TOSHIBA TMP90CB45A

CMOS 8-BIT MICRO CONTROLLERS
TMP90C845AN/TMPI0C845AF

1. OUTLINE AND CHARACTERISTICS

TMP90C845A is a high speed, high performance 8-bit microcontroller developed for
application in the control of various devices.

TMP90C845A, CMOS 8-bit microcontroller, integrates an 8-bit CPU, RAM, A/D
converter, multi-function timer/event counter, general-purpose serial interface, and
programmable chip selector features in a single chip. In addition, it can expand to 4M
byte external program memory as well as 8M byte external data memory.

TMP90C845AN is a device with a 64 pin shrink DIP.

TMP30C845AF is a device with a 64 pin flat package.

The following are the features of TMP90C845A:
(1) Highly efficient instructions
163 types of basic instructions, including
Multiplication, division, 16-bit arithmetic operations, bit manipulation
instructions
(2) Minimum instruction executing time: 250 ns (at 16 MHz oscillation frequency)
(3) Built-in RAM: 256 bytes
(4) Memory expansion
External program memory : 4Mbytes
External data memory : 8Mbytes
(5) Highly accurate 8-bit A/D converter (4 channels)
(6) General-purpose serial interface (1 channel)
With asynchronous mode and I/O interface mode
(7) Multi-function 16-bit timer/event counter (1 channel)
(8) 8-bittimer (4 channels)

(9) Stepping motor control and pattern generation ports
(2 channels)

(10) Input/Output ports: 36 pins

(11) Programmable chip select function

(12) Interruptfunction: 10 internal, 3 external

(13) Micro Direct Memory Access (DMA) function (11 channels)
(14) Watchdog timer function

(15) Standby function (3 HALT modes)
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Figure 1 TMP90C845A Block Diagram
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TOSHIBA TMP90C845A

2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input/output pins for TMP90C845A, their names and outline
functions are described below.

2.1 Pin Assighment

Figure 2.1 (1) shows pin assignment of the TMP90C845AN.

REFC]1 Y 64 Fvee
AGND ]2 63 [IP47  (INT2/Ti5)
(ANO) P50 3 62 P46 (INTV/TI4)
(AN1) P51[14 61 P45  (INTO/TI2)
(AN2) P52 5 60 [J P44 (TI0)
(AN3) P53 []6 59 (P43  (TOS)
P30 7 58 (P42 (TO4)
P31 8 57 P4t  (TO3)
P32 ]9 56 P40 (TO1)
P33 10 55 P73  (M13)
P34 ] 11 54 [1p72  (M12)
(RxD) P35 [ 12 w  53[@P71 (M)
(SCLK) P36 []13 <« 52[P70 (M10)
(TxD) P37 []14 ©  51[IP63 (MO3)
(A16) P20 15 g 50 [JP62 (MO2)
(A17) P21 16 o  A9[P61  (MD1)
(A18) P22[]17 a 48 [P60  (MOOQ)
(A19) P23 18 2 47 ORESET
(A20/ROMCS) P24 119 46 [IWR
(A21/RAMCS) P25 ] 20 45 [(RD
(A2210CS) P26 []21 44 [T CLK
(WAIT) P27 ] 22 43 [ A15
ADO [] 23 42 a4
AD1 24 41 [ A13
AD2 25 40 3 A12
AD3 ] 26 39 A1
AD4 127 38 [1A10
ADS5 []28 37 A9
AD6 [] 29 36 [0 A8
AD7 [ 30 35 [JEA
ALE ] 31 34 X2
GND [ 32 33 (X1

Figure 2.1 (1) Pin Assignment (Shrink DIP)

MCU90-345
B 9097249 0OYL457 567 EE

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90C845A

Figure 2.1 (2) shows the pin assignment of TMP90C845AF.
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Figure 2.1 (2) Pin Assignment (Flat Package)

MCU90-346
"Ml 9097249 00u4lu58 4T3 N

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90C845A

2.2 Pin Names and Functions

The names of input/output pins and their functions are summarized in Table 2.2.

Table 2.2 (1/2)

Pin name |No. of pins O or Function
tristate
ADO~AD7 8 Tristate | Address/data bus: 8-bit time sharing bus which transmits address
(lower 8 bits) and data

A8~A15 8 Output [ Address bus:The upper 8 bits address bus

P20~P26 7 Qutput |Ports 20~26: 7-bit output port

/A16~A20 (5) /Output [Addresses 16~20: Address bus which is used to expand the

program and data areas

/A21~A22 (2) /Output | Addresses 21 and 22: Address bus which is used to extend the

program and data areas (inverted output)

/ROMCS,

RAMCS, (3) /Output | Programmabile chip select

10CS

P27 1 Input Port 27: 1-bitinput port

WAIT /input Wait: Input pin for connecting a memory or peripheral LSl with

delayed access time

P30~P37 8 1{e] Port 3: 8-bit /O port which atlows 170 selection on bit basis (with

programmable puil-up resistor)

/RxD {1 /input Receiver of serial data

/SCLK (1) 170 Serial clock

TxD (1) /Output | Transmitter of serial data

P40~P47 8 110 Port 4: 8-bit I/O port which allows /0 selection on bit basis (with

programmable pull-up resistor)

/TO1, 3,4, (4) /Output |[Timer outputs 1,3,4,and 5: Output ports for timer 0, and timer 1,

5 timer 2 or timer 3, and timer 4 (two
lines)

/110,2,4,5 (4) /input | Timerinputs0,2,4,and 5: Inputports fortimer 0, timer 2 and
timer 4 (2 lines)

/INTQ (1) /input Interrupt request terminal 0: Interrupt request pin 0: Level/rise
edge programmable interrupt
request pin

/INT1 (&))] /Input Interrupt request terminal 1:Interrupt request pin 1: Rise/fall edge
programmable interrupt request pin

Interrupt request terminal 2: interrupt request pin 2: Rise edge

/INT2 (1 /Input interrupt request pin

MCU90-347
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Table2.2 (2/2)

Pin name | No. of pins /O or Function
tristate
P50~P53 4 Input Port 5: 4-bitinput port
/ANO~AN3 Analog input: 4 analog inputs to A/D converter
P60~P63 4 1710 Port 6: 4-bit I/0 port which allows I/0 selection on bit basis
Stepping motor control port 0 or pattern generation port 0
/MO0~ /Output
M03
P70~P73 4 Vo] Port 7: 4-bit )/O port which allows /0 selection on bit basis
Stepping motor control port 1 or pattern generation port 1
M10~ /Output |~ rend P i 9 pertt.
M13
RD 1 Output |Read: Strobe signal output for reading external memory
WR 1 Output | Write: Strobe signal output for writing an external memory
ALE 1 Qutput |Addresslatch enable
CLK 1 Output | Clock output: Generates clock pulse at 1/4 frequency of clock
oscillation. Itis pulled up during resetting.
EA 1 Input External access: Connects to GND pin in the TMP90C845 without
built-in ROM.
RESET 1 Input Reset: Initializes TMPS0C845. (pull-up resistance is built-in)
X1, X2 2 i/0 Crystal oscillator connection pin
VREF 1 Input of reference voltage to A/D converter
AGND 1 GND pin for A/D converter
Vee 1 Power supply pin {+5V +/—- 10 %)
GND 1 GND pin (0V)
MCU90-348
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TOSHIBA TMP90C845A

3. OPERATION

This section explains the functions and basic operations of the TMP90C845A in
blocks.

3.1 CPU

TMP90C845A has a built-in, high performance 8-bit CPU.

For the operation of the CPU, see “TLCS-90 CPU” described in the previous section.

This section explains the CPU functions unique to the TMP90C845A that are not
explained in “TLCS-90 CPU”.

3.1.1 Reset

Figure 3.1 (1) shows the basic timing of reset.

To reset TMP90C845A, it is required that power supply voltage is within operating
range, the internal oscillator is stably functioning, and RESET input be kept at “0” at
least 10 system clocks (10 states: 2 microseconds with 10 MHz system clock).

When reset is accepted, among [/O common ports, port 6 and port 7 are set to the input
status (with high impedance), while port 3 and port 4 become input ports with pull-up
resistor. Dedicated output ports P20 to P24 are cleared to “0” while P25 and P26 are set
to “1”. Besides, CLK isset to “1” and ALE is cleared to “0”.

CPU registers and external memory are not changed. However, program counter PC
and interrupt enable/disable flag IFF are cleared to “0”. The A register becomes
undefined.

When the reset is released, instruction execution starts from address 0000H.

MCU90-349
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Figure 3.1(1) Reset Timing of TMP90C845A

3.1.2 EXF (Exchange flag)

The exchange flag EXF is inverted when the EXX instruction is executed to exchange
data between the TMP90C845A main registers and auxiliary registers. This flag is
assigned to bit 1 at memory address FFD2H.

7 P s i s i a4 1 o3 I 2 1 0
bitSymbol | WDTE [ WDTP1 | WDTPO | WARM { HALTM1: HALTMO| EXF DRIVE
WDMOD Read/Write . ] RNV R R/W
(FFD2H) : H : N : Un-
After reset 1 0 {0 f 0o i 0 i 0 defined 0
i: WDT §WDT detecting time ;Warming §Standby mode Inverts 1: Drives
Enable 00: 216/f¢ Eup time 00: RUN each time| the pin
Function D 01: 218 go: 24c i 01:5TOP the EXX | evenin
10: 220/1¢ AL 10: IDLE1 instructio the
11: 222/f¢ LRER nis sTOP
i i executed.| mode.

3.1.3 Wait Control

For TMP90C845A, wait control register (WAITC) is assigned to bits 0 and 1 at
memory address FFDH1.

MCU90-350
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TOSHIBA TMP90C845A

7 i 6 15 14 i3 i o2 i o
bit Symbol - b - b b b _ 1 RDE | WAITC1 | WAITCO
(EFZS!I:EI) Read/Write R/W
After reset : : : H H 0 0 : 0

ERD control |[Wait control

H H : : 1 :Always 00: 2 state wait
Function RD 01: Normal Wait
: : : : output 10: Non wait
-

3.1.4 Bank register

For TMP90C845A, BX and BY registers are allocated to memory addresses FFECH
(BX register) and FFEDH (BY register), respectively. For these registers, only the lower
7 bits are valid and the upper 1 bit is undefined. This undefined bit will be “1” whenever

itisread.
7 ¢ 6 i s i a4 i 3 i 2 i 1 i 0
BX bit Symbol - ! BX6 : BX5 : BX4 : BX3 : BX2 : BX! | BX0
(FFECH) | Read/write RIW
After reset P o0 Y o0 Y o i o i o { o0 i o
7 6 5 4 1 3 i 2 ¢ 1 i o
BY bit Symbol - i Bye ! BYs ! BYa i BY3 ! BY2 ! BYl i BY0
(FFEDH) | Read/write RIW
After reset S 0 : 06 i © i 06 i 0 i o0 i 0

3.2 Memory Map

TMP90C845A can provide a maximum 4M byte program memory and maximum 8M
byte data memory.

The program memory may be allocated to the addresses 000000H~3FFFFFH, while
the data memory may be allocated to any address 000000H~7FFFFFH.

(1)  Built-in RAM

TMP90C845A contains a 256-byte built-in RAM which is allocated to the addresses
FECOH~FFBFH. The CPU can also access some portions of the RAM (192 byte area
FFOOH~FFBFH) using short instruction codes in the direct addressing mode.

Addresses of FF18H~FF68H this RAM area are used as the parameter area for micro
DMA processing. (This area can freely be used when micro DMA function is not used.)

MCU90-351
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TOSHIBA TMP90C845A

(2) Built-in VO

TMP90C845A uses 56 bytes of the address space as a built-in I/O area. The area is
allocated to the addresses FFCOH~FFF7H. The CPU can access the built-in I/O using
short instruction codes in the direct addressing mode.

Figure 3.2 shows the memory map and the access ranges of the CPU for each
addressing mode.

00000CH
External memory
(64 Kbyte)
00FECOH &
00FFOOH ;// Built-in RAM Programand
(256 bytes) data area Data area
(BC) (1X)
O0FFCOH P~ (DE) . ()
Direct area
/ (HU) ) (IX+d)
(sP) (Y +d)
(SP+d)
O0FFF8H!  External memory (HL+A)
(8 bytes) (hn)
010000H
External memory Expanded
(4M byte) ’ program area
400000H
External memory
(4M byte)
7FFFFFH - :

Figure 3.2 Memory Map
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3.3 Interrupt Functions

TMP90C845A provides the two processing modes for internal and external interrupt
requests; a general-purpose interrupt processing mode and a micro DMA processing
mode in which the CPU can automatically transfer data.

Immediately after a reset is released, all the responses to interrupt requests are set in
the general-purpose interrupt processing mode. Using DMA enable/disable register
which will be described later, each interrupt request can be set to the micro DMA
processing mode.

Figure 3.3 (1) shows a flowchart of the interrupt response sequence.

( Interrupt processing )

[ Interrupt vector vV readj

YES

Micro DMA
rocessing mode?

General-purpose ; -
( interrupt pﬁ’*ocgssing ) OV"C"O DMA processmg)

310189

Figure 3.3 (1) Interrupt Response Flowchart

When an interrupt request is generated, it is reported to the CPU via the built-in
interrupt controller. The CPU starts the interrupt processing if it is a non-maskable or
maskable interrupt requested in the EI state (interrupt enable/disable flag (IFF bit of
the F register)=“1").

However, a maskable interrupt in the DI state (IFF =“0") is ignored and not accepted.
(The CPU samples interrupt requests at the fall edge of CLK signal of the last bus cycle
of each instruction.)

When an interrupt is accepted, the CPU first reads the interrupt vector from the
built-in interrupt controller to find out the source of the interrupt request.

Then, the CPU checks if the request should be processed in the general-purpose
interrupt processing mode or micro DMA processing mode, and proceeds to the
appropriate process.

The interrupt vector is read in an internal operation cycle, so the bus cycle results in
dummy cycles.

MCU90-353
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TOSHIBA TMP90C845A

3.3.1 General purpose Interrupt Processing

Figure 3.3 (2) shows the flow of general-purpose interrupt processing.

The CPU first saves the contents of program counter PC and register AF (including
the interrupt enable/disable flag just before the interrupt is issued) into the stack and
resets the interrupt enable/disable flag IFF to “0” (interrupt disable). Finally, it
transfers the contents “V” of interrupt vector to the program counter and jumps to the
interrupt processing program.

The overhead for the entire process from accepting an interrupt to jumping to an
interrupt processing program is 20 states.

General purpose
( interrupt pgocgsssmg )

<
(SP-1) «PCH
(SP-2) «PCL
{(SP-3)e<A
(SP — 4) « F (including IFF) 20 sta
tes
SP<SP-4 4us (@10 MHz)
IFF <0 > 3.2 s (@ 12.5 MHz) .
I 2.4 us (@ 16 MHz)
| PC « V
% J

Interrupt processing
program

RET! instruction
F  «(5P)
A «(SP+1)
PCL «(SP+2)
PCHe(SP +3)
SP «SP+4

Figure 3.3 (2) General Purpose Interrupt Processing

310189

The interrupt processing program ends with RETI instruction for both non-maskable
and maskable interrupts.

When this instruction is executed, the contents of the program counter PC and
register AF will be restored from the stack (returns to the interrupt enable/disable flag
just before the interrupt was issued).

MCU90-354
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TOSHIBA TMP90C845A

When the CPU reads an interrupt vector, the interrupt request source acknowledges
that the CPT accepts the request, and then clears the request.

Non-maskable interrupts cannot be disabled by program. Maskable interrupts,
however, can be enabled or disabled by programming. An interrupt enable/disable flip-
flop (IFF) is provided on the bit 5 of the F register in the CPU.

Interrupts are enabled by setting IFF to “1” with the EI instruction and disabled by
resetting IFF to “0” with the DI instruction. IFF is reset to “0” by reset operation or the
acceptance of any interrupt (including non-maskable interrupts).

Interrupts enabled with the EI instruction become effective when the instruction
after the El is executed.

Table 3.3 (1) shows the interrupt sources.

Table 3.3 (1) Interrupt Sources

Start address | Start address
Priority Type Interrupt source Vector [Vector °Lﬂf§§;§" OBT,:XO
order value/8| value interrupt processing
processing parameter

1 Non- SWI instruction 08H 0008H —_

2 maskable |INTWD (watchdog) 10H 0010H —_

3 INTO (External input 0} 03H 18H 0018H FF18H

4 INTTO (Timer 0) 04H 20H 0020H FF20H

5 INTT1 (Timer 1) 05H 28H 0028H FF28H

6 INTT2 (Timer 2) 06H 30H 0030H FF30H

6 INTAD (A/D conversion end) 06H 30H 0030H FF30H

7 Maskable [INTT3 (Timer 3) 07H 38H 0038H FF38H

8 INTT4 (Timer 4) 08H 40H 0040H FF40H

9 INT1 (External input 1) 09H 48H 0048H FFA8H

10 INTTS (Timer 5) 0AH 50H 0050H FF50H

11 INT2 (External input 2) OBH 58H 0058H FFS8H

12 INTRX (Serial receiving end) 0CH 60H 0060H FF60H

13 INTTX (Serial transmission end) ODH 68H 0068H FF68H

Note: Either INTTZ or INTAD interrupt is selected by the A/D interrupt selection register
INTEH <ADIS>.

The “priority order” in the table 3.3 (1) indicates the order of the interrupt sources to
be acknowledged by the CPU when two or more interrupts are requested at one time.

If interrupt requests of 4th and 5th orders are generated at the same time, for
example, an interrupt of the “5th” priority is acknowledged after the “4th” priority
interrupt processing has been completed by a RETI instruction. However, the “5th”
priority interrupt can be acknowledged immediately by executing an EI instruction in a
program that processes the “4th” priority interrupt.

MCU90-355
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The built-in interrupt controller only determines the priority of interrupt sources
which are to be accepted by the CPU when two or more interrupts are requested at a
time. \

It is, therefore, unable to compare the priority of interrupt being executed with the
one being requested. :

To enable other interrupt while an interrupt is being processed, set an interrupt
enable/disable flag for the interrupt source to be enabled and execute El instruction.

3.3.2 Micro DMA Processing

Figure 3.3 (3) shows the flowchart of micro DMA processing. The CPU first loads
parameters (addresses of source and destination, and transfer mode) necessary for the
data transfer between memories from an address modified by an interrupt vector value.
After the data transfer between the memories according to these parameters, the
parameters are updated and saved into the original locations. The CPU then
decrements the number of transfers, and completes the micro DMA processing unless
the result is “0”. If the number of transfers become “0”, the CPU proceeds to the general-
purpose interrupt handling described in the previous section.

MCU90-356
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( Micro DMA processing  }

Loading of parameters
DST « (FFOOH+V+ 1) W
SRC « (FFOOH +V +3)W
CMD ¢« (FFOOH +V +5)

l

Data transfer between memories
(DST) « (SRQ)
DST « DST + 0/1/2
SRC  « SRC * 0/1/2

Saving of updated parameters
(FFOOH + V + 3) W « SRC
(FFOOH +V + 1) W « DST

I DST :  Destination
SRC . Source
Decrement of No. of transfers VD Command (Transfer mode)

COUNT « (FFOOH + V)
COUNT «~ COUNT -1
(FFOOH + V) « COUNT

COUNT : Count{Number of transfers)

YES

COUNT=0

( General-purpose

NO interrupt processing

Figure 3.3(3) Micro DMA Processing Flowchart

310189

Since most interrupt processing involves only simple data transfers, the micro DMA
processing executes such processing only by hardware. Accordingly, the micro DMA
processing can handle the interrupt in a higher speed than the conventional processing
using software. Naturally, the CPU registers are not affected by the micro DMA processing.

Figure 3.3 (4) shows the functions of the parameters used in the micro DMA processing.

MCU90-357
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FFOOH +V +0: | Number of transfers ] ] 1~ 256
FFOOH +V +1: I Destination address (Lower) J i
0 ~ 64K
FFOOH +V +2: | Destination address (Upper) I j
FFOOH +V +3: | Source address (Lower) I i
0~ 64K
FFOOH +V +4: | Source address (Upper) ]
7 6 5 4 3 2 1 0
FFOOH +V +5: | X | X 4 X 4 X 4 X I | 1 I (Transmission mode)
0 0 = Fix currentdestination/
source addresses
0 1 = Increment destination
address
1 0 = Incrementsource
address
1 1 = Decrementsource
address
0 = 1-bytetransfer

1 = 2-bytetransfer

(Note)x : Don’t care 310189

Figure 3.3 (4) Parameters for Micro DMA Processing

Parameters for micro DMA processing are located in the internal RAM area (see Table
3.3 (1) Interrupt Sources). The start address of each parameter for micro DMA processing
becomes “FFO0H + interrupt vector value”, 6 bytes of which are used as the parameter.

* When micro DMA processing mode is not used, the area can be freely used as user memofy.

The parameters consist of the number of transfers, destination address, source address,
and transfer mode. The number of transfers specifies the number of data transfers accepted
by micro DMA processing. A single time micro DMA processing transfers 1-byte or 2-byte
data. The number of transfers is 256 when the number of transfers value is “00H”. Both the
destination and source addresses are specified by 2-byte data.

MCU90-358
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Bits 0 and 1 of the transfer mode indicate the mode updating the source and/or
destination, and the bit 2 indicates the data length (one byte or two bytes).

Table 3.3 (2) shows the relation between transfer modes and the incremented or
decremented values of the destination/source addresses.

Table 3.3 (2) Addresses Updated by Micro DMA Processing

Transfer . Destination| Source
Function
mode : address address
000 1-byte transfer: Fix the current destination/ 0 0
source addresses
001 1-byte transfer: Increment the destination +1 0
address
010 1-byte transfer: Increment the source address 0 +1
011 2-byte transfer: Decrement the source address 0 -1
100 2-byte transfer: Fix the current 0 0
destination/source addresses
101 2-byte transfer: Increment the destination +2 0
address
110 2-byte transfer: Increment the source address 0 +2
111 2-byte transfer: Decrement the source address 0 -2

021290

In the 2-byte transfer mode, data are transferred as follows:

(Destination address) «—
(Destination address + 1) <«

(Source address)
(Source address + 1)

Similar data transfers are made in the modes that “decrement the source address”
and addresses are updated as shown in the table 3.3 (2).

Address updating in micro DMA processing is designed considering the I/O transfer
from/to memory. Therefore, at least either destination or source address is fixed.

Figure 3.3 (5) shows an example of the micro DMA processing that handles data
receiving of internal serial [/O.

This is an example of executing “an interrupt processing program after serial data
receiving” after receiving 7-frame data (Assume 1 frame = 1 byte for this example) and
saving them into the memory addresses FFOOH~FF0O6H.

MCU90-359
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CALL
SET
SET

LD
LDW
LDW
LD

EI

ORG

SIOINIT
3, (OFFF4H)
3, (OFFF6H)

(OFF60H),7
(OFF61H), OFFOOH
(OFF63H), 0FFESH
(FF65H) ,1

0060H

.

Initial setting for serial receiving.

Enable an interrupt for serial data receiving.

Set the micro DMA processing mode for serial receiving
interrupt.

Set the number of transfers = 7.

Set FFOOH for the destination start address.

Set FFEBH for the source (serial receiving buffer) address.
Set the transfer mode (1-byte transfer; increment
destination address).

Interrupt processing program after serial data receiving

RETI

060890

Figure 3.3 (5) Example of Micro DMA Processing

For the bus operation in the general-purpose interrupt processing and micro DMA
processing, see “Table 1.4 (2) Bus Operation for Executing Instructions” in the previous
section “TLCS-90 CPU”. _

Execution time for micro DMA processing (when decremented number of transfers is
not zero) is 46 states (9.2 us at 10 MHz oscillation), regardless of whether 1-byte or 2-
byte transfer mode is used.

