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Preface

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

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO to INT4), which can release the HALT mode may not be able to do so if they
are input during the period CPU is shifting to the HALT mode (for about 5 clocks of
fepn) with IDLE1 or STOP mode (IDLEZ2 is not applicable to this case). (In this
case, an interrupt request is kept on hold internally.)

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




TOSHIBA TMP91CW18A

CMOS 16-Bit Microcontroller
TMP91CW18AF

1. Outline and Features

TMP91CW18A is a high-speed 16-bit microcontroller designed for the control of various mid-to
large-scale equipment.

TMP91CW18AF comes in a 80-pin flat package.

Listed below are the features.

(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction mnemonics are upward-compatible with TLCS-90/900/900H
e 16 Mbytes of linear address space
e  General-purpose registers and register banks
e  16-bit multiplication and division instructions: Bit transfer and arithmetic instructions
e Micro DMA: 4 channels (640 ns /2 bytes at 25 MHz)

(2) Minimum instruction execution time: 160 ns (at 25 MHz)

(3) Built-in RAM: 4 Kbytes
Built-in ROM: 128 Kbytes

(4) External memory expansion

e Expandable up to 16 Mbytes (Shared program/data area)

RESTRICTIONS ON PRODUCT USE

030619EEP

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

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

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

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

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

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

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

» For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions.
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(5) Wait controller: 1 channel
(6) 8-bit timer: 8 channels
(7) 16-bit timer: 1 channel
(8) General-purpose serial interface (UART): 1 channel
(9) Serial bus interface (I2C/Select of synchronous): 1 channel
(10) Serial bus interface (12C): 2 channels
(11) 10-bit AD converter (S/H): 12 channels
e Conversion time: 84 states (6.72 us at frpH = 25 MHz)
(12) Watchdog timer

(13) Interrupts function
e 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 21 internal interrupts:

:I Seven selectable priority levels
o 8external interrupts:

(14) Input/Output ports: 62 pins

e 1/O: 50 pins (Programmable open drain: 12 pins)

e Input: 12 pins
(15) Standby mode

Three HALT modes: Programmable IDLE2, IDLE1, STOP
(16) Clock controller

e  C(Clock gear: changes high-frequency clock fc to fc/16

(17) Open voltage
e Vec=4.5Vto5.5V (fc max =25 MHz)

(18) Package
e P-QFP80-1420-0.80B
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(' ): Initial function after reset

Figure 1.1 TMP91CW18A Block Diagram
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2.

Pin Assignment and Pin Functions

The assignment of input/output pins for the TMP91CW18A, their names and functions are as

follows.

2.1

Pin Assignment Diagram

Figure 2.1.1 shows the pin assignment of the TMP91CW18AF.
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Figure 2.1.1 Pin Assignment Diagram (80-pin QFP)

() : Initial function for after reset
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2.2 Pin Names and Functions

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

Table 2.2.1 Pin Names and Functions (1/3)

Pin Name | Number /0 Functions
of Pins

P00 to P07 8 1/0 | Port 0: I/0 port that allows 1/O to be selected at the bit level

ADO to AD7 Tri-state | Address and data (Lower): Bits O to 7 of address and data bus

P10 to P17 8 1/0 | Port 1: 1/0 port that allows /O to be selected at the bit level

AD8 to AD15 Tri-state | Address and data (Upper): Bits 8 to 15 for address and data bus

A8 to A15 Output | Address: Bits 8 to 15 of address bus

P20 to P27 8 1/0 | Port 2: 1/0 port that allows 1/O to be selected at the bit level

A0 to A7 Output | Address: Bits 0 to 7 of address bus

A16 to A23 Output | Address: Bits 16 to 23 of address bus

P30 1 1/0 | Port 30: I/O port

RD Output | By setting (P3<P30> =0, P3FC<P30FC>=1), RD signal is generated during
reading internal areas.
Read: Strobe signal for reading external memory
Open-drain output pin by programmable

P31 1 1/0 | Port 31: 1/O port

WR Output | Write: Strobe signal for writing data to pins ADO to AD7
Open-drain output pin by programmable

P32 1 1/0 | Port 32: 1/0 port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data to pins AD8 to AD15
Open-drain output pin by programmable

P33 1 1/0 | Port 33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait
Open-drain output pin by programmable

P34 1 1/0O | Port 34: 1/O port
Open-drain output pin by programmable

P35 1 1/0 | Port 35: 1/O port

TAGIN Input | Timer A6 input
Open-drain output pin by programmable

P36 1 1/0 | Port 36: 1/0O port

TA70UT Output | Timer A7 output
Open-drain output pin by programmable

P37 1 I/0 | Port 37: 1/0O port

INT4 Input | Interrupt request pin 4: Interrupt request pin with programmable rising
edge/falling edge levels
Open-drain output pin by programmable

P40 to P43 4 Input [ Port 40: Pin used to input port

ANS8 to AN11 Input [ Analog input: Pin used to input to AD converter

ADTRG Input [ AD Trigger: Signal used to request start of AD conversion

P50 to P57 8 Input [ Port 5: Pin used to input port

ANO to AN7 Input [ Analog input: Pin used to input to AD converter

P60 1 I/0 | Port 60: I/0 port

INTO Input [ Interrupt Request pin 0: Interrupt request pin with programmable rising
edge/falling edge levels

P61 1 /0 | Port 61: 1/0O port

cTs Input | Serial data send enable (Clear to send)

INT1 Input [ Interrupt request pin 1: Interrupt request pin with programmable rising
edgef/falling edge levels

P62 1 1/0 | Port 62: 1/0O port

SCOUT Output | System clock output: Outputs frpH or fs clock

INT2 Input | Interrupt request pin 2: Interrupt request pin with programmable rising
edge/falling edge levels
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Table 2.2.2 Pin Names and Functions (2/3)

Pin Name Num_ber I/0 Functions
of Pins

P70 1 I/O | Port 70: 1/O port

TA10UT Output | Timer A1 output

P71 1 I/O | Port 71: 1/O port

TA30UT Output | Timer A3 output

P72 1 I/0O | Port 72: 1/O port

TA50UT Output | Timer A5 output

P73 1 1/0O | Port 73: 1/O port

TBOINO Input | Timer BO input 0

INTS Input [ Interrupt request pin 5: Interrupt request pin with programmable rising
edge/falling edge levels

P74 1 I/O | Port 74: 1/O port

TBOIN1 Input | Timer BO input 1

INT6 Input [ Interrupt request pin 6: Interrupt request pin with rising edge levels

P75 1 I/0 | Port 75: 1/0O port

TBOOUTO Output | Timer BO output 0

P76 1 I/0 | Port 76: 1/0O port

SCKO I/O | Serial clock I/0 0

INT3 Input |Interrupt request pin 3: Interrupt request pin with programmable rising
edge/falling edge levels

P80 1 I/O | Port 80: 1/O port

SO0 Output | Serial bus interface send data at SIO mode 0.

SDAO I/O | Serial bus interface send/receive data at I°C mode 0.
Open-drain output pin by programmable

P81 1 I/O | Port 81: 1/0 port

SI0 Input | Serial bus interface receive data at SIO mode 0.

SCLO I/O | Serial bus interface clock /O data at I°C mode 0.
Open-drain output pin by programmable

P82 1 I/O | Port 82: 1/0 port

TXD Output | Serial send data (UART)
Open-drain output pin by programmable

P83 1 I/O | Port 83: 1/0 port

RXD Input | Serial receive data (UART)
Open-drain output pin by programmable

P84 1 I/O | Port 84: 1/0 port

SDA1 I/O | Serial bus interface send/receive data at I°C mode 1
N-ch FET open-drain output

P85 1 I/O | Port 85: 1/0 port

SCL1 I/0 | Serial bus interface clock 1/O data at I’C mode 1
N-ch FET open-drain output

P86 1 1/O | Port 86: 1/O port

SDA2 I/0 |Serial bus interface send/receive data at I°C mode 2
N-ch FET open-drain output

P87 1 I/O | Port 87: 1/0 port

SCL2 I/0 | Serial bus interface clock I/O data at I°C mode 2
N-ch FET open-drain output
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Table 2.2.3 Pin Names and Functions (3/3)

Pin Name Num_ber I/0 Functions
of Pins

ALE 1 Output | Address latch enable
Can be disabled to reduce noise.

NMI 1 Input [ Non-maskable interrupt request pin: Interrupt request pin with programmable
falling edge level or with both edge levels programmable

AMO to AM1 2 Input | Address mode: The Vcc pin should be connected.

EMUO, EMU1 1 Output | Test pins: Open pins

RESET 1 Input [ Reset: Initializes TMP91CW18A (with pull-up resistor).

VREFH 1 Input | Pin for reference voltage input to AD converter (H)

VREFL 1 Input [ Pin for reference voltage input to AD converter (L)

AVCC 1 Power supply pin for AD converter

AVSS 1 GND pin for AD converter (0 V)

X1/X2 2 I/0 [ High-frequency oscillator connection pins

DvCC 3 Power supply pins (All Vcc pins should be connected with the power supply
pin.)

DVSS 2 GND pins (All pins should be connected with GND (0V).)
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3.

Operation

This section describes the basic components, functions and operation of the TMP91CW18A.

Notes and restrictions which apply to the various items described here are outlined in Section 7.
Precautions and restrictions at the end of this databook.

3.1

3.1.1

CPU

The TMP91CW18A incorporates a high-performance 16-bit CPU (the 900/L1 CPU). For a
description of this CPU’s operation, please refer to the section of this databook which describes
the TLCS-900/L1 CPU.

The following sub-sections describe functions peculiar to the CPU used in the TMP91CW18A.
These functions are not covered in the section devoted to the TLCS-900/L.1 CPU.

Reset

When resetting the TMP91CW18A microcontroller, ensure that the power supply voltage
is within the operating voltage range and that the internal high-frequency oscillator has
stabilized. Then set the RESET input to low level at least for 10 system clocks (13 us at 25
MHz).

Thus, when turn on the switch, be set to the power supply voltage is within the operating
voltage range, and that the internal high-frequency oscillator has stabilized. Then hold the
RESET input to low level at least for 10 system clocks.

Clock gear is initialized 1/16 mode by reset operation. It means that the system clock
mode fSYS is set to fc/32 (= fc/16 x 1/2).

When the reset is accept, the CPU:

e  Sets the program counter (PC) as follows in accordance with the reset vector stored
at address FFFFOOH to FFFF02H:

PC<0:7> <« Data in location FFFFOOH
PC<8:15> <« Data in location FFFFO1H
PC<16:23> <« Data in location FFFF02H

e Sets the stack pointer (XSP) to 100H.

e  Sets bits <IFF0:2> of the status register (SR) to 111 (thereby setting the interrupt
level mask register to level 7).

e  Sets the <MAX> bit of the status register to 1 (MAX mode).

Note: As this product does not support MIN mode, do not write a 0 to the <MAX> bit.

e  (Clears bits <RFP0:2> of the status register to 000 (thereby selecting register bank
0).

When the reset is cleared, the CPU starts executing instructions according to the
program counter settings. CPU internal registers not mentioned above do not
change when the reset is cleared.

When the reset is accepted, the CPU sets internal I/O, ports and other pins as
follows.

e Initializes the internal I/O registers.
e Sets the port pins including the pins that also act as internal I/O, to
general-purpose input or output port mode.
e Sets the ALE pin to High-Z.
Note: By resetting, register in CPU except program counter (PC), status register (SR),
and stack

Pointer (XSP) and the data in internal RAM are not changed.
Figure 3.1.1 shows the timing of a reset for the TMP91CW18A.
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Figure 3.1.1 TMP91CW18A Reset Timing Example
91CW18A-9




TOSHIBA TMP91CW18A

3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP91CW18A.

000000H
Internal 1/0 Direct
(4 Kbytes) irect area (n)
000100H |-==--=-=-----——~~-~~-~-~__
001000H .
Internal RAM -Hbyle area
(4 Kbytes) (nn)
002000H
010000H |-------------=-------+
External memory
16-Mbyte area
FEO00OH (R)
(-R)
(R+)
(R+R8/16)
128-Kbyte (R + d8/16)
Internal ROM (nnn)
FFFFOOH |---c-cmmcmeemeemo oo
FEFFEFH Vector table (256 bytes)

( :l: Internal area)

Figure 3.2.1 Memory Map
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3.3 Standby Function/Noise Reducing Circuit
The TMP91CW18A contains (1) a clock gearing system, (2) a standby controller and (3) a
noise reduction circuit. It is used for low-power and low-noise systems.
This chapter is organized as follows.
3.3.1 Block Diagram of System Clock
3.3.2 SFR
3.3.3 System Clock Controller
3.3.4 Prescaler Clock Controller
3.3.5 Noise Reduction Circuits
3.3.6 Standby Controller
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3.3.1 Block Diagram of System Clock

The clock operating modes are as follows: Single clock mode (X1, X2 pins only)

Figure 3.3.1 shows a transition figure.

The clock frequency input from the X1 and X2 pins is called fc. The clock frequency
selected by SYSCR1<SYSCK> is called the system clock fFPH. The system clock fSys is
defined as the divided clock of fFPH and one cycle of fSYS is regard to as one state.

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

Reset
(foscH/32)
Release
A

Instruction

Interrupt

NORMAL mode
(foscH/gear value/2)

Instruction

Interrupt

(a)

Figure 3.3.1 System Clock Block Diagram

reset

Instruction

Interrupt

A

Single clock mode transition figure

STOP mode
(Stops all circuits)
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SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
v _ SYSCRO
> Warm-up timer <PRCK1:0>5————>¢T
—> (High-frequency oscillator)
>fFPH
fsys
I fc N
SYSCRO 7 f3/2f . >
<XEN, RXEN> el ) SYSCR1<SYSCK>
l | fc/16
X1 ]—
H-OSC [.2].4]:8]-16
X2 [ SYSCR1<GEAR2:0>
Clock gear
fsys CPU
TMRAO1 to TMRAG7
> ROM
¢TO > Prescaler
| >  RAM
[
' Interrupt
TMRBO contloller
"I Prescaler > WDT
—>{ /O port
UART
> Prescaler
I°C bus 1to 2
>»| Prescaler —‘
[
SBIO
L
¢T > Prescaler
SCOUTC<SCOUTE>
frPH P62
SYSCR2<SCOSEL>

Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFR
7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN — RXEN — — WUEF PRCK1 PRCKO
(00EOH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High-frequency| Always write [High-frequency| Always write | Always write | Warm-up Select prescaler clock
oscillator (fc) |0 oscillator (fc) |0 0 timer 00: fFpH
0: Stop after release of] Write O: 01: Reserved
1: Oscillation Stop mode Don’t care 10: fc/16
0: Stop Write 1: 11: Reserved
1: Oscillation Start timer
Read 0:
End warm-up
Read 1:
Do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 | Bit symbol — GEAR2 GEAR1 GEARO
(00E1H) | Read/Write R/W
After reset 0 1 0 0
Function Always write | Select gear value of high frequency (fc)
0 000: fc
001: fc/2
010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 | Bit symbol SCOSEL WUPTM1 WUPTMO HALTM1 HALTMO DRVE
(00E2H) | Read/Write R/W R/W R/W RIW RIW RIW
After reset 0 1 0 1 1 0
Function 0: fs Warm-up timer HALT mode Pin state
1: fepy 00: Reserved 00: Reserved control in
01: 2%inputted frequency 01: STOP mode STOP mode
10: 2" 10: IDLE1 mode 0: 1/0 off
11:2' 11: IDLE2 mode 1: Remains the
state before
halt

Note 1: SYSCR1<bit7:4> and SYSCR2<bit7, 1> are read as undefined-value.

Note 2: When using the built-in I°C bus or the I°C bus/SIO, set the select prescaler clock register
SYSCRO<PRCK1:0> to 00 (frpH).

Figure 3.3.3 SFR for System Clock
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol | PROTECT — — — ALEEN EXTIN DRVOSCH -
(00E3H) | Read/Write R R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 1 0 0 0 1 1
Function Protectflag |Always write | Always write [Always write | ALE pin 1: External fc oscillator | Always write
0: OFF 0 1 0 output control clock driving ability 1
1: ON 0: High-Z 1: Normal
output 0: Weak
1: ALE
output
EMCCR1 | Bit symbol
(00E4H) | Read/Write Writing 1FH turns protections off.
After reset Writing any value other than 1FH turns protection on.
Function

Note: In case restarting the oscillator in the stop oscillation state (e.g. Restart the oscillator in STOP mode), set
EMCCRO<DRVOSCH>, <DRVOSCL>="1".

Figure 3.3.4 SFR for Noise Reduction
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3.3.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/0. It contains gear circuit for high-frequency (fc) operation. The register
SYSCRO<XEN> control enabling and disabling of each oscillator and SYSCR1<GEARO0:2>
sets the high-frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fc/8 or fc/16). These
functions can reduce the power consumption of the equipment in which the device is
installed.

The combination of settings <XEN> = 1, <XTEN> = 0, <SYSCK> = 0 and <GEARO0:2> =
100 will cause the system clock (fsys) to be set to fc/32 (fc/16 x 1/2) after a reset.

For example, fsys is set to 0.78 MHz when the 25-MHz oscillator is connected to the X1
and X2 pins.

(1) Switching from NORMAL mode to SLOW mode

When the resonator is connected to the X1 and X2 pins, or to the XT1 and XT2 pins,
the warm-up timer can be used to change the operation frequency after stable
oscillation has been attained.

The warm-up time can be selected using SYSCR2<WUPTMO:1>. This warm-up
timer can be programmed to start and stop as shown in the following examples 1 and 2.

Table 3.3.1 shows the warm-up time.

Note 1: When using an oscillator (other than a resonator) with stable oscillation, a warm-up
timer is not needed.

Note 2: The warm-up timer is operated by an oscillation clock. Hence, there may be some
variation in warm-up time.

Table 3.3.1 Warm-up Time

Warm-up Time Change to NORMAL
SYSCR2<WUPTM1:0> Mode atfoscH =25 MHz
01 (2%frequency) 10 (us)
10 (2"/frequency) 0.655 (ms)
11 (2"/frequency) 2.621 (ms)
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(2

(3

Clock gear controller

When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = 0, fFPH
1s set according to the contents of the clock gear select register SYSCR1<GEARO:2> to
either fc, fc/2, fc/4, fc/8 or fe/16. Using the clock gear to select a lower value of fFPH
reduces power consumption.

Example:
Changing to a high-frequency gear

SYSCR1 EQU 00E1H
LD (SYSCR1), XXXX0000B ; Changes fgys to fc/2.
LD (SYSCR1), XXXX0100B ; Changes fgys to fc/32.

X: Don't care

(Changing to high-frequency clock gear)

To change the clock gear, write the appropriate value to the SYSCR1<GEARO:2>
register. The value of fFPH will not change until a period of time equal to the warm-up
time has elapsed from the point at which the register is written to.

