TOSHIBA

TLCS-90 Series

TMP90CM36

CMOS 8-Bit Microcontroller
TMP90OCM36F/TMPO90CM36T

1. Outline and Characteristics

The TMP90OCMS3E6 is a high-speed, high performance 8-bit
microcontroller developed for application in the control of
various devices.

The TMP90CM36, CMOS 8-bit microcontroller, integrates an
8-bit CPU, ROM, RAM, A/D converter, D/A converter, multi-func-
tion timer/event counter, general-purpose serial interface, signal
measure circuit, timing pulse generation circuit and PWM output
in a single chip, and with which external program memory and
data memory can be extended up to 31KB.

The TMPOOCMB3E6F is a device with an 80-pin flat pack-
age.
The TMPOOCMB3E6T is a device with an 84-pin QF (PLCC)
package.

The following are the features of the TMP90CM36:

(1) Highly efficient instruction set: 167 basic instructions

Division and multiplication instructions, 16-bit opera-
tion instructions and bit operation instructions

(2)  Minimum instruction executing time: 250ns (at 16MHz
oscillation frequency)

(3  Built-in ROM:

(4)  Built-in RAM:

(5)  Memory extension capability
External program memory: 31K bytes
External data memory: 31K bytes

(6) Interrupt functions: 18 internal, 5 external

32K bytes
1K bytes

The information contained here is subject to change without notice

CRCAS

(10)

8-bit A/D converter (8 channels)
8-bit D/A converter (2 channels)

12-bit D/A conversion (pulse width change of tone)
output (2 channels)

General-purpose serial interface mode (3 channels)

¢ With asynchronous mode and /O interface mode (1
channel)

e With synchronous mode (1 channel)

¢ |/O interface mode (1 channels)

Timer function

(1) 20-bit time base counter

(2) 24-bit capture with 4 step FIFO

(8) 24-bit timing pulse generation circuit (2 channels)

(Comparator data 16-bit + timing output 8-bit) x 4
step FIFO

(4) 16-bit timer/event counter (1 channel)

----- Built-in 2 capture register and 2 comparator
(5) 8-bit timer (4 channels)

————— Built-in 1 comparator in each channel
(6) Watchdog timer function (WDTOUT pin having)
I/O ports: MAX64 pins

HDMA function (2 channels) ----- 1 byte transmission:
1.75pus (@16.0MH2z)

Software standby function ----- RUN, STOP, IDLE
modes

Hardware standby function ----- STOP mode

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP90CM36 Block Diagram
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2. Pin Assignment and Functions
The assignment of input/output pins for TMP9OCMB36, their
name and outline functions are described below.

(TO3) P57 O
NMI O
DAOUTO O]
DAOUT1 O
AvCC O
AVSS O
(ANO) P60 O
(AN1) P61 O
(AN2) P62
(AN3) P63 ]
(AN4) P64 [
(ANS) P65 O
(ANG) P66 []
(AN7) P67 [
vee O
(RXDO) P70 [
(TXDO0) P71
(RXD1) P72 [
(SCLK1/CTST) P73 O
(TXD1) P74 O

2.1 Pin Layout Diagram
Figure 2.1 (1) shows the pin assignment of TMPOOCM36F.
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Figure 2.1 (1). Pin Assignments (Flat Package)
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Figure 2.1 (2) shows the pin assignment of TMPOOCM36T.
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Figure 2.1 (2). Pin Assignments (QFJ (PLCC) Package)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are

described below. Table 2.2 Shows the input/output Pin Names

and Functions.

Table 2.2. Pin Names and Functions (1/4)

. . /0O or
Pinname | No. of pins tristate Function
POO~P0O7 8 110 Port 0 : An 8-bit I/O port. Each bit can be set for input or output.
/ADO~AD7 Tristate | Address/data bas: Operates as an 8-bit bi-directional address bus
or data bus when using external memory.
Operates port when built-in memory used.
P10~P17 8 170 Port1: An 8-bit 1/0 port. Each bit can be setforinputor
output.
/AB~A15 Output | Address bus:Operates as the 8 upper bits of the address bus when
using external memory.
Operates port when built-in memory used.
P20~P27 8 110 Port2: An 8-bit I/O port. Each bit can be set forinputor
TPGOO~ output.
TPGO7 Output |TPGO output: Operates of the TPGOO~TPGO7 output pin. 4
(TPG14~ Tristat upper bits are shared in TPG14~TPG17. Operates
TPG17) ristate as Reset at once of the 3 state condition. Operates
output condition of agreement for output data
write and comparator data.
P30 1 Output | Port30: A 1-bit output port.
RD Read: Strobe signal output for reading external memory.
P31 1 Output |Port31: A 1-bit output port.
Write: Strobe signal output for writing external memory.
MR
P32, P33 2 110 Port32, Port33: A 2-bit I/O port. Each bit can be set forinput or
output.
/PWMQ, O%'tpm Motor control output @ PWMO0/1 motor control output pin.
PWM 1 Tristate
P40~P43 4 1{e] Port40~43:A 4-bit I/O port. Each bit can be set for input or output.
/TPG10~
TPG13 Output |TPGloutput: Operatesofthe TPG10~TPG13 output pin.
i TPG14~TPG17 are shared in TPG04~07. Operates
Tristate as Reset at once of the 3 state condition. Operates
output condition of agreement for output data
write and comparator data.
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Table 2.2. Pin Names and Functions (2/4)

Pi N foi /0 or
inname 0.0 i
P tristate Function
P44~P47 4 /0 Port44~47:A 4-bit /0 port. Each bit can be set for input or output.
/CAPO~
CAP3 Input Captureinput : CAPO~CAP3inputpin.
P50 1 [1{e] Port50: A 1-bit /O port.
/EXIN Input Time base counter to external clock input pin.
P51 1 110 Port51: A 1-bit /O port.
mo4a Output | Timer Output4: Timer 4 output pin.
P52 1 /0 Port52: A 1-bit I/O port.
mos Output | Timer Output5: Timer 5 output pin.
P53 1 /0 Port53: A 1-bit I/O port.
/INT1 Input Interrupt request pin1:  Arising/falling edge programmable
interrupt request pin.
ma Input Timerinput4: Timer 4 counter input pin.
P54 1 170 Port54: A 1-bit I/0O port.
/INT2 Input Interrupt request pin2:  Arising edge interrupt request input pin.
/TI5 Input Timer input5: Timer 5 counter input pin.
P55 1 110 Port55: A 1-bit I/O port.
/TOVWAIT Output/ |Timer output0/1: Timer 0 or timer 1 output.
/Wait: Input pin for connecting a memory or peripheral LSI with
Input delayed access time.
P56 1 110 Port56: A 1-bit I/O port.
M2 Input Timer input2/3: Timer 2 or Timer 3 counter input pin.
/INT3 Input Interrupt request pin3:  Arirising edge interrupt requestinput
pin.
P57 1 110 Port57: A 1-bit I/O port.
o3 . T i
Qutput | Timer Output2/3: Timer 2 or Timer 3 output.
NMI 1 Input Non-maskable Interrupt request pin: A falling edge interrupt
request pin (Sctimitt input).
/DAQUTO, 2 Output | D/A Qutput: D/A converter 0/1 analog current output pin.
DAOUT1
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Table 2.2. Pin Names and Functions (3/4)

Pinname | No. of pi Vo or
. ns .
P tristate Function

AVCC 1 Input Reference Voltage to A/D converter.

AVSS 1 Input GND pin for A/D converter (0V).

P60~P67 8 Input Port60~67:An 8-bit input ports.

/ANO~AN7 Analog input: 8 analog inputs to A/D converter.

vCcC 2 Input Power supply pin (+5V).

VsS 3 Input | GND pin (OV).

P70 1 /0 Port70: A 1-bit /O port.

/RXDO Input Serial channel 0 receive data input pin.

P71 1 110 Port71: A 1-bit I/0O port.

/TXDO Output |Serial channel 0 send data output pin.

P72 1 /0 Port72: A 1-bit I/O port.

/RXD1 Input Serial channel 1 receive data input pin.

P73 1 /0 Port73: A 1-bit I/O port.

/SCLK1 . -

170 Serial clock I/O External clock for SCLK1 do input or send clock
forinternal boudrate generator do output
when I/0 interface mode is condition.

/CTS — o o

Input CTS1 input pin: Serial data send possible signal (Clear To Send).

P74 1 /O Port74: A 1-bit I/O port.

/TXD1 Output |Serial channel 1 send data output pin.

P75 1 /0 Port75: A 1-bit I/0 port.

/RXD2 Input Serial channel 2 receive data input pin.

P76 1 /0 Port76: A 1-bit 11O port.

/SCLK2 [I{e] Serial clock I/0: External clock for SCLK2 do input or send clock
forinternal boudrate generator do output
when I/0 interface mode is condition.

P77 1 /0 Port77: A 1-bit I/O port.

/TXD2 Output |Serial channel 2 send data output pin.

RESET 1 Input Reset: Reset input pin to initialize the TMP90CM36.
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Table 2.2. Pin Names and Functions (4/4)

Pin nam No. of pins V0 or
e . i ;

: e-otp Tristate Function

CLK 1 Qutput | Clock output: Output 1/4 frequency of the clock oscillation.
Pulled up during reset.

X1, X2 2 110 The crystal oscillator connectopn pin.

EA 1 Input External access: Connects to the Vcc pin when the TMP90CM36
built-in ROM is used.

P80 1 Qutput | Port80: A 1-bit output port.

Output |Wachdog out: Operates WDTOUT output pin when watchdog
timer registeris D1 =1

ANDTOUT

P81 1 Input Port81: A 1-bit input port.

INTO Input Interrupt request pin0: AIeveI!rismg edge Programmable
interrupt request pin.

P82 1 Input Port82: A 1-bit input port.

/STBY Input Hardware standby input pin (schmitt input).

P83 1 Output |Port83: A 1-bit output port.

/ALE Output |Addresslatch enable : The falling edge of thissignal is used for

latching addresses on AD0-AD7 when
accessing external memory.
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3. Operation
This section explains the functions and basic operations of the
TMP90CMS36 in blocks.

3.1 CPU

The TMP90CMB36 has a built-in high performance 8 bit CPU.
For the operation of the CPU, see the book TLCS 90
Series CPU Core Architecture.
This section explains the CPU functions unigue to the
TMPOOCMB36 that are not explained in that book.

3.1.1 Reset

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

To reset the TMPIOCMBG, 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” for at
least 10 system clocks (10 states: 2 microseconds with
10MHz system clock)

When areset is accepted, among I/O common ports, port O
(address data bus AO - A7), port 1 (address data bus A8 -
A15) and port 2 are set to input status (with high impedance).
Output ports P30 (RD) and P31 (WR) and CLK are set to “1”
and ALE (P83) 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 OO0O0H.

T T2 T1 T2

W aUaWalaWaWal i aWaWaWaW oW aWalal

cLe —'—/ \ |‘F iantKe r‘;ig\ Ii; _bl \ I \

RESET \ pulled up,—f
S RO e ER B S
SR R e
P30 (RD) ]
P31 (WR) I
P32,33 >+ RN ) RN AU SRS P (U I
WHTOT) /

X R EEL SR e S
ey \

Figure 3.1 (1). Reset Timing of TMP90CM36
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3.1.2 EXF (Exchange Flag)

The exchange flag EXF is inverted when the EXX instruction is

registers and auxiliary registers. This flag is assigned to bit 7 at

executed to exchange data between the TMP9OCM36 main

IRF1
(FFETH)

3.1.3 Wait Control

memory address FFE1H.

7 6 s i 4 3 2 1 0
bit Symbol EXF — IRFTS IRFT4 IRFT3 | IRFT2 IRFT1 IRFTO
Read/Write R R
Afterreset | Un-deFined 0 0 0 0 0 [ 0

Inverts

3?1:25 the Interruput Request Flag
Function [EXX 1: Interruptis currently requested.

instructio

nis

executed

to bits 4 and 5 at memory address FFB4H.

For the TMPO0OCMB6, a wait control register (WAITC) is assigned

PSFR
(FFB4H)

7 6 5 1 4 3 2 0
bit Symbol | EXINE - WAITC1 | WAITCO | TOSS T045 | TO3S TO1S
Read/Write RW RW ' RW RIW
After reset 0 0 0 0 : 0 : 0 : 0

P50 : \WAIT Control P52 P51 ips7 ipss
Control 3 00: 2 state wait Control | Control Control : Control
Function |0:Port ! 01: normal Wait  [0: Port  :0: Port Port  :0:Port
1: EXIN 10: non wait 1: TOS ;1:TO4 TO3 ;1:TO1
1 - i i

10
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3.2 Memory Map
The TMP90OCMB36 can provide a maximum 64K byte program
memory and data memory.

The program and data memories may be allocated to the
addresses 0000H ~ FFFFH.

(1) Built-in ROM

The TMPO0OCMB36 has an internal 32K byte ROM. This
ROM is located at addresses O000H ~ 7FFFH. Pro-
gram execution starts from address O00H after a
reset operation.

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

(2)  Built-in RAM

The TMP9OCMS36 contains a 1K byte built-in RAM
which is allocated to the addresses FBAOH ~ FFOFH.

The CPU can also access some portions of the RAM (160
byte area FFOOH ~ FFOFH) using short instruction codes
in the direct addressing mode.

Built-in 110

The TMPOOCMB36 uses 96 bytes of the address space
as a built-in I/O area. The area is allocated to the
addresses FFAOH ~ FFFFH. The CPU can access the
built-in /0 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.

0000H W/’/
Built-in ROM
(32 Kbyte)
%

8000H

External
memory
(31 Kbyte)

FBAOH f W

Built-in RAM
FFOOH (1K bytes)

FFAQH g Built-in /0
(96 bytes)

\

FFFFH %

Program and data area

(BC)

(DE)

(HL)

(SP)

(SP +d)

(HL + A)

(nn)

(1X) f

(1) )

(ix +d) Direct area

(v +d) (n

Figure 3.2. Memory Map
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3.3 Interrupt Functions

The TMP90CMS36 has a general-purpose interrupt process-
ing routine for responding to both internal and external inter-
rupt request, and a high-speed micro DMA (HDMA)

processing mode in which the CPU automatically transfers
data.

Immediately after a reset is released, all responses to

Interrupt
processing

[ Interrupt vector V read ’

YES

interrupt requests are set to the general-purpose interrupt
processing mode.

The high-speed DMA processing mode can be set by
loading a vector value to the DMAV 0/1 register.

Figure 3.3 (1) shows the interrupt response flow.

HDMA processing

NO

General-purpose
interrupt processing

( HDMA processing

Figure 3.3 (1). Interrupt Response Flow

When an interrupt request is generated, this is reported to
the CPU via the built-in interrupt controller. If the request is for
a non-maskable interrupt or an enabled maskable interrupt,
the CPU starts interrupt processing. If for a disabled maskable
interrupt, the request is ignored and not received.

If the interrupt is received, the CPU first reads the interrupt
vector from the built-in interrupt controller to determine the
source of the interrupt request.

Next, a check is made as to whether this request is for
general-purpose interrupt processing, micro DMA processing
or high-speed DMA (HDMA) processing, and then the corre-
sponding processing is performed.

The interrupt vector is read in an internal operation cycle
so the bus cycle becomes a dummy cycle.

12
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3.3.1 General-Purpose Interrupt Processing
Figure 3.3 (2) shows the general-purpose interrupt processing
flow.

The CPU first saves the contents of the program counter
PC and register AF (including the interrupt enable/disable flag
IFF immediately before an interrupt) to the stack and then

General-purpose ~
interrupt processing

resets the interrupt enable/disable flag IFF to “0” (interrupt
disable). Finally, the interrupt vector contents [V] are transferred to
the program counter and a jump is made to the interrupt
processing program.

There is a 20-state overhead from the time when the interrupt is
received until the jump is made to the interrupt processing program.

(SP - 1) « PCH
(sP-2) « PCL
(SP-3) <A

IFF)
SPe-SP-4
IFF ¢ 0

(SP - 4) « F (including

20-state

> dus (@ 10MHz)
3.2.5(@ 12.5MHz)
2.5u8 (@ 16MHz)

I

‘ PC « V

4

Interrupt processing
program

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

End

Figure 3.3 (2). General-Purpose Interrupt Processing Flow

Interrupt processing program is ended with the RETI
instruction for both maskable and non-maskable interrupts.

Executing this instruction restores the program counter
PC and register AF contents from the stack. (Resets the interrupt
enable/disable flag immediately before an interrupt.)

When the CPU reads the interrupt vector, the interrupt
request source confirms that the interrupt has been received
and then clears the interrupt request. Non-maskable interrupts
cannot be disabled by program. Maskable interrupts, how-
ever, can be enabled and disabled by program. Bit 5 of CPU reg-

ister F is an interrupt enable/disable flipflop (IFF). Interrupts are
enabled by setting this bit to “1” with the El (interrupt enable)
instruction and disabled by resetting this bit to “0” with the DI
(interrupt disable) instruction. IFF is reset to “0” by resetting
and when an interrupt is received (including non-maskable
interrupts).

The El instruction is actually executed after the next
instruction is executed.

Table 3.3 (1) shows the interrupt sources.

TOSHIBA CORPORATION
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Table 3.3 (1) Interrupt Sources

Prr‘;n; Interrupt |Interrupt ‘gfr"p‘gfe' Interrupt sources
seq- Type function | vector interrupt Comments
uenc name value | P%dras " Internal External
1 Non e uction 10H 0010H 0 - -
2 |maskable [NMI 18H 0018H - NMI pin -
3 INTWD 20H 0020H WDT - -
4 INTO 28H 0028H - INTO pin External 0
5 INTCAP 30H 0030H Capture Input - Capture
6 INTTPGO 38H 0038H TPGO - TPG
7 INTTPG1 40H 0040H TPG1 - TPG
8 INTRXO 48H 0048H Serial receive and - SIO
9 INTTX0 50H 0050H Serial send end - SIO
10 |Meskable Iiirmo 58H 0058H Timer 0 - Timer
11 INTT? 60H 0060H Timer 1 - Timer
12 INTT2 68H 0068H Timer 2 - Timer
13 INTAD 70H 0070H AD - AD
14 INTT3 78H 0078H Timer 3 - Timer
15 INTT4 80H 0080H Timer 4 - Timer
16 INT1 88H 0088H - INT1 pin External 1
17 INTTS 90H 0090H Timer 5 - Timer
18 INT2 98H 0098H - INT2 pin External 2
19 INTRX1 AQH 00AOH Serial receive and - SIO
20 INTTX1 A8H 00A8H Serial send end - SIO
21 INT3 BOH 00BOH - INT3 pin External 3
22 INTRX2 B8H 00B8H Serial receive and - SIO
23 INTTX2 COH 00COH Serial send end - SIO

The “priority sequence” shown in Table 3.3 (1) indicates
the sequence in which interrupt sources are received by the
CPU when multiple interrupt requests are generated simulta-
neously.

For example, if interrupt requests with the priority
sequences 4 and 5 are generated simultaneously, the CPU will
receive the interrupt request with priority sequence 4 first.
When processing of the interrupt with priority sequence 4 is
ended with the RETI instruction, the CPU will then receive the
interrupt with priority sequence 5.

If the interrupt processing program for the priority

sequence 4 interrupt is interrupted by executing the El instruction,
the CPU will receive the priority sequence 5 interrupt request.
When multiple interrupt requests are generated simultaneously, the
built-in interrupt controller only determines the priority
sequence of the interrupt sources received by the CPU. There
is no function to compare the priority sequence of the interrupt
currently being processed and the interrupt currently being
requested.

Another interrupt can be enabled while another interrupt is
being processed by resetting the interrupt enable/disable flag
IFF to enable.

14
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3.3.2 High-Speed Micro DMA Processing

not “0” data) is 14 states, regardless of whether the 1-byte

The TMP90OCM36 has two built-in DMA channels called transfer mode or 2-byte transfer mode is used. HDMA and

HDMA.

micro DMA (the TMP90CMB36 has not the micro DMA) transfer

HDMA has three times the processing capacity of uDMA speeds. . .
and is used for high-speed data transfers. HDMA execution Table 3.3 (3) shows the high-speed micro.
time (decrease the value of transfer number and the value is

Table 3.3 (3) Transfer Speeds

fxtal (MHz) HDMA Micro DMA
10 2.8 s 9.2 s * At 1 byte transfer
12.5 2.24 s 7.36 us mode.
16 1.75 ws 5.75 us

Table 3.3 (4) Shows the DHMA Functions

Number of channels

2

Transfer speed

14 states (for 1 byte) or 18 states (for 2 bytes)

Start method

By interrupt (all external and internal interrupt sources)

Transfer mode

1-byte transfer or 2-byte transfer

Address output method

Dual address (source/destination)

Access area

0~8M-byte memory area (64k-byte units)

(1)  HDMA Setting Registers

HDMA operation.

The following describes the registers required for

(a) DMASO,1:source address register (16-bit)

A15 AQ
crrrrrrrrr
Sets the transfer source address.
(b) DMADO,1:destination address register (16-bit)
A15 AD
rrrrrrerer e P
Sets the transfer destination address.
(c) DMACO,1:byte count register (16-bit)
A15 A0

L L[]

TP

Sets the number of bytes to be transferred.

TOSHIBA CORPORATION
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The set value is decremented (— 1) for each HDMA started.
A generation purpose interrupt is when the value reaches “0”.

(d) DMAMO,1:transfer mode register (8-bit)

D3 D2 D1 DO
| [

D4 | Transferbyte count | p3 | p2 | Source address D1 | DO | Destination address

0 1-byte transfer -
0|0 Fixed 0|0 Fixed

1 2-byte transfer

0 1 Increment 0 1 Increment
1 0 Decrement 1 0 Decrement

This register determines the HDMA transfer mode.

The bits of this register are as shown in the table above.

The source and destination addresses shown here are the addresses loaded to
DMASO0, 1 and DMADO, 1 above.

Examplel: XX x00001
Transfers 1 byte, fixes transfer source address (DMASO, 1), and
increments the transfer destination address after each transfer.
Example 2: The renewal of address at 2-byte transfer mode.

@ Fixed at$s
D increment

(D Fixed at source address (5)
Fixed at destination address (D)

p XXH(2)[ m+3
Address /{ YYH(2)| m+2
n+1| XXy |—] XXy |[m+1 ne1l XXy A XX ()] m+1
n YYy |—| YYH m nl YYy E—=| YYH(1)|m
@ Fixed at$ @ Sincrement
D decrement Fixed atD
n+1] XXy n+3[ XXy (2)f
nl YYy :ﬁt YYH (1) m n+2{ YYy(2) \\\
XK ()] m- 1 N+ 1] X0 (Y 300 | m+1
YY) m-2 n| YR (Y YYy |m
XXHy(2)| m-3
® Sincrement
D increment © Sdecrement
n+3[ XXy (DF-= XX5 2} m+3 Fixed atD XXn | m+1
n+2| YYe (@F->] YYa (@) m+2 n YYH(1)7{¢, YYn | m
n+ 1] XX (ND—| XX ()| m+1 n=1 XXy (M) /
n| YYy (b= YYH(1}| m n-2[ Yyy @)}
n-3] XXy (2)f
@ Sdecrement
D decrement
n| XXy (1) —=| XXx(1)| m
n=1 ¥YYq (1 f—={ ¥YYu(1)| m-=-1
n-2 XXg(2)F->{ XXn(2){ m=-2
n-3 YYH(Z)———- VYH(2) m-3
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It is ineffective to set decrement for a destination address when a source
address being increment; and to set increment for a destination address when
a source address being decrement.

Note:

(e) DMAVO0,1: DMA vector register

7 ¢ 6 i 5 i 4 i 3 P2 K 0

DMAVO |bitsymbol | DVO7 i DVO6 : DVOS i DVO4 | DVO3 | DVO2 i DVOl © DV0O
(FFE8H) Read/Write w

_Risﬁﬁe”g 0 0 0 o i o 0 0 0

7 6 5 4 13 i 2 i .

DMAV11 | bitsymbol | Dv17 DV16 DV1S DVI4 | DVI3 | DVi2 | DVil : DVI0
(FFEBH) Read/Write w

HDMA is started by interrupts. Consequently, the vector address of the
interrupt that assigns HDMA start is loaded to the DMA vector register
(DMAV0/1).

HDMA compares the interrupt vector and the contents of this register. If they
match, HDMA operation starts.

It is necessary to set the vector address before generating the interrupt that
starts HDMA.

(2)  Register Loading

(a) DMASO, 1
DMADO, 1 | Loaded with the LDC instruction.
DMACO, 1 (* The LDC instruction is a new TLCS-90 instruction.)
DMAMO, 1

(b) DMAVO0, 1 Load the input/output address with the LD instruction.
(See the separate address map concerning input/ output addresses.)

(80 HDMA Start Assign starting of HDMA channel O or channel 1 to the
INTO - INT3 external interrupts, connect any of the bits of ports
0 - 8 (output mode) externally to INTO - INT3 to generate a

HDMA can be started by any of the following start interrupt
i upt.

TMP9O0OCM36 maskable interrupt sources

@  Internal start factors (b)  External start factors
e NMipin

e SWI (software) e INTO ~ 3 pin

e Allinternal I/O interrupts

TOSHIBA CORPORATION 17
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(4)  HDMA Channel 0 and Channel 1 Priority Sequence HDMA starts.
Do not write the vector value of the non-
The channel where an interrupt is generated first has maskable interrupt to the DMA VO/1 register. If
priority. doing so, the HDMA does not operate normally.

To stop the HDMA from being started, set DI
mode before generating the interrupt to start the

Note: HDMA, regardless of an interrupt enable flag, HDMA. or set the DMA VO/1 register to OOH

compares the vector and the values of the DMA
VO/1 register. If they match in El mode, the

(6) HDMA Operation Flow

DMAS, DMAD
DMAM, DMAC
DMASB, DMADB
Set all registers
I
v

r Generate interrupt Start with external or internal interrupt.

YES
Vectors match

l

HDMA processing
NO DMAC - 10r2

YES

General-purpose interrupt
processing

NO

End

Figure 3.3 (6). HDMA Operation Flow
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(6) HDMA Operation Timing

(a) 1-byte transfer mode

DM1 DMm2 DM3 DM4 DM5 DM6 bm7

AYAVAVAWAWAWAWAWAWAWAWAW

L/ 1/ 1/ | W
ALE T\ I\ f N\ /

ADO~AD7 | | ] e emmem e e e m e — e

AB~A15 Last Nejt +1 Dufnmy Dummy source

X1

CLK

Y
Jj—
/

I 15

RD [
we |/
INTQ -.J_\

*INTO
(The timing of ,‘
continuous trigger)

[

Last
instruction cycle HDMA operation sequence

S AVAVAWAY, AYAY VAW,
) L ) U
J T\ -

CLK
ALE \ f f \ J
ap0~ap7 H 00~7 W a0~7 X | Do~7 S g P ) S
AB~A15 Destinatipn address Dummy Next Next + 1

A | W S W
WR | —

INTO

*INTO
(The timing of 4 \

continuous trigger)
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(b) 2-byte transfer mode
T2 DM1 DM2 DM3 DM4 DMS DMé& DM7 DM8 DM9
X1 WUUUUU\JU\J\J\JUUUU'\J'\J'\I\J'
ax T\ / \ f \ —\ T —
ALE I\ — ! Imm o
ADO~AD7 - — - = = KEDKCEEDKETX T
AB~A15 Last Next + 1 Dummy Dummy Source address estination
RO ] \ / \ [
WR ] | g
into JF\
*INTO
(The timing of ~
continuous trigger) | Last
instruction cycle HDMA Operation Sequence
DM10 DM11 bDM12 DM13 DM14 DM15 DM16 DM17 bDM18 m
X1 l"\J‘\J'\I\J’\J’\J’LﬂJ'\I\J'\IU'\J’\J"\JUWW
ax T\ / \ / \ / \ / \ /
ALE I\ \ \ I\ I
ADO~AD7 D0~7 3 AD~7 3 DO~7 I A0~7 00~7 ——— s ——— -——t ——— - -
AB~AI15 address Source address + 1 destination address + 1 Dummy Next Next + 1
o U WY |
wrR L/ |
INTO
*INTO
(The timing of * 1\
continuous trigger)

20
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3.3.3 Interrupt Controller

Figure 3.3 (9) shows an abbreviated interrupt circuit diagram.
The left half of this diagram shows the interrupt controller and
the right half shows the CPU interrupt request signal circuit
and hold release circuit.

The interrupt controller has an interrupt request flipflop
and interrupt enable/disable flag for each interrupt channel
(total: 23 channels), and a micro DMA enable/disable flag. The
interrupt request flipflop latches interrupt requests that arrive
from the periphery. This flipflop is reset to “0” when there is a
reset, when the CPU receives an interrupt and reads the vector
of that interrupt channel, and when an instruction that clears
the interrupt request (writes “vector value/8” to memory
address FFEOH) for that channel is executed.

LD (OFFEOH), 60H/8

For example, when LD (OFFEQH), 60H/8 is executed, the
interrupt request flipflop for the interrupt channel [INTT1] with
the vector value 38H is reset to “0” (to clear the flipflop, also
write to address FFCOH when the interrupt request flag is
assigned to FFE1H and FFE2H).

Table 3.3 (5) shows the “interrupt vector value/8” values.
The status of the interrupt request flipflop can be determined
by reading memory address FFCOH, FFCAH or FFCBH. “0”
means No interrupt request and “1” means an interrupt
request. Figure 3.3 (8) shows the bit layout when the interrupt
request flipflop is read.

TOSHIBA CORPORATION
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IRFO
(FFEQH)

Note: The specified interrupt request flipflop is cleared by writing

Table 3.3 (4) Interrupt Vector Value/8 Values

sgalt?enr:ge Type fur!rc‘ttleorr:unp:atme Interr:a;lna\éector Vector value + 8
1 SWI Instruction 10H
2 Non Maskable NMI 18H
3 INTWD 20H
4 INTO 28H 05H
5 INTCAP 30H 06H
6 INTTPGO 38H 07H
7 INTTPG1 40H 08H
8 INTRXO 48H 09H
9 INTTXO0 S50H 0AH
10 INTTO 58H 0BH
11 INTT1 60H OCH
12 INTT2 68H 0DH
13 INTAD 70H OEH
14 Maskable INTT3 78H OFH
15 INTT4 80H 10H
16 INT1 88H 11H
17 INTTS 90H 12H
18 INT2 98H 13H
19 INTRX1 AOH 14H
20 INTTX1 ABH 15H
21 INT3 BOH 16H
22 INTRX2 B8H 17H
23 INTTX2 COH 18H
7 6 500 4 3 0 2 o1 o
bit Symbol IRF3 IRF2 IRF1 © |RFAD : IRFTPG1 ! IRFTPGO @ IRFCAP : IRFO
Read/Write R (Only IRF Clear Code can be written)
After reset 0 0 0 0 : 0 : 0 0 0
Interrupt Request Flag
Function 1: Interrupt requested
(IRF is cleared to “0” by writing IRF clear code)

address FFEOH.