Figure 3.3 (6) shows the flowchart of overall interrupt processing.

MCU90-360

BE 9057249 0Oulu72 473 HN

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA

TMP90C845A

{ Interrupt processing )

Read interrupt vector V.
Clear interrupt request

Micro DMA YES
rocessing mode

NO ]
Data transfer by
micro DMA

General- PUSH PC |

purpose PUSH AF COUNT « COUNT -1
mtefru‘pt IFF <« 0
processing

PC -V COUNT=0

% NO _

‘Interrupt processing
program

I

RET! instruction

POP AF
POP PC

End

Figure 3.3 (6) Overall Interrupt Processing Flowchart

Micro DMA
processing

310189
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3.3.3 Interrupt Controller

Figure 3.3 (8) shows the block diagram of interrupt circuit. The left half of this
diagram shows the interrupt controller, and the right half includes the CPU’s interrupt
request signal circuit and the HALT release signal circuit.

The interrupt controller has an interrupt request flip-flop, interrupt enable/disable
flag, and micro DMA enable/disable flag for each interrupt channel (total; 15 channels).
The interrupt request flip-flop latches an interrupt request when it is issued from the
peripheral devices. This flip-flop is reset to “0” when reset operation or interrupt is
accepted by the CPU and the vector of that interrupt channel is read by the CPU, or
when the CPU executes an instruction that clears the interrupt request for the specified
channel (write “vector divided by 8” into the memory address FFEAH). For example,
when executing

LD (OFFEAH), 38H/8

the interrupt request flip-flop of interrupt channel “INTT3” whose vector value is
38H will be reset to “0”.

pt request flip-flop can be known by reading the memory
address FFEAH or FFEBH. “0” denotes there is no interrupt request, and “1” denotes
that an interrupt is requested. Figure 3.3 (7) shows the bit configuration of the
interrupt request flip-flops.

MCU90-362
B 9097249 004L47?4 buL BN
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7 P8 15 a4 i3 i 2 i1 i 0
REL bitSymbol | IRFT4 : IRF1 { IRFT5 | RF2 : IRFRX ! IRFTX | 0 : 0
Read/Writ R (Write is possible only for IRF clear code.
(FFEAH) |feadivrite : R Lol Ll AL ) :
After reset 0 : 0 : 0 0 : 0 : Q : 0 : 0
Function 1: Interrupt is currently requested. (IRF is cleared by writing IRF clear code.)
INTTX request flag
—————— INTRXrequest flag
INT2 request flag
INTT5 request flag
INT1 request flag
INTT4 request flag
0 : Nointerruptrequest
1 : Interrupt request
7 io6 P05 ioa4 i3 i o2 i 1 i 0
RFH hit symbol : i IRFO | IRFTO  IRFT1 : [RFT2 : IRFT3
Read/Writ : ; : R
(FFEBH) |- : ; : : : : :
After reset i H : 0 : 0 : 0 : 0 : 0
i Interrupt Request Flag
Function 1: Interrupt is currently requested.

: INTT3 request flag

INTT2 request flag
L—— INTT1 request flag

L > INTTO request flag

INTO request flag

Note: When “vector value/8” is written in memory address FFEAH, the specified interrupt request
flag will be cleared.

Figure 3.3 (7) Interrupt Request Flip-flops
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The interrupt enable/disable flags provided for all interrupt request channels are
assigned to the memory address FFF4H or FFF5H. Interrupts for a channel are enabled
by setting “1”. Th ¢

“0” by resetting.

The micro DMA enable/disable flag also provided for each interrupt request channel
is assigned to the memory address FFF6H or FFF7TH. The interrupt processing for each
channel is placed in the micro DMA processing mode by setting this flag to “1”. This flag
is cleared to “0” (general-purpose interrupt processing mode) by resetting.

Figure 3.3 (9) shows the bit configurations for interrupt enable/disable flag and micro
DMA enable/disable flag.

Interrupt by timer 2 (INTTZ2) and that by A/D converter (INTAD) use a common
interrupt request channel. Immediately after resetting, INTT2 is input in the interrupt
controller. To use INTAD, set “INTT2/INTAD selection bit” (ADIS: bit 5 of memory
address FFF5H) to “1”.

External interrupt features are as follows.

Common
Interrupt pin Mode Setting

7L Level INTEH<EDGE> =0

INTO P45
4 Rise edge INTEH<EDGE> =1
_/~  Riseedge T4MOD<CAPM1,0>=0,00r0,10r 1,1

INT1 P46
“\_ Falledge T4MOD<CAPM1,0>=1,0

INT2 P47 _f  Riseedge

For the pulse width for external interrupt, refer to “4.7 Interrupt Operation”.

Be careful that the following three are exceptional circuits.

MCU90-365
B 9097249 004Lu47?7? 355 WA
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INTO leve! mode

As the INTO is not edge type interrupt, the interrupt request
flip-flop function is canceled, and thus an interrupt request
from peripheral devices passes through S input of the flip-flop
to become Q output. When the mode is changed over (from
edge type to level type), the previous interrupt request flag
will be cleared automatically.

When the mode is changed from level to edge, the interrupt
request flag set in the level mode is not cleared. Thus, use the
following sequence to clear the interrupt request flag.

DI

SET 6, (OFFF5H) : Switch the mode from level to
edge »

LD (OFFEAH), 03H : Clearinterruptrequest flag

El

INTAD

The interrupt request flip-flop can be cleared only by reset
operation or reading the register that stores the A/D
conversion value, and cannot be cleared by instruction. When
the interrupt source is changed (from INTAD to INTT2), the
previous interrupt request flag is cleared automatically.

INTRX

The interrupt request flip-flop is cleared only by reset
operation or reading the serial channel receiving buffer, and

cannot be cleared by an instruction.

MCU90-366
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7 f e 15 iooa i3 o2 14 i o
INTEL bit Symbol IET4 ¢ IE1 I IETS i €2 i IERX IETX  iFixedto “0" i Fixed to "0"
Read/Writ RAW
(FFF4H) — : _. ; : : : -
After reset 0 H 0 : 0 : Q : 0 : 0 : 0 : 0
Function 1: Enable 0: Disable
— ]
INTTX interrupt enable/disable flag
——— INTRX interrupt enable/disable flag
> INT2 interrupt enable/disable flag
INTT5 interrupt enable/disable flag
INT1 interrupt enable/disable flag
INTT4 interrupt enable/disable flag
7 L e i s ia i 3 i 2 i 1 i g
bit Symbol - i EDGE P IE0 P IETO ¢ IETY i JET2 IET3
INTEH Read/Write H RIW RIW
(FFF5H) - - - - -
After reset : 0 0 0 : 0 H 0 : 0
(INTO
Function :0: Level 1: Enable 0: Disable
i1: EDGE :
T ]

L+ INTT3 interrupt enable/disable flag
—> INTT2/INTAD enable/disable flag
— INTT1 interrupt enable/disable flag
— INTTO interrupt enable/disable flag
— INTO interrupt enable/disable flag
—— INTT2/INTAD selection

0] .INTT2

1{ INTAD

INTO control

0| “H" level detectjqr) interrupt
1| Rise edge detection interrupt

Figure 3.3 (9) Interrupt Enable/Disable Flags

MCU90-367
B 3097249 0041479 128 HH
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7 i 6 i s i a4 i 3 1 2 i 1 i 0
bitSymbol | DET4 : DE1 : DET5 i DE2 : DERX i DETX : fixedto“0": Fixedto*0"
DMAEL Read/Write RIW
(FFF6H) — : ; : : : :
After reset 0 H 4] i 0 H Q H 0 H Q H 0 : 0
Function 1: Enable 0: Disable
' — ]
—>INTTX DMA enable/disable flag
L———INTRX DMA enable/disable flag
————>INT2 DMA enable/disable flag
INTT5 DMA enable/disable flag
INT1 DMA enable/disable flag
INTT4 DMA enable/disable flag
7 ¢ e i s i a i 3z i 2 i 1 i o
DMAEH bit Symbot - i - i . | DE0O : DETO : DET1 : DET2 : DET3
A N H * *
Read/Write : : H RIW
(FFF7H) oo ; ; ; : : : :
After reset H : H 0 H 0 H 0 H Q : 0
Function 1: Enable 0: Disable
— |

l—» INTT3 DMA enable/disable flag
INTT2 DMA enable/disable flag

L—— INTT1 DMA enable/disable flag

\———— INTTO DMA enable/disable flag

L > INTO DMA enable/disable flag

Figure 3.3(10) Micro DMA Enable/Disable Flag

MCU90-368
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3.4 Standby Function

When a HALT instruction is executed, TMP90C845 enters the RUN, IDLEL, or STOP
mode according to the contents of the halt mode setting register. The features are as

follows:

(1) RUN : Only the CPU halts, and the power consumption remains unchanged.

(2) IDLE1 : Only the internal oscillator operates, while all other internal circuits
halt. Power consumption is 1/10 or less than that during normal
operation.

(3) STOP : All internal circuits halt, including the internal oscillator. Power

consumption is extremely reduced.

The HALT mode setting register WDMOD <HALTM]1,0> is assigned to bits 2 and 3
of memory address FFD2H in the built-in I/O register area (all other bits are used to
control other block functions). The RUN mode ( “00” ) is entered by resetting.

These HALT states can be released by requesting an interrupt or resetting. Table 3.4
(2) shows how to release the HALT state. If the CPU is in the EI state for non-maskable
or maskable interrupt, the interrupt will be acknowledged by the CPU and the CPU
starts interrupt processing. If the CPU is in the DI state for maskable interrupt, the
CPU restarts execution from the instruction following HALT instruction, but the
interrupt request f1 mains at “1”.

7 i 6 i s 4 3 1 2 1 0
bitSymbol | WDTE : WDTP1 : wDTPO | wARM | HALTM1 | HALTMO EXF DRIVE
V(\,’:Eg'z?g Read/Write | RW RIW RIW RAW R RAW
After reset 1 1 0 H 0 0 0 0 Undefined 0
1: WDT Eoo 1 2'8/f¢ Warming fStandby mode Undefined 1: Drives
: WDT . the pi
Enable  i01:2'/fc Dete. [UPtime 00:RUN mode f[Invertseach e pin
N ete- . evenin
. 110: 2% 0:2"/1 : ti EXX
Function £10:20/ 4 cting . c | 01:5TOP mode time EXX | b mode
:22rfc 1:2"/fc | 10:IDLE1 mode |instructionis
: time
: 11: Reserved executed.

Explained in 3.13 “Watchdog Timer” . .
Explainedin 3.4.2

"STOP mode”

Exchange flag {(Explained in
3.1.2 “Register”)
310189

Figure 3.4 (1) HALT Mode Setting Register

: MCU90-369
B 9097249 0041481 &4L EE
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3.4.1 RUN Mode

Figure 3.4 (2) shows the timing for releasing the HALT state by an interrupt during
RUN mode. In the RUN mode, the system clock inside MCU does not stop even after
HALT instruction has been executed; the CPU merely stops executing instructions.
Accordingly, the CPU repeats dummy cycle until HALT state is released. In the HALT
state, interrupt requests are sampled at the fall edge of CLK signal.

Xt

CLK

A8~15
ALE

ADQ~7
RD
WR

INTO
{Level)

INTO, 1,2
(Rise edge)

INT1
(Fali edge)

Internal INT

IV AW aWaWaWAWaAWAWAW AW AW AW RW oW
_ | W e
C Npxt é:: Next + 1
\ ’ \
G @D B e e
\ I ’ \ 1
s—
4 \
S 7

HALT instruction execution sequence

Interrupt response
sequence

Figure 3.4 (2) HALT Release Timing Using Interrupts in RUN Mode

MCUS0-370
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3.4.2 IDLE1 Mode

Figure 3.4 (3) shows the timing for releasing the HALT mode by interrupts in the
IDLE1 mode.

In the IDLE1 mode, only the internal oscillator operates, the system clock inside
MCU stops and CLK signal is fixed to “17”.

In the HALT state, interrupt requests are sampled asynchronously with the system
clock, whereas the HALT release (restart of operation) is performed synchronously with

it.
N AU AW AW AW W AWl W s Wl AW
i<
ok LT T\ / «\ T\
A8~15 :X Npxt g:: Next +1
ALE \ « \
AD07 - Lot ) 4~ @D~ = ===~ - @D D 1 -
RD / ) T
WR {5
INTO
{Level) ’,‘, I
INTO
(Rise edge) [)(J ‘ \
. . R Interrupt respaonse
HALT instruction execution sequence sequence

310189

Figure 3.4 (3) HALT Release Timing Using Interrupts in IDLE1 Mode
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3.4.3 STOP Mode

_Figure 3.4 (4) shows the timing of HALT release caused by interrupts in STOP mode.

In the STOP mode, all internal circuits stop, including internal oscillator. When the
STOP mode is activated, all pins except special ones are put in the high-impedance
state, isolated from the internal operation of MCU. Table 3.4 (1) shows the state of each
pin in the STOP mode. However, if WDMOD <DRVE > (drive enable: bit 0 of memory
address FFD2H) of the built-in I/O register is set to “17, the pre-halt state of the pins can
be retained. The register is cleared to “0” by reset operation.

When the CPU accepts an interrupt request, the internal oscillator first restarts.
However, to get the stabilized oscillation, the system clock starts its output after the
time set by the warming up counter has passed. WDMOD<WARM> (warming up: bit
4 at memory address FFD2H) is used to set the warming up time. Warming up is
executed for 214 clock oscillation time when this bit is set to “0”, while. 218 clock
oscillation time when set to “1”. Thisbit is cleared to “0” by reset operation.

Warming up time

|t |
L W R W W R I S r'\.J'\_/'\J'\J'\_/_\_/L\
ak | f \ [T -\ / \
A8~15 :x Next = = :’:’ - Nexft +1
14
ALE \ i(4 {( \
) )
800~7 — (@7 + @D - @D — =4 - {4 = -~ {ED- T @D -Gz
R / L T
WR | IR (R )
{(
INTO ” d
(Level) )] «
(RINTO A"\
ise )
edge) . . . Interrupt response
HALT instruction execution sequence sequence

310189

Figure 3.4 (4) HALT Release Timing Using Interrupts in STOP Mode
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The internal oscillator can also be restarted by inputting the RESET signal “0” to the
CPU.

However, the warming up counter remains inactive in order to make the CPU rapidly
operate when the power is turned on. Accordingly, wrong operation may occur due to
unstable clocks immediately after the internal oscillator has restarted. To release the

HALT state by resetting in the STOP mode, RESET signal must be kept at “0” for a
sufficient period of time.

Table 3.4 (1) State of Pins in STOP Mode

Pin name /0 DRVE=0 | DRVE=1
ADO~AD7 Tristate —_— —_—
AB~A1S Qutput pin R Output
P20~P26 Qutput pin o Cutput
P27 Input pin —_ Input

- Input mode e — Input
P30~P37 Output mode B Output

- Input mode —_— Input
Pao~Ppaa Output mode _ Output

Input mode
P45 (INTO) Output mode — Output
Input mode —_ Input*
P4s, P47 Output mode _ Output
P50~P53 Input pin B —_—
P56, P57 Output pin R Output

N Input mode e
P60~P63 Output mode Output | Output

. Input mode R —_—
P70~P73 Output mode Output | Output
CLK Output pin R "
RESET Input pin
ALE Qutput pin
EA Input pin
X1 Input pin e o
X2 Output pin nqr “qn

When in zero cross detect mode, intermediate bias is still applied to this pin.

Indicates that input mode/input pin cannot be used for input and that the output
mode/output pin have been set to high impedance.

inputis enabled.

The input gate is operating. Fix the input voltage at “0” or “1” to prevent input pin
floating.

Output status

MCU90-373
M 9097249 004lL485 421 HE
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Table 3.4 (2) 1/0 Operation and Release in HALT Mode

HALT mode

RUN IDLE1

STOP

WDMOD<HALTM1,0>

00 10

01

CcPU

Halt

1/0 port

Retains the state when HALT
instruction is executed.

See Table 3.4 (1)

8-bit timer

16-bit timer

Stepping motor controller

Serial interface

A/D

converter

Operating block

Watchdog timer

Interrupt controller

n

releasing source

HALT

INTWD

INTO

INTT1

INTT2

INTAD

INTT3

INTT4

INT1

INTTS

INT2

INTRX

INTTX

Reset

O|0]O]0|0|0|0|0|0[0|0|0|0
|

Ne;

Can be used for HALT release
Cannot be used for HALT release

H 9097249

MCU90-374
0041486 368 N
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3.5 Functions of Ports

TMP90C845 has a total of 36 I/O port pins. These port pins function not only as the

general-purpose I/O ports but also as the I/O ports for the internal CPU and built-in I/O.
Table 3.5 shows the functions of these port pins.

Table 3.5 Function of Ports

. No. of . 3 Direction Pin name for internal

Portname | Pinname pins. | Direction| setting unit function
Port 2 P20 1 Output —_ A6

P21 ) 1 Output — A17

P22 1 Output —_ A18

P23 1 Output — A19

P24 1 Output —_ A20/ROMCS

P25 1 OQutput — A2T/RAMCS

P26 1 Output — A22/10CS

P27 1 Input — WAIT
Port3 P30~P34 5 110 Bit

P35 1 RxD

P36 1 SCLK

P37 1 TxD
Port4 P40 1 110 Bit TO1

P41 1 TO3

P42 1 TO4

P43 1 TOS

Pa4 1 TIO

Pas 1 INTO/TI2

Pa6 1 INT1/T14

P47 1 INT2/TI5
Port 5 P50~P53 4 Input — ANO~AN3
Port6 P60~P63 4 110 Bit M00~MO03
Port?7 P70~P73 4 i1o Bit M10~M13

These port pins function as the general-purpose I/O ports by resetting. The port pins,
for which input or output is programmably selectable, function as input ports by
resetting. A separate program is required to use them for an internal function.

MCU90-375
W 9097249 0041447 2T4 IR
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3.5.1 Port 2 (P20~P27)

Port 2 is an 8-bit general-purpose I/O port 2, each bit of which can be set to input or
output. P20~P26 are output-only ports and commonly used for extended address
(A16~A20, AZ1~A22) and chip select output (ROMCS, RAMCS, and TOCS). By reset
operation, the contents of the output latch of P20~P24 are cleared to “0”, while those of
P25 and P26 are set to “1”. Resetting clears all bits of the control register to “0” and
brings P20~P26 into the general-purpose output ports.

P27 is an input-only port, and automatically functions as a WAIT pin when external
memory is accessed.

(1) P20~P23
These pins become the output for extended address by setting bit 0 to bit 3 of the port
2 control register P2CR.
Reset
) —t
- Control
E} Register
® ]
® Write P2CR
- Address output
@ (A16~A19)
o ¥
_ Output Output ™ P20~P23
@ Latch Latch L (A16~A19)
= B
= Write P2
LY
c
— <
T
Read P2
A

Figure 3.5 (1) Port 2 (P20 ~ P23)

MCU90-376
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(2) P24~P26

By setting bit 4 to bit 6 of the port 2 control register, these ports become the output for
extended address (A20, A21, and A22) or chip select (ROMCS, RAMCS, and TOCS).

Selection of the extended address output and chip select output are made by bit 0 to
bit 3 of the port 2 and 3 function registers P23FR.

Reset
M~ ﬂ
Control
Register

)

Write P2CR
—

Function
Register

1

Write P23FR

Bus

Data

Output Address , YS

(A20,A21,A22) L5 v

. Selector
Chip Select ~ —»
(ROM, RAM, 10} B

} (Setting) S
Output sefector LY D D P24/A20/ROMCS
Latch A (P25/A21/RAMCS)
$ (P26/A22/10CS)

Write P2
e

by
L Read P2

Figure 3.5(2) Port 2 (P24~P26)

Internal

o]

(3) P27

X
[}
QO
Q
R
~N

<Interna| Bus(
>(\
U
Y
2
>
_|

Figure 3.5 (3) Port 2 (P27)

MCU90-377
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Port 2 register
7 6 i s i a4 i 3 i 2 1 0
P2 bitSymbol | P27 P26 i P25 | P24 i P23 .: P22 P21 P20
(FFCAH) [ Readmwrite R RAW
After reset [input-only: 1 1 1 0 0 0 0
Port 2 control register
7 i 6 i 5 i a4 i 3 2 1 0
P2CR bit Symbol - i p26C P25C P24C P23C P22C P2tC P20C
(FFC5H)  I'Read/write w
After reset 0 0 0 0 0 ; 0 Q 0
Function 0:Output Port 1: Address/CS
[ [ ]
Setting the output function of port 2
0 | General-purpose output port
1 Extended address/Chip
select output
Ports 2 and 3 function register
7 i 6 i s i a4 i 3 i 2 { 1 i 9
P23FR bitSymbol | ODE : TXDC SCLKC  iFixed to"0"Fixedt0"0"  10CS RAMCS | ROMCS
(FFCEH) [ Readmwrite RIW
After reset 0 0 0 | 0 0 0
P37 P37 control; P36 controlg ! P26 control P25 control P24 control
0: CMOS :i0:Port  i0:Port i i0:A22 0:A2T i0: A20
Function [1:Open {1:TxD P:SCLK output output : output
Drain { Output { Output : ;106G i1: RAMCS :1: ROMCS
: H output ! output ! output
| IS

Explained in “Port 3"

|—>P24 fuﬁction control

Extended address output(A20)
1 |ROMCS output

function control
Extended address output(A21)
1 |RAMCS output

function control

Extended address output(A22)
1 {10CS output

Figure 3.5 (4) Registers for Port 2 (1/2)

MCU90-378
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7 i e ios ioa i3 b2 b a0
P25FR | bitSymbol - f - b b _ b _ 1 RDE : WAITC1 | WAITCO
(FFOIH) [ Readwrite ; ; : H : RAW

After reset 0 0 0

SRD control : WAIT control
i1: Always : 00: 2 state wait

Function : ‘ : 01: Normal Wait
: : : : : RD ¢ 10: Non wait
output :11: —
[ ,
l L>Wai'c control

00 | 2 state wait
01 | Normal wait

Read enable bit

(Outputs RD even !
while accessing the 10 | No wait
internal RAM or /O) [ 11 | Reserved (cannot be used)

Figure 3.5 (4) Registers for Port 2 (2/2)

MCU90-379
B 9097249 0041491 725 A
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TOSHIBA TMP90C845A

3.5.2 Port 3 (P30~P37)

Port 3 is an 8-bit general-purpose I/0 port, each bit of which can be set for input or
output. The control register P3CR is used to set input or output. Port 3 has the
programmable pull-up function that enable pull-up when the programmable pull-up
function that enable pull-up when the value of output latch is “1”. By reset operations,
all bits of the output latch are set to “1”, while all bits of the control register are reset to
“0”, and port 3 is placed in the input mode with pull-up function.