There is a possibility that the instruction immediately following the instruction
which changes the clock gear will be executed before the new clock setting comes into
effect. To ensure that this does not happen, insert a dummy instruction (to execute a
write cycle) as follows.

Example:
SYSCR1 EQU 00E1H
LD (SYSCR1), XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ;  Dummy instruction

[ Instruction to be executed after clock gear has changed

Internal clock pin output function
The P62/SCOUT/INT2 pin outputs an internal clock: fFPH or fs.

The following combination of settings — port 6 control register PEGCR<P62C> =1 and
P6FC<P62F> =1 — specifies that a clock signal will be output on the P62/SCOUT/INT2
pin. The setting of SYSCR2<SCOSEL> determines which clock is output.

Table 3.3.2 shows the pin state of the P62/SCOUT/INT2 pin when it is selected for
clock output in the different operation modes.

Table 3.3.2 SCOUT Pin States in Different Operation Modes

0] ti HALT mod
P oda| NORMAL, mode
SLOW
SCOUT Select IDLE2 IDLE1 STOP
<SCOSEL>=0 Outputs low.
<SCOSEL> =1 Outputs fppH clock. Fixed to 0 or 1.
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3.34 Prescaler Clock Controller

For the internal I/O (TMRAO1 to TMRA67, TMRBO, TMRB1, SIO0, SIO1 and SBI) there
is a prescaler which can divide the clock. The ¢T clock input to the prescaler is either the
clock frpH divided by 2 or the clock fc/16 divided by 2. The setting of the SYSCRO
<PRCKO:1> register determines which clock signal is input.

The ¢TO clock input to the prescaler is either the clock fFpH divided by 4 or the clock fc/16
divided by 4. The setting of the SYSCRO<PRCKO:1> register determines which clock signal
is input.

3.3.5 Noise Reduction Circuits

Noise reduction circuits are built in, allowing implementation of the following features.

(1) Reduced driveability for high-frequency oscillator
(2) Single drive for high-frequency oscillator

(3) Disabling of ALE pin output

(4) Protection of register contents

The above functions are performed by making the appropriate settings in the EMCCRO
and EMCCRI1 registers.

(1) Reduced driveability for high-frequency oscillator
(Purpose)

Reduces noise and power for oscillator when a resonator is used.

(Block diagram)
| STOP o—> foscH
o1 X1 pin
—| Enable oscillation (STOP+EMCCRO<EXTIN>)
Resonator
EMCCRO<DRVOSCH>
Cc2
'
m X2 pin

(Setting method)

The driveability of the oscillator 1is reduced by writing O to the
EMCCRO<DRVOSCH> register. On a reset, <DRVOSCH> is initialized to 1 and the
oscillator starts oscillation by normal driveability when the power supply is on.
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(2) Single drive for high-frequency oscillator
(Purpose)

Not need twin-drive and protect mistake-operation by inputted noise to X2 pin when
the external oscillator is used.

(Block diagram)

STOP

X1 pin

foscH

Enable oscillation

EMCCRO<DRVOSCH> (STOP+EMCCRO<EXTIN>)

X2 pin

(Setting method)

When a 1 is written to the EMCCRO<EXTIN>, the oscillator is disabled and is
operated as a buffer. The X2 pin always outputs a 1.

<EXTIN> is initialized to O by a reset.

Note: Do not write EMCCRO<EXTIN> = “1” when using external resonator.

(3) Disabling ALE pin output
(Purpose)

If the CPU does not access any external area, output of the ALE pulse can be
disabled, thereby reduction noise.

(Block diagram)

EMCCRO<ALEEN>

[ —<}—— intemal ALE

ALE pin

(Setting method)

Writing 0 to the EMCCRO<ALEEN> register sets the ALE pin to high-impedance.
<ALEEN> is initialized to 0 by a reset.

If the CPU needs to access an external area, 1 must first be written to <KALEEN>.
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(4) Protection of register contents
(Purpose)
An item for mistake operation by inputted noise.

To execute the program certainty which is occurred mistake operation, the protect
register can be disabled write-operation for the specific SFR.

Write disabled SFRs
1. CS/WAIT controller

BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMRS3

2. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCRO

(Block diagram)

Protect register
To EMCCR1 EMCCRO<PROTECT>

Write value other than 1FH ——S Q Write signal to the disabled SFR
Write 1FH R
Write signal SFR Write signal to the other SFR

(Setting method)

Writing any value other than 1FH to the EMCCRI1 register turns on protection,
thereby preventing the CPU from writing to the specific SFR.

Writing 1FH to EMCCRI1 turns off protection.
The protection status is set in EMCCRO<PROTECT>.

Resetting initializes the protection status to OFF.
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3.3.6  Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLEZ,
IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.

The subsequent actions performed in each mode are as follows.

1. IDLEZ2: The CPU only is halted.
In IDLEZ2 mode internal I/0 operations can be performed by setting the
following registers.
Table 3.3.3 shows the registers of setting operation during IDLE2 mode.

Table 3.3.3 Registers of Setting Operation during IDLE2 Mode

Internal 1/0 SFR

TMRAO1 TAO1TRUN<I2TA01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG7 TAG7RUN<I2TAG7>
TMRBO TBORUN<I2TB0>
SI00 (IZC bus/SIO) SBIOBR0O0<I2SBI0>
SI01 (I°C bus) SBIOBR01<I2SBI0>
SI02 (IZC bus) SBIOBR02<I2SBI0>
UART SCOMOD1<I2S0O>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

IDLE1: Only the oscillator continue to operate.
STOP: All internal circuits stop operating.
The operation of each of the different HALT modes is described in Table 3.3.4.

Table 3.3.4 1/O Operation during HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01
CPU Stop
I/O ports Keep the state when the HALT instruction was executed. See Table 3.3.7,
Table 3.3.8
Block TMRA, TMRB
SIO, B Available to select operation block.
AD converter Stop
WDT
Interrupt controller Operation
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(2

How to clear a HALT mode

The halt state can be cleared by a reset or by an interrupt request. The combination
of the value in <IFF0:2> of the interrupt mask register and the current HALT mode
determine in which ways the HALT mode may be cleared. The details associated with
each type of halt state clearance are shown in Table 3.3.5.

e  (Clearance by interrupt request

Whether or not the HALT mode is cleared and subsequent operation depends on the
status of the generated interrupt. If the interrupt request level set before execution of
the HALT instruction is greater than or equal to the value in the interrupt mask
register, the following sequence takes place. The HALT mode is cleared, the interrupt
is then processed and the CPU then resumes execution starting from the instruction
following the HALT instruction. If the interrupt request level set before execution of
the HALT instruction is less than the value in the interrupt mask register, the HALT
mode is not cleared. (If a non-maskable interrupt is generated, the HALT mode is
cleared and the interrupt processed, regardless of the value in the interrupt mask
register.)

However, for NMI and INTO to INT4 interrupts only, even if the interrupt request
level set before execution of the HALT instruction is less than the value in the
interrupt mask register, the HALT mode is cleared. In this case, the interrupt is not
processed and the CPU resumes execution starting from the instruction following the
HALT instruction. The interrupt request flag remains set to 1.

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

to INT4) which can release the HALT mode may not be able to do so if they are input
during the period CPU is shifting to the HALT mode (for about 5 clocks of fgpp) with
IDLE1 or STOP mode (IDLE2 is not applicable to this case). (In this case, an
interrupt request is kept on hold internally.)
If another interrupt is generated after it has shifted to HALT mode completely, halt
status can be released without difficultly. The priority of this interrupt is compare
with that of the interrupt kept on hold internally, and the interrupt with higher priority
is handled first followed by the other interrupt.

¢ C(Clearance by reset
Any halt state can be cleared by a reset.

When STOP mode is cleared by a RESET signal, sufficient time (at least 3 ms) must
be allowed after the reset for the operation of the oscillator to stabilize.

When a HALT mode is cleared by resetting, the contents of the internal RAM remain
the same as they were before execution of the HALT instruction. However, all other
settings are re-initialized. (Clearance by an interrupt affects neither the RAM contents
nor any other settings — the state which existed before the HALT instruction was
executed is retained.)
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Table 3.3.5 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask) | (Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1|STOP IDLE2 IDLE1| STOP
o NMI . . o - - -
§ INTWDT . y o _ B B
g INTO to INT4 (Note 1) . . o o o 0"
o | 8| INTs, INTe * (Note 2) y x y y x
S | §| INTTAO to INTTA7 ¢ x x x x x
= | =| INTTBOO, 01, 10, 11, OF0, OF1 . x x x x x
% INTRXO, INTRX1, TXO0, TX1 . x x x x x
g INTS2 * X X X X X
(,8) INTAD . x X x x x
RESET Reset initializes the LSI

¢ After clearing the HALT mode, CPU starts interrupt processing. (RESET initializes the microcontroller.)

O: After clearing the HALT mode, CPU resumes executing starting from instruction following the HALT
instruction.

x: Cannot be used to clear the HALT mode.

—: The priority level (interrupt request level) of non-maskable interrupts is fixed to 7, the highest priority level.
There is not this combination type.

*1: The HALT mode is cleared when the warm-up time has elapsed.

Note 1: When the HALT mode is cleared by an INTO to INT4 interrupt of the level mode in the interrupt
enabled status, hold this level until starting interrupt processing. Changing level before holding
level, interrupt processing is correctly started.

Note 2: If one of the external interrupts INTS and INT6 are generated in IDLE2 mode, TBORUN<I2TBO> is
setto 1.

(Example — clearing IDLE1 mode)
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address '

8200H LD ' (P6FC), 01H ;Sets P60 to INTO

8203H LD (IMC), 00H ; Selects INTO interrupt rising edge.
8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets interrupt level to 5 for CPU.
820BH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
820EH HALT ; Halts CPU.

1
INTO / \ INTO mtelrrupt routine

RETI
820FH LD XX, XX
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(3) Operation
1. IDLE2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the IDLE2
setting register, can take place. Instruction execution by the CPU stops.

Figure 3.3.5 illustrates an example of the timing for clearance of the IDLE2 mode
halt state by an interrupt.

< AU U

A0 to A23 X

”

ALE
«
¥

ADO to AD15 -7 -<Address>— - -< Data >- - <Address>- - - = -SS- ———e———t -<Address>- - < Data > -
=T\ “

»

1
|
)

WR 1 {L
: »
1

Clearing interrupt . i« / _\

| n |
| IDLE2 i
' mode :

Figure 3.3.5 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

2. IDLE1 mode

In IDLE1 mode, only the internal oscillator and the RTC continue to operate. The
system clock in the MCU stops.

In the halt state, the interrupt request is sampled asynchronously with the system
clock; however, clearance of the halt state (e.g., restart of operation) is synchronous

(4

n

with it.
Figure 3.3.6 illustrates the timing for clearance of the IDLE1 mode halt state by an
interrupt.
| { |
AN AV aTaVAVaTaVATal
A0 to A23 _X " I
] w |
ALE ] E ]

----SS-----—---- --<Address>—-< Data >----

=TT

ADOto AD15 -7 -<Address>— - -< Data >— I

WR « fe__\

»

Clearing interrupt

< IDLE1 5
mode

Figure 3.3.6 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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3. STOP mode

When STOP mode is selected, all internal circuits stop, including the internal
oscillator pin status in STOP mode depends on the settings in the SYSCR2<DRVE>
register. Table 3.3.7 and Table 3.3.8 summarizes the state of these pins in STOP mode.

After STOP mode has been cleared system clock output starts when the warm-up
time has elapsed, in order to allow oscillation to stabilize. After STOP mode has been
cleared, either NORMAL mode or SLOW mode can be selected using the
SYSCRO<RSYSCK> register. Therefore, <RSYSCK>, <RXEN> and <RXTEN> must be
set. See the sample warm-up time in Table 3.3.6.

Figure 3.3.7 illustrates the timing for clearance of the STOP mode halt state by an
interrupt.

Warm-up
time

DR

|
AO to A23 X pEE SEET SRR _S\
— | | — 1
ALE_ : { : « &
— — %
ADO to AD15- — |- (Address) |~{ Dam Y- = —f -t oot S oo - - {Adoress)-| { Dam Y| -
0 (padres - oxta ) fob--t {presy-I- { _oata )
| |
N <,<,
> \ / - \ /[
] ]
WR ' ' «
WR ,\43__/:—(,& )
Interrupt for i : 3-\
release R
>
1 STOP !
1 mode

Figure 3.3.7 Timing Chart for STOP Mode Halt State Cleared by Interrupt

Table 3.3.6 Sample Warm-up Time after Clearance of STOP Mode
at foscH = 25 MHz

SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2% 10 (2 11 (2"%)
0 (fc) 10 us 0.655 ms 2.621 ms
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Table 3.3.7 Input Buffer State Table

Input Buffer State

When the CPU is In HALT Mode In HALT Mode (STOP)
Port Name | "PUt Function During Operating (IDLE1/IDLE2) <DRVE> =0 <DRVE> = 1
Name Reset When Used|When Used|When Used|When Used|When Used[When Used|When UsedWhen Used
as Function| as Input |as Function| as Input |as Function| as Input |as Function| as Input
Pin Port Pin Port Pin Port Pin Port
P00 to P07 | ADO to AD7 — OFF — OFF - OFF — OFF
P10 to P17 | AD8 to AD15 — OFF — OFF - OFF — OFF
P20 to P27 [ AD16 to AD23 — OFF — OFF - OFF — OFF
P30 — — ON — OFF - OFF — OFF
P31 — — ON — OFF - OFF — OFF
P32
(Note 1) - - ON - OFF - OFF - OFF
P33
WAIT ON ON OFF OFF OFF OFF OFF OFF
(Note 1)
P34 — — ON — ON — OFF - ON
P35 TAGIN ON ON ON ON OFF OFF ON ON
P36 — — ON — ON OFF OFF — ON
P37 INT4 ON ON ON ON ON OFF ON ON
P?S;toe;‘z ANS to AN10 x SONH‘:_ZZZ x OFF x OFF x OFF
P43 AN11 * ON upon *
(Note 2) ADTRG ON port read ON OFF i OFF i OFF
POO0 PST - AN to AN7 « | ONupon . OFF OFF OFF ON OFF
(Note 2) port read
P60 INTO ON ON ON ON * ON * ON
INT1 ON
P61 cTS ON ON ON ON ON ON ON ON
P62 INT2 ON ON ON ON ON ON ON ON
P70 — — ON — ON — OFF — ON
P71 — — ON — ON — OFF — ON
P72 — — ON — ON — OFF — ON
P73 T:?\IO_:_’;O ON ON ON ON ON OFF ON ON
P74 T:?;\IO_II_I;H ON ON ON ON ON OFF ON ON
P75 — — ON — ON ON OFF — ON
P76 INT3 ON ON ON ON ON ON ON ON
P80 SDAO ON ON ON ON OFF OFF ON ON
SIO
P81 SCLO ON ON ON ON OFF OFF ON ON
P82 — ON ON ON ON OFF OFF ON ON
P83 RXDO ON ON ON ON OFF OFF ON ON
P84 SDA1 ON ON ON ON OFF OFF ON ON
P85 SCL1 ON ON ON ON OFF OFF ON ON
P86 SDA2 ON ON ON ON OFF OFF ON ON
P87 SCL2 ON ON ON ON OFF OFF ON ON
NMI — ON ON — ON — ON — ON —
RESET — ON ON — ON — ON — ON —
AMO, AM1 — ON ON — ON — ON — ON —
X1 — ON ON — ON — OFF — OFF —
ON: The buffer is always turned on. A current flows through the input buffer if the input pin is not driven.
OFF: The buffer is always turned off.

%

Not applicable
Note 1: Port having a pull-up/pull-down resistor.
Note 2: AIN input does not cause a current to flow through the buffer.
AIN input is always enable.
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Table 3.3.8 Output Buffer State Table

Output Buffer State
When the CPU is In HALT Mode In HALT Mode (STOP)
Port Name [P1tPut Function During Operating (IDLE1/IDLE2) <DRVE> =0 <DRVE> = 1
Name reset When Used|When Used|When Used|When Used|When Used[When Used|When UsedWhen Used
as Function| as Output |as Function| as Output [as Function| as Output [as Function| as Output
Pin Port Pin Port Pin Port Pin Port
P00 to P07 | ADO to AD7 OFF ON upon ON OFF ON OFF OFF OFF ON
o101 pr7 | ADB1ADIS | OFF e’\‘:,fi';za' ON OFF ON OFF OFF OFF ON
A8 to A15 OFF ON ON ON ON OFF OFF ON ON
P20 to P27 A0 to A7 OFF ON ON ON ON OFF OFF ON ON
A16 to A23 OFF ON ON ON ON OFF OFF ON ON
P30 RD ON ON ON ON OFF OFF ON ON
P31 WR ON ON ON ON OFF OFF ON ON
P32 HWR ON ON ON ON OFF OFF ON ON
(Note 1)
P33

(Note 1) - - ON - ON - OFF - ON
P34 - - ON - ON - OFF - ON
P35 — — ON — ON - OFF - ON
P36 TA70UT ON ON ON ON OFF OFF ON ON
P37 - - ON - ON - OFF - ON

P40 to P7 - - - - - - - - -

P43 - - - - — - — - -

P50 to P7 - - - - - - - - -
P60 - ON ON ON ON ON OFF ON ON
P61 - - ON - ON - OFF - ON
P62 SCOUT ON ON ON ON ON OFF ON ON
P70 TA10UT ON ON ON ON ON OFF ON ON
P71 TA30UT ON ON ON ON ON OFF ON ON
P72 TA50UT ON ON ON ON ON OFF ON ON
P73 - — ON — ON - OFF — ON
P74 - — ON — ON - OFF — ON
P75 TBOOUTO ON ON ON ON ON OFF ON ON
P76 SCKO0 ON ON ON ON ON OFF ON ON
P80 SDAO ON ON ON ON ON OFF ON ON

SO0

P81 SCLO ON ON ON ON ON OFF ON ON
P82 TXDO ON ON ON ON ON OFF ON ON
P83 — ON ON ON ON ON OFF ON ON
P84 SDA1 ON ON ON ON ON OFF ON ON
P85 SCL1 ON ON ON ON ON OFF ON ON
P86 SDA2 ON ON ON ON ON OFF ON ON
P87 SCL2 ON ON ON ON ON OFF ON ON

ALE - OFF ON - ON - ON - ON -

X2 _ ON ON _ ON _ “H” level _ “H” level _

output output

ON:  Acurrent flows through the output buffer since the buffer is always turned on.
OFF: The buffer is always turned off.

- Not applicable

Note 1: Port having a pull-up/pull-down resistor.
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3.4

Interrupts

Interrupts are controlled by the CPU’s interrupt mask register <IFF2:0> (Bits 12 to 14 of the
status register) and by the built-in interrupt controller.