I—: INTO request flaf

—— INTCAP

request flaf
INTTPGO request flaf
INTTPG1 request flaf
INTAD request flaf
INT1 request flaf
INT2 request flaf

INT3 request flaf

[ vector value/8 | to memory

Figure 3.3 (5). Interrupt Request Flipflop Read (1/2)

22
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Interrupt request flag

7 6 i s i 4 1 3 f 2 f 1 i 0
IRF1 | bit Symbol | EXF — i IRFTS i IRFT4 : IRFT3 | IRFT2 i IRFT1 : IRFTO
(FFETH) | Read/Write R : R
After reset delf)‘:;ed 0 0 0 : 0 0 0
Inverts
each H
Function E';"‘f“he: 1:  Interrupt requested
instructi
onis .
executed ;
Interrupt request flag
7 6 ¢ 05 o4 i3 i o2 i1 i o0
ez | BitSymbol EXT —  DIRFTX2 : IRFRX2 : IRFTX1 : IRFRX1 : IRFTXO ; IRFRXO
(FFE2H) | Read/Write w : ) R
After reset 0 0 0 0 0
P1Control
Function | 0: 0 Port 1: Interrupt requested
1: Address
RO, WR

I:‘» INTRXO0

———— INTTX0

= INTRX1
INTTX1
INTRX2
> INTTX2

Figure 3.3 (6). Interrupt Request Flipflop Read (2/2)

L INTTO request flag

INTT1 request flag
INTT2 request flag
INTT3 request flag
INTT4 request flag
INTTS request flag

request flag
request flag
request flag
request flag
request flag

request flag

TOSHIBA CORPORATION
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Interrupt controller cPu
SWIinstruction V=10H —
NMI V=18H
V=20H ——
Interrupt enable/disable 3-input OR
Dn D Q I~ 10
CLR Non-Maskable
interrupt CPU Interrupt
reset | Interrupt request request enablef/disable flag
flip flop
INTD s Q ) IFE
R
Dn 20-input OR | |
> Interrupt
T D Maskab! request signal
Interrupt Interrupt  Interrupt in:r:xpte
vector V requestV  requestflip request
read clear flop read
V=28H Hold release
INTCAP V=30H reset signal
INTTPGO V =38H —|
INTTPG1 V = 40H |—
INTRX0 V= 48H —
INTTX0 V=50H —
INTTO V=58H —
INTT1 V =60H |— Do
INTT2 V =68H — D1
INTAD V=70H — D2
INTT3 V=78H [— \_] Priority D3
INTT4 V' =80H encoder b4
— —A
INT1 Vv =88H 23105 D5
INTTS V =90H — D6
INT2 V =98H — o7
INTRX1 V= A0H ]
INTTX1 V=ABH | —/|
Interrupt
INT3 V=B0H 1 vector V vend
INTRX2 V=B8H [
INTTX2 V=CO0H |-/

Figure 3.3 (7). Interrupt Controller Block
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The interrupt enable/disable flags for each interrupt request
channel are assigned to memory addresses FFE3H - FFE5H.

Interrupts are enabled for a channel by setting the flag to “1”.
The flags are reset to “0” by reseting.

Interrupt Common Terminal Mode How to set
Level INTE2 <EDGE> =0
INTO P81
Rise edge INTE2 <EDGE> = 1
Rise edge TAMOD <CAPM1,0>=0,00r0,10r 1,1
INT1 P53
Fall edge TAMOD <CAPM1,0>=1,0
INT2 P54 -
Rise edge
INT2 P56 -
Rise edge

For the pulse width for external interrupt, refer to “4.7

Interrupt Operation”.

Be careful that the following five are exceptional circuits.

TOSHIBA CORPORATION
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INTO Level mode

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

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

DI

SET 6, (OFFESH): Switch the mode from level to edge
LD (OFFEQH), FEH: Clear interrupt request flag

El

INTRX1, INTRX2

The interrupt request flipflop cannot be cleared only by reset operation or reading the serial channel receiving buffer, and cannot be cleared by an
instruction.

26
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7 6 5 4 3 0 2 i 1 i o0
INTEQ | bitSymbol IE3 IE2 IE1 i IEAD :IETPG1 [ IETPGO : IECAP IEO
(FFE3H) | Rreadmwrite R/W
Resetting value) 0 0 ) 0 f 0 10 0 0
Function 1: Enable 0: Disable
L» INTO Interrupt enable flag
L > INTCAP Interrupt enable flag
INTTPGO  Interrupt enable flag
INTTPG1  Interrupt enable flag
INTAD Interrupt enable flag
INT1 Interrupt enable flag
INT2 Interrupt enable flag
INT3 Interrupt enable flag
7 i 6 5 1 a4 3 2 i1 i
INTE1 | bitsymbol - o= IETS IET4 IET3 1ET2 IET1 IETO
(FFEAH) | peadmvrite - = R/W
Resettingvaluel  — i — 0 0 o0 0 0 0
Function 1: Enable 0: Disable
I_’\NTTO Interrupt enable flag
= INTT1 Interrupt enable flag
INTT2 Interrupt enable flag
INTT3 Interrupt enable flag
= INTT4 Interrupt enable flag
INTT5 Interrupt enable flag
7 i 6 5 1 4 i3 2 10
INTE2 | bit Symbol - | EDGE : IETX2 ! IERX2 ' IETX1 i IERX1 DIETX0 : ITRX0
(FFESH)| Readiwrite CRIW R/W
Resetting value| 0 0 0 0 0 o0 0 )
Function 9 pevel 1: Enable 0: Disable

L>\NTRX0

— > INTTX0

INTRX1

INTTX1

INTRX2

INTTX2

INTO

Interrupt enable flag
Interrupt enable flag
Interrupt enable flag
Interrupt enable flag
Interrupt enable flag
Interrupt enable flag

Control

e

- o

evel detection interupt

Rise edge detection interrupt

Figure 3.3 (8). Interrupt Enable Flags
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( Interrupt processing }

Interrupt vector V read

Interrupt req

uest F/F clear

HDMA data transfer I

COUNT «~ COUNT -1

YES COUNT =0

NO

end

200ns (at 10MHz oscillation frequency)

Figure 3.3 (9). Interrupt Processing Flow Chart

28
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3.4 Standby Functions

When a HALT instruction is executed, TMP90CMB36 enters the
RUN, IDLE1 or STOP mode according to the contents of the
halt mode setting register. The features are shown below.

The HALT mode setting register WDMOD <HALTM1, 0> is
assigned to bits 2 and 3 memory address FFECH in the built-in I/
O register area (all other bits are used to control other block func-
tions). The RUN mode (“00”) is entered by reseting.

These HALT states can be released by requesting an

(1) Run:  Only the CPU halts, power consumption interrupt or resetting. Table 3.4 (2) shows how to release the
remains unchanged. HALT state. If the CPU is in the El 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
() IDLE: Only the mtemgl ogcﬂlators operate, while all the DI state fro maskable interrupt, the CPU starts the execu-
cher internal cirouits halt. Power consump- tion from the instruction following HALT instruction, but the
tion is .1/10 or less than that during normal interrupt request flag remains at “1”.
operation. Even when HALT state is released by reset operation, the
state (including the built-in RAM) just before entering the
(8  STOP: Allinternal circuits halt, including the internal HALT can be retained. However, if HALT instruction has
oscillator. Power consumption is extremely already been executed in the built-in RAM, the RAM contents
reduced. may not be retained.
7 i 6 i s 4 3 2 1 P
bit Symbol | WDTE | WDTP1 | WDTPO | WARM | HALTM1 i HALTMO RESCR DRIVE
WDMOD o write | rew : RAV RAW RAW RAW ©ORW
(FFD2H) : : : ;
After reset 1 : 0 : 0 0 0 : 0 1 : 0
1: WDT 500 1281 c WDT ‘War‘ming Standby mode ‘é":‘i‘éz:fiﬂﬂ?imé 1: Dr‘ives
Enable 01:2%fc .. uptime 00:RUN  mode |issetasthe :g:::'i:‘
Function 10: 277 cting 0: 2:‘, fe| 01:5T0P  mode fﬁ,rﬂo,.i;e‘;’" imd;STOP mode
11:27/4c time 1:2%/fc | 10:1DLET mode |internaliytothe :
: 11: Reserved RESER pin. :
kExplained in 3.11 "Watchdog Timer” l

Explained in 3.4.2
“"STOP mode”

Figure 3.4 (1). HALT Mode Setting Register

TOSHIBA CORPORATION

29



TMP90CM36

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

VAW AW A AW AW AW WAW W AW oW W aWal
cak | f \ / \_2'{ / \
a8~15 K NExt 2;: Nl T
ALE __I' _\ ; \
(097 -1 L5 4 @D ED 1 === B D 4G -
i | y (W Y
WR )
(o) 1
R s —1 |
(ol edel Y
Internal INT « l
HALT instruction execution sequence LZ;EJ:;EL response

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 used 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

X1

CLK

A8~15

ALE

ADO~7

RD

WR

INTO
(Level)

INTO
(Rise edge)

In the HALT state, interrupt requests are sampled asyn-
chronously with the system clock but sampling is performed
synchronously with the system clock, whereas the HALT
release (restart of operation) is performed synchronously with
it.

I(
§ L [ \
(.
P Next +1
2
{( \
1

b 1-ED- D 1-
y \ [T
i
)
i I
)
e I\
"

HALT instruction execution sequence ;r;t‘eur;mgresponse

Figure 3.4 (3). HALT Release Timing Using Interrupts in the 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 interval circuits stop, including
internal oscillator. When the STOP mode is activated, all pins
except special ones are put in the high-impedance state, iso-
lated 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 O of memory address FFECH) of th
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 oscilla-
tion, the system clock starts its output after the time set by
warming up counter has passed. WDMOD <WARM> (warm-
ing up: bit 4 at memory address FFECH) is used to set up the
warming up time. Warming up is executed for 21 clock oscil-
lation time when this bit is set to “0”, while 2'8 clock oscillation
time when set to “1”. This bit is cleared to “0” by reset opera-
tion.

Warming up time

AV VAU WY AU e W AW AW AW AW AW
L
X

c | \ [T -1\ T
AB~15 | Next )———-55——-@;’ Next +1
= T
ALE \ I I \
I )
ADO~7 —y—-@.})—--—@;}——@;}———-ﬁﬁ-—--55-—————-—A0~7 =|= {po~7 }—= 1 =
—_ ( I
Ro \ / el it \ []
WR e
all
INTO ( ’
(Level) J L
INTO A7\
(Rise T
edge)

HALT instruction execution sequence

Interrupt response
sequence

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.
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Table 3.4 (1) State of Pins in STOP Mode

1/0 DRVE=0 DRVE =1
P00 ~ PO7 Input Mode - Input
Output Mode - Output
Input Mode Input
P10~ P17 Output Mode - Output
Input Mode Input
P20 - P2 Output Mode - Output
Input Mode Input
P30 - P31 Output Mode - Output
Input Mode Input
P32~ P33 Output Mode - Output
Input Mode _ Input
P40 - P47 Output Mode Output
Input Mode _ Input
P56 - P57 Output Mode Output
P60 ~ P67 Input Mode - -
Input Mode - Input
P70 ~p17 Output Mode Output Output
NMI Input Mode Input Input
DAOUTO Output Mode ov ov
DAQUTH Output Mode oV ov
NMI Input Mode Input. Input.
CLK Output Mode - -
X1 Input Mode - -
X2 Output Mode ‘1" ‘1
EA Input Mode Input Input
P80 (WDTOUT) Output Mode - Output
P81 (INTO) Input Mode
P82 (STBY) Input Mode
P83 (ALE) Output Mode - Output

— . Indicates that input mode/input pin cannot be used for input and that the output mode/
output pin have been set to high impedance.
Input is enabled.
Input:  The input gate is operating. Fix the input voltage at either “0” or “1” to prevent the pin floating.
Output: Output status.
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Table 3.4 (2) I/0 Operation Release in HALT Mode

HALT mode

RUN IDLE1

STOP

WDMOD<HALTM1, 0>

00 10

01

CPU

Halt

/0 port

Retains the state when HALT

8-bit timer

16-bit timer

Time Base Counter

Capture circuit

Timming pulse generation

Watchdog timer

PWM Output

Serial interface

A/D converter

no0o—Oo Q-0 00

D/A converter

Interrupt controller

DA=-cOw

NMI

See Table 3.4 (1)

INTWD

INTO

INTCAP

INTTPGO

INTTPG1

! INTRXO

——>rx

INTTXO0

INTTO

t INTT1

INTT2

INTAD

r INTT3

r [ INTT4

WK 3—wouMd—m-=

INT?

INTTS

p | INT2

INTRX1

INTTX1

INT3

INTRX2

INTTX2

INTTX2

INTTBC

Reset

o|o|o|o|o|olojo|o|ololololololo|ololololo|olololo}
|

O

Can be used for HALT release

Cannot be used for HALT release
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3.5 Function of Ports

The TMPO0OCMB36 contains total of 64 I/O port pins. These
port pins function not only as the general-purpose I/0 ports

but also as the I/O ports for the internal CPU and built-in 1/0.
Table 3.5 shows the functions of these port pins.

Table 3.5 Functions of Ports

name | Pinname | one [Pirection| (2O | oot || fomcton
Port0 PO0~PQO7 8 I/e] Bit Input ADO~AD?7
Port 1 P10~P17 8 110 Bit input A8~A15
Port 2 P20~P23 4 110 Bit Input TPGOO~07
(TPG14~17)

Port 3 P30 1 Output Output |RD

P31 1 Output Output  |WR

P32, P33 2 T{e] Input PWMO, PWM1
Port4 P40~P43 4 110 Bit Input TPG10~13

P44~pP4a7 4 [l{e} Bit Input CAPO~CAP3
Port5 P50 1 110 Input EXIN

P51 110 Input TO4

P52 1 10 Input  |TO5

P53 1 110 Input INT1/TI4

P54 1 110 Input INT2/TI5

P55 1 /0 Input  [TO1

P56 1 Ie} Input INT3/TI2

P57 1 110 Input TO3
Port6 P60~P67 8 Input Bit Input ANO~AN7
Port7 P70 1 110 Input RXDO

P71 1 110 Input TXDO

P72 1 110 Input RXD1

P73 1 fle] Input SCLK1/CTS1

P74 1 [l{e] Input TXD1

P75 1 f{e] Input RXD2

P76 1 110 Input SCLK2

P77 1 1{®] Input TXD2
Port 8 P80 1 Output Output |WDTOUT

P81 1 Input Input INTO

P82 1 Input Input STBY

P83 1 Output Output ALE

These port pins function as the general-purpose 1/O port
pins by resetting. The port pins, for which input or output is pro-
grammably selectable, function as input ports by resetting. A

separate program is required to use them for an internal func-
tion.
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3.5.1 Port 0 (POO ~ P07)

Port O is the 8-bit general-purpose I/O port PO, each bit of
which can be set independently for input or output. The con-
trol register POCR is used to set input or output. Reset opera-
tions clear all output latch and control register bits to “0” and

set port O to the input mode.
In addition to the general-purpose I/O port function, port O

( Internal address bus (AO~A7) (

"

I_G:Reset

B u s

Dat a

Direction

Control
(bitwise)

4

Write POCR

[

w

Selector

External access

External access (address output)

External access (data write)

Port0
PO0~PO7

Output

Latch

Selector =
<

Write PO

<}

T

1

l/
Output buffer

(AD0~AD7)

# Selector
S

Y

I ntermnal

T

Read PO

<1

Y

T

External access (data read)

Figure 3.5 (1). Port 0 (P00 ~ P07)

also functions as an address/data bus (ADO ~ AD7). When the
external memory is accessed, port 0 automatically functions
as the address/data bus.
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Port 0 register

7 f o6 ioos foa b3 b2 g b g
PO bitSymbol | PO7 | PO6 . POS . P04 i PO3 i P02 : PO1 i POO
(FFAOH) Read/Write RIW
After reset Input mode (output latch register becomes indeterminate)

Port 0 control register

7 . 6 . 5 i 4 i 3 L 2 ¢ 1 i 0
POCR bitsymbol | PO7C . POGC | POSC . POAC : PO3C © po2c | POIC | POOC
(FFATH) it Symbol : : : : 3 : : :
Read, modify, | Read/Write w
write are not | After reset 0
possible. Function 0: IN 1: OUT {Select I/O on bit basis)
L . |
|—> Port 0 I/O setting
0 Input
1 Qutput

Figure 3.5 (2). Registers for Port 0
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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
P1CRis used to set input or output. Reset operations clear all
output latch and the 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 cleared to “0”, port 1 is set to the input mode,
regardless of the external extended specification register
value.

(Internal address bus (A8~A15) 4(

Reset
—i PIFR<EXT>
™~ Direction
Control
(bitwise)
}
» Write P1CR
=]
© S
- B|s Port 1
© ' = ‘J—L ™ P10~P17
o Output Alw (A8~A15)
Latch " Qutput buffer
vy
1
- Write P1
[i+]
c
T o
e
Read P1

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

7 6 s o4 i3 b2 i i
P1 bit Symbol P17 P16 P1IS ¢ P14 ¢ P13 i P12 i P11 [ PIO
(FFAZH) [ Read/write RAW
After reset Input mode
Port 1 control register
7 6 s a4 3 i o2 1 1 10
P1CR bit Symbol P17C P16C PI5C  P14C P13C P12C P11C P10C
(FFA3H) | readwrite w
After reset Q 0 0 0 : 0 0 0 0
Function 0:IN 1: OUT (input or output can be specified for each bit)
I [ I | il
Port 11/0 setting
0 Input
1 Output
7 s s . 4 3 i o2 i 10
IRF2 bit Symbol EXT — IRFTX2 § IRFRX2 | IRFTX1 : IRFRX1 : IRFTX0 : IRFRX0
(FFE2H) [ Readwrite| w R
After reset 0 o ¢ 0o ¢ 0o 0 = 0
Picontrol Interrupt Request Flag
Function |0:1/0 Port :
1:Address: 1: Interrupt requested
Explained underinterrupt controller.
Port 1 3enera|-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
1 Qutput port | Address bus

Note: Each bit can be setindependently.

P1CR

<P1XC> isthe X bit of 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/0 port P2, each bit of which
can be set to input or output. The port 2 control register P2CR
is used to set input or output. Reset operations clear all output
latch and the control register bits to “0” and set port 2 to the
input mode.

In addition to the general-purpose I/O port function, port 2
also has a timing pulse generator (TPG) output (TPGOO ~ 07,
TPG14 ~ TPG17). To use TPG as the output port function,

Reset

[~ ﬂ
Direction
Control
«
5 4
@ Write P2CR
@
<
o 1> Port 2
2 Write P2
- TPGOO, TPGO1
v TPG02, TPGO3
- <
- —H
Read P2

Figure 3.5 (5). Port 2 (P20 ~ P27)

(P20~P27)

port should be set to output mode, and and port output latch
set to “0”. (After reset “0”) P24 ~ P27 is also used as TPG04
and TPG17 (P24), TPG05 and TPG16 (P25), TPG0O6 and
TPG15 (P26), TPGO7 and TPG14 (P27), it selects by the port
2 function register P2FR <P24TPG ~ P27TPG>. P27 is
TPGO7 output by setting P2 FR <P27M> “1”. TPGO7 is
<P27M> = “1” by resetting, and the port turns to output
mode.

Reset

Direction
control

Output

Latch
1

Write P2

us

B

P24, P25
L P26, P27

Data

TPGO4~ | TPG17~
TPGO7 TPG14

TPG
Control

Internal

P2FR<P24TPG~P27TPG>

L

| P

1

jumce

b~ Read P2

Figure 3.5 (6) Port 2 (P24, P25, P26, P27)
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P2
(FFA4H)

P2CR
(FFASH)

P2FR
(FFB2H)

Port 2 Register

7 6 {5 a4 3 i 2 1 0
bitsymbol | P27 | P26 | P25} P24 i P23 } P22 P21 P20
Read/Write R/W
After reset Input mode

Port 2 Control Register

7 | 6 5 i 4 3 i 2 i 1 : 0
bitsymbol | P27C © P26C P p2sC } p2ac  p23C P P22C 1 P21C_ I P20C
Read/Write w
After reset 0 : 0 H 0 10 C 0 0 0 0
Function 0:IN  1: OUT (Select IO on bit basis)

[ 1 | I I |

Setting Port 21/0O
0 Input
1 Output
Port 2 Function register

7 e i 5t a4 | 3 2 ¢ 0
bitsymbol | P27TPG | P26TPG : P25TPG | P24TPG | - - i p27M : P24M
ReadWrite RAW | iORW RAW
After reset 0o o i o o0 0o i1

TPG output |TPG output :TPG output iTPG output | i0:5et TPG17:0: 5t TPG17]
select iselect iselect iselect Dot ito
Function |0: TPGO7  [0: TPGO  {0: TPGOS  £0: TPGO4 § INTIPGI L INTIPGY
output output : output : output g‘\:Enab\e t1:Enable
1:TPGT4 1:TPGIS (1:TPGI6 1. TRGIT TPGOGor: TPGOAor
output | output © output output TPG17 TPG17

alidnes: alidness
when : : when H
<P27M> /i : \ <P2AM >/}

= H N1

{(<p2a7TRG Y (<P24TPG
i\_ setting_J1\_ setting

|
L INTTPGO setting

0 |TPGO7 Enable
1 |TPGO7 disable

INTTPG1 setting

-

0 |TPG17 Enable
1 |TPG17 disable

Figure 3.5 (7). Registers for Port 2
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3.5.4 Port 3 (P30 ~ P33)

P32, P33 are a 4-bit general-purpose 1/O port. The control
register P38CR <P33C, P32C> is used for input or output.
P30, P31 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 P30, P31 function as the

memory control pins (RD and WR), when set IRF2 <EXT> to

Reset
l set

Output
Latch

!

Write P3

Bus

<1

|

Read P3

Data

Reset
l set

Qutput
Latch

1

Write P3

Internal

-1

!

Read P3

wvy

Selector

RD pin output “0"

E

Selector

“1”. When access of an internal memory makes them function,
“1” is generated always.

Also function register PS8CR <RDE> is intended for a
pseudostatic RAM. When set IRF2 <EXT> to “1”, and set
P38CR <RDE> to “1”, it always functions as RD pin. There-
fore, the RD pin outputs “0” (Enable) when it is an internal
memory read and internal I/O read cycle.

IRF2<EXT>

Y —|>——D P30 (RD)

Output buffer

xternal acces

Output buffer

Access WR pin

External access

Figure 3.5 (8). Port 3 (P30, 31)
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Reset
ﬂ P38CR<PWMQOS, PWM1S>
[~ . .
Direction
Control
4
Write P38CR
<P33C, P32C>
=
- PWMO, PWM1
L S
1 B =
: ¥ ST Y ™~ Port 3
a Output Aly L~ P32,P33
Latch — Output
- } - buffer
o
c Write P3
9]
= |t
T
Read P3
S~

Figure 3.5 (9). Port3
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Port 3 Register

7 6 5 4 3 o2 i1 o
b3 bit Symbol - - - - P33 | P32 i P31 . P30
Read/Write RIW
(FFAGH) :
Afterreset 0 - - 1
Port 38 Control register
7 6 s . a4 i3 i 2 1 0
P38CR bitSymbol | ALEE STBYS | PWM1S i PWMOS i P33C | P32C | wotoutc| RDE
Read/Write | R/W W RW 1 ORW LW W W RIW
(FEA7H) 20 :
Afterreset | (Note) 0 0 0 0 : 0 0 0
ALE ‘p82 P33 P32 f0:IN 1: OUT P8O ED ol
H . : . n
Control :Control |Control i Control  (Select!/O on bit Control 1?A|;:y,
Function [0:Port :0:Port |1: PWM1 i1: PWMO | basis) 0: Disable RD
H p— : tput
1T:ALE  :1:5TBY Enable . Enable 1: Enable (w::" P
: : <EXT>=1)

P38CR<P32C, P33C> and P3CR <PWMQS, PWM 15> setting

Note : When EA pin is set to
"1", port is output
port after RESET, and

<ALEE>is"0".

When EA pin is set to
“0", port is always
ALE output, <ALEE>

is “1".

|

When IRF2Z<EXT>is 17,
and P30 fixed to RD pin.

0 |always "1" output

1 | Fixed to RD pin

Select Port 32 PWMO output
0 |Input
1 |Output

L Select Port 32 PWMO output

0 | General-purpose port
1 | PWMO

Select Port 33 PWM1 output

P3CR
< PWMOS, 15>
P3 0 1
<P32C,P33C>
0 Input Port | Input Port
1 Output Port | PWM Qutput

Q0 | General-purpose port
1 |PWMI

Figure 3.5 (10). Register for Port 3
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3.5.5 Port 4 (P40 - P47) ting, and the port turns of general-purpose I/O port mode.
Port 4 is the 8-bit general-purpose /O port, each bit of which In addition to the general-purpose I/O port function, P40
can be set for input or output. The control register PACR is ~ 43 have an input/output function for the Timing Pulse Gen-

used to set input or Output_ erators OUtpUt (TP61 0~ TPG1 3) function, and P44 ~ P47
Al bits of the function register are cleared to “0” by reset-  have the capture input (CAPO ~ CAP3) function.

Reset
Direction
Control
- 1
2 Write PACR
=]
a }
-
Output P40, P41
m .
o Latch L~ P42, P43
Qutput
- buffer
@ Write P4 TPG10, TPG11
c TPG12, TPG13
[+1] /]
-
=
_ \/[J—Cr_
Read P4
b~

Figure 3.5 (11). Port 4 (P40, P41, P42, P43)
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,—\l‘ Reset
Direction
Control
Write PACR
v
3
” Output . P44, P45
o Latch L~ P46, P47
@ T Output buffer
o
Write P4
@ -1
: TI—(T‘
3 ! 2
- \Lch ;
- @
(%)
Read P4
Reset
Input
Control
S PAFR < CAPOE~CAP3E>

Figure 3.5 (12). Port 4 (P44, P45, P46, P47)
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P4
(FFABH)

PACR
(FFA9H)

P4FR
(FFB3H)

Port 4Register

7 1 s i s a 31 L2 0
bitSymbol | P47 | Pag : P45 Pas | p43 P42 | P4t P40
Read/Write RIW
Afterreset Input mode

Port 4 Control register

A R 312 0
bit Symbol P47C i P46C P45C P44C P43C P42C P41C P40C
Read/Write
After reset 0 0 { 0 0 0 0 0 0

Function I l 0: \lN 1: OUT (Select IYO on bit baslfs) } ]
Select Port 3 1/0
0 Input
1 Qutput
Port 4Function register
CAPE CAPS

7 i 6 | 5 4 3 2 0
bit Symbol CAP3E : CAP2E CAP1E CAPOE CAP3S CAP2S CAP1S CAPOS
Read/Write RIW RIW
After reset 0 0o 0 0 0 0 ; 0 0

Capture input control Capture edge degection control

Function 0: Disable 0: 1 rise
1: Enable 10} fall

Figure 3.5 (13). Register for Port 4
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3.5.6 Port 5 (P50 - P57)

Port 4 is the 8-bit general-purpose 1/O port, each bit of which
can be set for input or output. The control register P5CR is
used to set input or output.

By reset operation, the output latch and the control regis-
ter is reset to “0”, and port 5 is placed in the input mode.

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

Reset

—

Directional

for time base counter.

(1)

P55, P57, P51, P52

When specified by port 5 function register P5FR
<TO1S ~ TO5S>, these ports become the timer out-
put.

Control

Write P5CR

1 }(setting)

bus

Output
Latch Selector

data

t

Write P5S

Output timer.

i

Function
Register

!

Write P5FR

Internal

P55,P57,P51,P52
(TO1,3,4,5)

\

P55 is only
function.

Figure 3.5 (14). Port 5 (P55, P57, P51, P52)

TOSHIBA CORPORATION

49



TMP90CM36

(2) P56 external interrupt request input (INT3).

P56 is also used as clock input (TI0) for 8-bit timer O

Reset

P

Directional
Control

bus

Write P5SCR

}(Setting)
Output
iy —] |ps6(miznT3)

4

Write PS5

data

Internal

T
=

Read P5

TI2/INT3

Figure 3.5 (15). Port 5 (P56)
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8) P53, P54 timer or event counter as well as external interrupt
request input.

These ports are also used as the clock input for 16-bit

Reset

3

Directional
Control

Write P5CR

}(Setting)
Output S P53/TI4/INT1
Latch _D

(PS4/TIS/INT2)

bus

data

Write P5

Internal

g — s
L

Read P5

TI4/INT1
(TIS/INT2)

Figure 3.5 (16). Port 5 (P53, P54)
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4) P50 the port 5 function register PSFR <EXINE>.