In addition to the general-purpose I/O port function, P35~P37 have the I/O function
for the internal serial interface. This is specified by function register P23FR. All bits of
the function register are cleared to “0” by resetting, and the port turns to general-

purpose I/0 port mode.
Reset
~ _‘_t
Direc-
v tional Vce
E Control
@ i _|E
© Write P3CR
g KSetting)
Output ™ ll:
- Latch ‘ L~ Port3
© (P30~P37)
e 4
- Write P3
@
+ <1
=
<1

Read P3

Figure 3.5 (5) Port3

MCU90-380
B 9097249 0041492 bbl HE

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90C845A

Port 3 register

7 {6 ¢ s i 4 i 3 i 2 i 1 | o
P3 bit Symbol P37 i P36 i P35 i p34 i P33 i P32 i P31 P30
(FFCBH) Read/Write R/W
After reset Input mode
Part 3 control register
A A - I - I O
P3CR bitSymbol | P37C i P36C i P35C : P34C : P33C : P32C : P31C : P30C
(FFC7H) Read/Write w
After reset 0 0 Q 0 0 0 Q 0
Function | ] 0: llN 1: OU[T (Select ll(l) on bit baslis) | [
Select port 3 1/0
0 Input
Qutput
Ports 2 and 3 function register
7 f e i s a4 i3 i o2 i 4 i g
P23FR bitSymbol | ODE | TXDC | SCILKC :Fwedto"0”iFixedto"0": 1OCS | RAMCS : ROMCS
(FFCEH) Read/Write R/IW
After reset o ¢ 0 i 0 . 0 i ©0 i 0 0 : 0
P37 {P37 control P36 control | iP26 control P25 control P24 control
Function 0: CMOSEO: Port 0 Port 0 E 0 27 0 A20
1: Open :1:TxD 11 SCLK 111065 11 RAMCS :1: ROMCS
Drain: Output : Output : i ; : :

: :

Explained in 3.5.1 “Port 2

> Setting P36 as SCLK output
0 [Portoutput
1 |SCLK output

Setting P37 as TxD output

0 {Portoutput
1 | TxD output

Setting P37 as open drain output
0 |CMOS output
1 |Opendrain output

Figure 3.5 (6) Registers for Port 3

MCU90-381
B 9097249 0041493 578 N
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3.5.3 Port 4 (P40~P47)

Port 4 is an 8-bit general-purpose /O port, each bit of which can be set for input or
output port. The control register is used to set for input or ocutput. Port 4 has the
programmable pull-up function that enables pull-up when the value of output latch is
“1”. By reset operation, all bits of the output register are set to “1”, all bits of the control
register are reset to “0”, port 4 is placed in the input mode with pull-up function.

In addition to the general-purpose I/O port function, these ports function as interrupt
request input, clock input for timer or event counter, or timer output.

(1) P4a0~pP43

When specified by port 4 function register PAFR<TO1S to TO5S>, these ports
become the timer output.

Reset

=’

|<i)rﬁgi V
Control cc

Write PACR —!E
1 l(Setting)

Output A Y I\J
Latch Setector — > } I P40~P43
[} B (TO1,3,4,5)
Write P4 s

Bus

Data

Output Timer

-1

Function
Register

Internal

Write P4FR

=
L]

Read P4

Figure 3.5 (7) Port 4 (P40~P43)

MCU90-382
B 9097249 0041494 4Y3u N
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(2) Paa
P44 is also used as clock input (TI0) for 8-bit timer 0.

Reset
i

Y
irec:
V
o] <
Write PACR
kSetti ng)

o
L‘;}E,‘f ¢ - {\/ D P44 (TI0)
4

Write P4

Bus

Data

Internal

T

Read P4

TI0

Figure 3.5(8) Port 4 (P44)

MCU90-383
B 9097249 0041495 370 HE

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90C845A

(3) Pas
P45 is also used as clock input (TI2) for 8-bit timer 2 as well as external interrupt
request input (INTO).

Reset

irecs Vee
2 oot
=] T E
o Write PACR —
g }(Setting)
_ Qutput - ,l\/ DP45 (INTO/TI2)
©
c }
[ Write P4 ‘227
It <} Level/edge
- . Detection _l
- 1

T_CL INTO Interrupt

Read P4
TI2

Figure 3.5 (9) Port 4 (P45)

MCU90-384
M 9097249 0041496 207 W
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(4) P46 and P47

These ports are also used as the clock input for 16-bit timer or event counter as well as
external interrupt request input. These ports include zero cross detection circuit and
can be disabled or enabled by setting the port 4 function register PAFR<ZCE1, ZCE2>.

Reset

4

Plirec- Vee

-y

Control

Write P4CR

~ }(Setting)

Output P46/TI4/INT1
Latch L § (P47/TI5/ANT2)

Bus

$

Write P4

Data

1

Function
Register

}

Write PAFR

Internal

<

=

—=

Read P4

TI4/INT 1
(TIS/INT2)

Figure 3.5 (10) Port 4 (P46 and P47)

MCU90-385
B 9097249 0041497 143 N
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TOSHIBA

TMP90C845A
Port 4 register
7 6 s i a4 i o3 i 2 1 0
P4 bitSymbol | P47 P46 pas Paa i Pa3 i Pa2 Pa1 P40
(FFC8H) Read/Write R/W
After reset Input mode
Port 4 control register
7 6 { s i a4 i 3 2 1 0
P4CR bit Symbol P47C P46C P45C P44C P43C P42C P41C P40OC
(FFC9H) Read/Write w
After reset 0 0 0 o : o0 { o 0 0
Function 0: IN 1: OUT (Select #/O on bit basis)
[ [ ]
Select port41/0
0 Input
i X 1 Output
Port 4 function register
7 i 6 5 1 4 3 i o2 i 0
PAFR bit Symbol ZCE2 :  ZCE1 - i - TOSS i TO4S TO35 TO1S
(FFCFH) Read/Write RIW RIW
After reset 0 : 0 [ 0 0 0
P47 control : P46 control :PA3 control: P42 control; P41 control : P40 control
Function |1:ZCD ZCD 0: Port 0: Port : 0: Port :
Enable Enable : 1: TOS5 @ 1: TO4 : 1: TO3 :
— 7

zero cross enable

Disable

Enable

zero cross enable

Disable

Enable

L>Setting P40 as the output of timer 1

0

Port output

1

TO1 output

l—>Setting P41 as the output of timer 3

0

Port output

1

TO3 output

L——>Setting P42 as the output of timer 4

0

Port output

1

TO4 output

——>Setting P43 as the output of timer 5

0

Port output

1

TOS output

Figure 3.5 (11) Registers for Port 4

MCU90-386
B 9097249 0041498 04T Wm
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3.5.4 Port 5 (P50~P53)

Port 5 is a 4-bit general-purpose input port.
P50 to P53 are also used as analog input pins (ANO~AN3).

“»
> < ‘ Port 5input
Py 7\[ (P50~P53)
2 Read PS5
©
o
©
f ADREG AD 4 channel
@ < “|Register [*|Converter | Anélog
- T Multiplexer
c
- Read
ADREG
Figure 3.5(12) Port5
Port 5 register
7§ & 1 s i a4 i3 o2 i1 o0
bitSymbol |Fixedto”1”: Fixedto™1"i — ¢ - i ps3 i psp | p5i : P50
(FFZSAH) Read/Write RIW : R
After reset 1 1 Input-only
Functi : : : Used also as analog input pins
unction (ANO~AN3)

Figure 3.5(13) Registers for Port5

MCU90-387
BN 9097249 0041499 Tlb EE
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3.5.5 Port 6 (P60~P63)

Port 6 is a 4-bit general-purpose I/O port each bit of which can be set for input or

output. The control register P67TCR<P63C~P60C> is used for input or output. By
reset operation, this control register is reset to “0”, and port 6 is placed in the input
mode. -
This port can be used also as stepping motor control or pattern generation port 0
(M00~MO03). Function register P67FR<PATO0, CCW0, MOM, and M0S> specifies
whether the port is to be used as the general-purpose I/O port or stepping motor
control/pattern generation port. When reset, it becomes a general-purpose I/O port.

Reset —1

| pirectional |
Control

$

Write P67CR

Functional
Control

t

Write P67FR
{Shift

=]
® — Output Latch I L~ D Port6
© Output (P60~P63 / M0OO~MO03)
- Buffer
©
e Shift Alternate
- Register
T
c t
o
- Write P6
c

[

Read P6

Figure 3.5(14) Port6

MCU90-388
B 9097249 0041500 568 WH
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3.5.6 Port7(P70~P73)

Port 7 is a 4-bit general-purpose I/O port, each bit of which can be set for input or
output. The control register P67TCR<P73C~P70C> is used to set for input or output.
When reset, this control register will be cleared to “0”, placing the port 7 in the input
mode.

This port can also be used as a stepping motor control/pattern generation port 1
(M10~M13). The function register P67TFR<PATI1, CCW1, M1M, M1S> specifies
whether it is to be used as the general-purpose I/0 port or stepping motor control/pattern
generation port. When reset, it becomes a general-purpose I/O port.

Reset ﬁ

[ Directional |

| Control
A

Functional Write P67CR
Control

}

Write P67FR

Shift

|

Output Latch l I\ ﬂ Port7

Output {P70~73/M10~M13)
Buffer

Data Bus
'

Shift
Alternate Register

t

Write P7

Internal

NTAY

11

Read P7

Figure 3.5(15) Port7

MCU90-389
B 9097249 0041501 4Ty HE
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Port 6 register

7 i 6 i s i 4 i 3 i 2 i 1 i o
P bitSymbol | SA63 : SA62 i SA61 i SAB0 i P63 : P62 : PB1 i P60
R i RIW i RAW
(FFCBH) ead/Write . :
After reset Undefined Input mode
. . Commonly used as stepping motor control
Function Shift Atternate reg.0 : port 0 as well as pattern generation port 0
L | J
Shift alternate register 0 Port6
Port 7 register
7 1 e s a4 i3 i o2 i1 G0
b7 bitSymbol | SA73 i SA72 : SA71 : SA70 P73} P72 i PT1_i P70
Read/Writs R/W RW
(FFCCH) ea rite - : i
After reset Undefined i Input mode
N . iCommonly used as stepping motor control
Function Shift Alternate reg.1 i port 1 as well as pattern generation port 1
t | ]
Shift alternate register 1 Port 7
Ports 6 and 7 control register
7 P 6 i s i1 a4 i3 i 2 i1 i o0
PE7CR bitSymbol | P73C_ i P72C i P7IC_ | P70C ! P63C i P62C i P6IC  PEOC
Read/Writ w
(FFCDH) : : : : : - ;
After reset 0 : 0 H 0 H 0 H 0 H 0 H 0 H 0
Function {Select /O on bit basis)

'_:ject port 61/0

0 Input
1 Output

Select port 7 110
0 input
1 Output

Figure'3.5(16) Registers for Port 6 and Port 7 (1/2)

MCUS0-390
EE 9097249 0041502 330 =
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TMP90C845A
7 1o ios ioa i3 i o2 i ioo
bitSymbol | PAT! ! Ccwil i MIM | M1S | PATO : CCWO : MOM @ MOS
(;g;gﬁ) Read/Write R/W
After reset o i o i o i o i o { o i g I 9

0:881T (% )iton | 0:4Step | 0:Port i Q:8BIT i ernion | 0:4Step | 0: Port
Function | 1:48IT (" [S¥E8e © 1:8Step | 1:Step | 1:4BIT (' F&E€ © q.g5tep | 1:Step
WR (For port 7) : WR (For port 6)

] i ]
I

L Setting the port 6 function

0 [General-purpose port

1 Stepping motor control/pattern
generation port 0

L, Setting the port 7 function

Explained in 3.10 "Stepping Motor 0
Control/Pattern Generation Port”.

General-purpose port

1 Stepping motor control/pattern
generation port 1

Figure 3.5 (16) Registers for Port 6 and Port 7 (2/2)

MCU90-391
B 9097249 0041503 277 M
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3.6 Extending the Program Space

TMP90C845 has a simple MMU function which can extend the program space up to

4M bytes.

Figure 3.6 (1) shows the block diagram of the program space extension feature.

BX, BY Enable A22-

|

EN
BX, BY
Register

External A14~A21

Internal A15
Internal A14

fﬂ

C
N @
Internal A16to A22 > ©
- [=]
v
@
o
008000H
~00BFEFH
Ata~a21 Y ¥
} E .
a15 a o
Al4 -
w
Y q
@
EX0~7 MB

Program space
extending register
EXPAQ

Figure 3.6 (1) Block Diagram of Program Space Extension Feature

MCU90-392 .

B 9097249 0041504 103 EM
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3.6.1 Operation

For TMP90C845, when CPU accesses the logical address 008000H~00BFFFH, the

contents of address extension register EXPAOQ (at memory address FFDFH) will
automatically be output to A14~A21.

008000H~00BFFFH are called local area, while other space within 64K byte is called
common area. Figure 3.6 (2) shows an example of the memory map where EXPAO is set

to O6H.
Logical address ' Physical address  Set by register EXPAOQ
- Common area 0 ;//////////////% ] Local 0
008000H %////////////% % Local 1
Local area _ Local 2
| e NN
Local 4
] Locai 5
018000H tocals
01CO00H Jrocal7
:] Local 253
“JLocal 254
oo ] Locai 255

Figure 3.6 (2) Memory Map Using the Program Space Extension Function

MCU90-393
B 9097249 0041505 O4T WM
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* Setting example :
User program E Local area control :» User program
: routine :
LD B, 06H : 5
LD HL, 2345 + 8000H ! '
CALL 80H ! :
1 ]
i ¥ i
i 80H: LD(EXPAO), B !
: JPHL :
! l !
H : ¥

1 i 1A345H : XXX

| i XX

i i JPSOH

! H |
| ¥ !
i 90H : RET '
h | i
{ s s
XXX ! H
XXX

In the above example, address 2345H in local 6 (physical address: 6 x 4000H + 2345H
= 1A345H) is called a subroutine.

This can be implemented by specifying a local page to Breg and an offset value in the
local area to HLreg and calling 80H within the local area control routine. Return can be
done by jumping to 90H.

Asin this example, by having a local area control routine in a common area, program
can easily be located in an extended program space.

Besides, with this extension feature, micro DMA function and repeat instruction
(LDIR, etc.) can be used for the data in a space which exceeds 64K byte. '

MCU90-394
B 9097249 004150k TéL BH
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3.6.2 Control Registers

The program extension feature is enabled when a value is written in the program
space extension register (EXPAQ). When reset, the value of EXPAO register becomes
“02H”, and logical and physical addresses become equal.

EXPAO must be written in a common area. If the value of EXPAO is changed in a
local area 008000H~00BFFFH, the physical address is immediately shifted to other

local area.
7 6 5 i 4 3 2 1 0
bit Symbol EX7 : EX6 : EX5 : EX4  EX3 i EX2 { EX1 ! EXO
EXPAQ Read/Writ RIW
(FFDFH) ea rite _ : _ k _ _ i
After reset 0 : 0 : 0 H 0 : 0 : 0 : 1 : 0
Functi Program Area Extension Bits
unction (Corresponds to A14~A21.)

MCU90-395
R 3097249 0041507 912 =&
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3.7 Programmable Chip Select

TMP90C845 has three chip select outputs for facilitating the supply of chip select
signals to ROM, RAM, and I/O which are to be connected to external devices.

The three chip select outputs are called ROMCS, RAMCS, and IOCS.

IOCS is allocated to 8 bytes of external memory (0OFFF8H~00FFFH) and controls
external I/0 in direct addressing.

RAMCS can be set in units of 16 Kbyte to 128 Kbyte by setting the control register
PCSR. ROMCS occupies the entire space except for the above IOCS and RAMCS spaces.

Figure 3.7 (1) shows the block diagram of programmable chip select function.

A14~A22
I A13 A12cnAd A3
I T I 1 |
Al5 ng
g —
OOFFF8H~O00FFFFH
Al4 e ' - oS
—
ROMCS
Al6
A20
A9
Al8 .
A7 __‘g
——> RAMCS
Al6 ’\
Ats ;
Al4 - D
Blocks for VIiv|v]s|s|s|s|s
extendingthe [[16]15[14|18]17] 16|15 (14
program space. PCSR register

Figure 3.7 (1) Block Diagram of Programmable Chip Select Function

MCU90-396
B 9097249 0041508 859 M
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3.7.1 Control Register

IOCS is fixed to 00FFF8H~00FFFFH, and RAMCS specifies an area in which chip
select is output by the control register PCSR.
Bit 0 to bit 4 of PCSR correspond to A14~A18, while bit 5 to bit 7 specify whether the

values specified for bit 0 to bit 2 are valid or not.

7 {8 i s i 4 & 3 i 2 i 1 i 0
pcsg | DitSymbol | V16 P vis | via i s18 | s17 i st6 [ sis D st4
(FEDER) Read/Write RIW
After reset 1 : 1 : 1 % 1 i 1 : 1 { 1 : 1
Function |1 318 1 T8 51501 5144 gcet | A17Set | Al6Set | AiSSet | Al4Set
Valid : Valid : Valid : : H : :
L 1 [ [ L [ |

Setting A14~A18 as RAMCS
(Always “1“ after reset)

Setting whether $14~516 are valid or
not
0 | Setvalues of S14~S16 are invalid.

1 { Setvalues of $14~516 are valid.

Note : For setting RAMCS, A19~A22 are preset to “0000”,

3.7.2 Example of Setting
When PCSR is set to “63H”, the output of each chip select is as shown in the following
memory map.

V16 V15 V14 $18 S17 516 S15 S14
BEEBEEBEREEEREE

PCSR setting |

As V14 and V15 are “1” and V16 is “0”, the settings of S14 and S15 are valid, whereas

the setting of 516 is invalid.
0000H

ROMCS

CO00H {77 ////////, 7/////

FFF8H \\ \::\\:'\\

oo

ROMCS

FFFFFH

MCU90-397
E 9097249 004L509 795 WA
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3.8 8-bitTimers

TMP90C845 contains four 8-bit timers (timers 0, 1, 2 and 3), each of which can be
operated independently. The cascade connection allows these timers to be used as 16-bit
timers. The following four operating modes are provided for the 8-bit timers.

The following four operating modes are provided for the 8-bit timers.

* 8-bit interval timer mode (4 timers)

* 16-bit interval timer mode (2 timers)

* 8-bit programmable square wave pulse generation (PPG: variable duty with
variable cycle) output mode (2 timers)

* 8-bit pulse width modulation (PWM: variable duty with constant cycle) output
mode (2 timers)

The upper two can be combined (two 8-bit timers and one 16-bit timer).

Figure 3.8 (1) shows the block diagram of 8-bit timer (timer 0 and timer 1).

Timer 2 and timer 3 have the same circuit configuration as timer 0 and timer 1. Each
interval timer consists of an 8-bit up-counter, 8-bit comparator, and 8-bit timer register.
Besides, one timer flip-flop (TFF1 or TFF3) is provided for each pair of timer 0 and timer
1 as well as timer 2 and timer 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 3.8 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlled by five
control registers TO1MOD, T23MOD, TFFCR, TRUN, and TRDC.

MCU90-398
B 9097249 0041510 407 WA
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Figure 3.8 (1) Block Diagram of 8-bit Timers (Timers 0 and 1)
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@  Prescaler

This 9-bit prescaler generates the clock input to the 8-bit timers, 16-bit
timer/event counters, and baud rate generators by further dividing the
fundamental clock (FC) after it has been divided by 4 (fc/4).

Among them, 8-bit timer uses 4 types of clock: ¢T1, gT4, ¢T16, and
$T256.

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 zero and stops operation when
<PRRUN?> is set to “0”. Resetting clears <PRRUN> to “0”, which clears
and stops the prescaler.

Cycle
fc

input 12.5MHz | 16MHz
clock i

#T1(8/c) 0.64us 0.5us
$T4 (32/fc) 2.56us 2.0us
$T16 (128/fc) 10.24us 8.0us
$#T256 (2048/fc) | 163.84.s 128us

#T0 4T1  4T4  4T16 #7256

t_+ + ¢

1 2 3 45 6 7 8 9

Oscillator fcl 14
circuit X 9-bit prescaler

frunlstop & clear

12 (System clock) TRUN<PRRUN >

Figure 3.8 (2) Prescaler

MCU90-400
B 9097249 0041512 2AT ER
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@  Up-counter

This is an 8-bit binary counter which counts up by the input clock pulse
specified by the timer O/timer 1 mode register TO1IMOD and timer 2/timer 3 mode
register T23MOD.

The input clock of timer 0 and timer 2 is selected from the external clock from
TIO pin (commonly used as P44) and TI2 pin (commonly used as P45 or INTO0) and
the three internal clocks ¢T1 (8/fc), $T4 (32/fc), and ¢T16 (128/fc), according to the
set value of TO1IMOD and T23MOD.

The input clock of timer 1 and timer 3 differs depending on the operation mode.
When set to 16-bit timer mode, the overflow output of timer 0 and timer 2 is 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 (8/fc), 4T16 (128/fc), and ¢ T256 (2048/fc) as well as
the comparator output (match detection signal) of timer 0 and timer 2, according to
the set value of TO1IMOD and T23MOD.

Example : When TO1MOD<T01M1,0> =01, the overflow output of timer 0
becomes the input clock of timer 1 (16-bit timer). When
TO1IMOD <T01M1,0> =00 and TOIMOD <T1CLK1,0>= 01, ¢T1
(8/fc) becomes the input of timer 1.
Operation mode is also set by TO1MOD and T23MOD. When reset, it is
initialized to
TOIMOD<T01M1, 0> =00 and T23MOD <T23M1, 0> =00, whereby the up-
counter is placed in the 8-bit timer mode.
The counting, halt, 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.

®  Timer register

This is an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, TREG2, and TREGS matches the value of up-counter,
the comparator match detect signal becomes active. If the set value is 00H, this
signal becomes active when the up-counter overflows.

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

The TREGO and TREG2 control whether the double buffer should be enabled or
disabled through the timer register double buffer control register TRDC < TRODE,
TR2DE>. It is disabled when <TRODE>/<TR2DE> = 0, and enabled when
they are set to 1.

MCU90-401 g
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The timing to transfer data from the register buffer to the timer register in the
double buffer enable state is the moment 2™ —1 overflow occurs in PWM mode or
the moment compare cycles will be equal in PPG mode.

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

Up-counter

S

Comparator

Timer registers 0 and 2 ]

4\

Shift trigger
r Register buffers 0 and 2 |

N

Write <TRODE>/<TR2DE>

Matching detection of PPG
cycle
2n - 1 overflow of PWM

-(=—=0w
=0+

TREG 0/2 WR

Internal bus

Figure 3.8 (3) Configuration of Timer Registers 0 and 2

Note Timer register and the register buffer are allocated o the same memory address. ‘When
<TRODE >/<TR2DE > =0, the same value is written in the register buffer as well as the
timer register, while when <TRODE >/<TR2DE > =1 only the register buffer is written.
The memory address of each timer register is as follows.

TREGO: FFD4H

' TREG1: FFD5H
TREG2: FFD6H
TREGS3: ¥FFD7H -

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

~ MCU90-402
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7 i 8 ios i o4 i3 i o2 i o1 i g
bitSymbol | TOIM1 i TOIMO | PWMO1 i PWMOO i TICLK1 | TICLKO ! TOCLK1 | TOCLKO
T(ggg/ls?_il)a Read/Write RIW : RIW : RAWV : RAW
Afterreset | o o ! o i o i o o f a [ o
00: 8bit Timer ~ { 00: - i 00: TOOTRG i 00:TIO
. 01: 16bit Timer : 01:26—1PWM : 01:¢T1 01 4T
Function . : : H
10: 8bit PPG 10:27 - tcycles © 10: 4T16 P10: T4
11: 8bit PWM 11:28-1 {11 47256 ©11:4T16

1 1 ] J

]

Input clock of timer 0

00 |External clock T10

01 jInternal clock ¢T1

10 {Internal clock ¢T4

11 |Internal clock ¢T16

————— Input clock of timer 1

TO1MOD7?, 6+ 01

TO1MOD?7, 6 =01

00 | Comparator output
of timer 0

01 [Internal clock ¢T1

10 {Internal clock ¢T16

11 |Internal clock ¢T256

Overflow
output of timer
0

(16-bit timer
mode)

—— Select PWMO cycle

(“Don't care” exceptin PWM mode)

00 ——
01 26 -1
10 27 -1
11 28 -1

Set the operation mode of

timerQ and 1.