The TMP91CW18A has a total of 38 interrupts divided into the following five types:

e Interrupts generated by CPU: 9 sources
(Software interrupts, illegal instruction interrupt)
e Internal I/O interrupts: 21 sources

e External interrupts: 8 sources
Interrupts on external pins (NMI and INTO to INT6)

A fixed individual interrupt vector number is assigned to each interrupt source.

Any one of 6 levels of priority can also be assigned to each maskable interrupt. Non-maskable
interrupts have a fixed priority level of 7, the highest level.

When an interrupt is generated, the interrupt controller transmits the interrupt source’s
priority value to the CPU. When more than one interrupt are generated simultaneously, the
interrupt controller sends the priority value of the interrupt with the highest priority to the
CPU. (The highest priority level is 7, the level used for non-maskable interrupts.)

The CPU compares the interrupt priority level which it receives with the value held in the
CPU’s interrupt mask register <IFF2:0>. If the priority level of the interrupt is greater than or
equal to the value in the interrupt mask register, the CPU accepts the interrupt.

However, software interrupts and illegal instruction interrupts generated by the CPU are
processed irrespective of the value in <IFF2:0>.

The value in the interrupt mask register <IFF2:0> can be changed using the EI instruction;
the command EI n sets the contents of <IFF2:0> to n. For example, the command EI 3 enables
the acceptance of all non-maskable interrupts and of maskable interrupts whose priority level,
as set in the interrupt controller, is 3 or higher. The commands EI and EI 0 enable the
acceptance of all non-maskable interrupts and of maskable interrupts with a priority level of 1
or above (hence both are equivalent to the command EI 1).

The DI instruction (which sets <IFF2:0> to 7) is exactly equivalent to the EI 7 instruction.
The DI instruction is used to disable all maskable interrupts (since the priority level for
maskable interrupts ranges from 1 to 6). The EI instruction takes effect as soon as it is executed.
(On the TLCS-90, the EI instruction takes effect after the execution of the instruction which
follows it.)
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In addition to the general-purpose interrupt processing mode described above, there is also a
micro DMA processing mode.

In micro DMA mode the CPU automatically transfers data in 1-byte, 2-byte or 4-byte blocks,
this mode allows high-speed data transfer to and from internal and external memory and
internal I/O ports.

In addition, the TMP91CW18A also has a soft start function in which micro DMA processing
is requested in software rather than by an interrupt.

Figure 3.4.1 is a flowchart showing an overview of interrupt processing.

C Interrupt processing )

Micro DMA soft start
request

Interrupt specified Yes
by micro DMA
start vector?

No Clear interrupt request flag
Interrupt vector value “V” read Data_ transfer by
Interrupt request F/F clear micro DMA
v
General-purpose
interrupt PUSH PC Count « Count-1 Micro DMA processing
processing PUSH SR
SR<IFF2:0> « Level of
accepted
interrupt + 1
INTNEST <« INTNEST + 1 Yes Clear vector register
Count =0 >| generating micro DMA
trasfer end interrupt
No — (INTTCO to INTTC3)

— | PC « (FFFFOOH + V)

4

Interrupt processing
program

v
RETI instruction

POP SR
POP PC
INTNEST « INTNEST - 1

Figure 3.4.1 Interrupt and Micro DMA Processing Sequence
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3.4.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips steps (1) and (3) and executes only steps (2), (4) and
(5).

(1) The CPU reads the interrupt vector from the interrupt controller.
When more than one interrupt with the same priority level have been generated
simultaneously, the interrupt controller generates an interrupt vector in accordance
with the default priority and clears the interrupt requests.
(The default priority is determined as follows: The smaller the vector value, the higher
the priority.)

(2) The CPU pushes the program counter (PC) and status register (SR) onto the top of the
stack (Pointed to by XSP).

(3) The CPU sets the value of the CPU’s interrupt mask register <IFF2:0> to the priority
level for the accepted interrupt plus 1. However, if the priority level for the accepted
interrupt is 7, the register’s value is set to 7.

(4) The CPU increments the interrupt nesting counter INTNEST by 1.

(5) The CPU jumps to the address given by adding the contents of address FFFFO0OH to the
interrupt vector, then starts the interrupt processing routine.

On completion of interrupt processing, the RETI instruction is used to return control to
the main routine. RETI restores the contents of the program counter and the status
register from the stack and decrements the interrupt nesting counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by a user program. Maskable interrupts,
however, can be enabled or disabled by a user program. A program can set the priority
level for each interrupt source. (A priority level setting of 0 or 7 will disable an interrupt
request.)

If an interrupt request is received for an interrupt with a priority level equal to or
greater than the value set in the CPU’s interrupt mask register <IFF2:0>, the CPU will
accept the interrupt. The CPU’s interrupt mask register <IFF2:0> is then set to the
value of the priority level for the accepted interrupt plus 1.

Thus, if during interrupt processing another interrupt is generated with a higher
priority than the interrupt currently being processed, or if during the processing of a
non-maskable interrupt, a non-maskable interrupt request is generated from another
source, the CPU will suspend the routine which it is currently executing and accept the
new interrupt. When processing of the new interrupt has been completed, the CPU will
resume processing of the suspended interrupt.

If the CPU receives another interrupt request while performing processing steps (1) to
(5), the second interrupt will be sampled immediately after execution of the first
instruction of its interrupt processing routine. Specifying DI as the first instruction
disables nesting of maskable interrupts. (Note: On the TLCS-900 and 900/L, sampling
is performed before execution of the first instruction.)

A reset initializes the interrupt mask register <IFF2:0> to 111, disabling all maskable
Interrupts.

Table 3.4.1 shows the TMP91CW18A interrupt vectors and micro DMA start vectors.
FFFFOOH to FFFFFFH (256 bytes) is designated as the interrupt vector area.
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Table 3.4.1 TMP91CW18A Interrupt Vectors and Micro DMA Start Vectors
Vector .
Default Tvoe Interrupt Source or Vector Value | Reference Micro DMA
Priority yp Source of Micro DMA Request Start Vector
Address
1 Reset or instruction “SWI0” 0000H FFFFOOH -
2 Instruction “SWI1” 0004H FFFFO4H -
3 lllegal instruction or instruction “SWI2” 0008H FFFFO8H -
4 Instruction “SWI3” 000CH FFFFOCH -
5 Non- Instruction “SWI14” 0010H FFFF10H -
6 maskable | Instruction “SWI5” 0014H FFFF14H -
7 Instruction “SWI6” 0018H FFFF18H -
8 Instruction “SWI7” 001CH FFFF1CH -
9 NMI : NMI pin input 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H -
- - Micro DMA - - -
11 INTO: INTO pin input 0028H FFFF28H 0AH
12 INT1: INT1 pin input 002CH FFFF2CH 0BH
13 INT2: INT2 pin input 0030H FFFF30H O0CH
14 INT3: INT3 pin input 0034H FFFF34H ODH
15 INT4: INT4 pin input 0038H FFFF38H OEH
16 INT5: INT5 pin input 003CH FFFF3CH OFH
17 INT6: INT6 pin input 0040H FFFF40H 10H
20 INTTAO: 8-bit timer 0 004CH FFFF4CH 13H
21 INTTA1: 8-bit timer 1 0050H FFFF50H 14H
22 INTTA2: 8-bit timer 2 0054H FFFF54H 15H
23 INTTAS3: 8-bit timer 3 0058H FFFF58H 16H
24 INTTA4: 8-bit timer 4 005CH FFFF5CH 17H
25 INTTADS: 8-bit timer 5 0060H FFFF60H 18H
26 INTTAGB: 8-bit timer 6 0064H FFFF64H 19H
27 INTTA7: 8-bit timer 7 0068H FFFF68H 1AH
28 INTTBOO: 16-bit timer 0 (TBORGO) 006CH FFFF6CH 1BH
29 Maskable | INTTBO1: 16-bit timer O (TBORG1) 0070H FFFF70H 1CH
32 INTTBOFO: 16-bit timer O (Overflow) 007CH FFFF7CH 1FH
34 INTRXO: Serial receive (Channel 0) 0084H FFFF84H 21H
35 INTTXO: Serial transmission (Channel 0) 0088H FFFF88H 22H
36 INTI2C2: I°C bus interface interrupt 008CH FFFF8CH 23H
37 INTI2C1: I°C bus interface interrupt 0090H FFFF90H 24H
38 INTSBIO: Serial bus interface interrupt 0094H FFFF94H 25H
40 INTAD: AD conversion end 009CH FFFFOCH 27H
41 INTTCO: Micro DMA end (Channel 0) 00AQH FFFFAOH 28H
42 INTTC1: Micro DMA end (Channel 1) 00A4H FFFFA4H 29H
43 INTTC2: Micro DMA end (Channel 2) 00A8H FFFFA8H 2AH
44 INTTC3: Micro DMA end (Channel 3) 00ACH FFFFACH 2BH
- - 00BOH FFFFBOH -
to (Reserved) to to to
— 00FCH FFFFFCH —
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3.4.2

Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91CW18A also includes a
micro DMA function. Micro DMA processing for interrupt requests set by micro DMA is
performed at the highest priority level for maskable interrupts (Level 6), regardless of the
priority level of the interrupt source.

Because the micro DMA function has been implemented with the cooperative operation
of CPU, when CPU is a state of standby mode (STOP, IDLE1 and IDLE2) by HALT
instruction, the requirement of micro DMA will be ignored (Pending) and DMA trandfer is
started after release HALT.

(1) Micro DMA operation

When an interrupt request is generated by an interrupt source specified by the micro
DMA start vector register, the micro DMA triggers a micro DMA request to the CPU at
interrupt priority level 6 and starts processing the request. The four micro DMA
channels allow micro DMA processing to be set for up to four types of interrupt at once.

When micro DMA is accepted, the interrupt request flip-flop assigned to that
channel is cleared. Data is automatically transferred from the transfer source address
to the transfer destination address set in the control register, and the transfer counter
1s decremented by 1. If the value of the counter after it has been decremented is not 0,
DMA processing ends with no change in the value of the micro DMA start vector
register. If the value of the decremented counter is 0, a micro DMA transfer end
interrupt INTTCO to INTTC3) is sent from the CPU to the interrupt controller. In
addition, the micro DMA start vector register is cleared to 0, the next micro DMA
operation is disabled and micro DMA processing terminates.

If micro DMA requests are set simultaneously for more than one channel, priority is
not based on the interrupt priority level but on the channel number. The lower the
channel number, the higher the priority (Channel 0 thus has the highest priority and
channel 3 the lowest).

If an interrupt request is triggered for the interrupt source in use during the interval
between the time at which the micro DMA start vector is cleared and the next setting,
general-purpose interrupt processing is performed at the interrupt level set. Therefore,
if the interrupt is only being used to initiate micro DMA (and not as a general-purpose
interrupt), the interrupt level should first be set to O (e.g., interrupt requests should be
disabled).

If micro DMA and general-purpose interrupts are being used together as described
above, the level of the interrupt which is being used to initiate micro DMA processing
should first be set to a lower value than all the other interrupt levels.(Note) In this case,
edge-triggered interrupts are the only kinds of general interrupts which can be
accepted.

Note: If the priority level of micro DMA is set higher than that of other interrupts, CPU operates as follows.

In case INTxxx interrupt is generated first and then INTyyy interrupt is generated between checking
“Interrupt specified by micro DMA start vector” (in the Table 3.4.1 ) and reading interrupt vector with
setting below. The vector shifts to that of INTyyy at the time.

This is because the priority level of INTyyy is higher than that of INTxxx.

In the interrupt routine, CPU reads the vector of INTyyy because cheking of micro DMA has finished.
And INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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X1
A0 to A23
RD
WR /HWR

DO to D15

Although the control registers used for setting the transfer source and transfer
destination addresses are 32 bits wide, this type of register can only output 24-bit
addresses. Accordingly, micro DMA can only access 16 Mbytes (The upper 8 bits of a
32-bit address are not valid).

Three micro DMA transfer modes are supported: 1-byte transfers, 2-byte (One-word)
transfers and 4-byte transfers. After a transfer in any mode, the transfer source and
transfer destination addresses will either be incremented or decremented, or will
remain unchanged. This simplifies the transfer of data from I/O to memory, from
memory to I/O, and from I/O to I/O. For details of the various transfer modes, see
section 3.4.2 (4) “Detailed description of the transfer mode register”.

Since a transfer counter is a 16-bit counter, up to 65536 micro DMA processing
operations can be performed per interrupt source (Provided that the transfer counter
for the source is initially set to 0000H).

Micro DMA processing can be initiated by any one of 35 different interrupts — the 34
interrupts shown in the micro DMA start vectors in Table 3.4.1 or a micro DMA soft
start.

Figure 3.4.2 shows a 2-byte transfer carried out using a micro DMA cycle in transfer
destination address INC mode. (Micro DMA transfers are the same in every mode
except counter mode.) (The conditions for this cycle are as follows: External 16-bit bus,
0 waits, and even-numbered transfer source and transfer destination addresses.)

One state (Note 1) (Note 2)

r R N\

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8

Transfer destination
Transfer source address recs x

/

[
\ Output

Figure 3.4.2 Timing for Micro DMA Cycle

States 1, 3: Instruction fetch cycle (Prefetch the next instruction)
Once 3 or more bytes of code have been fetched into the instruction
queue, dummy cycle is inserted into instruction fetch cycle.

States 4, 5: Micro DMA read cycle
State 6- Dummy cycle (The address bus remains unchanged from state 5)

States 7, 8: Micro DMA write cycle

Note 1: If the source address area is an 8-bit bus, it is incremented by two states.
If the source address area is a 16-bit bus and the address starts from an odd
number, it is incremented by two states.

Note 2: If the destination address area is an 8-bit bus, it is incremented by two states.
If the destination address area is a 16-bit bus and the address starts from an odd
number, it is incremented by two states.
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(2) Soft start function

The TMP91CW18A can initiate micro DMA either with an interrupt or by using the
micro DMA soft start function, in which micro DMA is initiated by a write cycle which
writes to the register DMAR.

Writing 1 to any bit of the register DMAR causes micro DMA to be performed once (If
write “0” to each bit, micro DMA doesn’t operate). On completion of the transfer, the
bits of DMAR which support the end channel are automatically cleared to O.

DMA can only be requested for one channel at once. (Therefore, do not write 1 to
plural bits.)

When writing again 1 to the DMAR register, check whether the bit is 0 before writing
1. If read 1, micro DMA transfer isn’t started yet.

When a burst is specified by the register DMAB, data is transferred continuously
transferred until the value in the micro DMA transfer counter is 0 after start up of the
micro DMA. If execute soft start during micro DMA transfer by interrupt source, micro
DMA transfer counter doesn’t change. Don’t use Read-modify write instruction to avoid
writing to other bits by mistake.

Symbol Name | Address 7 6 5 4 3 2 1 0
DMA request
DMA 89 DMAR3 | DMAR2 | DMAR1 | DMARO
DMAR request (Prohibit
register RMW) RIW
o | o | o | o

(3) Transfer control registers

The transfer source address and the transfer destination address are set in the
following registers. An instruction of the form “LDC cr, ¥’ can be used to set these

registers.
Channel 0
DMASO DMA source address register 0.
DMADO DMA destination address register 0.
DMACO DMA counter register 0.
. DMAMO | DMA mode register 0.
i
|
|
Channel 3
DMAS3 DMA source address register 3.
DMAD3 DMA destination address register 3.
| DMAC3 DMA counter register 3.
DMAM3 | DMA mode register 3.
~ 8bits |
€ 16 bits >
< 32 bits >
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(4) Detailed description of the transfer mode register

8 bits
g':g'%’\" 0 o Mode Note: Only values whose upper 3 bits are 000 should be set in
- I this register.
Number of Minimum
Number of . E ion S E ion Ti
Transfer Bytes Mode Description xecution States| Execution Time
(*) at fc = 25 MHz
000 000 Transfer destination address INC mode 8 states 640 ns
00 | Byte transfer
(Fixed)| | | 7 e 1/0 to memory
o1 | Word transfor | @MADR+) < (DMASn) 12 states 960 ns
DMACnh < DMACn — 1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
001 Transfer destination address DEC mode 8 states 640 ns
00 | Byte transfer
................................................. 1/0 to memory
o1 | word ransfer | @MADR-) < (DMASn) 12 states 960 ns
DMACnh < DMACn — 1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
010 Transfer source address INC mode 8 states 640 ns
00 | Byte transfer
................................................. Memory to 1/0
o1 | Word ransfer | ©@MADN) < (DMASN+) 12 states 960 ns
DMACh < DMACnh - 1
10 | 4-byte transfer If DMACn =0, then INTTCn is generated.
011 Transfer source address DEC mode 8 states 640 ns
00 | Byte transfer
................................................. Memory to I/0
o1 | Word transfer | (PMADN) < (DMASN-) 12 states 960 ns
DMACNh < DMACn — 1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
100 00 |Byte transfer Fixed address mode 8 states 640 ns
......................................................... /0 to 110
o1 | Word transfer | ©@MADN) < (DMASN-) 12 states 960 ns
DMACnNh < DMACnh — 1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
101 00 [ Counter mode
...................... For counting number of times interrupt is generated
DMASh <~ DMASN + 1 5 states 400 ns
DMACnh < DMACn — 1
If DMACnh = 0, then INTTCn is generated.

*: External 16-bit bus, 0 waits, word transfer mode or 4-byte transfer mode, even-numbered

transfer source and transfer destination addresses.

Note:

n stands for the micro DMA channel number (0 to 3)
DMADN+/DMASN+: Post-increment (Register value is incremented after transfer)
DMADN—-/DMASNh-: Post-decrement (Register value is decremented after transfer)

“I/O” signifieds fixed memory addresses; “memory” signifies incremented or memory

addresses.

The trasnfer mode register should not be set to any value other than those listed above.
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3.4.3

Interrupt Controller Operation

The block diagram in Figure 3.4.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 38 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared to
0 in the following cases: When a reset occurs, when the CPU reads the channel vector of an
interrupt it has received, when the CPU receives a micro DMA request (when micro DMA
is set), when a micro DMA burst transfer is terminated, and when an instruction that
clears the interrupt for that channel is executed (by a 0 written to the clear bit in the
interrupt priority setting register).

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEOAD or INTE12). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. The priority of non-maskable interrupts (NMI
pin interrupts and watchdog timer interrupts) is fixed at 7. If more than one interrupt
request with a given priority level are generated simultaneously, the default priority (The
interrupt with the lowest priority or, in other words, the interrupt with the lowest vector
value) is used to determine which interrupt request is accepted first.

The 3rd and 7th bits of the interrupt priority setting register indicate the state of the
interrupt request flag and thus whether an interrupt request for a given channel has
occurred.

If several interrupts are generated simultaneously, the interrupt controller sends the
interrupt request for the interrupt with the highest priority and the interrupt’s vector
address to the CPU. The CPU compares the mask value set in <IFF2:0> of the status
register (SR) with the priority level of the requested interrupt; if the latter is higher, the
interrupt is accepted. Then, the CPU sets SR<IFF2:0> to the priority level of the accepted
interrupt + 1. Hence, during processing of the accepted interrupt, new interrupt requests
with a priority value equal to or higher than the value set in SR <IFF2:0> (e.g., interrupts
with a priority higher than the interrupt being processed) will be accepted.