P50 is also used as input external input (EXIN) for
clock input for time base counter. It selects by setting

r\_.
Reset
Directional
Control
Write PSCR

w
3
o

Output P50
f Latch o

utput

o i Buffer

Write PS5
© -1
: T
@ [
- 2
c bt
- o

Read PS5 hal
EXIN
Reset
Input
Control
T P5FR< EXINE >

Figure 3.5 (17). Port (P50)
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P5
(FFAAH)

P5CR
(FFABH)

PSFR
(FFBOH)

Port 5 register

7 i 6 5 4 3 2 1 P
bit Symbol PS7 i PS6 P55 i P54 i PS3 P52 P51 | P50
Read/Write RIW
After reset Input mode
Port 5 control register
7 i e 15 ioa4 i3 2 R
bit Symbol | P57C P56C PS5C | P54C P53C P52C P51C : PSOC
Read/Write W
After reset 0 0 0 : 0 : 0 : 0 0 0
Function 0:IN 1: QUT (Select I/O on bit basis)
Select Port51/0
Q Input
) . 1 Output
Port 5 function register
7 i 6 s o4 i 3 2 0
bitSymbol | EXINE | - i WAITC1 | WAITCO i TOSS TO45 1035 TO1S
Read/Write | R/W CORW P RW RW
After reset 0 0 i 0 0 : 0 : 0 0
P50 Wait control ips2 ‘P51 ‘P57
2 state wait : : :
Function control normal wait :control iconlrol 3control
0: Port : 0: non wait §0: Port ;0: Port “0: Port
10 EXIN G P - : TOS i1: TO4 :1: TO3
L —
[, Setting P55 as the output of
imer 1
0 [Portoutput
L 1 [TO1 output
. Setting P57 as the output of
Wait control timer 3
00 | 2 state wait 0 |Portoutput
01 | Normal wait 1 |TO3 output
10 | non wait Setting P51 as the output of
timer 4
11 - 0 |Portoutput
1 | TO4 output
P50 external input for clock Setting P52 as the output of
—input for TBC control " timer sg °
0 |Portinput 0 |Portoutput
1 | EXIN input 1 | TO5 output

Figure 3.5 (18). Registers for Port 5
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3.5.7 Port 6 (P60 - P67)

Port 6 is an 8-bit general-purpose input port with fixed input

In addition to its general-purpose input port function,
these ports function as analog input pins (ANO ~ AN7).

function.
3
2 < Port 6 input
\f\lf (P60~P67)
©
- Read P6
©
o
L)
c ADREG AID 8 channel
; %_Register [ |Converter | An.alog
- T Multiplexer
c Read
- ADREG
Figure 3.5 (19). Port 6 (P60 ~ P67)
Port 6 register
7 6 5 4 i3 12 i 0
bit Symbol P67 P66 P65 | P64 i P63 P62 P61 P60
P6 - R
(FFACH) Read/Write
After reset Input-only
Function Used also as analog input pins (ANO~7)
Figure 3.5 (20). Registers for Port 6
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3.5.8 Port 7 (P70 - P77) the general-purpose I/0O port function, port 7 function have an
Port 3 is the 8-bit general-purpose I/O port, each bit of which internal serial interface input/output function. This is specified

can be set for input or output. The control register P3CR is by function register P23FR. All bits of the function register are
used to set input or output. By reset operations, all bits of the ~ cleared to “0” by resetting, and the port turns to general-pur-

output latch are set to “0”, while all bits of control register are pose I/O mode.

to “0”, and port 7 is placed in the input mode. In addition to

Reset
[~ ——i
" Directional
- Control
Fel
Write P7CR
©
@© }
-
Qutput Port7
- Latch L (P70~P77)
@
f Write P7
@
: [SaE
1
] L |
Read P7

Figure 3.5 (21). Port7
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P7
(FFADH)

P7CR
(FFAEH)

Port 7 register

7 0 6 i o5 . 4 i 3 i 2 1 0
bit Symbol P77 . P76 . P75 i P74 i P73 [ P72 P71 P70
Read/Write W
After reset Input mode

Port 7 control register

7 ;6 s i 4 i 3 ° 2 1 0
bitSymbol | P77C | P76C i P75C i P74C I P73C_ [ PI2C P71C P70C
Read/Write w
After reset 0 ; 0 ; 0 % 0 : 0 ; 0 0 0

Function 0:IN 1: OUT (Select I/O on bit basis) l _]

L 5 SelectPort71/O

0

Input

1

Output

Figure 3.5 (22). Registers for Port 7
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P7FR
(FFB1H)

Port 7 function register

7 1 8 | s 4 3 f o2 b b
bitSymbol | ODE2 | TXDC2 | SCLKC2 : ODE1 | TXDC1 ; SCLKC1 . ODEO | TXDCO
Read/Write R/W
After reset o . 0 : 0 i 0 f{ @ i 0 I 0o i 0

P77 P77 ‘P76 P74 P74 P73 P71 P71
0: CMOS :control icontrol i0: CMOS :icontrol icontrol :0: CMOS :control
Function [1:Open (0:Port 0:Port i1:Open :0:Port :0:Port :1:Open :0:Port
Drain {1:TxD  :1:SCLK Drain i1: TxD {1:SCLK i Drain i1:TxD
i output! outputi i output: output: i output
1

— T ]

(I Setting P71 as TxDO0 output

0 |Portoutput

1 | TxDO0 output

L » Setting P71 as open drain output

0 |CMOS output

1 | Open drain output

L Setting P73 as SCLK1 output

0 | Portoutput

1 [SCLK1 output

L Setting P74 as TxD output

0 |Port output

1 |TxD1 output

L Setting P74 as open drain output

0 |CMOS output

1 |Open drain output

L 5 Setting P76 as SCLK2 output

0 |Portoutput

1 | SCLK2 output

Setting P77 TxD2 output

0 |Port output

1 | TxD2 output

Setting P77 as open drain output

0 |CMOS output

1 |Opendrain output

Figure 3.5 (23). Registers for Port 7
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3.5.9 Port 8 (P80 - P83) )

Port 8 is the 4-bit general-purpose I/O port, P81, P82 are
input-only ports. P80, P83 are output-only ports.

In addition to its general-purpose input port function, or
watch dog timer out output, these port function as external
interrupt request input, or hardware input, or ALE output.

P81/INTO

P81 is the general-purpose input port, is also use as
external interrupt request input (INTO). INTO is to be
used as “H” level detection interrupt or rise edge
detection interrupt by control register INTE2 <EDGE>.

]
<] [ ]ps1anTo)

[~~~
w
3
a 1
: \H Schmitt input
- Read P8 p
L]
o
; INTO Level / edge
€ | interrupt Detection
- Reset
['F]
o e
< INTE2
Write INTE2

Figure 3.5 (24). Port 8 (P81)
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@ P8O

P80 is used both as a general-purpose output port
and for WDTOUT output. Bit 1 of the watchdog timer

bus

data

Internal

Reset

set

Output

Latch

Write P8

WDTOUT
output

R

Watchdog timer
mode register

Write WOMOD

Function
register

mode register (WDMOD: memory address FFDDH)
and Bit 1 of the P38 control register (P38CR: memory
address FFA7H) is used to set P80 for WDTOUT out-
put.

™~

.
o
-
v
@
@
v

Internal
RESET

3
Write P38CR<WDTQUTC>

<1

I

Read P3

L D P80 (WDTOUT)
Output buffer

Figure 3.5 (25). Port 8 (P80)
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Q) P82/STBY tions, the control register P38CR <STBY> is “0”, and
P82 is placed in the general-purpose input port. When
P82 is a general purpose input port, and this port can the control register P38CR <STBYS> is “1”, and P82
be used also as Hardware standby. By reset opera- is placed in the hardware standby input pin.
- —@ D P82 (STBY)
© Read P8 Schmitt input
©| sTeyY <—<J—
c
- Reset
:
L
Write P38CR
Figure 3.5 (26). Port 8 (P82)
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(4) P83

P83 is output port, and is also used as ALE pin. When

P83 was 1 chip mode (EA = 1), by reset operations,
the control register PS8CR <ALEE> is “0”, and P83 is

placed in the output port. When ALE pin uses, and
<ALEE> is set to “1”. When Multi chip mode was
<ALEE> is always “1”, and P83 become the ALE out-
put.

M~
Reset |
2 Function | p38CR <ALEE> Write
2 Register
External access
©
- ALE
=) s
o Al
Output 2| > __‘

- Latch by ;E?Brt 8
© 2
o Iy & Output buffer
. Write P8
o S
c 1 :
_ sl

f B

Read P8
— Y
A —
Selector

Figure 3.5 (27). Port 8 (P83)
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P8
(FFAFH)

P38CR
(FFA7H)

Port 8 register

7 6 5 0 4 i3 P2 g 0
bit Symbol - - - i - ! 'pe3 i ps2 . P8l P80
Read/Write RW
After reset 0 - i - 1

Port 38 control register

7 . 6 s oa i3 i 2 1 0
bitSymbol | ALEE | STBYS | PwMis | PWMOS | P33C P32C | wotoutc| RDE
Read/Write RW w R/W RIW w w w RIW
After reset F) 0 0 ; 0 : 0 : 0 0 0

ALE P82 P33 P32 f0: IN 1: ouT  |P8o RO
control control control  icontrol H contral ??r;w';gp
Function |0: Port (0: Port [1: PWM1i1: PWMO: (Select O on bit 0: Disable RD
. Ly, TRV : : basis) . output
1: ALE :1: STBY | Enable : Enable : 1: Enable | iwhen<Ex
: : : T>is"17)

(Note) When EA pinissetto “1”, portis output

port after RESET,

and <ALEE> is “0”.

When EA pinissetto “0", port is always
ALE output, <ALEE>is"1"

Figure 3.5 (28). Registers for Port 8
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3.6 Timers

The TMP90OCMS36 contains four 8-bit timers (timers O, 1, 2 and
3), each of which can be operated independently. The cas-
cade connection allows these timers to be used as 16-bit tim-
ers.

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

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

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

¢ 8-bit pulse width modulation (PWM: variable duty with con-
stant 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 O and timer 1).

8-bit timer (timer 2, 3) are connected to the external clock pin
TI2 in the timer 2 up counter input clock.

Other timer 2 and timer 3 have the same circuit configura-
tion as timer O and timer 1. Each interval consists of an 8-bit
up-counter, 8-bit comparator, and 8-bit timer register. Besides,
one timer flipflop (TFF1 or TFF3) is provided for each pair of
timer O 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 1256 are obtained
from the 9-bit prescaler shown in Figure 3.6 (2).

The operation modes and timer flipflops of the 8-bit timer
are controlled by five control registers TO1TMOD, T23MOD,
TFFCR, TRUN, and TRDC.
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TFFCR<FF1C1, 0>

*1 Set :ﬂ
*2 Clear F/F control
*
3 Invert ,1&4‘4
Software trigger —=| _
Timer F/F =701

TOIMOD<TO1M1,0>

TRUN<TORUN > TRUN<TIRUN>
1 i li:}*'
e a
RUN Clear RUN iclear
T1(8/fc) - .
:T4(32."f y — 8-bit up-counter > 8-bit up-counter
: < Selector (uco) $T1  —=| Selector (ucy
#T16 (128/fc) —> 27-1 iT16 —
1 1 Overflow $T256 —=
TOIMOD <TOCLK1, 0> L [}
TOIMOD<TO1M1[0, PWMO1, 0> TOTMOD<TICLK1, 0>
=
8-bit 8-bit
comparator comparator  |—4
(cPO) (crP1)
t INTTQ
Selector
register (TREGO) .
PWMTRG Seloct 9 8-bit timer '
TREG-WR register INTT1
TREG1
Register buffer
TROC<TRODE> ﬁ

TFFCR<FF1IE>
Selector

1

TFFCR<FF1IS>

le—
TOIMOD<TO1M1,0>
|

Internal bus

Figure 3.6 (1). Block Diagram of 8-bit Timers (Timers 0 and 1)
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O Prescaler This prescaler can be run or stopped by the timer opera-
tion control register TRUN <PRRUN>. Counting starts

This 9-bit prescaler generates the clock input to the 8-bit when <PRRUN> is set to *1”, while the prescaler is

timers, 16-bit timer/event counters, and baud rate genera- cleared to zero and stops operation when <PRRUN>

tors by further dividing the fundamental clock (fc) after it is set to "0". Resetting clears <PRRUN> 1o "0, which
has been divided by 4 (fc/4). clears and stops the prescaler.

Among them, 8-bit timer uses 4 types of clock: oT1,
2116, and oT256.

Cycle
fc
Input 12.5MHz | 16MHz
clock
#T1(8/fc) 0.64us 0.5u8
$T4 (32/fc) 2.56us 2.0us
4T16 (128/fc) 10.24.s 8.0
$T256 (2048/fc) | 163.84us 128us
4T2  4T8 ¢T32
4TO 4T1 4 474 VTM’ 47256
12 3 45 6 7 8 9
Oscillator | f¢
circuit ‘ /4 9-bit prescaler
Atrun;fs‘ccop & clear
L= 1
1/2 (System clock) TRUN<PRRUN>
_bgs

Figure 3.6 (2). Prescaler
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O Up-counter

This is an 8-bit binary counter that counts up the input
clock pulse specified by the timer O/timer 1 mode reg-
ister TO1MOD and timer 2/timer 3 mode register
T23MOD.

The input clock pulse for timer O is selected from oT1
(8/fc), @T4 (32/fc) and @T16 (128/fc). Timer 2 input
clock is selected from external clock (TI2 pin = P55/
INT3) and same the timer O in three kinds internal
clock. According to the set value of TO1TMOD and
T23MOD.

The input clock of timer 1 and timer 3 differs depend-
ing on the operating mode. When set to 16-bit timer
mode, the overflow output of timer O 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 aT1256 (2048/fc) as well as
the comparator output (match detection signal) of
timer O and timer 2, according to the set value of
TO1MOD and T23MOD.

Example: When TMOD <T0O1M1,0> = 01, the overflow
output of timer O becomes the input clock of
timer 1 (16-bit timer). When TMOD
<T01M1,0> = 00 and TOTMOD <T1CLK1,0>
=01, gT1 (8/fc) becomes the input of timer 1.
Operation mode is also set by TO1MOD and
T23MOD. When reset, it is initialized to

TO1TMOD <TO1M1, 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.

O Timer registers

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

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

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

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

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

AV

Comparator

AN

Ti isters 0 and 2
merregiiers 7 an J Matching detection of PPG
*I? 4 2n -1 overflow of PWM
t
—‘_Shif‘ttrigger 7 ? TREG 0/2 WR
Register buffers0 and 2 J
Write <TRODE>/<TR2DE>

Internal bus

Figure 3.6 (3). Configuation of Timer Registers 0 and 2

Note: Timer register and the register buffer are allo- TREGO: FFCeH
cated to the same memory address. When TREG1: FFC7H
<TRODE>/<TR2DE> = 0, the same value writ- TREG?2: FFC8H

ten in the register buffer as well as the timer
register, while when <TRODE>/<TR2DE> = 1
only the register buffer is written.

TREGS: FFC9H

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

The memory address of each timer register is as fol-
lows.
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TOIMOD
(FFCAH)

7 6 . 5 . 4 i 3 i 2+ 1 i 9
bitSymbol | TOTM1 | TOIMO : PWMO1 i PWMOQO : TICLK1 : TICLKO : TOCLK1 : TOCLKO
Read/Write RIW : RAW : RIW RAW
After reset o i 0 o o | o o : 9o i o0

00: 8bit Timer 00: - ¢ 00: TOOTRG © 00:TI0
‘ 01: 16bit Timer 01:26-1PWM | 01: 4T ©O01: ¢TI
Function . : H
10: 8bit PPG 10:27-1cycles | 10: ¢T16 ©10: ¢T4
11: 8bit PWM 11:28-1 i 11: $T256 D11 4T16

L

1 ]

1

Input clock of timer 0

00

01

Internal clock ¢T1

10

Internal clock ¢T4

11

Internal clock ¢T16

L Input clock of timer 1

T0TMOD7,6% 01 T0O1MOD7,6 =01

00 |Comparator output Overflow
of timer 0 output of timer
01 |Internal clock ¢T1 0
10 |Internal clock ¢T16 |[(16-bittimer
11 |Internal dock gT256 | ™09

L Select PWMO cycle
(“Don't care” except in PWM mode)

00 _
01 26 -1
10 27-1
" 28 -1

Set the operation mode of
timerOand 1.

00

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

01

16-bit timer

10

8-bit PPG output

"

8-bit PWM output (timer 0)
+ 8-bit timer (timer 1)

Figure 3.6 (4). Timer O/Timer 1 Mode Register (T0O1MOD)
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T23MOD
(FFCBH)

7 6 6 05 ioo4 i3 :oo2 i1 0
bitSymbol | T23M1 | T23MO | PWM21 | PWM20 : T3CLK1 | T3CLKO | T2CLK1 | T2CLKO
Read/Write RIW ; RIW : RAW H RIW
After reset o : 0 : o0 i oo 0 i 0 i 0 i 0

00: 8bit Timer ©o00: - 00: TO2TRG 00: TI2
. 01: 16bit Timer 01:26-1 01T 01: ¢T1
Function . :
10: 8bit PPG 10:27-1 ©10: ¢T16 10: 474
11: 8bit PWM 11:28-1 P 11: 47256 11: $T16
L 1 1 1 J

]

Timer 2 input clock

00

External clock TI2

01

Internal clock ¢T1

10

internal clock ¢T4

1M

Internal clock ¢T16

L—» Timer 3 input clock

T23MQD7, 6+ 01

T23MOD7,6=01

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

01 |Internal clock ¢T1 {(16-bit timer

10 |Internal clock ¢T16 [mode)

11 |Internal clock ¢T256

Select PWM2 cycle
("Don’t care” except in PWM mode)

00 —_—

01 261
10 27-1
" 28-1

Set the operation mode of
timer 2 and timer 3

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

01 1 16-bittimer

10 | 8-bit PPG output

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

Figure 3.6 (5). Timer 2/Timer 3 Mode Register (T23MOD)
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TFF3

TEF1

7 i s

5

4

3 0 2 i1 o0

bit Symboaol
TFFCR

FF3C1 FF3CO

FF3IE

FF3IS

FF1C1 FF1C0 FF1IE FF1IS

(FECCH) Read/Write

W

RAW

After reset

wo i RW
- Po

Function

00: Invert TFF3
01: Set TFF3
10: Clear TFF3
11: Don'tcare

TFF3
Invert
Enable

0:
tInverts by -
i 8-bit
‘timer 2
N

Inverts by |
‘timer3

00: Invert TFF1 1:
01:Set  TFF1  TFF1
10: Clear  TFF1
11: Don't care

Invert
: Enable

iInverts by
‘timer 1

e ? | ]

(

I—— Selectinverse signal of timer flip-flop TFF1

“Don’'t care” except in 8-bit timer mode)

0 | Inversion by timer 0

1 | Inversion by timer 1

Invert of timer flip-flop TFF1

0 | Disabled

1 | Enabled

Control timer flip-flop TFF1

0

0 [ Invert the value of TFF1
(software inversion).

0

1 [SetTFF1to 1",

10 | Clear TFF1to “0".

1

1 | Don't care (Always set at " 11"when read)

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

0 |Inversion by timer 2

1

Inversion by timer 3

Invert of timer flip-flop TFF3

0

Disabled

1

Enabled

Control of timer flip-flop TFF3

00 |Inverts the value of TFF3

(software inversion)

01

Sets TFF3to “1”.

o

Clears TFF3 to “0".

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

Figure 3.6 (6). 8-Bit Timer Flipflop Control Register (TFFCR)

70

TOSHIBA CORPORATION




TMP90CM36

16-bit timer 8-bit timer
[ T 1
7 1 6 I - T T A R D
bit Symbol | PW1RUN : PWORUN: PRRUN : T4RUN : T3RUN : T2RUN i TIRUN i TORUN
TRUN - ’
Read/Write RIW RIW
(FFCBH) T d T T H T
After reset 0 0 0 : 0 : 0 : 0 : 0 : 0
0: Stop Prescaler & Timer Run/Stop Control
. 1: Run
Function
0: Stop & Clear
1: Run (Count up)
%——J

Explanation “PWM”

—T T T ]

L— Operation of timer 0

0 |Stop and clear
1 |Count

Operation of timer 1

0 |Stop and clear

1 [Count

\—— Operation of timer 2

0 |Stop and clear

1 |Count

L—— Operation of timer 3

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

0 [Stop and clear

1| Count

L » Operation of prescaler

0 |Stop and clear

1 |Count

Figure 3.6 (7). Timer Operation Control Register (TRUN)
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2

1 : 0

bit Symbol ! TR4DE : TR2DE i TRODE
TRDC - !

Read/Writ : RIW
(FFCDH) | :

After reset 0 0 : 0

Function

0: Double Buffer Disable

1: Double Buffer Enable

[—» Control the double buffer of timer register 0

Disabled

Enabled

trol the double buffer of timer register 2

Disabled

Enabled

L, Control the double buffer of timer register 4

0

Disabled

1

Enabled

Figure 3.6 (8). Timer Register Double Buffer Control Register (TRDC)
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O Comparators

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 flipflop inversion is enabled, the timer flipflop is
inverted at the same time.

O Timer flipflop (timer F/F)

The status of the timer flipflop 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 P55) and TO3 (also used as P57).

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

The operation of 8-bit timers will be described below:

(1)

8-bit timer mode

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

O Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals
using using timer 1 (INTT1), first stop timer 1 then set
the operation mode, input clock, and synchronization
to TOTMOD and TREGH1, respectively. Then, enable
interrupt INTT1 and start the counting of timer 1.

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

Stop timer 1, and clear it to “0".
Set the 8-bit timer mode, and select ¢T1 (0.5 us @

fc= 16 MHz) as the input clock.

MSB LSB
76543210
TRUN ¢ == -~~~ 0 -
TOIMOD« 00X X01-~-
TREG1 « 01010000
INTEH ¢ X --=--1--
TRUN « XX1---1
(Note) X;Don’tcare —;Nochange

Use the following table for selecting the input clock:

Set the timer register at 40 x5 ¢T1 = 50.
Enable INTT1.
Start timer 1 counting.

Table 3.6 (1) 8-bit Timer Interrupt Cycle and Input Clock

Interrupt cycle

(at fc = 16MH2) Resolution Input clock
0.515 ~ 128ms 0.518 #T1 (8/fc)
25 ~ 512ms 21 2116 (32/fc)
81s ~ 2,048ms 81 27256 (128/fc)
1285 ~ 32,768ms 1285 87256 (2048/fc)
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0 Generating pulse a 50% square wave pulse Example: To output a 3.0us square wave pulse from

TO1 pin at fc = 16MHz, set each register in

The timer flipflop is inverted at constant intervals, and the following procedures. Either timer O or
its status is output to timer output pin (TO1). timer 1 may be used, but this example uses
timer 1.
MsSB LSB
76543210
TRUN ¢« - - - = - - 0 - Stop timer 1, and clear itto “0”.
TOIMOD« 00 X X01-- Set the 8-bit timer mode, and select ¢T1 (0.5 s @
fc =16 MHz) as the input clock.
TREG1 « 00000011 Set the timer registerat 3.0 us + ¢T1+2=3.
Clear TFF1to “0“, and set to invert by the match
TFFCR + ---1011 detect signal from timer 1.
O Tlaxllli ) seleapssasTotan ([oReTenugimeden )
TRUN « X X1---1- Start timer 1 counting.

(Note) X;Don’tcare - ;Nochange
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S SN (N Y Yy Yy Oy
TRUN

<TI1RUN> |

BIT7~2

Up- ‘\
ounter BT [}, 1 1L

BITO o [T 12 3 L%k v L2 [3 Lleof + L2 T3 1
Comparator
timing T i : 1 11 1
Comparator output .
(matching detect) ‘ [_I 1

INTTY (\m/ M [
UC clear }Li{ | Il

TFF1 \ ' 3

L} [ I
TO1 i %\ /

H 2.4,5s@fc= 10MHz

Figure 3.6 (9). Square Wave (50% Duty) Output Timing Chart

Set the 8-bit timer mode and set the comparator output of

O Making timer 1 count up by match signal from timer O
timer O as the input clock to timer 1.

comparator

Comparator timer 0 H H

match output

Timer 0 up-counter
(when TREGO = 5)

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

Timer 1 match output ﬂ

Figure 3.6 (10)
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O Output inversion with software

The value of timer flipflop (timer F/F) can be inverted,
independent of the timer operation.

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

O Initial setting of timer flipflop (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 O and timer 1 or that of timer 2 and timer 3.

As the above two pairs operate in the same manne,
only the case of combining timer O/timer 1 is dis-
cussed.

To make a a 16-bit interval timer by cascade connect-
ing timer O and timer 1, set timer O/timer 1 mode regis-
ter TOIMOD <T01M1,0> to “0,1”.

When set in 16-bit timer mode, the overflow output of
timer O will become the input clock of timer 1, regard-
less of the set value of TOTMOD <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) Cycle and Input Clock

Interrupt cycle

(at fc = 16MHz) Resolution Input clock
0.515 ~ 32.768ms 0.518 g1 (8/fc)
215 ~ 131.072ms 215 @116 (32/fc)
81s ~ 524.288ms 815 81256 (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 interrupt INTT1 every
0.5 seconds at fc = 16MHz, set the
following values for timer registers

TREGO and TREGH1.
When counting by using ¢T16
(8Bus @16MHz),
0.5sec + 8us = 62500 =
F424H

Therefore, set TREG1 = F4H and
TREGO = 24H, respectively.

The comparator match signal is output from timer O each
time the up-counter matches UCO, where the up-counter UCO
is not 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 O and timer 1,
the up-counters UCO and UC1 are cleared to “0”, and the
interrupt INTT1 is generated. If inversion is enabled, the value
of the timer flipflop TFF1 is inverted.
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Example: When TREG1 = 04H and TREGO = 80H

Value of up-counter 0400H
(UC1, UCo) 0000H 0080H 0180H 0280H 0380H 0480H

Timer 0 comparator
match detect signal

Interrupt INTT1

1
1
1
1

Timer output TO1 X Inversion
Figure 3.6 (11)
(8)  8-bit PPG (Programmable Pulse Generation) Mode In this mode, timer 1 and timer 3 cannot be used.
Timer O outputs pulse to TO1 pin, (also used as P55),
Square wave pulse can be generated at any frequency and timer 2 outputs to TO3 pin (also used as P57).

and duty by timer O or timer 2. The output pulse may
be either low-active or high-active.

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

TREGO and UCO match ﬂ
(interrupt INTTO)
TREG1 and UCO match H ( H

(interrupt INTT1) )
j‘)/ I
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In this mode, a programmable square wave is gener-
ated by inverting timer output each time the 8-bit up-
counter (UCO) matches the timer registers TREGO and

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”.

TREG1.

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

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

TRUN<TORUN> TO1
#T1(8/f0) — 8-bit ‘J T
$T4(32/fc) — Selector up-counter UCO TFFCR<FFI1IE>
$T16(128/fc) ——» TFF |- o
T % Inversion
TOIMOD<TO1CLK1, 0>
INTTO
! Comparator l Comparator } INTT1
/\h.
Selector —————»
TREGO-WP — shift trigger
I { Register buffer 1 TREG1 ‘

TRDC<TRODE >

ﬁ

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 varied).

Match with TREGO " ”
(Up-counter = Q)

(Up-counter = Q3)

Match with TREG1

(Shlft from register buffer

D
TREGO Qi Q
(value to be compared)

Q2 X Qs3

Register buffer

Write into register buffer
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Example: Generating 1/4 duty 50KHz pulse (@fc =

16MH2)

It T Tl

L-—zu;;s»‘

e Calculate the value to be set for timer register

«
TRUN ¢
TO1MOD«
TFFCR «

TREGO
TREG1
P5CR
PSFR
TRUN

+ + + Tt 1

(Note)

MSB

Lo =~
o X O
[ B &

= = e O

[

x o o o

LSB

3210
--00
XX01
11x

0

1
1

X ; Don't care

0
0

1
0

1

o e oo

To obtain the frequency 50KHz, the pulse cycle t

should be: 1/560KHz = 20us.
Given @T1 = 0.5us (@ 16MHz)

20ps + 0.5ps = 40

Consequently, to set the timer register 1 (TREG1) to
TREG1 =40 = 28H and the duty to 1/4, t x 1/4 = 20us
x 1/4 5us

S5ps + 0.5us = 10

Therefore, set timer register O (TREGO) to TREGO = 10

= OAH.

Stop timer 0, and clear it to “o",
Set the 8-bit PPG mode, and select $T1 asinput clock.
Sets TFF1 and enable the inversion.

LE———’ Writing 10" provides negative logic pulse.

Write "0AH".
Write “28H".

} Set P55 asthe TO1 pin.

Start timer 0 counting.

-; No change

To be non wait mode in )
wait control bit
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(4)  8-bit PWM (Pulse Width Modulation) Mode

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

PWM pulse is output to TO1 pin (also used as P55)
when using timer 0, and to TO3 pin (also used as P57)
when using timer 2.

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

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

Timer output is inverted when up-counter (UCO)

TREGO and UCO match

2n - 1 overflow

matches the set value of timer register TREGO or when
2n - (n =6, 7, or 8; specified by TOTMOD
<PWMO0,10>) counter overflow occurs. Up-counter
UCOQ 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

Al

(interrupt INTTO)

TO1

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

Al
e
|

LA
T

tPwm |

TRUN<TORUN> 101

8-bit
up-counter UCO

$T1(8H)  —>f
$T4(32f)  —>
#T16(128/fc) —

Selector |

. r

Clear

-
< TFFCR<FF1C1, 0,

TFE < ER1iE FRIS >

bt

TOIMOD<TOCLK1,0>

Comparator

-

Invert
2n -1
overflow

| TOIMOD<TOIM1.0 >”
[
[~ T01MOD <PWMO1, 0>

<= (Selection of
N=6,70r8)

control

INTTO

.

TREGO-WR —>|

Selector ———————>
Shift trigger

[}

TRDC<TRODE>

Register buffer

Internal bus

Figure 3.6 (11). Block Diagram of 8-bit PWM Mode
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In this mode, the value of register buffer will be shifted Use of the double buffer makes easy the handling of
in TREGO 2" - 1 overflow is detected when the double small duty waves.

buffer of TREGO is enabled.

Match with TREGO

[ [

-1

(Up-counter = Q) (Up-counter = Q3)

overflow

(Shifted from register buffer

TREGO

Q; \X Q2

(value to be compared)

77

Register buffer

Q2 [ Q3

Write into the register buffer

Example: To output the following PWM waves to TO1 e Calculate the value to be set for timer register
pin using timer O at fc = 16MHz.

|< 36us +|

N S I N

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

63.51s + 0.5s = 127 = 27 - 1
Consequently, n should be set to 7.
[~ As the period of low level is 36ps, for T1 = 0.5ps, set

|«— 6355 —|

MSB

TRUN « X X - - - -

TOIMOD+ 1110 -

TFFCR « - - - - 10
TREGD « 0100 1

PSCR « - -1- - -
PSFR € - - - - - -

TRUN ¢« X X1 - -

(Note) X ;Don’t care

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

LSB
10
-0 Stop timer 0, and clearitto “0".
01 Set 8-bit PWM mode (cycle: 27 - 1) and select $T1 as the
input clock.
1X Clears TFF1 to enable the inversion.
00 Writes "48H".
- ; To be non wait mode in
o } Set P55 asthe TO1 pin. wait control bit )
-1 Start timer 0 counting.
-;No change
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Table 3.6 (3) PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@ fc = 16MHz)
Formula
oT1 (8/fc) oT4 (32/fc) oT16 (128/fc)
261 (25-1)xgTn 31.5:5 1265 50415
20-1 (2"-1)xgTn 63.5.5 25415 1.01ms
281 (28-1)xgTn 12715 51015 2.04ms
(5)  Table 3.6 (4) shows the list of 8-bit timer modes.
Table 3.6 (4) Timer Mode Setting Registers
Register name TO1MOD (T23MOD) TFFCR
- . TO1M PWM1 T1CLK TOCLK FF1IS
Name of bit in register (T32M) (PWM3) (T3CLK) (T2CLK) (FF3IS)
Function Timer Mode PWM cycle Upper timer input Lower timer Tm_mr F/F invert
clock Input clock signal select
External clock
16-bit timer mode 01 - - 011, 8716, 87256 -
(01,10, 11)
Lower timer match External clock 0: L%wuiertJitmer
8-bit timer x 2 channels 00 - oT1, 8716, 87256 2T1, 8T16, 81256 U p )
- Upper timer
(01,01,10, 11) (01,01, 10, 11)
output
External clock
8-bit PPG x 1 channel 10 - - @11, aT16, #7256 -
(01, 01,10, 11)
6 4 o7 4 o8 External clock
8-bit PWM x 1 channel A 2 (10’121011’12) ! - oT1, 8T16, 81256 -
e (01,01, 10, 11)
. oT1, 8714, gT16 Output
8-bit timer x 1 channel 1 - (01,10, 11) - disabled

(Note) —: Don’t care

e | ower timer external input clock has T2CLK. But it does not have TOCLK.
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3.7 Multi-Function 16-bit Timer/Event Counter (Timer 4) ¢ Freguency measurement

The TMPO0CMB36 has one multifunctional 16-bit timer/event e Pulse width measurement

counter with the following operation modes: ¢ Time differential measurement

e 16-bit timer

¢ 16-bit event counter Figure 3.7 (1) shows the block diagram of 16-bit timer/
e 16-bit programmable pulse generation (PPG) event counter.
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Internal bus
Upper bits Lower bits Upper bits Lower bits | AMOD<CAP2TS, EQ5TS>
TAFFCR
T4AMOD < CAPIN> Capture register 1 Capture register 2
(CAP1) (CAP2)
ATrigger- .
) T TnggerI f | TFFa > TOS
Timer FF
TEF1 — Control
Capture
T4 pin ;
. nput TFFS 105
TIS pin ‘ control TRUN < T4RUN > > —
T T sT1 > Clear
TAMOD <CAPM1, 0> #T4 —= 16-bit up-counter
#T16 —| Selector == (ucts)
TAMOD <CLE>
INT1 interrupt T4MOD<T4CLKT, 0> TRUN<T4RUN >
] ] .
INT2 interrupt i} ! INTT4 interrupt
Match Match
Comparator detection Comparator detection .
gp,; gPS INTTS interrupt
=~
16-bit timer register 4 16-bit timer register 5
(TREG4) (TREGS)
Selector
|<— TREG4 WR
Timer register T
buffer 4
T T TRDC<TR4DE>
Upper Lower bits
bits
Internal bus

Figure 3.7 (1). Block Diagram of 16-Bit Timer/Event Counter (Timer 4)
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Timer/event counter con sists of 16-bit up-counter, two 16- Timer/event counter is controlled by 4 control registers:
bit timer registers, and two 16-bit capture registers, two com- T4MOD, T4FFCR, TRUN, and TRDC. TRUN register includes
parators, register buffer, capture input controller, timer flipflop, 8-bit timer controller. For TRUN and TRDC registers, see Fig-
and the control circuit. ure 3.6 (7) and Figure 3.6 (8).