00 | Two 8-bit timers
(timer 0 and timer 1)

01 | 16-bit timer

10 |8-bit PPG output

+ B8-bit timer {timer 1)

11 | 8-bit PWM output (timer D)

Figure 3.8 (4) Timer O/Timer 1 Mode Register (TOTMOD)
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7 i e i s i a4 i 3 i 2 i 1 1 o
bitSymbol | T23M1 | T23M0 [ PwM21 | PWM20 { T3CLK1 | T3CLKO | T2CLK1 | T2CLKO
T23MOD e iwrite RIW : RIW : RAW RAW
(FFD9H) : : : $ - : -
After reset 0 : 0 : 0 : 0 : 0 H 0 H 0 i 0
00: 8bit Timer  : 00: — i 00: TO2TRG Po00: T2
. 01: 16bit Timer P01:26-1 P01 gT 01 gTe
Function : : H
10: 8bit PPG Po10:27-1 {10:4T16 i 10: 474
11: 8bit PWM io11:28-1 i11: $7256 P11 4T16

1 i L 1 3

I

|—»Timer 2 input clock

00 | External clock T12
01 |Internal clock ¢T1
10 |Internal clock ¢T4
11 {Internal clock ¢T16

L Timer 3 input clock

T23MOD7,6+ 01 T23MOD7,6 =01

00 | Comparator output | gyerflow output
of timer 2 of timer 2

01 |Internal clock ¢T1 {16-bit timer
10 |Internal clock ¢T16 mode)
11 |Internal clock ¢T256

'~ Select PWM2 cycle
(“Don’t care” except in PWM mode)

00 e
01 26-1
10 27 -1
1 28-1

Set the operation mode of
timer 2 and timer 3

00 [Two 8-bit timers

(timer 2 and timer 3)

01 | 16-bit timer

10 |8-bit PPG output

11 | 8-bit PWM output (timer 2)
+ 8-bit timer (timer 3)

Figure 3.8 (5) Timer 2/Timer 3 Mode Register (T23MOD)
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TFF3 TFF1
[ T 1
7 i 6 i s i a4 3 0 f o2 § o1 i
bitSymbol | FF3c1 | FF3CO  FF3IE i FF3IS FFIC1 | FFICO | FFUE : FFUIS
TFFCR ; : :
Read/Write w : R/W w H RIW
(FFDAH) : : : -
After reset - : 0 : 0 ; ~ : 0 H 0
00: Invert TFF3 : 1: io: . 00:invert TFF1  1: i0:
01:Set  TFF3 : TFF3  Invertsby' priger  TRRY 1 TRRY iInvertsby
. 10: Clear TFF3 : Invert jB-bit i 10:Clear TFF1 Invert i5°bit
Function H ‘timer 2 : ‘timer 0
11: Don'tcare : Enable :q. ¢ 11:Don’tcare : Enable iy.
: Hnverts by :Inverts by
étimer3 ‘timer 1

B e N ey

L» Selectinverse signal of timer flip-flop TFF1
(“Don't care” except in 8-bit timer mode)

0 | Inversion by timer 0

1 {Inversion by timer 1

Invert of timer flip-flop TFF1
Q | Disabled

1 | Enabled

—> Control timer flip-flop TEF1

00 | Invert the value of TFF1
(software inversion).

0

Set TFF1to “1”.

10 | Clear TFF1 to "0".

11 |Don‘t care (Always set at "11”when read)

Select inverse signal of timer flip-flop TFF3
(Don't care except in 8-bit timer mode)

0 ! Inversion by timer 2

1 | Inversion by timer 3

> Invert of timer flip-flop TFF3
0 | Disabled

1 | Enabled

Control of timer flip-flop TFF3

00 | inverts the value of TFF3
(software inversion).

0

Sets TFF3to “1”.

10 | Clears TFF3to “0".

11 |Don't care {Always set at “11"when read)

Figure 3.8 (6) 8-Bit Timer Flip-Flop Control Register (TFFCR)
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16-bit timer 8-bit timer
[

s i a4 P o3 P o2 P o1 i o

P PRRUN | T4RUN : T3RUN | T2RUN | TiRUN | TORUN

RW

o : o0 . 0o i 0 i 0 i o0

bit Symbol
(';I;:T)Ucl}l_l) Read/Write
After reset

Function

Prescaler & Timer Run/Stop Control

0: Stop & Clear
1: Run (Count up)

l—-> Operation of timer 0

0 |Stop and clear

1 |Count

Operation of timer 1

0 |Stop andcl

L— Operation of timer 2

0 |Stop and clear

L—» Operation of timer 3

0 |Stop and clear

——— Operation of 16-bit timer (timer 4)

0 |Stop and clear

L Operation of prescaI‘er

0 |Stop and clear

Figure 3.8 (7) Timer Operation Control Re'gister (TRUN)
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7 ¢ 6 i s i a4 i 3 i 2 i 1 i o0
bit Symbol mT ¢ - 8 - & - & . ! TR4DE i TR2DE : TRODE
TRDC  ocadWrite | RW | : : : : RAW
(FFDBH) : - : - : - -

After reset 0 : : i : : 0 H 0 : 0

0: Timer 2 0: Double Buffer Disable
Function or3 : : : :

1: Timer &' 1: Double Buffer Enable

:

l-» Control the double buffer of timer register 0
0 | Disabled

1 | Enabled

— Control the double buffer of timer register 2
0 [Disabled
1 |Enabled

trol the double buffer of timer register 4
0 | Disabled
1 |Enabled

Select the shift trigger of port 7
0~M13) 99 P

0 |Timer2or3
1 |Timer4

4

Shift trigger generating timer for
stepping motor control/pattern
generation port

Figure 3.8 (8) Timer Register Double Buffer Control Register (TRDC)
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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 (INTT0~INTTS3) 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)

The status of the timer flip-flop is inverted by the match detect signal
(comparator output) of each interval timer and the value can be output to the timer
output pins TO1 (also used as P40) and TO3 (also used as P41).

A timer F/F is provided for each pair of timer 0 and timer 1 as well as that of
timer 2 and timer 3 and is called TFF1 and TFF3. TFF1 is output to TO1 pin,
while TFF3 is output to TO3 pin.

The operation of 8-bit timers will be described below:
(1) 8-bit timer mode

Four interval timers 0, 1, 2, and 3 can be used independently as 8-bit interval timer.
All interval timers operate in the same manner, and thus only the operation of timer 1
will be explained below.

@ Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals using timer 1 INTT1), first
stop timer 1 then set the operation mode, input clock, and synchronization to
TOIMOD and TREGI, respectively. Then, enable interrupt INTT1 and start the
counting of timer 1.

Example : To generate timer 1 interrupt every 40 microseconds at fc=16 MHz,
set each register in the following manner.

MSB Ls8

76543210
TRUN ¢« - —— - - - 0 - Stop timer 1, and clear it to “0”.
TOIMOD« O 0 X X 01 - - Set the 8-bit timer mode, and select ¢T1 (0.5 us @

fc =16 MHz) as the input clock.
TREGL « 01010000 Set the timer register at 40 us/¢T1 = 50 H.
INTEH ¢ X - -~--1- - Enable INTT1.
TRUN ¢« XX1---1 Start timer 1 counting.
(Note) ' X;Don’tcare -—;Nochange
MCU90-408
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Use the following table for selecting the input clock.
Table 3.8 (1) 8-Bit Timer Interrupt Cycle and Input Clock

(lanttgcr;u% YC\X,C_E) Resolution Input clock
0.5us ~ 128us 0.5us $T1 (8/fc)

2us ~ 512us 2us $T4 (32/fc)

8us ~ 2,048ms 8us $T16 (128/fc)
128us ~ 32,768ms 128us #T256 (2048/fc)

Precautions for Using Timer 2

Timer 2 interrupt (INTTZ2) uses the same interrupt enable/disable flag
INTEH<IET2> as used for A/D converter interrupt INTAD). Change-over between
them is executed by INTEH<ADIS>. When <ADIS> is set to “0”, timer 2 interrupt
will be enabled, disabling A/D converter interrupt.

@ Generating a 50% duty square wave pulse

The timer flip-flop is inverted at constant intervals, and its status is output to
timer output pin (TO1).

Example : To output a 3.0 us square wave pulse from TO1 pin at fc=16 MHz,
set each register in the following procedures. Either timer 0 or timer
1 may be used, but this example uses timer 1.

TRUN ¢ =------ 0 -
TOIMOD« 00 X X0 1- -

Stop timer 1, and clearitto “0”.

Set the 8-bit timer mode, and select ¢T1(0.5 us @
fc = 16 MHz) as the input clock.

TREG1 « 00000011 Set the timer register at 3.0 us + ¢T1+2=3.

Clear TFF1 to “0", and set to invert by the match

TFFCR ¢ ~~---1011 detect signal from timer 1.
4CR ¢ — = = = — — = 1 .

PacR « } Select P40 as TO1 pin.
P4FR ¢« - - X X---1

TRUN « XX1---1- Start timer 1 counting.
(Note) X;Don’tcare - ; Nochange

MCU90-409
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#T1

TRUN
<TIRUN>

BIT7~2
Up-

counter Bm_’m

2.45@fc = 10MHz

BITO o [+ L2 [ 3 {\oh 1 2 3 0 1 2 3 0
Comparator ’
timing M Ay M
Comparator output ()f_l
(matching detect) 1 [ | M

INTT1 <\ / 1 1
UC clear ‘.{ “ ﬂ

TFF1 & E E

L I |
TO1 E / ?\ /

Figure 3.8 (9) Square Wave (50% Duty) Output Timing Chart
® Making timer 1 count up by match signal from timer 0 comparator
Set the 8-bit timer mode, and set the comparator output of timer 0 as the input

clock to timer 1.

Comparator timer 0 ” ”
match output

realauadts €63 0 0 0 0 6 0 6 0 6 0

Timer 1 up-counter 1 X 2 X
(when TREG1=2)

Timer 1 match output ”

Figure 3.8 (10)
@  Output inversion with software

The value of timer flip-flop (timer F/F) can be inverted, independent of timer
operation.

Writing “00” into TFFCR<FF1C1, 0> inverts the value of TFF1, and writing
“00” into TFFCR<FF3C1,0> inverts TFF3.

MCU90-410
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® Initial setting of timer flip-flop (timer F/I")

The value of timer F/F can be initialized to “0” or “1”, independent of timer
operation.

For example, write “10” in TFFCR<FF1C1,0> to clear TFF1 to “0”, while
write “01” in TFFCR<FF3C1,0> to set TFF1 to “1”.

Note: The value of timer F/F and timer register cannot be read.
(2) 16-bit timer mode

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

As the above two pairs operate in the same manner, only the case of combining timer
0 and timer 1 is discussed.

To make a 16-bit interval timer by cascade connecting timer 0 and timer 1, set timer
O/timer 1 mode register TO1MOD <T01M1,0> to “00”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input
clock of timer 1, regardless of the set value of TOIMOD<T1CLK1,0>. Table 3.6 (2)
shows the relation between the cycle of timer (interrupt) and the selection of input clock.

Table 3.8 (2) 16-Bit Timer (Interrupt) and Input Clock

(%tﬁgffg aﬂ; Resolutian input clock
0.545 ~ 32.768ms 0.5us $T1(8/fc)

25 ~ 131.072ms 2us $T4 (32/fc)

8us ~ 524.288ms 8us 4116 (128/fc)

The lower 8 bits of the timer (interrupt) cycle are set by the timer register TREGO,
and the upper 8 bits are set by TREG1 Note that TREGO always must be set first.
(Writing data into TREGO disables the comparator temporarily, and the comparator is
restarted by writing data into TREG1.)

Setting example: To generate an interrupt INTT1 every 0.5 seconds at fc=16 MHz, set
the following values for timer registers TREG0 and TREG1.
When counting with input clock of ¢ T16 (8us @ 16 MHz)
0.55+8us5=62500=F424H
Therefore, set TREG1=F4H and TREG0=24H, respectively.

The comparator match signal is output from timer 0 each time the up-counter
matches UCO, where the up-counter UCO is not be cleared.

With the timer 1 comparator, the match detect signal is output at each comparator
timing when up-counter UC1 and TREG1 values match. When the match detect signal
is output simultaneously from both comparators of timer 0 and timer 1, the up-counters
UCO and UC1 are cleared to “0”, and the interrupt INTT1 is generated. If inversion is
enabled, the value of the timer flip-flop TFF1 is inverted.

MCU90-411
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Example : When TREG1=04H and TREGO=80H

Value of up-counter 0400H

(UC1, UCO) 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 comparator " " “
match detect signal ,I

Interrupt INTT1

Timer output TO1 X inversion

Figure 3.8(11)

(3) 8-bit PPG (Programmable Pulse Generation) mode

Square wave pulse can be generated at any frequency and duty by timer 0 or timer 2.
The output pulse may be either low-active or high-active.

In this mode, timer 1 and timer 3 cannot be used.

Timer 0 outputs pulse to TO1 pin (also used as P40), and timer 2 outputs pulse to TO3

pin (also used as P41).
letH | |
I I 1
| t !

As an example, the case of timer 0 will be explained below. (Timer 2 also functions in
the same way.) )

TREGQ and UCO match /ﬂ

(interrupt INTTO} -

TREG1 and UCO match ﬂ ( ﬂ

(interrupt INTT1) j_l/ 1 )
TO1

In this mode, a programmable square wave is generated by inverting timer output
each time the 8-bit up-counter (UCO0) matches the timer registers TREG0 and TREG1.

However, it is required that the set value of TREGO is smaller than that of TREG1. .

Though the up-counter (UC1) of timer 1 cannot be used in this mode, timer 1 can be
used for counting by setting TRUN <TIRUN >to 1.

LR

MCU90-412 _
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Figure 3.8 (12) shows the block diagram for this mode.
TRUN<TORUN> TO1
TI0 pin — - 1
471 (8/f¢) D 8-bit
#T4 (32fc) —» Selector up-counter UCO TFFCR<FF1IE>
$T16(128/fc) —| TFE  |=— o
1 1 Inversion
TOIMOD<TO1CLK1, 0>
INTTO
= =
l Comparator l Comparator Jl INTT1
L
Selector p——————»-
TREGO-WP — Shift trigger

T Register buffer J TREG1 ]
TRDC<TRODE> | T T

Internal bus

Figure 3.8 (12) Block Diagram of 8-Bit PPG Mode

When the double buffer of TREGO is enabled in this mode, the value of register buffer
will be shifted in TREGO each time TREG1 matches UCO.
Use of the double buffer makes easy the handling of low duty waves (when duty is

Match with TREGO n "
{(Up-counter = Q4) (Up-counter = Qj)

Match with TREG1

Shift from register buffer

TREGO Qi \X Q2
(Value to be compared)

. Q2 x Q3
Register buffer

Write into register buffer

varied).

MCU90-413
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Example: Generating 1/4 duty 50 kHz pulse (@ fc=16 MHz)

B I I

20 1

+ Calculate the value to be set for timer register.
To obtain the frequency 50 kHz, the pulse cycle t should be : 1/50 kHz = 204s.
Given ¢T1=0.5 xs (@ 16 Hz),
20 s+ 0.5 us=40
Consequently, to set the timer register 1 (TREG1) to TREG1 =40=28H
and then duty to 1/4, tX1/4 = 20us X 1/4=54s
Sus+0.5us=10
Therefore, set timer register 0 (TREGO) to TREG0=10=0AH.

MSB LSB

« 76543210
TRUN ¢ XX----00 Stop timer 0, and clear it to “0”.
TOIMOD+ 1 0 X XX X 01 Set the 8-bit PPG mode, and select 4T1 as input clock.
TFFCR ¢ - - - - 011 x Sets TFF1 and enable the inversion.

T———> Writing “10” provides negative logic pulse.

TREGO « 00001010 Write “0AH".
TREG1 « 00101000 Write “28H".
PACR « - - - - - -~ 1
PAFR € - = XX - - - 1 } Set P40 as the TO1 pin.
TRUN ¢« XX1---11 Start timer 0 counting.
(Note) X;Don’t care -; No change

MCU90-314
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(4) 8-bit PWM (Pulse Width Modulation) mode

This mode is valid only for timer 0 and timer 2. In this mode, maximum two PWMs of
8-bit resolution (PWMO0 and PWM2) can be output.

PWM pulse is output to TO1 pin (also used as P40) when using timer 0, and to TO3
pin (also used as P41) when using timer 2.

Timer 1 and timer 3 can also be used as 8-bit timer.

As an example, the case of timer 0 will be explained below. (Timer 2 also operates in
the same way.)

Timer output is inverted when up-counter (UCOQ) matches the set value of timer
register TREGO or when 2n—1 (n=6, 7, or 8; specified by TO1IMOD <PWM01,0>)
counter overflow occurs. Up-counter UCO is cleared when 2n—1 counter overflow
occurs. For example, when n=6, 6-bit PWM will be output, while when n="7, 7-bit
PWM will be output.

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

TREGO and UCO match /ﬂ

2n - 1 overflow ﬂ ( /ﬂ

(interrupt INTTO) \ \
TO1 —l I—-I l———

Figure 3.8 (13) shows the block diagram of this mode.

MCU90-415
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TRUN<TORUN > 101
TIO pin — K 1
$T1(8/c) —» 8-bit |
$T4(32/fc) —> Selector  [—>| up-counter UCO Clear ITFFCR<FF‘|C1 0
$T16 (128/c) —»| 7 T < FFnE RS>
Invert
TOIMOD<TOCLK1, 0>
4\ -1 - TOIMOD<TOIM10> |
overflow <
control [ TOIMOD<PWMO1, 0>
<< (Selection of

N=6,70r8)

Comparator

INTTO

L

TREGO-WR —>|

Selector

]}

TRDC<TRODE>

——
Shift trigger

Register buffer

1e

Internal bus

Figure 3.8 (13) Block Diagram of 8-Bit PWM Mode

In this mode, the value of register buffer will be shifted in TREGO if 2™ — 1 overflow is
detected when the double buffer of TREGO is enabled.
Use of the double buffer makes easy the handling of small duty waves.

)

Match with TREGO

(Up-counter = Q;)

(Up-counter = Q)

|

2n-1
overflow

( Shifted from register buffer

TREGO

Q2

A

{value to be compared)

77

Q2

Q3

A

Register buffer

Write into the register buffer

MCU90-416
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Example: To output the following PWM waves to TO1 pin using timer 0 at fc=16 MHz.

|< 36us »l

1 [] [ [

[«— 63.5 us -]

Torealize 63.5.s of PWM cycle by ¢ T1=0.54s (@fc=16 MHz),
63.5us+0.5us = 127 =27—1

Consequently, n should be set to 7.

As the period of low level is 36 s, for ¢ T1=0.5us,

set the following value for TREGO.
36us+0.5us = 72 = 48H

MSB LSB
76543210
TRUN « X X - - - - - 1] Stop timer 0, and clearitto “0”.
o Set 8-bit PWM mode (cycle: 27 - 1) and select ¢ 71 as the
TOIMOD« 1 110 01 input clock.
TFFCR ¢« - - --101X Clears TFF1 to enable the inversion.
TREGG « 01001000 Writes “48H".
PACR & - === - - - ! }SetP40astheTO1 pin.
PAFR ¢ - - -~ -~ - = - 1
TRUN ¢« X X1----1 Start timer 0 counting.
(Note) X ;Don't care -;No change

Table 3.8 (3) PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@fc =16 MHz)
Formula
$T1 (8/fc) $T4 (32/fc) 4T16 {128/fc)
26 -1 (26-1)x ¢Tn 31.5us 126 us 504 us
27 -1 (27-1)x ¢Tn 63.5 us 254 us 1.01 ms
28 -1 (28-1)x ¢Tn 127 us 510 us 2.04ms
MCU90-417
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TOSHIBA TMP90C845A
(5) Table 3.8 (4) shows the list of 8-bit timer modes.
Table 3.8 (4) Timer Mode Setting Registers
Register name TO1MOD (T23MOD) TFFCR
Name of function in register | T0O1M (T23M) PWMO (PWM2) | TI1CLK (T3CLK) TOCLK {T2CLK) FF1IS (FF31S)
Function Timer mode PWM cycle Upper timer input L'ower timer Tlrrier F/Finvert
clack input clock signal select
External clock,
16-bit timer mode 01 - - #T1, $T4, 4T16 -
(01,10, 11)
Lovr:r‘e: t;‘r?er External clock, 0: Lo:verttlmer
8-bit timer x 2 channels 00 - atch: 4T, 4T4, 4T16 output.
- $#T1, T16, 4T256 1: Upper timer
(00, 01, 10, 11)
(00,01, 10, 11) output
External clock,
8-bit PPG x 1channel 10 - - #T1, ¢T16, $T256 -
(00,01,10,11)
26-1,2-1, External clock,
8-bit PWM x 1channel 1" 2*-1 - $T1, $T16, $T256 -
(01, 10, 11) (00, 01, 10, 11)
Tt,
8-bit timer x 1channel 1 - ¢ (Ollf;rg,l :511')16 - Output disabled
(Note) - :Don’t care
MCU90-418
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3.9 Multi-Function 16-bit Timer/Event Counter (Timer 4)

TMP90C845 contains one multifunctional 16-bit timer/event counter with the
following operation modes.

* 16-bit timer

* 16-bit event counter

* 16-bit programmable pulse generation (PPG)
* Frequency measurement

* Pulse width measurement

* Time differential measurement

Figure 3.9 (1) shows the block diagram of 16-bit timer/event counter.

MCU90-419
B 9097249 0041531 131 mm
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Figure 3.9 (1) Block Diagram of 16-Bit Timer/Event Counter (Timer 4)
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Timer/event counter consists of 16-bit up-counter, two 16-bit timer registers, two 16-
bit capture registers, two comparators, register buffer, capture input controller, and
timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers: TAMOD, T4FFCR, TRUN,
and TRDC. TRUN register includes 8-bit timer controller. For TRUN and TRDC
registers, see Figure 3.8 (7) and Figure 3.8 (8).

7 i 6 i s ioa i3 L2 o4 i
bitSymbol | CAP2TS | EQST5 i CAPUN ! CAPM1 | CAPMO ; CLE | TACLKI i TACLKO
I&“SSHD) Read/Write R/w w R/W RIW R/W
After reset 0 : 0 H 1 : 0 : 0 : 0 : 0 : 0
TFFS invert trigger 0 ECapture timing 1 ucie ETimer4source clock
0: Disable Soft- EOO: Disable Clear §00: T4
1: Enable Capture INT1 occurs at rise edge. Enable 501: $T1 (8/fc)
i 01:T147 T159 $10: T4 (324¢)
R don‘t INT1 occurs at rise edge. E11:¢T16(128/fc)
Function : : H :
1 care A10:T147 T4} :
INT1 occurs at fall edge.
HTFRIY TRRYY
INT1 occurs at rise edge.

J L 1

I

|—> Timer 4 input clock

External clock (T14)

11 {internal clock ¢T16

—> Clearing the up-counter UC16
0 [Cleardisable

1 | Clear by match with TREGS.

Figure 3.9(2) 16-Bit Timer/Event Counter (Timer 4)
Controller/Mode Register (1/2)

MCU90-421
B 9097249 0043533 TOY W
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7 i & i 5 | a 3 i 2 i i 0
bit Symbol | CAP2T5 | EQSTS : CAPUIN | CAPMI1 CAPMO | CLE © TACLK1 | T4CLKO
TAMOD e 20 write RIW W RIW i ORW RIW
(FFE4H) T * ¥ t T
After reset 0 : 0 : 1 0 0 H 0 : 0 H 0
TFF5 invert trigger 0 Capture timing 1 UC16 iTimer 4 source clock
0: Disable i Soft-  i00: Disable i clear 100:TI4
1: Enable Capture INT1 occurs at rise edge. Enable 301.‘ #T1(8/fc)
i D1:TI4r TIST i10: $T4(32/60)
Function i don't INT1 occurs at rise edge. 111: gT16(128/c)
Pcare  h0:TIAT T4y :
; INT1 occurs at fall edge.
A1:TFF1] TFF1]
INT1 occurs at rise edge.

