TOSHIBA

TMPO0C844A

CMOS 8-BIT MICROCONTROLLERS

TMPO90C844AN/TMPIO0CB44AF

1. OUTLINE AND CHARACTERISTIC

TMP90C844A is a high speed, high performance 8-bit microcontroller developed for
application in the control of various devices.

TMP20C844A, CMOS 8-bit microcontroller, integrates an 8-bit CPU, ROM, RAM,
A/D converter, multi-function timer/event counter, general-purpose serial interface and
slave functions in a single chip, and with which external program memory and data
memory can be extended up to 56 KB.

TMP90C844AN is a device with a 64pin shrink DIP.

TMP90C844AF is a device with a 64pin flat package.

The following are the features of TMP30C844A.
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Highly efficient instructions

163 types of basic instructions, including

Multiplication, division, 16-bit arithmetic operations, bit manipulation
instructions.

Minimum instruction executing time: 250 ns (at 16 MHz oscillation frequency)
Built-in ROM: 8KB

Built-in RAM: 256 bytes

Memory expansion

56KB
56KB

Highly accurate 8-bit A/D converter (4 channels)

External program memory
External data memory

General-purpose serial interface (1 channel)
With asynchronous mode and I/0 interface mode

Multi-function 16-bit timer/event counter (1 channel)

8-bit timer (4 channels)

Stepping motor control and pattern generation ports (2 channels)
Input/Output ports: 54 pins

Slave function

Interrupt function: 12 internal, 3 external O

Micro Direct Memory Access (DMA) function (13 channels)
Watchdog timer function
Standby function (3 HALT modes) X \\\ |
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Figure 1 TMP90C844A Block Diagram
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2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input/output pins for TMP90C844A, their name and outline
functions are described below.

2.1 Pin Assignment

Figure 2.1 (1) shows pin assignment of TMP90C844AN.

" ea Bvee

VREF ] 1
AGND [ 2 63 [C1P47  (INT2/Ti5)
(ANO) P50 []3 62 P46 (INT1/TI4)
(ANT) PS1[J4 61 [(1P45 (INTO/TI2)
(AN2) PS2[]5 60 (P44 (TIO)
(AN3) P53[6 59 (P43 (TOSH)
(SWR) P30 []7 58 1P42 (TO4)
(SRD) P31[]8 57 P41 (TO3)
{SCS) P320C19 36 C1P40  (TO1)
(C/D) P33J10 55 71p73  (M13)
(STA) P34 ] 11 54 T3 P72 (M12)
(RxD) P35 []12 < 5303P71  (M11)
(SCLK) P36 113 < 52 [1P70  (M10)
(TxD) P37 114 < 51 P63 (MO3)
(SBO) P20 15 3 50 {IP62  (MO02)
(s81) P21 16 o 49 (P61 (MO1)
(SB2) P22 17 o 48 [TIP60 (MOO)
(SB3) P23[]18 ‘EL 47 [OJRESET
(SB4) P24 []19 — 46 [1P57 (WR)
{SB5) P25 [ 20 45 [JP56 (RD)
(SB6) P26 []21 44 [JClK
(SB7)/(WAIT) P27 22 43 JP17  (A15)
(ADQ) POD (J23 42 (P16 (A14)
(AD1) PO1J24 41 P15 (A13)
(AD2) P02 []25 40 JP14  {A12)
{AD3) P03 []26 39 P13 (A11)
(AD4) P04 []27 381P12  (A10)
(AD5) PO5[]28 37 OP11 (A9)
{AD6) PO6 []29 36 TIP10  (AB)
{AD7) PO7 (130 35 [JEA
ALE 31 34 X2
GND []32 33 [Oxq

Figure 2.1 (1) Pin Assignment (Shrink DiP)
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Figure 2.1 (2) shows the pin assignment of TMP30C844AF.
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Figure 2.1(2) Pin Assignment (Flat Package)

P12{A10}
P11{a9)
P10 (A8)
EA

X2

X1

GND

ALE

P07 (AD7)
POE {ADS)
P05 {ADS)
P04 {ADS)
P03 {AD3)
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2.2 Pin Names and Functions

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

Table 2.2 (1/3)

. . IO or
Pin name | No.of pins . F i
P tristate unction
POO~PO7 8 110 Port0: An 8-bitl/O port. Each bit can be set forinput or output.
J/ADQ~AD7 {Tristate | Address/data bus: QOperates as an 8-bit bi-directional address bus
or data bus when using external memory.
P10~P17 8 /o Port 1: An 8-bit /O port. Each bit can be set forinput or output.
JAB~A15 /Output | Address bus: Operates as an address bus (upper 8 bits) when using
external memory
P20~-P27 8 O Port 2: An 8-bit I/0 port. Each bit can be set for input ar output.
Slave bus:  When used as a slave processor, operates as the slave
/SBO~SB7 (8) bus for the transfer of data to and from the master
processor.
MWAIT ) /Input Wait: input pin for connecting a memory or peripheral LSi with
delayed access time.
P30~P37 8 170 Port3:  8-hit I/O port which allows I/Q selection on bit hasis (with
programmable pull-up resistor).
/SWR (n /Input Slave write: The strobe signal input to write data from the master
processor,
/SR {n /input Slaveread: The strobe signal used by the master processor to
read data.
/SCS n /Input Slave chip select: The chip select signal input from the master
processor.
/D (1) Input Command/data: The command/data select signal input from the
master processor.
STA (1) /Output | Status output: Used to report the slave bus status to the master
processar.
RxD (1) Input Receiver of seriai data
JSCLK (1) MO Serial clock
TxD (1 /Output [Transmitter of serial data

MCU90-147
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Table 2.2 (2/3)

Pin name | No. of pins Vo or Functi
-oTp tristate unction

P40~P47 8 1{o] Port4: 8-bit /O port which allows I/Q selection on bit basis (with

programmabie pull-up resistor). ]

/TO1, 3,4, (4} {Output | Timer outputs 1,3, 4, and 5: Qutput ports for timer 0, ortimer 1,

5 timer 2, timer 3 and timer 4 (2 lines).

/T, 2,4,5 (4) Anput Timerinputs 0, 2,4,and 5:  Input ports for timer 0, or timer 1,
timer 2 and timer 4 (2 lines).

AINTO {1) finput Interrupt request terminal 0: Interrupt request pin 0: Level/rise
edge programmable interrupt
request pin

/INT1 (1) finput

Interrupt request terminal 1: Interrupt request pin 1: Rise/fall edge
rogrammable interrupt request pin

/INT2 (1 Ainput prog ptreq p

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

P50~P53 4 input Ports 50 ~ 53:  1-bit output ports.

/ANO~AN3 Analog input: 4 analog inputs to A/D converter.

P56 1 Output |Port56: A 1-bitoutput port.

/RD Read: Strobe signal output for reading external memory.

P57 1 Output [Port57: A 1-bit output port.

WR Write: Strobe signal output for writing external memory.

P60~P63 4 J{o] Port 6: 4—bitLI/0 port which allows I/O selection on bit basis.

/MO0~ /Qutput |Stepping motor control port 0 or pattern generation port 0

MO3

P70~P73 4 i/Q Port 7: 4-bit /O port which allows I/ selection on bit basis.

M1Q~ /Output |Stepping motor control port 0 or pattern generation port 1

M13

ALE 1 Qutput |Addresslatch enable

CLK 1 Output |Clock output: Generates clock pulse at 1/4 frequency of clock

oscillation. It is pulled up during resetting.

EA 1 Input External access: Connects to the Ve pin when the TMP90C844 built

ROM is used.
MCU90-148
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Tabie 2.2 (3/3)

Pin name | No. of pins U.O or Function
tristate
RESET 1 Input Reset:Initializes TMP90C844 (pull-up resistance is built-in).
X1, X2 2 17O Crystal oscillator connection pin
VREF 1 input of reference voltage to A/D converter
AGND 1 GND pin for A/D converter
Ve 1 Power supply pin (+5V +/- 10%)
GND 1 GND pin (0V)
MCU90-149

B 9097249 00ulebkl 126 N




TOSHIBA _ TMPI0C844A

3.1

3.1.1

OPERATION
This section expléins the functions and basic operations of the TMP90C844 in blocks.

CPU

TMP20C844 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 TMP90C844 that are not
explained in “TLCS-90 CPU”.

Reset

Figure 3.1 (1) shows the basic timing of reset.
To reset TMP30C844, it is required that the 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 I/O common ports, port 0 (address data bus
ADO0~AD7), port 1 (address bus A8~A15) and port 2 are set to input status (with high
impedance). OQutput ports P56 (RD) and P57 (WR) and CLK are set 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.

MCU90-150 -
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T2

W aWaWaWaW AW S W AW aW W oW aWalal
|/

CLK CLK pin isf=] | \ / \

= internally
pulled up. j

RESET \

POO~PO7
(ADO~ADT)

P10~P17
(A8~AT15)

P20~P27
(SB0~SB7)
P56 (RD)
P57 (WR)

P30~P37

PAQ~PA47

P20~P27
P60~P63
P70~P73

Y vy vy 44N H Yy r¥v¥

Figure 3.1 (1) Reset Timing of TMP30C844

3.1.2 EXF (Exchange flag)
The exchange flag EXF is inverted when the EXX instruction is executed to exchange
data between the TMP90C844 main registers and auxiliary registers. This flag is
assigned to bit 1 at memory address FFD2H.

7 & s o4 i3 i 2 1 0
bitSymbol | WDTE : WODTP1 | WDTPO | WARM : HALTM1 : HALTMO|  EXF DRIVE
wDMOD -
Read/Write RIW R RW
(FFD2H) , i _
After reset 1 0 0 ] 0 ; 0 Un-defined 0
1: WDT EWDT detection time iWarming %Standby mode Invert§ 1: Drives
Enable 00: 216/f¢ iuptime 00: RUN fﬁ;g;re the pin
Function 01: 218/fc 0 214fe 01:STOP instructia |evenin
10 220H¢ 11 2164 10: iDEL1 nis the STOP
14 22204 : : 11: - executed. |mode

3.1.3 Wait Control

For the TMP30C844, wait control register (WAITC) is assigned to bits 0 and 1 at

memory address FFD1H,

MCU90-151
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3.2

(1)

@

(3)

7 i 6 s foa i3 o2 i e
Pa5ER bit Symbol - i oo- b b _ b - 1 poE | warret | warrco
(FFDTH) Read/Write RAW R/W
Afterreset ! B : ! : 0 0 : 0
: : : : ERD control| Wait control
: : : : A: Always | 00: 2 state wait
Function . i RD 01: Normal Wait
i i : i i output 10: Non wait
: 1M: -
Memory Map
The TMP90C844 can provide a maximum 64Kbyte program and data memory.
The program and data memories may be allocated to the addresses 0000H~FFFFH.
Buiit-in ROM

TMP90C844 has an internal 8-byte ROM. This ROM is located at addresses
0000H~1FFFH. Program execution starts from address 0000H after a reset operation.

Addresses 0008H~0078H in the internal ROM area are used as the interrupt
processing entry area.

Built-in RAM

TMP90C844 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~FF78H 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.)

Built-in 110

TMP90C844 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.
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0000H 7
Built-in ROM
(8 Kbyte) /
2000H
External Program and data area
memaory (BC)
{(HL)
(SP)
(SP+d)
HL+A
FECOH / //// gnn)+ )
EFOOH / Built-in RAM 77 (1)
00 (256 bytes) (1Y) T
(1X +d) Direct area
Y (n)
FFCOH Built-in /0 (Y+d)
N o \(56 byt\es)
FFF8H External Memory
(8 bytes)
FFFFH

Figure 3.2 Memory Map
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33

interrupt Functions

TMP90C844 provides the two processing modes for internal and external interrupt
requests; a general-purpose interrupt processing mode and a micro DMA processmg
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 V read

Micro DMA YES
rocessing mode?

NO

General-purpose : o
( interrupt ppl"ocgssmg (MICJ’O DMA processing )

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 infernal operation cycle, so the bus cycle results in
dummy cycles.

MCU90-154
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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 processing

(SP-1) «PCH w
{SP -2} «PCL
(SP-3} ¢« A
(SP - 4) « F (including IFF) 20 states
SPeSP-4 4ys (@10MHz)
IFF <0 3.2us (@12.5MHz)
2.4us (@16MHz)
PC « V
g )

interrupt processing
program

RETl instruction
F o« (SP)
A« (SP+1)
PCL «(SP+2)
PCH&(SP +3)
SP «SP+4

o

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).

MCU90-155
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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| 1 Interrupt source Vector [Vector °;gfg§:g" ogmgro
order value/8f value | interrupt processing
‘ processing parameter

1 Non- SWlinstruction 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) o6H 30H 0030H FF30H

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

7 Maskable |INTT3 {Timer 3) O7H | 38H 0038H FF38H

8 INTT4 (Timer 4) 08H { 40H 0040H FF40H .
9 INT1 (External input 1) 09H 48H 0048H FFABH
10 INTT5 (Timer 5) OAH | 50H 0050H FF50H
1 INT2 (External input 2) 0BH 58H » 0058H FF58H
12 INTRX (Serial receiving end) OCH | 60H 0060H FF6OH
13 INTTX (Serial transmission end) ODH | 68H 0068H FF68H
14 INTFL (Slave buffer full) OEH | 70H 0070H FF70H
15 INTEP (Slave buffer empty) OFH | 78H 0078H FF78H

Note: Either INTT2 or INTAD interrupt is selected by the A/D interrupt selection register
INTEH<ADIS>.

MCU90-156
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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 El instruction in a
program that processes the “4th” priority interrupt.

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 EI 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.