7 . 6 5 4 i 3 2 5 1o
bit Symbol | CAP2TS EQSTS CAP1IN : CAPMI1 CAPMO CLE T4CLK1 : T4CLKO
TAMOD o iwrite RAW oW RAW RW i RAW
(FFD3H) : : ‘ T : :
After reset 0 : 0 : 1 : 0 . 0 0 : 0 : 0
TFFS invert trigger 0 jCapture timing 1: UC1e Timer 4 source clock
0: Disable i Soft- ‘EOO‘. Disable Clear (00:Ti4
1: Enable : Capture i INT1 occurs at rise edge Enable ;01: #T1(8/fc)
i 01:T1aT TIST i10: ¢T4 (32/fc)
Functi don‘t INT1 occurs at rise edge. 1 1: 4T16(128/f0)
unction Pcare  H0:T1AT T14] :
: ¢ INT1 oceurs at fall edge.
E11: TEE1T TFF1 ]
INT1 occurs at rise edge

1 -

L Timer 4 input clock

00 | External clock (T14)
01 |Internal ¢

10 [Internal clock T4

11 |Internal clock ¢T16

— Clearing the up-counter UC16

0 [Cleardisable

Figure 3.7 (2). 16-Bit Timer/Event Counter (Timer 4) Control/Mode Register (1/2)
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a3 2 11 oo
bit Symbol | CAP2TS i EQSTS | CAPIIN | CAPM1 i CAPMO CLE | TACLK! | T4CLKO
T4MOD . :
Read/Write RAW LW RIW RAW RW
(FFD3H) T + T + g
After reset V] : Q : 1 0 : 0 0 : 0 : 0

7 i 6 i s

TFFS invert trigger 0

Capture timing

1: UC16 ;Timer 4 source clock

0: Disable Soft-  i00: Disable Clear ;00: Ti4
1: Enable Capture INT1 occurs at rise edge Enable %01: $T1(8rfc)
3;1: 301:TI4T TI5 T 210: #T4 (32/fc)
Function fdon't ! INT1occurs atrise edge. 11: ¢T16(128/fc)
fcare  10:TIAT T4 :
i INT1 occurs at fall edge.
D1 TRRLT TFFT
! INT1 occurs at rise edge.
N
Capture control/INT1 interrupt control
Capture control INT1 control
00 | Capture
disable

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

Vs

01 |CAP1 atTl4 rise

CAP2 at TI5 rise

B Interrupt occurs at the fall ™\
edge of TI4 (INT1) input.

erruptoccursatthe
rise edge of TI4 (INT1) input.

11 nse [T R URPTPN
CAP2 at TFF1 fall

Software capture trigger

0 |The up-countervalue isloaded to CAP1
(software capture).
1| Always read as “1".

Timer flip-flop 5 (TFF5) invert trigger

0 |Triggerdisable

1| Trigger enable

CAP2T5
EQS5TS

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

Figure 3.7 (2). 16-Bit Timer/Event Counter (Timer 4) Control/Mode Register (2/2)
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7 - & i s a 3 i o2 i1 o0
FeR bit Symbol | TFFSC1 i TFFSCO | CAP2T4 | CAP1T4 | EQST4 | EQ4T4 . TFFACI . TFFACO
T4F - : :
Read/Write w : R/W : w
(FED4H) . i ‘ : -
After reset : : 0 0 0 : 0 :
00: Invert TFF5 éTFF4inven trigger EOO: Invert TFF4
01: Set TFFS :0: Disable trigger :01: Set TFF4
10: Clear TFF5 i1: Enable l“ggerh :10: Clear TFF4
Function . . “Whenthe Whenthe :Whenthe :Whenup- 11:Don’tcare
11: Don’t care ‘up-counter }up-counter :up-counter icounter  : % Al read as
Always read as “11". Tvalueis ivalueis imatches  matches 1 W"ays @
‘loadedto | loadedto TREGS i TREGA : "
icAP2 i CAPT i : :
| |
|
[» Timer flip-flop 4 (TFF4) control
00 | Inverts the TFF4 value
(software inversion).
01 |Sets TFF4to “1".
10 | Clear TFF4 10 "0".
11 | Don't care (Always read as
w11y
L— 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
EQ4T4 ; When up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 [Inverts the TFF5 value
(so‘ftware”iqyersion). -

01 [SetTFF5to "1”

G0 |ClearTeFs 0 0T

11 |Don‘tcare (Alwaysread as
17

Figure 3.7 (3). 16-Bit Timer/Event Counter Timer flipflop Control Register
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0 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 oT1 (8/
fc), oT4 (32/fc), and @TI6 (128/fc) 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 Tl4 input mode. Counting, stop, or clearing of
the counter in 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 TREGS. The “clear enable/disable” is set

TREG4

by TAMOD <CLE>.

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

O Timer registers (TREG4 and TREGD)

These two 16-bit registers are used to set the value of
the counter. When the value of up-counter UC16
matches the set value of this timer register, the com-
parator match detect signal will become active.
Setting data for timer register (TREG4 and TREGS) is
executed using 16-bit transfer instruction od using 8-
bit transfer instruction twice for lower 8 bits and upper
8 bits in order.

TREGS

Upper8bits | Lower 8bits

Upper 8 bits : Lower 8 bits

FFDOH FFCFH

TREG4 timer register is of double buffer structure,
which is paired with register buffer. TREG4 controls
whether the double buffer should be enabled or dis-
abled, 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 trans-
fer data from the register buffer to the timer register is
at the match between the up-counter and TREGS5.
When reset, it will be initialized to <TR4DE> = 0,
whereby the double buffer is disabled. To use the dou-
ble buffer, write data in the register buffer.

TREG4 and register buffer 4 are allocated to the same

FFD2H FFDTH

memory addresses FFCFH and FFDOH. When
<TR4DE> = 1, the value is written into only the register
buffer.

O 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

Upper 8 bits Lower 8 bits

CAP2

Upper 8 bits Lower 8 bits

FFDOH FFCFH

FFFD2H FFD1H
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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 TAMOD
<CAPM1,0>.

¢ \When T4AMOD <CAPM1, 0> = 00

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

¢ \When T4AMOD <CAPM1, 0> = 01

Data is loaded to CAP1 at the rise edge of Tl4 pin
(commonly used as P53/INT1) input, while data is
loaded to CAP2 at the rise edge of TI5 pin (commonly
used as P57/INT2) input. (Time difference measure-
ment)

¢ \When T4AMOD <CAPM1, 0> =10

Data is loaded to CAP1 at the rise edge of Tl4 pin
input, while to CAP2 at the fall edge. Only in this set-
ting, interrupt INT1 occurs at fall edge. (Pulse width
measurement)

¢ \WWhen T4MOD <CAP1, 0> = 11
Data is loaded to CAP1 at the rise edge of timer flipflop

TFF1, while to CAP2 at the fall edge. (Frequency mea-
surement)

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).

O Comparators (CP4, CP5)

These are 16-bit comparators which compare the up-
counter UC16 value with the set value of TREG4 or

[TRUN « - --0----
INTEL « 0 -1--- - -

T4FFCR« 110000 11
TA4MOD « 00100 1 * *

TREGS to detect the match. When a match is
detected, the comparators generate an interrupt
INTT4 and INTT5, respectively. The up-counter UC16
is cleared only when UC16 matches TREGS. (The
clearing of up-counter UC16 can be disabled by set-
ting T4AMOD <CLE> = 0.)

O Timer flipflop (TFF4)

This flipflop 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
TAFFCR <CAP2T4, CAP1T4, EQ5T4, EQ4T4>. TFF4
will be inverted when “00” is written in T4FFCR
<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 (com-
monly used as P51).

O Timer flipflop (TFF5)

This flipflop is inverted by the match detect signal from
the comparator CP5 and the latch signal to the cap-
ture register CAP2. TFF5 will be inverted when “00” is
written in T4FFCR <TFF5C1,0>. Also, it is 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 P52).

(1)  16-bit Timer Mode

In this example, the interval time is set in the timer reg-
ister TREGS to generate the interrupt INTTS.

Stop timer 4.
Enable INTT5 and disable INTT4,

Disable trigger.
Select internal clock for input and

(**=01,10,11) disable the capture function.
TREGH *kkk #kkk skkk hkkx Set the interval time (16 bits).
TRUN « - -11--- - Start timer 4.
(Note) X;Don’t care -;No change
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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
(Tl4 pin input) as the input clock. To read the value of

[TRUN

e« - = =0----
INTEL« 001 - - - - -
T4FFCR« 11000011
T4MOD « 00100100
TREG5 - ok kokokok KRR KRRk
TURN « - -11--- -
(Note)

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

The counter counts at the rising edge of Tl4 pin input.
Tl4 pin can also be used as P46/INT1.

Stop timer 4.

Enable INTTS, while disables INTT4 and INT1.
Disable trigger.

Select Tl4 as the input clock.

Set the number of counts (16 bits).

Start timer 4.

When used as an event counter, set the prescaler in RUN mode.

(8)  16-bit Programmable Pulse Generation (PPG) Mode counter UC16 with the timer register TREG4 or 5 and
to be output to TO4 (also used as P51). In this mode,
The PPG mode is entered by inversion of the timer flip- the following conditions must be satisfied.
flop TFF4 that is to be enabled bu the match of the up-
(Set value of TREG4) < (Set value of TREGS)
_TRUN « - =-=-0---- Stop timer 4.
TREG4 «  *¥rk okkodox oKk ok ok Settheduty.
TREGH « deseokok okokokok ok kok ok ok %ok Setthe cycle.
TAFFCRe 11001100 Set the TFF4 inversion to be effected by match with TREG4 or
TREGS. Initialize TFF4 to “0”.
T4MOD « 00100 1 * * Select the internal clock for the input, and disable the capture
(**=01,10,11)  function.
PSCR ¢ - - - - - - 1-
Assign P51 as TO4.
PSFR ¢ - - - - - 1- -
TRUN « --11--- - Start timer 4.
(Note) X ;Don'’t care -;No change
Match with TREG4 ﬂ ﬂ
(interrupt INTT4) !
Match with TREG5 1 /ﬂ ﬂ | I H
(interrupt INTTS) \} [ !
TO4 pin i \* | I | | [ I_J
90
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When the double buffer of TREG4 is enabled in this
mode, the value of register buffer 4 will be shifted in
TREG4 at match with TREGS. This feature makes easy
the handling of low duty waves (when duty rate is var-
ied).

Application examples of capture function

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

O One-shot pulse output by using external trigger
pulse

O Frequency measurement

O Pulse width measurement

O Time difference measurement

O One-shot pulse output from the rising edge of exter-
nal trigger pulse.

Set the up-counter UC16 in free-running mode with the
internal input clock, input the external trigger pulse
from Tl4 pin, and load the value of up-counter into cap-
ture register CAP1 at the rise edge of the Tl4 pin. Then
set to TAMOD <CAPM1,0> = 01.

When the interrupt INT1 is generated at the rise edge
of T4 pin, set the CAP1 value (c) plus a delay time (d)
to TREG4 (= ¢ + d), and set the above set value (c + d)
plus a one-shot pulse width (p) to TREG5 (=¢c + +d +
p). When the interrupt INT1 occurs the T4FFCR regis-
ter should be set that the TFF4 inversion is enabled
only when the up-counter value matches TREG4 or 5.
When interrupt INTT5 occurs, this inversion will be dis-
abled.

(> Set the counter in free-running mode.

1011 11 11

Count clock ””"””"
[

(internal clock)

c+d

c+d+p

Ti4 pin input
(external trigger pulse)

Match with TREG4

I

i\,{ Load the up-counter value into Capture
i - Register 1 (CAP1) INT1 occurred

Al

Match with TREGS

Inversion
enable

[

I
i
1
1
1
1
)

1
]
i
]
i
"
r INTTS occured
"
"
I
|

i
]
]
1
]
1
1
'
1
1
1
T
1
'
|
1

Disables inversion
caused by loading
of the up-counter

! .
Timer output pin TO4 1 value into CAP1.

Delay time

: Al
1 Inversion 1
1 enable

1

Pulse width |

]
]
I
s

(d)

(p)

Figure 3.7 (4). One-Shot Pulse Output (with Delay)
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Setting example:

Main setting

T4MOD « 0

T4FFCRe 1

PS5CR « -

PEFR & -
INTEL

1
(=]

| TRUN

T+
1

Setting of INT1

To output 2 ms one-shot pulse with 3 ms delay to the external trigger
pulse to TI4 pin

Keep counting (Free-runnig)
J: Countwith ¢T1.
0101001
Load the up-counter value into CAP1 at the rise edge
1000000 of T14 pin input.
Clear TFF4 to zero.
Disable TFF4 inversion.

_____ 1 -
(**=00,01,10) } Select P51 as the TO4 pin.
e 1 - -
10----- Enable INT1, and disable INTT4 and INTTS.
-11---- Start timer 4.

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

T4FFCRe X

INTEL « -

X--11--
- > Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
-1----- Enable INTTS.

Setting of INTS

T4FFCR+ 11 --00 - -

INTEL « -

‘T . Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.
-0----- Disable INTTS

(Note) X ;Don’t care -;No change
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When delay time is unnecessary, invert timer flipflop
TFF4 when the up-counter value is loaded into loaded
into capture register 1 (CAP1), and set the CAP1 value
(c) plus the one-shot pulse width (p) to TREG5 when

Count clock
(internal clock)

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

_ﬂﬂJclﬂﬂﬂ__d_IchlLUL__ S 111

Tl4 pin input
(external trigger pulse)

_L

Load the up-counter value into Capture
Register 1 (CAP1). INT1 occurred

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

h

. |

' AINTTS !

Match with TREGS ' /" occurred '

I i

1

| Inversion ' |

| enable ' !

Timer output pin TO4 |

|

/ ! Pulse width E /

. . I

Enables inversion caused ' (p) I Disables inversion caused by loading of

by loading of the up-
counter value into CAP1.

the up-counter value into CAP2.

Figure 3.7 (5). One-Shot Pulse Output (without Delay)

O Frequency measurement

The frequency of the external clock can be measured in
this mode. The clock is input through the Tl4 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

Count clock

(internal clock) c1

:

of Timer 4. The value of the up-counter is loaded into
the capture register CAP1 at the rise edge of the timer
flipflop TFF1 of 8-bit timers (Timer 0 and Timer 1), and
CAP2 at its fall edge.

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

A
(N]

TEF1

Loading UC16 into CAP1 <

(a)

Loading UC16 into CAP2

n
~N

e —— i et

TNTTO/INTT

F,
CFLT

Figure 3.7 (6).

Frequency Measurement
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Note:

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

0 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

Count clock
(internal clock)

input, the external pulse is input though the Tl4. 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 Tl4.

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.

E

Loading UC16 into CAP1

c 2 -
Tl4 pin
(external pulse) H ' H
[ : 1
:
c2

Loading UC16into CAP2

— T =T "
a)
[

INT1

Figure 3.7 (7). Pulse Width Measurement

Only in this pulse width measuring mode (TAMOD <CAPM1, 0> =
10), external interrupt INT1 occurs at the falling edge of T4 pin input. In
other modes, it occurs at the rising edge.

The width of “L” level can be measured from the differ-
ence between the first C2 and the second C1 at the
second INTT interrupt.
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O Time difference measurement

This mode is used to measure the difference in time
between the rising edges of external pulses input
through T4 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting
(free-running) with the internal clock, and load the

pulse to Tl4. Then the interrupt INT1 is generated.
Similarty, 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

UC16 value into CAP1 at the rising edge of the input CAP2 has been done.

Count clock H”H"” _ ””"”“ _____
(internal clock) 1 === 2
Ti4 pin input / H
'
'
. H /[ l
TIS pin input " v
1
/[ |
Loading UC16 into CAP1 ( \:
Loading UC16 into CAP2 i
; i
i
@

INT2

1
]
Il
‘
]
:
INT1 n
]
1
:
H
i

Time difference

Figure 3.7 (8). Time Difference Measurement
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3.8 Serial Channels The three serial channels have the following operation modes.
The TMPO0CM36 contains three serial channels (SIO0,1, 2).

Channel Action mode
SI00 * Asynchronous transmission mode 1: 7-bit data
(UART) mode —E mode 2 ; 8-bit data

mode 3 : 9-bit data

S101 *1/0 interface mode 1 — mode 0 : To transmit and receive
I/O data as well as the
synchronizing signal

SCLK for extending /0.
*Asynchronous transmission mode 1
(UART) mode —E mode 2
mode 3
S102 *1/O interface mode 2 — mode 4
In mode 1 and mode 2, parity bit can be added. Mode 3 Figure 3.8 (1) shows the data format (1 frame) for each

has a wake-up function for making the master controller start mode.
slave controllers in serial link (multi-controller system).

Mode 0 (I/Q interface mode)

«— Transfer direction

*  Mode 1(7-bit UART mode)

o fore X DN Yo
e [ D e

* Mode 2 (8-bit UART mode)

[ Y=
D0 6 6 00000

* Mode 3 (9-bit UART mode)

P oae000000s
oo o000 000

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

Figure 3.9 (1). Data Formats
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The serial channel has a buffer register for transmitting
and receiving operations, in order to temporarily store trans-
mitted 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 chan-
nel 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 occors
during receiving operation, flag SCCR <OERR, PERR, FERR>
will be set.

In the I/O interface mode, it is possible to input synchro-
nous signals as well as to transmit or receive data by an exter-
nal clock.

The SIO0 or SIO1 includes a special baud rate generator,
which can set any baud rate can be set by dividing by the fre-
quency of 4 clocks (@T0, aT2, @18, and o132) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value of 2 to 16.

Internal clock (SIO2) is able to select in speed from @TO,
oT1, oT4, and ¢T16.
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(1) Serial Channel (SIO0) (3.8.1 ~ 3.8.3)

3.8.1 Control Registers

The serial channel SIOQ is controlled by 4 control registers

SCMODO
(FFEEH)

SCMODO0, SCCRO, BRGCRQO, and P7FR. Transmitted and
received data are stored in register SCBUFO.

7 i 6 5 a i3 i 2 1 a0
bitSymbol | TBBO Fixedto"0"i RXEQ WUO | SMO SMO0 SC10 SCO0
Read/Write R/W
After reset Undefinedf 0 0 : 0 0 j 0 0 0

Transfer : : 1 00: 00: TO2TRG
Function df-:ta ! Receive Wake Up; 01: UART ?Hit 01: BRG Mode
Bit8 : Enable : Enable 10: UART 8Bit 10: ¢1
: : © 11: UART 98it 1
T T

':Serial transmission clock

UART mode

Timer 0 match
01 |Baud rate

generator

1" V‘F‘léserved

(cannot be used)

detectsignal

10 | Internal clock 41

L Serial transmission mode

00 Cantbe used
0'1 s 7b|t|ength
10 | UART mode 8-bitlength
n 9-bitlength
L—— Wake-up function
9-bit UART Other mode
0 |Interrupt when
data are received. ,
...... FE don t care
1 |Interrupt only
when RB80 = 1.
———— Enable receiving
0 | Disable
..... e
Transmission data bit 8

Figure 3.8 (2). Serial Channel Mode Register (SCMODO)
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7 6 o5 o4 o3 b2 g 0
bitSymbol | RB80 | EVENO | PEO  OERRO : PERRO @ FERRO
(?:EE?I-?) Read/Write R RAW ‘R (Cleared to zero when read)
After reset |Undefined: 0o [ 0 0 0
Receivedi Parity 1 Parity i 1: Error H
. data : 0:0dd Enable | Overrun :Parity : Framing :
Function . : H : H : :
Bit8 : 1.EVEN : i :
- Framing error flag Cleared to
L~ Parityerror flag zero when
L . Overrunerrorflag read.
‘“—————> Enable parity addition
+| 0 |Disable
1 |Enable
Addition/check of even parity
«| 0 | Odd parity
1 | Even parity
Receiving data bit 8
Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing

instruction.

Figure 3.8 (3). Serial Channel Mode Register (SCCRO0)

7 6 5 4 3 2 1 0

TB70 | TB60 | TBSO | TB4O | TB30 : TB20  TB10  TBOO

SCBUFO
(FFFOH)

7 6 5 4 3 2 1 0

RB70 R860 ' RBS0 ' R840 RB30 : RB20 | RB10 | RBO

(Transmission)

(Receiving)

Figure 3.8 (4). Serial Transmission/Receiving Buffer Registers (SCBUFO)
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BRGCRO
(FFFTH)

Note:

7 ¢ 6 i 5 i 4

3 F 2 o1 o0

bit Symbol | Fixed to “0" i BGI0  BGOO

PS30 i PS20 : PS10 | PSOO

Read/Write

RIW

After reset 0 : : 0 : 0

00: fc/4
01: fe/16
10: fc/e4
11: {c/256

Function

Divided frequency of prescaler

L » Selecting the input clock of

Setting of the divided
frequency of baud rate
generator (5100)

0000 16d

"0001" cannot be set.

baud rate generator (5100)

00 {Internal clock ¢T0 (f/4)

01 |internal clock ¢T2 (f/16)
"""" nal clock ¢ i
11 |Internal clock $T32 (f/256)

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

mode.

Figure 3.8 (5). Baud Rate Generator Control Register (BRGCRO)
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P7FR
(FFB1H)

Port 7 Function Register

7 6 5 | 4 3 2 1 0
bitSymbol | ODE2 TXDC2 | SCLKC2 | ODE1 TXDC1 | SCLKCt ;| ODE0 : TXDCO
Read/Write RIW
After reset 0 0 : 0 : 0 : 0 0 : 0 0
Function |P77 ‘P77 ‘P76 ip7a ‘P74 73 P71 iP710:
0:CMOS :0:Port  :0:Port :0: CMOS :0: Port iPort  10: CMOS :Port
1:Open i1:TxD  :1:SCLK :1: Open i1 TxD :SCLK  i1:Open i1:TxD
Drain Qutput: Outputi Drain Output: Output! Drain Qutput
L—» Setting P71 as TxD0 output
0 |Portoutput
1 | TxD0 output
Setting P71 as open drain output
0 |CMOS output
1 |Opendrain output
L——— Setting P73 as SCLK1 output
0 |Port output
1 |SCLK1 output
— =

Setting P74 as oTxD output

0 [Port outpu

e output

Setting P74 as open drain output
0 | CMOS output

1 |Open drain output

Setting P76 as SCLK2 output

0 |Port output
"1 |'sCLK2 output

Setting P77 as TxD output

0 |Portoutput
1 |TxD2 output

Setting P77 as open drain output
0 | CMOS output
1 Open drain out'but

Figure 3.8 (6). Port 7 Function Register
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3.8.2 Configuration
Figure 3.8 (7) shows the block diagram of the serial channel.

romssoms--s Serial clock generation circuit ====---==-------=------- 1
* Frequency divider
BRGCRO<BG1,0>  TOOTRG (Timer 0 comparator output)

[

1
I
!
M |
l | — -
e N i l—’ o o E
L#TO(0d)  —-| © 20 < < | SIOCLKO
L $T2{fc/16) —- v ® | @ o !
LgT8(fwea) | 2 o o | uaRrT o |
i |
' $T32 (fe/256) ﬂ} - s ! n mode w 1
1 ' |
; : : K tr
! *- Baudrate - SCMODO scMoDO !
gt (fa2) generator <5C10,00> <5M10, 00> |
' 1
i !
! |
r i
' 1
i i
1 i
| |
| '
1 1
| i
| I
1 l
| 3
1
__________________________________________________________ i
INTRXO INTTXO
Receive Serial channel Transmission
counter SCMODQ, interrupt counter
(+16) <WUO> | control (=16)
RXDCLKO § ] T T TXDCLKOY 4
SCMODOQ ==|  Receive Transmission
<RxEO> control control

SCCRO  SCCRO
<PEO> <EVENO>

Parity control TXDSFTO
RxDO Receive buffer 1 (shift register) I
(shared by
P70)
| RB80O | Receive buffer 2 (SCBUFQ) l IError flag i | TB80 1Transmission buffer (SCBUD) 100

SCCR
< OERRO, PERRO, FERRO >

(shared by P71)

Internal bus

Figure 3.8 (7). Block Diagram of the Serial Channel (SIO0)
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O Baud rate generator

Baud rate generator comprises of a circuit that gener-
ates transmission and receiving clocks that determine
the transfer rate of the serial channel.

The input clock to the baud rate generator, @TO (fc/4),
@212 (fc/16), @18 (fc/64), or @132 (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
genorator control register BRGCR0O <BG10,00>.

The baud rate generator includes a 4-bit frequency
divider, which divides frequency by 2 ~ 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

The relation between the input clock and the source

clock (fc) is as follows.

210 = fc/4
212 =fc/16
218 = fc/64
132 = fc/256

Accordingly, when source clock fc is 12.288MHz,
input clock aT2 (fc/16), frequency divider is 5, the
transfer in UART mode becomes as follows.

Transfer rate= ﬂﬁ-— +16

= 12.288 x 108/16/5/16 = 9600 (bps)

Table 3.8 (1) shows an example of the transfer in UART
mode.

Also with 8-bit timer 0, the serial channel (SIOQ0) can get a
transfer rate. Table 3.8 (2) shows an example of baud rate
using timer 0.

Table 3.8 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) Unit: Kbps

Source clock (fc) Input clock #T0 aT2 oT8 #132
Frequency clock (fc/4) (fc/16) (fc/64) (fc/256)

9.8304MHz - 2457.600 614.400 153.600 38.400
- 2 76.800 19.200 4.800 1.200

- 4 38.400 9.600 2.400 0.600

- 8 19.200 4.800 1.200 0.300

- 0 9.600 2.400 0.600 0.150
12.288MHz - 3072.000 786.000 192.000 48.000
- 5 38.400 9.600 2.400 0.600

- A 19.200 4.800 1.200 0.300
14.7456MHz - 3686.400 921.600 230.400 57.600
- 3 76.800 19.200 4.800 1.200

- 6 38.400 9.600 2.400 0.600

- ¢ 19.200 4.800 1.200 0.300
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Table 3.8 (2). Selection of Transfer Rate (2) (When Timer 0 (Input Clock oT1) is Used) Unit: Kbps

fo 12.288 12 9.8304 8 6.144
TREGO MHz MHz MHz MHz MHz
1H 96 - 76.8 62.5 48
2H 48 - 38.4 31.25 24
3H 32 31.25 - - 16
4H 24 - 19.2 - 12
5H 19.2 - - - 9.6
8H 12 - 9.6 - 6
AH 9.6 - - - 48
10H 6 - 48 - 3
14H 48 - - - 24

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

9

1 .
Baud rate = JFREGO X 16 X Input clock of timer 0

Input clock of timer O
oT1 ="1c/8
oT4 =1fc/32
oT16 =fc/128

O Serial clock generation circuit

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

Asynchronous communication (UART) mode

According to the setting of SCMODO <SC10,00>, the
above baud rate generator clock, internal clock o1 (fc/
2) (312.5 Kbaud at 10MHz), or the match detect signal
from timer O will be selected to generate the basic clock
SIOCKO.

0 Receiving counter

The receiving counter is a 4-bit binary counter used in
asynchronous communication (UART) mode and
counts up by SIOCLKO clock. 16 pulses of SIOCLKO
are used for receiving 1 bit of data, and the data is
sampled three times at the 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 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”.

O Receiving control
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.
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O 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 are stored in the
receiving buffer 1, the stored data are transferred to
another receiving buffer 2 (SCBUFO0), generating an
interrupt INTRXO. The CPU reads only receiving buffer
2 (SCBUFQ). Even before the CPU reads the receiving
buffer 2 (SCBUFO0), the received data can be stored in
receiving buffer 1 . However, unless the receiving buffer
2 (SCBUFO0) 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
receiving buffer 1 will be lost, although the contents of

receiving buffer 2 and SCCRO <RB80> 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
SCCRO <RB80>.

When in 9-bit UART, the wake-up function of the slave
controllers is enabled by setting SCMODO <WUO> to
“17, and interrupt INTRX occurs only when SCCRO
<RB80> is set to “1”.

0 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 SIOCLKO
clock, generating TxXDCLKO every 16 clock pulses.

soco JLILIL LA A NANAARAANTN

1516 1 2 3 4 5 6

0 11 12 13 14 15 16 1@ 2

TXDCLKO U

O Transmission controller
Asynchronous communication (UART) mode

When the transmission data are written in the trans-
mission buffer sent from the CPU, transmission starts
at the rising edge of the next TxDCLKO, generating a
transmission shift clock TxDSFTO.