When interrupt processing has been completed (e.g., after execution of a RETI
instruction), the CPU restores to SR<IFF2:0> the priority value which was saved on the
stack before the interrupt was generated.

The interrupt controller also includes four registers which are used to store the micro
DMA start vector. Writing the start vector of the interrupt source for the micro DMA
processing (See Table 3.4.1), enables the corresponding interrupt to be processed by micro
DMA processing. The values must be set in the micro DMA parameter registers (e.g.,
DMAS and DMAD) prior to micro DMA processing.
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Figure 3.4.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers
Symbol | Name [Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO & iapc | 1aom2 | 1abm1 | iaomo | 1o ioM2 | 1om1 | 1omo
INTEOAD | INTAD | 90H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INT2 INT
INT? & I2C om2 | 12m1 | 12mo 1C tm2 | M1 | 1Mo
INTE12 |INT2 91H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INT4 INT3
INT3&
l4C am2 | 1am1 | 1amo 3¢ i3M2 | 13M1 | 13m0
INTE34 |INT4 92H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INT6 INT5
INTS & I6C M2 | 1eM1 | 1Mo I5C isM2 | 15M1 | 15M0
INTE56 | INT6 93H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INTTAO INTTA1 (TMRA1) INTTAO (TMRAQ)
& iTa1c | imatm2 | itatmt | imatmo | imaoc | maomz | itaomt | imaomo
INTETAO1 95H
INTTA1 R RIW R RIW
enable 0 0 | 0 | 0 0 0 | 0 | 0
INTTA2 INTTA3 (TMRA3) INTTA2 (TMRA2)
NTETAZS | & oo |ITASC | ITASM2 | masm1 | itasmo | imazc | itaom2 | imaomt | iAazmo
INTTA3 R RIW R RIW
enable 0 o | o | o 0 o | o | o
INTTA4 INTTA5 (TMRA5) INTTA4 (TMRA4)
& iTasc | imasm2 | iTasm1 | imasmo | imaac | imaamz | imagmt | imaamo
INTETA45 97H
INTTA5 R RIW R RIW
enable 0 0 | 0 | 0 0 0 | 0 | 0
INTTA6 INTTA7 (TMRA?) INTTA6 (TMRA6)
NTETAGT | & oer  |ITATC_ | ITATM2 | ma7m1 | itazmo | imasc | itaem2 | imaemt | iTAeMo
INTTA7 R RIW R RIW
enable 0 0 | 0 | 0 0 0 | 0 | 0
IXxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests

Interrupt request flag
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Symbol| Name |Address 7 6 5 4 3 2 1 0
o INTTBO1 (TMRBO) INTTBOO (TMRBO)
nterrup
NTETE0 | enable - ITBI;MC ITBO1IM2 | ITi(/)\:VM1 [ TBo1MoO ITBé)OC ITBOOM2 | ITEF;S\(/)VW | ITBOOMO
TMRBO
0 o | o | o 0 o | o | o
Interrupt (Reserved) INTTBOFO (TMRBO)
|
NTETEO i:/laFt:Beo - iTFoc | iTrom2 | iTFom1 | ITFomo
ov R RIW
(Over 0 0 0 0
flow)
INTTXO INTRXO
Interrupt
INTE enablep ooy |mx0c | mxom2 | imxom1 | itxomo | IRxoc | IRxom2 | IRxom1 | IRxomoO
UART | 7o R RIW R RIW
0 o | o | o 0 o | o | o
Interrunt (Reserved) INTI2C2
P iNTi2c2c | i2cam2 | i2comi | i2camo
INTES2 | enable 9DH - -
1’c2
0 o | o | o
Interrupt INTI2CA INTSBIO
enable iNTizc1c| n2cim2 | iecimt [ i2cimo | 1soc | 1som2 | isomt | 1somo
INTES1 | 5 9EH
PC1 & R RIW R RIW
SBI 0 o | o | o 0 o | o | o
INTTCO INTTC1 INTTCO
INTETC |& anopy |TC1C | ITC1M2 | itcim1 | ircimo | ircoc | ircom2 | ircomt | imcomo
01 |INTTCH R RIW R RIW
enable o | o | o | o | o | o | o [ o
INTTC2 INTTC3 INTTC2
INTETC | & ap |iTc3c | meama | itcamt | meamo | imeoc | imeam2 | ircomt | imcomo
23 |INTTC3 R RIW R RIW
enable o | o | o | o | o | o | o | o
IXxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests

Interrupt request flag
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(2) External interrupt control
Symbol | Name |Address 7 6 5 4 3 2 1 0
- I4EDGE | I3EDGE | I2EDGE | MEDGE | I0EDGE IOLE NMIREE
w
Interrupt 8CH 0 0 0 0 0 0 0 0
IMC input (Prohibit [AWays  |INT4EDGE|INT3EDGE| INT2EDGE | INT1EDGE|INTOEDGE|0: INTO  [1: Operates
mode RMW) write 0 0: Rising |0: Rising |0:Rising |0:Rising |0:Rising |edge mode| evenon
control 1: Falling |1:Falling |1:Falling |1:Falling |1:Falling |1:INTO rising +
level mode | falling edge
of NMI
INTO level enable
0 Edge detect INT
1 High level INT
NMI rising edge enable
0 INT request generation at falling edge
1 INT request generation at rising/falling edge
Setting for external interruption inputs
Interrupt Request Pin |Pin Name Mode Condition
T\ Falling edge IIMC<NMIREE> = 0
NMI -
“\_/"  Faling/rising edge | IMC<NMIREE> = 1
_/ Rising edge IIMC<IOLE> = 0, <I0EDGE> = 0
INTO P60 T\ Falling edge [IMC<IOLE> = 0, <IOEDGE> = 1
_/ \_  Highlevel IIMC<IOLE> = 1
_/ Rising edge IIMC<IMEDGE> = 0
INT1 P61
N\ Falling edge IIMC<I1EDGE> = 1
_/ Rising edge IMC<I2EDGE> = 0
INT2 P62
T\ Falling edge IIMC<I2EDGE> = 1
_/ Rising edge IIMC<I3EDGE> = 0
INT3 P76 :
O\ Falling edge IMC<I3EDGE> = 1
S Rising edge IIMC<I4EDGE> =0
INT4 P37 :
T\ Falling edge IIMC<I4EDGE> = 1
J_ Rising edge TBOMOD<TBOCPM1,0>=0,00r0,10r 1,1
INT5 P73
T\ Falling edge TBOMOD<TBOCPM1, 0> = 1, 0
INT6 P74 / Rising edge -

(3) Interrupt request flag clear register

The interrupt request flag is cleared by writing the appropriate micro DMA start
vector, as given in Table 3.4.1, to the register INTCLR.
For example, to clear the interrupt flag INTO, perform the following register operation

after execution of the DI instruction.
INTCLR « 0AH INTO

Clears interrupt request flag.

Symbol | Name |Address 7 6 5 4 3 2 1 0
CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt 88H W
INTCLR clear (Prohibit | | |
control RMW) 0 0 0 0 0 0
Interrupt vector
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(4) Micro DMA start vector registers

These registers assign micro DMA processing to an interrupt sets which source
corresponds to DMA. The interrupt source whose micro DMA start vector value
matches the vector set in one of these registers is designated as the micro DMA start
source.

When the micro DMA transfer counter value reaches zero, the micro DMA transfer
end interrupt corresponding to the channel is sent to the interrupt controller, the micro
DMA start vector register is cleared, and the micro DMA start source for the channel is
cleared. Therefore, in order for micro DMA processing to continue, the micro DMA
start vector register must be set again during processing of the micro DMA transfer
end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one
channel, the lowest numbered channel takes priority.

Accordingly, if the same vector is set in the micro DMA start vector registers for two
different channels, the interrupt generated on the lower-numbered channel is executed
until micro DMA transfer is complete. If the micro DMA start vector for this channel
has not been set in the channel’s micro DMA start vector register again, micro DMA
transfer for the higher-numbered channel will be commenced. (This process is known
as micro DMA chaining.)

Symbol|[ Name |Address 7 6 5 4 3 2 1 0
DMAQO start vector
DMAO DMAOV5 | DMAOV4 | DMAOV3 | Dmaov2 | bmaovt | bmaovo
DMAOV start 80H
R/W
vector
o | o | o | o | o | o
DMA1 start vector
DMAT DMA1V5 | DMA1V4 | DMA1V3 | DMAOV2 | DMA1V1 | DMA1VO
DMA1V start 81H
R/W
vector
o | o | o | o | o | o
DMAZ2 start vector
DMA2
DMA2v5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2VO
DMA2V start 82H
R/W
vector
o | o | o | o | o | o
DMAS start vector
DMA3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3V start 83H
R/W
vector
o | o | o | o | o | o
(5) Specification of a micro DMA burst
Specifying the micro DMA burst function causes micro DMA transfer, once started,
to continue until the value in the transfer counter register reaches 0. Setting any of the
bits in the register DMAB which correspond to a micro DMA channel (as shown below)
to 1 specifies that any micro DMA transfer on that channel will be a burst transfer.
Symbol | Name |[Address 7 6 5 4 3 2 1 0
DMA 89H DMAR3 DMAR2 DMAR1 DMARO
software . R/W R/W R/W R/W
DMAR ¢ (Prohibit
[
eq.ues RMW) 0 0 0 0
register 1: DMA software request
uiA pMAB3 | DMAB2 | DMAB1 | DMABO
R/W
DMAB | burst 8AH
. o | o | o | o
register
1: DMA burst request
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(6) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore, if immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag, the CPU
may execute this instruction in between accepting the interrupt and reading the
interrupt vector. In this case, the CPU will read the default vector 0004H and jump to
interrupt vector address FFFF04H.

To avoid the above program, place instructions that clear interrupt request flags
after a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 1-instructions (e.g., “NOP” X 1 times). If placed EI instruction
without waiting NOP instruction after execution of clearing instruction, interrupt will
be enable before request flag is cleared.

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

In addition, please note that the following two circuits are exceptional and demand
special attention.

INTO level mode In level mode INTO is not an edge-triggered interrupt, hence in level mode the
interrupt request flip-flop for INTO does not function. The peripheral interrupt
request passes through the S input of the flip-flop and becomes the Q output. If
the interrupt input mode is changed from edge mode to level mode, the interrupt
request flag is cleared automatically.

If the CPU enters the interrupt response sequence as a result of INTO going from
0 to 1, INTO must then be held at 1 until the interrupt response sequence has
been completed. If INTO is set to level mode so as to release a halt state, INTO
must be held at 1 from the time INTO changes from 0 to 1 until the halt state is
released. (Hence, it is necessary to ensure that input noise is not interpreted as a
0, causing INTO to revert to 0 before the halt state has been released.)

When the mode changes from level mode to edge mode, interrupt request flags
which were set in level mode will not be cleared. Interrupt request flags must be
cleared using the following sequence.

DI
LD (lIIMC), 00H ; Switches interrupt input mode from level mode to
; edge mode.
LD (INTCLR), OAH ; Clears interrupt request flag.
NOP ; Wait El instruction
El
INTRX The interrupt request flip-flop can only be cleared by a reset or by reading the

serial channel receive buffer. It cannot be cleared by writing INTCLR register.

Note: The following instructions or pin input state changes are equivalent to instructions
which clear the interrupt request flag.

INTO: Instructions which switch to level mode after an interrupt request has been
generated in edge mode.
The pin input changes from high to low after an interrupt request has been
generated in level mode. (High — Low)

INTRX: Instructions which read the receive buffer.
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3.5 Port Functions

The TMP91CW18A features 62-bit settings which relate to the various I/O ports.

As well as general-purpose I/O port functionality, the port pins also have I/O functions which
relate to the built-in CPU and internal I/Os. Table 3.5.1 lists the functions of each port pin.

Table 3.5.2 lists I/0 registers and their specifications.

Table 3.5.1 Port Functions
(OD: A = Open drain)
(R: T = with programmable pull-up resistor)
(POD: o = Programmable open drain)

Port Pin Name Num_ber Direction| R |POD!| oD Dir.ection' Pin Name fqr Internal
Name of Pins Setting Unit Function
Port 0 P00 to P07 8 110 - Bit ADO to AD7
Port 1 P10 to P17 8 110 - Bit ADS8 to AD15/A8 to A15
Port 2 P20 to P27 8 110 - Bit A16 to A23/A0 to A7
P30 1 110 - o Bit RD
P31 1 110 - o Bit WR
P32 1 110 0 o Bit AWR
Port 3 P33 1 110 0 o Bit WAIT
P34 1 110 - o Bit
P35 1 110 - o Bit TABIN
P36 1 110 - o Bit TA70UT
P37 1 110 - o Bit INT4
Port 4 P40 to P43 4 Input - (Fixed) AN8 to AN11, ADTRG (P40)
Port 5 P50 to P57 8 Input — (Fixed) ANO to AN7
P60 1 110 - Bit INTO
Port 6 P61 1 10 - Bit INT1/CTS
P62 1 110 - Bit INT2/SCOUT
P70 1 110 - Bit TA10UT
P71 1 110 - Bit TA30UT
P72 1 110 - Bit TA50UT
Port 7 P73 1 110 - Bit TBOINO/INT5
P74 1 110 - Bit TBOIN1/INT6
P75 1 110 - Bit TBOOUTO
P76 1 110 - Bit INT3/SCKO
P80 1 110 - o Bit SDA0/SO0
P81 1 110 - o Bit SCLO/SIO
P82 1 110 - o Bit TXD
Port 8 P83 1 110 - o B?t RXD
P84 1 110 - A Bit SDA1
P85 1 110 - A Bit SCL1
P86 1 110 - A Bit SDA2
P87 1 110 — A Bit SCL2
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Table 3.5.2 1/0 Registers and Their Specifications (1/2)

Port

Name

Specification

I/O registers

o
=}

PnCR

PnFC

Port 0

P00 to PO7

Input port

Qutput port

AD bus (ADO to AD7)

None

Port 1

P10 to P17

Input port

Output port

AD bus (AD8 to AD15)

A output (A8 to A15)

Port 2

P20 to P27

Input port

Output port

A output (AO to A7)

A output (A16 to A23)

Port 3

P30

Input port

Output port

=102 |O|=|O|=|O|=|O|X |»|O

Outputs RD only when accessing an external area

Always output RD

None

P31

Input port

Output port

Outputs WR only when accessing an external area

None

P32

Input port (without pull up)

Input port (with pull up)

Output port

HWR output

i (=l =l =] (=] [«] N [o} (o} (o} P Pl o] (o P Pl o] (o)

P33

WAIT input (without pull up)

WAIT input (with pull up)

Output port

None

P34

Input port

QOutput port

None

P35

Input port

Output port

TAGIN input

None

P36

Input port

Qutput port

TA7OUT output

P37

Input port

Qutput port

INT4 input

O|=|O|=|m|0o|C0|=|O|=|O|=|C|C|—=|—~

=l =l =l =]

Port 4

P40 to P43

Input port

AN input (AN8 to AN11) (Note 1)

X X I X [X |X [X [X X |X|X|[X[X|X|X]|=2]O|X |X[2|O]|X |X |X |O|=|X[X|[X|X|X|X|[X|[X|[|X]|X|X]|X]|X

P40

ADTRG input (Note 2)

X

None

Port 5

P50 to P57

Input port

AN input (ANO to AN7) (Note 1)

None

Port 6

P60

Input port

Qutput port

INTO input

P61

Input port

Output port

INT1 input

X [X | X | X |X |X [X|X

CTS input

X

P62 (Note 4)

Input port (SCOUT<SCOUTE:0>)

Output port (SCOUT<SCOUTE:0>)

INT2 input (SCOUT<SCOUTE:0>)

SCOUT output (SCOUT<SCOUTE:1>)

X X [X |X

e =l B =l =R =l = = e (=)

(=1 [«] (e} ol Pl (o) (o} P (o] (o]

X: Don'’t care
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Table 3.5.3 1/0 Registers and Their Specifications (2/2)

Port

Name

Specification

I/O registers

Pn

PnCR PnFC

Port 7

P70

Input port

Qutput port

TA10UT output

P71

Input port

Output port

TA30UT output

P72

Input port

Output port

TA50UT output

s OO |~ |O|O |~ |O |Oo

P73

Input port

(IIEC<INT5E:0>)

Qutput port

(IIEC<INT5E:0>)

None

INT5/TBOINO input

(IIEC<INT5E:1>)

P74

Input port

(IIEC<INT6E:0>)

Output port

(IIEC<INT6E:0>)

None

INT6/TBOIN1 input

(IIEC<INT6E:1>)

P75

Input port

Output port

TBOOUTO output

P76

Input port

(IIEC<INT3E:0>)

Qutput port

(IIEC<INT3E:0>)

SCKO input/output

(IIEC<INT3E:0>)

INT3 input

(IIEC<INT3E:1>)

Port 8
(Note 5)

P80

Input port

Output port

SDAO input

SO0 output

P81

Input port

Qutput port

SCLO input/output

SI0 input

P82

Input port

Output port

TXD output

Bl (= (=2 B Eo N (=l [e i Eo E (el ol E Eol (ol ol P (e (o)

P83

Input port

OQutput port

None

RXD input

P84

Input port

Output port

SDA1 input/output

P85

Input port

Output port

SCL1 input/output

P86

Input port

Qutput port

SDAZ2 input/output

P87

Input port

Output port

SCL2 input/output

aAalalolna|lmlola|lm|lolm|m|lojlo|=lOo|la|mlo|l=|m|mlo|la|m|n|lolo|l=|m|lOo|l=|n|lolOo|=lOo|lOo|m|lo|l=|mn|lOo|=|=]lOo|= |- |lO

OO | |O|O |~ |O|O |~ |O |O

X: Don’t care
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Note 1: When P50 to P57 are used as AD converter input channels, a 3-bit field in the AD mode
control register ADMOD1<ADCH3:0> is used to select the channel.

Note 2: When P40 is used as the ADTRG input, ADMOD1<ADTRGE> is used to enable external
trigger input.

Note 3: When P30 to P37 are used as open-drain outputs, P3ODE<P370ODE:P300DE> are used to
set open-drain output mode.

Note 4: When P62 is used SCOUT, SCOUT<SCOUTE> is used to set SCOUT.

Note 5: When P80 to P83 are used as open-drain outputs, PSODE<P830DE:P800ODE> are used to
set open-drain output mode.

Note 6: When P73, P74, P76 are used as INT5/TBOINO, INT6/TBOIN1 and INT3 are used to set
IIEC<INTS5E, INT6E, INT3E>.

After a reset the port pins listed below function as general-purpose I/O port pins.
A reset sets I/0 pins which can be programmed for either input port pins.