MCU90-157
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C Micro DMA processing )

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

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

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

| DST 1 Destination
SRC . Source
Decrement of No. of transfers CMD . Command (Transfer mode)

COUNT « {FFOOH +V)
COUNT « COUNT -1
{FFOOH + V} « COUNT

COUNT : Count(Number of transfers)

COUNT =0

. General-purpose
interrupt processing

End

310189
Figure 3.3 (3) Micro DMA Processing Flowchart

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.

MCU90-158
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FFOOH +V +0 : l Number of transfers | ] 1~ 256
FFOOH +V +1: | Destination address (Lower) | i
0~ 64K
FFOOH +V +2: L Destination address (Upper) l
FFOOH +V + 3 : | Source address (Lower) ' T
0 ~ 64K
FFOOH +V + 4 : l Source address (Upper) I
7 6 5 4 3 2 1 0o
FFOOH+V +5: [ X | X ;X g ox g X i A | I (Transmission mode)
0 0 = Fix current destination/
source addresses
0 1 = Increment destination
address
1 Q0 = Incrementsource
address
1 1 = Decrementsource
address
0 1-byte transfer

—a
Inon

(Note) x : Don't care 2-byte transfer

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 memory.

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. The address space available
for the micro DMA processing ranges 0000H~FFFFH.
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BN 5097249 0041271 075 NN



TOSHIBA

TMP90C844A

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 unet 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:

(Source address)
(Source address + 1)

{Destination address) -
(Destination 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 I/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~FF06H.
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CALL SIQOINIT i Initial setting for serial receiving.
SET 3,(0FFF4H) ; Enable an interrupt for serial data receiving.

SET 3,(0FFF6H) ;  Setthe micro DMA processing mode for serial receiving

interrupt.

LD (OFFBOH),7 ; Setthe number of transfers = 7.

LDW (OFFB1H) ,0FFOOH ;  SetFFOOH for the destination start address.

LDW (OFFB3H),0FFEBH ;  Set FFEBH for the source (serial receiving buffer) address.

LD (OFFB5H) ,1 i Setthetransfer mode (1-byte transfer; increment
destination address).

EI

ORG 0060H

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 (5.75 us at 16 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.

MCU90-161
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General-

purpose

interrupt
processing

Qnterru pt processing)

Read interrupt vector V.
Clear interrupt request
FfF.

Micro DMA
rocessing mode

NO

YES

PUSH PC
PUSH AF
IFF ¢ 0

PC«V

7

Interrupt processing
program

RETI instruction

POP AF
POP PC

YES

Data transfer by
micro DMA

[

COUNT « COUNT -1

COUNT=0

NO

C End )

Figure 3.3 (6) Overall Interrupt Processing Flowchart

Micro DMA
processing
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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 micre 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”. (Write to FFEAH even when clearing the interrupt request flag
that is assigned to FFEBH.)

The status of an interrupt 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.
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7 i 6 i s iooa i o3 i 2 i 1 i 0
IREL  bitSymbol | IRFT4 i IRF1 i IRFTS | IRF2  IRFRX ! IRFTX : IRFFUL i IRFEMP
Read/Writ R (Write is possible only for IRF clear code.
(FFEAH) | Readivrite : UL iy Tor IRF clear code) ;
After reset 0 : 0 ; 0 : 0 : 0 : 0 : 0 : 0
Function 1: Interrupt is currently requested. (iRF is cleared by writing IRF clear code.)
N INTEP request fiag
- INTFL request flag
—— INTTX request flag
» INTRX request flag -
INT2 request flag
INTTS request flag
» INT1 request flag
INTT4 request flag
0 : Nointerrupt request
1 : Interrupt request
7 i 6 | s a o3 i o2 i 00
RFH § bit Symbol EXT IRFO | IRFTO i IRFT1 { |[RFT2 ! IRFT3
Read/Wirit W : R -
(FFEBH) [———— : ; : : : :
After reset 0 : : Y : Q : 0 : 0 : 0
) P1 control : Interrupt Request Flag
Function | 0:1/O portg 1: Interrupt is currently requested.
1:Address:

E I i

3.5.2"Port1”
—— INTT2/INTAD
request flag

— INTT1 request flag
INTTO request flag
> INTO requestflag

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 the flag to “1”. The flags are cleared to “0” by resetting.

et

The micro DMA enable/disable flag also provided for each interrupt request channel
is assigned to the memory address FFF6H or FFF7H. 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 (INTT2) 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.

interrupt Com.mon Mode Setting
pin
TU Level INTEH<EDGE> =0
INTO P45
S Rise edge INTEH<EDGE> =1
INT1 P46
“\_ Falledge T4MOD<CAPM1,0>=1,0
INT2 P47 f Rise edge

>

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

Be careful that the following five are exceptional circuits.

MCU90-166
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INTO level mode Asthe 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 (fram
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 : <learinterruptrequest flag
El
INTAD The interrupt request flip-flop can be cleared only by reset

operation or reading the register that stares 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.

INTFL The interrupt request flip-flop is cleared only by reset
operation or reading the slave bus input data buffer, and
cannot be cleared by an instruction.

INTEP The interrupt request flip-flop is cleared only by reset
operation or writing the slave bus output data buffer, and
cannot be cleared by an instruction.

MCU90-167
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7 ¢ 6 i 5 i 4 3 01 2 i1 o0
INTEL bit Symbol IET4 IE1 IETS IE2 IERX IETX {EFL IEEP
(FFF4H) Read/Write : : : R/W : : :
After reset 0 : 0 ; 0 : 0 0 : 0 : 0 : 0
Function 1: Enable 0: Disable
— | ] [
l—» INTEP interrupt enable/disable flag
L= INTFL interrupt enable/disable flag
-——— INTTX interrupt enable/disable flag
L————— INTRX interrupt enable/disable flag
L———— INT2interrupt enable/disable flag
= INTTS interrupt enablesdisable flag
INT1 interrupt enable/disable flag
> INTT4 interrupt enable/disable flag
INTEH bit Symbol EDGE ADIS IE0 IETO © IET1 © IET2 ! (ET3
(FEF5H) Read/Write RAW RAW : : RAW : :
After reset : 0 : 0 ; 0 0 : 0 : 0 ; 0
(INTO (0:INTT2
Function 0 Level 1 INTAD 1: Enable 0: Disable
11: EDGE :

—_—]

L—> INTT3 interrupt enable/disable flag
— INTT2/INTAD enable/disable flag
—— INTT1 interrupt enable/disable flag
— INTTO interrupt enable/disable flag
—> INT0Q interrupt enable/disable flag
—— |[NTT2/INTAD selection

0] INTTZ2
INTAD
INTQ control

0| "H" level detection interrupt

Rise edge detection interrupt

Figure 3.3(9) Interrupt Enable/Disable Flags
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7 ;6 i 5 a4 o3 1 2 1 i
OMAEL bitSymbol | DET4 | DE1 i DETS | DE2 : DERX DETX : DEFL : DEEP
A -
Read/Write RIW
(FFF6H) : : : : ; :
After reset 0 : 0 : 0 : 0 : g : 0 : 0 : 0
Function 1: Enable 0: Disable
— ]
|—»INTEP DMA enable/disable flag
———INTFL DMA enable/disable flag
= INTTX DMA enable/disable flag
——————INTRX DMA enable/disable flag
- INT2 DMA enable/disable flag
= |NTT5 DMA enable/disable flag
INT1 DMA enable/disable flag
» INTT4 DMA enable/disable flag
A T N T T T T T T T
bit Symbol : : : DEQ DETO i DET1 i DET2 ! DET3
DMAEH : : : :
Read/Write : : : RV
(FFF7H) : : : : ; ;
After reset : : : 0 : 0 0 : 0 : 0
Function : : : 1: Enable 0: Disable

— |

[—» INTT3 DMA enable/disabie flag

INTT2 DMA enable/disable flag

> INTT1 DMA enable/disable flag

L INTTO DMA enable/disable flag

boo——————— INTO DMA enable/disable flag

Figure 3.3 (10) Micro DMA Enable/Disable Flag
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B 9097249 0041281 Tiy EE



TOSHIBA | TMP90C844A

3.4 Standby Function

When a HALT instruction is executed, TMP90C844 enters the RUN, IDLE1, or STOP
mode according to the contents of the halt mode setting register. The features are as

follows:

(1) RUN :- Onlythe 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<HALTM1,0 > 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 flag remains at “1”.

But if interrupt request occur before MPU practices “HALT” command in the state of
DI and it latches interrupt request flag, it causes to release HALT state and to state will
be released as soon after MPU practices “HALT” command. (MPU doesn’t HALT state.)

Therefore clear interrupt request flag or disable interrupt enable flag before MPU
practices “HALT” command.

ex) MPU becomes STOP mode in the state of DI and refease it by INTO interrupt.
(But “built-in 1/0” uses only “Timer 07)

DI

SET 4, (INTEH) ; INTO interruptenable
RES 3, (INTEH) ; INTTCinterruptdisable
LD (WDMOD), ©4H ; STOP mode

HALT

After release "HALT”,
Practice Program

MCU90-170 7
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7 1 8 i s 4 3 i 2 1 0
bitSymbol | WDTE | WDTP1 i WDTPO | waARM | HALTM1 i HALTMO EXF DRIVE
V(\I’:EDM;I?I[)) Read/Write RAW RAW RAW RAW R RAW
After reset 1 0 i 0 0 0 i 0 Undefined 0
. . 216 i i . H
1-WDT 100:2"%/Hc WOT War'mmg Standby mode Undefined 1h. Dr'nves
[01:2"%/4c uptime | 00:RUN mode [invertseach Jthepin
Enable : 04 Dete- 0:2"/4 time EXX evenin
Function 10:2%1c cting o c| 01:STOP  mode HMeEAR  |sTOP mode
A1:2%71c time 1:2%/fc ] 10:IDLET mode [instructionis
: 11: Reserved executed.
| l
Explained in 3.11 "Watchdog Timer” ] ]
Explained in3.4.2
“STOP mode”

Exchange flag (Explained in
3.1.2 "Register™)
030491

Figure 3.4 (1) HALT Mode Setting Register
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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.

eV aW el aWalaWaW WaWal oW aWaWalal

cak | f \ f g \ / \
Ag~15 ) NExt ) Next + 1
ALE ) . A \
AD0~7 -4 o7y 4~ (@)~ F {m ) = = = = |~ ~ 1 {@Zy = o)~ -
RD \ / & ‘ \ '

WR )

INTO . l
(Level) )] '

INTO, 1, 2 ' A\

(Rise edge)

INT1 ' d “ [
(Fall edge)

Internal INT £ /

. . . Interrupt response
HALT instruction execution sequence sequence

Figure 3.4 (2) HALT Release Timing Using Interrupts in RUN mode
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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 “1”.

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.
S AV A AW AW AW AW VA WAWAWAW AW AW AW
E(
ak 1/ \ / T\ f \
— [C
Ag~15 X Npxt 'i‘j PR
ALE {
— \ \ th)
ADO~7 —- -(Ao~7)- T —(Do~7)- -- (Ao~7)-— = e ) (Ao~)— - -(Do~7)— - -
RD \ / "" \ —
WR b
INTO
{Level) I /
INTO « ,ﬁ \
(Rise edge) 3T
. . . Interrupt response
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 “1”, 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 219 clock
oscillation time when set to “1”. This bit is cleared to “0” by reset operation.

Warming up time

X1 J‘\_/L\f\_/‘\f\f\_%_' "\I\_/L\_ﬂf\_/‘\_/‘\
x| f \ T4~ | J |

ag~15 X NExt S B o) Next + 1
ALE L I{d [( \

ADO~7 e 207} 1 ~p0r) o= {07} = — = = o = = =l = 3 = (07} ~ |- 0T~ -
L / N b \ 'an
WR J S 4

w INTIC)) i K

eve Y «
INTO (« k "\

(Rise |

edge)

. . : Interrupt response
HALT instruction execution sequence seqpuencg

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 Pinsin STOP Mcode

Pin name 170 DRVE=0 | DRVE=1
Input mode —_ S
PO0O~P0O7
0 Output mode — Qutput
- Input mode —_ e
P10~P17 Output mode — Cutput
N Input mode —_— Input
P20~p27 Qutput made —_— Qutput
_ Input mode —_ Input
P30~P37 OQOutput mode _ Output
Input mode —_— input
~P4a
p40~-p Qutput mode _— Qutput
Input made
P43 (INTO) Output mode
Input mode
Pas, P47 Cutput mode S Output
P50~P53 Input pin  — —_—
P56, P57 Output pin o Output
. Input mode —_— —_—
P60~P63 Output mode Output | Output
Input mode —_— —_—
70~P7
P70 3 Output mode Output | Output
CLK Output pin
RESET Input pin
ALE Qutput pin g “p*
EA input pin Input Input
X1 Input pin —_— —_
X2 Qutput pin “1 e

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

maode/output pin have been set to high impedance.

: Inputisenahled.

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

Output : Outputstatus

MCUS0-175
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Table 3.4(2) 1/O Operation and Reilease in HALT Mode

HALT mode

RUN iDLE1

STOP

WDMOD<HALTM1, 0>

00 10

01

=~no-—o cﬁ:-i-f-rm—-m'co

CPU

Halt

I/0 port

Retains the state when HALT

8-bit timer

16-bit timer

Stepping motor controller

Serial interface

A/D converter

Watchdog timer

Interrupt controller

instruction is executed.