Capture control/INT1 interrupt control

Capture control

INT1 control

Capture
disable

01 |CAP1 at Tl4 rise
CAP2 at Ti5 rise

e

interrupt occurs at the
rise edge of TI4 (INT1) input.

11 [CAP1 at TFF1 rise
CAP2 at TFF1 fall

Interrupt occurs at the
rise edge of TI4 (INT1) input.

Software capture trigger

The up-counter value is loaded to CAP1
(software capture).

Always read as “1”.

CAP2T5
EQ5TS

Fvigure 3.9(2)

Timer flip-flop 5 (TFF5) invert trigger

Trigger disable

Trigger enable

When the up-counter value is loaded to CAP2
When the up-counter matches TREG5S

16-Bit Timer/Event Counter (Timer 4)

Controller/Mode Register (2/2)

MCU90-422 -
B 9097249 0041534 940 W
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7 i 6 05 o4 i3 o2 Foq i
TaF bitSymbol | TFF5C1 i TFFSCO | CAP2T4 | CAPIT4 | EQS5T4 | EQ4T4 | TFFACT | TFF4CO
4FFCR - i :
Read/Write w H RW : A
(FFESH) : : : : :
After reset H : o 0 : 0 H 0 : :
00: Invert TFF5 §TFF4 invert trigger ;00: Invert TFF4
01: Set TFF5 :0: Disable trigger :01: Set TFF4
10: Clear TFF5 :1: Enable trigger $10: Clear TFF4
Function . . :Whenthe When the Whenthe :Whenup- :{{:Don’t care
11: Don't care up-counter up-counter jup-counter :counter ! Always read as " 11"
Alwaysread as " 117, ivalueis tvalueis imatches  matches Y
lloadedto  :laadedto :TREGS I TREGA H
icaP2 icaPt i ; :
I |

T
l—-> Timer flip-flop 4 (TFF4) control

00 | Inverts the TFF4 value
(software inversion).

11 | Don’t care (Always read as
“qyqmy.

—— Timer flip-flop 4 (TFF4) invert
trigger

0 [Trigger disable

1 {Trigger enable

CAP2T4 ; When the up-counter value is loaded to CAP2
CAP1T4 ; When the up-counter value is loaded to CAP1
EQ5T4 ; When up-counter matches TREGS
EQ4T4 ; When up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 !|nverts the TFF5 value
(software inversion).

11 {Don't care (Always read as
"117)

Figure 3.9(3) 16-Bit Timer/Event Counter Timer
Flip-flop Control Register

MCU90-423
BN 9097249 0041535 847 W
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@®  Up-counter (UC16)

UC16 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 (8fc), T4 (32fc), and ¢T16
(128fc) from 9-bit prescaler (also used as 8-bit timer), and external clock from T4
pin (commonly used as P46/INT1 pin) can be selected. When reset, it will be
initialized to <T4CLK1,0>=00 to select TI4 input mode. Counting, stop, or
clearing of the counter is controlled by timer operation control register
TRUN<T4RUN>.

When clearing is enabled, up-counter UC16 will be cleared to zero each time it
coincides matches the timer register TREG5. The “clear enable/disable” is set by
T4MOD<CLE>.

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

Timer registers (TREG4 and TREGS5)

These two 16-bit registers are used to set the value of counter. When the value
of up-counter UC16 matches the set value of this timer register, the comparator
match detect signal will be active.

Setting data for timer register (TREG4 and TREGS) is executed using 16-bit
transfer instruction or using 8-bit transfer instruction twice for lower 8 bits and
upper 8 bits in order.

TREG4 TREGS

Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

FFET1H FFEOH FFE3H FFE2H

TREGH4 timer register is of double buffer structure, which is paired with register
buffer. TREG4 controls whether the double buffer should be enabled or disabled,
using the timer register double buffer control register TRDC<TR4DE>: disable
when <TR4DE > =0, while enable when <TR4DE>=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 and TREG5.

When reset, it will be initialized to <TR4DE > =0, whereby the double buffer is
disabled. To use the double buffer, write data in the timer register to set to
<TRADE > =1 then write the following data in the register buffer.

TREG4 and register buffer 4 are allocated to the same memory addresses FFEQOH
and FFE1H. When <TR4DE > =0, same value will be written in both the TREG4
and register buffer 4. When <TR4DE> =1, the value is written into only the
register buffer 4.

MCU90-424
M 9097249 0041536 713 WA
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@  Capture register (CAP1 and CAP2)

These 16-bit registers are used to hold the values of the up-counter UC16.
Data in the capture registers should be read by a 2-byte data load instruction or
two 1-byte data load instruction, from the lower 8 bits followed by the upper 8 bits.

CAP1 CAP2

Upper8bits | Lower 8 bits Upper 8 bits Lower 8 bits

FFE1H FFEOH FFFE3H FFE2H

@  Capture input control circuit

This circuit controls the timing to latch the value of up-counter UC16 into

CAP1 and CAP2. The latch timing of capture register is controlled by register
T4MOD <CAPM1,0>.

* When TAMOD<CAPM1, 0> =00

Capture function is disabled. Disable is the default on reset.

* When T4AMOD <CAPM1, 0> =01

Data isloaded to CAP1 at the rise edge of TI4 pin (commonly used as P46/INT1)
input, while data is loaded to CAP2 at the rise edge of TI5 pin (commonly used as
P47/INT2) input. (Time difference measurement)

* When TAMOD <CAPM1, 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 INT1 occurs at fall edge. (Pulse width
measurement)

* When TAMOD<CAP1,0>=11

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

Besides, the value of up-counter can be loaded to capture registers by software.
Whenever “0” is written in T4MOD <CAPIN >, 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).

MCU90-425
B 9097249 D041537 L5T WM
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®  Comparator (CP4 and CP5)

These are 16-bit comparators which compare the up-counter UC16 value with
the set value of TREG4 or TREGS5 to detect the match. When a match is detected,
the comparators generate an interrupt INTT4 and INTTS respectively. The up-
counter UC16 is cleared only when UC16 matches TREG5. (The clearing of up-
counter UC16 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 (CP4
and CP5) and the latch signals to the capture registers (CAP1 and CAP2).
Disable/enable of inversion can be set for each element by T4AFFCR<CAP2T4,
CAP1T4, EQ5T4, EQ4T4>. TFF4 will be inverted when “00” is written in
TAFFCR<TFF4C1,0>. Also it is set to “1” when “10” is written, and cleared to
“0” when “10” is written. The value of TFF4 can be output to the timer output pin
TO4 (commonly used as P42).

@  Timer flip-flop (TFF5)

This flip-flop is inverted by the match detect signal from the comparator CP5
and the latch signal to the capture register CAP2. TFF5 will be inverted when
“00” is written in TAFFCR<TFF5C1,0>. Alsoitis set to “1” when “10” is written,
and cleared to “0” when “10” is written. The value of TFF5 can be output to the
timer output pin TO5 (commonly used as P43).

(1) 16-bit timer mode

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

interrupt INTTS5.
[TRUN ¢ - --0---- Stop timer 4.
INTEL « 0 -1-- - - - Enable INTTS and disable INTT4.
TAFFCR¢ 110000 1 1 Disable trigger.
TAMOD « 00 1001 * * Select internal ctock for input and
(**=01,10,11) disable the capture function.
TREGS € ##%% ### wass *aks Set the interval time (16 bits).
TRUN ¢ - -11-- - - Start timer 4.
(Note) X ;Don’t care -; No change
MCU90-426
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(2) 16-bit event counter mode

In timer mode as described in above (1), 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 T14 pin input.

TI14 pin can also be used as P46/INT1.

[TRUN ¢ - --0----
PAFR ¢ - % - ~ - - - -

INTEL « 001 - - - - -
T4FFCR« 11000011
T4MOD « 00100100
TREGS «
LTURN «
(Note)

ROk dkokkok okoxokok kokokok

--11--- -

Stop timer 4.
* =0 :Tl4 input pulse is square wave
*=1:Tldinput pulse is sine wave (zero-cross)

Enable INTT5, while disables INTT4 and INT1.
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.

(3) 16-bit programmable pulse generation (PPG) mode

The PPG mode is entered by inversion of the timer flip-flop TFF4 that is to be enabled
by the match of the up-counter UC16 with the timer register TREG4 or 5§ and to be

output to TO4 (also used as P42).

satisfied.

In this mode, the following conditions must be

(Set value of TREG4) < (Set value of TREGS)

_
TRUN «
TREG4 «
TREGS «
TAFFCRe

___0____

ook kokokoR okdokok MoKk R

okl ook dkokokok kokk X

110011060
TAMOD « 0 0100 1 * *
(**=01,10,11)
,,,,, 1__
(**=00,01,10)
_____ 1__
__11____

PAFR «
LTRUN «

(Note) X ;Don’t care

Match with TREG4
(interrupt INTT4)

Match with TREGS

Stop timer 4.
Set the duty.
Set the cycle.
Set the TFF4 inversion to be effected by match with TREG4 or

TREGS. Initialize TFF4 to "0”.
Select the internal clock for the input, and disable the capture
function.

Assign P42 as TO4.

Start timer 4.

I |

-; No change

(interrupt INTTS)

TOA4 pin

|

4
—
—
—

MCU90-427
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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 (when duty rate is varied).

(4) Application examples of capture function

The loading of up-counter (UC16) values into the capture registers CAP1 and CAP2,
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and
CP5, and the output of the TFF4 status to TO4 pin can be enabled or disabled. Combined
with interrupt function, they can be applied in many ways, for example:

@  One-shot pulse output from external trigger pulse
Frequency measurement

Pulse width measurement

® 0 8

Time difference measurement
@  One-shot pulse output from external trigger pulse

Set the up-counter UC16 in free-running mode with the internal input clock,
input the external trigger pulse from TI4 pin, and lead the value of up-counter into
capture register CAP1 at the rise edge of the TI4 pin. Then set to
T4MOD <CAPM1,0>=01.

When the interrupt INT1 is generated at the rise edge of TI4 input, set the
CAP1 value (c) plus a delay time (d) to TREG4 (= c¢+d), and set the above set
value (¢+d) plus a one-shot pulse width (p) to TREG5 (= c¢+d+p). When the
interrupt INT1 occurs the T4FFCR register should be set that the TFF4 inversion
is enabled only when the up-counter value matches TREG4 or 5. When interrupt
INTTS5 occurs, this inversion will be disabled.

MCU90-428
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(> Set the counter in free-running mode.

Count clock ”""”"" ____muum___m“m.__mm__-
C c+d

(internal clock) c+d+p

Ti4 pin input l
(external trigger pulse) .k Load the up-counter value into Capture
i Register 1 (CAP1) INT1 occurred

Al

i
I
|
'
)
H
1

. | INTTS occurged
Inversion T !
i
i

Match with TREG4

enable

Match with TREGS

Disables inversion\ | |nversion |
caused by loading \ ! !
of the up-counter i enable 1

¥ value into CAP1.

Timer output pin TO4

-

]

1

Delay time 1 Pulse width |
.

1 i

(d) (p)

091190

Figure 3.9 (4) One-Shot Pulse Output (with Delay)

Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger
pulse to T4 pin

Main setting Keep counting (Free-runnig)
— L ‘Countwith ¢T1.
T4MOD « 00101001

Load the up-counter value into CAP1 at the rise edge
T4FFCR« 11 000000 of T14 pin input.

Clear TFF4 to zero.
Disable TFF4 inversion.

P4CR « - - - - - 1- -
(**=00,01,10) Select P42 as the TO4 pin.
P4FR ¢ - - - - - 1 - -
INTEL« 010 ~ - - - - Enable INT1, and disable INTT4 and INTTS.
LTRUN ¢ - -11-~ - - Start timer 4.

Setting of INT1

TREG4 « CAP1+3ms/gT1
TREGS « TREG4+2ms/¢T1

T4FFCRe X X - - 11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
INTEL ¢ - -1 - - - - - Enable INTTS5.
MCU90-429
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Setting of INTS

T4FFCR« 11 - ~-00 - ~
= . Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.
INTEL ¢« - -0 - - - - - Disable INTTS.
(Note) X;Don't care -;No changé

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 INT1 occurs. The
TFF4 inversion should be enabled when the up-counter (UC16) value matches
TREGS5, and disabled when generating the interrupt INTT5.

Count clock I"""I”" """"” """""
c

(internal clock) c+p

Tl4 pin input

1 tri I i, Load the up-counter value into Capture
(external trigger pulse) % R BT N s inte P

Load the up-counter value into
Capture Register 2 (CAP2).

:
: A INTTS i
Match with TREGS 1 /ﬂ occurred '
H H
] . i t
1
| anabieo” ! ;
Timer output pin TO4 | !
i
A ' Pulse width | FJ
. . |—>
Enables inversion caused ! (p) ! Disables inversion caused by loading of
by loading of the up- the up-counter value into CAP2.

counter value into CAP1.
131190

‘Figure 3.9(5) One-Shot Pulse Output (without Delay)

@  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 0 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. 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 INTTG or INTT1) is generated by either 8-bit
timer. :

MCU90-430

B 5097249 0041542 TL? WM

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90C845A

Count clock I”"””I" ”””"

{internal clock)

c1 c2
TFF1 ' : L——

! ]

H ]

Loading UC16 into CAP1 cl : " <l T
: ' :

. . \ Nl c2 ! c2

Loading UC16 into CAP2 \ 1 1
H 1
TNTTO/INTT? " "

010289

Figure 3.9 (6) Frequency Measurement

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

®  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 UC16 values into CAP1 and CAP2 at the rising edge
and falling edge of the external trigger pulse respectively. The interrupt INT1
occurs at the falling edge of T14.

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 = 80
microseconds.

Count clock
{internal clock)

c1 2 -
T4 pin
(external pulse) } 1 :
c1 \ C1
1]
|
c2

g

Loading UC16 into CAP1

Loading UC16into CAP2

N

e [lcces Sy S
'e)
N

INT1

121190

Figure 3.9 (7) Pulse Width Measurement

Note: Only in this pulse width measuring mode (T4MOD <CAPM1,0> =10), external interrupt
INT1 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the rising edge.

MCU90-431
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The width of “L” level can be measured from the difference between the first C2
and the second C1 at the second INT1 interrupt.

@  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 UC16 value into CAP1 at the rising edge of the input
pulse to TI14. Then the interrupt INT1 is generated.

Similarly, the UC16 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT2.

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 has been done.

(internal clock)

Count clock ""c"!"I —— __JU“U"]_ _____

T4 pininput

|

51

[
A
\

\

TI5 pin input

Loading UC16 into CAP1

|1

Loading UC16 into CAP2

e
S S e o SRR

INT1

INT2

Time difference

B s

Figure 3.9 (8) Time Difference Measurement
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TOSHIBA TMP90C845A

3.10 Stepping Motor Control/Pattern Generation Port (P6 and P7)

TMP90C845 contains 2 channels (M0 and M1) of 4-bit hardware stepping motor
control/pattern generation ports (herein after called SMC) which actuate in
synchronization with the (8-bit/16-bit) timers. The SMCs (MO and M1) are shared by 4-
bit I/0 ports P6 and P7.

Channel 0 (M0) is synchronous with 8-bit timer 0 or timer 1, and channel 1 (M1) is
synchronous with 8-bit timer 2 or timer 3 or 16-bit timer 4, to update the output.

The SMC ports are controlled by three control registers P67CR, P67FR, and TRDC
and can select either stepping motor control mode or pattern generation mode.

3.10.1 Control Registers

O]

@

3)

Ports 6 and 7 1/O selection register (P67CR)

This register specifies either input or output for each bit of the 4-bit /O ports 6 and 7.
When reset, all bits of P67CR are cleared to “0”, so that port 6 and port 7 function as
input ports. To use port 6 and port 7 as SMC, set all bits of P67CR to “1”, specifying
them as output pins.

P67CR is a write-only register and so cannot be read.

Ports 6 and 7 function control register (P67FR)

This register is used for setting port 6 and port 7 as SMC. To use port 6 and port 7 as
SMC, set P67FR<MO0S>/<M1S> to “1”.

With P67 <PAT0>/<PAT1>, set SMC in either 8-bit write mode or 4-bit write
mode. In 4-bit write mode, writing the SMC is executed only on the 4-bit shift alternate
register, and SMC functions as a pattern generation port.

To use SMC as a stepping motor control port, select the method of excitation and the
method to control the direction of rotation by P67TFR<MOM>/<MIM> and
P67TFR<CCW0>/<CCW1 >, respectively.

Selecting the channel 1 synchronizing timer (TRDC)

With TRDC<MI1T >, select a timer which synchronizes SMC channel 1 (M1). When
<MI1T> =0, M1 is synchronous with timer 2 or timer 3, while when <M1T> =1 it is
synchronous with timer 4.

MCU90-433
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(4) Porté

This is a 4-bit I/O port allocated to address FFCB.

The lower 4 bits are assigned as port 6, while the upper 4 bits function as the shifter
alternate register SA6 which is used in pattern generation mode or to drive the stepping
motor by 1-2 excitation.

(5) Port7

This is a 4-bit /O port and allocated to address FFCC.

The lower 4 bits are assigned as port 7, while the upper 4 bits function as the shifter
alternate register SA7 which is used in pattern generation mode or to drive the stepping
motor by 1-2 excitation.

7 i e | 5 i 4 i 3 i 2 & 1 i 0
F67CR |-Bit Symbol | P73C: i P72C  P7IC_: P70C_} P63C_: P62C : PEIC © P6OC
(FFCDH) Read/Write i W i _ W )
After reset o : 0 [ 0 [ o [ 0
Function 0:in 1:0ut 0:in 1:0ut

L 1 ]

[jslelect Port 6 I/0

(on bit basis)
0 |Input

1 |Output

SelectPort 7 1/O
(on bit basis)

0 {Input

1 |Output

121190

Figure 3.10 (1) Port 6 and Port 7 /0 Selection Register (P67CR)
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7P 6 s P4 i3 b2 i1 o
FE7ER LDitSymbol | PATY | cCwi | MIM | MIS © PATO : CCWO | MOM |  MoS
(FFDOH) Read/Write RIW H RAW

After reset 0 0 o i 0 o o 0 0

0: 8-bit i0:Normal  :0:1 i0:General- Eo: 8-bit i0:Normal 031 General

write i rotation : excitation: purpose write : rotation ! excitatiol purpose
" H oor ¢ port : i toor2 port

Function : :  excitation : : i excitatiol
< abi i 1:Reverse 11:1-2 11:5MC i1- a. i1:Reverse :1:1-2 MC
" ::Lte i fotation : excitation: : v 3\/:;; i rotation ! excitation:

I

I—»Selecting the function of Port 6

0 rpose port
' 1 pping motor control/pattern
generation port 0 (MO0)

L > Stepping motor control port 0 mode
(excitation)

0 |1 or 2 excitation (full step)

1 | 1-2 excitation (half step)

——Rotating direction of stepping motor
control port0

0 |Normal rotation

1 |Reverse rotation

—————>Selecting port 6 write mode

0 [8-bitwrite

4-bit write

1 |(Pattern generation mode)

(Only shifter alternate register can be
written.)

Figure 3.10 (2a) Port 6 and Port 7 Function Control Register (P67FR)
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7 6 3 i o2 i o1 i o

Fe7FR | bitSymbol | PATI cowt i PATO : CCWO i MOM : MOS

(FFDOH) Read/Write R/W i RIW i

After reset 0 0 H 0 0 0 0

0: 8-bit §0:Normal 0: 8-bit gO:Normal f:O:'l L ;D:General-

write . rotation write . rFotation @ excitation: purpose
Function H i :;cutanon ; port
et §“§§rva‘i?§3- e aei Ehfgéeéif\ éié;zcltanon 1isme

Selecting the function of port7

0 | General-purpose port
1 Stepping motor control/pattern
generation port 1 (M1

L »Stepping motor control port 1 mode

{excitation)

0 |1 or2 excitation (full step)

1 | 1-2 excitation (half step)

Rotating direction of stepping motor
control port 1

Normal rotation
Reverse rotation

ecting port 7 write mode

8-hit write

4-b|t write
(Pattern ?teneratlon mode)
(Only shl er alternate register can be

written.)

Figure 3.10 (2b) Port 6 and Port 7 Function Control Register (P67FR)

MCU90-436

B 9097249 0041548 435 WE

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003




TOSHIBA TMPY0C845A

7 f e ios a4 i3 i o2 i1 i g
TRDC | DitSymbol | MiT_ ¢ : i | TRADE : TR2DE | TRODE
(FFDBH) | Read/Write | R/W ; RIW
After reset 0 : 0 0 0
O:Timerzg i 0: Double Buffer Disable
or3 i H
trigger : :
-lgg : : 1: Double Buffer Enable
1:Timer4: H
trigger : :
! R |
Explained in 3.8 “8-Bit Timer”
Selecting the shift trigger of port 7
(M10~M13)
0 |Timer2or3
1 | Timer4
( Shift trigger generating timer for stepping motor >
control/pattern generation
Figure 3.10 (3) Timer Register Double Buffer Control Register (TRDC)
7 e foos boa b o3 b 2 b4 i o
PG bitSymbol | SA63 | SA62 : SAB1 i SA60 : P63 i P62 i PB1 i P6O
(FFCBH) Read/Write w : R/W
After reset Undefined Input mode
Shift alternar;%{(e)?lcs;en;&]‘or stepping Shared by stepping motor control port 0
i
L pons
Shift alternate register 0 for stepping
motor control
A R T O T T T T T T R A
P7 bitSymbol | $A73 | SA72 ! SA71 ! SA70 i P73 ! P72 | P71 ! P70
(FECCH) | Read/Write w ; RIW
Afterreset Undefined Input mode
shift altem?.}\z{g?::%ﬁrtrgfor stepping Shared by stepping motor control port 1
[

; Port7

shift alternate register 1 for stepping
motor control

Figure 3.10 (4) Port6 and Port7
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3.10.2 Pattern Generation Mode

SMC functions as a pattern generation port according to the setting of
P67FR<PATI1>/<PATO0>. In this mode, because writing from CPU is executed only
on the shifter alternate register, writing ports 6 and 7 can be done during the interrupt
operation of the timer for shift trigger and a pattern can be output, synchronous with the
timer. A

In this mode, P6TFR<MI1M>/<MOM > must be always set to “1”.

Figure 3.10 (5) shows the block diagram of this mode.

Qutput tatch
Shift alternate register

LATCH63 ——»["] MO3 (P63)
" SAB3
3
< { LATCH62 }——»El MO02 (P62)
© SAG2
(=4
° { LATCH61 '—-—-»r_“] MO01 (P61)
-
£ e SA61

LATCH60 |——>[:] MOG (P60)

A
Shift due to the shift trigger from timer

e E— SAB0

Figure 3.10 (5) Pattern Generation Mode Block Diagram (Port 6)

In this pattern generation mode, only writing the output latch is disabled by
hardware, but other functions do the same operation as 1-2 excitation in stepping motor
control port mode. Accordingly, the data shifted by trigger signal from a timer must be
written before the next trigger signal is output.

MCU90-438
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3.10.3 Stepping Motor Control Mode
(1)  4-phase 1-Step/2-Step Excitation

Figure 3.10 (6) and Figure 3.10 (7) show the output waveforms of 4-phase 1 excitation
and 4-phase 2 excitation, respectively when channel 0 is selected.

Sets cycle by timer 0 or timer 1
Trigger signal

from timer I_I n n l l I I n n

£b0 b3 b2 b1 bo | |
MO0 (P60) ;

b1 b3 b1 l
MO1(PE1) | b0 b2
MO2 (P62) b2 | b1 b0 b3 I b2 |
M03(P63)  ib3 b2 b1 b0 b3 | l

Initial value P6 {x x x x0100) Note: bn indicates the initial value of P6
(x x x xb3b2Db1bo).