Setting the port pins for internal function use must be done in software.
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3.5.1

Port 0 (PO to P07)

Port 0 is an 8-bit general-purpose I/O port each bit can be individually for input or output
using the control register POCR. Resetting resets all bits of POCR to 0 and sets port O to
input mode.

In addition to functioning as a general-purpose I/O port, port O can also function as an
address data bus (ADO to AD7), allowing access to external memory. In this case, all bits in
the control register POCR are cleared to 0.

M\
Reset

¥

Direction control
(on bit basis)

POCR write

Output latch >—|:| Port 0

Output buffer P00 to PO7
(ADO to AD7)

PO write

Internal data bus

A

A

pd
3
jAij’7_<
A

N PO read

Figure 3.5.1 Port0
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352  Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register PICR and the function register P1FC. Resetting resets all
bits of the output latch P1, the control register PICR and the function register P1FC to 0
and sets port 1 to input mode.

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

Reset

|Direction control
(on bit basis)

P1CR write

|

Function control
(on bit basis)

£
P1FC write

Output latch > D Port 1

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

Internal data bus

Output buffer

P1 write

A

A

e
Cop— |

4
N

P1 read

Figure 3.5.2 Port 1
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Port 0 Register
7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 P05 P04 P03 P02 P01 P00
(0000H) Read/Write R/W
After reset Data from external port (Output latch register becomes undefined.)
Port 1 Register
7 6 5 4 3 2 1 0
(FE)%%SH) Bit symbol P0O7C P06C P05C P04C P03C P02C PO1C P0OOC
Read/Write W
After reset o | o | o | o | o | o | o | o
Function 0: Input  1: Output (at external access, port 0 becomes AD7 to ADO and POCR is cleared to 0.) |
T > Port 0 I/O setting
0 | Input
1 [ Output
Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) | Read/write RIW
After reset Data from external port (Output latch register is cleared to 0.)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/Write W
After reset o | o | o | o | o | o | o | o
Function <<See P1FC below.>>
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) Read/Write wW
After reset o | o | o [ o | o | o | o | o
Function P1FC/P1CR = 00: Input, 01: Output, 10: AD15 to AD8, 11: A15 to A8

Read-modify-write instructions are
prohibited for registers POCR,

P1CR and P1FC.

T—)F’ort 1 function setting

PTFC<P1XF>
0 1
P1CR<P1XC>
| Address data bus
0 nput port (AD15 to AD8)
Address bus
1 Output port (A15 to A8)

Note: <P1XF> is bit X in register P1FC: <P1XC>, in register P1CR.

Figure 3.5.3 Registers for Ports 0 and 1
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3.53  Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P2CR and the function register P2FC. Resetting set all
bits of the output latch P2 to “1”, the control register P2CR and the function register P2FC
to 0 and sets port 2 to input mode.

In addition to functioning as a general-purpose I/O port, port 2 can also function as an
address bus (A0 to A7) or (A16 to A23).

A16 to A23 —E

A0 to A7 —>|

Selector
<

(2N
>

N\ Reset

Direction control
(on bit basis)

P2CR write
Function control
(on bit basis)

T

P2FC write

-

Output latch

Internal data bus

Selector

—— | Port2

Output buffer P20 to P27
(A0 to A7/A16 to A23)

P2 write

A

A

Pas
L= |

N

N P2 read
Figure 3.5.4 Port 2
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Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) | Readwrite RIW
After reset Data from external port (Output latch register is set to 1.)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit symbol pP27C P26C P25C P24C P23C P22C P21C P20C
(0008H) Read/Write w
After reset o | o | o | o | o | o | o 0
Function <<See P2FC below>>
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) Read/Write W
After reset o | o | o [ o | o | o | o 0
Function P2FC/P2CR = 00: Input, 01: Output, 10: A7 to A0, 11: A23 to A16

Note: Read-modify-write instructions
are prohibited for P2CR and

P2FC.

L——> Port 2 function setting

P2FC<P2XF>
0 1
P2CR<P2XC>
Address bus
0 Input port (A7 to AQ)
Address bus
1 Output port (A23 to A16)

Note: <P2XF> is bit X in register P2FC; <P2XC> is bit X in

register P2CR.

When setting port 2 to function as the address bus
A23 to A16, first set P2CR, then set P2FC.

Figure 3.5.5 Registers for Port 2
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3.54

Port 3 (P30 to P37)

Port 3 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output. I/O is set using the control register P3CR and the function register P3FC. Resetting
sets all bits of the output latch P3 and bit 0 and bit 1 of control register P3CR to 1. Bit 2 to
bit 7 of P3CR are set to 0. All bits of the control register PSCR (P30C, P31C sets to 1, P32C
to P37C resets to 0) and the function register PSFC (of which bits 3, 4 and 5 are unused) are
cleared to 0. Resetting also causes P30 and P31 to output 1, sets P32 to P33 to input mode
and turns on the pull-up resistor.

And also, when output port is set, each bit is able to be set as open-drain port by P3ODE.

In addition to functioning as a general-purpose I/O port, port 3 can also function as the
1/0 for the CPU’s control/status signal.

When the P30 pin is set for RD signal output mode (<P30F> = 1), clearing the output
latch register <P30> to 0 causes the RD strobe signal (used for the pseudo-static RAM) to
be output from the P30 pin even while the internal address area is being accessed.

If the output latch register <P30> remains set to 1, the RD strobe signal is output only
while the external address area is being accessed.
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H Reset

0.D. control
(on bit basis)

Ll

A
P3ODE write
1

N
"_l P30ODE read

R Direction control
(on bit basis)

A

A
P3CR write

— Y
.| Function control
(on bit basis)

A
P3FC write

-

S \

Output latch A S :D |
Selector [ ]P30(RD),

*
P3 write .PDO—D P31(WR )
RD, WR B

S B

Internal data bus

Y

A

< Selector
N

P3 read
~J A

A

A

Figure 3.5.6 Port 3 (P30, P31)
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Internal data bus

H Reset

0.D. control

Ll

(on bit basis)

A
P3ODE write

pd!

A

|

R Direction control

(on bit basis)

N
P30DE read

A
P3CR write

‘ l

.| Function control

(on bit basis)

A
P3FC write

-

S

Output latch

P3 write

A
7A S B II%
Selector

HWR

pd!

Y
(v9]

—

S B

A

A

N
P3 read

Selector

A

A

Figure 3.5.7 Port 3 (P32)

[1P32 (HWR )

91CW18A-54

2005-08-15



TOSHIBA TMP91CW18A

H Reset

0.D. control
(on bit basis)

Ll

A
P3ODE write
1

N
0_*1* P30DE read

R Direction control

(on bit basis)
F Y

P3CR write

A

Internal data bus

! D—&
Output latch { P33 (WAIT)

P3 write

A

< Selector
N

P3 read A

A

WAIT < o

Figure 3.5.8 Port 3 (P33)
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Internal data bus

H Reset

0.D. control

(on bit basis)

A
P3ODE write

pd!

A

3

.| Direction control

(on bit basis)

N
P30DE read

A
P3CR write

-

S

Y

Output latch

P3 write

pd!

A

W~
P3 read

Selector

A

— P34

A

Figure 3.5.9 Port 3 (P34)
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(N
H Reset
0.D. control
”1 (on bit basis)
A
P30ODE write
< e
< W
’—l P30DE read
.| Direction control
(on bit basis)
A
P3CR write Y
3
S
3
g
g
Sl —— Y
> Output latch —11P35 (TA6IN)
‘ D
P3 write
S B¢
< e
< N Selector
P3 read Ale
g TABIN  «—<]
Figure 3.5.10 Port 3 (P35)
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Internal data bus

H Reset

0.D. control

Ll

(on bit basis)

A
P3ODE write

pd!

A

|

R Direction control

(on bit basis)

N
P30DE read

A
P3CR write

‘ l

.| Function control

(on bit basis)

A
P3FC write

-

S

Output latch

A

P3 write
TA70UT

Selector

pd!

E —— »

Y
(v9]

—

S B

A

Selector

A

N
P3 read

A

— [ ]P36
(TA7OUT)

A

Figure 3.5.11 Port 3 (P36)
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Internal data bus

H Reset

O.D. control

(on bit basis)

A
P30ODE write

pd!

. l

Direction control

W
P30ODE read

(on bit basis)

A
P3CR write

1

Function control

Y

(on bit basis)

A
P3FC write

-

S

Output latch

P3 write

pd!

—

N
P3 read

A

S B

Selector

A

A

INT4 «
INT4 control «

Figure 3.5.12 Port 3 (P37)

[1P37 (INT4)

91CW18A-59

2005-08-15



TOSHIBA TMP91CW18A

Port 3 Register

7 6 5 4 3 2 1 0
P3 Bit symbol P37 P36 P35 P34 P33 P32 P31 P30
(0007H) | Read/Write RIW
After reset Data from external port (Output latch register is set to 1.) 1 1
Function 0 (Output latch register)
: Pull-up resistor OFF
1 (Output latch register)
: Pull-up resistor ON
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol P37C P36C P35C P34C P33C P32C P31C P30C
(000AH) | Read/rite w
After reset 0 0 0 o | o 0 1 1
Function 0: Input 1: Output
T 1/O setting
0 {Input
1 | Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol P37F P36F P32F P31F P30F
(000BH) | Read/Write W W
After reset 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT4 1: TA7TOUT 1: HWR 1: WR 1:RD
]
I—> P30 (RD ) function setting
<P30>
0 1
<P30F
0 0 output 1 output
RD is always | RD is only
TATOUT setting ] output output during
(for pseudo external
P3FC<P36F> ! SRAM). accesses.
P3CR<P36C> 1
—> P31(WR ) function setting
— <P31>
INT4 setting 0 1
. _ . ) . . . e <P31F>
Note 1: Read modlfy write instructions are prohibited P3FC<P37F> 1
for registers P3CR and P3FC. 0 0 output 1 output
Note 2: When port 3 is used in Input mode, the P3 P3CR<P37C> |0 WR is only output during
register controls the built-in pull-up resistor. 1 external acCesses
Read-modify-write instructions are prohibited -
in input mode or I/O mode. Setting the built-in
pull-up resistor may be depended on the L > HWR setting
states of the input pin.
J——— < >
Note 3: When the P33/ WAIT pin is to be use as the P3FC<P32F !
WAIT pin, P3CR<P33C> must be setto 0 and P3CR<P32C> | 1

<BnW2:0> in the chip select/wait control
register must be set 010.

Figure 3.5.13 Register for Port 3 (1/2)
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7 6 5 4 3 2 1 0
P30ODE Bit symbol P370DE | P360ODE | P350DE | P340DE | P330DE | P320DE | P310DE | P300DE
(002DH) | Read/Write RIW
After rest 0 0 o | o | o | o o | o
Function 0: Normal 1: Open drain
Setting to open drain
0 [Normal
1 | Open drain
Figure 3.5.14 Register for Port 3 (2/2)
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3.5.5

P4
(000CH)

Port 4 (P40 to P43)

Port 4 is a 4-bit input port and can also be used as the analog input pins for the internal

AD converter. P40 is also used as the AD trigger input pin of AD converter.

(N
<1 [Port 4

® P40 to P43

3 Port 4 read (AN8 to AN11)

©

©

IS

£

g

c

Conversion
AD Channel
result
converter selector
register
AD read
A
ADTRG <]
(for P40 only)
Figure 3.5.15 Port 4
6 3 2 1 0

Bit symbol P43 P42 P41 P40
Read/Write R
After reset Data from external port
Note: The input channel selection of AD converter and the permission of ADTRG (P40) input are

set by AD converter mode register ADMOD1.

Figure 3.5.16 Register for Port 4
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3.56 Port5 (P50 to P57)

Port 5 is an 8-bit input port and can also be used as the analog input pins for the internal
AD converter.

(N
<1 [ Port 5
8 P50 to P57
]
_: Port 5 read (ANO to AN7)
©
©
®©
£
2
£
Conversion
AD Channel
result H i
) converter selector
register
AD read
A
Figure 3.5.17 Port 5
7 6 5 4 3 2 1 0
P5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(000DH) | Read/Write R
After reset Data from external port

Figure 3.5.18 Register for Port 5
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3.5.7

Port 6 (P60 to P62)

Port pins 60 to 62 constitute a 3-bit general-purpose I/O port. Each bit can be set
individually for input or output. Resetting sets port 6 to be an input port. It also sets all bits
of the output latch to 1. In addition to functioning as a general-purpose I/O port, port pins
60 to 62 can also function the external interrupt INTO to INT2 input, CTS input, SCOUT
output function. The various functions can each be enabled by writing a 1 to the
corresponding bit of the Port 6 function register (P6FC) or SCOUT control register
(8COUTO).

Resetting resets all bits of the registers P6CR and P6FC to 0 and sets all bits to be input
port pins.

(1) Port pin 60 (INTO0)
Port pin 60 is a general-purpose I/O port pin. It can also be used as the external
interrupt INTO input pin.

M\
Reset

—t

Direction control
A

(on bit basis)

P6CR write

lﬁ

Direction function
(on bit basis)

P6FC write

3

Output
N
\atch > [ ] P60 (INTO)

Output buffer

Internal data bus

P6 write

o
EGL‘.

A

N\ P6 read

< 1
INTO <« <

INTO <
control

Figure 3.5.19 Port 60
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(2) Port pin 61 (CTS/INT1)

Port pin 61 is a general-purpose I/0 port pin. It can also be used as the external INT1
input pin or as the CST input pin (in UART mode).

™M Reset

Direction control

(on bit basis)

A
P6CR write

Direction control
N

(on bit basis)

A
P6FC write

P’

S

,\
>—o—{|P61
Output latch

7y N (CTS/INT1)
P6 write S B

1

N selector

Internal data bus

A

P6 read A

A

INT1 ¢
- control

< 1
INT1 < <
CTSO

Figure 3.5.20 Port 61
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(3) Port pin 62 (INT2/SCOUT)

Port pin 62 is a general-purpose I/0 port pin. It can also be used as the external

interrupt INT2 input pin or SCOUT output pin function.

U Reset

B (R

Direction control
N

(on bit basis)

A
P6CR write

lbﬁ

"l (on bit basis)

SCOUTC

SCOUTE

A
SCOUTC write

—

Internal data bus

"l (on bit basis)

Direction control

[’

0
P6FC write

y

S

Output
latch

pd

0

P6 write

A
'my

S

Y]

Selector

¥
S

SelectorB

A

frpH clock

~
P6 read

W4

Ale

INT2 <

JAN

INT2 control <

Figure 3.5.21 Port 62

D P62
(

SCOUT/INT2)
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Port 6 Register
6 5 4 3 2 1 0
P6 Bit symbol P62 P61 P60
(0012H) | Read/Write R/W
After reset Data from external port
(Output latch register is set to 1.)
Port 6 Control Register
6 5 4 3 2 1 0
P6CR Bit symbol P62C P61C P60C
(0014H) | Read/Write W
After reset 0 | 0 | 0
Function 0: Input 1: Output
T—> Port 6 I/O setting
0 Input
1 Output
Port 6 Function Register
6 5 4 3 2 1 0
P6FC Bit symbol P62F P61F P60F
(0015H) Read/Write W W W
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1:INT2 1:INT1 1: INTO
|
Note: Read-modify-write instructions are prohibited for
the registers P6CR, P6FC and SCOUT.
|_’ P60 INTO input setting
P6FC<P60F> 1
P6CR<P60C> 0
—> P61 INT1 input setting
P6FC<P61F> 1
P6CR<P61C> 0
—— > P62 INT2 input setting
P6FC<P62F> 1
P6CR<P62C> 0
SCOUTC<SCOUTE> 0
SCOUT Control Register
6 5 4 3 2 1 0
SCOUTC | Bit symbol SCOUTE
(001DH) | Read/Write w
After reset 0
Function 0: Port
1: SCOUT
output
; P62 SCOUT output setting
SCOUT<SCOUTE> 1
P6FC<P62F> 0
P6CR<P62C> 1
Figure 3.5.22 Registers for Port 6
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3.5.8

Port 7 (P70 to P76)

Port 7 is a 7-bit general-purpose I/0 port. Each bit can be set individually for input or
output. Resetting sets port 7 to be an input port. And the output latch register P7 (All bit)
set to 1. In addition to functioning as a general-purpose I/O port, P70, P71 and P72 also
functions as an 1, 3, 5 output (TA1OUT, TA30UT and TA50UT) of the 8-bit timer A, and
port pins 73 and 74 can function as the 16-bit timer clock input INT5 and INT6 input,
TBOINO/INT5 and TBOIN1/INT6. P75 as 16-bit timer output (TBOOUTO), P76 as I/O
function of the serial interface 0 (SCKO0). For each of the output pins, timer output can be
enabled by writing a 1 to the corresponding bit in the port 7 function register (P7FC).

SCKO output function become available when a proper bit of port 7 function register
P7FC is 1 and a proper bit of interrput control register IIEC is 0.

To use TBOINO/INT5, TBOIN1/INT6 and SCKO/INT3 pin as external interrupt input
pins,a proper bit of interrupt enable register IIEC must be set 1.