- Operation

3= WMm—=—0D —Ar->xI

DMA=~cCcQOw

INTWD

SeeTable 3.4 (1)

Halt

INTO

INTT1

INTT2

INTAD

INTT3

INTT4

INT1

INTTS

INT2

INTRX

INTTX

INTFL

INTEP

Reset

OOOOOOOOOOOOOOO.“
I

O

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

MCU90-176
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3.5 Function of Ports

TMP90C844 has a total of 54 I/0 port pins. These port pins function not only as the
general-purpose I/O ports but also as the I/Q 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

Portname | Pin name Nq. of Direction Dir'ection_ Pin name fo.r internal
pins setting unit function

Port 0 POO~PO7 8 i/0 Bit ADO~AD7
Port 1 P10~P17 8 110 Bit A8~A15
Port 2 P20~p27 3 170 Bit SBO~SB7 (P27: WAIT)
Port 3 P30 1 I{e] Bit SWR

P31 1 SRD

P32 1 SCs

P33 1 c/D

P34 1 STA

P35 1 RxD

P36 1 SCLK

P37 1 TxD
Port 4 Pao 1 170 Bit TO1

P41 1 TO3

P42 1 TO4

P43 1 TO5

P44 1 TIO

P45 1 INTO/TI2

P46 1 INT/TI4

Paz 1 INT2/TI5
Port 5 P50~P53 4 Input — ANO~AN3

PS6 1 Output — RD

P57 1 Qutput — WR
Port 6 P60~P63 4 f{e] Bit MOO~MO3
Port7 P70~P73 4 110 Bit M10~M13

These port pins function as the general-purpose 1/0 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.

MCU90-177
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3.5.1 Port 0 (POO~P07)

Port 0 is the 8-bit general-purpose I/O port-P0, each bit of which can be set
independently for input or output. The control register POCR is used to set input or
output. Reset operations clear all output latch and control register bits to “0” and set
port 0 to the input mode. In addition to the general-purpose I/O port function, port 0 also
functions as an address/data bus (AD0~AD7). When external memory is accessed, port
0 automatically functions as the address/data bus. |

( Internal address bus (AQ~A7) (

I_—GIRESEt

Direction
Control

(bitwise)
4‘ External access

3 Write POCR

— External access (address output)
External access (data write)

B

»
Selectorls
b
w
L

Port0
Y PO0O~PO7
(ADQ~AD7)

Datsa

»b “'CU
Selector

Output
Latch

A

Write PO

l/
Output buffer

A % Selector

|G = {
(T 5~

Read PO A >

tnternal

—Y

- —~—

External access {data read)

Figure 3.5 (1) Port 0(P00~P07)
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Port 0 register
R T T R S S 10
PO bitSymbol | P07 ° P06 i POS : P04 i PO3 i PO2 POT | PO
(FFCOH) Read/Write RAW
After reset input mode (output latch register becomes indeterminate)
Port 0 control register
7 i 6 15 14 3 2 1 o
POCR bit Symbol PO7C 1 PO6C i POSC P04acC PO3C : PQ2C PO1C POOC
(FFC1 H) 11 Symbo : : : : B :
Read, modify, Read/Write W
write are not | Afterreset 0
possible. Function Q: IN 1: OUT (Select I/Q on bit basis)

Figure 3.5(2) Registersfor Port 0

L— Port 0 1/0 setting

MCU90-179
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3.5.2 Port 1 (P10~P17)

Port 1 is the 8-bit general-purpose I/O port P1, each bit of which can be set to input or
output. The port 1 control register P1CR is used to set input or output. Reset operations
clear all output latch and control register bits to “0” and sets all port 1 bits to the input
mode.

In addition to the general-purpose I/O port function, port 1 also functions as an
address bus (A8~A15). This is specified by setting the external extended specification
register IRFL<EXT> to “1” and setting P1CR to the output mode. When the P1CR
value is “0,” port 1 is set to the input mode, regardless of the external extended
specification register value.

(Internal address bus (A8~A15) (

Reset

P1IFR<EXT>

Direction
Control
(bitwise)

}

“ Write P1CR

B u

(¥

‘ Port 1
Y ™o P10~P17
{A8B~A15)

R
Output
"1 Latch

4
Write Pt

Data
‘]>¢m

Selector

|
Output buffer

:T & |

t

Read P1

I nternal

Figure 3.5(3) Port1(P10~P17)
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Port 1 register

7 i 6 i s o4 i o3 i o2 i o1 i 0
P1 bitSymbal | P17 ¢ P16 i PI5 i P4 | P13 i P12 : P11 i PO
(FFC2H) [ Readrwrite RIW
After reset Input mode

Port 1 cantrof register

7 0 6 .5 o4 i3 12 i1 i
P1CR bitSymbol | P17C : PI16C i P15C | P14C | P13C | P12C ! P11C ! PIOC
(FFC3H) Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0:IN  1: OUT {input or output can be specified for each bit)
| I 1 I I l [ |
»> Port 1 1/0 setting
0 Input
1 Output
7 i o6 i s i a4 i3 i o2 1 7 i 0
IRFL bit Symbol EXT ¢ : © IR0 : IRFTO i 1{RFT1 : IRFT2 : |IRFT3
(FFEBH) Read/Write Lid R
After reset 0 0 0 0 0 0
Function zllfgl:’:: Interrupt Request Flag
‘l:Address; 1: Interrupt requested

Explained under interrupt controller.

Port 1§eneral-purpose

port/address bus settings
0 | General-purpose port
1 Address bus
P1CR and IRFL <EXT > settings
IRFL
P1CR <EXT> 0 1
<PIXC>
0 Input port input port
i Qutput port { Address bus

Note: Each bit can be set independently.
P1CR <P1XC> isthe X bitof P1CR.

Figure 3.5(4) Registers for Port 1
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3.5.3 Port 2 (P20~P27)

Port 2 is the 8-bit general-purpose I/O port P2, each bit of which can be set for input or
output. The port 2 control register P2CR is used to set input or output. Reset operations
clear all control register bits to “0” and set port 2 to the input mode. (Reset operations
clear output latches P20~P24 and P27 to “0” and set P25 and P26 to “1.”

In addition to its general-purpose I/O port function, port 2 also has a slave bus
(SB0O~SB7) function. This function is specified by setting the slave function
specification register P23FR <SLAVE > to “1.”

When external memory is accessed, P27 automatically functions as the WAIT pin.

Reset
] —t
Direction
Control
("]
5 }
o Write P2CR
- }
o Output Port 2
o Latch L (P20~P27)
- }
© .
c Write P2
@
+ A
: a=
1
Read P2

Figure 3.5 (5) Port 2 (P20~P27)
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Port 2 register
7 . 6 s i o4 ;. 3 i 2 i 1 i g
P2 bitSymbol | P27 © P26 i P25 i P24 P23 i P22 i P21 | P20
(FFC4H) Read/Write R/W
After reset Input mode
Port 2 control register
L T N T I P
P2CR bitSymbol | P27C : P26C : P25C i P24aC | P23C 1 P22C i P2IC | P20C
(FFC5H) Read/Write \"
After reset 0 0 0 0 0 0 a 0
Function 0:IN 1: QUT (Select O on bit basis)

I I I I I I I |
[

Setting Port 2 /O

0 input
. . 1 Qutput
Ports 2 and 3 function register P
7 L s 1 5 i a 3 2 11 i o
P23FR | bitSymbol | ODE : TXDC | SCLKC i RWS | SLAVE Jeixedto”0": Fixedto “0*  Fixed to 0"
(FFCEH) Read/Write RV
After reset 0 : 0 : 0 ! 0 0 ¢ : 0 ; 0
P37 P37 P36 'P30,31 [Slave FNC
0: CMOS icontral lcontrol control [1:P2=Bus
Function |1:Open i0:Port i0:Port :0: WR,RD|P30~p34
Drain i1:TxD  i1:SCLK i1: DS, RAW] =CTL
I output! output: : :
L Setting slave bus function
Explained in “3.5.4 Port3.” o |P20~P27, P30~P34:
General-purpose ports
1 [P20~P27: Slave bus
Ports 2 and 5 function register P30~P34: Slave control
7 0 6 s iooa i3 2 i1 i oo
P25FR | bit Symbol - i bbb RDE | WAITCT | WAITCD
(FFDIH) I Reagrwrite I RIW
After reset ; : : : S0 f 0 f 0

:RD control: WAIT control

: : : : (1:ROis  : 00: 2 state wait
Function : : : : always | 01: Normal Wait

output © 10: Non wait
B

, |
I I: Wait control

Explained in “3.5.6 Port5.” |00 |2-state wait
01 | Normal wait

10 | No wait

11 | Reserved (cannot be used)

Figure 3.5 (6) Registers for Port 2
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3.5.4 Port 3 (P30~P37)

Port 3 is the 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 also has the
programmable pull-up function that enable pull-up when the programmable pull-up
funetion 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 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, P30~P34 have an input/output
function for the slave bus function, and P35~P37 have an internal serial interface .
input/output function. 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/O port mode.
Reset
"1 —i
- Direction Vec
5 Control
o T : I
© Write P3CR o1
-
© l(Set)
a .
Output . ™ D
- Latch L Port3
o (P30~P37)
c t
- Write P3
@
- <1
<
“ T
N \

Read P3

Figure 3.5(7) Port3
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Port 3 register
7 6 s L4 13 i 2 o1 o
P3 bit Symbol | P37 P36 P35 P34 : P33 i P32 i P31 i P30
(FFC6H) Read/Write RIW
After reset Input mode
Port 3 control register
7 6 { s i 4 i 3 i 2 i 1 i 9
P3CR bit Symbol P37C P36C P35C P34C P33C P32C P31C P30C
(FFC7H) | Readrwrite w
After reset 0 0 0 : 0 : 0 0 0 0
Function 0: IN 1: QUT (Select I/O on hit basis)
I I I I I I |
I Select Port 3 1/O
0 Input
Ports 2 and 3 function register ! Output
7 6 5 1 4 3 f o2 i i 0
P23FR | bitSymbol | ODE TXDC { SCLKC | RWS SLAVE | Fixed to "0" : Fixedto “0" | Fixed ta "0”
(FFCEH) Read/\Write R/W . .
After reset 4] : 0 : Q : 0 0 : 0 : 0 : 0
g?TCMOS P37 ;P36 130,31 Slave FNC ' ‘
Function 1 Open 80::::] SOI;tofr?tI ICOTIié 1:P2= Busé
Drain 1:TxD [1:scLk (0:WR,RD:P30--P34 :
output:  output:1: OS, RAW: =CTL

I——»Setting slave bus function

0 |P30~P34,P20~P27: General-
purpose ports

1 |P30~P34: Slave control
P20~P27: Slave bus

——— Setting P30, P31 as slave control pin

0 |P30: RD, P31: WR

1 |P30: DS, P31: R'W

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 (8) Registers for Port 3
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3.5.5 Port 4 (P40~P47)

(1)

Port 4 is an 8-bit general-purpose 1/0 port, each bit of which can be set for input or
output port. The control register is used to set for input or output. 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 1/0 port function, these ports function as interrupt
request input, clock input for timer or event counter, or timer output.

P40~P43

When specified by port 4 function register PAFR<TOLS to TO58>, these ports
become the timer output.

Reset

4

Rires; V.
Co ntrol c

Write P4CR _|E
' }(Settmg)

OQutput
Latch Selector ¥ j';> } |P40~P43
B
f (TO1,3,4,5)

Write P4 S

Bus

Data

Output Timer
Function
Register

i

Write PAFR

Internal

G
Ly |

~ Read P4

Figure 3.5(9) Port 4 (P40 ~ P43)
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@)

P44

P44 is also used as clock input (T10) for 8-bit timer 0.

Reset

tional

Vee

Control

!

Write P4CR

hSetting)

Output

Bus

Data

R

Latch

t

Write P4

Internal

T

Read P4

TIO

Figure 3.5 (10) Port 4 (P44)
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(3) P45
P45 is also used as clock input (TI2) for 8-bit timer 2 as well as external interrupt
request input (INTO).

Reset

—

irec,
|or?al Vee

onFro —IE

Write PACR

}(Setting)

Output [~
Latch 1~ :I P45 {INTQ/TI12)

* 3
Write P4 227
<] Levelledge

LC[—' Detection —1

1
INTO Interrupt

Bus

Data

Internal

1
Read P4

TI2

Figure 3.5(11) Port 4 (P45)
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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

——

Rirec vee
Coentrol

1 —4

Write PACR

| }(Setting)

OL‘:E(‘EI;"‘ LI> PAG/TIA/INTI
: (PA7/TIS/INT2)

Write P4

Bus

Data

1

Function
Register

}

Write P4FR

1

L

&

Read P4

Internal

TI4/INT1
(TI5/INT2)

Figure 3.5(12) Port 4 (P46 and P47)
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Port 4 register
7 6 : s | a i 3 2 1 0
P4 bit Symbol | P47 PAG i P45 i Pad : P43 P42 PA P40
(FFC8H) Read/Write RIW
After reset Input mode
Port 4 control register
7 6 | 5 i a4 i 3 2 i 1 i o
P4CR hit Symbol | P47C P46C PASC i P44C i P43C P42C P41IC PAOC
(FFCSH) Read/Write W
After reset 0 0 i 0 { o i o { o i o0 i 9
Function 0: 1IN 1: QOUT (Select I/O on bit basis)
| I I I i | I |
Select port4i/0
0 Input
. . 1 Output
Port 4 function register
7 6 i s i 4 i 3 2 i1 i 0
PAFR bitSymbol |  ZCE2 21 P - i . TOSS TO4S | TO3IS TO1S
{FFCFH) Read/Write RIW RV
Afterreset 0 : 0 0 i 0 0 0
P47 control : P46 control : : P43 control P42 control: P41 control: P40 control
Function |1:ZCD 1. 2CD : P 0: Port i O: Port ! 0: Port ! 0: Port
Enable Enable : : P10 TO5 3 1 TO4 ¢ 1 TO3 ¢ 1: TO1
— |

I: P46 zero cross enable

b

Disable

-{ O

Enable

L—pa7

zero cross enable

0 |Disable

1 {Enable

I-»Setting P40 as the output of timer 1
0 |Port output
1 {701 output

—>Setting P41 as the output of timer 3

0 |Port output
1 |TO3 output

—=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 |TOS5 output

Figure 3.5 (13) Registers for Port 4
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3.5.6 Port 5 (P50~P53, P56, P57)

Port & is a 6-bit general-purpose I/O port with fixed I/O function. P50~P53 are input
port, and this port can be use also analog input pins (AN0~AN3). P56, P57 are output
ports. All bits of the output latch are set to “1” by resetting, and “1” is generated to the
output port.

