2RF
*1) .
conversion R R
AD result 64H i
REG26L S Undefined 0
register -
Stores lower two bits of Conversion
2/6 low h
AD conversion result result stored flag
AD ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
conversion
AD R
result 65H _
REG26H register Undefined
2/6 high Stores upper eight bits of AD conversion result
ADR31 ADR30 ADR3RF
)|  AD
AD | conversion R R
REG37L rtreeissutlttar 66H Undefined 0
3/% low Stores lower two bits of Conversion resuit
AD conversion result stored flag
AD ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
conversion
AD R
result 67H _
REG37H register Undefined
3/7 high Stores upper eight bits of AD conversion result
Converted data of channel x 9 8 7 6 5 4 3 2 1 0
*1: Data to be stored in AD conversion result register low are the
lower 2 bits of the conversion result. The contents of the 5to 1 TT
bits of this register are always read as 1. BitO conversion ¢ ¢ ADREGXL
result stored flag bit <ADRXRF>, <ADRxRF>issettolwhen 7 6 5 4" 3 2 1 0 7 6 5 4 3 2 1 0
the AD conversion result is stored.
Reading either the ADREGxH or the ADREGXL registers
clears <ADRXRF> to 0. ADREGxH

=
This is “1” when this is read.
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6. Port Section Equivalent Circuit Diagram

¢ Reading the circuit diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic
IC [74HCXX] series.

The dedicated signal is described below.

STOP: This signal becomes active 1 when the HALT mode setting register is set to the
STOP mode (WDMOD<HALTM1:0>=0, 1) and the CPU executes the HALT
instruction. When the drive enable bit WDMOD<DRVE> is set to 1, however,
STOP remains at 0.

e The input protection resistance ranges from several tens of ohms to several hundreds of ohms.

m PO (ADO to AD7), P1 (ADS8 to AD15/A8 to A15), P4 and P7

VCC
Output data P-ch
Output enable
STOP
N-ch

o

Input data

38
|

Input enable

m P2 (A16 to A23/A0 to A7), P32, P61, P62, P64 and P65

VvCC
Output data boch
Output enable s
STOP i 1 Programmable
1 .
N-ch i : pull-up resistor
1 1
1 1
1 1
1 1
1 1
1

Input data 1’0

j k=

Input enable
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m P30 (RD) and P31 (WR)
vCC
Output data P_ch
ouT
STOP
N-ch
m P33 (SO/SDA) and P34 (SI/SCL)
VCC
Output data | P-ch
Open-drain
output enable 0_“):>0—| N-ch
STOP
Input data 0 /o
Input enable
m P35 (INTO)
VCC
Output data P-ch
Output enable j:)j
STOP
N-ch
Input data W 1o
Interrupt request signal Schmitt
m P50 to P52 (ANO to AN2), P54 to P57 (AN4 to AN7)
Analog input p
channel select I: I
P-ch
Analog input <€ ——— 1 Input
N-ch
I
Input data
Input enable
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m P53 (AN3/ADTRG)

Analog input ;
channel select

P-ch

Analog input < —1 Input

N-ch

Input data g

Input enable|

AD trigger <—o<’—o<:(__*w'7

STOP

m P60 (TXDO) and P63 (TXD1)

Output data

Iy
[e]
o

-EProgrammabIe
:pull-up resistor

Open-drain

1

1

output enable 0—Do_' N-ch i
STOP , ’_{>O_‘

|

1

Input data

<&
>
S

Input enable

m P66 (XT1) and P67 (XT2)

Input enable

Input data

P67 (XT2
Output data 67 ¢ )

output enable h

1

1

1

1

| |

1 1

! |

I 1
Input enable \ M !

1

! |

! 1

! 1

! 1

! 1

! 1

! |

T 1

! |

1

g}i
_Ijj__

Input data

Output data —
output enable _GED_'EILN'Ch """""""" I

STOP FD_
Low-frequency Py

oscillation enable
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| NMI
NMI < O@ {1 Input
Schmitt
m CLK
Output enable vec  vee
Internal CLK | £-ch —IJ P-ch
{1 ouT
N-ch
STOP T_[)-Do—.:‘)__)’_'
Internal reset —e Dc
Test circuit 4—61
Input enable
m EA
Input data <« OQ {1 Input
m  AMS8/AM16
Input data (—OQ—OQ 1 Input
m ALE
VCC
Internal ALE
e P—iE Pch
ouT
Output enable
N-ch
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[ | RESET
VCC
O
Internal reset [1 Input
WDTOUT Schmitt
Reset enable
m X1 and X2

High-frequency
oscillation enable

* 1 X1
m VREFH and VREFL
VREFON DO .I.
P-ch
1 VREFH
String
| resistance
1 VREFL
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7. Points of Note and Restriction

(1) Notation
1. Explanation of a built-in I/O register: Register symbol<Bit symbol>
Example: TRUN<TORUN> ... Bit TORUN of register TRUN
2. Read-modify-write instruction
An instruction in which the CPU executes following by one instruction.
1. CPU reads data of the memory.
2.  CPU modifies the data.
3. CPU writes the data to the same memory.