O Transmission buffer

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

H

O Parity control circuit

When serial channel control register SCCRO <PEO> is
set to “1” | it is possible to transmit and receive data
with parity. However, parity can be added only in 7-bit
UART or 8-bit UART mode. With SCCRO <EVENO>
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
SCBUFO <TB70> when in 7-bit UART mode while in
SCMODO <TB80> in 8-bit UART mode. <PEO> and
<EVENO> 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 (SCBUFOQ), and then compared with
<RB70> of SCBUFO when in 7-bit UART mode and
with SCCRO <RB80> when in 8-bit UART mode. If
they are not equal, a parity error occurs, and SCCRO
<PERRO> flag is set.
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O Error flag

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

1) Overrun error (SCCRO <OERRO>)

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

2) Parity error (SCCRO <PERRO>)

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

3) Framing error (SCCRO <FERRO>)

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

@ Generation Timing

1) UART mode

Receiving
Mode 9 Bit 8 Bit + Parity | 3 Bt 7 Bit + Parily,
7 Bit
. Center of last bit | Center of last bit .
Interrupt timing (BiL9) (Pariy Bit Center of stop bit
;m'gng error Center of stop bit | Center of stop bit Center of stop bit
. L Center of last bit | Center of last bit .
Parity error timing (BiL9) (Pariy Bit Center of stop bit
Over-run error Center of last bit | Center of last bit Center of stop bit
fiming (Bit8) (Parity Bit) P
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

8 Bit, 7 Bit + Parity,

9 Bit 7 Bit

Mode 8 Bit + Parity

Just before last

Interrupt timing bit is transmitted
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3.8.3 Action Explanation
(1)  Mode 1 (7-Bit UART Mode)

7-bit mode can be set by setting serial channel mode reg-
ister SCMODO <SM10,00> to “01”.

In this mode, a parity bit can be added, and the addi-
tion of a parity bit can be enabled or disabled by serial
channel control register.

SCCRO <PEO>, and even parity or odd parity is
selected by SCCRO <EVENO> when <PEO> is set to
“1” (enable).

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

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

(Note) X; Don't care -; Nochange

76543210

PICR ¢ - - - - - - 1- ,
} Select P71 as the TxDO pin.

PIFR € - - - - - - - 1
SCMODO« X O - X 0101 Set 7-bit UART mode.
SCCRO « X 1 1 X X X X X Add an even parity.
BRGCRO« 0 X 1 00 10 1 Set transfer rate at 2400 bps.
TRUN ¢ X X1----- Start the prescaler for the baud rate generator.
INTE2 ¢ = - -~ = - - 1- Enable INTTX0 interrupt.
LSCBUFQe * * * * % x x x Set data for transmission.
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(2)  Mode 2 (8-Bit UART Mode) selected by SCCRO <EVENO> when <PEO> is set to
“1” (enable).

8-bit UART mode can be set by setting serial channel
mode register SCMODO <SM10,00> to “10”.

In this mode, a parity bit can be added, the addition of Setting example: When receiving data with the fol-
a parity bit is enabled or disabled by SCCRO <PEO>. lowing format, the control registers
SCCRO <PEO>, and even parity or odd parity is should be set as described below.

o [ OO

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

Main setting
B 76543210
PICR ¢« - - - - - - - 1 Specify P70 (RxDOQ) as the input pin.
SCMODO« - 01 X 1001 Enable receiving in 8-bit UART mode.
SCCRO « X 0 1 X X X X X Add an odd parity.
BRGCRO« 0 X 01 0101 Set transfer rate at 9600 bps.
TRUN ¢« X X1----- Start the prescaler for the baud rate generator.
LINTEZ ¢ - - - - - - - 1 Enable INTRXO0 interrupt.

INTRXO processing

Acc « SCCRO AND 00011100 Check for error.
if Acc # 0 then error
LAcc + SCBUF Read the received data.

(Note) X ;don’t care - ;no change
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Mode 3 (9-Bit UART Mode)

9-bit UART mode can be specified by setting SCMODO
<SM10,00> to “11”. In this mode, parity bit cannot be
added.

For transmission, the MSB (9th bit) is written in
SCMODO0 <TB80>, while in receiving it is stored in
SCCRO <RB80> . For writing or reading the buffer, the
MSB is read or written first then SCBUFO.

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCMODO <WUO> to
111 ”.

The interrupt INTRX0 occurs only when SCCRO
<RB80> = 1.

TxDO RxDO TxDO RxDO TxDO RxDO TxDO RxDO
(P71) (P71) (P71)
Master Slave 1 Slave 2 Slave 3
TMPI0CM36 TMP90CM36 TMPY0CM36 TMPI0CM36

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

Figure 3.8 (8). Serial Link Using the Wake-up Function
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Protocol BT EDED.E0.6). &3 5 ©) S U/

b
O Select the 9-bit UART mode for the master and Data
slave controllers.

0 Set th? ?CMODO <WUO> bit of each slave control- 0 The other slave controllers (with SCMODO <WU0>
ler to *1” 10 enable data receiving. bit remaining at “1”) ignore the receiving data
because their MSBs (bit 8 or SCCRO <RB80>) are

O The master controller transmits one-frame including set to “0” to disable the interrupt INTRXO.
the 8-bit select code for the slave controllers. The When the WUO bit is cleared to “0”, the interrupt
MSB (bit 8) SCMODO <TB80> is set to “1”. INTRXO occurs, so that the slave controller can read

the receiving data.
The slave controllers (WUO = 0) transmit data to the

master controller, and it is possible to indicate the
start mnﬂﬂﬂﬂﬂﬂ stop end of data receiving to the master controller by this

transmission.

Select code of slave controller “1"

Setting example:  To link two slave controllers seri-
ally with the master controller,
and use the internal clock @/1
(fc/2) as the transfer clock .

0O Each slave controller receives the above frame, and
clears WU bit to “O0” if the above select code
matches its own select code.

O The master controller transmits data to the specified
slave controller whose SCMODO <WUQO> bit is
cleared to “0”. The MSB (bit 8) SCMODO <TB80> is
set to “0”.

110 TOSHIBA CORPORATION



TMP90CM36

TxDO RxDO TxD0 RxDO TxDO RxDO
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

* Setting the master controller

(PICR - - - - - - 10 ) .
Select P71 as TxDO pin and P70 as RxDO pin.
PIFR € - = = = = = = 1)
Main INTEZ ¢ - - - - - - 11 Enable INTRX0 and INTTXO0.
SCMODO« 1 0101110 Set 41 (fc/2) as the transmission clock in 9-bit UART mode.
SCBUFO+ 0 0 0 0 00 0 1 Setthe select code for slave controller 1.
INTTX 0 SCMODO< 0 - - - - - - - Sets SCMODO<TB80> to"0".
interrupt | SCBUFQe * * * * » * = Set data for transmission.

* Setting the slave controller 2

PICR ¢ - - - - -~ 10 X Select P70 as RxDO pin and P71 as TxDO pin (open drain
Main P7FR ¢ - - - - - - 11 J output).

INTE2 ¢« - - - - - - 11 Enable INTRX0 and INTTXO0.

SCMODO+~ 0 0111110 Set <WUD> to “1” in the 9-bit UART transmission mode

with transfer clock 41 (fc/2).

Acc + SCBUFO
INTRX0 .
interrupt if Acc = Select code

then SCMODO+ - - - 0 - - - - Clear <WU0> 1o “0".

(Note) X;Don’t care -;No change
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(1) Serial Channel (S101) (3.8.4 ~ 3.8.6)

3.8.4 Control Registers
The serial channel SIO1 is controlled by 4 control registers

SCMOD1, SCCR1, BRGCR1, and P7FR. Transmitted and
received data are stored in register SCBUF1

7 1 6 5 A L S
SCMODA bitSymbol | TB81 Fixedto“0". RXEI wul i smi1 SMO1 sCi1 5C01
(FFF2H) Read/Write ; R.'W : : :
After reset |Undefined: 0 0 : 0 H 0 i 0 H 0 H 0
Transfer : : : ©00: © 00:TO2TRG
. data i Receive : Wake Up: 01: UART 7Bit 01: BRG Mode
Function . : : : .
Bit8 : Enable : Enable 10: UART 8Bit 10: ¢1
; : i 11:UART9Bit : 11: -
[ T
I:Serial transmission clock
UART mode 110 interface
00 | Timer 2 match
dete al | External clock
01 |Baud rate or
generator
B S baud rate
10 | Internal clock ¢1 generator
11 |Reserved
(cannot be used)
L Serial transmission mode
00 110 interface mode
01 7-bit length
10 |UART mode 8-bit length
1 9-bit length
—— > Wake-up function
9-bit UART Other mode
0 |interruptwhen
data are received. ,
,,,,,,, SEE SRR don't care
1 |Interrupt only
when RB81=1.
L——— Enable receiving
0 | Disable
1 |Enable

Transmission data bit 8

Figure 3.8 (9). Serial Channel Mode Register (SCMOD1)
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7 e fos b oa b3 b2 b0 i
scc bitSymbol | RB81  EVEN1 | PEi | OERRI : PERR1 : FERRI | SCLKC1 i 10C1
(FgF;-}) Read/Write R ; RAW iR (Cleared to zero whenread) RAW

After reset |Undefined: 0 0 0 i 0 0 0 : 0
Received Parity 1 Parity 1: Error 0 SCLK1 :0: SCLK1
Function data § 0:0dd Enableé Overrun jPamy Framing (J ) output
Bit8 | 1:EVEN | i : : i1:SCLK1 (1: SCLK1
: : : (7% )P input

!: Select SCLK11/0

0 |SCLK1 output mode

T 1| SCLK1 input mode

Edge selection in SCLK1 input mode

0 |Transmits and receives data at the
rise edge of SCLK1 (4 ).

1| Transmits and receives data at the

fall edge of SCLK1( — ¥ _ ).

L——— Framing error flag Cleared to
L - Parityerrorflag zero when
Overrun error flag read.

——— Enable parity addition

* | 0 |Disable
"1 |Enable

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

Receiving data bit 8

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

Figure 3.8 (10). Serial Channel Mode Control Register (SCCR1)

7 6 5 4 3 2 1 0

TB71 TB61 TBS1. TB41 TB31TB21:TB11 TBO1 |(Transmission)

SCBUF1

(FFEAH) 7 6 5 4 3 2 1 0

RB71 RB61: RB51 RB41 RB31 RB21 RB11. RBI |(Receiving)

Figure 3.8 (11). Serial Transmission/Receiving Registers (SCBUF1)
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BRGCR1
(FFF5H)

Note:

7 6

s 04

3 2

I

bit Symbol

leedm"U‘E CTSE1

BG11 | BGO

Ps31 i pS21

Ps11 i PsOl

Read/Write

R/M

RAW

After reset

o 0

0o 0

Function

f1:cTs
: Enable

00: fua

01: fc/16
10: fc/64
11: f¢/256

Divided frequency of prescaler

Setting of the divided
frequency of baud rate
generator

00

11

0000 16 divisions
§ 2 to 15 divisions

“0001" cannotbeset.

1

Selecting the input clock of
baud rate generator

|Internal clock ¢T2 (fc/16)
|internal clock ¢T8 (fc/64)

Internal clock ¢TO (fc/4)

Hand shake (CTS pin)

function enable

0

Disable
( Ordinary times
transmission possible

Enable
It can’t use on CTS 1 pin
be cause of it become
SCLK1 pin when 1/O
interface mode

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

mode.

Figure 3.8 (12). Baud Rate Generator Control Registers (BRGCR1)
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P7FR
(FFBTH)

Port 7 Function Register

7 ¢ 6 5 a4 30 2 0
bitSymbol | ODE2 : TXDC2 @ SCLKC2 | ODE1 : TXDC1 i SCLKC1 | ODEO0 | TXDCO
Read/Write RIW
After reset 0 : 0 : 0 H 0 0 : 0 : 0 : 0
Function |P77 P77 ‘P76 ‘P74 P74 P73 P71 P71

0:CMOS :0:Port :0:Port :0: CMOS i0:Port i0:Port 10:CMOS |0:Port
1:Open i1:TxD  i1:SCLK i1:Open i1:TxD i1:5CLK {1:Open :1:TxD
OQutput: Output!: Qutput! Outputi Drain Qutput

Drain Drain

=

L, Setting P71 as TxDO

Port output
TxDO output

Setting P71 as open drain output

0
1

CMOS output
Obén drain output

Setting P73 as SCLK1 output

0
1

Port output

SCLK1 output

Setting P74 as TxD output

0
1

Port output
TxD1 output

Setting P74 as open drain output

CMOS output

Open drain output

Setting P76 as SCLK2 output

Port output

SCLK2 output

Setting P77 as TxD output

Port output
TxD2 output

ting P77 as open drain out|

put

CMOS output

Open drain output

Figure 3.8 (13). Port 7 Function Register

TOSHIBA CORPORATION

115



TMP90CM36

3.8.5 Configuration
Figure 3.8 (14) shows the serial channel block diagram.

possssmsoos Serial clock generation circuit ===-==-=-=======--------- i

BRGCR1<BG11,0> TO2TRG (timer 2 comparator output)

)
|
|
o - :
] ] (= — 1
IS EE 2]
1 $70 (fe/d) I @ ' o ot ! SIOCLK1
LgT2(fd16)  —| v o i v @ '
2 ; 2 -
LeT8(feed) | 2 > o | UART | o '
| $T32(f/256) | & ol v | mode ™ « :
1 i ' 1
: :L Baud rate J: * f‘ T f :
i - e SCMOD1 SCMOD1 i
g1 (fa2) generator <$C11,01> | <sM11,01> |
1 1
a = 1
1 = '
| +2 ° l
1 1]
I d ]
: Y i
) i
SCLKQinput_; o |Input/output '
(shared by G, v interface mode !
P73); 1‘ i
SCLK1 autput SCCR1<10C1>
{shared by P73) INTRX1 INTTX1
Receive counter SCMODL’ iS:{:l:Esnnel Transmission counter
(+16) <WUT> | control (+16)
RXDCLKD | 4 T T TXDCLK1} 4
Transmit

SCMOD1<RxE1> - Receive

control < > control ‘_OCR_ ((i:'ed
SCCR1 SCCR1 by P73)

>
<PE1> <EVENI BRGCRI
<CTSE1>
Parity control
RxD1 Receive buffer 1 (shift register)J
(shared by P72) {L
[ RB80 \ Receive buffer 2 (SCBUF1) I I Error flag ] [ TB80 |Transmission buffer (SCBUF1) '—H]Txm

I I 1 (shared by P74)

SCCR1
<OERR1, PERR1, FERR1>

internal bus

Figure 3.8 (14). Serial Channel (S102) Block Diagram
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O Baud rate generator clock (fc) is as follows.
Baud rate generator comprises a circuit that generates 210 = fc/4
transmission and receiving clocks that determine the oT2 = fc/16
transfer rate of the serial channel. oT8 — fo/64
The input clock to the baud rate generator, @TO (fc/4), oT32 - fc/256

@212 (fc/16), @18 (fc/64), or @T32 (fc/256) is generated

by the 9-bit prescaler which is shared by the timers. . .

One of these input clocks is selected by the baud rate Accordingly, when source clock fc is 12.288MHz,
generator control register BRGCR1 <BG11,01>. input clock @12 (fc/16), frequency divider is 5, the

The baud rate generator includes a 4-bit frequency transfer in UART mode becomes as follows.
divider, which divides frequency by 2 ~ 16 values to

determine the transfer rate.

How to calculate a transfer rate when the baud rate Transfer rate= UL Y
generator is used is explained below.

e UART mode =12.288 x 10%/16/5/16 = 9600 (ops)

Table 3.8 (1) shows an example of the transfer in UART
Input clock of baud rate generator 16 mode.

Transfer rate=
Frequency divisor of baud rate generator

Also with 8-bit timer 1, the serial channel (SIO1) can get
transfer rate. Table 3.8 (2) shows an example of baud rate
¢ |/O interface mode using timer 2.

Transfer rate = Input clo::lf of baud rate generator )
Frequency divisor of baud rate generator

The relation between the input clock and the source
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Table 3.8 (3) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) Unit: Kbps

Source clock (¢) Input clock gTo gT2 oT8 gT32
Frequency divisor (fc/4) (fc/16) (fc/64) (fc/256)

9.8304MHz 2457.600 614.400 153.600 38.400
- 2 76.800 19.200 4.800 1.200

- 4 38.400 9.600 2.400 0.600

- 8 19.200 4.800 1.200 0.300

- 0 9.600 2.400 0.600 0.150
12.288MHz 3072.000 786.000 192.000 48.000
- 5 38.400 9.600 2.400 0.600

- A 19.200 4.800 1.200 0.300
14.7456MHz - 3686.400 921.600 230.400 57.600
- 3 76.800 19.200 4.800 1.200

- 6 38.400 9.600 2.400 0.600

- C 19.200 4.800 1.200 0.300
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Table 3.8 (4) Selection of Transfer Rate (2) (When Timer 0 (Input Clock gT1) is Used) Unit: Kbps

fe 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz MHz MHz
1H 96 - 76.8 62.5 48
2H 48 - 38.4 31.25 24
3H 32 31.25 - - 16
4H 24 - 19.2 - 12
5H 19.2 - - - 9.6
8H 12 - 9.6 - 6
AH 9.6 - - - 48
10H 6 - 48 - 3
14H 48 - - - 24

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

1

1 .
TRecz X 16 x (Input clock of timer 2)

Baud rate =

Input clock of timer 2
oT1 =1fc/8
oT4 =fc/32
o116 =fc/128

O Serial clock generation circuit

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

1) I/O interface mode

When in SCLK1 output mode with the setting of
SCCR1 <IOC1> = “0”, the basic clock will be gener-
ated by dividing by 2 the output of the baud rate gen-
erator described before. When in SCLK1 input mode
with the setting of SCCR1 <IOC1> = “1”, the rising
edge or the falling edge will be detected according to
the setting of SCCR1 <SCLK1> register to generate

the basic clock.
2) Asynchronous communication (UART) mode

According to the setting of SCMOD1 <SC11,01>, the
above baud rate generator clock, internal clock @1 (fc/
2) (312.5 Kbaud at 10MHz), or the match detect signal
from timer O will be selected to generate the basic clock
SIOCK.

O Receiving counter

The receiving counter is a 4-bit binary counter used in
asynchronous communication (UART) mode and
counts up by SIOCLK1. 16 pulses of SIOCLK1 are
used for receiving 1 bit of data, and the data is sam-
pled three times at the 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 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”.
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O Receiving control
1) I/O interface mode

When in SCLK1 output mode with the setting of
SCCR1 <IOC1> = “0”, RxD1 signal will be sampled at
the rising edge of shift clock which is output to SLCK
pin.

When in SCLK1 input mode with the setting of SCCR1
<lIOC1> = “1", RxD1 signal will be sampled at the ris-
ing edge or the falling edge of SCLK1 input according
to the setting of SCCR1 <SCLKC1> 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 reciving operation is started.

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

O 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

SIOCLK1

1516 (1 2 3 4 5

2!

type). When 7 bits or 8 bits of data are stored in the
receiving buffer 1, the stored data are transferred to
another receiving buffer 2 (SCBUF1), generating an
interrupt INTRX1. The CPU reads only receiving buffer
2 (SCBUF1). Even before the CPU reads the receiving
buffer 2 (SCBUF1), the received data can be stored in
receiving buffer 1 . However, unless the receiving
buffer 2 (SCBUF1) 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
receiving buffer 1 will be lost, although the contents of
receiving buffer 2 and SCCR1 <RB81> is still pre-
served.

The parity bit added in 8-bit UART mode and the most
significant bit (MSB) in 9-bit UART mode are stored in
SCCR1 <RB81>.

When in 9-bit UART, the wake-up function of the slave
controllers is enabled by setting SCMOD1 <WU1> to
“1”, and interrupt INTRX occurs only when SCCR1
<RB81> is set to “1”.

0O 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 SIOCLK1
clock, generating TxDCLK1 every 16 clock pulses.

8 9 10 11 12 13 14 15 16 7 2

1
1
i

TXDCLK1 i
U

O Transmission controller
1) I/O interface mode

In SCLK1 output mode with the setting of SCCR1
<IOC1> = “0”, the data in the transmission buffer are
output bit by bit to TxD1 pin at the rising edge of shift
clock which is output from SLCK1 pin.

In SCLK1 input mode with the setting of SCCR1
<IOC1> = “1”, the data in the transmission buffer are
output bit by bit to TxD1 pin at the rising edge or falling
edge of SCLK input according to the setting of
SCCR1 <SCLKC1> register.

1
i
[

2) Asynchronous communication (UART) mode

When the transmission data are written in the trans-
mission buffer sent from the CPU, transmission starts
at the rising edge of the next TxDCLK1, generating a
transmission shift clock TxDSFT1.

O Transmission buffer

Transmission buffer SCBUF1 shifts out and sends the
transmission data written from the CPU from the least
significant bit (LSB) in order, using transmission shift
clock TxDSFT1 which is generated by the transmis-
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sion control. When all bits are shifted out, the transmis-
sion buffer becomes empty and generates INTTX1
interrupt.

O Parity control circuit

When serial channel control register SCCR1 <PE1> 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 SCCR1 <EVEN1>
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
SCBUF1 <TB71> when in 7-bit UART mode while in
SCMOD1 <TB81> in 8-bit UART mode. <PE1> and
<EVEN1> 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 (SCBUF1), and then compared with
<RB71> of SCBUFO when in 7-bit UART mode and
with SCCR1 <RB81> when in 8-bit UART mode. If
they are not equal, a parity error occurs, and SCCR1
<PERR1> flag is set.

O Error flag

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

1) Overrun error (SCCR1 <OERR1>)

If all bits of the next data are received in receiving
buffer 1 while valid data are still stored in receiving
buffer 2 (SCBUF1), an overrun error will occur.

2) Parity error (SCCR1 <PERR1>)

The parity generated for the data shifted in receiving
buffer 2 (SCBUF1) is compared with the parity bit
received from the RxD1 pin. If they are not equal, a
parity error occurs.

3) Framing error (SCCR1 <FERR1>)

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

) Generation Timing

1) UART mode

Receiving
Mode 9 Bit 8 Bit + Parity | 0 it 7 Bit + Parity,
7 Bit
- Center of last bit | Center of last bit )
Interrupt timing (Bit ) (Pariy Bi) Center of stop bit
mmlgng error Center of stop bit | Center of stop bit Center of stop bit
) _ Center of last bit | Center of last bit )
Parity error timing (Bit8) (Parity Bit Center of stop bit
Qver-run error Center of last bit | Center of last bit Center of sto bit
timing (Bit8) (Parity Bit) P
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
Mode 9 Bit 8 Bit + Parity | 0 it 7 Bit + Parity,

7 Bit

Interrupt timing

Just before last
bit is transmitted
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3.8.6 Action Explanation of TMP90CMS36 for transmitting or receiving data to or

from the external shifter register.

This mode includes SCLK1 output mode to output
synchronous clock SCLK1 and SCLK1 input mode to
input external synchronous clock SCLK1.

(1) Mode 0 (/O Interface Mode)

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

* Example of SCLK1 output mode connection

Output input
extension extension
TMPY0OCM36 Shiftregister aA| — TMP90CM36 Shiftregister a| «—
B| — B| =—
TxD Sl c| — RxD QH C| =
D| — D| =
SCLK SCK E| — SCLK CLOCK E| =—
F| — F| =-=—
Port RCK G| — Port S/L G| =
H{ — H -
TC74HC595 or TC74HC165 or
the like the like
* Example of SCLK1 input mode connection
Qutput port Input port
extension extension
TMPO0CM36 Shiftregister A| — TMP90CM36 Shiftregister p | «—
B| — B| =—
TxD Sl c| — RxD QH C| =
D| — D| =
SCLK SCK E| — SCLK CLOCK E| =—
F| — F| =—
Port RCK G| — Port S/L G| =-—
H| — H| =
TC74HC595 or TC74HC165 or
External clock — the like External clock -— the like

Figure 3.8 (15). I/0 Interface Mode
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O Transmission

In SCLK1 output mode, 8-bit data and synchronous
clock are output from TxD1 pin and SLCK1 pin,

Timing to write
transmission n\

respectively, each time the CPU writes data in the
transmission buffer. When all data is output, IRF2
<IRFTX1> will be set to generate INTTX interrupt.

L0

data "
SCLK1 output ~t A L4 Lea LA L A
TXD1 X 5o X b1 X © X bie X bz X
TXDSFT1 ﬂ %___J-I ﬂ n

IRFTX1 (INTTX1

L0 I
)]

interrupt flag)

Figure 3.8 (16). Transmitting Operation in I/0 Interface Mode (SCLK1 Output Mode)

In SCLK1 output mode, 8-bit data are output from
TxD1 pin when SLCK1 input becomes active while
data are written in the transmission buffer by CPU.

When all data are output, <IRFTX1> will be set to gen-
erate INTTX1 interrupt.

Sig‘éfblén:pg:tmsingedgemode) I_A u L—%—* I—A LJ
Yy v My vy

SCLK1 input

(SCLKC = 1: Falling edge mode)

TxD1 X bito X bit1 XS bit 5 bite X bit7 X
TxDSFT1 M M M

IRFTX1

I

Figure 3.8 (17). Transmitting Operation in I/0 Interface Mode (SCLK1 Input Mode)
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O Receiving the receive interrupt flag IRF2 <IRFRX1> is cleared.
When 8-bit data are received, the data will be trans-
In SCLK1 output mode, received data are read by the ferred in the receiving buffer 2 (SCBUF1), and
CPU, and synchronous clock is SCLK1 pin and the <IRFRX1> will be set again to generate INTRX1 inter-
next data are shifted in the receiving buffer 1 whenever rupt.
IRF2 <|RFRX1> } = ) |\
(INTRX interrupt flag)
SCLK1 output St A L4 l—ss—* L4 L ¥
RxD1 bit 0 Y bit1 X bit2 \§>( bite X bit7 Y
Timing to shift datain ﬂ
the receiving buffer 2
Figure 3.8 (18). Receiving Operation in I/0 Interface Mode (SLCK1 Output Mode)
In SCLK1 input mode, received data are read by the data is received, the data will be transferred in the
CPU, and the next data is shifted in the receiving receiving buffer 2 (SCBUF1), and <IRFRX1> will be set
buffer 1 when SCLK1 input becomes active while the again to generate INTRX1 interrupt.
receive interrupt flag <IRFRX1> is cleared. When 8-bit
(SScé-LKFJe;‘EU(Jt Rising edge mode) L_A I_A L-“'J I_A L——J
o 2 o 2 0 T
SCLK1 input
(SCLKC1 = 1: Falling edge mode)
RxD1 bit 0 X it iz Xbite  Xbit7 Y/
g o it et Il
buffer 2
Figure 3.8 (19). Receiving Operation in I/0 Interface Mode (SLCK Input Mode)
For data reception, the system must be placed in the receive enable state (SCMOD1 <RXE1> = “1”)
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2)  Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode
register SCMOD1 <SM11,01> to “01”.

In this mode, a parity bit can be added, and the addi-
tion of a parity bit can be enabled or disabled by serial
channel control register.

SCCR1 <PE1>, and even parity or odd parity is
selected by SCCR1 <EVEN1> when <PE1> is set to
“1” (enable).

Setting Example: When transmitting data with the fol-
lowing format, the control registers
should be set as described below.

even!
e -

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

76543210
PICR € == -1~~~ l Select P74 as the TxD1 pin.
PIFR € - - - -1 - - - J
SCMOD1« X 0 - X 010 1 Set 7-bit UART mode.
SCCR1 « X 1 1 X X X X X Add an even parity.
BRGCR1« 0 X 1 0010 1 Set transfer rate at 2400 bps.
TRUN ¢« X X1----- Start the prescaler for the baud rate generator.
INTEL ¢ - - - -1 - - - Enable INTTX1 interrupt.
[ SCBUF1e * * % & % » % % Set data for transmission.
(Note) X, Don’t care -; Nochange
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(8)  Mode 2 (8-bit UART mode) <EVEN1> when <PE1> is set to “1” (enable).
8-bit UART mode can be specified by setting SCMOD1 Setting Example: When receiving data with the follow-
<SM11,01> to “10”. ing format, the control registers
In this mode, a parity bit can be added, the addition of should be set as described below.

a parity bit is enabled or disabled by SCCR1 <PE1>,
and even parity or odd parity is selected by SCCR1

OO E

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

Main setting
B 76543210
PICR ¢ - - - - - 1-- Specify P72 (RxD1) as the input pin.
SCMOD1« - 01 X100 1 Enable receiving in 8-bit UART mode.
SCCR1 « X 01 X X X X X Add an odd parity.
BRGCR1<« 0 X 0 1 0 10 1 Set transfer rate at 9600 bps.
TRUN ¢ X X1----- Start the prescaler for the baud rate generator.
|INTE2 ¢ - - - -1 - -1 Enable INTRX1 interrupt.

INTRX1 processing

Acc « SCCR1 AND 00011100 Check for error.
if Acc # 0 then error
Acc  « SCBUF1 Read the received data.

(Note) X;don’t care -;no change
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Mode 3 (9-Bit UART Mode)

The 9-bit UART mode can be specified by setting
SCMOD1 <SM11,01> to “11”. In this mode, parity bit
cannot be added.

For transmission, the MSB (9th bit) is written in
SCMOD1 <TB81>, while in receiving it is stored in
SCCR1 <RB81> . For writing or reading the buffer, the
MSB is read or written first then SCBUF1.

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCMOD1 <WU1> to
111 ”.

The interrupt INTRX1 occurs only when SCCR1
<RB81> =1.

TxD1 RxD1 TxD1 RxD1 TxD1 RxD1 TxD1 RxD1
(P74) (P74) (P74)
Master Slave 1 Slave 2 Slave 3
TMP90CM36 TMPS0CM36 TMPI0CM36 TMP90CM36

Note: TxD1 pin of the slave controllers must be in open drain output mode.

Figure 3.8 (20). Serial Link Using Wake-up Function
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Protocol

O Select the 9-bit UART mode for the master and
slave controllers.

0 Set the SCMOD1 <WU1> bit of each slave control-
ler to “1” to enable data receiving.

00 The master controller transmits one-frame, includ-
ing the 8-bit select code of the slave controllers.
The MSB (bit 8) SCMOD1 <TB81> is set to “1”.

OO0 00000T
N—

Select code of slave controller “1"

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

O The master controller transmits data to the specified
slave controller whose SCMOD1 <WU1> bit is
cleared to “0”. The MSB (bit 8) SCMOD1 <TB81> is
set to “0”.

FOOO0 000060
SN—

Data 0

O The other slave controllers (with SCMOD1 <WU1>
bit remaining at “1”) ignore the receiving data
because their MSBs (bit 8 or SCCR1 <RB81>) are
set to “0” to disable the interrupt INTRX1.

When the WU1 bit is cleared to “0”, the interrupt
INTRX1 occurs, so that the slave controller can read
the receiving data.

The slave controllers (WU1 = 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.

To link two slave controllers seri-
ally with the master controller,
and use the internal clock @/1
(fc/2) as the transfer clock .

Setting example:

128
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* Setting the master controller

Main

INTTX1
interrupt

+ S

Main

INTRX1
interrupt

SCBUF‘I(—*“*‘*‘

Acc « SCBUF1
if Acc = Select code
then SCMOD1 ¢« - - - 0

(Note) X ;Don’t care

[P7CR ¢---1-0--

TxD1 RxD1 TxD1 RxD1 TxD1 RxD1
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

* Set data for transmission.

with transfer clock ¢1 (f¢/2).

- - - - Clear<WuU1>1to "0".

-;No change

PIFR € = = = = 1 = - } Select P74 as TxD1 pin and P72 as RxD1 pin.

INTEZ ¢ - - - - 11 - - Enable INTRX1 and INTTX1.