Access of external memory makes P35 and P57 automatically function as the memory
control pins (RD and WR), and access of an internal memory makes them function as
general-purpose I/O ports. When an external memory is accessed, therefore, the output
latch registers P56 (RD) and P36 (WR) should be kept at “1” which is the initial value
after the reset.

Also function register P25FR<RDE > is intended for a pseudostatic RAM. When set
to “17, it always functions an RD pin. Therefore the RD pin outputs “0” (Enable) when it
is an internal memory read and internal I/O read cycle.

I ’ Port 5 input

T (PS0~P53)
"
5 Read P5
[+9]
- ADREG AID 4 channel
: < | Register Converter Anlalog
a T Multiplexer
_ Read
@ ADREG Reset
c { (Set)
: Output Latch |I>‘ { | Port 5 output
c T (P56, P57)
—- Output buffer

Write P5
<
Read P5

Figure 3.5 (14) Port5
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Port 5 register
7 i 6 s {4 i 3 & 2 i 1 i 9
b bit Symbol P57 i P56 — i . i p53 i PS2 i PS1 i PS50
Read/Writ RW R
(FFCAH) ead/Write \
After reset 1 : 1 : Input-only
Function ﬁred byéﬁared by; lised also as analog input pins {ANO~AN3)
WRpin :RDpin : )
Port 2, 5 function register
7 i e | s i a4 i 3 2 1 i o
b25 bit Symbol —_— = PP RDE | WAITCI | WAITCO
FR :
Read/\Write : R/W
(FFD1H) : : : : -
After reset : : : : 0 o] : 0
|RD control{WAIT control
1:Always | 00: 2 state wait
Function RD 01: Normal wait
output 10:  Nonwait
11 —
1 J
Explained in 3.5.3 “Port 2"
> Setting P56 fixed to RD

0 | General-purpose output port

1 |Fixed toRD pin

Figure 3.5(15) Registers for Port5
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3.5.7 Port 6 (P60~PE3)

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 P67TFR<MO0S> 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/0 port.

Reset ———;
Directional
Control
Functional Write P67CR
Control
Write P67FR
Shift
a > Output Latch {:/ ! Port 6
® Output | (P60~P63 / MOO~MO3)
- Buffer
L]
e Shift Alternate
= .
- Register
@
< !
@
z Write P6
C ;
1
N
1
N

Read Po

Figure 3.5 (16) Porté
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3.5.8 Port 7 (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 P6ETCR<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 <M1S> specifies whether it 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 "‘"'ﬁ
Directional
Control
Functional Write P67CR
| Control
Write P67FR
Shift
- Output Latch I> { Ipo 7
m
i Output | (P70~73/M10~M13)
i Buffer
* y
@
o |, |shift .
Alternate Register
«
- {
[ A .
[
- j.l Write P7
=
_ /LG——
LG—

Read P7

Figure3.5(17) Port7
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Port 6 register

A T R T o1 o
- bitSymbol | SAB3 : S5AB2 : SA61  SA60 : P63 | P62 : P§1 |  PBO
Read/Write RAW : RIW
(FFCBH) - :
After reset Undefined : Input mode
. . Commonly used as stepping motor control
Function Shift Alternate reg.0 I port 0 as well as pattern generation port 0
1 | J
Shift alternate register 0 Port 6
Port 7 register
7 2 6 i 5 [ a4 3 2 i1 o
bitSymbol | SA73 1 SA72 ! sa7y | SA70 i P73 i p72 i PFY . P70
P7 . :
Read/Write RAW : RAW
(FFCCH) . -
After reset Undefined : Input mode
. . i Commonly used as stepping motor cantrol
Function Shift Alternate reg. 1 iport 1 as well as pattern generation port 1
| | ]
Shift alternate register 1 Port7
Ports 6 and 7 control register
A L D T N T T T T T A T R
bitSymbol | P73C : P72C i P7IC i P70C : PE3C i PB2C : PGIC | P6OC
P67CR -
Read/Write w
(FFCDH) = : : ; : : : :
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Function (Select #/0 on bit basis)

{ | ] J | | | J

l:_S:Eect part 6 1/Q

0 Input
1 Qutput

» Select port 71/Q
0 Input
1 Qutput

Figure 3.5 (18) Registers for Port 6 and Port 7 (1/2)
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7 6 5 4 3 o2 i 0
67ER bitSymbol | PATI ccwi MM M1S PATO CCWO MOM MOS
P -
Read/Writ, RW
(FFDU H) eal reee : :
After reset Q 0 : 4] 0 o] : 0 : 0 0
0: 8BIT D ?‘;;’33’,. Q: AStep | O: Port 0: 8BIT 0 ',“,,‘1;'{}2!, 0:45tep | 0: Port
Function | 1:4BIT ("1 | 1:85tep | 1:Step | 1:4mIT iV SS0S ¢ 1:8Step | 1:Step
WR (Forport?) WR (For port 6)
|
L Setting the port 6 function
0 | Generai-purpose port
1 Stepping motor control/pattern
generation port0
4 L, Setting the port 7 function

Explained in 3.8 "Stepping Motor
Control/Pattern Generation Port”.

0 | General-purpose port

1

generation port 1

|Stepping motor control/pattern

Figure 3.5 (19) Registers for Port 6 and Port 7 (2/2)
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3.6 B-bitTimers

TMP90C844A 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 3.6 (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 3.6 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlled by five
control registers TO1IMOD, T23MOD, TFFCR, TRUN, and TRDC.

MCU90-197
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Figure 3.6 (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, ¢T4, ¢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

lnput 12.5 MHz 16 MHz
clock

¢T1(8/c¢) 0.64 s 0.5 s
¢ T4 (32/fc) 2.56 us 2.0 w5
#T16 (128/f¢) 10.24 s 8.0 s
$T256 (2048/fc) |[163.84 us 128 15

4TO 4T1  4T4  4T16 47256

I S

12 3 45 6 7 8 8

Osciltator | fc. 14 _ ‘
circuit 9-bit prescaler
Trun/stop & clear
— ¢ 2

Figure 3.6 (2) Prescaler
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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 0/timer 1 mode register TO1MOD and timer 2/timer 3 mode
register T23MOD.

The input clock of timer 0 and timer 2 is selected from the external clock from
TIO0 pin (commonly used as P44) and TI2 pin (commonly used as P45 or INT0) and
the three internal clocks ¢T1 (8/fc), ¢ T4 (32/c), and ¢T16 (128/fc), according to the
set value of TOIMOD 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), ¢T16 (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 TOIMOD<T01M1,0> =01, the overflow output of timer 0
becomes the input clock of timer 1 (16-bit timer). When
TOLIMOD <T01M1,0> =00 and TO1IMOD<T1CLK1,0>=01, ¢T1
(8/fc) becomes the input of timer 1.
Operation mode is also set by T0O1MOD and T23MOD. When reset, it is
initialized to
T01IMOD <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 TREG3 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 TREG0 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.

MCU90-200
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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 <TR2ZDE>to 1, and write the following data in the register
buffer.

Up-counter

-

Comparator

N

Timer registers 0 and 2
9 l Matching detection of PPG

—G: cycle

2n - 1 overflow of PWM

—D— D
O+

Shift trigger TREG 0/2 WR
Register buffers 0 and 2
i Write <TRODE>/<TR2DE>

Interna! bus

Figure 3,6 (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 <TRQODE >/<TR2DE > =1 only the register buffer is written.

The memory address of each timer register is as follows.
TREGO: FFD4H
TREG1: FFD5H
TREG2: FFD6H
TREG3: FFDTH

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

MCU90-201
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7 i e i s i 4 i 3 i 2 i 1 i 9
bitSymbol | TOIM1 i TOIMO i PWMO1 i PWMOO i TICLK1 | TICLKO | TOCLK1 i TOCLKO
TO1MOD Read/Write RAW AW : RAW : RAW
(FFD8H) : : - ; : :
After reset 0 i 0 H 0 : 0 0 : 0 : 0 : 0
00: 8bit Timer | 00: - 00: TOOTRG ¢ 00:TIO0
. 01: 16bit Timer 01: 26— 1 PWM 01: ¢ 01: 4T
Function .
10: 8bit PPG 10: 27 - 1 cycles 10: gT16 10: 474
11: 8bit PWM 11:28-1 11: 4T256 11: 4T16

i 1 J

]

|—»Input clock of timer 0

00 | External clock T10

01 [Internal clock ¢T1

10 |internal clock $T4

11 {Internal clock ¢T16

L Input clock of timer 1

TOTMOD7?7, 6% 01

TOTMOD7,6 =01

00 | Comparator output
oftimer0

01 |Internal clock ¢T1

10 |Internal clock 4T16

11 |Internal clock #7256

Overflow
output of timer
0

(16-bit timer
mode)

— Select PWMO cycle

{“"Don"t care” except in PWM mode)

Q0 —_—

01 261

10 27 -1

11 281

Set the operation mode of
timer 0 and 1.

00 | Two 8-bit timers

(timer 0 and timer 1)

01 | 16-bit timer

10 | 8-bit PPG output

+ 8-bit timer (timer 1)

11 | 8-bit PWM output {timer 0)

Figure 3.6 (4) Timer 0/Timer 1 Mode Register (TO1MOD)
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7 i & i s 4 13 2 o1 o
bitSymbol | T23M1 | T23MO | PwWM21 | PWM20 | T3CLK1 | T3CLKO | T2CLK1 | T2CLKO
T23MOD Read/Write RAW : RV RAW RAW
(FFDIH) : : : ; : -
After reset o ¢ 0o i 0 0 ¢ 0 i 0 0 i 0
00: 8bitTimer | 00: - i 00: TO2TRG Q0: TI2
_ 01: 16bit Timer D1:26-1 01: ¢T1 01: ¢T1
Function
10: Bbit PPG 10:27 -1 10: $T16 10 ¢74
11: 8bit PWM 11:28-1 11: $T256 1: §T16

L f

|

]

l—»Timer 2 input clock

00 | External clock TI2
01 [Internal clock £T1
10 |Internal clock 474
11 (Internal clock ¢T16

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 47256

——— Select PWM2 cycle
("Don’t care” exceptin PWM mode)

00 —
01 26 -1
10 27 -1
11 28-1

Set the operation mode of
> timer 2 and timer 3

00

Two 8-bit timers
(timer 2 and timer 3)

16-bit timer
8-bit PPG output

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

01
10
11

Figure 3.6 (5) Timer 2/Timer 3 Mode Register (T23MQOD)
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TFF3 TFF1
T 1
7 i 6 5 i o4 i 3 i 2 1 0
TFFCR bitSymbol | FF3C1 : FF3C0 { FF3IE | FF315 | FFIC1 | FFICO i FFUE | FFIIS
Read/Writ w AW w R/W
(FFDAH) |———— : .
After reset - : 0 : 1] - : 0 : Q
00: Invert TFF3 1: 0 i 00! Invert TFF1 1: ‘o:
01:Set  TFF3 | TFF3  ilnvertsby: gy:qet  TFF1 1 TFF1 Invertsby
. " 10:Clear TFF3 ! Invert EB.Fb't 10: Clear TFF1 ! Invert §8_-b|t
Function : itimer 2 : itimer 0
11: Don‘t care ! Enable :q, i 11: Don‘tcare : Enable :q.
: {invertsby ! : iinverts by
: itimer3 : itimer 1

l—» Select inverse signal of timer flip-flop TFF1
("Don"t care” exceptin.B-bit timer mode)

0 | Inversion by timer 0

1 | Inversion by timer 1

Invert of timer flip-flop TFF1
0 | Disabled

1 | Enabled

—> Controt timer flip-flop TFF1

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

01 |SetTFF1to "1°,
10 | Clear TFF1to “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 fli'p-ﬂop TFF3
0 |Disabled

1 {Enabled

Control of timer flip-flop TFF3

00 { Inverts the value of TFF3
(software inversion).

01 | Sets TFF3 to “1”.

10 | Clears TFF3to “0”".

11 | Don‘tcare (Always set at “11"when read)

Figure 3.6 (6) 8-Bit Timer Flip-flop Control Register (TFFCR)
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16-bit timer 8-bit timer
| T ]
7 . s i s a4 i 3 i o2 i 1 i o9
TRUN bit Symbot © PRRUN | T4RUN | T3RUN : T2RUN : TIRUN : TORUN
Read/Writ : RAW
(FFDCH) |8 : : : : : ; ;
After reset : : 0 : 0 : 0 : 0 : 0 : 0

Prescaler & Timer Run/Stop Control

Function
0: Stop & Clear

1: Run (Count up)
1] |

l—> Operation of timer 0

0 |Stop and clear

— QOperation of timer 1

0 |Stop and clear

—— QOperation of timer 2

0 |Stop and clear

— Operation of timer 3

0 |Stop and clear

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

0 [Stop and clear

L——— Operation of prescaler

0 |Stop and clear

Figure 3.6 (7) Timer Operation Control Register (TRUN)
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7 i 6 i s i a4 i3 i 2 1 1 i o
bit Symbol MIT ; : : ! TR4DE i TR2DE : TRODE
(F";T)%f_l) Read/Write | RW | ; RV
After reset 0 0 i 0 i
_ 0: Timer 2; ' { 0: Double Buffer Disable
Function or3 ¢ : ! 1: Double Buffer Enable
i: Timer 4: : : : i

|~> Control the double buffer of timer register 0

0 |Disabled

1 |Enabled

— Control the double buffer of timer register 2

0 {Disabied

1 Enabled

L Control the double buffer of timer register 4

0 |Disabled

1 |Enabled

elect the shift trigger of port 7
?M10~M13) gg_ P

0 [Timer2or3

1 |Timer4

}

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

Figure 3.6 (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 (INTTO~INTT3) is generated. If the timer flip-flop inversion is
enabled, the timer flip-flop is inverted at the same time.