@  Normal Rotation

Trigger signal

from timer n n I'L r[ n L L
MOD (P60) b0 l b2 b3 b0 | l
MO1 (P61) §b1 bz b3 bo b1 1
M02 (P62) b2 I b3 bo b1 [z ]
MO3 (P63) b3 b0 b1 b2 b3

:

Initial value P& (x x x x0100)

®  Reverse Rotation

Figure 3.10 (6) Output Waveforms of 4-Phase 1-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal .
from timer J-I n I-I rl n ﬂ ”
MO0 (P50) bo Jb3 b2 jb1 b0 | l
{b1 b0 Jb3 b2 | b1 I
MO1(P61)
Mo2(p62) b2 o1 b0 [ob3 b2 |
MO3 (P63) b3 b2 b1 bo b3 |

Initial value P6 {x x x x 1100}

Figure 3.10(7) Oufput Waveforms of 4-Phase 2-step Excitation (Normal Rotation)

The operation when channel 0 is selected is explained below.

The output latch of MO (also used as P6) is shifted at the rising edge of the trigger
signal from the timer to be output to the port.

The direction of shift is specified by P67TFR<CCW0>: Normal rotation
(M00—M01—->M02—+MO03) when <CCWO0> is set to “0”; reverse rotation
(M00«M01<-M02<MO03) when “1”. 4-phase 1-step excitation will be selected when
only one bit is set to “1” during the initialization of port 6, while 4-phase 2-step
excitation will be selected when two consecutive bits are set to “1”.

Figure 3.10 (8) shows the block diagram.

OQutput latch
Shift alternate Register 3L

LATCH®63 —-{ ] MO03 (P63)

L
R = N Y

LATCH62 L[] MO02 (P62)

bus

p [ Eaath
S e ] n
@ I-“‘—
- l__> M01 (P61
- LATCH61 | (P61)
e ] n

[ LaTcH60 "] MO0 (P60)

e ]

L is showing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (8) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation
(Normal Rotation)

MCU90-440
- mM 9097249 0041552 9bb R

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP9Y0C845A

(2) 4-Phase 1-2 step Excitation

Figure 3.10 (9) shows the output waveforms of 4-phase 1-2 step excitation when
channel 0 is selected.

Trigger signal

from timer : n n n n n rl n

MO0 (P60) bo ba b3 b7 b2 | 5 b1 bs
MO1 (P61) b1 b5 b0 b4 |b3 b7 b2 Los
M02 (P62) b2 I b6 b1 bs b0 ba 53 57
MO3 (P63) b3 b7 b2 |66 b1 b5 50 b4

i

Initial value P6 (10001100) Note: bn denotes the initial value P6 (b7 b6 b5 b4 b3 b2 b1 b0).

@  Normal Rotation

Trigger signal : rl n n n n n n

MO0 (P60) i o8 bl b6 |2 b7 b3 |Lbs
MO1 (P61) b b6 b2 b7 b3  |oe b0 bs
MO2 (P62) b2 b7 b3 = b0 bS b1 b6
MO3 (P63) T'—[ ba b0 bs b1 b6 b2 b7

A

Initial value P& (10001100)

@ Reverse Rotation

Figure 3.10 (9) Output Waveforms of 4-Phase 1-2 step_ Excitation
(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as follows.

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1 b0” to “b3 b7 b2 b6 b1 b5 b0
b4”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b3, b7, and b2 are set to “1”, the initial value becomes “10001100”,
obtaining the output waveforms as shown in Figure 3.10 (9).

To get an output waveform of negative logic, set values 1’s and 0’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.10
(9) into negative logic, change the initial value to “01110011”.

The operation will be explained below for channel 0.

The output latch of MO (shared by P6) and the shifter alternate register (SA6) for
stepping motor control are shifted at the rising edge of trigger signal from the timer to
be output to the port. The direction of shift is set by P6TFR<CCWO0>.

Fig 3.10 (10) shows the block diagram.

Outputlatch

AL
LATCH63 L[] M03 (P63)

e ]
rys

Shift'alternate register

b3

3

o |b2 LATCH62 l— ——[] M02 (P62)
¢ |bs iL

P[]

@ AL

<

-l { LATCH61 |————-——>|:]M01(P61)
sL
o
41

A
b0 i
LATCHG0 +——[ ] MO0 (P60)
i1
v ]
. [}

1 is showing to shift the signal at the rising
edge of trigger signal from the timer. 121190

Figure 3.10 (10) Block Diagram of 4-Phase 1-2 step Excitation (Normal Rotation)
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Setting example: To drive channel 0 (M0) by 4-phase 1-2 step excitation (normal
rotation) when timer 0 is selected, set each register as follows.

76543210

TRUN ¢ - - - = - - - 0 Stop timer 0, and clear it to zero.

TOIMOD« 0 0 X X - - 0 1 Set 8-bit timer mode and select ¢T1 as the input clock of timer 0.
TFFCR ¢ - - - -1010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGO « * * * » % x x ¥ Set the cycle in timer register.

P67CR « - - - -1111. Set all P6 bits to the output mode.

P67/FR « - - - -0011 Select 4-phase 1-2 step excitation mode and normal rotation .
P86 «10001100 Set an initial value.

TRUN ¢ - -1 - - - -1 Start timer 0.

(Note) X;Don’t care -;No change

3.10.4 Trigger Signal From Timer

The trigger signal from the timer which is used by SMC is not equal to the reverse
trigger signal of each timer flip-flop (TFF1, TFF3, TFF4, and TFF5) and differs as shown
in Table 3.10 (1) depending on the operation mode of the timer.

3.10 (1) 8-Bit Timers 0 and 1 (Same for timers 2 and 3)

TFF1 inversion SMC shift

Selected by TFFCRO (FF1IS) when
8-bit timer mode |the up-counter value matches -
TREGO or TREG1 value.

When the up-counter value

matches with both TREGO and
TREG1 values (The value of up- I —
counter = TREG1*28 + TREGO)

16-bit timer mode

When the up-counter value When the up-counter value
PPG output mode [matches with both TREGO and matches TREG1 value (PPG
TREG1 cycle)

When the up-counter value
matches TREGO value at PWM
cycle.

PWM output
mode

Trigger signal for SMCshift is
not output.

Note: To shift SMC, TFFCR<FF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 of SMC can be synchronized with the 16-bit timer. In this case, the SMC
shift trigger signal from the 16-bit timer is output only when the up-counter value
matches TREG5. Set either T4FFCR<EQST4> or TAMOD <EQ5T5>to “1”.

MCU90-443
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3.10.5 Application of SMC and Timer Output

As explained in 3.10.4 “Trigger signal from timer”, the timing to shift SMC and

invert TFF differs depending on the mode of timer. An application to operate SMC while

operating an 8-bit timer in PPG mode will be explained below.

To drive a stepping motor, in addition to the value of each phase (SMC output),
synchronizing signal is often required at the timing when excitation is changed over. In
this application, noting this fact, port 6 is used as a stepping motor control port to output

a synchronizing signal to the TO1 pin (shared by P40).-

TO1 (P40)

MO0 (P60}

MO1 (P61)

MO2 (P62)

MO3 (P63)

TREG1

REGO

—

—1

Output Waveforms of 4-Phase 1-step Excitation

Setting example:

« 765432140
TRUN ¢ - - - - - - 00 Stop timer 0, and clear it to zero.
TOIMOD« 1 0 X X X X0 1 Set timer 0 and timer 1 in PPG output mode and select

4T1 as the input clock.
TFFCR « 11 - 11X Enable TFF1 inversion and set TFF1to “1”.
TREGO « * * * * = » * Set the duty of TO1 for TREGO.
TREGL ¢« * * * * * x x » Set the cycle of TO1 for TREG1.
P4FR ¢ =~ - XX - - -1
PACR ¢ - - - = — - = 1 Assign P40 as TO1.
P67FR ¢« - - - - 001 Set P6 as SMC in 4-phase 1-step excitation mode.
PE7CR « - - --1111 Set all P6 bits to output mode.
P6 € Fxx koxoxoox Set an initial value.
TRUN ¢ - -1---11 Start timer 0 and timer 1.
(Note) X;Don’t care -;No change
MCU90-444
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3.11 Serial Channel

TMP90C845A contains a serial I/O channel for full duplex asynchronous
transmission (UART) as well as for /O extension.

The serial channel has the following operation modes.
* I/O interface mode ——————— Mode 0: To transmit and receive [/O data as well as the

synchronizing signal SCLK for extending I/0.

+ Asynchronous Mode 1: 7-b?t data
transmission (UART) mode 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 wake-up function for

making the master controller start slave controllers in serial link (multi-controller
system).

Figure 3.11 (1) shows the data format (for one frame) in each mode.

*  Mode 0 (/O interface mode)

«— Transfer direction

* Mode 1 (7-bit UART mode)

s Y Yo
D € 60 6 O 6 0 o 1

¢  Mode 2 (8-bit UART mode)

D 6 6 63 ED 6 8 0 L
D €D 63 €5 €3 62 €9 €3 0 1

* Mode 3 (9-bit UART mode)

OO0 000000
D .6 6 B 6 O B D X

When bit8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

Figure 3.11 (1) Data Formats

MCU90-445
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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/0O interface mode, SCLK (serial clock) pin is commonly used for both
transmission and receiving, the channel becomes half-duplex. .

The receiving buffer 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.
Namely, the one buffer stores the already received data while the other buffer receives
the next frame data.

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 transmission buffer 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
SCCR< OERR, PERR, FERR > will be set. '

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

The serial channel includes a special baud rate generator, which can set any baud
rate by dividing the frequency of 4 clocks (4T0, ¢ T2, 4T8, and ¢T32) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16.

MCU90-446
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3.11.1 Control Registers

The serial channel is controlled by 4 control registers SCMOD, SCCR, BRGCR, and
P23FR. Transmitted and received data are stored in register SCBUF.

7 0 e fos b4 i3 iz i1 o
SCMOD bitSymbol | TB8 irixedto®0! RXE §{ WU i SM1 | SMO i SC1 i SCO
(FFE6H) Read/Write : : : RNV : :
After reset |Undefined: 0 : 0 : 0 : 0 ] : 0 : Q
Transfer 1 1 00: 1/O Interface 00: TO2TRG
. data ! Receive i Wake Upi 01: UART 7Bit i 01:BRG Mode
Function X : : H H . :
Bit8 : Enable ! Enable : 10:UART 8Bit : 10: ¢1
: : : © 11:UARTOBit : 11: —
| T
L_>Se-rial transmission clock
UART mode /O interface

00 | Timer 2 match

detect signal External clock

01 {Baud rate
or
generator
baud rate
generator

11 | Reserved

(cannot be used)

L Serial transmission mode

00 1/0 interface made

10 | UART mode

1 9-bit tength

L———— Wake-up function
9-bit UART Other mode
0 [Interruptwhen

data are received. ,
..................................... don't care
1 |Interrupt only

when RB8 = 1.

————————— Enable receiving
0 [Disable

Transmission data bit 8

Figure 3.11 (2) Serial Channel Mode Register (SCMOD)
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7 i e s i oa i o3 b2 F o0 i o9
bitSymbol | RB8 | EVEN | PE i OERR : PERR : FERR : SCLKC { 10C
(FSF(f:E(;':I) Read/Write R RIW ?R(Cleared to zero when read) :
After reset [Undefined: 0 0 0 0 0
Received Parity 1 Parity 1: Error
. data : 0:0dd : Enable: Overrun :Parity i Framing :
Function . : : H H H H
Bit8 : 1:EVEN : : H : B

|: Select SCLK I/O

0 |SCLK output mode

Li “1sClKinputmode
Edge selection in SCLK input mode

0 [Transmits and receives data at the
rise edge of SCLK {_£ ).

1 [ Transmits and receives data at the
fall edge of SCLK( ~ ¥_)

_——— Framing error flag Cleared to
L—— - Parity error flag zero when
L Overrunerror flag read.

— Enable parity addition
+ | 0 |Disable

Enable

Addition/check of even parity
*| 0 |Odd parity

Even parity

Receiving data bit 8

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

Figure 3.11 (3) Serial Channel Control Register (SCCR)

7 6 5 4 3 2 1 0

TB7 | TB6 : TBS i TB4 : TB3 | TB2 | TB1 | TBO |(Transmission)

SCBUF

{FFE8H)
7 6 5 4 3 2 1 0

131190

RB7 | RB6 i RB5 | RB4 | RB3 | RB2 | RB1 | RBO |(Receiving)

Figure 3.11(4) Serial Transmission/Recei;/ing Buffer Registers (SCBUF)
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7 i 6 s i oa o3 [ 5 T
BRGCR bit Symbol | Fixedto 0" i BGI | BGO i Pps3 1 ps2 | ps1 . pso
GC - : T
Read/Write : :
(FFE9H) ; ; ; ; Liud : ;
After reset 0 : : 0 : 0 : 0 : 0 : 0 : 0
: 00: fc/4 H
Function 01: f/16 Divided frequency of prescaler
10: f6a :
11: for256
]

Setting of the divided

frequency of baud rate
generator

0000 16

“0001” cannot be set.

Selecting the input clock of
baud rate generator

00 |Internal clock ¢TO (fc/4)

11 |internal clock 4T32 (fc/256)

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

mode.

Figure 3.11 (5) Baud Rate Generator Control Registers (BRGCR)

MCU90-449
B 9097249 0041561 979 mm
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TOSHIBA TMP90C845A
7 6 s i 4 i 3 2 1i o
D23FR bit Symbol | ODE TXDC | SCLKC iFixedto=0” | Fixedto“0"i 10CS RAMCS | ROMCS
Read/Write R/W
(FFCEH) H H +
After reset o 0 [ 0 i 0 0 0 0
Function [P37 P37 iP36 : : ip2s ip24
0: CMOS icontrol gcontrol : control gcontro|
1:Open :0:Port :i0:Port ! i0: i0:
Drain | output i output (oI IS H RAMCS: 1: ROMCS
i1: TxD ERERTaN G i output i output output
i output:i outputi H : H

Explained in 3.7
“Programmable Chip
Select”

Setting P36 as SCLK output

Port output

SCLK output

Setting P37 as TxD output

0
1

Port output

TxD output

Setting P37 as open drain output

CMOS. output

Open drain output

Figure 3.11(6) Port2 and Port 3 Function Registers (P23FR)

MCU90-450

B 9097249 0041562 805 WM
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TOSHIBA : TMP90C845A

3.11.2 Configuration
Figure 3.11 (7) shows the block diagram of the serial channel.

* Frequency divider
TO2TRG (Timer 2 comparator output)

h
|
[ T - !
e P L s 5|
1 $T0 (fe/d) > © ! v byt ! SIOCLK
1 gT2(fc/16) | v : © @ 1
LgT8(frea) el 2 i © | UART o i
| $732 (fy256) —~ 2 ! v | mode w |
1 i
i : ! A A4 i
' ¢- Baudrate -__-. SCMOD SCMOD !
g1 (f2) generator <5C1,0> <SM1,0> !
1) 1
' . o y
; +2 ‘J :
1 “ 1
H ¢ 1
o | ¥Ointerface mod !
SCLK input O o " oce
(shared by H ]
L R frmmmmm e 4
SCLK g _ SCCR<IOC>
output INTRX INTTX
(shared by P36) f *
Receive Serial channel Transmission
counter SCMOD—» interrupt counter
(+16) <WU> | cantrol (+16)
RXDCLK ¥ 4 T T TXDCLK { ¥
SCMOD =] Receive Transmission
<RxE> control > control
SCCR  SCCR
<PE> <EVEN>
Parity control
Receive buffer 1 (shift register)
RxD
{shared by
P35)

LRBB l Receive bufferZ(SCBUﬂ IErrorflag I [ TB8 |Transmission buffer (SCBUF) l_’DTxD

l (shared by P37)
SCCR
< OERR, PERR, FERR>

Internal bus

Figure 3.11 (7) Block Diagram of the Serial Channel

MCU90-451
B 9097249 0041563 74l EN
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TOSHIBA TMP90CBA5A

@ 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, ¢ TO (fc/4), ¢T2 (fc/16), ¢ T8 (fc/64),
or ¢ T32 (fc/256) 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
BRGCR<BG1,0>.

The baud rate generator includes a 4-bit frequency divider, which divides
frequency by 2 to 16 values to determine the transfer rate.

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

* UART mode

Input clock of baud rate generator +16

T fer rate =
ransierrate Frequency divisor of baud rate generator

* I/Ointerface mode

Input clock of baud rate generator

Transfer rate= —
Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows.
$TO="fc/4
$T2="fc/16
¢T8="1c/64
$T32="1c/256

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

fc/16

+16
5

Transfer rate=
=12.288 x 105/16/5/16 =9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can geta transfer rate. Table 3.11 (2)
shows an example of baud rate using timer 2.

MCU90-452
BN 9097249 0041564 Lad HE
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TOSHIBA TMP90C845A

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Source clock Inputclock g 472 4T8 4132
(fo) Frequency (FC/a) (FC/16) (FC/64) (FC/256)
2H 76.800 19.200 4.800 1.200 {Units: Kbps
4H 38.400 9.600 2.400 0.600
9.8304 MHZ
8H 19.200 4.800 1.200 0.300
oH 9.600 2.400 0.600 0.150
5H 38.400 9.600 2.400 0.600
12.288 MHZ
AH 19.200 4.800 1.200 0.300
3H 76.800 19.200 4.800 1.200
14.7456 MHZ 6H 38.400 9.600 2.400 0.600
CH 19.200 4.800 1.200 0.300

Table 3.11(2) Selection of Transfer Rate (2)
(When Timer 2 (Input Clock 4T1) Is Used) Units:Kbps

fc 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
1H 96 76.8 62.5 48
2H 48 384 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 24

131190

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

1 1
TREG2 X 76 x (Input clock of timer 2)

Transfer rate =

input clock of timer 2

$T1 = fc/g

$T4 =tz

4T16 = fc/q28
MCU90-453

B 9097249 DOY415L5 S5lu HE
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TOSHIBA TMP90C845A

@  Serial clock generation circuit

This circuit generates the basic clock for transmitting and receiving data.

1) I/O interface mode
When in SCLK output mode with the setting of SCCR<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 SCCR<IOC> =
“1”, the rising edge or falling edge will be detected according to the setting of
SCCR<SCLKC> register to generate the basic clock.

2) Asynchronous communication (UART) mode
According to the setting of SCMOD <SC1,0>, the above baud rate generator
clock, internal clock ¢1 (fc/2) (312.5 Kbaud at 10 MHz), or the match detect signal
from timer 2 will be selected to generate the basic clock SIOCK.

@  Receiving counter

The receiving counter is a 4-bit binary counter used in asynchronous
communication (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
1) /O interface mode

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

When in SCLK input mode with the setting SCCR<IOC> =“1", RxD signal
will be sampled at the rising edge or falling edge of SCLK input according to the
setting of SCCR<SCLKC > register.

2) Asynchronous communication (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
normal start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.

MCU90-454
B 9097249 004156k 450 HE
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®  Receiving buffer

To prevent overrun from occurring, the receiving buffer has a double 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 another receiving buffer 2 (SCBUF), generating an
interrupt INTRX. The CPU reads only receiving buffer 2 (SCBUF). Even before
the CPU reads the receiving buffer 2 (SCBUF), the received data can be stored in
the receiving buffer 1. However, unless the receiving buffer 2 (SCBUF) 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 SCCR<RB8> 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 SCCR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is

enabled by setting SCMOD <WU > to “1”, and interrupt INTRX occurs only when
SCCR<RB8> isset to“1”.

®  Transmission counter

Transmission counter is a 4-bit binary counter which is used in asynchronous
communication (UART) mode and, like a receiving counter, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

SIOCLK
1516 M 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
TXDCLK L]

3
N

E=

@  Transmission controller
1) I/O interface mode

In SCLK output mode with the setting of SCCR<IOC> =“0”, the data in the
transmission buffer are output bit by bit to TxD pin at the rising edge of shift clock
which is output from SCLK pin.

In SCLK input mode with the setting of SCCR<IOC> =“1”", the data in the
transmission buffer are output bit by bit to TxD pin at the rising edge or falling
edge of SCLK input according to the setting of SCCR < SCLKC > register.

2) Asynchronous communication (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.

MCUS0-455
E 9097249 00415L7 397 WE
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Transmission buffer

Transmission buffer SCBUF shifts out and sends the transmission data written
from the CPU from the least significant bit (LSB) in order, using transmission
shift clock TxDSFT which is generated by the transmission control. When all bits
are shifted out, the transmission buffer becomes empty and generates INTTX
interrupt.

®  Parity control circuit

When serial channel control register SCCR<PE > is set to “1”, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART or 8-bit UART mode. With SCCR<EVEN > register, even (odd) parity can
be selected. . .

For transmission, parity is automatically generated according to the data
written in the transmission buffer SCBUF, and data are transmitted after being
stored in SCBUF <TB7> when in 7-bit UART mode while in SCMOD <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 (SCBUF), and then
compared with <RB7> of SCBUF when in 7-bit UART mode and with
SCCR<RB8> when in 8-bit UART mode. If they are not equal, a parity error
occurs, and SCCR<PERR> flag is set.

@® Errorflag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error (SCCR<OERR>)

If all bits of the next data are received in receiving buffer 1 while valid data are
stored in receiving buffer 2 (SCBUF), an overrun error will occur.

2. Parity error (SCCR<PERR>)

The parity generated for the data shifted in receiving buffer 2 (SCBUF) is
compared with the parity bit received from RxD pin. If they are not equal, a parity
error occurs.

3. Framing error (SCCR<FERR>)

The stop bit of received data is sampled three times around the center. If the
majority is “0”, a framing error occurs.

MCU90-456
Bl 9097249 00415L8 223 =
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TMP90C845A

@ Generating Timing

1) UART mode

Receiving

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Center of last bit
(Bit 8}

Center of last bit
(parity bit)

Center of stop bit

Framing error
timing

Center of stop bit

Parity error timing

Center of last bit
(Bit 8)

Center of last bit
(parity bit)

Center of stop bit

Overrun error
timing

Center of last bit
(Bit 8)

Center of last bit
(parity bit)

Center of stop bit

Note:

Framing error occurs after an interrupt has occurred. Therefore, to check for

framing error during interrupt operation, it is necessary to wait for 1 bit period of

time.

Transmitting

B 9097249 0041569 16T IH

Mode 9 Bit 8 Bit + parity 8 Bit, 7 Bit + parity, 7 Bit
- Just before last bit is
Interrupt timing transmitted. — «—
MCU90-457
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3.11.3 Operational Description

(1

Mode 0 (I/O interface mode)

This mode is used to increase the number of I/O pins of TMP90C844 for transmitting

or receiving data to or from the external shifter register.

This mode includes SCLK output mode to output synchronous clock SCLK and SCLK

input mode to input external synchronous clock SCLK.

*  Example of SCLK output mode connection

Qutput Input
extension extension
TMPS0C845 Shiftregister A - TMP90C845 Shiftregister A | «—
Bl — Bl -
TxD Sl (e RxD QH Cl -
D| — D} -—
SCLK SCK El — SCLK CLOCK E| -~
F| — F| -
Port RCK G| — Port s/T G| =~
H{ — H| -
TC74HCS595 or TC74HC165 or
the like the like
* Example of SCLK input mode connection
Output port Input port
extension extension
TMP90C845 Shiftregister | — TMP90C845 Shiftregister A «—
B| — B| <«
TxD Si C| — RxD QH C| -
D| = D| =
SCLK SCK E| — SCLK ] CLOCK E| =
F| — F| -
Port RCK G| — Port s/t G| =
H| — | H| -
TC74HC595 or TC74HC165 or
External clock — the like External clock — the like

Figure 3.11 (8) 1O Interface Mode

MCU90-458
Bl 9097249 0041570 981 EW
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@  Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD
pin and SCLK pin, respectively, each time the CPU writes data in the

transmission buffer. When all data is output, IRFL<IRFTX > will be set to
generate INTTX interrupt.