SCMOD1« 10101110 Set ¢ 1 (fc/2) as the transmission clock in 9-bit UART mode.
_SCBUF14- 00000001 Set the select code for slave controller 1.

SCMOD1« 0 - - - - - - - Sets SCMOD1<TB81> to"0".

etting the slave controller 2

PICR ¢ ---1-10 - - 1 Select P72 as RxD1 pin and P74 as TxD1 pin (open drain
PIFR ¢ - --11- - - J output).

INTE2 ¢ - - - -11 - - Enable INTRX1 and INTTX1.

SCMOD1« 00111110 Set <WU1> to “1” in the 9-bit UART transmission mode
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3.8.7 Configuration

FRL NG {7 E——
#T1(fwB) — ' 4
T4 (fd/32) e
#T6 (fc/128) >

INTTX2

INTRX2

three-pin serial ports:
The serial channels are connected to external circuits through ~ (P79).

Serial Channel 5102

SCLK2 (P76), TXD2 (P77) and RXD2

Internal Bus

S8 LSB

FFOSI | Command Register

Serial Buffer

U

U

Serial Control Circuit

Sift Register

Figure 3.8 (21). Block Diagram of Serial Channels (S102)
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Serial clock SIO2 pulses make the following selections

through the serial channel mode register SCMOD2.

O Clock Source Selection

<SCLKS2> selects either an internal or external clock
as the clock source.

a. (Internal clock)

SCMOD2 <CLK1, CLKO> selects the speed of either
oT11 (fc/4), oT1 (fc/8), oT4 (fc/32), or aT16 (fc/128)
serial clock. The serial clock pulse is externally output
from the SCLK2 pin.

The serial clock automatically stops after it ends the
“1-frame” serial operation. It waits until next serial
operation.

b. (External clock)

<SCLK2> uses the clock pulse externally supplied to
the SCLK2 pin as the serial clock pulse.

O Shift Edge Selection
a. Rising edge shift

Data shifts on the serial clock pulses’s rising edge (falls
at the SCLK2 pin).

b. Falling edge shift

Data shifts on the serial clock pulses’s falling edge
(rises at the SCLK2 pin or no falling edge shift in send
mode)
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3.8.8 Explanation of Operations

The send, receive and simultaneous send-receive modes for
SCMOD2 <SMD1, SMDO>.

(1)

Send Mode

The first send data is written into buffer registers
SCBUF after the send mode is set in the command
register. (Data will not be written into the buffers if the
command register is not in send mode.) Then, storing
“1” into serial transfer control registers SCMOD2
<SIOE> starts the send. As the send starts, the send
data is synchronized with serial clock pulses and

sequentially output from the TxD2 pin on the LSB side.

At the same time, the send data is transferred from the
buffer registers to the shift registers. Since the buffer
registers are empty, buffer empty interrupt INTTX2 is
generated to request the next send data.

When the interrupt service program writes the next
send data into the buffer register, the interrupt request
signal isn’t cleared to “0”.

(Internal clock pulse)

In the internal clock operations, if all data is sent and
no subsequent data is stored in the register, the serial
clock pulse stops and a wait begins.

(External clock pulses)

In the internal clock operation, data must be stored in
the buffer registers before the next data shift operation
begins. The transfer speed in an interrupt service pro-
gram is determined by the maximum delay time from
the interrupt request generation to buffer register data
write.

To end a send, the buffer empty interrupt service pro-
gram disables (clears to “0”) serial transfer control reg-
ister SCMOD2 <SIOOE> instead of writing the next
send data. When serial transfer control is disabled, the
serial transfer ends when the send data now being
shifted out is finished being sent.

The end of send can be determined by the status of
serial transfer monitor flag SCMOD2 <FFSI>. In the
external clock operation, the serial transfer control reg-
ister SCMOD2 <SIOE> must be disabled before start-
ing the next send data shift operation.

If the serial transfer control register SCMOD2 <SIOE>
is not disabled before the shift operation begins, oper-
ations stop after sending the next send data (dummy).

132
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S10 send mode

Writes send data “D"

I I}
1 r )

SI00E

SCBUF2 7ZX D
SCLK2 (output)

o2 (o {00 X B XD OEE

- T

FFSI

IREF2 f by b=
<|REFTX2>

(INTT2 interrupt flag)

(a) Internal clock operation (with wait operation) in send mode

SIOE

SCBUF2

SCLK2 (input)

TxD2 (output)

FFSI

IREF2 T
<I|REFTX2>

(INTT2 interrupt flag)

(b) Internal clock operation (with wait operation) in send mode

Figure 3.8 (22). Chart of Serial Channel 0 Send Mode Timing
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(@)

Receive Mode

Setting the command register to receive mode, then
setting serial serial transfer control SCMOD2 <SIOE>
to enable makes receive possible. Shift data is syn-
chronized with serial clock pulses and fetched from
the RxD2 pin. When data is fetched, it is transferred
from the shift register to the buffer register and the
buffer-full interrupt INTRX2 is generated to request a
read of receive data.

When the interrupt service program read the next
receive data from the buffer register, the interrupt
request signal is cleared. The following data continues
to be fetched after the interrupt is generated.

After the interrupt request is cleared, data is trans-
ferred from the shift register to the buffer register when
data is fetched.

(Internal clock pulses)

In the internal clock operation, if the previous receive
data has not been read from the buffer regfister after
the next data is fetched, the serial clock stops and
waits until the previous data is read.

(External clock pulses)

In the external operation, shift operations are synchro-
nized with externally supplied clock pulses. The data is
read before the next receive data is transferred into the
buffer register. If the previous data has not been read,
the receive data will not be transferred into the buffer
registers and all subsequently input receive data will
be cancelled. The maximum transfer speed of the
external clock operation is determined by the maxi-
mum delay time from interrupt request generation to
receive data read.

Rising and falling edge shifts can be selected in the
receive mode. Because data is fetched on the serial
clock pulses’s rising edge in the rising edge shift, the
first shift data must already be input to the RxD2 pin
when the initial serial clock pulses are applied at trans-
fer start.

Send-Receive Mode

The first send data is written into buffer registers
SCBUF2 after the send-receive mode is set by the
command register. Setting the serial transfer control
register SCMOD2 <SIOE> to 1 enables receiving or
sending data. Send data is output from the TxD2 pin
on the rising edge of the serial clock pulse, while
receive data is fetched from the RxD2 pin on the falling
edge of the serial clock pulse.

When data is fetched, data is transferred from the shift
registers to the buffer registers and buffer-full interrupt
INTRX2 is genrated to request receive data read.
When the interrupt service program reads the next
receive data from the buffer register, the interrupt
request signal is cleared.

(Internal clock pulses)

In the internal clock operation, a wait begins until the
received data is read and the next send data is written.

(External clock pulses)

In the external clock operation, the receive data must
be read and the next send data written before starting
the next shift operation, because the shift operation is
synchronized with the external supplied clock pulses.
The maximum transfer speed of the external clock
operation is determined by the maximum delay time
from interrupt request generation to send data fetch
and receive data write.

Because the same buffer registers are used for send
and receive, always ensure that send data is written
after 8 bits of receive data are fetched.

To end send-receive, disable the serial transfer control
register. When the serial transfer control register is dis-
abled, send-receive ends afetr receive data is orga-
nized and transferred to the buffer register.

The program checks the end of send-receive by read-
ing serial transfer monitor flags SCMOD2 <FFSI>.
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Receive mode (falling edge shift)

SIOE ]

(output)

02 777K o X Pr X P D' X DE:)( Ds . [ 5o XD X
famsing) (N D R R (R N
FFSI ] . ]
IRF2 it
<IRFRX2> |
INTRX2
(\r\terruptﬂag .
SCBUF2 7 77K_D l o
SCBUF2 RD (ﬂ
Reads SCOBUF data o

(a) Receive mode internal clock operation (with falling edge shift / wait)

g
SIOE '
Cor eSS e e e e Y o I O O

(input)
e TS CID €T €7D 4TS EID €19 6D CIY CIV CE h CrY Ci EF
Raraing) (N S S R R R R R D R R |

o T I B
S—
B RrRx2> [

INTRX2
interrupt flag

SCBUF2 727 7 % AR ::L, X D

SCBUF2RD #

(b) Receive mode external clock operation (falling edge shift)

Figure 3.8 (23) - 1. Chart of Serial Channel o Send-Receive Mode (Falling Edge Shift) Timing
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Receive made (rising edge shift)

{

SIOE __j Reads serial trw

i 6 1 45 45

(output)
{

w2 777 Bu 01 X 02 X103, X Pe X 7 X B0 X1 X D3 X Te X5, 1Y
;

Do) (N N N A A A i {
IRF2 _T ) L_
<IRFRX2> Reads interrupt flag

SCBUF2 % T ) D " o

{
)

SCBUF2 RD : ﬂ [L_

Reads SCBUF2 data "D" /
in the 1st frame

(a) Receive mode internal clock operation (with rising edge shift / wait)

SIOE 4[ / |
FFSI " ]—1 1—"—'] 4|——
2= O O Y 1 I B L
poz, CoCD/
Bamaig) N I S S R A A A A R B S

ﬁsz\FRX2> J E:%——] y 51—‘ |j,
seaur2 77777 7 77D HD' “, / X D" ]
SCBUF2 RD k.ﬂ L‘H (ﬂ_

(b) Receive mode external clock operation (rising edge shift)

Figure 3.8 (23) - 2. Chart of Serial Channel g Send-Receive Mode (Falling Edge Shift) Timing
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Serial channel 2 Control register

7 6 I 5 4 3 2 1 0
SCMQOD2 Symbol FFSI SMD1 SMDO SIFT CLK1 CLKSO SCKS2 SIOE
FFFBH
( ) RAW R R/W R/W R/W R/W R/IW
Resettin
value Y 1 0 J 0 0 0 0 0 0
0: Busy Transmission mode Transmission | Transmission speed Transmission | Transmission
00 : Reset | shift 00 : fc/a(gTO) g
Function | 1:5t0P 151 6eng 0: g, |01 fus(eT1) clack 0: disable
10: Receive 1+ falling | 10+ f32(4T4) 0: Internal | 1: enable
11 : Send-Receive edge | 11:fc/128(4T16) 1: External

L.

Serial transfer clock control

— |

Serial transfer control

-

Enable

0| Disable

—_

Internal clock

External clock

Note:

When the external clock is used

set CLK1SI to “0".

— Selects serial transfer internal clock

00| fc/a(3T0)

b R
Yol i
B ST

L » Serial transfer shift operation

-

0] Rising edge shift
Failing edge shift

Note:

In the send mode, set rising-edge shift.

——— Serial transfer monitor

=

Serial transfer in operation

Serial transfer not in operation

Serial transfer mode

00

RESet
Send mode

Receive mose

Send-Receive mode

Figure 3.8 (24) - 1. Serial Channel Control Register
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Serial send-receive buffer register 0

7 6 5 4 3 2 1 0
[7872 | 1862 | Tes2 | TB42 | TB32 | TB22 | 1812 | TBO2 | (Send)W
et 7 6 5 4 3 2 1 0

[Re72 | Re62 | Res2 | Re42 | RB32 | RB22 | RB12 | R802 | (Receive)R

Figure 3.8 (24) - 2. Serial Channel Buffer Registers
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3.9 Time Base Counter (TBC)

The TMPO0OCMS36 has a 20-bit time base counter. This time

base counter can select from the fundamental clock (fc)

divided by 2, it divided by 3 or external input clock (EXIN).

The various outputs of this time base timer are used as

reference signals for 24-bit capture and timing pulse generator

(TPG).

The contents of the time base counter can be read with

registers TBCDO and TBCD1.

Interrupts can be generated from the TBC11 ~ TBC20

output signals of the time base counter.

When an INT TB interrupt has been generated, it is possi-

Table 3.9 (1) Time Base Counter and Cycle

TBC 1 2 3 4 5 6 7 8 9 10
(sec) 22/fc | 2%/fc | 2%/fc | 25/fc | 28/fc | 27/4c | 28/fc | 2%9/fc | 2'0/fc | 2" /fc
@fc=125
Mits seg| 032 | 0.64 | 128 | 256 | 512 | 1024 | 2048 | 40.96 | 8192 | 163.84
11 12 13 14 15 16 17 18 19 20
2'2/fc | 23 4c | 2" /fc | 219/fc | 2'8/1c 27 /¢ 2'8/fc 2'9/fc 220 1 f¢ 22/ fe
327.68 | 655.36 [1310.72|2621.44|5242.88|10485.76|20971.52|41943.04|83886.08|167772.16
TBCr TBC2 TBC13 TBCia IBCis MBCie TBCiz BCwe BC19 MBC20 T INTTBC1
L {¢ e CFREG
1 e | <FTBC1>
it L
J U Ul e TBMOD
""" <INTS1>
- S
T
] £ —f F—E CFREG
| o <FTBC2>
* 1 urTecz BMO0
Time base counter <INTS2>

Figure 3.9 (1). Time Base Counter (TBC) Block Diagram

ble to determine whether the interrupt generation destination
is INTTBC1 or INTTBC2 by reading CFREG <FTBC2,1>.
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Time base counter mode register

7 i 6 i 5 i 4 i 3 i 2 {1 ¢ 0
TBMOD | bitsymbol | INTS2 : INTS1 :INTTBC22 {INTTBC21 i INTTBC20 | INTTBCIZ | INTTBCH1 :INTTBC1O
(FFB5H) Read/Write RW
After reset o ¢ o : 0o i o i o . 0o i 9o i o
00: Disable TBC Interrupt select TBC Interrupt select
01: INTTBC1 . 000: TBC12 100: TBC20 :  000: TBCT1 100: TBC19
Function | 49. |NTTBC2 001: TBC14 001: TBC13
11; Both E o o10: TBCIB © o10: TBCIS
© o11: TRCI8 011: TBC17
| |

Time base counter
interrupt select 1

000 TBC11
001 TBC13
010 TBC15
011 TBC17
V 100 TBC19

Time base counter
interrupt select 2

000 TBC12

001 T8C14

010 T8C16
(N TBC18
100 TBC20

Time base counter interrupt
enable register

00 Interrupt disable

01 INTBC1 enable

INTBC2 enable

1" INTBC1, 2 enable

Figure 3.9 (2). Time Base Counter Mode Register (TBMOD)
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Time base counter data register 0

(FFB6H)

7 .6 5 4 3 L 2 1
TBCDO | pitsymbol | TecD7 : TBCDG : TBCDS | TBcD4 | TBCD3 | TBCD2 | TBCDI
Read/Write R
After reset 0

Function

Time base counter data TBC3~10

L > Time base counterdata
TBC3~TBC10

Time base counter data register 1

7 i 6

s i 4 13 b2 i

TBCD1 | hitsymbol | TBCD15 | TBCD14 |

TBCD13 | TBCD12 | TBCD11 : TBCD10 | TBCDY

(FFB7H) -
Read/Write

R

After reset

0

Function

Time base counter data TBC11~18

Time base counter data register 2

L > Timebase counterdata
TBC11~TBC18

7 6 5 ;4 i 3 i 2 i 1 i Q@
TBCD2 | it symbol - = — . — . — i — iTeco17 | TBCDIG
(FFB8H) - H
Read/Write R
After reset 0
. Time base counter data
Function T8C19, TRC20
i
L » Timebase counter data
TBC19, TBC20
7 6 5 4 i 3 2 1 P00
CFREG |bitsymbol | TBCCT | TeCCO — FTBC2 © FTBCT | TPFRS1 : TPFRSO | CAFRS
(FFC5H) | Readrwrite RAW RAW R/W  (if read then every time “0")
After reset o i 0 o i 0 o {0 i
Input clock select 1:78C,,  i1:78Ch, kPG FIFO | TPGOFIFO Capture
. 00: fo/ TG i TEG i counter (FIF
Function | "0 23 TBC 0 TBCi Founter ig. 3 ©
: fdz rac Yorac,, 0 — 10— counter
. 18 H . : :
10 : External input T8C,0, LT8G, 1- Clear 1: Clear :g -
Interrupt  Interrupt : “1: Clear
flag . flag : :
- Lﬁ.ﬁ—l\ )\ J
T Interrupt occurrence See "TPG" See “Capture”

TBC input clock select

confirmation flag

0 —

1 Interrupt occurrence

Note: After occurrenceit
write “0".

Figure 3.9 (3). Time Base Counter Related Register
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3.10 Timing Pulse Generators (TPG)

The TMP90CMS36 has a built-in 2 channels 24-bit x 4-stage
timing pulse generation circuit with FIFO (TPGO, TPG1) that

Timing pulse generators (TPG) generate timing pulses that
are synchronized with the time base counter (TBC) and which
have an accuracy of 640ns (@ fc - 12.5MHz).

are used to control the various signals and mechanical parts.

Internal bus
R FIFO R SVCFREG<TPFRSO>
24-bit 4-stage FIFO status
é
ha =] j TPCREGO < ENMINTO >
4
© @
16-bit TPGO
a
comparator - output buffer INTTPGO
/\ ‘ TPGO7
TBC3::BCIS TPGOO~TPGO7 > Port2
l Selector l TBC4~TBC19
or
TBC5~TBC20
TBC3~TBC20 P2MR<P27M >

Figure 3.10 (1). TBGO Block Diagram
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3.10.1 Operation
© TPGO

1)

Data

TPGO has a total of 2 bits and 4 stages of FIFO: 6 bits
in the output data register TPGREGO and 16 bits in the
comparator data registers TPGD0OO and TPGDO1.

The value written to the output data register is output
when the values written to the comparator data regis-
ters and the TBC3 - TBC18, the TBC4 ~ TBC19 or the
TBC5 ~ TBC20 values match.

Writing data to the TPGREGO byte of the data regis-
ters increments the FIFO address. Thus, write data to
memory addresses TPGDOO, TPGDO1, and
TPGREGO, in that order.

FIFO

TPGO has 4-stage FIFO (First In First Out) circuit. This
FIFO generates an interrupt signal when the data
becomes empty.

This interrupt signal is not generated after a reset or TP
reset. Once data have been written to the data register
and FIFO has been incremented, an interrupt is gener-
ated when data written to the output data register is

output and FIFO becomes empty.

The interrupt is controlled with TPCREGO
<ENMINTO>.

3) TP Reset
The CFREG <TPFRSO0> register resets TPGO. Writing
“1” to this register resets the following TPGO circuits.
O FIFO address counter
O FIFO status
0 Empty interrupt flag
Note: The TPGO output buffer is not reset; therefore,
the previous TP value is retained.
This buffer is cleared to “0”, however, by sys-
tem resets.
© TPG1

TPG1 operate the same TPGO.
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3.10.2 Control Register

TPCREGO
(FFB9H)

CFREG
(FFC5H)

TPGO Control register

7 0 8 i o5 i a4 3 12 1 i o0
BitSymbol | CONPO1 i CONPOO : patamnTto : ENMINTO : TPFULO | TPEMPO | TPFO1 | TPFOO
Read/Write RW  ©  RW RW  © RW R : R : R
After reset 0 0 0 0 0 : 0 0 : 0
Comparator bit select : TPGO TPGO :TPGO :TPGO TPGO FIFO
:leave 1 i DATA : DATAFull : DATA i Status flag
00: TBC3~TBC18 : Data i Empty :Flag : Empty :00: Empty / Full
. 01: TBC4~TBC19 sinterrupt :interrupt . : Flag :01: 1 data
Function |1g: TBC5~TBC20 : control ‘control 21 Full :02: 2data
: : ; 210 Empty 1 11: 3data
- 0: Disable : 0: Disable : : : Empty when "00" and
:1:Enable :1:Enable : I TPEMPOis 1"
: : : : Full when “00” and
I TPEMPO is 0"
TPGO FIFO status
TPGO leave 1data 00 | Empty/Full
interruptcontrol | [ 1 el b
01 | 1data
0| Disable T o
Pt e RSSO 00 | 2data
1 Enable || | 1 |-
11 | 3data
TPGO data empty Empty when 00" and TPEMPOis "1
interrupt control Full when 00" and TPEMPO is "0"
\l
0| Disable TPGO data empty flag
1| Enable 0 _
1| Empty
— TPGO data full flag
0 —
1] Full
Flag control register
7 [ : 5 g i3 2 1 0
Bit Symbol TBCC1 TBCCO - FTBC2 : FTBCY TPFRS1 TPFRSO CAFRS
Read/Write RAW RAW R/W (if read then every time “0"} (Note)
After reset 0 : 0 : 0 : 0 0 : 0 0
Input clock select {1:TBCy;, 1:TBCyy, |TPG1FIFO : TPGO FIFO | Capture
: TBCyg,  TBCy3, counter counter FIFO
00: fc/; TBC6, TBC;s, : counter
Function 01: fe/33 TBCyg, TBC;7, 0: — ‘0 —
10: External input TBC,q, TBCyq, 1: Clear :1:Clear 0: —
: : 1: Clear
tInterrupt lInterrupt
i flag - flag
——
T See “Capture”
See “TBC”" TPG FIFO Reset ee Capture
0 —
Note: The }Plsl?ecome 0 after the *1" write operation 1] Reset
Thus, "0" is always read out.

Figure 3.10 (2) - 1. TPGO, TGP1 Related Registers
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TPG1 Control register

7 & 5 i a4 i 3 1t 0
TPCREGY |BitSymbol | CONP11 © CONP10 i DATAINT! : ENMINT1 | TPFULT : TPEMPI TPF11  : TPF10
(FFBDH) Read/Write RW  © RW RW 1 RW R R
After reset 0 : 0 : 0 : 0 : 0 H 0 ; 0
Comparator bit select TPG1 i TPG1 :TPG1 i TPG1 i TPG1FIFO
leave 1 : DATA : DATAFull : DATA : Status flag
00: TBC3~TBC18 ' Data i Empty : Flag : Empty :00: Empty/ Full
01: TBC4~TBC19 interrupt :interrupt i Flag :01: 1data
Function | 10: TBC5~TBC20 : control : control 10 Full 102: 2data
: : : i1 Empty :11: 3data
: 0: Disable :0: Disable : : * Empty when "00” and
i 1:Enable :1:Enable : S TPEMPQ is “ 17
; : : { Full when 00" and
' TPEMPQ is “0"

TPG1 leave 1 data
interrupt control

0| Disa bler )
Enable

-

TPG1 data empty
interrupt control

0| Disable
Enable

-

TPG1 FIFO status

91l
00 | 2dat
1

00 | Empty/Full

Empty when "00" and TPEMPQ is “1”

Full when 00" and TPEMPO is "0

TPG1data empty flag

0

. Empty

-

—= TPG1 data full flag

0
1

Figure 3.10 (2) - 2. TPGO, TGP1 Related Registers
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TPGDO1
(FFBBH)

TPGREGO
(FFBCH)

P2FR
(FFB1H)

TPGO comparator data register

7 i 6 i 5 o4 3 2 0
Bit Symbol | TPGOD15 | TPGOD14 | TPGOD13 : TPGOD12 | TPGOD11 : TPGOD10 | TPGOD9 : TPGODS
Read/Write w
After reset -
Function TPGO comparator data 8 upper bits
L J
I—' TPGO comparator data (8 upper bits)
TPGO output data register
7 ¢ 6 s i o4 i 3 i o2 o+ 1 i 0
Bit Symbol Do7 ¢ D06 : DOS i D04 i DO3 D02 D01 D00
Read/Write W
After reset -
Function TPGO output data
]
I—‘——’ TPGO output data register
7 i 6 s i o4 i3 2 . 1 i 0
Bit Symbol P27TPG P26TPG P25TPG P24TPG P27M P24m
Read/Write R/AW : : RW : RAW
After reset 0 : 0 0 1 0 : : : 0 : 0
TPGoutput :TPGoutput :TPGoutput | TPGoutput | : £0: INTTPGO: | 0 INTTPG1:
select : select : select  select TPGO7 TPG17
0: TPGO7  :0: TPGO6  :0: TPGOS  :0: TPGO4 @ : © setting 1 setting
output  ° output output output ©1: TPGO7 1: TPGO4
Function 1. TPG14 11 TPGIS 1 TPG16 S1 TPG17 : : : or TPG14 : or TPG17
output output output output : output output
Validness i(Validness ¢ Enable : Enable
when |when H :
<P2TM> = ) Aep2am> = ¥ : EPUTPGj : Pzawoj
: : : ©| setting 1| setting
INTTPGO setting
0 [ TPGO7 enable
1 | TPGO7 Disable

P23 setting explain of
“3.5.3 Port 2"

INTTPG1 setting
0| TPG17 Enable

TPG17 Disable

Figure 3.10 (2) - 3. TPGO, TGP1 Related Registers
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TPG1 comparator data register

7 6 5 i a4 i 3 i 2 i Coo0
TPGD10 Bit Symbol TPGID7 | TPG1D6 | TPGID5 | TPG1D4 : TPGID3 | TPGID2 : TPGID1 : TPG1DO
(FFBEH)  |Readwrite w
After reset -
Function TPG1 comparator data 8 lower bits
1
L“—’ TPG1 comparator data (8 lower bits)
TPG1 comparator data register
7 6 : 5 Cooa i3 F 2 i Foo
TPGD11 BitSymbol | TPG1D15 : TPG1D14 : TPGI1D13 : TPGID12  TPGID11 : TPGID10 | TPGID9 | TPGID8
(FFBFH) Read/Write W
After reset -
Function TPG1 comparator data 8 upper bits
J
I—‘—’ TPG1 comparator data (8 upper bits)
TPG1 output data register
7 6 . 5 i 4 i 3 . 2 L 1 10
TPGREG1 Bit Symbol D17 D16 D15 D14 D13 D12 D1 D10
(FFCOH) Read/Write W
After reset -
Function TPG1 output data

!

TPG1 output data register

Figure 3.10 (2) - 4. TPGO, TGP1 Related Registers
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3.11 Capture Circuit

The TMPO0CMS36 has a RAM with 24-bits, 4-step FIFO to
simplify various time measurements. The time (20-bit data
from TBC1 - TBC20) is written in real time together with the

input data in RAM by the servo input signals.

The latch is operated and INTCAP interrupts to the CPU
are generated bu the input signals.

Figure 3.11 (1) is a block diagram of the capture circuit.

Latch

J_
o D | I_’ Selector
{P45) _\ _"‘-_’ T

P4FR <CAPQS>

Jﬁ

cap D | L’ Selector
(P45) _l '—_]—b T

P4FR<CAP15>
cap2 D—‘ J L’ Selector
(Pa) _\( N T

P4FR<CAP2S>

_f_._

caps D | L’ Selector
(P47) W{ j T

PAFR <CAP35>

TBC1~TBC20
INTCAP T )
FIEO 24-bit FIFO, 4-step
status capture register &
} U
Internal bus

Figure 3.11 (1). Block Diagram of Capture Circuit
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3.11.1 Explanation of Operations

1)

Capture

There are 4 input sources for the capture circuit:
CAPQ, CAP1, CAP2, CAPS (VP) signals. A total 24
bits, the 4 input signal bits and the 20-bit values from
the time base counter (TBC1 - TBC20) to the 3 bytes
at CAPREGO ~ 2 are latched using the input signal
edge (Select the rising-edge or the falling-edge).

The 24-bit data is obtained by reading the data* at the
addresses in the sequence CAPREGO, CAPREG1 and
CAPREG2.

Note: *This address must always be read last
because reading the data at address

CAPREG2 shifts the FIFO address.

3)

FIFO

Because this capture circuit uses the FIFO (First In First
Out) method, it always reads the data that is latched
first. If the 4-step FIFO contents are full, the capture
operation is disabled by the input signal. The FIFO sta-
tus register (CAPFST) will be FFH when this happens.
When the CAPFST is O0H, FFH is read out when cap-
ture data is read out. Always read the capture data out
when the FIFO status register is not “0” or after the
INTCAP interrupt is generated.

CAP Reset

The capture circuit has a software reset in addition to
its system reset.

Writing “1” into the CFPREG < CAFRS> resets the fol-
lowing circuits:

0O FIFO address counter

O FIFO status

TOSHIBA CORPORATION
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3.11.2 Control Registers

Capture FIFO status register

7 6 5 4 3 2 1 0
CAPFST | Bit Symbol CAPF7 CAPF6 CAPF5 CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
(FFCTH) | Read/Write R
Resetting
Reved o | o [ o | o [ o [ o [ o ] o
Function 0: non-Data 1: Data
Capture data register 0
7 6 5 4 3 2 1 0
CAPREGO | Bit Symbaol CAPD7 CAPD6 CAPDS CAPD4 CAPD3 CAPD2 CAPD1 CAPDO
(FFCZh) Read/Write R
Resetting
Value -
Function Captur Data Low Byte
. Lower 8bit capture data
Capture data register 1 P
7 6 5 4 3 2 1 o]
CAPREG1 |BitSymbol CAPDI15 CAPD14 CAPD13 CAPD12 CAPD11 CAPD10 CAPD9 CAPD8
(FFC3H) Read/Write R
Resettin
Value 9 _
Function Captur Data High Byte
]
Capture data register 2 L————» Middle 8-bit from capture data
7 6 5 4 i3 i 2 1 0
CAPREG2 | bitSymbol | CAP3 CAP2 CAP1 CAPO i CAPD19 : CAPDI18 : CAPD17 : CAPD16
(FFC4H) : : -
Read/Write R R
Resetting _ _
Value
Function Capture input status : Capture data 16~19
1 1
I—»Capl.ur'e input status L» Capture data upper
7 6 5 : 4 : 3 2 1 0
CFREG bit Symbol TBCC1 TBCCO —_ © fTBC2 FTBC1 TPFRS1 TPFRSO CAFRS
(FFCSH) Read/Write R/IW R/W © R/AW (1f read then every time "0")(Note)
Resetting R o i o i o i o0 0
Input clock select (1:T8C,, 110 TBG. iypG 1 FIFD (TPGO FIFO [Capture
iOTBC,,, | TBC; ; EIFO
Function |00 fcly TBC,g. TBC,s, ;counter §<ouhter ounter
01: fery? TBCys, T8G9 — 0:— 0. —
) TBC;0. T8Cy, : :
10 : External input Interrupt interrupt  :1: Clear 1: Clear 1: Clear
flag flag :
AN J
Y
See "TPC” See "TPG" Capture FIFO reset
Note: The 3-bit become 0 after the "1" write operation 0| —

Thus, “0" is always read out.

Figure 3.11 (2). Capture Related Register

1 Clear
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3.12 PWM (Pulse Width Modulation) Output

The TMP90CMS36 has 2 built-in channels for outputting pulse
width modulation (PWM). D/A conversion output can be
obtained by attaching an external low-pass filter for simple
motor control.

One cycle in 12-bit resolution PWM output is TM = 212/
(fc/2) [seconds]. Upper 7-bit PWM data latch data control
pulse width for the carrier frequency in time TS (TS = TM/

(when fc=16.0MHz)

32)[seconds]. When the upper 7-bit datais n (n = 0 to 128),
the low level pulse width is n*t (t = 2/(fc/2)) with TS as the
cycle.