®  Timer flip-flop (timer F/F)

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) B-bittimer 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
TO01MOD and TREG1, respectively. Then, enable interrupt INTT1 and start the
counting of timer 1.

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

MSB LSB

76543210
TRUN « - —---- - 0 - Stop timer 1, and clear itto “0".
TOIMODs 00 X X01-- Set the 8-bit timer mode, and select ¢T1(0.5 zs @

fc=16 MHz) as the input clock.
TREG1 « 010100¢00Q Setthe timer register at 40 x5 + ¢T1 = 50H.
INTEH ¢ X ----1- - Enable INTT1.
TRUN « X X1---1 Start timer 1 counting.
(Note} X;Don'tcare —;Nochange-
MCU90-207
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Use the following table for selecting the input clock.
Table 3.6 (1) 8-Bit Timer Interrupt Cycle and Input Clock

(I;lttfecr;u e ﬂze) Resolution Input clock
0.505 ~  128us 0.5us 4T1 (8/c)

2us ~ 512us . 2us $T4 (32/f¢)

8us ~ 2,048ms 8us $T16(128/fc)
12845 ~ 32,768ms 128.s $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 : Tooutputa 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.

MsB LSB
765643210
TRUN ¢« ===~~~ 0~ Stop timer 1, and clearitto "0".
TOIMOD« 00X XO01-- Set the 8-bit timer mode, and select 471 (0.5 «s @
fc= 16 MHz) as the input clock.
TREG1 « 00000011 Setthe timerregisterat 3.0 us + ¢T1+2=3.

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

TFFCR ¢ - ---1011 detect signal from timer 1.
PACR & - - - - 1 } Select P40 as TO1 pin.
PAFR « - -XX---1

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

MCU90-208 7
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AN S I I s Y e Y e 1 e N e O e e I

<TI1RUN>
BIT7~2

Up-
counter &' W

BITO 0 1 2 34N 0 L2 |3 o 2 3 o
Comparator
timing || 1 M [ 1
Comparator output
(matching detect) [ [
INTT1 ( M [
UC clear {{ L L
TFF1 \ E .F
§ I I
TO1 é / : /

B 2.4,5@fc = 10MHz

oo

Figure 3.6 (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 ﬂ ﬂ
match output

e N 0 0 000D 0000000

Timer 1 up-counter

(when TREG1 = 2) 1 L ? ‘X !

Timer 1 match output ”

Figure 3.6 (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.

MCU90-209
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(2)

® Initial setting of timer flip-flop (timer F/F)

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.

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
0/timer 1 mode register TOIMOD <T01M1,0> to “0,1”.

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 3.6 (2) 16-Bit Timer (Interrupt) and Input Clock

(I(T@tfg':'f; %ﬂ% "Resolution Input clock
0.5 6 ~ 32.768 ms 0.5 s $T1(8/c)

2 15~131.072 ms 2 us ¢ T4 (32/f)

8 15 ~524.288 ms 8us $T16 (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 (8 s @ 16 MHz)
0.5 s+8 us=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 ¢ and timer 1, the up-counters
UCO0 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.

MCU90-210
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Example : When TREG1=04H and TREG(0=80H
Value of up-counter G400H
{UC1, UCO) G000H  Q0BOH 0180H 0280H 0380H 0480H

Timer 0 comparator ”
match detect signal ' . :

Interrupt INTT1

Timer output TO1 X Inversion

Figure 3.6 (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).

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

TREGO and UCO match /ﬂ /ﬂ

{interrupt INTTQ) )

TREG1 and UCO match ( ﬂ ( ﬂ

{interrupt INTT1) \ } \ )
TO1 L

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 TREGO and TREG1.

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

Though the up-counter (UC1) of timer 1 cannot be used in this mode, timer 1 can be
used for counting by setting TRUN <T1RUN >to 1.

MCU90-211
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Figure 3.6 (12) shows the block diagram for this mode.

TRUN<TORUN> TO01
TiQ pin —f 6-bi I T |
#71{8/fc) - -bit
#T4{32/f) — Selector up-counter UCO TFFCR< FF1IE>
#T16{(128/fc) —> TFE |- 0
1 1 Inversion
TOIMOD<TO1CLK1, 0>
L INTTO
J < =
Comparator Comparator INTT1
PE =
|_ TREGO
Sel PEL
elector >
TREGO-WP — .| Shifttrigger
i Register buffer TREG1
TRDC<TRODE> | TT

Internal bus

Figure 3.6 (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

Match with TREG1

TREGOQ
(Value to be compared)

Register buffer

varied).

l

|

(Up—counier = Q)

(Up-counter = Q3)

( Shift from register buffer

Q1

A

Q2

%

Q2

X

Q3

Write into register buffer

| MCU90-212
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Example: Generating 1/4 duty 50 kHz pulse (@ fc=16 MHz)

L LTI

20 s>

+ Calculate the value to be set for timer register.
To obtain the frequency 50 kHz, the pulse cycle t should be : 1/50 kHz = 20 us.
Given ¢T1=0.5 us (@ 16 Hz),
20 45+0.5 us=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4,t X 1/4 = 20 us X 1/4 =5 us
5 S+ 0.5 MS= 10
Therefore, set timer register 0 (TREGO) to TREG0O=10=0AH.

MSB LSB
76543210
TRUN « XX ----00 Stop timer 0, and clear it to "0”.
TOIMOD« 1 0 X X X X0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TFFCR ¢ - - - -011%x Sets TFF1 and enable the inversion.
L—' Writing “10" provides negative logic pulse.
TREGO + 0061010 Write “0AH".
TREGL « 0101000 Write “28H".
P4&CR ¢ - - - - - - - 1
PAFR € - - XX - - - 1 } Set P40 as the TO1 pin.
TRUN ¢« X X1---11 Start timer 0 counting.
{(Note) X ;Don’t care -;No change

MCU90-213
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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 (UC0) matches the set value of timer
register TREGO or when 2n—1 (n=6, 7, or 8; specified by TOIMOD <PWM01,0>)
counter overflow occurs. Up-counter UCQ 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 /”

worwetor | AL
\—y \

-(interrupt INTTO)

TO1 —_—

~ trwm

Figure 3.6 (13) shows the block diagram of this mode.

| MCU90-214
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TRUN<TORUN>

TO1

TIO pin — ) T

¢TI @) — 8-bit ol

§T4(32f) —»| Selector =l yp counter UCO sar - < TFFCR<FFIC1,0,

$T16 (128/¢) — - < FFUE FF1S>
Invert

TOIMOD<TOCLKY, 0>

2n—1 .‘_TOIMOD<T01M1.0>”
. overflow |~

control | T01MOD <PWMO1, 0>
~=(Selection of

N=6, 7 or8)
Comparator
T
‘ INTTO
L TREGO
s
Selector S
TREGO-WR —> Shift trigger
y Register buffer

TROC<TRODE> ‘

internal bus

Figure 3.6 (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 TREGD " "
(Up-counter = Q) (Up-counter = Q)

2n-1

overflow

(Shifted from register buffer

TREGO Q1 \X Q2
(value to be compared)

_ Q2 X Q3
Register buffer

Write into the register buffer

MCU90-215
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Example: To output the following PWM waves to TO1 pin using timer 0 at fc=16 MHz.

I‘ 36 45 "'|

—

—

—

— 63.5 15 —

To realize 63.5 us of PWM cycle by ¢ T1=0.5 x5 (@ fe=16 MHz),

63.5 us+0.5 us = 127 = 271

Consequently, n should be set to 7.
As the period of low level is 36 us, for ¢ T1=0.5 us,
set the following value for TREGO.

TRUN «

TO1MOD «

TFFCR
TREGO

4

4+

PACR «
P4FR +
TRUN +«

(Note)

MSB

36 us+0b s =772 = 48H

LSB

76543210

X ; Don’t care

Stop timer 0, and clearitto "0”.

Set 8-bit PWM mode (cycle: 27 - 1) and select ¢T1 as the
input clock.

Clears TFF1 to enable the inversion.
Writes “48H".

} Set P40 as the TO1 pin.

Start timer 0 counting.

~; No change

Table 3.6 (3} PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@ fc = 16 MHz}

Formuia
$T1(8/fc) $T4{(32/fc) $T16 (128/fc)
261 (26 -1)x¢Tn 315, 126 s 504 xs
27-1 (27-1}x ¢Tn, 63.5 us 254 s 1.0t ms
28-1 (28-1)x¢Tn 127 48 510 s 2.04 ms
MCU90-216
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Table 3.6 (4) shows the list of 8-bit timer modes.
Table 3.6 (4) Timer Mode Setting Registers
Register name TOIMCD (T23MOD) TFFCR
Name of function in register TOTM (T23M) PWMO (PWM2) T1CLK (T3CLK) TOCLK (T2CLK) FF11S (FF31S)
Function Timer mode PWM cycle Upper timerinput L.ower timer T|rf1er F/F invert
clock input clock signal select
External clock,
16-bit timer mode 01 - - $#T1, ¢T4, gT16 -
(01,10,11)
Lower timer 0: Lower timer
tch: External clock, tput
8-bit timer x 2 channels 00 - m m;;: .T256 #T1, gT4, 4T16 - ZU pu "
gll, ¢llb, ¢ (00,01, 10, 1) . Upper timer
(00,01,10,11) output
Externai clock,
8-bit PPG x 1channel 10 - - $T1, 474, ¢T16 -
(00,01, 10, 11)
25-1,27-1, External clock,
8-bit PWM x 1channel 281 - #T1, 474, ¢T16 -
11 (01,10,11) {00, 01,10, 11)
T1, ¢4T1 T256
8-bit timer x 1channel - #T1, 4716, ¢ - Output disabled
(01,10, 11)
(Note) - :Don’t care
MCU90-217
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3.7 Multi-Function 16-bit Timer/Event Counter (Timer 4)

TMPS0C844A 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 3.7 (1) shows the block diagram of 16-bit timer/event counter.
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Figure 3.7 (1) Block Diagram of 16-Bit Timer/Event Counter (Timer 4)

MCU90-219
B 9097249 0041331 37T WB



TOSHIBA

TMP90C844A

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: T4MOD, T4FFCR, TRUN,
and TRDC. TRUN register includes 8-bit timer controller.

registers, see Figure 3.6 (7) and Figure 3.6 (8).

T4MOD
(FFE4H)

7 i o6 15 i a4 i 3 S A
bit Symbol | CAP2TS | EQS5TS : CAP1IN i CAPM1 | CAPMO CLE | TACLK1 | T4CLKO
Read/Write RAW w o AW RAW RV
After reset 0 0o 1 0 ‘ 0 0 0 0

TFFS invert trigger 0 ECapture timing 1: UC16 ETimer4source clock
0: Disable 1 Soft- ;00: Disable Clear ;OO: Tid4

Function

1: Enable
i
don't
{ care

01: 7141 TIST

i Capture i iINT1 occurs at rise edge.

i INT1 occurs at rise edge.

HO: T141 Ti4)

¢ INT1 oceurs at fall edge.

M1 TR D TFF1Y

INT1 oeeurs at rise edge.

Enable 501: $T1(8/f¢)
10: $T4 (326F¢)
i11: ¢T16(128/f¢)

Figure 3.7 (2)

1 f - |

L’ Timer 4 input clock

External clock {T14}

Internal clock ¢T16

— Clearing the up-counter UC16

Clear disable

Clear by match with TREGS.

16-Bit Timer/Event Counter (Timer 4)

Controlier/Mode Register (1/2)

MCU90-220
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7 ¢ 8 i 5 4 3 2 1 oo
bitSymbol | CAP2TS | EQS5T5 | CAPIIN i CAPM1 | CAPMO CLE | TACLK1 : T4CLKO
?F“Sd?H[? Read/Write R/W w R!W RIW R/W
After reset 0 : 0 : 1 : 0 : 0 0 : 0 : 0
TFFS invert trigger 0 ?Capture timing 1: UC16 ETimer 4 source clock
0: Disable Soft- 500: Disable Clear %00: Tia
1: Enable Capture INT1 occurs at rise edge. Enable 5:01: #T1(8/fc}
r 01: 7147 TIST 110: 474 (32/¢)
Function don’t INT1 accurs at rise edge. 211: $T16(128/<)
D care  10: T} T4 5
E INT1 occurs at fall edge.
G1:TRELD TFF1|
¢ INT1 occurs at rise edge.

| ' | ]

Capture cantrol/INT1 interrupt control
Capture control INT1 control
00 | Capture
U Btcctoanc A Interrupt occurs at the £
01 [CAP1 at Tl4 rise rise edge of T14 (INT1) input.
CAP2 at TiS rise
B "I‘r"{{é'}.r'ij';‘)"'cbbuc'éh};'éf{ii'é'fé'l-l"'ﬂ; .......
CAP2 at TI4 fall edge of TI4 (INT1) input.
11 |CAP1 at TFF1 rise Interrupt occurs at the ER
CAP2 at TFF1 fall rise edge of TI4 (INT1) input.