By reset, a value of PTCR, P7FC and ITEC become 0 and all bits become input mode.
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Reset

3,

y

Direction control

(on bit basis)

A
P7CR write

lEC INT5E, INT6E

R’

(on bit basis)

r
IIEC write

S

i’ Output latch

A

T \ 4
P7 write S Ble
P

INT5/TBOINO
INT6/TBOIN1

<

Selector

P\Hd
7 rea A

A

INT5/TBOINO control
IINT6/TBOIN1 control

<

Internal data bus

Reset

| Direction control

(on bit basis)

T —=

A
P7CR write

IEC INT3E

(on bit basis)

IIEC write

3

Direction control
(on bit basis)

R

Y
P7FC write

3,

SCKO
Timer F/F OUT-

S
Output latch ‘|_) ,
0 A S

P7 write
Selector

El P73

(TBOINO, INT5)
P74
(TBOIN1, INTS)

B

TA10UT: Timer A1
TA30UT: Timer A3
TA50UT: Timer A5
TBOOUTO: Timer BO

Y

B

A

A

<1 Selector
Y
P7 read

S Ale

K7

|

SCKO input <

INT3

A

A

e
~

INT3 control

Figure 3.5.23 Port 7

[ P70 (TA10UT)
P71 (TA30OUT)
P72 (TA50UT)
P75 (TBOOUTO)
P76 (SCKO, INT3)
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Port 7 Register
6 5 4 3 2 1 0
p7 Bit symbol P76 P75 P74 P73 P72 P71 P70
(0013H) | Read/Write RIW
After reset Data from external port (Output latch register is set to 1.)
Port 7 Control Register
6 5 4 3 2 1 0
P7CR Bit symbol P76C P75C P74C P73C P72C P71C P70C
(0016H) | Read/Write w
After reset 0 o | o | o | o | o | o
0: Input  1: Output
T—) Port 7 1/0O setting
0 Input
1 Output
Port 7 Function Register
6 5 4 3 2 1 0
P7FC Bit symbol P76F P75F P72F P71F P70F
(0017H) | Read/Write w w
After reset 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCKO 1: TBOOUTO 1: TASOUT | 1: TA3OUT [ 1: TA1OUT
|
Note 1: Read-modify-write instructions are
prohibited for the registers P7CR Setting P70 as TA1OUT
and P7FC. P7FC<P70F> 1
Note 2:  P73/TBOIN1/INT5, P74/TBOIN/INT6 P7CR<P70C> 1
pin dose not have a register ]
changing port/function. L——— Setting P71 as TASOUT
For example, when it is used as an P7FC<P71F> 1
input port, the timer BO input 0,1 or P7CR<P71C> 1
INT5, INT6 are inputted to 16-bit —— > Setting P72 as TA50UT
timer BO. P7FC<P72F> 1
P7CR<P72C> 1
Setting P75 as TMRBO
P7FC<P75F> 1
P7CR<P75C> 1
Setting P76 as output SCKO
P7FC<P76F> 1
P7CR<P76C> 1
IIEC<INT3E> 0
Figure 3.5.24 Port 7 Registers (1/2)
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Interrupt Enable Control Register
7 6 5 4 3 2 1 0
IIEC Bit symbol INT3E INT6E INT5E
(001CH) | Read/Write W W
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1:INT3 1: INT6 1: INT5
TBOIN1 TBOINO
Note: Read-modify-write
instruction is prohibited for Setting P73 as TBOINO/INTS input
the IIEC. IIEC<INT5E> 1
P7CR<P73C> 0
-——— > Setting P74 as TBOIN1/INT6 input
IIEC<INT6E> 1
P7CR<P74C> 0
Setting P76 as INT3 input
IIEC<INT3E>
P7CR<P76C> 0
P7FC<P76F> 0

Figure 3.5.25 Port 7 Registers (2/2)
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3.5.9

Port 8 (P80 to P87)

Port 8 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output. Resetting sets port 8 to be an input port. It also sets all bits in the output latch
register P8 to P1.Besides I/0 function, each port can be used both as another function port
as follows P80, P81 are used both as I/O pin SDA0/SO0, SCLO0/SIO of 12C bus/SIO.

P82, P83 are used both as I/O pin TXD, RXD of UART. P84 and P85 are used both as I/0
pin of SDA1, SCL1 of I2C bus 1. P86, P87 are used both as I/O pin SDA2, SCL2 of I12C bus 2.

These functions can be enabled by writing a 1 to the corresponding bits in the port 8
function register (PSFC). And also, when the output is set for each bit, open-drain is
selectable by PSODE.

Resetting resets all bits of the registers PSCR and P8FC to 0, and sets all bits to be input
port pins.

M Reset
N 0O.D. control
“|(on bit basis)
*
_ P8ODE write A
< ‘ <
l P8ODE read
Direction control
(on bit basis)
A
P8CR write
. Function control V
3 1 (on bit basis)
©
©
© .
= P8FC write
£
Q
£ N S
Output latch LA s 'EE))—|
Selector >—| P80 (SDA0/SO0
P8 write ) "[>°4—D_( ( )
SDAO_out/SO0 B
S B«
< \/IF‘ Selector
P8 read A e
~

SDA0_in «—<]

Figure 3.5.26 Port 8 (P80)
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™ Reset

0O.D. control
”|(on bit basis)

A
P8ODE write A

A

— o~
¥ P8ODE read
R Direction control
(on bit basis)
A
P8CR write Y
o Function control
3 ”| (on bit basis)
©
©
© .
= P8FC write
£
[0}
= N S}
Output latch —l_)A S 1{'3)—'
T Selector —{ P81 (scLosslo
P8 write p ( )
SCLO out— — 3lp [: >_|
S B
< <1 Selector
W
P8 read A €
~

SCLO_in/S10 «—<]

Figure 3.5.27 Port 8 (P81)
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M Reset

O.D. control
"1 (on bit basis)

A
P8ODE write P

] o~
l P8ODE read

R Direction control
"1 (on bit basis)

7
P8CR write
— Y

Function control
A

A

"] (on bit basis)

P8FC write

Internal data bus

S

g Output latch LA s 'EIDO—|

0 Selector —[ |Ps2 (TxD
P8 write ) ’—[>°‘D_ (TXD)
TXD———>(B |

< Selector

4

P8 read A |e

Figure 3.5.28 Port 8 (P82)
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MM Reset

N O.D. contorl
”|(on bit basis)

A
P8ODE write P

. N
l P8ODE read

N Direction control

A

"1 (on bit basis)
f Y
P8CR write
2]
=}
Q0
[0]
©
©
E —
5
E N s
Output latch ~‘ 0EIDO—|
A —1 |P83 (RxD
P8 write "‘[>O'D_( ( )
S B«
< < Selector
<
P8 read A |€

N

RXD «—<]

Figure 3.5.29 Port 8 (P83)
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Reset

3

Direction control

(on bit basis)

A
P8CR write

Function control
(on bit basis)

0
P8FC write

Internal data bus

5 S v

Outputlatch | L»[A S
—{ |P84 (SDA1)

0
P8 write Selector “-[>O—D—{ P85 (SCL1)
SDATout— — ,lg P86 (SDA2)

SCL1_out P87 (SCL2)
SDA2_out

SCL2_out \

S Be—

< <1 Selector

W

P8 read A

SDA1_in <—<

SCL1in
SDA2_in
SCL2in

A

Figure 3.5.30 Port 8 (P84 to P87)
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Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H) | Read/Write RIW
After reset Data from external port (Output latch register is set to 1.)
Port 8 Control Register
7 6 5 4 3 2 1 0
P8CR | Bit symbol P87C P86C P85C P84C P83C P82C P81C P80C
(001AH) | Read/Write w
After reset 0 o | o | o | o o | o | o
Function 0: Input 1: Output
Note: Read-modify-write instructions are prohibited Port 8 1/0 setting
for registers PBCR, P8FC and P8ODE. 0 Input
1 Output
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC | Bit symbol P87F P86F P85F P84F P82F P81F P8OF
(001BH) | Read/Write w w
After reset 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCL2 1: SDA2 1: SCLA1 1: SDA1 1: TXD output |1: SCLO 1: SDAO
function function function function function function
SO0 output
— Setting P80 as SDAO/SOO0 function
P8FC<P80F> 1
P8CR<P80C> 1
Setting P81 as SCLO function
P8FC<P81F> 1
P8CR<P81C> 1
L————— Setting P82 as TXD output function
P8FC<P82F> 1
P8CR<P82C> 1
—— > Setting P84 as SDA1 function
P8FC<P84F> 1
P8CR<P84C> 1
Setting P85 as SCL1 function
P8FC<P85F> 1
P8CR<P85C> 1
Setting P86 as SDA2 function

Figure 3.5.31 Port 8 Registers (1/2)

P8FC<P86F>

P8CR<P86C>

Setting P87as SCL2 function

P8FC<P87F>

P8CR<P87C>
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Port 8 Open-drain Enable Register

7 6 5 4 3 2 1 0
P8ODE | Bit symbol P830ODE | P820DE | P810DE | P80ODE
(002FH) | Read/Write RIW
After reset 0 | 0 | 0 | 0
Function 0: Normal 1:Open drain

— > Setting to open drain

0 Normal

1 Open drain

Figure 3.5.32 Port 8 Registers (2/2)
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3.6  Wait Controller

On the TMP91CW18A, four user-specifiable address areas (CSO to CS3) can be set. The data
bus width and the number of waits can be set independently for each address area (CS0 to CS3
plus any other).

TMP91CW18A does not have the chip select signal for the specified address area.

In using TMP91CW18A, if chip select signal is needed for each memory space, user have to
generate chip select signals by making a external circuit (Address decoder circuit) in order to
access external ROM/RAM. 4 blocks address areas are defined by memory start address
register MSARO to MSAR3 and memory address mask register MAMRO to MAMRS3.

The wait control registers BOCS to B3CS and BEXCS should be used to specify the master
enable/disable status the data bus width and the number of waits for each address area.
The input pin which controls these states is the bus wait request pin (WAIT).

(After this chapter, 4 block address spaces are described as CSO space, CS1 space, CS2 space
and CS3 space.)

3.6.1 Specifying an Address Area

The address areas CSO to CS3 are specified using the memory start address registers
(MSARO to MSAR3) and the memory address mask registers (MAMRO to MAMRS3).

During each bus cycle, a compare operation is performed to determine whether or not the
address specified on the bus corresponds to a location in one of the areas CS0 to CS3. If the
result of the comparison is a match, it indicates that the corresponding CS area is to be
accessed. If so, the bus cycle proceeds according to the settings in the corresponding BOCS
to B3CS wait control register. (See 3.6.2 “Wait Control Registers”.)
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(1) Memory start address registers

Figure 3.6.1 shows the memory start address registers. The memory start address
registers MSARO to MSAR3 determine the start addresses for the memory areas CSO
to CS3 respectively. The 8 most significant bits (A23 to A16) of the start address should
be set in <S23:16>. The 16 least significant bits of the start address (A15 to A0) are
fixed to 0. Thus the start address can only be set to lie on a 64-Kbyte boundary, starting
from 000000H. Figure 3.6.2 shows the relationship between the value set in the start
address register and the start address.

Memory Start Address Registers (for areas CS0 to CS3)

7 6 5 4 3 2 1 0
MSARO  /MSAR1 | Bit symbol $23 S22 S21 $20 $19 S18 $17 S16
(00C8H)/ (00CAH) | Read/Write RIW
MSAR2 / MSAR3 | After reset 1 T
(00CCH)/* (00CEH) | Function Determines A23 to A16 of start address.
|—> Sets start addresses for areas CS0 to CS3.
Figure 3.6.1 Memory Start Address Register
Address Start address Value in start address register (MSARO to MSAR3)
000000H 000000H 00H
i 64 Kbytes
010000H 01H
020000H 02H
030000H 03H
040000H 04H
050000H 05H
060000H 06H
to to
FFOO000H FFH
FFFFFFH

Figure 3.6.2 Relationship between Start Address and Start Address Register Value
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(2) Memory address mask registers

Figure 3.6.3 shows the memory address mask registers. The size of each of the areas
CS0 to CS3 can be set by specifying a mask in the corresponding memory address mask
register (MAMRO to MAMRS). Each bit in a memory address mask register (MAMRO
to MAMRS3) which is set to 1 masks the corresponding bit of the start address which
has been set in the corresponding memory start address register (MSARO to MSARS3).
The compare operation used to determine whether or not a bus address is in one of the
areas CSO to CS3 only compares address bits for which a 0 has been set in the
corresponding bit position in the corresponding memory address mask register.

Also, the address bits which each memory address mask register can mask vary from
register to register; hence, the possible size settings for the areas CSO to CS3 differ
accordingly.

Memory Address Mask Register (for CS0 area)
7 6 5 4 3 2 1 0
MAMRO | Bit symbol V20 V19 V18 V17 V16 V15 V14 to V9 V8
(00C9H) | Read/Write R/W
Aterreset | 1 | 1 | 1 [ 1 | 1 | 4 ] a4 [ 1
Function Sets size of CS0 area 0: Used for address compare
Range of possible settings for CS0 area size: 256 bytes to 2 Mbytes
Memory Address Mask Register (CS1)
7 6 5 4 3 2 1 0
MAMR1 Bit symbol V21 V20 V19 V18 V17 V16 V15 to V9 V8
(00CBH) | Read/Write R/W
Afterreset | 1 | 1 | 1 | 1 | 4 | 1 [ 1 ] 4
Function Sets size of CS1 area 0: Used for address compare
Range of possible settings for CS1 area size: 256 bytes to 4 Mbytes.
Memory Address Mask Register (CS2, CS3)
7 6 5 4 3 2 1 0
MAMR2 /MAMR3 Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
(O0CDH)/ (00CFH) | Read/Write R/W
Afterreset | 1 | 1 | 1 [ 1 | 1 | a4 ] 1 [ 1
Function Sets size of CS2 or CS3 area 0: Used for address compare
Range of possible settings for CS2 and CS3 area sizes: 32 Kbytes to 8 Mbytes.
Figure 3.6.3 Memory Address Mask Registers
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(3) Setting memory start addresses and address areas

Figure 3.6.4 shows an example in which CSO0 is specified to be a 64-Kbyte address
area starting at 010000H.

First, MSAR0<S23:16>, the 8 most significant bits of the start address register and
which correspond to the memory start address, are set to 01H. Next, based on the
desired CSO area size, the difference between the start address and the end address
(01FFFFH) is calculated. Bits 20 to 8 of this result constitute the mask value for the
desired CSO area size. Setting this value in MAMRO<V20:8> (Bits 20 to 8 of the
memory address mask register) sets the desired area size for CSO0. In this example 07H
1s set in MAMRO, specifying an area size of 64 Kbytes.

I e T I I T T T A I I L Memory_

| o | t+ 4y F | F | EFE | F yH end
address

CSO0 area
size

S23 S22 S21 S20 S19 S18 S17 S16
(64 Kbytes)

msAR0 [0 |ofoofo]o]o]1] Memory
_) | 0 | 1 | H :?c;tress

V20 V19 V18 V17 V16 V15 V14 to V9 V8

fm———— - e r e e, — —— e — oy

MAMRO -0 -0-0-0fofofofol1[1 1 1 1 1 1]1]1 1 1 1 1 1 1 1!  Memoryaddress

| 0 7 | H magk register
setting

L—— Setting of 07H specifies a 64-Kbyte area.

Figure 3.6.4 Example Showing How to Set the CS0 Area

A reset sets MSARO to MSAR3 and MAMRO to MAMR3 to FFH. In addition,
BOCS<BOE>, B1CS<B1E> and B3CS<B3E> are cleared to 0, disabling the CS0, CS1
and CS3 areas. However, since a reset clears B2CS<B2M> to 0 and sets B2CS<B2E> to
1, CS2 is enabled with the address range 002000H to FDFFFFH. When addresses
outside the areas specified as CS0O to CS3 are accessed, the bus width and number of
waits specified in BEXCS are used. (See 3.6.2 “Wait Control Registers”.)
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(4) Address area size specification

Table 3.6.1 shows the valid area sizes for each CS area and indicates which method

can be used to make the size setting. A “A” indicates that it is not possible to set the

area size in question using the memory start address register and memory address

mask register. If an area size for a CS area marked “A” in the table is to be set, the start
address must either be set to 000000H or to a value that is greater than 000000H by an
integer multiple of the desired area size.

If the CS2 area is set to 16 Mbytes or if two or more areas overlap, the

lowest-numbered CS area has highest priority (e.g., CSO has a higher priority than any

other area).

Example: To set the area size for CSO to 128 Kbytes:
(1) Valid start addresses

000000H ) 128 Kbytes

020000H

040000H

060000H
1

) 128 Kbytes

) 128 Kbytes

Any of these addresses may be set as the start address.

(2) Invalid start addresses

000000H ) 64 Kbytes < This is not an integer multiple of the desired area size

010000H

030000H

050000H
1

Table 3.6.1 Valid Area Sizes for Each CS Area

) 128 Kbytes

) 128 Kbytes

setting. Hence, none of these addresses can be set as the

start address.

Size (Bytes)
256 | 512 [ 32K | 64K |[128 K[256 K|512K| 1M [ 2M | 4M | 8 M
CS Area
€S0 o o A A A A A
CS1 ) A A A A A A
CS2 o A A A A A A A
CS3 0 A A A A A A A
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3.6.2 Wait Control Registers
Figure 3.6.5 lists the wait control registers.
The master enable/disable, data bus width and number of wait states for each address
area (CSO to CS3 plus any other) are set in the respective wait control registers, BOCS to
B3CS or BEXCS.
Wait Control Register
7 6 5 4 3 2 1 0
BOCS Bit symbol BOE — — BOBUS BOW2 BOW1 BOWO
(00COH) Read/Write W W
Read-modify-{ after reset 0 o | o 0 o | o | o
.W”te ) Function 0: Disable Always write 0 Data bus Number of waits
instructions ) .
are 1: Enable width 000: 2 waits 100
prohibited. 0: 16 bits 001: 1 wait 101 Invalid settings
1: 8 bits 010: (1 + N) waits 110
011: 0 waits 111
B1CS Bit symbol | B1E - |- B1BUS Biw2 | BIW1 | B1wWO
(00C1H)  |Read/Write w w
Read-modify-{ after reset 0 o | o 0 o | o | o
_W”te . Function 0: Disable Always write 0 Data bus Number of waits
instructions ) )
are 1: Enable width 000: 2 waits 100
prohibited. 0: 16 bits 001: 1 wait 101 Invalid settings
1: 8 bits 010: (1 + N) waits 110
011: 0 waits 111
B2CS Bit symbol |  B2E B2M - | - B2BUS B2w2 | Baw1 | B2wo
(00C2H) Read/Write W
Read-modify-{ after reset 1 0 o | o 0 o | o | o
yvnte . Functions | 0: Disable |CS2 area Always write 0 Data bus Number of waits
instructions
are 1: Enable [selection width 000: 2 waits 100
prohibited. 0: 16-Mbyte 0: 16 bits 001: 1 wait 101 Invalid settings
area 1: 8bits |010: (1 + N) waits 110
1: CS area 011: 0 waits 111
B3CS Bit symbol |  B3E - | - B3BUS B3W2 | B3w1 | B3wo
(00C3H) Read/Write w w
Read-modify-{ after reset 0 o | o 0 o | o | o
yvrlte . Functions | 0: Disable Always write 0 Data bus Number of waits
instructions ) .
are 1: Enable width 000: 2 waits 100
prohibited. 0: 16 bits 001: 1 wait 101 Invalid settings
1: 8 bits 010: (1 + N) waits 110
011: 0 waits 111
BEXCS Bit symbol BEXBUS | BEXW2 | BEXW1 | BEXWO
(00C7H) Read/Write W
Read modify | After reset 0 0 | 0 | 0
.W”te . Functions Data bus Number of waits
instructions ) .
are width 000: 2 waits 100
prohibited. 0: 16 bits [ 001: 1 wait 101 Invalid settings
1: 8 bits 010: (1 + N) waits 110
011: 0 waits 111
?
L Master enable bit
|—> Number of address area waits
0 16-Mbyte area (See 3.6.2 (3) “Wait control”.)
1 CS area enable ) )
CS2 area selection Data bus width selection
0 16-Mbyte area 0 16-bit data bus
1 Specified address area 1 8-bit data bus
Figure 3.6.5 Chip Select/Wait Control Registers
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(1

(2)

Master enable bits

Bit7 (<BOE>, <B1E>, <B2E> or <B3E>) of the wait control register is the master bit
which is used to enable or disable settings for the corresponding address area. Writing
1 to this bit enables the settings. A reset disables <BOE>, <B1E> and <B3E> (e.g.,
clears them to 0) and enables <B2E> (e.g., sets it to 1). Hence after a reset only the CS2
area is enabled.