The lower 5-bit data controls the applied pulses of width t
in “32” time periods TS (i) (i = 0 - 31) within the TM cycle. The
low level pulse width is (n + 1) *t in the period in which applied
pulses are output.

Tm=1.953kHz
Tg=62.5kHz
Tm =32Ts
Ts(0) Ts(1)
n*t
(
N

Figure 3.12 (1)
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TBC,~TBC;
ALL “0"

Data L

transfer

L

11

f—— 10
A9
-8
=7
-6
-5
—4
3
— 2
=1
—0
Data
transfer buffer PWM datalatch

bus

Equivalent

data

Bit-based

-———'—1/ decision circuit

g

I
|
|
I
I
|
| TRUN<PWI1RUN, PWORUN>
t
|
|
|
1
|

Internal

TBCg~TBCy;

Figure 3.12 (2). Block Diagram of PW0 and PW1
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3.12.1 Control Register

PWDRO
(FFFBH)

PWDROB
(FFFCH)

PWDR1
(FFEDH)

PWDR1B
(FFFEH)

PWMO data register

7 6 1 5 i 4 i 3 2 1 i 0
bitSymbol | PWD07 | PWD06 | PWD05 | PWDO04 : PWD03 : PWD02 : PWD01 : PWDOO
Read/Write w
After reset Undefind

L J
] PWMO data register
(Lower 8 bits)
PWMO data register

7 6 {5 i 4 i 3 2 1 0
bit Symbol — — i — i — ! PWD0B | PWDOA i PWD09 i PWDO8
Read/Write w
After reset Undefind

L J
L, PWMO data register
(Upper 4 bits)
PWM 1 data register

7 6 i 5 ; 1 i3 : 2 1 0
bitSymbol [ PWD17 | PWD16 i PWD15 | PWDI4 | PWDI3 | PWD12 | PWDI1 i PWD10
Read/Write w
After reset Undefind

[s 1
L PWM1 data register
(Lower 8 bits)
PWM1 data register

7 6 5 i 4 i 3 i 2 i 1 L0
bit Symbol — — ¢ — i — [ PWDIB ! PWD1A | PWD19  PWD18
Read/Write w
After reset Undefind

L

J
[_. PWM1 data register

(Upper 4 bits)

Figure 3.12 (3) - 1. PWM Related Register
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TRUN
(FFDCH)

16 bit timer 8 bit timer
I T 1
7 i 6 - 4 i3 2 110
bit Symbol | PWIRUN | PWORUN | PRRUN | T4RUN | T3RUN i T2RUN : TIRUN | TORUN
Read/Write RW RAW
After reset 0o i 0 0o ¢ o0 i o0 i 0 i 0 0
Prescaler & Timer Run/Stop Control
) 0:STOP
Function
0: Stop & Clear
1: RUN
1: Run (Count up)
- _/
'
See "Timer"”

Operation of PWMO

1

2.

Stop &Clear

Countup

Operation of PWM1

1

o

Stop & Clear

Countup

Figure 3.12 (3) - 2. PWM Related Register
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3.13 Analog/Digital Converter Figure 3.13 (1) shows the block diagram of the A/D con-
TMP90CM36 contains a high-speed, high-accuracy analog/ verter. 8-channel analog input pins (AN7 to ANO) are shared by
digital converter (A/D converter) with 8-channel analog input input-only port P6 and so can be used as input port.

that features 8-bit sequential comparison.

Internal bus

@ PN

AJD Converter mode register (ADMOD)

ADCH, EOCF ADBF PEPET SCAN ADCS ADS
- ]
repeat yscan yspeed ystart
T end |busy
Analog input AJD Converter | |\ rap
AN7 (P67) O—| ™ Channel select control circuit interrupt
ANG (P66) CH—>|  \ |
O0— S |
AN (P65) t :po ¢ |+ AJD Conversion Result register
AN4 (PG4) i e ADREGO~7
AN3 (P63) [O—~ F{’ -
AN2 (P62) [}— e
AN1(P61) O— X
ANO (P60) [J—=| ¢©
r

AVCC [}
D/A Converter
Avss [

Figure 3.13 (1). Block Diagram of A/D Converter
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3.13.1 Control Registers

ADMOD
(FFD7H)

7 i s 5 1 4 3 2 1 o1 i
bitSymbol | EOCF : ADBF i REPET : SCAN ADCS ADS { ADCH1 i ADCHO
Read/Write R CORW L RW RAW RIW
After reset 0 : 0 0 0 : 0o i 0 i 0 0

. g q. el “1: Low IER :
Function 1: END : 1: BUSY : 1: Repeat : 1:Scan  speed | 1: START : Analog Input
: iMode Set :ModeSet i mode Channel Select
T 4 ] |

|

| :

|

Analog input channel select (ADCH2 = 0)

Analog input channel select (ADCH2=1)

Nomal Scan mode Nomal Scan mode
00 ANO ANO 00 AN4 AN4
B T ANO—)AN1 | S B P T T S
10 | ANz [anoSanisanz | 10 | AN |ANAsANS—ANE
T AN [ AN0ANTSAN2 AN || 11| AN |ANASANSSANGANT

A/D Conversion start

Start A/D conversion

Note : Always “0”When data is read

A/D conversion speed selection

1

0

Low speed conversion mcde (190 states)

ngh speed converslon mode (95 states)

Specification of A/D scan mode

0

Fxxed ND conversion channel mode

A."D conversmn channel scan mode

Selecting A/D repeat mode

A!D conversnon repeat ‘mode

A/D conversxon smgle mode

A/D conversion busy flag

0

AD conversmn notb

AID conversion busy

A/D conversion end flag

1

0

AJ/D conversion not ended nor started

A."D conversion ended

Figure 3.13 (2). A/D Conversion Mode Register (ADMOD)
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5 4 3 2 1
ADREGA bit Symbol
R -
Read/Write R
(FFD8H) -
After reset Undefined
Function AJD conversion rsult of "ANO" or “AN4" is stored.
AJ/D conversion result register for ANO (Read Only)
5 4 3 2 1
b bit Symbol
ADREG15 -
Read/Write R
(FFD9H) -
After reset Undefined
Function AJD conversion rsult of “AN1" or "ANS5" is stored.
conversion result register for AN1 (Read Only)
5 4 3 2 1
REG bit Symbol
AD 26 -
Read/Write R
(FFDAH) -
After reset Undefined
Function A/D conversion rsult of “AN2" or "AN6" is stored.
conversion result register for AN2 (Read Only)
5 a4 3 2 1
bit Symbol
?EFRI;EBG:; Read/Write R
After reset Undefined
Function AJD conversion rsult of “AN3" or “AN7" is stored.

AID conversion result register for AN3 (Read Only)

Figure 3.13 (3). A/D Conversion Result Register (ADREGO ~ 3)

bit Symbol

ADCH
(FFDBH)

Read/Write

After reset

Function

|-> Analog input channel select scan mode

Nomal Scan mode

AND—AN1T—SAN2—AN3

1 AN4~AN7 | ANA— NSQANEAAN? )

Figure 3.13 (4). A/D Converter Channel Select Register
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3.13. 2 Operation

(1)

Analog Reference Voltage

High analog reference voltage is applied to the AVCC

pin, and the low analog voltage is applied to AVSS pin.

The reference voltage between AVCC and AVSS 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>, ADMOD <ADCH2>. 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>, ADMOD <ADCH2> among
three pins: ANO to ANS.

In analog input channel scan mode, the number of
channels to be scanned from ANO is specified by
ADMOD <ADCH1,0>, ADMOD <ADCH2>, such as
ANO O AN1, ANO O AN1 O AN2, and ANO O AN1 O
AN2 O AN3 or the number of channels to be scanned
from AN4 is such as AN4 [0 AN5, AN4 0 AN5 O ANG,
AN4 0 AN5 O AN6 O AN7.

When reset, A/D conversion channel register will be
initialized to ADMOD <ADCH1,0> = 00, ADCH
<ADCH2> = 0 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 or
from AN4, I AN7 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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Qggjj’;‘g INTEQ ¢ - - = 1 - - - - Enable INTAD.
ADMOD « X X 000111 Specify AN3 pin as an analog input channel and
ADCH « X X X X X X X 0 starts A/D conversion in high speed mode.
INTAD A + ADREG37 Read the value of ADREG37 into the accumulator
routine .
and store the value of the accumulator in the
(FF10H)« A memory at FF10H.

@ When the analog input voltage of ANO~ANZ2 pins is kept A/D
converted in high speed conversion channel scan repeat mode

INTED ¢ X = 0 - - - - - Disable INTAD.

ADCH « X X X XXX X0 Start the A/D conversion of analog input channels
ADMOD « X X 110110 ANO~AN2 in the high-speed scan repeat mode.
(Note)  X;Don’t care -;No change
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(6)

A/D Conversion End and Interrupt
e A/D conversion single mode

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

Interrupt requesting flip-flop is cleared only by resetting
operation or reading the A/D conversion result storing
register and cannot be cleared by instruction.

e A/D conversion repeat mode

For both fixed conversion mode and conversion chan-
nel scan mode, INTAD will be disabled when in repeat
mode. Always leave the INTEO <ADIS> flag at “0”.
Write “0” to ADMOD <REPET> to end the repeat
mode. Then, the repeat mode will be exited as soon as
the conversion in progress is completed.

Storing the A/D Conversion Result

The results of A/D conversion are stored ADREG04 to
ADREGSY registers for each channel. In repeat mode,
the registers are updated whenever conversion ends.

ADREGO04 to ADREG37 are read-only registers.
Reading the A/D Conversion Result

The results of A/D conversion are stored ADREGO04 to
ADREGS7 registers. When the contents of one of
ADREGO to ADREGS registers are read, ADMOD
<EOCF> will be cleared to “0”.

0 When the analog input volt-
age of the ANS pin pin is A/
D converted and the results
are read in the memory at
FF10H by A/D interrupt
INTAD routine.

Setting example:
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3.14 8-Bit Power Supply Voltage Model D/A Converter * Analog voltage V which done output is decided setting val-
The TMP90CM36 contains 8-bit resolution D/A voltage with ues in register DAREGO, DAREG.

the following merit.
Figure 3.14 (1) shows the block diagram of D/A converter.

e TMP90CMS36 contains 2 channel in the 8-bit resolution D/A
converter (R-2R formula)

) Internal bus )
Reset II
L =7 L i L» D /A Converter
[ DAREGY | | pAREGO I,L control circuit
4—| ] * . D AVcc
_f\ 3bitD/A l(DAGDR)
—/| Converter * [] b-A0
<DA1DR>
8bitD/A
> Converter ?1>—|:| D-A1
\ A
l:l AVss

Figure 3.14 (1). D/A Converter Block Diagram

TOSHIBA CORPORATION 161



TMP90CM36

DADRV
(FFF8H)

(FFFIH)

DAREG1
(FFFAH)

D/A Converter drive register

7 6 5 4 3 2 1 0
bit Symbol — — — — — — DA1DR DAODR
Read/Write RIW
After reset 0

0: 0V output
Function 1 : Register values
conversion

i—» D/AOUTPUT

0 | 0V output
1| S verion outout
D /A Converter conversion register 0 —
7 6 5 4 T 1 0
DAREGO | bit Symbol —
Read/Write w
After reset 0
Function Register write : D/A conversion start — D/A-0 output
D/A Converter conversion register 1 ]
7 6 5 4 3 2 1 0
bit Symbol —
Read/Write w
After reset 0
Function Register write : D/A conversion start —> D/A-1 output

\

This register become D/A converter digital input data.
Relations of register values and output voltage.
Output V = AVCC x N/256 (N =register values)

Note : After release in HALT order, it is output of voltage values in formerly
HALT. Also HALT mode except stop mode continues to be output of
conversion voltage in register values without relation HALT order.

Figure 3.14 (2). D/A Converter Related Register
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3.14.1 Operation

If built-in D/A converter is D/A converter drive register DADRV
<DA1DR, DAODR> to “1”, D/A converter conversion register
DAREG1, DAREGO changes values from digital to analog,
and then it is output in conversion voltage from D-A1, D-AO
pin. Relate input data with output voltage shows Figure 3.14
2).

Reset operations is reset <DA1DR, DAODR> to “0”, from
D-A1, D-AO pin is output “OV” also both DAREG1 and

DAREGQ is reset “00H”, therefore, if it set DADRV to “1” after
reset, it will output “AVCC/4” (Explanation of Figure 3.14).
When D/A converter is in use, register write DADRV to “1” the
using channel. Future, if it write input data in the DAREG, it is
output applicability analog values.

Moreover, if it is practice HALT order after nomination in
the STOP mode (WDMOD <HALTM1, 0> = 0,1), from D-AQ,
D-A1 pin without relation values DADRYV, DAREG is output
“ov”.
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3.15 Watchdog Timer (Looping Detection Timer) 3.15.1 Configuration

The purpose of the watchdog timer (WDT) is to detect the start The TMP90CMB36F multiplexes the watchdog timer output
of CPU misoperation due to noise, etc., and bring it back to (WDTOUT) and P80 (pin 30). P80 (output port) is switched to
normal. the WDTOUT pin and RESET is returned inside the chip by

setting bit WDMOD <RESCR> = “1” of the watchdog timer
mode register at address #FFDOH to “1”.
Figure 3.15 (1) shows the WDT block diagram.

P8O data
1 P80 __
WDTOUT (WDTOUT)
] Q) e— WOMOD
RESET Internal ruset WDMOD <RESCR> <RESCR>
P38CR
INTWD : INTWD Watchdog timer <WDTOUTC>
womop —> enable out control
Selector
<WDTP1,0
Y A
CLKQUT RESIO
/2" [f2"® {22 | f/2®
- Q
Watchdog timer 22-stage
fu2| ) R S
binary counter The WDT again starts operating
Reset N immediately after the reset is
eset
canceled.
WDMOD . A .
<WDTE> Misoperation is joined internal
Reset reset.
HALT
4EH B1H
write write

Watchdog timer
control register

Internal bus

Figure 3.15 (1). Watchdog Timer Block Diagram
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The watchdog timer is a 22-stage binary counter that

uses (fc/2) as the input clock.

The binary counter outputs are 2'6/fc, 218/fc, 229/fc and

222/c. One of these outputs is used for watchdog timer output
WDTOUT.

WDTOUT outputs “0” to reset the peripheral devices

(Reset mode)

Overflow
WDT counter n @

when the watchdog timer overflows.

WDTOUT also is connected to RESET inside the
WDTOUT TMP90CMSB. In this case, WDTOUT outputs “0” in
a 32/fxtal = 2.0usec (fxtal = 16MHz2) cycle and simultaneously
resets the TMPOOCM36.

(4

S

WDTOUT (P35) I
&

7T

’ [

(internal reset)}

3.15.2 Control Registers

The watchdog timer (WDT) is controlled by two control registers
(WDMODE and WDCR).

(1)

Watchdog Timer Mode Register (WDMOD
0 Watchdog timer detection time setting (WDTP)

This is a 2-bit flag used to set the watchdog timer
interrupt time for looping (runaway) detection. This flag
is initialized to WDMOD <WDTPO, 1> = 00 by resets,
which results in a value of 216/fc [sec]. (The number of
states is approximately 32.768.)

0 Watchdog timer enable/disable control (WDTE)

This bit is initialized to WDTE = 1 by resets, which
enables the watchdog timer.

To disable the watchdog timer, it is only necessary to
clear this bit to “0” and write the disable code (B1H) to

the WDCR register. It is difficult for the watchdog timer

to be disabled by looping.

To disable the watchdog timer after it has been
enabled, it is only necessary to write “1” to the
<WDTE> bit.

7T

1-*—— 2.0 usec @16MHz —'[

0 Watchdog timer out reset connection (RESCR)

This flag is used to set whether or not the
TMP9O0OCM36 will be reset when looping is detected
and whether or not to output WDTOUT.

<RESCR> is set to “1” by reset operations; therefore,
pin 30 is set as the WDTOUT pin and connected inter-
nally to the RESET pin.

Pin 30 can be set as either the WDTOUT pin or port
pin by overwriting <RESCR>. However, caution is
required because a redundant structure is used to pre-
vent misoperation. The <RESCR> bit is linked to the
P38CR <WDTOUTC> therefore, it is always necessary
to write “1” the <WDTOUTC> when the <RESCR> bit
is overwritten.

The <RESCR> bit is set only after “1” is written to the
<WDTOUTC> and then either “0” or “1” is written to
the RESCR bit.

Writing to the <RESCR> bit automatically clears the
<WDTOUTC> to “0”; therefore, when resetting the
<RESCR:> bit, again write “1” to the <WDTOUTC>.
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‘ Reset

P80 =WDTOUT PIN I

P3FR <WDTOUTC>
Setto “1”

l

WDMOD <RESCR>
Setto 1"

P80 =PORTPIN ]

P38FR <WDTOUTC>
Setto “1”

l

WDMOD <RESCR>
Setto 1"

P80 =WDTOUTPIN

P80 (30PIN) is Set to WDTOUT pin by reset operation.

When switching P80 (30PIN) to the port pin, write “1” to
the <WDOUTC>.

P80 (30PIN) becomes the output port, and the
P38FR<WDOUTC> bit automatically turns to “0”.

Again, when switching P80 (30PIN) to WDTOUT pin,
write “1” to the <WDOUTC> .

Figure 3.15 (2). Flowchart of PBO/WDTOUT Pin Switching
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7 i 6 i 5 i 4 i 3 2 1 oo
womop | bit Symbol WDTE : WDTP1: WDTPO | WARM ; HALTM1:HALTMO: RESCR _ : DRIVE
(FFECH) | Readwrite _ R/IW _ ] Note :
Resetting Value| 1 . [ 0 : 0 0 0 0 Write a data to
1:WDT  ;WDT Detectiontime :Warming : Standby mode iWatchdog timer:1: 5TOP | thisregister
Enable | 00:218/fc i Uptime!  go.RUN ‘out control ‘Drivethe | (WDMOD)and, it
Function 01: 210 /4c e 01: $TOP i ipinevenin| can need the

10: 220/ f¢
11:222 /4

216/ fc

0:IDLE
1 =

correct value

éPm 30issetas :the STOP
from this register.

ithe WDTOUT  imode
ipinandis H
iconntected

émtemal\y to theé

;RESET pin. H
C See “3.4.4 STOP mode."”

Watchdog timer output control

P80 (30PIN) is set as the output pin.

WDTOUT is connected to RESET and P80
(pin 30) is set as the WDTOUT output pin.

Standby mode selection using the HALT

instruction

00 |RUN mode
B
e

Warming up time selection
when the STOP mode is reset

214/fc (approx. 1.3ms :

216/fc (approx.5.2ms :

Watchdog timer detection time selection

00

|218/fc (approx. 20.9ms : @12.5MHz)

"[222/f¢ (approx. 335.5ms :

216/fc (approx. 5.2ms : @12.5MHz)

220/fc (approx. 83.8ms.

Watchdog timer disable/enable control

Disable

Note: To disable the watchdog timer, it is necessary to also write the disable code to the
WDTCR register. Disable is not possible by writing to this register alone.

Figure 3.15 (3). Watchdog Timer Mode Register
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(2)

WOMOD ¢ 0 ~ - = - -
WOCR « 1011000

Watchdog Timer Control Register (WDCR)

This register enables and disables the watchdog timer,
and clears the binary counter.

¢ Disable control

The watch timer is disabled by clearing WDMOD
<WDTE> to “0” and then writing the disable code
(B1H) to the WDCR register.

Clears <WDTE> to “0"
Writes the disable code (B1H)

>
L4

e Enable control
Set WDMOD <WDTE> to “1”.

e Binary counter clear control

WOCR« 01001110 Writes the clear code (4EH).

The binary counter is cleared and restarts counting
when the clear code (4EH) is written to WDCR.

7 6 5 4 3 2 1 0
WDCR | bitSymbol -
(FFEDH) Read/Write
Resetting Value) -
Function B1H: WODT Disable Code 4EH: WDT Clear Code

1%, Watchdog timer disable and clear

B1H Disable code
4EH Clear code
Other than
the above

Figure 3.15 (4). Watchdog Timer Control Register
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3.15.3 Operation

The watchdog timer is a timer that outputs “0” level from the
watchdog timer output pin (WDTOUT) after the detection time
set with WDMOD <WDRP1, 0> elapses. The watchdog timer
binary counter is cleared to “0” before an overflow occurs. If
the CPU misoperates (loops) due to noise, etc., the binary
counter will overflow unless the parity counter clear instruction
is executed. The CPU can be returned to normal operation by

resetting internally. A reset can be applied to both the
TMP90OCM36 and CPU by connecting the WDTOUT pin to the
RESET pins of the peripheral devices.

The watchdog timer again starts operating immediately
after the reset is canceled.

The watchdog timer stops during the IDLE mode and
STOP mode and operates during the RUN mode. The watch-
dog timer can also be disabled when entering the RUN mode.

Example: D Clears the binary counter.

WCR « 01001110

Writes the clear code (4EH).

@  Setsthe watchdog timer detection time to 218/fc

WOMOD « 1 01 - - - X X

@  Disables the watchdog timer.

WOMOD « 0 - - - - - X X
WOCR « 10110001

@  Sets the IDLE2 mode.

WOMOD « 0 - - - 11X X
WDCR « 10110001
Excute HALT instruction.

Clears <WDTE > to “0”.
Writes the disable code B1H.

Disables WDT and sets the IDLE mode.
Sets the standby mode.

®  Setsthe STOP mode (warmup time = 215/f¢)

WOMOD ¢ - - - 101X X

Sets the STOP mode.

Excute HALT instruction. Sets the standby mode.
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4. Electrical Characteristics

TMPOOCM36F/TMPO0CM36T

4.1 Maximum Ratings

Symbol Item Rating Unit
Vee Power supply voltage 05~+7 \
Vi Input voltage -0.5~Vgp+05 v
oL Output current (Total) 100 mA
Y104 QOutput current (Total) -70 mA
Py Power dissipation (Ta = 85°C) P30

T 600 mwW

TsoLper Soldering temperature (10sec) 260
Tstg Storage temperature -65 ~ 150 °C
Topr Operating temperature -20~70 °C

4.2 DC Electrical Characteristics

Ve =5V +10%, TA =-20 ~ 70°C (1 ~ 16MHz)
Typical Values are for TA = 25°C, V¢ = 5V.

Symbol Item Min Max Unit Conditions
ViL Input Low Voltage (P0) -0.3 0.8 % -
Vi P1, P2, P3, P4, P5, P5, P6, P7 03 0.3Vge v -
Vi RESET, P81 (INTO), P82 (STBY) 03 0.25Vee v -
Vit EA -03 03 v -
Vi X1 -0.3 0.2Vg v -
Vi Input High Voltage (P0) 22 Voo +0.3 V -
Vit P1, P2, P3, P4, P5, P5, P6, P7 0.7Vgg Vee+03 | Vv -
Vit RESET, P81 (INT0), P82 (STBY) 0.75V¢g Ve +0.3 v -
Vig A Vee-0.3 Veg+03 |V -
Vina X1 0.8Vce Vee+03 v -
VoL Output Low Voltage - 0.45 Vo | lg =1.6mA
Vo 24 - V| lgy=-400pA
Vou Qutput High Voltage 0.75V¢e - V| lpy=-100pA
Voro 0.9Vgg - V| gy =-20pA
oo | ropmmg S B R L
I Input Leakage Current 0.02 (Typ) +5 PA | 0.0=VinsVgg
llo Output Leakage Current 0.05 (Typ) +10 PA | 02<VingVgp-02
I Operating Current (F%Ul\ll()jIe 1355 ((TT);%)) 550 m toeo = 16MHz
cc "
ggi gﬁ ; 02? 501%)0) 0.2 (Typ) ;‘g ﬁ 02<Vin< Vg - 02
T IR
ResT RESET Pull Up Register 50 150 KQ -
Clo Pin Capacitance - 10 pF | testfreq = IMHz
Vg Schmitt wicth (RESET, P81, P82) 0.4 1.0 (Typ) v -

Note: IpaR is guaranteed for up to 8 optional ports.
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4.3 AC Electrical Characteristics

Vee =5V +10% TA =-20 ~ 70°C (1 ~ 16MHz)

Variable 12.5MHz Clock 16MHz Clock
Symbol Item Unit
Min Max Min Max Min Max

tosc Oscillation cycle (= X) 62.5 1000 80 - 62.5 - ns
taL AD ~ A7 effective address — ALE fall 0.5x-15 - 25 - 16 - ns
tia ALE fall . AQ ~ A7 hold 05x-15 - 25 - 16 - ns
tLe ALE pulse width x-40 - 40 - 23 - ns
tie ALE fall - RD/WR fall 0.5x- 30 - 10 - 1 - ns
to RD/WR rise - ALE rise 0.5x-20 - 20 - 1 - ns
tacL AO ~ AT effective address - RD/WR fall X-25 - 55 - 38 - ns
tach Upper effective address - RDAWR fall 1.5x-50 - 70 - 4 - ns
toa RD/WR fall - Upper address hold 05x-20 - 20 - 11 - ns
tant AO ~ A7 effective address - Effective data input - 3.0x-35 - 205 - 153 ns
tanH Upper effective address — Effective data input - 3.5% - 55 - 225 - 164 ns
tho RD fall - Effective data input - 2.0x- 50 - 110 - 75 ns
- RD Pulse width 2.0x- 40 - 120 - 85 - ns
tp RD rise - Data hold 0 - 0 - 0 - ns
trae RD rise - Address enable x-15 - 65 - 48 - ns
o WR pulse width 2.0x- 40 - 120 - 85 - ns
tow Effective data - WR rise 2.0x - 50 - 100 - 65 - ns
two WR rise —. Fffective data hold 0.5x-10 - 30 - 21 - ns

AC Measuring Conditions

e Qutput level:  High 2.2V/Low 0.8V,C|_ = 50pF

(However, CL = 100pF for ADO ~ 7, A8 ~ 15, ALE, RD, WR)
* Input level High 2.4V/Low 0.45V (DO ~ D7)
High 0.8Vc/Low 0.2V (excluding ADO ~ AD7)
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4.4 A/D Conversion Characteristics

Vg =5V +10% TA = -20 ~ 70°C

f=1~16MHz
Symbol Parameter Condition Min Max Unit
AVCC Analog reference voltage Vee-1.5 Vee Vee
Asnp Analog reference voltage Vss Vss Vss Vv
Van Analog input voltage range Vss - Vee
IRer Analog reference voltage power supply current - 05 1.0 mA
Error Total error _ _ 10
(Quantize | (TA=25°C, Vce = Vggp = 5.0V) ’
error of £0.5 LSB
LSBnot | Total error - - 25
included)

4.5 Timer/Counter Input Clock (TI2, TI4)

Ve = 5V £ 10% TA = -20 ~ 70°C

f =1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol ltem Unit
Min Max Min Max Min Max
tyck Clock cycle 8x+100 - 740 - 600 - ns
tyokL Low clock pulse width 4x+40 - 360 - 290 - ns
tyokn High clock pulse width 4x +40 - 360 - 290 - ns

4.6 Interrupt Operation

Ve = 5V = 10% TA = -20 ~ 70°C

f=1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol ltem Unit
Min Max Min Max Min Max

INTO Low level pulse width

thTAL 4x - 320 - 250 - ns
INTO High level pulse width

thTAH _[_L__ 4x - 320 - 250 - ns
INT1, INT2 Low level pulse width

thTBL _1—[_ 8x+ 100 - 740 - 600 - ns
INT1, INT2 High level pulse width

thTBH ,_[_L___ 8x +100 - 740 - 600 - ns
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4.7 D/A Conversion Characteristics (VCC = 5V, VSS = AVSS = 0V)

Ve = 5V  10% TA = -20 ~ 70°C

f=1~16MHz
Symbol Item Min Typ Max Unit
- Analysis ability - - 8 Bits
- Absoluteness accuracy (VCC = AVCC = 5V) - - 1.0 %
tsy Establishment time - - 3 13
Ro Output resistance 1 2 4 kQ
Vavss Analog power supply voltage - 0 -
VDAVREF Analog power supply voltage 4 - Ve v
IDAVREF Reference power supply input current 0 2.5 5 mA
4.8 Serial Channel SIO1 Timing - I/0 Interface Mode
(1) SCLK1 Input Mode
Ve =5V +£10% TA =-20 ~ 70°C
f =1~16MHz
Variable 12.5MHz Clock 16MHz Clock
Symbol ltem Unit
Min Max Min Max Min Max
tscy SCLK1 cycle 16x - 1.28 - 1 - 18
toss QOutput data — Rising edge of SCLK tsoy/2 - 5x - 50 - 190 - 137 - ns
tons SCLK1 rising edge — Output data hold 5x-100 - 300 - 212 - ns
thsr SCLK1 rising edge — Input data hold 0 - 0 - 0 - ns
tsrp SCLK1 rising edge — Effective data input - tsgy - 5x - 100 - 780 - 587 ns
(2) SCLK1 Output Mode
Variable 12.5MHz Clock 16MHz Clock
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle (programmable) 16x 8192x 1.28 655.4 1 512 13
toss QOutput data setup - SCLK rising edge tsoy - 2% - 50 - 970 - 725 - ns
tons SCLK rising edge — Output data hold 2x - 80 - 80 - 45 - ns
thsr SCLK rising edge — Input data hold 0 - 0 - 0 - ns
tsro SCLK rising edge — Effective data input - tsoy - 2x- 150 - 970 - 725 ns
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4.9 Serial Channel SIO2 Timing
Ve =5V £10% TA =-20 ~ 70°C

f = 1~16MHz
10MHz Clock VariableClock
Symbol ltem Condition Unit
Min Max Min Max
) ) Internal 800 12800 8x 128x
tscr Serial port clock cycle time — — T ns
xterna - X -
) Internal * * * *
tsoL SCLK2 Low width Eeal - - - - ns
xterna
o Internal * * * *
tscH SCLK2 High width r— " " " " ns
xterna
SCLK2 - TXD2 (Output data) Internal * - * -
tskpo delay time Exormal " ~ " ~ ns
SCLK2 Rising edge to input Internal * - * -
sRD data valid [~ Fyorma . - ; - ns
Input data hold after SCLK2 Internal * - * -
tsm rising edge External P — * _ ns
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4.10 Timing Chart

X1

CLK

Ag~15

ADg~7

ALE

ADg~7

ALE

tADH
1aDL
b-t--d Aos J----- { tor N F----4
A tHR .
CA
d —_—
f tALI tic tcL
tacL ¢
tACH tRD RAE
—
tRR ]
——————— = Dg-7 OUT F- -+
1 t
L DW. WD
; { tic e
tact
—
tww
1Y
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4.11 Serial Channel SIO1 I/O Interface Mode Timing Chart

| tscy |
[ i
SCLK1 [ | | | I I_
toss tOHS‘

Output%a[‘;? \ 0 X . X 5 X 5 >(

tsrp | ‘ tHsr

Input Data X VALID X X VALID X X VALID X X VALID )C

4.12 Serial Channel SIO2 Timing Chart

EXTERNAL

tscL | tscH |
SCLK2 R A L /
TXD2 X
(OUTPUT DATA) R :