> Software capture trigger

0 |The up-counter value is loaded to CAP1
(software capture).
1 |Alwaysreadas “1".

Timer flip-flop 5 (TFF5) invert trigger

0 [Triggerdisable

1 |Trigger enable

CAP2T5 : When the up-counter value is loaded to CAP2
EQS5TS5 : When the up-counter matches TREGS

Figure 3.7 (2) 16-Bit Timer/Event Counter (Timer 4)
Controller/Mode Register (2/2)
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7 ¢ 6 ¢ os i a4 i o3 i 2 i 1 i o
bitSymbol | TFF5C1 | TFF5C0 | CAP2T4 | CAPIT4 i EQS5T4 | EQAT4 : TFFAC1 : TFFACO

T4FFCR

Read/Write w RW W
(FFESH) - ; - . - i h
After reset : : 0 : 0 : 0 : 0 : :
00: Invert TFF5 iTFF4 invert trigger i00: Invert TFF4
01: Set TFF5 :0: Disable trigger 01: Set TFF4
10: Clear TFF5 i1: Enable trigger :10: Clear TFF4
Function When the whenthe :Whenthe When up- :11: Don't care

- ’ .
11: Don't care fup-counter :up-counter :up-counter :counter

; : : : {3 Alwaysread as
Always read as “11". valueis Ivalue s imatches  imatches ! Y

: : i i e
‘loadedto :loadedto TREGS  :TREGS | "
icap2 icam ! : i

| |

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

00 [inverts the TFF4 value
(software inversion).

11 | Dont care (Always read as
"11 n) .

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

0 |Triggerdisable

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
EQAT4 ; When up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 | Inverts the TFF5 value
{software inversion).

11 | Don't care (Always read as
" 1 1 ” )

Figure3.7(3) 16-Bit Timer/Event Counter Timer
Flip-flop Control Register
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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), 4T4 (32fc), and ¢TI6
(128fc) from 9-bit prescaler (also used as 8-bit timer), and external clock from TI4
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 TREG5)

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

FFETH FFEOH FFE3H FFE2H

TREG4 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 matech 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
<TR4DE > =1 then write the following data in the register buffer.

TREG4 and register buffer 4 are allocated to the same memory addresses FFEOH
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.

MCU90-223
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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

Upper 8bits | Lower 8 bits Upper8bits © Lower 8 bits

FFETH 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 TAMOD<CAPM1, 0> =01

Data is loaded 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 (commmonly 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 TAMOD <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).

MCU90-224
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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 TREG5 to detect the match. When a match is detected,
the comparators generate an interrupt INTT4 and INTT5 respectively. The up-
counter UC1S 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 T4FFCR<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 INTT5 and disable INTT4.
TAFFCR« 11000011 Disable trigger.
TAMOD « 001001 * * Select internal clock forinput and
(**=01,10,11) disable the capture function.
TREGS « *%%® swsx kdkohok khknk Set the interval time (16 bits).
JRUN ¢ - - 11 - - - - Start timer 4.
(Nete) X ;Don’t care -; No change
MCU90-225
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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 TI4 pin input.

TI4 pin can also be used as P46/INT1.

[TRUN « - --0---- Stop timer 4.

PAFR ¢ - * = - - - - = * =0 :Tl4 input pulse is square wave
+* =1 : T4 input pulse is sine wave (zero-cross)

INTEL« 0041 ---- - Enable INTTS, while disables INTT4 and INT1.
T4FFCR 11000011 Disable trigger.

TAMOD « 00100100 Select T14 as the input clock.

TREGE « *##% #2%% #&5k i34 Set the number of counts (16 bits).

(TURN « - -11-- - - Start timer 4.

(Note) 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). In this mode, the following conditions must be

satisfied.
(Set value of TREG4) < (Set value of TREGS)
[TRUN ¢ - --0---- Stop timer 4.
TREGA & *%%% wkkk skdk kA% Settheduty.'
TREG5 &« Rkkd kkkk XEk&Ek Kkikp Setthecycle_
TAFFCRe 11001100 Set the TFF4 inversion to be effected by match with TREG4 or
TREGS. Initialize TFF4 to “0".
TAMOD « 00100 1*~* Select the internal clock for the input, and disable the capture
. (**=01,10,11) function.
PACR ¢ - - - - - 1--
(**=00,01,10) Assign P42 as TO4.
PAFR ¢ - - - - - 1= - '
(TRUN ¢ - -11---- Start timer 4.
(Note) X ;Don't care -;No change

(interrupt INTT4)

Match with TREG4 /ﬂ ” |-| | n | ”
[

Match with TREGS E /ﬂ _l -l -I
{interrupt INTT5) \l ( \
TO4 pin 3

MCU90-226
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(4)

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 TREGS. This feature makes easy the handling
of low duty waves (when duty rate is varied).

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
CP35, 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:

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

Pulse width measurement

® ©® 6

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

Set the up-counter UC186 in free-running mode with the internal input clock,
input the external trigger pulse from TI4 pin, and load the value of up-counter into
capture register CAP1 at the rise edge of the TI4 pin. Then set to
T4AMOD <CAPM1,0>=01.

When the interrupt INT1 is generated at the rise edge of TI4 input, set the
CAP1 value (¢) plus a delay time (d) to TREG4 (= c¢+4d), and set the above set
value (c+d) plus a one-shot pulse width (p) to TREGS (= 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.

MCU90-227
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(r Set the counter in free-running mode.

Count clock _ﬂﬂl]ﬂﬂ[l_______]lﬂﬂm]___.lwm.__mum__-

(internal clock} c+d c+d+p
Ti4 pin input
(external trigger pulse) e Load the up-counter value into Capture
Register 1 (CAP1} INT1 occurred
Match with TREG4 /"—

Inversion
enable /ﬂ

Disables inversion\ | nversion !

caused by loading \ | ohable 1

of the up-counter 3
¥ value into CAP1.

1
Pulse width |
1

1
1
)
)
H
1
INTTS occurted
r ¢
i
|

Match with TREGS

Timer output pin TO4

Delay time

(d) (9

091180

Figure 3.7 (4) One-Shot'Pulse Output (with Delay)

Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external tngger
pulse to TI4 pin

Main setting Keep counting (Free-runnig)
— | ,_E Countwith ¢T1.

TAMOD « 00101001
T

» Load the up-counter value intc CAP1 at the rise edge
TAFFCR« 11000000 of T14 pin input.

Clear TFF4 to zero.
» Disable TFF4 inversion.

PACR « - - - - - 1--
(**=00,01,10) Select PA2 as the TO4 pin.

P4FR ¢« - - - - - 1 -~

INTEL« 01 ¢~ ~ - - - Enable INT1, and disable INTT4 and INTTS.,

[ TRUN ¢« - -11--- - Start timer 4.

Setting of INT1

[TREG4 « CAP1+3ms/4T1
TREGS « TREGA+2ms/4T1

T4FFCRe X X - - 11 - -
=Y Enable TFF4 inversion when the up-counter value

matches TREG4 or 5.
| INTEL « - -1 - - - - - Enable INTTS.

MCU90-228
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Setting of INTS

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

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (c)
plus the one-shot pulse width (p) to TREG5 when the interrupt INT1 occurs. The
TFF4 inversion should be enabled when the up-counter (UC16) value matches
TREGS, and disabled when generating the interrupt INTTS5.

{internal clock}

Count clock "“”””” - ”"””" I __MHUHL__-
C

ct+p
Ti4 pin input
external trigger pulse) = Load the up-counter value into Capture
( ggere :k Register 1 (CAPT). INTI bccurred E Load the up-counter value into
! A INTTS | Capture Register 2 (CAP2).
Match with TREGS i ] occurred :
i Inversion i :
! enable ! !
Timer output pin TO4 ' \i i
)
/1 Pulsewidth R 7
Enables inversion caused i ()] !

Disables inversion caused by loading of

by loading of the up- the up-counter value into CAP2.

counter value into CAP1.
131190

Figure 3.7 (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 INTT0 or INTT1) is generated by either 8-bit
timer.

MCU90-229
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Count clock "”"""" _Jm"_”_

(internal clock) 1 c2

TFF1 i
]
. . Ci1
Loading UC16 into CAP1

.
Y

N
-

Loading UC16 into CAP2

by~ — - = = ey -
—— it U BE
%]
8]

TNTTOANTTY

010289

Figure 3.7 (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 mmﬂﬂ

{internal clock) c2

C1 -
T4 pin ‘ﬁ] _r_
{external pulse) ) !
Ci , " 1 "

— " et T
0
N

Loading UC16 into CAPY
( \‘ﬂcz -
Loading UC16 into CAP2 \ i
1
INT1

121190

Figure 3.7 (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 T4 pin input. In other modes, it occurs at the rising edge.
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The width of “L” Ievel 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 TI15.

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 TI4. 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.

Count clock """”” o _ ”””"“

(internal clock) C1 Cc2

A1

Ti4 pininput /

TI5 pininput

Loading UC16 into CAP1 (\

Loading UC16 into CAP2 \

!

(

|

I

T

'

:

I

)

!

]

|
INT1 ]l-[

1

:

i

1

I

i

INT2

Time difference

Figure 3.7 (8) Time Difference Measurement
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3.8

3.8.1
(1)

(2)

(3)

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

TMP90C844 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 (MO0 and M1) are shared by 4-
bit I/O 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,

Control Registers
Ports 6 and 7 I/O selection register (P67CR)

This register specifies either input or output for each bit of the 4-bit I/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 P6TCR to “1”, specifying
them as cutput 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 P6TFR<MOS>/<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 P67FR<MOM>/<MI1M> and
P67FR < CCW0>/<CCW1>>, respectivély.

Selecting the channel 1 synchronizing timer (TRDC)

With TRDC <M1T>, select a timer which synchronizes SMC channel 1 (M1). When
<M1T> =9, M1 is synchronous with timer 2 or timer 3, while when <M1T>=1 it is
synchronous with timer 4.

MCU90-232 )
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(4) Porté

This is a 4-bit /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) Port?

This is a 4-bit I/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 0 6 i 5 i a4 i3 i o2 i1 0
i : : : : : i PBIC  PROC
F67CR bit Symbol p73C : P72C * P71C : P70C Pe3C ¢ PG2C ¢ 6 ;
{FFCDH) Read/Write W : w
After reset 0 0 0 0 0 0 0 0
Function 0:1n 1:0ut P 0:in 1:0ut

:;elect Port 6 1/O

{on bit basis)

> SelectPort 7 1/0
(on bit basis)

121190

Figure 3.8 (1) Port 6 and Port 7 1/0 Selection Register (P67CR)
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7 ¢ 6 s ioa i3 i o2 i 4 i 9
FG7FR | DitSymbol | PATt | COW1 | MIM ;| Mis @ PATO | COWO | MOM :  MOS
{FFDOH) Read/Write RAW RIW
After reset o6 0 0 0 0 0o 0 0
0: gbit  iO:Narmal (0:1 [0:Genersl- i0: gbit  iO:Narmal (0:1  0:Generak
write . fotation : excitation: purpose o 1 rotation :  excitation! purpose
. ; Poor2 port : i poor2. 1 port
Function : i excitation : sMc : : : excitation : ;
. : *1:Reverse :1:1-2 PLSMC - gL Ak i1:Reverse :1:1-2 11:5MC
t: \t:?e i rotation : excitation i :v:;'e ! rotation © excitation:

I—»Serecting the function of Port 6
0 | General-purpose port

1 Stepping motor control/pattern
generation port 0 (M0)

—5tepping motor control port 0 mode
(excitation)

0 [1or2excitation (full step)

71 [1-2 excitation {haif step)

——Rotating direction of stepping motor
control port 0

0 |Normal rotation

....................................................................................

1 {Reverse rotation

t————Selecting port 6 write mode
0 |8-bitwrite

4-bit write

1 | (Pattern generation mode)

(Only shifter alternate register can be
written.)

Figure 3.8 (2a) Port 6 and Port 7 Function Control Register (P67FR)
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7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
P67pR |DitSymbol | PATY Pcowt P oMIM L MIS ¢ PATO | CCWO ! MOM i MOS
(FFDQH) | Read/Write RW : RW
After reset o ¢ o i o i o i 0o { 0 i 0 i o
0: B-bit  :0:Normal  :0:1 i0:Gereral- 10: g-bit  O:Normai  0:1 {0:General-
write 1orotation o excitation  purpase I e i rotation | excitation: purpose
. : Toorl I port : : toor2 : port
Function ‘ P excitation' ‘ : ¢ excitation
1 Babit (1:Reverse  11:1-2 $1ISMIC 110 Aebit i¥iReverse  11:1-2 11:SMIC
write o rotation © exutation: : write ¢ rotation : excitation:

Selecting the function of port7

0 | General-purpose port

1 Stepping moter control/pattern
generation port 1{M1)

L————Stepping motor control port 1 mode
(excitation)

0 | 1or2excitation (full step)

1 | 1-2 excitation (half step)

Rotating direction of stepping motor
control port 1

0 |Normal rotation

1 |Reverse rotation

»Selecting port 7 write mode
0 | 8-bit write
4-bit write
1 [(Pattern ?eneration mode}

(Only shifter alternate register can be
written.)