Data bus width selection

Bit3 (<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS> or <BEXBUS>) of a wait control
register specifies the width of the data bus. This bit should be clear to 0 when memory
1s to be accessed using a 16-bit data bus, and to 1 when an 8-bit data bus is to be used.

This process of changing the data bus width according to the address being accessed
is known as dynamic bus sizing. For details of this bus operation, see Figure 3.6.2.

Table 3.6.2 Dynamic Bus Sizing

Operand Data Memory Data CPU Data
% Width Operand Start Address B Vri//'dth CPU Address
us vvi us wi D15 to D8 D7 to DO
2n+0 8 bits 2n+0 XXXXX b7 to b0
8 bits (Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n +1 XXXXX b7 to b0
(Odd number) 16 bits 2n + 1 b7 to b0 XXXXX
) 2n+0 XXXXX b7 to b0
2n+0 8 bits
2n +1 XXXXX b15 to b8
(Even number)
16 bits 2n +0 b15 to b8 b7 to b0
16 bits . 2n +1 XXXXX b7 to b0
8 bits
2n+1 2n +2 XXXXX b15 to b8
(Odd number) . 2n + 1 b7 to b0 XXXXX
16 bits
2n+2 XXXXX b15 to b8
2n+0 XXXXX b7 to b0
) 2n+1 XXXXX b15 to b8
8 bits
2n+0 2n+2 XXXXX b23 to b16
(Even number) 2n +3 XXXXX b31 to b24
2n+0 b15 to b8 b7 to b0
16 bits ne ° °
2n + 2 b31 to b24 b23 to b16
32 bits 2n+1 XXXXX b7 to b0
) 2n+2 XXXXX b15 to b8
8 bits
2n+3 XXXXX b23 to b16
2n 1 2n+4 b31 to b24
(Odd number) n 200X °
2n +1 b7 to b0 XXXXX
16 bits 2n +2 b23 to b16 b15 to b8
2n + 4 XXXXX b31 to b24

Input data in bit positions marked xxxxx is ignored during a read. During a write,
the bus lines corresponding to these bit positions go high-impedance and the write
strobe signal for the bus remains inactive.
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(3) Wait control

Bits 0 to 2 (<BOWO0:2>, <B1W0:2>, <B2W0:2>, <B3W0:2> or <BEXW0:2>) of a wait
control register specify the number of waits that are to be inserted when the
corresponding memory area is accessed.

The following types of wait operation can be specified using these bits. Bit settings
other than those listed in the table should not be made.

Table 3.6.3 Wait Operation Settings

Number of . .
<BxW2:0> : Wait Operation
Waits
000 2 waits Inserts a wait of two states, irrespective of the WAIT pin state.
001 1 wait Inserts a wait of one state, irrespective of the WAIT pin state.

Inserts one wait state, then continuously samples the state of
010 (1+N)waits | the WAIT pin. While the WAIT pin remains low, the wait
continues; the bus cycle is prolonged until the pin goes high.

) Ends the bus cycle without a wait, regardless of the WAIT pin
011 0 waits

state.
A Reset sets these bits to 000 (2 waits).

(4) Bus width and wait control for an area other than CS0 to CS3
The wait control register BEXCS controls the bus width and number of waits when
memory locations which are not in one of the four user-specified address areas (CSO to

CS3) are accessed. The BEXCS register settings are always enabled for areas other
than CSO to CS3.

(5) Selecting 16-Mbyte area/specified address area

Clearing B2CS<B2M> (Bit6 of the wait control register for CS2) to 0 designates the
16-Mbyte area 002000H to FDFFFFH as the CS2 area. Setting B2CS<B2M> to 1
designates the address area specified by the start address register MSAR2 and the
address mask register MAMR2 as CS2 (e.g., if B2CS<B2M> = 1, CS2 is specified in the
same manner as CS0, CS1 and CS3 are).

A reset clears this bit to 0, specifying CS2 as a 16-Mbyte address area.
(6) Procedure for setting wait control
When using the wait control function, set the registers in the following order.
(1) Set the memory start address registers MSARO to MSARS.
Set the start addresses for CSO to CS3.
(2) Set the memory address mask registers MAMRO to MAMR3.
Set the sizes of CSO to CS3.
(3) Set the wait control registers BOCS to B3CS.

Set the data bus width, number of waits and master enable/disable status for
CSO0 to CS3.

If a CSO to CS3 address is specified which is actually an internal I/0, RAM or
ROM area address, the CPU accesses the internal address area.
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Setting example:

In this example CSO is set to be the 64-Kbyte area 010000H to 01FFFFH. The bus width is
set to 16 bits and the number of waits is set to 0.

MSARO=01H.............. Start address: 010000H

MAMRO=07H............. Address area: 64 Kbytes

BOCS=83H ................. ROM/SRAM, 16-bit data bus, 0 waits, CSO area settings
enabled
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3.6.3  Connecting External Memory

Figure 3.6.6 shows an example of how to connect external memory to the TMP91CW18A.

In this example the ROM is connected using a 16-bit bus. The RAM and I/O are
connected using an 8-bit bus.

External p
ﬁ decoder P
circuit P
74AC573
TMPS1CW18A j> D Q Address bus
LE NN YN
AT6 10 A23 |(— I . Q- Q_ Q_
Nba CS Upper byte | | ©S Lower byte | | €S 8-bit RAM || €S 8-bit 110
oE ROM oE ROM OE WE OE WE
ALE _>_|_ LE O (o) 0O O O O
ADS8 to AD15 < - 5
ADO to AD7 < <
RD |o—
WR |o—

Figure 3.6.6 Example of External Memory Connection
(ROM uses 16-bit bus: RAM and I/O use 8-bit bus.)

Since the MCU has no CS pins, user have to make chip select signals by making a
external address decoder circuit in order to control external memory area which is decided
by memory start address register and memory address mask register.
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3.7 8-Bit Timer (TMRA)

The TMP91CW18A features eight built-in 8-bit timer.
These timers are paired into four modules: TMRAO1, TMRA23, TMRA45 and TMRAG67. Each
module consists of two channels and can operate in any of the following four operating modes.

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

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

e  8bit pulse width modulation output mode (PWM — variable duty cycle with constant
period) (1 timer)

Figure 3.7.1 to Figure 3.7.4 show block diagrams for TMRAO1, TMRA23, TMRA45 and
TMRAGT.

Each channel consists of an 8-bit up counter, an 8-bit comparator and an 8-bit timer register.
In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by five control SFRs (Special function
registers).

Each of the four modules (TMRAO1, TMRA23, TMRA45 and TMRA67) can be operated
independently. All modules operate in the same manner; hence only the operation of TMRAO1 is
explained here.

The contents of this chapter is as follows.

3.7.1 Block Diagrams
3.7.2 Operation of Each Circuit
3.7.3 SFRs
3.7.4 Operation in Each Mode
(1) 8-bit timer mode
(2) 16-bit timer mode
(3) 8-bit PPG (Programmable pulse generation) output mode
(4) 8-bit PWM (Pulse width modulation) output mode
(5) Setting for each mode

Table 3.7.1 Registers and Pins for Each Module

Module
TMRAO1 TMRA23 TMRA45 TMRAG7
Input pin for external TAG6IN

External | clock (Shared with P35)

pin Output pin for timer TA10UT TA30UT TA50UT TA7OUT
flip-flop (Shared with P70) (Shared with P71) (Shared with P72) (Shared with P36)
Timer run register TAO1RUN (0100H) | TA23RUN (0108H) | TA45RUN (0110H) | TA67RUN (0118H)
Timer reqister TAOREG (0102H) | TA2REG (010AH) | TA4REG (0112H) | TABREG (011AH)
SFR 9 TATREG (0103H) | TA3REG (010BH) | TASREG (0113H) | TA7REG (011BH)
(Address) | Timer mode register | TAOTMOD (0104H) | TA23MOD (010CH) | TA45MOD (0114H) | TA67MOD (011CH)
I;;:{ef:'p'fbp control | TA1FFCR (0105H) | TASFFCR (010DH) | TASFFCR (0115H) | TAZFFCR (011DH)
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Block Diagrams
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3.7.2
(1)

Operation of Each Circuit

Prescalers

A 9-bit prescaler generates the input clock to TMRAO1.

The clock ¢TO is divided by 4 and input to this prescaler. $TO can be either fFPH or
fc/16 and is selected using the prescaler clock selection register SYSCRO<PRCK1:0>.

The prescaler’s operation can be controlled using TAOIRUN<TAO1PRUN> in the
timer control register. Setting <TAO1PRUN> to 1 starts the count. Setting
<TAOPRUN> to O clears the prescaler to 0 and stops operation. Table 3.7.2 shows the
various prescaler output clock resolutions.

Table 3.7.2 Prescaler Output Clock Resolution

at fc =25 MHz
System Clock [ Prescaler Clock Gear Value Prescaler Output Clock Resolution
Selection Selection <GEAR2:0>
<SYSCK> <PRCK1:0> oT1 oT4 $T16 $T256
000 (fc) 2%fc (0.3 us) |2%fc (1.3 ps) [27/fc (5.1 us) |2"'fc (62.5ps)
001 (fc/2) 2'ffc (0.6 us) | 2%fc (2.6 us) | 2%fc (10.2us) | 2"fc (163.8ps)
00 010 (fc/4) 2%c (1.3 ps) | 27Hc (5.1 ps) | 2%c (20.5 us) | 2"fc (327.7s)
0 (fc) (frPH) 011 (fc/8) 2%fc (2.6 us) | 2%fc (10.2 us) | 2'%fc (41.0 ps) | 2™/fc (655.4ps)
100 (fc/16) | 27/fc (5.1 us) | 2%fc (20.5 us) | 2"'/fc (81.9 us) [ 2%/ (1311 ps)
(fc/1 (;(c):lock) XXX 2'ffc (5.1 us) | 2%fc (20.5 pus) |2""/fc (81.9 us) | 2"/ (1311 ps)

xxx: Don't care

(2)

Up counters (UCO and UC1)

These are 8-bit binary counters which count up the input clock pulses for the clock
specified by TAOIMOD.

The input clock for UCO is selectable and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4 or $T16. The clock setting is
specified by the value set in TAOIMOD<TA01CLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow output from UCO is used as the input clock. In any mode other than 16-bit
timer mode, the input clock is selectable and can either be one of the internal clocks ¢T1,
¢T16 or $T256, or the comparator output (the match detection signal) from TMRADO.

For each interval timer, the timer operation control register bits
TAO1RUN<TAORUN> and TAO1IRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset clears both up counters, stopping the timers.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers which can be used to set a time interval. When the value set
in the timer register TAOREG or TAIREG matches the value in the corresponding up
counter, the comparator match detect signal goes active. If the value set in the timer
register is 00H, the signal goes active when the up counter overflows.

The TAOREG are double buffer structure, each of which makes a pair with register
buffer.
The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s double
buffer structure is enabled or disabled. It is disabled if <TAORDE> = 0 and enabled if
<TAORDE>=1.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when a 2» overflow occurs in PWM mode or at the start of the PPG cycle
in PPG mode. Hence the double buffer cannot be used in timer mode.

A reset initializes <TAORDE> to 0, disabling the double buffer. To use the double

buffer, write data to the timer register, set <TAORDE> to 1 and write the following data
to the register buffer. Figure 3.7.5 shows the configuration of TAOREG.

Timer registers 0 (TAOREG)

7~ (__C(:: Matching detection in PPG cycle
2" overflow of PWM

Selector

Shift trigger

Write to TAOREG

Register buffers 0

AN
Write

Internal data bus S TAOTRUN<TAORDE>

Figure 3.7.5 Configuration of TAOREG

Note: The same memory address is allocated to the timer register and the register buffer. When

<TAORDE> = 0, the same value is written to the register buffer and the timer register, when
<TAORDE> =1, only the register buffer is written to.

The address of each timer register is as follows.

TAOREG: 000102H TA1REG: 000103H
TA2REG: 00010AH TA3REG: 00010BH
TA4REG: 000112H TASREG: 000113H
TA6REG: 00011AH TATREG: 00011BH

All these registers are write only and cannot be read.
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(4)

(5)

Comparator (CP0, CP1)

The comparator compares the value in an up counter with the value set in a timer
register. If they match, the up counter is cleared to 0 and an interrupt signal (INTTAO
or INTTA1) is generated. If timer flip-flop inversion is enabled, the timer flip-flop is
inverted at the same time.

Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detect signal (8-bit
comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TA1FFIE> in the timer flip-flop control register.

A reset clears the value of TA1FF to 0. Writing 01 or 10 to TAIFFCR<TA1FFC1:0>
programs TA1FF to 0 or 1. Writing 00 to these bits inverts the value of TA1FF. (This is
known as software inversion.)

The TA1FF signal is output via the TA1OUT pin (which can also be used as P71).
When this pin is used as the timer output, the timer flip-flop should be set beforehand
using the port 7 function register (P7FC).

Note: When the double buffer is enabled for an 8-bit timer in PWM or PPG mode, caution is required
as explained below.

If new data is written to the register buffer immediately before an overflow occurs by a
match between the timer register value and the up-counter value, the timer flip-flop may
output an unexpected value.

For this reason, make sure that in PWM mode new data is written to the register buffer by

six cycles (fsys x 6) before the next overflow occurs by using an overflow interrupt.

In the case of using PPG mode, make sure that new data is written to the register buffer by

six cycles before the next cycle compare match occurs by using a cycle compare match
interrupt.

Example when using PWM mode

Match between il ﬂ n

TAOREG and up-counter / (
2" overflow interrupt /ﬂ A.l

—

TA10UT | \|_| o \]_]

(PWM cycle) T

Desired PWM cycle
change point

e e e e

Write new data to the register buffer
before the next overflow occurs by
using an overflow interrupt

91CW18A-96 2005-08-15



TOSHIBA TMP91CW18A
3.7.3 SFRs
TMRAO1 Run Register
7 5 4 3 2 1 0
TAO1TRUN | Bit symbol TAORDE I12TA01 TAOTPRUN | TA1RUN TAORUN
(0100H) | Read/write | R/W RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable

L.

Note: The values of bits 4 to 6 of TAOTRUN are undefined when read.

TMRA23 Run Register

Timer run/stop control

0 Stop and clear

1 Run (Count up)
TAOREG double buffer control

0 Disable

1 Enable

12TAO1: Operation in IDLE2 mode
TAO1PRUN: Run prescaler

TATRUN:  Run timer 1

TAORUN:  Run timer 0

7 5 4 3 2 1 0
TA23RUN | Bit symbol TA2RDE I12TA23 TA23PRUN | TA3RUN TA2RUN
(0108H) | Read/write | R/W R/W
After reset 0 0 o | o [ o
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Run 1: Run (Count up)
1: Enable

Note: The values of bits 4 to 6 of TA23RUN are undefined when read.

Figure 3.7.6 Registers for TMRA

Timer run/stop control

0 Stop and clear

1 Run (Count up)
TA2REG double buffer control

0 Disable

1 Enable

12TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler

TA3RUN:  Run timer 3

TA2RUN:  Run timer 2
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TMRA45 Run Register
7 5 4 3 2 1 0
TA45RUN | Bit symbol TA4RDE I12TA45 TA45PRUN | TA5RUN TA4RUN
(0110H) | Read/Write RIW RIW
After reset 0 0 o | o [ o
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
]
|—> Timer run/stop control
0 Stop and clear
1 Run (Count up)
TA4REG double buffer control
0 Disable
1 Enable
12TA45: Operation during IDLE2 mode
TA45PRUN: Run for prescaler
TAS5RUN:  Run timer 5
TA4RUN:  Run timer 4
Note: The values of bits 4 to 6 of TA45RUN are undefined when read.
TMRAG67 Run Register
7 5 4 3 2 1 0
TA67RUN | Bit symbol TAG6RDE I12TA67 TA67PRUN | TA7RUN TA6RUN
(0118H) | Read/Write RIW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
]
|—> Timer run/stop control
0 Stop and clear
1 Run (Count up)
TABREG double buffer control
0 Disable
1 Enable
12TAG7: Operation during IDLE2 mode
TA67PRUN: Run prescaler
TA7RUN:  Run timer 7
TAB6RUN:  Run timer 6
Note: The values of bits 4 to 6 TA67RUN are undefined when read.