Example 1: SET 3, (TRUN) ... Setbit3 of TRUN
Example 2: INC 1, (100H) ... Increment the data of 100H

e Asample read-modify-write instructions using the TLCS-900

Exchange
EX (mem), R
Arithmetic operation

ADD (mem), R/# ADC (mem), R/#

SUB (mem), R/# SBC (mem), R/#

INC #3, (mem) DEC #3, (mem)
Logical operation

AND (mem), R/# OR  (mem), Ri#

XOR (mem), R/#
Bit manipulation

STCF #3/A, (mem) SET #3, (mem)
RES #3, (mem) TSET #3, (mem)
CHG #3, (mem)

Rotate and shift

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

3. fe, fs, fFPH, fSYS, 1 state
The clock frequency input from pins X1 and X2 pin is called fc, and the clock frequency
input from XT1, XT2 pin is called fs. The clock frequency selected by SYSCR1<SYSCK,
GEAR2:0>is called system clock fFPH, and the clock frequency given by fFPH divided by 2 is
called fsys. One cycle of fSyYS is called 1 state.
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(2) Care points

1.

10.

11.

The operation voltage
The operation voltage of TMP93PW44A is Vcc = 4.5 to 5.5 V though the operation voltage
of TMP93CS44/45, TMP93PS44, TMP93CU44, and TMP93CW44 is V¢ = 2.7 to 5.5V.
Especially, be careful when TMP93CU44, TMP93CW44, and TMP93PW44A are used.
Please refer to the section 4 “Electric Characteristic” for details of each product.
EA , AM8/ AM16 pin
Fix these pins V¢C or VSs unless changing voltage.
TEST1, TEST2 pin
Connect TEST1 pin with TEST2 pin.
HALT mode (IDLE1)
When IDLE1 mode (Oscillator operation only) is used, set TRUN<PRRUN> to 0 to stop

prescaler before “HALT” instruction is executed.
Warm-up counter

The warm-up counter operates when STOP mode is released even if the system is using
an external oscillator. As a result, it takes warm-up time from inputting the releasing
request to outputting the system clock.
Programmable pull-up resistor

The programmable pull-up resistors can be turned ON/OFF by the program when the

ports are used as input ports. When the ports are used as the output ports, they can not be
selected ON/OFF by the program.

The data registers (e.g., P6 register) are used for the pull-up resistors ON/OFF.
Consequently, read-modify-write instructions are prohibited.
Watchdog timer

The watchdog timer starts operation immediately after the reset is released. When the
watchdog timer is not used, disable it.
AD Converter

The string register between VREFH and VREFL pins can be cut by a program to reduce

power consumption. When the standby mode is used, disable the resistor using the program
before the “HALT” instruction is executed.

CPU (Micro DMA)

Only the “LDC cr, r”, “LLDC r, cr” instructions can be used to access the control registers in
the CPU (like the transfer source address register (DMASn)).

POP SR instruction
Please execute POP SR instruction during DI condition.
Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts = (NMI, INTO)
which can release the HALT mode may not be able to do so if they are input during the
period CPU is shifting to the HALT mode (for about 3 clocks of fFpH) with IDLE1 or STOP
mode (RUN and IDLE2 are not applicable to this case). (In this case, an interrupt request is
kept on hold internally.)

If another interrupt are generated after it has shifted to HALT mode completely, halt
status can be released without difficultly. The priority of this interrupt is compare with that
of the interrupt kept on hold internally, and the interrupt with higher priority is handled
first followed by the other interrupt.
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8.
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9. Package Dimensions
P-LQFP80-1212-0.50E
Unit: mm
14.0+£0.2
12.0+0.2
60 41
HEREEEREEREEEEEEREEE
61 = = 40
=== === o o
= = +H| H
= = 9 <
- = N 3
go= O =221
EEEEECEEEEEEEEEEEL
1 20
1.25 TYP. 0.22+0.05
; 0.08
X
<C
=
©
0.6+0.15
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