Figure 3.8 (2b) Port 6 and Port 7 Function Control Register (P67FR)
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7 ¢ 6 s 1 o4 i 3 i 2 i 1 i g
TRDC | bitSymboi | miT : P ! TR4DE | TR2DE : TRODE
(FFDBH) | ReadWrite| RW RIW
After reset 0 : : : f 0 i o0 i o0
ogime,zé 0: Double Buffer Disable
or3 !
tr}gger 1: Double Buffer Enable
1:Timer4: - :
trigger !
L RAWY |
Explained in 3.6 “8-Bit Timer”
i
Selecting the shift trigger of port 7
(M10~M13)
0 |Timer2or3
1 |Timer4
( Shift trigger generating timer for stepping motor )
control/pattern generation
Figure 3.8(3) Timer Register Double Buffer Control Register (TRDC)
71 6 s 1 a4 i 3 i 2 i 1 i g
pg | DitSymbol | SA3 ! SA62 ! SA61 [ SAG0 : P63 ! P62 : PG : P60
(FFCBH) | Read/write w RW
After reset Undefined Input mode
Shift alterna::‘%{g?greégfor stepping Shared by stepping motor control port ¢
!
l—" Portb
» Shift alternate register 0 for stepping
motor control
7 0t o6 fos o4 i3 f o2 % 1 i 0
py | bitSymbol | sA73 i SA72 | SsA71 1 SA70 i P73 ! P72 I PT1 i P70
{FFCCH) Read/Write W RIW
After reset Undefined i Input mode
Shnﬂalterne::‘%trggncs;re‘::‘)}‘or stepping Shared by stepping motor contreol port i
[

[—> Port7

> Shift alternate register 1 for stepping
motor controf

Figure 3.8 (4) Port 6 and Port7
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3.8.2 Pattern Generation Mode

SMC functions as a pattern generation port according to the setting of
P67FR<PAT1>/<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.

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

Figure 3.8 (5) shows the block diagram of this mode.

Output latch
Shift alternate register [_—
« LATCH63 ] M03 (P63)
= SAB3
3 k —
° LATCH62 »{ ] MO02 (P62)
t_u SAB2
C 1 hd 1
@ LATCH®1 >[_]MO01(P61)
= > SAG1
=< LATCH®&0 >} MOO (P60)
SAB0
A
Shift due to the shift trigger from timer

Figure 3.8 (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.

MCU90-237
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3.8.3 Stepping Motor Control Mode
(1) 4-phase 1 -Sfep/Z-Step Excitation

Figure 3.8 (6) and Figure 3.8 (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 rl n n n n n
MO0 (P60} b0 b3 | b2 | bt b0 | |
MO1 (P61) b1 b0 b3 b2 b1 I

MO02 (P62) b2 | b1 b0 b3 l b2 I

M03 (P63) b3 . b2 b1 b0 - b3 I I
Initial value P6 {x x x x 0100) Note: bn indicates the initial value of P6
(% x x xb3 12 bl b0).

@D  Normal Rotation

Trigger signal

from timer rl n n rI I—I ﬂ I..l
‘b0 b1 b2 b3 b0 | l
MOD (P60) >
b1 b2 b3 b0 b1 | |
MO1(P61)
Mo2(P62)  ib2 I b3 b0 b [52 |
Mo3(p63)  ib3 bo b1 [o2 EE

Initial value P& ( x-x x x0100)

@ Reverse Rotation

Figure 3.8 (6) Output Waveforms of 4-Phase 1-step Excitation
Normal Rotation and Reverse Rotation)
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romtmer 1 n M M n n M
M00 (P60) LI b3 b2 Lo bo | L
MOT (P61) b1 b0 b3 b2 | o1 |
M02 (P62) éb—z_—lb‘ bo | b3 b2 ;
MO3 (P63) b3 b2 X b0 [ b3 |
é

Initial value P6 {x x x x 1100)

Figure 3.8 (7) Output 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<CCWO0>: Normal rotation
(MO0—=M01—-M02—->M03) when <CCWO0> is set to “0”; reverse rotation
(M00<«M01+<MO02«M03) when “1”. 4-phase 1l-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 3.8 (8) shows the block diagram.

Qutputlatch
Shift alternate Register ,T‘—‘
LATCH63 =[] MO3 (P63)
3 SAB3
a AL
_ [  LATCH&2 [ IM02 (P62)
c SA62
= i AL
i »|  LATCH®61 [JmMe1(Pe1)
-t
Y
Cl=< > SAG1
- AL
LATCH60 'D MO0 (P&0)
- SA6B0 L——

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

Figure 3.8 (8) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation
(Normal ROtatIOI'S

MCU90-239
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(2) 4-Phase 1-2 step Excitation

Figure 3.8 (9) shows the output waveforms of 4-phase 1-2 step excitation when
channel 0 is selected.

Trigger signal
G T I R Y
MO0 (P60) b0 bd |b3 b7 b2 | be bi b5
MO1 (P61) bt bS al b4 [b3 b7 b2 | b6

Mo2(P62) D2 le b1 b5 b0 b4 |3 b7

MO03 (P63) b3 b7 b2 I bé b1 b;s " b0 b4

i

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

@D  Normal Rotation

'i;rigger signal : n n n rl n rl rl

MO0 P60) b0 bS b1 b6 [62 b7 b3 | s
MO1 (P61) bl b6 fp2 b7 b3 | b4 bo b5
MO2 (P62) b2 b7 b3 l b4 b0 b5 b1 b6
MO3 (P63) b3 | s bo bs b1 b6 [62 b7

:

Initial value P& (10001100)

@  Reverse Rotation

Figure 3.8{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 “100011007,
obtaining the output waveforms as shown in Figure 3.8 (9).

To get an output waveform of negative logic, set values 1’s and ’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.8 (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 (SA8) 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 P67TFR< CCWQ >,

Figure 3.8 (10) shows the block diagram.

Output latch

Shift alternate register
b1 A
> LATCH63 =[] MO03 (P63)
j A
fL
b7 SAG3
L FL1
w22 LATCH62 (] moz (P62)
= |
2 — }
4
ke SAB2
° I AL
|
w b1 LATCHG1 [ 1MO1(P61)
: l Iyl :
L SAG1
T ﬂ-l
b0 >~ LATCHG0 {1 MO0 (P60)
I )
4L
bd SABD
)

-*_Lis showing to shift the signal at the rising
edge of trigger signal from the timer. 121190

Figure 3.8 (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 4T1 as the input clock of timer 0.
TFFCR ¢ - - --1010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGD « * * * » * » % » Setthe cycle in timer register.

PE7TCR «+ - - - - 1111 Set ali P6 bits to the output mode.

PEIFR « - - - - 0011 Select 4-phase 1-2 step excitation mode and normal rotation .
P5 «10001100 Set aninitial value.

TRUN - -1----1 Start timer 0.

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

3.8.4 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 3.8 (1) depending on the operation mode of the timer.

Table 3.8 (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- -
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 . . ' .
PWM output matches TREGO value at PWM Trigger signal for SMC shift is
mode not output.

cycle.

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 TAFFCR<EQ5T4 > or TAMOD <EQ5T5 >to “1”.

: MCU90-242
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3.8.5 Application of SMC and Timer Qutput

As explained in 3.8.4 “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 ocutput),
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)

MQO (P60)

MO1 (P&1)

Mo2 (P62)

M03 (P63)

«———TREGT ————»

f<TrREGO

R I B 1

1 | I

1

—

| |

Output Waveforms of 4-Phase 1-step Excitation

Setting example:

« 76543210
TRUN « =~ - ---- 00
TOIMOD« 10 X X X X 0 1

TFFCR « 11 - - 1 X
TREGD « * * * » *
TREGl(—*****lﬁ**
PAFR ¢ - - XX -~ -1
PACR « - - - - - - - 1
PEBTFR ¢ - ---0001
PEICR ¢ - - - - 11

P6 - K K A ¥ *
TRUIN ¢« --1---11

(Note) X ;Don't care -

Stop timer 0, and clear it to zero.

Settimer 0 and timer 1in PPG output mode and select
#T1 as the input clock.

Enable TFF1inversion and set TFF1 10 “1”.

Setthe duty of TO1 for TREGO.

Setthe cycle of TO1 for TREG1T,

} Assign P40 as TO1.

Set P6 as SMC in 4-phase 1-step excitation mode.
Set all PG bits to cutput mode.

Set aninitial value.

Start timer 0 and timer 1.

; No change

MCU90-243
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3.9 Serial Channel

TMP90C844 contains a serial I/O channel for full duplex asynchronous transmission
(UART) as well as for I/O extension.
The serial channel has the following operation modes.

— * T/O interface mode —————— Mode 0: To transmit and receive I/O data as well as the
synchronizing signal SCLK for extending I/0.

transmission (UART) mode Mode 2: 8-bit data

|+ Asynchronous ‘E Mode1: 7-bitdata
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 3.9 (1) shows the data format (for one frame) in each mode.

*  Mode 0 {{/O interface mode)

.....

-«— Transfer direction

*  Mode 1 (7-bit UART mode)

AN 0000
”“\startAbitOX 1 u 3 X 4 X 5 X 6 X;barit st'op"“

*  Maode 2 (8-bit UART mode)

AW D000 000
”"\startAbitOXLX 2 X 3 X LXS X 6 X 7 %arity)/stop

* Mode 3 (9-bit UART mode)

AN GO a00000
l-”\start\KbitOX ) X ZX N m 5 X 6 ngiteystop (.W“a.ke-up)

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

Figure 3.9 (1) Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in
order to temporarily store transmitted or received data, so that transmitting and
receiving operations can be done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is 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/0 interface mode, it is possible to input synchronous signals as 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 (¢T0, $T2, 4T8, and ¢T32) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16.
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3.9.1 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..

SCMOCD
(FFEBH}

7 i 6 i s i a 3 2 1 0
bitSymbol | TBB irixedtoro*i RXE i WU : SMI SMO SCt 5C0
Read/Write R/W
After reset JUndefined: 0 0o 0 0 0 0 0 -

Transfer% 1 ‘l : 00: WO Interface 00: TO2TRG
Function data Receive Wake Up:  01: UART 7Bit 01: BRG Mode
Bit 8 ; Enable | Enable 10: UART 8Bit 10: ¢1
: i ! 11: UART 9Bit 11 -
| I
I |
|—»Serial transmission clock
UART mode I/O interface
00 | Timer 2 match
...... detectsignal | External clock
01 |Baud rate
or
generator
...... baud rate
10 Internal Clock ¢1 generator
11 |Reserved
(cannot be used)
> Serial transmission mode

when<RB8>=1.

00 WOinterfacemode .
01 7-blt|eng‘th
10 | UART mode 8-bitlength
11 o-bitlength

L Wake-up function
9-bit UART Other mode
0 |Iinterruptwhen
data are received. ,

............................................ : don't care

1 |Interrupt only

Enable receiving

Disable

Figure 3.9 (2) Serial Channel Mode Register (SCMOD)

Transmission data bit 8
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SCCR
(FFE7H)

7

6

5 4 3 2

10

bit Symbol

RB8

EVEN

PE OERR PERR FERR

SCLKC | 10C

Read/Write

R

RAW

‘R {Cleared to zero when read)

RAW

After reset

Undefined§

0

0 0 0 0

0 0

Function

data
Bit8

Received% Parity 51:Parity 1:

©0:0dd

Error

i0: SCLK  i0: SCLK

Enable ! Overrun :Parity

Framing (_J_)

output

{EVEN |

I1:SCLK H1:SCLK

Y

input

L_> Select SCLK I/O

SCLK output mode

— L

Edge selection in SCLK input mode

SCLK input mode

0

Transmits and receives data at the
rise edge of SCLK (_§ ).

Transmits and receives data at the
fall edge of SCLK( — ¢ ).

L > Framing error flag

L . Parityerrorflag

L, Overrunerrorfiag

——————> Enable parity addition

Cleared to
zero when
read.

+*

Disable

Enable

— Addition/check of even parity
0dd parity

Even parity

Receiving data bit 8

Note: As all error flags are cleared after reading, do

instruction.

not test only a single bit with a bit-testing

Figure 3.9 (3) Serial Channel Control Register (SCCR)

7 6 5 4 3 2 1 0

T87 T86 TBS TB4 TB3 TB2 TB1 TBO | (Transmission)
SCBUF | ' ' ' ' ' '
(FFESH) 6 5 4 3 2 1 0

RB7 RBG& RBS RB4 RB3 RB2 RB1 RBO |(Receiving) N

Figure 3.9 (4) Serial Transmission/Receiving Buffer Registers (SCBUF)
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BRGCR
(FFE9H)

TMP90C844A
7 5 : 4 3 2 L |
bit Symbol | Fixedto “0* BG1  BGD PS3_ i Ps2 PST i PSO
Read/Write : RIW
After reset 0 6 i 0 0 i 0 0 0
00: fo4
Function 0t: fc/16 Divided frequency of prescaler
10: fc/64
11: fe/256

Setting of the divided
frequency of baud rate
generator
0000 16 divisions
0010
§ 2 to 15 divisions
111

"0001" cannot be set.

bau

» Selecting the input clock of

d rate generator

Internal clack 4TO (fc/4)

Internal clock ¢T32 (fc/256)

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

mode.

Figure 3.9 (5) Baud Rate Generator Control Registers (BRGCR)
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7 ¢ 6 s i a4 i o3 i o2 1 o4 9
bitSymbol | ODE : TXDC | SCLKC | RWS [ SLAVE :fixedto"0"; Fixedto"0" | Fixed 100"
P23FR -
Read/Write RAW
(FFCEH) : : : ;
After reset 0 : 0 : 0 : 0 : 0 ; 0 0 0
Function |P37 ip37 iP36 P30, P31 iSlave FNC!

0: CMOS %control %control ‘control ;1:P2=Busi

1:Open 0:Port :0:Port :0:WR,RD:P30~P34 ;
Drain : output L output 1 Ds, RW =CTL ‘

XD i1 SQK 5

' output outputi

Explained in 3.12
"Slave Bus Interface

7]

Setting P36 as SCLK output

0 |Portoutput

1 [SCLK output

Setting P37 as TxD output

0 |Portoutput

1 | TxD output

—
T

Setting P37 as open drain output

0 | CMQOS5 output

1 |Open drain output

Figure 3.9 (6) Port2 and Port 3 Function Registers (P23FR)
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3.9.2 Configuration
Figure 3.9 (7) shows the block diagram of the serial channel.