P rvre— SRD

RXD2 X _vaLp X X VALID
(INPUT DATA)
INTERNAL

tscy

tscL tscH
SCLK2 \ i § / \
tskpo
TXD2 N X X
(OUTPUT DATA)
tsrD
tHsR

RXD2 VALIDX X VALIDX
(INPUT DATA]
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A/D Converter Control
Interrupt Control

5. Special Function Register List (6)  HDMA Control

The special function registers (SFR) are the input/output ports, (7)  WDT Control

peripheral control registers. These SFR are assigned to 96- (8)  Serial Channel Control

byte address areas from OFFAOH to OFFFFH. @  Time Base Counter Control

(1) Input/Output Port (1 (1)) 'glrm?g PélsetG(lanerann Control
(2)  Input/Output Port Control (1 2) D?: ére Or: o

(8  Timer/Event Counter Control (12) onverter

@) (13) PWM Control

()

Table configuration

Symbol Name Address |7 6 : /( P10
i H i —bit Symbol
\\ i —Read / Write
H o —>initial value after reset

}F —»Remarks
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TMP90CMS36 Special Function Register List

Address Symbol Address Symbol Address Symbol
FFAQ PO FFBO P5FR FFCO TPGREG1
FFA1 POCR FFB1 P7FR FFC1 CAPFST
FFA2 P1 FFB2 P2FR FFC2 CAPREGO
FFA3 P1CR FFB3 PAFR FFC3 CAPREG1
FFA4 P2 FFB4 FFC4 CAPREG2
FFAS P2CR FFBS TBMOD FFC5 CFREG
FFAG P3 FFB6 TBCDO FFC6 TREGO
FFATY P38CR FFB7 TBCD1 FFC7 TREG1
FFAB P4 FFB8 TBCD2 FFC8 TREG2
FFA9 P4CR FFB9 TPCREGO FFC9 TREG3
FFAA P5 FFBA TPGDOO FFCA TO1MOD
FFAB P5CR FFBB TPGDO1 FFCB T23MOD
FFAC P6 FFBC TPGREGO FFCC TFFCR
FFAD P7 FFBD TPCREG1 FFCD TRDC
FFAE P7CR FFBE TPGD10 FFCE TRUN
FFAF P8 FFBF TPGD11 FFCF CAP1UTREGAL

Address Symbol Address Symbol Address Symbol
FFDO  |CAPTH/TREG4H FFEQ IRFO FFFO SUBUFO
FFD1 CAP2LTREGSL FFEY IRF1 FFF1 BRGCRO
FFD2  |CAP2M/TREGSH FFE2 IRF2 FFF2 SCMOD1
FFD3 TAMOD FFE3 INTEO FFF3 SCCR1
FFD4 TAFFCR FFE4 INTE1 FFF4 SCBUF1
FFD5 {Reserved) FFES INTE2 FFF5 BRGCR1
FFD6 ADCH FFE6 (Reserved) FFF6 SCMOD2
FFD7 ADMOD FFE7 (Reserved) FFF7 SCBUF2
FFD8 ADREGO4 FFE8 DMAVO FFF8 DADRV
FFD9 ADREG15 FFE9 (Reserved) FFF9 DAREGO
FFDA ADREG26 FFEA (Reserved) FFFA DAREG1
FFDB ADREG37 FFEB DMAV1 FFFB PWDRO
FFDC FFEC WDMOD FFFC PWDROB
FFDD FFED WDCR FFFD PWDR1
FFDE FFEE SCMODO FFFE PWDR1B
FFDF (Reserved) FFEF SCCRO FFFF
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(1) 1/0 Port

MSB LSB
Symbol Name Address 7 6 5 : 4 : 3 : 2 1 0
P07 PO POS i P04 i P03 | P02 PO1 POO
PO Port0 | FFAOH RIW
Input mode
P17 P16 PIS i P14 L P13 i P12 P11 P10’
P1 Port1 | FFAZH RIW
Input mode
P27 P26 P2s | P4 | P23 i P22 P21 P20
P2 Port2 | FFA4H RIW
Input mode
— - — b = e L pm P31 P30
P3 Port3 | FFAGH
0 — — 1
Paz Pag Pas  : pas . P43 i Pa2 P4t P40
P4 Port4 | FFASH RAW
Input mode
P57 P56 PSs i ps4 i Pps3 i ps2 P51 P50
PS5 Port5 | FFAAH RIW
Input mode
P67 PE6 P65 : P64 i P63 : P62 P61 P60
R
PG Port6 | FFACH
Input only
Shared with analog input pin (ANO~AN7)
P77 P76 P7s i P74 i P73 i P72 P71 P70
P7 Port7 | FFADH RIW
Input mode
— — — i — i P83 i pa2 P81 P80
P8 Port8 | FFAFH
0 — - 1
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(2) 1/0 Port Control (1/2)

MsSB Lse
Symbol Name Address 7 6 5 4 3 2 1 0
PO7C PO6C POSC POAC | PO3C i PO2C POIC POOC
FFATH H
Port 0 w
POCR | Control 0
Register (‘RMW
disable) 0: IN 1: OUT (I/O selected bit by bit)
EFA3H P17C P16C P15C P14C P13C : P12C P11C P10C
Port 1 W
P1CR | Control R : H
Register | (RMW 0 0 0 o i 0o i © 0o i 0
disable) 0:IN 1: OUT (1O selected bit by bit)
FFASH P27C P26C P25C P24C P23C : pP22C P21C P20C
Port 2 W
P2CR | Control g T
Register (RMW 0 0 0 0 : 0 : 0 0 0
disable) 0:IN 1: OUT (I/O selected bit by bit)
P27TPG P26TPG P25TPG P24TPG —_ — P27M P24m
RAW R/W R/W
0 O I 0 o i 0 0
PG ‘PG iTPG TPG {0:5etTPG17 [0:5etTPG17
output ‘output  ioutput  ioutput { toINTTPG1 i toINTTPG!
Port 2 select ‘select iselect iselect i 1:Enable ‘Enable
P2FR |Function | FFB2H |0: TPGO7 (0:TPGO6 :0: TPGOS :0: TPGO4 TPGOdor | TPGO4or
Register output : output : output : output TPG17 TPG17
1:TPG14 (1:TPG15 i1:TPG16 :1:TPG17
output : output : output : output
Validness\: if Validness\:
when when | H
<P27M> <P2aM> i <p277PG >\ if <P24TPG>
=1 =1 setting [ i\ setting
ALEE STBYS | PWMIS | PWMOS P33C P32C {WDTOUTC: RDE
RAW w RIW RWD W W Wi RW
FFATH * *
0 0 o i 0o i o0 0o i 0
ALE ‘P82 ‘P33 P32 00N ;P80 ‘RD
Port 3/8 : : : : : :
control i control i control i control $1:0UT : control ; control
P38CR | Control 0:Port  0:Port i1 : (/0 selected bit by bit) : 0: Disable : 1: Always
Register (RMW | 1: ALE {1:5TBY : {1: Enable RD
disable) ’ i : output
: (When
<EXT>=
)
(Note)  Read/Write
RAW Either read or write is possible
R Only read is possible
w Only write is possible
prohibit RMW Prohibit Read Modefy Write (Prohibit RES / SET Instruction etc.)
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(2) 1/0 Port Control (2/2)

MSB LSB
Symbol | Name | Address 7 i 6 i s i 4 i 3 2 1 0
FFAGH PATC 1  P4BC PASC | P4AC i PA3C Pa2c P41C PA0C
Port4 W
P4CR | Control T
) (RMW 0 0 0 0 0 0 0 0
Register )
disable) 0:IN 1: 0UT
CAP3E CAP2E : CAPIE CAPOE : CAP3S CAP2S i CAP1S CAPOS
RAW : RAW
Port 4 o : o 0o = 0 i 0 o i 0 : 0
P4FR |Function | FFB3H : : : : : :
Register Capture input control Capture edge detection control
0: Disable 0: 1 rise
1: Enable 1: | fall
FEABH PSTC  PS6C PSS5C P54C PS3C : Ps2C P51C P50C
Port5 w
PSCR | Control T T T ; : -
f (RMW 0 : 0 : 0 : 0 : 0 0 : 0 : 0
Register . : : : H : H :
disable) 0:1N 1: OUT (Select 1/0 on bit basis)
EXINE — D wamct | waitco | Toss 1045 T3S TO1S
RIW PORwW RAW RIW
o P00 i 0 i o i o i 0
Ports : : = : : : :
PSFR |Function | FFBOH |P30 i Wait control i P52 i P51 i P57 ;PSS
Register control £00: 2 State Wait icontrol  icontrol  icentrol  icontrol
0: Port £01: Normal Wait i0:Port  i0:Port  0:Port  :0:Port
1: EXIN £10: Non Wait i1:TO5 i1:TO4 i1:TO3 (1:TO1
1 1: — H H H
FEAEH P77C P76C P75C p7AC | P73C p72C P71C P70C
Port7 W
P7CR | Control T T T T T T
) (RMW 0 : 0 : 0 : 0 : 0 0 : 0 i 0
Register ) : : : : : :
disable) 0:1N 1: OUT (Select I/0 on bit basis)
ODE2 TXDC2 SCLKC2 ODE1 TXDC1 SCLKC1 ODEO TxDCO
RAW
o i 0 0 0 0
Port 7 0 : 0 : L : - : ‘ :
P7FR |Function | FFB1H |P77 P77 iP76 P74 P74 P73 P71 P71
Register 0:CMOS :control  icontrol  0:CMOS icontrol icontrol icontrol control
1: Open [ 0:Port i 0: Port i1:Open :0:Port :0: Port 10: CMOS i 0: Port
Drain  :1:T«D {1:SCLK © Drain (1:TxD {1:SCLK i1:Open  ;1:TxD
: output output : : output output Drain output
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(3) Timer/Event Counter Control (1/3)

MSB LSB
Symbol | Name | Address 7 . & i s i a4 i .3 2 i 1 0
FFC6H -
8Bit Timer
TREGO (RMW w
Reg. 0 .
disable) Undefined
o FFC7H —
8Bit Timer
TREG1 (RMW W
Reg. 1 X
disable) Undefined
L FFC8H —
8Bit Timer
TREG2 (RMW hid
Reg. 2 .
disable) Undefined
o FFCOH —
8Bit Timer
TREG3 (RMW w
Reg. 3 X
disable) Undefined
TOIMA TOTMO | PWMO1 | PWMOO : TICLK1 | TICLKO | TOCLK1 i TOCLKO
RIW RIW RAW RIW
Timero, 1 o i 0 0o i o 0 i 0 o i 0
101MOD) Mode FFCAH 00: 8Bit Timer 00: — 00: TOOTRG 00: —
Register 01: 16Bit Timer 01: 26— 1 PWM 01: ¢T1 01: ¢T1
10: 8Bit PPG 10: 27 - 1 Cycle 10: 4T16 10: 4T4
11: 8Bit PWM 11: 281 11: ¢T256 11: ¢T16
T23M1 ¢ T23MO0 | PWM21 | PWM20 | T3CLK1 | T3CLKO i T2CLK1 i T2CLKO
RAW : RAW RAW : RAW
Timer2, 3 0 0 0 : 0 0 0 0 0
23MOD|Mode FFCBH 00: 8Bit Timer i  00: — { 00: TO2TRG {00:TI2
Register 01: 16Bit Timer 01: 261 01: ¢T1 01: ¢T1
10: 8Bit PPG 10: 27 -1 10: ¢T16 10: 474
11: 8Bit PWM 11:28-1 11: $T256 11: T16
FF3C1 FF3CO FF3IE FF3IS FF1IC1  © FF1CO FF1IE FF1IS
w RW w : RAW
— : H : — : 0 : 0
8 bit Timer : 0 ; 0 ; : -
Flip-Flop 00: Invert TFF3  :1:TFF3  :0: Inverts 00: Invert TFF1 i 1:TFF1 10: Inverts
TFFCR | control | FFECH 01:Set  TFF3 Invert  by8bit i 01:Set  TFFI ivert | byB-bit
Register 10: Clear TFF3 Enable : Timer 2 10: Clear  TFF1 : Enable : Timer 0
11: Don'tcare i 1: Inverts 11: Don'tcare i1:Inverts
{oby ©oby
Timer 3 i i Timer1
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(3) Timer/Event Counter Control (2/3)

MSB LS8
Symbol | Name | Address 5 4 3 i 2 i1 i
Timer Reg. TR4DE : TR2DE { TRODE
Double RIW
TRDC | Buffer FFCOH o i o i o0
Con‘trol : Doble Boffer Disable
Register i 1: Doble Boffer Enable
— PRRUN | T4RUN | T3RUN | T2RUN : TIRUN | TORUN
R/W
Timer Run T T H H H
TRUN | Control FFCEH ° : 0 . 0 i 0 I
Tegister Prescaler & Timer Run / Stop Control
0: Stop & Clear
1: Run (Count up)
CAPIL FFCFH R
Capture Undefined
Reg. 1 —_
CAPIH FFDOH R
Undefined
CAP2L FFD1H R
Capture Undefined
Reg. 2 —_
CAP2H FFD2H R
Undefined
FFCFH —
TREGAL (RMW w
16Bit disable} Undefined
Timer
FFDOH _
Reg. 4
TREG4H (RMW w
disable) Undefined
FFD1H -
TREGSL (RMW w
16Bit disable) Undefined
Timer
FFD2H -
Reg.5
TREGSH (RMW w
disable) Undefined
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TMP90CM36

(3) Timer/Event Counter Control (3/3)

MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
CAP2TS : EQS5TS CAP1IN CAPM1 CAPMO CLE T4CLK1 T4CLKO
o f o i 1 i o i o i o i o i o
) TFF5 inversion trigger 0: Soft- Capture timing 1 ucie Timer 4 Clock
16 bit 0: Disable Capture : 00: Disable Clear :00: Tl4
Tamon | e FED3H | 1: Enable {1:Don’t | INTI rise edge Enable (01: 4T1 (8/c)
Mode care  01:TI4] TIST (10: ¢T4 (3200)
Register §INT1 rise edge P11 T16(128/6¢)
(10: TIAT TI4) H
§INTH fall edge
SN TFR1IY TFF1
INT1 rise edge
TFFSC1 | TFFSCO | CAP2T4 | CAPIT4 | EQS5T4 EQ4T4 TFFC1 | TFF4CO
w RIW w
- L = o io o io i
16 bit 00: Invert TFF5 : TFF4 inversion trigger 0: Invert TFF4
Timer F/F 01: Set TFFS 0: Disable Trigger 1: Set TFF4
TAFFCR | ntrol | TP L10: Clear  TFFS  1: Enable Trigger 0: Clear TFF4
Register 11: Don'tcare ! Invert  Invert {Invert 1: Don't care
¥ Alwayssetat “11” i when { when i when ¢ Always setat 11"
when read out. capturing capturing matching when read out.
VCvalue :VCvalue :VCwith
{into CAP2 :into CAP1 | TREGS
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TMP90CM36

(4) A/D Converter Control

MsSB LSB
Symbol Name Address 7 6 5 4 3 : 2 1 0
A/D
Control
ADCH FFD6H
Select :
Register 0: ANO~3
: : ; i1: AN4~7
EOCF : ADBF REPET | SCAN | ADCS | ADS ADCH1 | ADCHO
AD R RW | RW i RAW RAW
Converter : 0 : 0 3 0
ADMOD : FFD7H 0 o 9 L 0
Mode 1: END 1 1:Repeat :1:5can 1 Low :1: START Analog Input
Register Mode : Mode speed Channel Select
Set Set mode
AD
Result R
ADREG04 . FFD8H
Register Undefined
CHO, 4 A/D conversion result of channel 0 or channel 4 is stored
A/D
Result R
ADREG1S ] FFD9H .
Register Undefined
CH1.5 AJ/D conversion result of channel 1 or channel 5 is stored
AD
Result R
ADREG26 . FFDAH
Register Undefined
CH2.6 A/D conversion result of channel 2 or channel 6 is stored
A/D
Result R
ADREG37 . FFDBH -
Register Undefined
CH3,7 A/D conversion result of channel 3 or channel 7 is stored
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TMP90CM36

(5) Interrupt Control

MsB LS8
Symbol Name Address 7 6 5 4 : 3 2 1 0
IRF3 IRFZ  IRF1 | IRFAD | IRFTPG1 . IRFTPGO | IRFCAP IRFO
FFEOH R (Only IRF clear code can be used to write)
RFO 0 o i 0o i 0 o i o i o0 0
(RMW Interrupt Request Flag
disable) 1: Interrupt being requested
(IRF is cleared to "0" by writing IRF clear code)
EXF — 1 IRFTS IRFTA | IRFT3 © IRFT2 IRFT1 IRFTO
R { R
Interrupt | FFETH | {ngefined | 0 0 o i o0 0 0
Regist H
IRF1 EXX
Flang &
IRF Cgl (RMW instruction
ear )
disable) | geyerses 1: Interrupt being requested
each time
executed :
EXT — IRFTX2 IRFRX2 IRFTX1 IRFRX1 IRFTX0 IRFRX0
w : R
FFE2H r
0o 0 0 0 0 0 0
IRF2 (RMW P1 control
. 0: VO Port : .
disable) ; 1: Interrupt being requested
1: Address :
RD, WR |
IE3 : IE2 1E1 IEAD IETPG1 IETPGO IECAP 1E0
INTEO FFE3H ; 5 T 5 T o S o T o 5
0: Disable 1: Enable
Interrupt — — i IETS | IET4 €T3 1 IET2 1 IETH IETO
Enable : RIW
INTEY |Mask FFE4H g : 7
Register 0 : 0 0 : 0 : 0 0
Q: Disable 1: Enable
— EDGE IETX2 IERX2 IETX1 | IERXT IETXO IERX0
RW RIW
INTE2 FFESH T o 1 o o ¢ o | o 0
0: Disable 1: Enable
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TMP90CM36

(6) HDA Control

MSB LSB
Symbol Name Address 7 6 : 5 : 4 3 2 1 0
HOMA DVO07 DVO6 | DV0O5 : DV04 DVO03 DVO02 DVO1 DVO00
Vecter
DMAVO . FFE8H
Register H
CHO 0 0 : 0 H 0 0 0 Q 0
HDMA DVi7 DVIE : DVI5  DVi4 DVi3 i DVI2 IR DV10
Vecter
DMAV1 . FFEBH
Register
CH1 0 0 0 0 0 0 0 0
(7) WDT Control
MSB LSB
Symbol | Name | Address 7 6 . 5 4 3 L2 1 0
WDTE WDTP1 WDTPO WARM : HALTM1 HALTMOQ RESCR DRIVE
RAW RAW RIW R/W
1 o i 0 o i 0o i 0 1 0
Watch 1: WDT WDT dctecting Time | Warming ;| Standby mode Watchdog |13: STOt:
X i ) timer out rive the
Dog Enable 00: 276/f¢ Up mode 00: RUN control pin evenin
 VDMOD| Timer EFECH 01: 218/f¢ 0: 214/fc 01: STOP 1: P80 is set [the STOP
Mode 10: 220/f¢ 1: 216/fc 10: IDLE as the mode
Register 11: 222/c 11 — WDTOUT
pinand is
conntected
internally
to the
RESET pin.
Watch
Dog FFEDH
WDCR | Timer (RWM
Control disable)
Register B1H: WDT Disable Code 4EH: WDT Clear Code
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TMP90CM36

(8) Serial Channel Control (1/2)

MSB LSB
Symbol Name Address 7 : 6 5 4 3 2 1 : 0
TBBO i Fixedto 0" | RXEQ wWuo SMO SMO00 $C10 5C00
RW
Serial defined | : : : ; H
e cvaDo Channal 0 e Undefine 0 0 0 ; 0 i ° 0 : 0
o Mode FFEEH | Transmissi i 1: Receive : 1: Wake 00: — 00: TOOTRG
Register on bit-8 { Enable Up 01: UART 7Bit 01: BRG Mode
data Enable 10: UART 8Bit 10: g1
11: UART 9Bit 11—
RB80 EVENO PEO OERRO PERRO FERRO — : —
R R/W R (Cleared to “0" by reading)
Serial Undefined | : : :
sccno Channal 0 ndefine 0 0 ; Q : 0 : 0
CCR Control FFEFH | git of : Parity 1: Parity 1: Error
Register receiving :0: Odd Enable : Overrun Parity Framing
data i1: EVEN :
. RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial
Channal 0 87 186 8BS :  TB4 | TB3 [ TB2 81 T80
SCBUFO FFFOH
Buffer R (Receiving) / W (Transmission)
g
Register Undefined
Fixedto "0” RAW BG10 BGOO PS30 Ps20 PS10 PS00
Serial RIW RIW
Channal 0 0 0 0 : 0 : 0 0 0 0
BRGCRO |Baud Rate FFF1H 1:CTS 00: fcia
Generater Enable 01: fe/16 Divided frequency from prescaler
Contral 10: fe/6a
11: fo/256
TB81 Fixedto "0" i RXE1 wWu1 SM1 SMO1 sCit SCo1
R/W
Serial T B : B :
Undefined : 0 0 : 0 : 0 : 0 0 : 0
Channel 1 : H H : : :
pCMOD1 Maode FFFZH | ransmissi : 1 1: Receive : 1: Wake 00: 1/0 Interface 00: TO2TRG
Register on bit-8 Enable Up 01: UART 7Bit 01: BRG Mode
data Enable 10: UART 8Bit 10: ¢1
11: UART 9Bit 11—
RB81 EVEN1 PE1 QERR1 PERR1 FERR1 SCLKCY 10C1
R RAW R (Cleared to “0" by reading) RAW
Serial : : - - - -
Undefined 0 : 0 : 0 : 0 : 0 0 : 0
Channel 1 : ; H : : :
SCCRT | ontrol FFF3H lRitof  iparity | 1:Parity 1: Error [0:SCLKT 10: SCLK1
Register receiving :0: Odd Enable EOverrun Parity i Framing N _I}W ) ¢ output
data 11 EVEN ; : P1:SCLKT ©1:SCLK
: ::( B } : input
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TMP90CM36

(8) Serial Channel Control (2/2)

MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
Serial OFFFaN RB7 RB6 | RBS RB4 RB3 | RB2 RE1 RBO
Channel 1 87 TB6 TBS i TB4 . TB3 i TB2 TB1 TBO
SCBUF1 —
Buffer (RMW R (Receiving) / W (Transmission)
Register | disable) Undefined
Fixed to "0"; BG11 BGO1 i PS31 PS21 PS11 PSO1
Serial RW
Channel 1 0 0 : 0 0 0 : 0 0
BRGCR1 {Baud Rate  FFFSH 00: fya Divided frequency from prescaler
Generater 01: f/16
Control 10: f/64
11: fc/256
FFsI SMD1 SMDO SIFT CLK1 CLKSO SCKS2 SIOE
R RAW RAW RAW R/W RAW
. 1 o i 0 0 o i 0 0 0
Serial : B : : : ; ;
Channel 2 0: Busy  Transmission mode i TransferSift {  Transfer spead iTransfer  : Transfer
PCMOD2 Mode FFF6H 1. Stop 00: RESET :0: Rising 00: fc/a ($T0) Eclock zcontrui
Register £ 01: trsnsmission ! edge 01: fu8 (¢T1) :0: Internal : 0: Disable
i 10: receives i1: Falling 10: f/32 (¢T4) clock  i1:Enable
11: trsnsmission and edge : 11: fc/128($T16) 1 External :
: receives i clock
. RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO
Serial FFF7H
Channel 2 87 T86 85 T84 B3 B2 81 T80
SCBUF2 (RMW — e
Buffer disable) R (Receiving) / W (Transmission)
. isable;
Register Undefined
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TMP90CM36

(9) Time Base Counter Control

MSB LSB
Symbol Name Address 7 6 : 5 4 3 : 2 1 : Q
INTS2 INTS1 | INTTBC22 | INTTBC21 : INTTBC20 | INTTBC12 | INTTBC11 | INTTBC10
RAW
Time Base o 0 o o0 i 0 o ¢ o i o0
TBMOD Counter FFBSH 00: Disable TBC Interrupt select TBC Interrupt select
Mode 01: INTTBC1 000: TBC12 100: TBC20 000: TBC11 100: TBC19
Register 10: INTTBC2 001: TBC14 001: TBC13
11: Both 010: TBC16 010: TBC15
011: TBC18 011: TBC17
. TBCD?7 TBCD6 TBCDS5 TBCD4 TBCD3 TBCD2 : TBCD1 TBCDO
Time Base
Counter R
TBCDO FFBEH
Data 0
Register 0 Time base counter data TBCD3~10
) TBCD15 | TBCD14 | TBCD13 | TBCD12 | TBCDI1 | TBCD1O | TBCDY | TBCDB
Time Base
Counter R
TBCD1 FFB7H
Data 0
Register 1 Time base counter data TBCD11~18
Time Base — — — - : — — : — —
Counter R
TBCD2 FFB8H
Data 0
Register 2 g.aT:TbBacs?;,uruBn('?(r)
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TMP90CM36

(10) Timing Pulse Generators Control (1/2)

MSB LSB
Symbol Name Address 7 6 : 5 a4 : 3 2 1 ; 0
CONPO1 | CONPOO P ENMINTO | TPFULO | TPEMPO | TPFO1 TPFOO
RW RAW RW R iR R
o i o f0 i 0 - 0 P01
Comparator bit select TPGO TPGO S TPGO {TPGO FIFO
TPGO i DATA i DATAFull | DATA i status flag
TPCREGO| Control FFB9H | 00:TBC3~TBC18 : Empty : Flag i Empty 1 00: Empty/fall
Register 01:TBC4~TBC19 ‘interrupt i Flag :01: 1 Data
9 10:TBC5~TBC20 “control i 1:Full {02: 2 Data
: :1:Empty :11:3Data
: 0: Disable :0: Disable : : : Empty when “00" and
i1:Enable :1:Enable : S TPEMPOQis "1
: : : Full when “00" and
;TPEMPO is "0"
PGO TPGOD7 TPGOD6 TPGODS TPGOD4 TPGOD3 TPGOD2 TPGOD1 TPGODO
Conparis- w
TPGDOO FFBAH
on _
Data Reg.0 TPGO comparator data 8 lower bits
560 TPGODIS | TPGOD14 | TPGODI3 | TPGOD12 : TPGOD11 i TPGOD10 : TPGODY | TPGODS
Conparis- w
TPGDO1 FFBBH
on —
Data Reg. 1 TPGO comparator data 8 upper bits
D07 D06 DOS : D04 i DO3 i D02 DO D00
TPGO W
TPGREGO | Out Data FFBDH
Register -
TPGO cutput data
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TMP90CM36

(10) Timing Pulse Generators Control (2/2)

MSB LSB
Symbol | Name | Address 716 s i o4 i3 b2 b P
CONP11 CONP10 ENMINTY | TPFUL1 i TPEMP1 TPF11 TPF10
RW RIW RW i R P R R
o i 0 P00 fo0o o0 i oo
Comparator bit select {TPGO i TPG1 iTPG1 : TPGO FIFO
TPG1 IDATA | DATAFull : DATA i status flag
ITPCREG 1| Control FFBDH |00:TBC3~TBC18 :Empty i Flag i Empty : 00: Empty/fall
Regist 01:TBC4~TBC19 finterrupt : Flag :01: 1 Data
egister 10:TBCS~TBC20 ‘control i 1:Full :02: 2Data
: : i1:Empty :11:3Data
:0: Disable 0: Disable : : : Empty when “00" and
i1:Enable | 1: Enable i TPEMPOis “1"
: : : Full when "00" and
 TPEMPO is “0"
TPG1 TPG1D7 TPG1D6 TPG1DS5 TPG1D4 TPG1D3 TPG1D2 TPG1D1 TPG1DO
Conparis- w
TPGD10 FFBEH
on —
Data Reg.0 TPG1 comparator data 8 lower bits
61 TPGIDIS | TPGID14 ; TPGID13 | TPGID12 : TPGID11 | TPGIDIO | TPGIDY | TPGID8
Conparis- w
TPGD11 FFBFH
on —
Data Reg.1 TPG1 comparator data 8 upper bits
D17 D16 D15 D14 D13 | DI2 D11 D10
TPG1 w
TPGREG1 | Qut Data FFCOH
Register —
TPG1 output data
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(11) Capture Control

MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
i caPF3 CAPF2 CAPF1 CAPFO
Capture :
FIFO R
CAPFST FFC1H T
Status : 0 0 0 0
Register 0: No data 1: Data
CAPD7 CAPD6 CAPDS CAPD4 CAPD3 CAPD2 CAPDI CAPDO
Capture R
CAPREGO FFC2H
Data 0 —
Capture data 0~7
CAPD1S | CAPD14 CAPD13 CAPD12 CAPD11 CAPD10 CAPD9 CAPDS8
Capture R
CAPREG1 FFC3H
Data 1 —
Capture data 8~15
CAP3 CAP2 CAP1 CAPO CAPD19 CAPDI18 CAPD17 CAPD16
Capture R : R
CAPREG2 FFC4H
Data 2 — —_
Capture Input status Capture data 16~19
TBCC1 | TBCCO i — i FTBQ2 FTBC1 | TPFRS1 | TPFRSO | CAFRS
RIW RIW RIW (iE)
o i o0 o0 P o i 0 0
Flag Input Clock select i1:TBCy, 1:TBCyy, TPG1FIFO i TPGOFIFO Capture
CFREG | Control FFCSH | 00: i TBCyg, | TBCy3, icounter icounter FIFQ
Register 01 TBCy6, TBCys5, :0:— 0:— gtounter
10: External clock TBCys, TBCy7, i1:Clear i1:Clear (0:—
TBCy, : TBCyg, : :1: Clear
interrupt :  Interrupt : :
Flag Flag
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TMP90CM36

(12) D/A Converter

(13) PWM Control

MsB

LSB

Symbol

Name

Address

2 i 1 o

DADRV

D/A
Drive
Register

FFF8H

— i _— i ! DAIDR : DAODR

RAW

0

0: 0V output

1: register value
conversion
output

DAREGO|

D/A
Convers-
ion
Reg.0

FFFOH

W

0

D/A conversion started with register write, output to DA-Q.

DAREG1

D/A
Convers-
ion
Reg.1

FFFAH

w

0

D/A conversion started with register write, output to DA-1.

MsB

LSB

Symbol

Name

Address

6

s 4 3 f2 i1 b0

PWDRO

PWM
Data
Reg.0

PWDO7

PWD06

PWDOS | PWD0O4 | PWD03 | PWDD2 [ PWDO1 | PWDOQ

FFFBH

w

Undefined

PWDROB

PWM
Data
Reg.0B

FFFCH

— © — | pwD0OB ! PWDDA : PWD0Y | PWDOS

w

Undefined

PWDR1

PWM
Data
Reg.1

PWD17

PWD16

PWDIS | PWD14 | PWDI3 | PWDI2 i PWDI | PWDI10

FFFDH

w

Undefined

PWDR1B

PWM
Data
Reg.1B

— ©  — PwDIB . PWDIA | PWDI9 | PWDI8

FFFEH

w

Undefined
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