Timing to write T

transmission (¢

ata N 7
SCLK output ~—t A LA Lo L& 14
TXD X_bito X bita )(j\ X_bite X bit7__X
TXDSFT 1 Mn_ 1 I M
IRFTX (INTTX g [

=7

interrupt flag)

Figure 3.11(9) Transmitting Operation in /O Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.
When all data are output, <IRFTX > will be set to generate INTTX interrupt.

S(g(L:ﬁérep;ué Rising edge mode) I_‘A —[—-—A L%J L_.A u
[ T e N i N 20

SCLK input
(SCLKC = 1: Falling edge mode)
TxD X bito X bit1 X;\ bit5 X bit6 X bit7 X
TxDSFT I |'L( n M
T
IRFTX . |
o

Figure 3.11(10) Transmitting Operation in I/O Interface Mode (SCLK Input Mode)

MCU90-459
B 9097249 0041571 8418 W
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®  Receiving

In SCLK output mode, received data are read by the CPU, and synchronous
clock is output from SCLK pin and the next data are shifted in the receiving buffer
1 whenever the receive interrupt flag IRFL <IRFRX > is cleared. When 8-bit data
are received, the data will be transferred in the receiving buffer 2 (SCBUF), and
<IRFRX > will be set again to generate INTRX interrupt.

IRFH<IRFRX> I >~ I

(INTRX interrupt flag) \ \

SCLK output ~~t A LA Lid LA LXK
RxD bit0 X i1 X btz PXbite X btz

I

Timing to shift data in
the receiving buffer 2

Figure 3.11 (11) Receiving Operation in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, received data are read by the CPU, and the next data is
shifted in the receiving buffer 1 when SCLK input becomes active while the
receive interrupt flag <IRFRX > is cleared. When 8-bit data is received, the data
will be shifted in the receiving buffer 2 (SCBUF), and <IRFRX > will be set again
to generate INTRX interrupt.

?é:él{(Klg 2'.(‘)t Rising edge mode) L—A l—r L‘S—A I——A L_—.A
M vy Y v v

SCLK input
{SCLKC = 1: Falling edge mode)

RxD bit 0 Y bitd XbitZ\D(bitS Y oit7 Y
Timing to shift data n

in the receiving
buffer 2

Figure 3.11 (12) Receiving Operation in I/O Interface Mode (SCLK Input Mode)

For data reception, the system must be placed in the receive enable state.
(SCMOD <RXE>=*1")

(2) Mode 1(7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCMOD <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.

MCU90-460
B 9097249 0041572 7?54 W
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TOSHIBA TMP90C845A

SCCR<PE>, and even parity or odd parity is selected by SCCR<EVEN> when
<PE> isset to “1” (enable).

Setting example: When transmitting data with the following format, the control
registers should be set as described below.

D 60 6 € € 6 O 55 T

~— Transfer direction (transfer rate: 2400 bps at fc=12.288 MHz)

76543210
PCR €1 - -=--- - \r' Select P37 as the TxD pin.
P23FR¢ -1 ---000 J
SCMOD « X 0 - X 0101 Set 7-bit UART mode.
SCCR ¢ X1 1XXXXX Add an even parity.
BRGCR « 0 X 1 00101 Set transfer rate at 2400 bps.
TRUN « X X1 ---- - Start the prescaler for the baud rate generator.
INTEL ¢ - - - - - 1- - Enable INTTX interrupt.
LSCBUF « * % * » % * % & Set data for transmission.

(Note) X; Don’t care -; Nochange

(3) Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SCMOD<SM1,0> to “10”. In this
mode, parity bit can be added, the addition of a parity bit is enabled or disabled by

SCCR<PE>, and even parity or odd parity is selected by SCCR<EVEN> when
<PE> isset to “1” (enable).

Setting example: When receiving data with the following format, the control
register should be set as described below.

0. .63 €3 £ €63 03 68 5 -

~—— Direction of transmission (transmission rate: 9600 bps @ fc=12.288 MHz)

MCU90-461
B 9097249 0041573 90 WA
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Main setting
» 7658
P3CR « - -0
SCMOD « - 0 1
SCCR « X 01
BRGCR « 0 X O
TRUN « X X 1
| INTEL « - - -

INTRX processing

Acc « SCCR AND 00011100
if Acc # 0 then error

Acc  « SCBUF

(Note) X ;don’t care

(4) Mode 3 (9-bit UART Mode)

Specify P35 (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 INTRX interrupt.

Check for error.

Read the received data.

-;no change

9-bit- UART mode can be specified by setting SCMOD<SM1,0> to “11”.
mode, parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCMOD <TB8>>, while in receiving
it is stored in SCCR<RB8>. For writing and reading the buffer, the MSB is read or

written first then SCBUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCMOD <WU > to “1”. The interrupt INTRX occurs only when SCCR<RB8> = 1.

H

TxD RxD

Master

TxD

Sléve 1

RxD

TxD

Slave 2

RxD

TxD

Slave 3

RxD

TMP90C845

Note: TxD pin of the slave controllers must be in open drain output mode.

TMPS0C845

TMP90C845

TMP90C845

Figure 3.11 (13) Serial Link Using Wake-Up Function

MCU90-462
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TOSHIBA TMP90C845A

[ rrotocal |

oy
@
®

Select the 9-bit UART mode for the master and slave controllers.
Set SCMOD <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 (bit 8) SCMOD <TB8 > is set to “1”.

N———

Select code of slave controller 1

Each slave controller receives the above frame, and clears WU bit to “0” if the
above select code matches its own select code.

The master controller transmits data to the specified slave controller whose
SCMOD <WU> bit is cleared to “0”. The MSB (bit 8) SCMOD <TB8> is cleared

to I(O”
D €D 63 63 €3 € €3 63
N——

Data 0"

The other slave controllers (with the SCMOD<WU> bit remaining at “1” )
ignore the receiving data because their MSBs (bit 8 or SCCR<RB8>) are set to
“0” to disable the interrupt INTRX.

When the WU bit is cleared to “0”, the interrupt INTRX occurs, so that the slave
controller can read the receiving data.

The slave controllers (WU =0) transmit data to the master controller, and it is
possible to indicate the end of data receiving to the master controller by this
transmission.

Setting example: To link two slave controllers serially with the master controller, and

use the internal clock ¢/1 (f¢/2) as the transfer clock.

MCU90-463
B 9097249 0041575 4bH3 N
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TOSHIBA TMP90C845A
TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2
Select cade Select code
00000001 00001010

* Setting the master controller

FPSCR
P23FR
Main INTEL
SCMOD
SCBUF

OB I S S

INTTX | SCMOD
interrupt | SCBUF
—

T

+

1-0-----
-1---00

____11__
10101110
00000001
0~ =-=-=-=-=

} Select P35 as RxD pin and P37 as TxD pin.

Enable INTRX and INTTX.
Set 41 (fc/2) as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

Sets SCMOD<TB8> to“0”".
Set data for transmission.

* Setting the slave controller 2

[Pacr

€1 -0-=---- Select P35 as RxD pin and P37 as TxD pin (open drain

Main P23FR ¢« 11 - - -000 / output).

INTEL ¢« - - - - 11 - - Enable INTRX and INTTX.

SCMOD « 00111110 Set <WU> to “1” in the 9-bit UART transmission mode

- with transfer clock ¢ 1 (f/2).
INTRX Acc + SCBUF
interrupt | 1f Acc = Select code

then SCMOD ¢ - - - 0 - - - - Clear <WU>to “0".

(Note) X:;Don't care -;No change

MCU90-464
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3.12 Analog/Digital Converter

TMP90C845 contains a high-speed, high-accuracy analog/digital converter (A/D
converter) with 4-channel analog input that features 8-bit sequential comparison.

Figure 3.12 (1) shows the block diagram of the A/D converter. 4-channel analog input
pins (AN3 to ANO) are shared by input-only port P5 and so can be used as input port.

Internal bus

@ PN
A/D converter mode register (ADMOD) ————————
ADCH | o EOCF ADBF PEIPET SCAN ADCS ADS

| Irepeat scan yspeed ystart
" end |busy

A/D converter _»INTAD
Channel select control circuit interrupt
Analog input

. Sample ‘_, ;i
AN3 (P53) [O—= Multiplexer [~ h°|dpe, > A/D conversion result register
AN2 (P52) [}— (ADREGO to ADREG3)
AN1 (P51) O
ANO (PS50} (O

Veer [3— A |
D/A converter
Agno OFH— \]—

Figure 3.12 (1) Block Diagram of A/D Converter

MCU90-465
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3.12.1 Control Registers
7 i 6 i 5 i 4 i 3 { 2 1 1 i 0
oM bitSymbol | EOCF : ADBF : REPET i SCAN i ADCS : ADS ! ADCH1 : ADCHO
A OD . H B H .
R 1 R : RW @ RW RIW : RW
(FFEFH) [Readiiite ; ; ; : : ; :
After reset 4 : 0 : 0 : 0 i 4] H 0 : 0 : 0
1:END :1:BUSY i1:Repeatii:Scan i 1:Low :1:START !  Analog Input
Function : :Mode Set :ModeSet | speed : Channel Select
i i mode i
] ]
|—»Analog input channel select
Normal Scan mode
00 ANO ANO

01

1 “Start conversion.
Note: Always “0” when data is read.

L A/D conversion speed selection

0 High speed conversion mode (95 states)

1 Low speed conversion mode (190 states)

L Specification of A/D scan mode

0 |Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

I Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

A/D conversion busy flag

0 | A/D conversion not busy

1 A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 A/D conversion ended

Figure 3.12(2) A/D Conversion Mode Register (ADMOD)

MCU90-466
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7 6 5 4 3 2 1 0
DR bit Symbol
ADREGD "
Read/Write R
(FFFOH) |—o0
After reset Undefined
Function A/D conversion result of channel 0 is stored.
A/D conversion result register for ANO (Read only)
7 6 5 4 3 2 1 0
bit Symbol
ADREG1 N
Read/Write R
(FFF1H) ' _
After reset Undefined
Function AJ/D conversion result of channel 1 is stored.
A/D conversion result register for AN1 (Read only)
7 6 5 4 3 2 1 0
ADREG2 bit Symbol
Read/Writ R
(FFF2H) T :
After reset Undefined
Function A/D conversion result of channel 2 is stored.
A/D conversion result register for AN2 (Read only)
7 6 5 4 3 2 1 0
DREG3 bit Symbol
Al G :
Read/Writ R
(FFF3H) ————C :
After reset Undefined
Function A/D conversion result of channel 3 is stored.

A/D conversion result register for AN3 (Read only)

Figure 3.12 (3) A/D Conversion Result Register (ADREGO~ADREG3)

MCU90-467
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3.12.2 Operation
(1) Analog Reference Voltage

High analog reference voltage is applied to the VREF pin, and the low analog voltage
is applied to AGND pin. :

The reference voltage between VREF and AGND is divided by 256 using ladder
resistance, and compared with the analog input voltage for A/D conversion.

(2) Analog Input Channels

Analog input channel is selected by ADMOD <ADCH1,0>. However, which channe]
to select depends on the operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by ADMOD <ADCH1,0> among
three pins: ANO to AN3.

In analog input channel scan mode, the number of channels to be scanned from ANO
is specified by ADMOD<ADCH1,0>, such as ANO—AN1, ANO—-AN1—AN2, and
ANO—AN1—->AN2—-ANS3.

When reset, A/D conversion channel register will be initialized to
ADMOD<ADCH1,0> =00, so that ANO pin will be selected.

The pins which are not used as analog input channel can be used as ordinary input
port P5.

(3) Starting A/D conversion

A/D conversion starts when A/D conversion register ADMOD < ADS> is written “1”.
When A/D conversion starts, A/D conversion busy flag ADMOD <ADBF> which
indicates “A/D conversion is in progress” will be set to “1”.

(4) A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D conversion channel scan mode have
two conversion modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified one channel is executed
repeatedly. .

In scan repeat mode, scanning from ANO, --- —ANS3 is executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET, SCAN>.

(5) A/D Conversion Speed Selection

There are two A/D conversion speed modes: high speed mode and low speed mode.
The selection is executed by ADMOD < ADCS > register.

When reset, ADMOD<ADCS> will be initialized to “0”, so that high speed
conversion mode will be selected.

MCU90-468
B 9097249 0041540 820 WA
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(6) A/D Conversion End and Interrupt
* A/D conversion single mode

ADMOD<EOCF > for A/D conversion end will be set to “1”, ADMOD <ADBF >
flag will be reset to “0”, and INTAD interrupt will be enabled when A/D conversion of
specified channel ends in fixed conversion channel mode or when A/D conversion of
the last channel ends in channel scan mode.

A/D interrupt INTAD is controlled by the interrupt mask INTEH<IET2>
commonly used for timer 2 INTT2 interrupt, and INTAD or INTT2 is selected by
INTEH<ADIS>. To.enable INTAD, set both INTEH <IET2> and INTEH<ADIS>
to “1”.

Both INTAD and INTT2 interrupts jump to the same vector address (0030H), so
that it is judged by <ADIS> whether INTAD interrupt or INTT2 interrupt is being
requested now.

Interrupt requesting flip-flop is cleared only by resetting operation or reading the
A/D conversion result storing register and cannot be cleared by instruction. When
interrupt source is changed (between INTAD or INTT2), the previous interrupt
requesting flag will automatically be cleared.

* A/D conversion repeat mode

For both fixed conversion channel mode and conversion channel scan mode,
INTAD will be disabled when in repeat mode. Always leave the INTEH <ADIS>
flag at “0”.

Write “0” to ADMOD <REPET > to end the repeat mode. Then, the repeat mode
will be exited as soon as the conversion in progress is completed.

(7) Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS3 registers for each
channel. In repeat mode, the registers are updated whenever conversion ends.
ADREGO to ADREG3 are read-only registers.

(8) Readingthe A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS3 registers. When the
contents of one of ADREGO to ADREG3 registers are read, ADMOD<EOCF > will be
cleared to “0”.

Setting example: (@O When the analog input voltage of the AN3 pin is A/D converted
and the results are read in the memory at FF10H by A/D
interrupt INTAD routine

MCU90-469
H 9097249 0041581 7L7 WA
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's‘ggtiif:]g INTEH ¢ X - 1 - - - 1 - Enable INTAD.
ADMOD « X X 00 0111 Specify AN3 pin as an analog input channel and
starts A/D conversion in high speed mode.
|NT€§D A « ADREG3 Read the value of ADREG3 into the accumulator
routine and store the value of the accumulator in the

{(FF10H)« A ‘ memory at FF10H.

@ When the analog input voltage of ANO~AN2 pins is kept A/D
converted in high speed conversion channel scan repeat mode

INTEH « X - 0 - - - - - Disable INTAD.
ADMOD « X X 110110 Start the A/D conversion of analog input channels
ANO~AN2 in the high-speed scan repeat mode.
{Note) X;Don’t care -;No change
MCU90-470

M 9097249 0041582 LT3 W
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3.13 Watchdog Timer (Runaway Detecting Timer)

When the malfunction (runaway) of the CPU occurs due to any cause such as noise,
the watchdog timer (WDT) detects it to return to the normal state. When WDT has
detected malfunction, a non-maskable interrupt is generated to indicate it to the CPU.

3.13.1 Configuration

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

The watchdog timer consists of 22-stage binary counter which uses ¢1 (fc/2) as the
input clock, selector that selects one from the four outputs generated from the binary
counter, flip-flop for enable/disable control, and two control registers.

The watchdog timer generates interrupt INTWD after the detection time set with
watchdog timer detection time selection register WDMOD <WDTP1,0> and clears to
zero by software (instruction) the watchdog timer binary counter before INTWD
interrupt occurs. If the CPU malfunctions (runs away) due to causes such as noise and
does not execute the instruction to clear the watchdog timer, the binary counter will
overflow, and an INTWD interrupt will be generated. The CPU is notified of
malfunction (runaway) by the INTW interrupt and runs the anti-malfunction (runaway)
program to return to normal operation

The watchdog timer stops only in the STOP mode. After the STOP mode is released
and the warming up time has elapsed, the watchdog timer resumes operation.

The watchdog timer operates in the other standby modes (IDLE1 and RUN mode),
whereas it can be disabled when entering one of these standby modes.

MCU90-471
M 9097249 0041583 537 WA
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INTWD interrupt

WDMOD —
Selector enable
<WDTP1,0> —
fo2'8|  f2'8] fg2?°| fg22
. Q
" Watchdog timer
(fcr2) =™ 22-stage binary counter F/F
R S
reset
Reset
HALT instruction (Stop and IDLE1 Reset
modes) being executed . - wDMOD
Write Write <WDTE>
4EH B1H

Watchdog timer control register

(WDCR)

ﬁ

Internal bus

Figure 3.13 (1) Block Diagram of Watchdog Timer

3.13.2 Control Registers
Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
(1) Watchdog Timer Mode Register (WDMOD) v
@  Setting the detecting time of watchdog timer
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, and therefore 216/fc is set. (The number of states is approx. 32,768.)

@  Watchdog timer enable/disable control register WDMOD <WDTE >

When reset, WDMOD < WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to clear 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”.

MCU90-472
B 9097249 0041584 476 BN
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7 6 i s : o4 i3 o2 -1 o0
bitsymbo! | WDTE : WDTP1 | WDTPO | WARM | HALTM1 ! HALTMO | EXF | DRIVE
WDMOD % write RAW R RW
(FFD2H) - g : - - : :
After reset 1 H 0 H 0 : 0 H 0 H 0 Undefined: Q
1:WDT WDT detecting time ;Warmingismndbymode Elnverts .
Enable 00: 2'%/fc { Uptime :00: RUN Eeﬁchtimegl'{)ﬁ'evsin
Function 01: 2'¥fc i0:2'%fc 01:$TOP §fnftf£t(;oi ;‘{%’;i"
Ho- 1.2 0 inis :
;10, 2%%f¢ 51.2 /fc §10' IDLEY  executed | mode.
11 2%fc : - : :
I T 1
L Explained in 3.4.4 “STOP mode”
Inverts each time the EXX
instruction is executed.
Select the standby mode by
HALT instruction
* | 00 {RUN mode
01 {STOP mode
10 |IDLE1 mode
11 |Cannot be used.
Select warming-up time when returned
from STOP mode
*1 0 |214/fc (approx. 1.6 ms)
1 |216/fc (approx. 6.6 ms)
Note: The above times are given for the case
fc=10 MHz.
L, Selectthe detecting period of watchdog
timer
* 100 [ 216/ fc (approx. 6.6 ms)
01 |218/fc (approx. 26.2 ms)
10 [ 220/ fc (approx. 105 ms)
11 | 222/fc (approx. 419 ms)
Note: The above times are given for the case
fc=10 MHz.

Watchdog timer enable/disable control

0 |Disable (Note)
x| 1 |Enable

Note: To disable, it is also necessary to
write the disable code to WDCR
register. Disabling is not possible
by writing to this register alone.

Figure 3.13 (2) Watchdog Timer Mode Register

MCU90-473
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(2) watchdog Timer Control Register (WDCR)
This register is used to disable and clear the watchdog timer function.
* Disable control

By writing 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 « 10110001 Write the disable code (‘BlH).

* Enable control
Set WDMOD <WDTE > to “1”.
* Watchdog timer clear control

The watchdog timer can be cleared and resume counting by writing the clear code
(4EH) into the WDCR register.

WDCR « 01001110 Write the clear code (4EH).
7 { 6 : 5 i 4 i 3 2 1 0
WDCR bit Symbol -
(FFD3H) Read/Write
After reset -
Function B1H: WDT Disable Code 4EH: WDT Clear Code

L—» Disable/clear watchdog timer.

B1H Disable code
4EH Clear code
Other | —

Figure 3.13 (3) Watchdog Timer Control Register

MCU90-474
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3.13.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set with
watchdog timer detecting time selection register WDMOD <WDTP1,0> and clears to
zero by software (instruction) the watchdog timer binary counter before INTWD
interrupt occurs. If the CPU malfunctions (runs away) due to causes such as noise and
does not execute the instruction to clear the watchdog timer, the binary counter will
overflow, and an INTWD interrupt will be generated. The CPU is notified of
malfunction (runaway) by the INTW interrupt and runs the anti-malfunction (runaway)
program to return to normal operation.

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 mode.

Example : @ Clear the binary counter

WDCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 2'8/fc

WOMOD « 1 01 - - - X X

@ Disable the watchdog timer.

WOMOD « 0 - - - - - X X Clear WDMOD<WDTE> to “0”.
WDCR « 10110001 Write disable code (B1H).

Set the STOP mode (warming up time: 216/fc)

WOMOD ¢ - - - 101X X Set the STOP mode.
Executes HALT command. Execute HALT instruction. Setthe standby
mode.
MCU90-475
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4.

TMP90C845AN/TMP90C845AF

4.1

Absolute Maximum Ratings

ELECTRICAL CHARACTERISTICS

Symbol Parameter Rating Unit
Vce Power supply voltage -0.5~+6.5 Vv
Vin Input voltage -0.5~Vcc+0.5 \Y
o | Fomercanmetion £ 0 o
TsOLDER Soldering temperature {260 T

(105s)
TstG Storage temperature ~65~150 T
Topr Operating temperature { —40 ~ 85 T

4.2 DC Characteristics

Vee=5V+10% TA=-20~70°C(1~16 MHz)
Typical values are for TA =25°Cand Vcc=5 V.