R Serial clock generation circuit ----==------------- —non
* Frequency divider
BRGCR<BG1, 0> TO2TRG (Timer 2 comparator output)

1
1
]
)
re—g e ——— b :
e i ra N s
| $TO(fcrd) >l © L o | S ! SIOCLK
1 gT2(fcf16) —» v s i o Tl e I
| 478 (fr6a)  —r>| 2 sl i L] @ | Ukt |5 i
]
| $T32 (f¢/256) —+-’~= - N E w mode v |
: : iy T
i *- Baud rate - SCMOD SCMOD |
' g1 (fu2) generator <SC1, 0> <SM1,0> !
| i
1 1
1 [l
1 bl i
! [[ s2—> o :
' v ‘
: v :
1 o | VOinterface mode 1
SCLK input O - !
(sharedby | ,
P36) b m oo s e 4
SCLK A SCCR<IOC>
output INTRX INTTX
(shared by P36) } 1} \
Receive Serial channel Transmission
counter 5CcMaD_ interrupt counter
{+16) <WU> i control (+16)
RXDCLK § } TXDCLK | 3
]
SCMOD-—»|  Receive - Transmission
<RxE> control < > control
SCCR  SCCR
<PE> <EVEN>
Parity control
RxD U——-{Receivebuffeﬂ(shiftregister) |
{shared by
P35) \ 3
RBB | Receive buffer 2 (SCBUF Error fla TB8 | Transmission buffer (SCBUF)
| res | ] | rfes || (L= 00
(shared by P37)
SCCR
< OERR, PERR, FERR >

Internal bus

Figure 3.9(7) Block Diagram of the Serial Channel
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@  Baud rate generator

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

The input clock to the baud rate generator, ¢ T0 (fc/4), 4T2 (fc/16), $T8 (fc/64),
or 4T32 (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

Transfer rate = :
Frequency divisor of baud rate generator

+16

* I/0 interface mode

Transfer rate = Input clock of baud rate generator =9

Frequency divisor of baud rate generator

The relation between the input clock and the source clock (f¢) is as follows.

$TO=1c/4
sT2="fc/16
$T8=fc/64

sT32 =1c/256

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

Transfer rate= ﬂ——— +16

5

=12.288 x108/16/5/16 = 9600 (bps)

Table 3.9 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 2, the serial channel can get a transfer rate. Table 3.9 (2)
shows an example of baud rate using timer 2.

MCU90-251
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Table 3.9(1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)

Source clock Input clock ¢TO $T2 ¢T8 $T132
{fc) requency (frd) (fc/16) (fc/64) (f¢/256)
ZH 76.800 19.200 4.800 1.200 {Units: Kbps
4H - 38.400 9.600 2.400 0.600
3-8304 Mz 8 H 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 Mz AH 19.200 4.800 1.200 0.300
3H 76.800 19.200 4.800 11.200
14.7456 MHZ 6H 38.400 9.600 2.400 0.600
CH 19.200 4.800 1.200 0.300

Table3.9(2) Selection of Transfer Rate (2)
(When Timer 2 (Input Clock ¢T1) Is Used)  Units:Kbps

fo | 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
SH 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 48 . 2.4
131190

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

1 1
Transferrate = TREGT * 16 X (Input clock of timer 2}
Input clock of timer 2
¢T1 = fC/g
9ST4 = fC/sz .
$TI6 = /108
MCU90-252
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@  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 (fe/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) I/O interface mode

When in SCLK output mode with the setting of SCCR<I10C > =“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<10C> =*“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.

MCU90-253
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®

SIOCLK

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.

T2 4 5 6 7 8 9 10 11 12 13 14 15 16 0 2

15 16

TXDCLK
i —1i

@

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, generatlng a
transmission shift clock TxDSFT.

MCU90-254
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Transmission buffer

Transmission buffer SCBUTF 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 “17, 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.

Error flag

Three error flags are provided to increase the reliability of receiving data.

. 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.

. 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.

. 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.

MCU90-255
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@ 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 hit

timing

(Bit 8)

{parity bit)

F-rar'nlng error Center of stop bit
timing

. - Center of last bit Center of last bit .
Parity error timing (Bit 8) (parity bit) Center of stop bit
Overrun error Center of last bit Center of last 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 0041364 4b) W

Mode 9Bit 8 Bit + parity 8Bit, 7 Bit + parity, 7 Bit
- Just before |ast bitis
Interrupt timing transmitted. «— «—
MCU90-256
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3.9.3 Operational Description
{1) Mode 0 (/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

TMPI0C840 Shiftregister A | —» TMPI0C840 Shiftregister A | -

B| — Bl —<—

TxD St c| — RxD QH C| -~

D| — Dl -

SCLK SCK E| — SCLK > CLOCK E| =—

F| — Fi =

Port RCK G| — Port (S /T G| -

H| — H| =-—

TC74HC595 or TC74HC165 or
the like thelike
Example of SCLK input mode connection

Output port Input port
extension extension

TMP90C840 Shiftregister Al —~ | TMP90C840 Shiftregister | <

Bl -— B ——

TxD S| cl — RxD QH C| -~

D| — D}l =

SCLK SCK E| — S5CLK CLOCK E| =

F|— Fl =~

Port RCK G| — Port S/L G| =~

H| — H| -—

TC74HC595 or TC74HC165 or
External clock —— the like External clock — the like

Figure 3.9 (8) I/O Interface Mode

MCU90-257
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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 writ
T goante [ 5 .
data \ :
SCLK output ~t A& L 4 L“—'A LA L4
TxD X bito_ X" bit1 X ) X bité X bit7 X

TXDSFT ' 1 1 T M N
IRFTX (INTTX —if I |
interrupt flag)

Figure 3.9(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(géflégiué Rising edge mode) L4 I A L“—A I A I A

| v v My v v
SCLK input
(SCLKC = 1: Falling edge mode})
™D X bito X_bit1 XY bits X bit6 X_bit7 X
TxDSFT M FL( [
IRFTX - I l

Figure 3.9 (10) Transmitting Operation in I/O Interface Made (SCLK Input Mode)
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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.

(INTRX interrupt flag}

~ x
S5CLK output \;*——* u I—%—A U u
RxD bit 0 Y bit1 X bftﬂj}(bite bit7 Y

Timing to shift datain I-L
the receiving buffer 2

IRFH < IRFRX > _b\ Ite F

Figure 3.9 (11) Receiving Operation in /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.

SCLK i t

(SCLKQE%: Rising edge mode) u u Lﬂ—A _L—J LJ
Yy v ™y v

5CLK input

(SCLKC = 1: Falling edge mode)

RxD bit 0 X bit1 ><bit25 bit 6 bit7 Y

Timing to shift data rl
in the receiving
buffer 2

Figure 3.9(12) Receiving Operation in IO Interface Mode (SCLK Input Mode)

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

Meode 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.

MCU90-259
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SCCR<PE>, and even parity or odd parity is selected by SCCR<EVEN> when
<PE> is set to “1” (enable).

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

R 00 0 0 0 o

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

76543210
:g’:ﬂ : f ; S ;) 0 ; } Select P37 as the TxD pin.
SCMOD « X 0 -X0101 Set 7-bit UART mode.
SCCR « X 11 XX XXX Add an even parity.
BRGCR « 0 X 100101 Set transfer rate at 2400 bps.
TRUN « X X1----- Start the prescaler for the baud rate generator.
INTEL « - - - - - 1-- Enable INTTX interrupt.
| SCBUF « * * % » * % % & 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> is set to “1” (enable).

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

\staE,(,bitoX 1 x 2 x 3 x 4 X 5 x 6 x 7%‘;‘3&' stop

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

MCU90-260
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(4)

Main setting
B 76543210
P3CR « --0---- - Specify P35 (RxD) as the input pin.
SCMOD « - 01X1001 Enable receiving in 8-bit UART mode.
SCCR «X01XKX Add an odd parity.
BRGCR «+ 0 X 010101 Set transfer rate at 9600 bps.
TRUN « X X1----- Start the prescaler for the baud rate generator.
| INTEL ¢ = - - -1 - - - Enable INTRX interrupt.
INTRX processing
Acc + SCCR AND 00011100 Check for error.
if Acc # 0 then error
Acc <« SCBUF Read the received data.

(Note) X;don’t care -;no change

Mode 3 (9-bit UART Mode)

9-bit UART mode can be specified by setting SCMOD<SM1,0> to “11”. In this
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 TxD RxD TxD RxD TxD RxD

Master Slave 1 Slave 2 Slave 3

TMPI0C844 TMP90CB44 TMP90C844 TMPI0QC844

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

Figure 3.9 (13} Serial Link Using Wake-Up Function

MCU90-261
Bl 9097249 0041373 429 WB




TDSHIBA - | TMP9OCB44A

Protocol

@
@
®

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 theslave controllers. The MSB !(bit 8) SCMOD <TB8> is set to “1”.

A 00000 00 0

Select code of slave controlier ] "

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 <TBS8> is cleared

to “O”.

AT D0000000% ™

Data "o*

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 (fc/2) as the transfer clock.

MCU90-262
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]

TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

* Setting the master controller

PSR €1 -0 - - -~ L Select P35 as TxD pin and P37 s RxD pin.
P23FR €« -1 - --00 J
Main INTEL ¢ ~ - - - 11 - -~ Enable INTRX and INTTX.
SCMOD « 10101110 Set ¢ 1 (fc/2) as the transmission clock in 9-bit UART mode.
SCBUF « 0 Q 0001 Setthe select code forslave controller 1.
INTTX SCMOD « 0 - = = = - - - Sets SCMOD<TB8> ta”0".
interrupt | SCBUF « * * * % & & % » Set data for transmission.

* Setting the siave controller 2

PCR «1-0--- -~ 1 Select P35 as RxD pin and P37 as TxD pin (open drain
Main PZ3FR ¢« 11 - - -000 J output).
INTEL ¢ - - - - 11 - - Enable INTRX and INTTX.
SCMOD« 00111110 Set <WU> te "1” in the 9-bit UART transmission mode
— with transfer clock ¢1 (fc/2).
INTRX Acc <« SCBUF
interrupt | 1f Acc = Select code
then SCMOD ¢ - - -0 - - - - Clear <WU > to "0".
(Note) X ;Don't care ~;No change
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B 9097249 0041375 LTl W



TOSHIBA , TMP90C844A

3.10 Analog/Digital Converter

TMP90C844 contains a high-speed, high-accuracy analog/digital converter (A/D
converter) with 4-channel analog input that features 8-bit sequential comparison.

Figure 3.10 (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

< TF

AJD converter mode register {ADMOD)
1 ADCH -0 EOCF ADBF PEPET SCAN ADCS ADS

B repeat yscan yspeed ystart
* end |busy > .
) AJD converter |, INTAD
Channel select control circuit interrupt
Analag input . o
O— S |
ﬁ:; (::i) Multiplexer [ :onp; > AJD conversion result register
(P52) (ADREGOQ to ADREG3)

AN1(P51) [O— —
ANO(P50) [J—=

- Veer O
D/A converter
Agnp [ >

Figure 3.10 (1) Block Diagram of A/D Converter
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3.10.1 Control Registers

ADMOD
(FFEFH)

7 46 i os o4 o3 i o2 i o4 i g

bitSymbol [ EOCF i ADBF : REPET i SCAN [ ADCS ! ADS : ADCH1 ! ADCHO
Read/Write R CORW . RW RIWY RAW
After reset 0o i o o {0 Y o0 fo0 P9 i o
1:END. (1:BUSY i1:Repeat:1:Scan : 1:low :1:START :  AnalogInput
Function : :Mode Set :Mode Set | speed | i Channel Select
: mode

L»Analog input channel select
Normal Scan mode

11 AN3  |ANO—ANT—AN2—AN3

—= A/D conversion start

1 ' Start A/D conversion.

Note: Always "0"” when data is read.

— 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

—————— Selecting A/D repeat mode

¢ 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 3.10 (2) A/D Conversion Maode Register (ADMOD)
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7 6 5 4 3 2 t 0
DREGO bit Symbol
A -
Read/Writ R
(FFFOH) |—re :
After reset . Undefined
Function AJ/D conversion result of channel 0 is stored.
AJ/D conversion resuit register for ANO (Read only)
7 6 5 4 3 2 1 0
DREG bit Symbol
A
Read/Write R
(FFF1H) '
After reset Undefined
Function } A/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
DREG2 bit Symbol
A
Read/Writ: R
(EFF2H) ead/Write . :
After reset Undefined
Function A/D conversion result of channel 2 is stored.
AJD conversion result register for AN2 {Read only)
7 6 5 4 3 2 1 0
DREG3 bit Symbol '
A - -
Read/\Writ R
(FFF3H) f——2 :
After reset Undefined
Function AJD conversion result of channel 3 is stored.

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

Figure 3.10 (3) A/D Conversion Result Register (ADREGO~ADREG3)
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3.10.2 Operation

(1)

(2)

(3)

(4)

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.

Analog Input Channels

Analog input channel is selected by ADMOD < ADCH1,0>. However, which channel
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 AN0O—AN1, ANO—AN1—AN2, and
ANO—AN1—-AN2—>AN3.

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.

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”.

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, --- —+AN3 is executed repeatedly.

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

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.
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(6)

(7)

(8)

A/D Conversion End and Interrupt

A/D conversion single mode

ADMOD <EQCF> 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 INTTZ2 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 INTTZ2 interrupt is being
requested now. '

Interrupt requesting flip-flop is cleared only by resettin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>