Symbol Parameter Min Max Unit Condition
ViL Input Low Voltage (ADO~AD7) | -0.3 0.8 \
Vi P2, P3, P4, P5, P6, P7 -0.3 0.3Vcc v
ViL2 RESET, P45 (INTO) -03 0.25Vcc Vv
Vis EA -0.3 0.3 \"
Viua X1 -03 0.2Vce \Y
VIH Input High Voltage (AD0O~AD7) |2.2 Vec+0.3 v
ViH1 P2, P3, P4, PS5, P6, P7 0.7Vce Vcc+0.3 v
ViH2 RESET, P45 (INTO) 0.75Vcce Vee+0.3 v
ViHz A Vec-0.3 Vcc+0.3 v
ViHa X1 0.8Vcc Vee+0.3 \'
VoL Output Low Voltage | 0.45 v loL=1.6 mA
VoH Output High Voltage 2.4 Vv lon = — 400 xA
VoH1 0.75 Vee \" lo = — 100 A
VoH2 0.9 Vec \" loH= —-20 A
N e I R s
N Input Leakage Current 0.02 (Typ) |5 #A  [0.0=Vin =Vcc
Lo Output Leakage Current 0.05 (Typ) | £10 #A  |0.2SVin =Vee-0.2
Icc Operating Current (RUN) 35 (Typ) |50 mA |tosc=16 MHz
Idle 1 .5 (Typ) |5 mA
STOP (TA = —20~70°C} 0.2 (Typ) |40 uA 0.2=Vin £Vec-0.2
STOP(TA =0~50°C) 10 GA
Vstop Power Down Voltage (@ STOP) (2.0 6.0 \ V2 =0.2 Vce,
(RAM back Up) ViHz2 = 0.8 Vce
RRsT RESET Pull Up Register 50 150 KO
Cio Pin Capacitance 10 pF testfreq =1 MHz
VTH Schmitt width (RESET, P45) 0.4 1.0 (Typ) \
MCU90-476
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4.3 AC Characteristics

Vee=5V £10 % TA= -20~70 C (1~16 MHz)

symbol Parameter Variable 12.5 MiHz Clock| 16 MHz Clock Unit
Min Max Min | Max | Min [ Max
tosc Oscillation cycle (= X) 62.5 1000 80 62.5 ns
tcyc | CLK Period 4x 4X 320 250 ns
twH CLK High width 2X-40 120 85 ns
twi CLK Low width 2X-40 120 85 ns
tAL AD~7 effective address — ALE fall 0.5X ~ 15 25 16 ns
tLa ALE fall > A0~7 hold 0.5X-15 25 16 ns
t ALE Pulse width X ~40 40 23 ns
tic ALE fall — RD/WR fali 0.5X - 30 10 1 ns
teL RDAWR rise — ALE rise 0.5X-20 20 11 ns
tacL é\a?l-ﬂ effective address — RDAWR X =25 55 38 ns
tach ;Jaylnlper effective address - RDAWR 15X — 50 70 2 ns
tca RD/WR fall - Upper address hold 0.5X - 20 20 11 ns
tapL jgt—;z:gietctive address — Effective 30X - 35 205 153 ns
taDH gst;:aei;ifjfctive address — Effective 35X 55 535 164 ns
trRD RD fall — Effective data input 2.0X ~50 110 75 ns
tRR RD Puise width 2.0X -40 120 85 ns
tHR RD rise — Data hold o] 0 0 ns
tRAE RD rise —» Address enable X-15 65 48 ns
tww WR pulse width 2.0X - 40 120 85 ns
tow Effective data — WR rise 2.0X-50 110 75 ns
twp WR rise —» Effective data hold 0.5X-10 30 21 ns
tackH | Upper address — CLK fall 2.5X-50 150 106 ns
tackL | Lower address — CLK fall 2.0X~50 110 75 ns
tckna | CLK fall - Upper address hold 1.5X - 80 40 13 ns
tcck RD/WR fall — CLK fall X =25 55 37 ns
tckue | CLK fall — RDAWR rise X-60 20 2 ns
tock Valid data — CLK fall X ~-50 30 12 ns
tcwa | RDAWR fall - Valid WAIT X -40 40 22 ns
150891
MCU90-477
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Vee=5V £10 % TA= - 20~70 C (1~16 MHz)

symbol . Parameter Variable 12.5 MHz Clock| 16 MHz Clock Unit
Min Max Min | Max | Min | Max
tawaL | Lower address — Valid WAIT 2.0X-70 90 55 | ns
twaH | CLK fall = Valid WAIT hold 0 0 0 ns
tawaH | Upper address — Valid WAIT 2.5X-70 130 86 ns
tepw CLK fall — Port Data Output X +200 280 262 ns
tpRC Port Data Input — CLK fall 200 200 200 ns
tcpr CLK fall - Port Data hoid 100 100 100 ns
150491

. "AC Measuring Conditions

» Outputlevel : High 2.2V /Low 0.8V, C;,=50pF
(However, CL=100pF for AD0O~7, A8~15, ALE, RD, WR)

+ Inputlevel : High2.4V/Low 0.45V (ADO~AD?7)
High 0.8 Vee/Low 0.2 Vec (except for ADO~AD7)

MCU90-478
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4.4 A/D Conversion Characteristics

Vee=5V+10% TA = -20~70C

f =1~16 MHz

Symbol Parameter Min Typ Max Unit
VREF Analog reference voltage Vee-1.5 Ve Vee
AGND Analog reference voltage ’ Vss Vss Vss v
Vain Analog input voltage range Vss Vee
IReF Supply current for analog reference 05 1.0 mA
voltage
Error Total error 1.0
(Quantize  |(TA =25, Vcc=Vrer =5.0V)
errorof £0.5 LSB
LSB not
included) Total error 2.5
45 Zero-Cross Characteristics
Vee=5V+10% TA = -20~70 C
f =1~16 MHz
Symbol Parameter Condition Min Max Unit
Vzx Zero-cross detection input 3‘? jj:upllng C= 1 1.8 VACP-P
Azx Zero-cross accuracy 50/60 Hz sine wave 135 mV
Fzx Zero-cross detection input frequency 0.04 1 KHz

4.6 Timer/Counter Input Clock (TIO, Ti2, and TI4)
Vec=5V+10% TA = -20~70 C

f =1~16 MHz
Variable 12.5 MHz 16 MHz )
Symbol Parameter Unit
Min Max | Min Max | Min Max
tvek Clock cycle B8X + 100 740 600 ns
tvckL | Low level clock pulse width 4X + 40 360 290 ns
tyckH | High level clock pulse width 4X + 40 360 290 ns
MCU90-479
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4.7 Interrupt Operation
Vee=5V+10% TA = -20~70 C
f =1~16 MHz
Variable 12.5 MHz 16 MHz
Symbol Parameter Unit
Min Max | Min | Max | Min | Max
tintaL | INTO low level pulse width ( 7 [7) 4x 320 250 ns
tintaH | INTO high level pulse width ( [ ) ax 320 250 ns
tintgL  [INT1, INT2 low level pulse width (") BX + 100 740 600 ns
tintBH | INT1, INT2 high level pulse width ( J ) BX + 100 740 600 ns
4.8 Serial Channel Timing - /O Interface Mode
Vec=5V10% TA = -20~70C
(1) SCLK Input Mode f=1~16 MHz
Variable 12.5 MHz 16 MHz
Symbol Parameter - Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1.28 1 us
toss Output data — Rising edge of e scy/2 — 5X - 50 190 137 ns
SCLK
toms SCLK rising edge — Output data 5X — 100 300 212 ns
hold
thsk SCLK rising edge — Input data o 0 0 ns
hold
fsRD §CLK rising edge — Effective data tscy = 5X - 100 780 587 ns
input
(2) SCLK Output Mode
Variable 12.5MHz 16 MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle (programmable) iGX 8192X 1.28 | 6554 1 512 s
toss OQutput data — SCLK rising edge | t5cy - 2X-50 970 725 ns
toms SCLK rising edge — Outputdata 2X - 80 80 45 ns
hold
thsR SCLK rising edge —» Input data 0 0 0 ns
hold
tsRD §CL‘K rising edge — Effective data tscy — 2% - 150 970 725 ns
input
MCU90-480
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4.9 Timing Chart
teve |
LK twi \ )
tackH - twi —>
tACKL tekHA
Ag~15 1 (
tADH
tabL
ADo~7 >_-__4 Ao~y Jrm=m——— { Do~7 N R~ ——{
ta tHR— -
. teck 1._tekne A
ALE A JALJI tic i tcL
tac
tach trRD tRAE
RD tRR
tock ,
ADp~7 m e m e -§ Ap~7 ‘) Dg~7y OUT E—-— - -(
e . tow twp
|
tic tcl
ALE [ \<——>
tacL
WR tww
tcwa
WAIT \ twaH
tawaL
tawan - tcPW—»

Port Qutput x

Port Input i i

<—tPRC—>| tcpg

MCU90-481
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4.10 Timing Chart for /O Interface Mode
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs)

The special function registers (SFRs) include the I/O ports, peripheral control
registers and bank registers (BX and BY) allocated to the 56-byte addresses
OFFCOH~OQOFFF7H.

Configuration of the table

Symbol Name Address |7 6 ! ]/ i1 io
: : H —> bit Symbol
\\ —» Read / Write
H —> Initial value after reset
71 — Remarks
141190
MCU90-483
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Symbol [ Name | Address 7 6 s ;4 i 3 i 2 1 i 0
P27 i P26 p2s i p24 i P23 i P22 P21 i P20
p2  |Port2 FFC4 R RIW
input only 1 1 1 P00 f0 0 i 0
— i p26C P25C i P24C : P23C i P22C p21C° i P20C
Port2 * § W
P2CR | Control FFCS - - -
Reg. Y 0 0 0 o 0 0 0
-0: Output Port 1: Address/CS
P37 i P36 P35 i P34 i P33 | P32 P31 i P30
P3 |Port3 FFC6 RAW
Input mode
P37C i P36C P3SC § P34C { P33C i P32 P31C |  P30C
Port3 W
P3CR | Control FFC7 T H H
Reg. 0 0 0 : 0 i 0 : 0 0 0
0:IN 1: OUT (/O selected bit by bit)
ODE | TXDC SCLKC : Fixedto“0”.} Fixedto*0".:  10CS RAMCS i ROMCS
Port2, 3 kil
P23FR anct’ion FFCE o ¢ o ¢ 0 . 0o [ ¢ o (9o .0
Reg. P37c¢ontrol P37 control P36 control : 26 control P25 control ;P24 control
0:CMOS : 0:Port - 0:Port 2 10 10:
1:Open i 1:TxD | 1:SCLK :T0CS  i1: RAMCS i1: ROMCS
Drain - output output : output H output i output
Pa7 . PAa6 . PAS i Pa4 i PA3 P2 P41 1 Pa0
P4 |Portd FFC8 RIW
Input mode
P47C : P46C PASC | PaaC i P43C : P42C P41C : PAOC
Portd w
P4CR | Control FFCO - - -
Reg. 0 0 0 0 0 : 0 0 0
0:IN  1:OUT (IO selected bit by bit)
ZCE2 : ZCEM - : - iOTOSS i TO4S TO3s : TO1S
Portd4 RV : E RW
PAFR |Function FFCF ° 9 t 0 0 . 0 0
Reg. P47 control ;P4Gcon\rol P43control P42control Pd1control P40control
1: ZCD 11:ZCD :0: Port : Port :0: Port :0: Port
Enable | Enable : :705  i1:704  i1:T03  i1:TO1
Fixedto“1” | Fixedto*1*: - . - i PS3 i P52 . P51 i PS50
Ps | Ports FFCA RAW : : i R
1 : 1 Input only
Shared with analog input pin
(ANO ~ AN3)
MCU90-484
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TOSHIBA TMPY0C845A

Symbol | Name | Address 7 i 6 i 5 . a4 3.1 2 i 1 1o
SAB3 i SAB2 i SAB1 i SAG0 P63 i P62 i P61 i P60
P6 |Porte FFCB YW : RIW
Undefined : Input mode
. * Stepping Motor Control Port 0 .
Shift Alternate reg. 0 + Pattern Generation Port 0 Yshared with
SA73 i SA72 i SA7Y i SA70 i P73 i P72 i P71 i P70
P7  |Port7 FFCC RIVY RIW
Undefined : input mode
. * Stepping Motor Control Port 1
Shift Alternate reg. 1 i - Pattern Generation Port 1 Yshared with
P73C_ i P72 . P7IC . P70C . Pe3C | P62C . P6IC |  P6OC
Port6, 7 W -
P67CR | Control FFCD - - - : - : -
Reg. 0 H 0 : [4] : 0 H 0 : 0 : 0 : 0
0: 1IN 1: OUT {170 selected bit by bit)
PATI | CCW1 : MIM i MIS | PATO | CCWO @ MOM | MOS
R/W
Port6, 7 o o i o i o i o o . o 1 a
PE7FR |Function FFDO 15 8Bt 10: Normal :Q:4Step :0:Port :10: 8Bit 10: Normal :0:4Step :0: Port
Reg. i rotation : : ; i rotation :
1: 4Bit i1: Reverse :1:8Step 1:Step 11:4Bit i1:Reverse (1:8Step i1:Step
rotation : : : * rotation ! :
{For port 7) H H {For port 6) :
- : - : - : - ; - i RDE ! WAITC1 | WAITCO
, : : : : : W
Fortz" : FFD1 T T i g 9 0
P25FR |Function : : ; {RD control i WAIT control
Reg. : ; H : ‘:Always © 00:2statewait
ERD : 01: Nomal Wait
iRDoutput ! 10: Non wait
: : N : .
WDTE | WDTP1 i WDTPO | WARM i HALTM1 { HALTMO | EXF : DRIVE
RAW iR RW
Watch H R H H H H " B
1 : 0 : 0 : 0 H Q : 0 : Undefined : 4]
WOMOD| pog Timer | FFD2 WO : 3 : :W - : - - ” : :
H : WDTdetecting time Warming : Standby mode : P
Mode Reg. 00: 216/fc Lup time 00: RUN élnverts each 1:To drive the
01: 218/f¢ 50' 214/f¢ H 01: STOP stime EXX épm evenin
1Q: 220/f¢ i % H 10: IDLE1 finstructionis STOP mode.
11: 222/f¢ 1 2167k " -  executed. H
Watch -
Dog Timer w
WDCR |control FFD3 -
Reg. B1H: WDT Disable Code A4EH: WDT Clear Code
MCU90-485
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Power ed

TOSHIBA TMP90CBA5A
Symbol [ Name Address 7 : 6 : 5 : 4 i 3 2 1 0
vie : vis i via i 18 i 517 $16 $15 i 514
Program-
PCSR | able CS FEDE RW :
Reg. 1 : 1 : 1 ; 1 1 i 1 . 1 1
1: 816 1 S15 i1 514 G gcet © AI7Set | Al6Set | AlSSet | Al4set
Valid : wvalid : Vvalid : : : :
EX7 ! EX6 i EXS i EX4 i EX3 EX2 EX1 { EXO0
EXpand
EXPAO | Program FFOF T T T RNV
Area Reg. 0 i o i o i o }{ o i o 1 0
Program area expanding bit
{corresponds to A14~A21)
MCU90-486
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TOSHIBA

TMPI0C845A
Symbol| Name | Address 7 i s 5 4 3 2 1 0
TREGO 8bit Timer FEDA W
Reg 0
Undefined
TREGY |SbitTimer | coig w
Reg 1
Undefined
TReGy |8bitTimer | copg w
Reg 2
Undefined
8bit Timer
TREG3 Reg 3 FFD7 w
Undefined
T1I0M1 T10MO PWMO1 PWMOO T1CLK T1CLKO TOCLK1 TOCLKO
R/W
Timer @, 1 g H T : : ;
0 H Q 0 H ¥ : 4] : 0 H 0 H 0
TOIMOD| \ode Reg. | FFDS : : ; : :
00: 8 Bit Timer Q0: - H 00: TOOTRG : 00: TI0
01: 16 Bit Timer 01: 25— 1 PWM 01: 4T1 01: 4T1
10: 8 Bit PPG 10: 27 - 1 Cycle 10: ¢T16 10: 474
11; 8 Bit PWM 11:2%-1 11: 47256 11: T16
T23M1 T23M0 PWM21 PWM20 T3CLK) T3CLKO T2CLK1 T2CLKO
RAW
Timer2,3 T T T T T T
‘ 0 H 0 0 H 0 : Q : [ : 0 H 0
723MOD| poge Reg. | FFDY : : ' :
00: 8 Bit Timer 00: - : 00: TO2TRG 00: TI2
01: 16 Bit Timer 01:2°- 1 PWM 01: ¢T1 01: ¢T1
10: 8 Bit PPG 10: 27 - 1 Cycle 10: 4T16 10: T4
11: 8 Bit PWM 11: 281 11: 47256 11: 4T16
TFF3C1 TFF3CO TFF3IE TFF3IS TFFiC1 TFF1CO TFF1IE TFFHS
. w RIW w RIW
8t?|t imer FFDA N o : 0 - 0 . 0
TFFCR | Elip-Fiop ; :
Control 00: Invert TFF3 1:”:,:3 T ' 00: invert TFF1 1-TFF1 T
Reg. 01: Set TFF3 ¢ nverts by? 01: Set TFF1  laverts by
10: Clear TFF3 Invert : . : 10: Clear TFF1 Invert @ .
: timer2. : timerQ.
11: Dont Care. Enable : 11: Dont Care. Enabie
: PRRUN T4RUN T3RUN T2RUN TIRUN TORUN
Timer Run
TRUN | Control FFDC T R/W
Reg. Q : 0 0 : 0 0 0
Prescaler & Timer RUN/STOP Control
0: Stop & Clear
1: RUN
M1T TR4DE TR2DE TRODE
Timer Reg. RIW RAW
Double 0 0 0 : 0
TRDC Buffer FFDB 0:Timer 2 Timer Reg.
Control ortimer 3 Double Buffer Control
Reg. o 0: Double Buffer Disable
1: Timer 4 : 1: Double Buffer Enable
MCU90-487
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TOSHIBA TMP90C845A
Symbol| Name | Address 7 6 5 4 3 1 2 1 0
CAPIL FFEO R

Capture Undefined
Reg. 1 J—
CAP1TH FFE1 R
Undefined
CAP2L FFE2 R
Capture Undefined
Reg. 2 —
CAP2H FFE3 R
Undefined
TREG4L FFEQ W
16Bit Timer Undefined
eg. 4
TREG4H FFE1 w
Undefined
TREGS5L FFE2 w
16Bit Timer Undefined
eg. 5 -
TREGSH FFE3 W
Undefined
CAP2TS EQ5TS CAP1IN CAPM1 i CAPMO CLE T4CLK1 TACLKO
RW w RAW RW RIW
16Bit Timer 0 0 i — i 0 i 0 0 0 0
Mode H H n H
T4MOD R:g 5 FFE4 | TFFSinversiontrigger :0: Soft- i Capture Timing Timer 4; Timer 4 clock
. - Capture | 00: Disable Clear : 00: Ti4
0: Disable trigger : 01: T4 TT15 1 Enable 01: ¢T1
1: Enable trigger 10: T4 TTI4 | : : 10: ¢T4
11: TFF1 2 TFF1 | 11: gT16
TFF5C1 TFF5C0 CAP2T4 CAPIT4 | EQ5T4 : EQ4AT4 TFFAC1 TFFACO
W R/AW w
16Bit Timer —_ 0 0 0 : Q : —
TAFF Control FFE T
s > {00: Invert TFFs TFF4 inversion trigger £ 00: Invert TFF4
01: Set TFF5 0: Disable trigger : 01: Set TFF4
10: Clear TFF5 1: Enable trigger : 10: Clear TFF4
11: Don't Care : 11: Don‘t Care

*) CAP1and TREG4 as well as CAP2 and TREGS are allocated to the same address.
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TOSHIBA

TMPS0C845A
Symbol Name Address 7 6 5 4 3 2 1 : Q
TBB  Fxedto®o" ! RXE ! wU i sM1 i smo sc1 | sco
Serial - - R/W - - -
SCMOD | Channel FFE6 [Undefined: 0 : 0 0 : 0 : 0 : 0 ; 0
Mode Transmiss- : i 1: Receive:1: Wake Up% 00: /O Interface 00: TO2TRG
Reg. ionbit-8 i Enable | Enable :  01:UART 7Bit |  01:BRG Mode.
data H ; 10: UART  8Bit 10: ¢1
: : i 11:UART 9Bit :  11:—
RBB : EVEN |  PE OERR | PERR | FERR | SCLKC | 1OC
Serial R : RAW i R(Cleared to "0" by reading)  : RIW
SCCR | Channel FFE7 | Undefined | 0 0 { 0 : 0
Control Bit8of | Parity | 1:Parity 0:SCLK  :0: SCLK
Reg. receiving : 0:0dd : Enable (F) | output
data : 1:EVEN 1:SCLK :1: SCLK
: { . : . (X)) | input
Serial RB7 : RB6 : RBS i RB4 | RB3 i RB2 . RBI . RBO
SCBUF gh‘;’f““e' FFE8 TB7 { TB6 I TBS i TB4 ¢ TB3 i TB2 : TBl i TBO
urter
Reg. R (Receiving) /W (Transmission)
Undefined
A/D EOCF | ADBF | REPET SCAN | ADCS |  ADS i ADCHiI | ADCHO
ADMOD | Converter | prep R S RW . RW RAW i RAW
Mode Reg. : : : : : : :
g o i o i o i o I o T o I o T o
1:END  {1:BUSY i1:Repeat it:Scan ' Eg:éd : Analog input
: i ModeSet | ModeSet: mode : : Channel Select
AD f—
ADREGO| peqult FFFO R
Reg. 0 _
AD —
ADREGT| Result FFF1 R
Reg.1 —
AID —
ADREG2| Resylt FFF2 R
Reg.2 —
AD
ADREG3| Result FFF3 R
Reg. 3 _
i BX6 ! BX5 ! BX4 i BX3 | BX2 | BX1 | BXO
Bank
BX Reg. X FFFC RIW
i 0 : [ 0 : 0 : 0 Q : 0
i BY6 i BYs : BY& i BY3 | BY2 i BYl | BYO
BY ga"kY FFED RIW
€9- P01 0 0 ¢ 0 0 0 0
MCU90-489
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TOSHIBA TMPY0C845A
Symbol| Name | Address 7 i 6 i s 4 3 1 2 1 0
Fixedto0 *0" i BG1 BGO PS3 i  PS2 PS1 PSO
Baud : RW
Rate 0 0 i o i 0o i 0 0o i 0
BRGCR | Generater FFE9 =
Control 00: fud
Reg. 01: fe/16 : Divided frequency from prescaler
10: fc/64
11: fc/256
IET4 1E1 IETS 12 1 IERX IETX Fixedto"0" | Fixedto "0*
INTEL FFFa i i Riw - . -
0 i 0 : 0 0 H 0 0 0 0
Interrupt 1: Enable 0: Disable
Enal:(le EDGE ADIS IEQ IETO IET1 *|ET2 {ET3
Mas
Reg. W H R B i B H
INTEH — : 0 0 0 0 : 0 : 0 H 0
(INTO
i0:Level  i1:INTAD 1: Enable 0: Disable
{1:EDGE |
DET4 DE1 DET5 DE2 i DERX DETX : Fixedto"0" | Fixedto"0"
DMAEL FFF6 _ . Rw - - -
0o ! 0 0 0 [ I 0
Micro 1: Enable 0: Disable
DMA H DEO DETO DET1 DET2 DET3
Enable e
DMAEH | Reg. FFF7 - -
0 i 0 0 H 0 0
1: Enable 0: Disable
IRFO IRFTQ IRFT1 IRFT2 IRFT3
R
0 0 0 0 0
1RFH FFEB
Interrupt Request Flag
Interrupt 1: Interrupt being requested
Request
Flag & IRF . .
Clear IRFT4 IRF1 IRFTS IRF2 IRFRX IRFTEX : - : -
R (Only IRF clear code can be used to write)
IRFL FFEA T T Y - T ; -
0- i o 0 0 0 0 0o 0
1: Interrupt being requested (IRF is cleared to “0” by writing IRF clear code.)
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TOSHIBA

TMP90C845A

Address Symbol Address Symbol

FFCO (Reserved) FFED CAP1UTREGAL

FFC1 (Reserved) FFE1 CAP1H/TREG4H

FFC2 (Reserved) FFE2 CAP2L/TREGSL

FFC3 (Reserved) FFE3 CAP2H/TREGS5H

FFC4 P2 FFE4 TAMOD

FFCS P2CR FFES T4FFCR

FFC6 P3 FFE6 SCMOD

FFC7 P3CR FFE7 SCCR

FFC8 P4 FFE8 SCBUF

FFC9 PACR FFE9 BRGCR

FFCA P5 FFEA IRFL

FFCB P6 FFEB IRFH

FFCC P7 FFEC BX

FFCD P67CR FFED BY

FFCE P23FR FFEE (Reserved)

FFCF P4FR FFEF ADMOD

FFDO P67FR FFFO ADREGO

FFD1 P25FR FFF1 ADREG1

FFD2 wWDMOD FFF2 ADREG2

FFD3 WDCR FFF3 ADREG3

FFD4 TREGO FFF4 INTEL

FFD5 TREG1 FFFS INTEH

FFD6 TREG2 FFF6 DMAEL

FFD7 TREG3 FFF7 DMAEH

FFD8 TOYMOD

FFDS T23MOD

FFDA TFFCR

FFDB TRDC

FEDC TRUN

FFDD (Reserved)

FFDE PCSR

FFDF EXPAO

Writing to the (Reserved) register is disabled.

MCU90-491

I 9097249 0041603 158 IE

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003