Figure 3.7.7 TMRA Registers
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TMRAOQ1 Mode Register
7 6 5 4 3 2 1 0
TAO0O1MOD | Bit symbol TAO1M1 TAO1MO PWMO1 PWMO00 TA1CLK1 TA1CLKO | TAOCLK1 | TAOCLKO
(0104H) | Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA1 Source clock for TMRAQ
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: Reserved
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
| If
|—> TMRAO source clock selection
00 Do not set
01 oT1 (Prescaler)
10 ¢T4 (Prescaler)
11 ¢T16 (Prescaler)
—> TMRAA1 source clock selection
TAO1MOD TA01MOD

<TA01M1:0> = 01

<TA01M1:0> =01

00 Comparator output

Overflow output

from TMRAO from TMRAO
01 oT1
10 6T16 (16-bit timer mode)
11 0T256
L PWM cycle selection
00 Reserved
01 2° x source clock
10 2"x source clock
11 2%« source clock

TMRAO1 operation mode selection

00 Two 8-bit timers

01 16-bit timer

10 8-bit PPG

1 8-bit PWM (TMRADO)

8-bit timer (TMRA1)

Figure 3.7.8 TMRA Registers
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TMRAZ23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 TA23MO0 PWM21 PWM20 TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
(010CH) | Read/Write RIW
After reset o | o o | o o | o o [ o
Function Operation mode PWM cycle TMRAS3 clock for TMRA3 TMRA2 clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: $T256 11: ¢T16
i
|—> TMRAZ2 source clock selection
00 Do not set
01 ¢T1 (Prescaler)
10 ¢T4 (Prescaler)
11 ¢T16 (Prescaler)
—> TMRAS source clock selection
TA23MOD TA23MOD
<TA23M1:0> = 01 | <TA23M1:0> =01
00 Comparator output |Overflow output
from TMRA2 from TMRA2
01 ¢T1
10 $T16 (16-bit timer mode)
11 $T256
L PWM cycle selection
00 Reserved
01 2° x source clock
10 27 x source clock
11 2% x source clock
TMRAZ23 operation mode selection
00 Two 8-bit timers
01 16-bit timer
10 8-bit PPG
11 8-bit PWM (TMRA2)
8-bit timer (TMRA3)

Figure 3.7.9 TMRA Registers
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TMRA45 Mode Register
7 6 5 4 3 2 1 0
TA45MOD | Bit symbol TA45M1 TA45M0 PWM41 PWM40 TA5CLK1 [ TA5CLKO | TA4CLK1 | TA4CLKO
(0114H) | Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA5 Source clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TAATRG 00: Reserved
01: 16-bit timer mode 01: 2¢ 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
If
|—> Source clock for TMRA4
00 Do not set
01 oT1 (Prescaler)
10 ¢T4 (Prescaler)
11 ¢T16 (Prescaler)

L

—> Source clock for TMRA5

TA45MOD TA45MOD

<TA45M1:0> = 01 | <TA45M1:0> = 01

00 Comparator output [Overflow output
from TMRA4 from TMRA4

01 oT1

10 $T16 (16-bit timer mode)

11 $T256

PWM cycle

00 Reserved

01 2° x source clock

10 27 x source clock

11 2® x source clock

Operation mode for TMRA45

00 Two 8-bit timers

01 16-bit timer

10 8-bit PPG

1 8-bit PWM (TMRA4)

8-bit timer (TMRAS)

Figure 3.7.10 Registers for TMRA
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TMRAG67 Mode Register
7 6 5 4 3 2 1 0
TAG67MOD | Bit symbol TAB7M1 TAB7MO PWM61 PWM60 TA7CLK1 [ TA7CLKO | TABCLK1 | TAB6CLKO
(011CH) | Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA7 Source clock for TMRAG
00: 8-bit timer mode 00: Reserved 00: TA6TRG 00: TAGIN pin input
01: 16-bit timer mode 01: 2¢ 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
]
I—> Source clock for TMRA6
00 External input (TAGIN pin input)
01 oT1 (Prescaler)
10 ¢T4 (Prescaler)
11 ¢T16 (Prescaler)
——> Source clock for TMRA7
TA67MOD TAB67MOD
<TA67M1:0> = 01 | <TA67M1:0> = 01
00 Comparator output | Overflow output
from TMRAG6 from TMRA6
01 oT1
10 $T16 (16-bit timer mode)
11 $T256
L 5 PWMcycle
00 Reserved
01 2%« source clock
10 27 x source clock
11 2% x source clock
Operation mode for TMRAG67
00 Two 8-bit timers
01 16-bit timer
10 8-bit PPG
1 8-bit PWM (TMRAB)
8-bit timer (TMRA7)

Figure 3.7.11 TMRA Registers
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TMRA1 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA1FFCR | Bit symbol TA1FFC1 | TA1TFFCO | TA1FFIE TA1FFIS
(0105H) | Read/Write RIW RIW
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA1FF TA1FF TA1FF
-write 01: Set TA1FF control for | inversion
instructions 10: Clear TA1FF inversion | select
are 11: Don't care 0: Disable | 0: TMRAO
prohibited. ’
1: Enable 1: TMRA1
° °
e — ]
|_> Inverse signal for timer flop-flop 1 (TA1FF)
(Don’t care except in 8-bit timer mode)
0 Inversion by TMRAO
1 Inversion by TMRA1
L Inversion of TA1FF
0 Disabled
1 Enabled
L 5 Control of TATFF
00 Inverts the value of
TA1FF
01 Sets TA1FF to 1
10 Clears TAMFF to 0
11 Don’t care
Note: TA1FFCR<TA1FFC1:0> is read “1” when read.

Figure 3.7.12 TMRA Registers
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TMRAS Flip-Flop Control Register
6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 | TA3FFCO | TA3FFIE TA3FFIS
(010DH) | Read/Write RIW RIW
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA3FF TA3FF TA3FF
-write 01: Set TA3FF control for [ inversion
instructions 10: Clear TA3FF inversion select
a:zhibited 11: Don't care 0: Disable | 0: TMRA2
P : 1:Enable | 1: TMRA3
° °
I — )
|—> Inverse signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)
0 Inversion by TMRA2
1 Inversion by TMRA3
—> Inversion of TA3FF
0 Disabled
1 Enabled
— > Control of TA3FF
00 Inverts the value of
TA3FF
01 Sets TA3FF to 1
10 Clears TA3FF to 0
11 Don’t care

Note: TA3FFCR<TA3FFC1:0> is read “1” when read.

Figure 3.7.13 TMRA Registers
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TMRADS Flip-Flop Control Register

6 5 4 3 2 1 0
TA5FFCR | Bit symbol TAS5FFCA1 TA5FFCO TASFFIE TA5FFIS
(0115H) | Read/Write RIW RIW

After reset 1 | 1 0 0

Read-modify | Function 00: Invert TASFF TASFF TASFF
-write 01: Set TASFF control for [ inversion
instructions 10: Clear TASFF inversion select
a:zhibited 11: Don't care 0: Disable [ 0: TMRA4
P : 1:Enable | 1: TMRA5

Note: TAS5FFCR<TAS5SFFC1:0> is read “1” when read.

I —. 4 T

0 Inversion by TMRA4
1 Inversion by TMRA5
—> Inversion of TASFF
0 Disabled
1 Enabled
— > Control of TA5FF

00 Inverts the value TASFF
01 Sets TASFF to 1

10 Clears TA5FF to 0

11 Don’t care

|—> Inverse signal for timer flip-flop 5 (TA5FF)
(Don't care except in 8-bit timer mode)

Figure 3.7.14 Registers for TMRA
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TMRAY Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA7FFCR | Bit symbol TA7FFCA TA7FFCO TA7FFIE TA7FFIS
(011DH) | Read/Write RIW RIW
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA7FF TA7FF TA7FF
-write 01: Set TA7FF control for | inversion
instructions 10: Clear TA7EE inversion select
a:zhibited 11: Don't care 0: Disable [ 0: TMRAG
P : 1:Enable | 1: TMRA7
° °
I — )
|—> Inverse signal for timer flip-flop 7 (TA7FF)
(Don't care except in 8-bit timer mode)
0 Inversion by TMRAG6
1 Inversion by TMRA7
—> Inversion of TA7FF
0 Disabled
1 Enabled
— > Control of TA7FF
00 Inverts the value of
TA7TFF
01 Sets TA7FF to 1
10 Clears TA7FF to 0
11 Don’t care
Note: TA7FFCR<TA7FFC1:0> is read “1” when read.

Figure 3.7.15 TMRA Registers
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TAOREG
(0102H)

TA1REG
(0103H)

TA2REG
(010AH)

TA3REG
(010BH)

TA4REG
(0112H)

TA5REG
(0113H)

TABREG
(011AH)

TA7REG
(011BH)

Timer register

7 | 6 | 5 | 4 | 3 |
bit Symbol -
Read/Write W
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined
bit Symbol -
Read/Write W
After reset Undefined
bit Symbol -
Read/Write w
After reset Undefined

Note: The above register are prohibited read-modify write instricution.

Figure 3.7.16  TMRA Registers
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3.7.4  Operation in Each Mode

(1) 8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timer.

1. Generating interrupts at a fixed interval (Using TMRA1)

To generate interrupts at constant intervals using TMRA1 (INTTA1), first stop
TMRA1 then set the operation mode, input clock and a cycle to TAOIMOD and
TA1REG register respectively. Then, enable the interrupt INTTA1l and start
TMRA1 counting.

Example: To generate an INTTA1 interrupt every 13 us at fc = 25 MHz, set each
register as follows.

* Clock state System clock: High frequency (fc)
Prescaler clock: fFPH

MSB LSB
- 7 6 5 4 3 2 1 0
TAO1RUN «~ - - X X - - 0 - Stop TMRA1 and clear it to 0.
TA01MOD «~ 0 0 X X 0 1 x X Select 8-bit timer mode and select ¢T1 (0.3 ps at fc = 25
MHz) as the input clock.
TALREG «~ 0 0 1 0 1 0 0 O Set TATREG to 13 ps + ¢T1 =40 = 28H.
INTETAOlL « X 1 0 1 - - - - Enable INTTA1 and set it to level 5.
TAO1RUN «~ - X X X - 1 1 - Start TMRA1 counting.

X: Don'’t care, —: No change

Select the input clock using Table 3.7.2

Note: The input clocks for TMRAO and TMRA1 differ as follows.
TMRAOQ: Uses can be selected from ¢T1, ¢T4 or $T16
TMRA1: Match output of TMRAO and can be selected from ¢T1, $T16, $T256
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2.  Generating a 50 % duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 1.9 us square wave pulse from the TA1OUT pin at fc = 25 MHz,
use the following procedure to make the appropriate register settings. This
example uses TMRA1; however either TMRAO or TMRA1 may be used.

* Clock state System clock: High frequency (fc)
Clock gear: 1 (fe)
Prescaler clock: fFPH

- 7 6 5 4 3 2 1 0
TAOIRUN

“«— - X X - - 0 - Stop TMRA1 and clear it to 0.

TA01MOD «~ 0 0 X x 0 1 - - Select 8-bit timer mode and select ¢T1 (0.3 ps at fc = 25
MHz) as the input clock.

TA1REG «~ 0 0 0 0O 0 0 1 1 Set the timer register to 1.9 us + ¢T1 +2=3.

TA1FFCR « X X X X 1 0 1 1 Clear TA1FF to 0 and set it to invert on the match detect
signal from TMRA1.

P7CR «~ X - - - - - -1 } i )
Set P70 to function as the TA1OUT pin.

P7EC «~ X - - X X - -1

TAO1RUN “«— X X X - 1 1 - Start TMRA1 counting.

X: Don'’t care, —: No change

S I I e e Y s O Y Iy A

TAOTRUN
<TATRUN>

Bit7 to 2

Up Bit1 [ 1:3 [ | [ |
counter

mo— 0 [ T 12 [3da] " L2 [s]of 7 12 [3]of
Comparator |_| |—|

. M M
iming &
Comparator output V4 +—| I—I l_l
(Match detect) &
INTTA1 / I—I l_l
UC1 Clear # n "
| [}
| [}
TA1FF +i | E [
| [}
| [}
| | [
TA10UT J :\
[}

| 0.95 s atfc=25MHz

< »

Figure 3.7.17 Square Wave Output Timing Chart (50 % duty)
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3. Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the
input clock to TMRAL.

Comparator output |'| |'|
(TMRAO match)
TMRAO up counter 1T X2X3X4X5 X1 X2X3X4X5X1X2X3)

(when TAOREG = 5)

TMRA1 up counter 1 )( 2 )( 1
(when TA1REG = 2)

TMRA1 match output

Figure 3.7.18 TMRA1 Count Up on Signal from TMRAO

(2) 16-bit timer mode

A 16-bit interval timer is configured by pairing the two 8-bit timers TMRAO and
TMRAL1.

To make a 16-bit interval timer in which TMRAO and TMRAI1 are cascaded together,
set TAOIMOD<TAO01M1:0> to 01.

In 16-bit timer mode, the overflow output from TMRAO is used as the input clock for
TMRA1, regardless of the value set in TAOIMOD<TAQ1CLK1:0>. Table 3.7.2 shows the
relationship between the timer (Interrupt) cycle and the input clock selection.

Setting example: To generate an INTTAT1 interrupt every 0.32 s at fc = 25 MHz, set the timer
registers TAOREG and TA1REG as follows.

Clock gear: 1 (fo)

* (Clock state System clock: High frequency (fc)
Prescaler clock: fFPH

If $T16 (=(27/fc) s @ 25 MHz) is used as the input clock for counting, set the following
value in the registers:

0.32 s+ (27/fc) s = 62500 = F424H
(e.g., set TAIREG to F4H and TAOREG to 24H).
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, where the up counter UCO is not be cleared.

In the case of the TMRA1 comparator, the match detect signal is output on each
comparator pulse on which the values in the up counter UC1 and TA1REG match.

When the match detect signal is output simultaneously from both the comparators
TMRAO and TMRA1, the up counter UCO and UC1 are cleared to 0 and the interrupt
INTTA1 is generated. Also, if inversion is enabled, the value of the timer flip-flop 1
TA1FF is inverted.

Example: When TA1TREG = 04H and TAOREG = 80H.

Value of up counter 0080H 0180H 0280H 0380H 0480H  O0080H

(Uct1, uco)
TMRAO comparator match
detect signal " n " " !] JI
TMRAO comparator match n
detect signal \
1
INTTAO E
|
INTTA1 I
|
TA10UT ) Inversion

Figure 3.7.19 Timer Output by 16-Bit Timer Mode

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

Square wave pulses can be generated at any frequency and duty ratio by TMRAO. The
output pulses may be active low or active high. In this mode TMRA1 cannot be used.

TMRADO outputs pulses on the TA1IOUT pin (which can also be used as P70).

tH , L

When <TA1FFC1:0>="10"

When <TA1FFC1:0>="01"

Example when <TA1FFC1:0>="01"

TAOREG and UCO match Al {l
(Interrupt INTTAO) / /
TA1REG and UCO match )ﬂ ﬂ
(Interruput INTTA1) { \ (
TA10UT \ \
TAOREG
TATREG

Figure 3.7.20 8-Bit PPG Output Waveforms
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In this mode a programmable square wave is generated by inverting the timer output
each time the 8-bit up counter (UC0) matches the value in one of the timer registers
TAOREG or TA1IREG.

The value set in TAOREG must be smaller than the value set in TAIREG.

Although the up counter for TMRA1 (UC1) is not used in this mode,
TAO1RUN<TA1RUN> should be set to 1 so that UC1 is set for counting.

Figure 3.7.21 shows a block diagram representing this mode.

TA10UT
Selector TAOTRUN<TAORUN> —2
gj‘ — 8-bit up counter |«—1 TA1FF [«TA1FFCR<TA1FFIE>
#T16 — | (Uco) <
1 [ Inversion

TA0OTMOD<TAOCLK1:0> > INTTAO
A4

| Comparator | Comparator l; » INTTA1
{} PAN

LSeIector

TAOREG-WR->|

TAOREG

Shift trigger

A | Register buffer | | TA1TREG |

TAOTRUN<TAORDE> TT TT

Internal data bus

Figure 3.7.21 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer
will be shifted into TAOREG each time TAIREG matches UCO.

Use of the double buffer facilitates the handling of low duty waves (when duty is

varied).

Match with TAOREG N I

and up counter

(Up counter = Q1) (Up counter = Q,)
Match with TATREG
TAOREG ( Shift from register buffer
(Value to be compared) Qi *Xﬂ Q.
Register buffer Qz \ Q
A_TAOREG (Register buffer)

write

Figure 3.7.22 Operation of Register Buffer
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Example: To generate 1/4 duty 55 kHz pulses (at fc = 25 MHz).

18 us

* Clock state System clock: High frequency (fc)
Clock gear: 1 (fo)
Prescaler clock: fFPH

Calculate the value which should be set in the timer register.
To obtain a frequency of 55 kHz, the pulse cycle t should be: t = 1/565 kHz = 18 us
¢T1 = (23/fc)s (at 25 MHz);
18 ps + (23/fc)s = 60
Therefore set TAIREG to 60 (3CH)
The duty is to be set to 1/4: t x 1/4 =18 us x 1/4 = 4.5 pus
4.5 ps + (23/fc)s =~ 15
Therefore, set TAOREG = 15 = OFH.

_ 7 6 5 4 3 2 10
TAO1RUN «~ 0 X X X - 0 0 O0 Stop TMRAO and TMRAO1, and clear it to 0.
TAO1MOD «~ 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG «<~ 0 0 0 0 1 1 1 1 Write OFH.
TALIREG «~ 0 0 1 1 1 1 0 0 Write 3CH,
TA1FFCR «— X X X X 0 1 1 X Set TA1FF, enabling both inversion and the double buffer.
I_|_'—> 10 generates a negative logic pulse.
P7CR “«~ X - - - - - -1 } i
Set P70 as the TA1OUT pin.
P7EC «— X - X X - - 1
| TAOIRUN «~ 1 X X x - 1 1 1 Start TMRAO and TMRAO1 counting.

X: Don’t care, —: No change
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(4) 8-bit PWM (Pulse width modulation) output mode
This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.
When TMRAO is used the PWM pulse is output on the TA1OUT pin (which is also
used as P71). TMRAL1 can also be used as 8-bit timer.

The timer output is inverted when the up counter (UC0) matches the value set in the
timer register TAOREG or when 2» counter overflow occurs (n = 6, 7 or 8 as specified by
TA01IMOD<PWMO01:00>). The up counter UCO is cleared when 2 counter overflow
occurs.

The following conditions must be satisfied before this PWM mode can be used.

Value set in TAOREG < Value set for 2 counter overflow
Value set in TAOREG = 0

TAOREG and # Al I
UCO match ( (
2”
Overflow. /ﬂ )ﬂ
(INTTAQ interrupt) ( (

TA10UT ‘| 54|_‘| WM 34|_|

3|

S (PWMcycle) !

Figure 3.7.23 8-Bit PWM Waveforms

Figure 3.7.24 shows a block diagram representing this mode.

TAO01RUN<TAORUN> TA1$UT
OT1—> 8-bit up counter
T4—> Select > Clear TA1TFFCR
o] (Uco) N TMFF | TATFRIE>

control

Overflow

T T o Invert
TAOTMOD
TAO1MOD<TAOCLK1:0> ——— > oveflow (= <PWMO1-00>

| Comparator I >

4”} > INTTAO

L | TAREG |
Selector e
TAOREG-WR_s)| leclor 'SR trigger

| Register buffer |

0
TAO0O1RUN<TAORDE>
{ Internal data bus 4

Figure 3.7.24 Block Diagram of 8-Bit PWM Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2»
overflow is detected when the TAOREG double buffer is enabled.

Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG M M
Up counter = Q4 Up counter = Q2
2" overflow A1
TAOREG {_shift into TAOREG
)
(Value to be compared) Q § Q
Register buffer Q. X Qs
A_TAOREG (Register buffer)

write

Figure 3.7.25 Register Buffer Operation

Example: To output the following PWM waves on the TA1OUT pin at fc = 25 MHz:
T [ 1

23.7 us

41.0 us

* Clock state System clock: High frequency (fc)
Clock gear: 1 (fe)
Prescaler clock: fFPH

To achieve a 41.0 us PWM cycle by setting ¢T1 = (23/fc)s (at fc = 25 MHz):
41.0 ps + (2%/fc)s = 128
2n =128

Therefore n should be set to 7.

Since the low-level period is 23.7 us when ¢T1 = (23/fc)s,

set the following value for TAOREG:
23.7 us + (23/fc)s =~ 74 = 4AH

MSB LSB
_ 7 6 5 4 3 2 10

TAO1RUN «— - X - - - Stop TMRAO and clear it to 0.

TAO1MOD «— 1 0o - - 0 1 Select 8-bit PWM mode (cycle: 27) and select ¢T1 as the
input clock.

TAOREG <« 0 0 1 0 1 Write 4AH.

TA1FFCR «~ X X X X 1 0 1 X Clear TA1FF to 0, enable the inversion and double buffer.

P7CR « X - - - - -1 } )
Set P70 and the TA10UT pin.

P7FC «— X - - X x - -1

TAO01RUN <« X X X - 1 - 1 Start TMRAO counting.

X: Don'’t care, —: No change
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Table 3.7.3 PWM Cycle
at fc =25 MHz
Select Select PWM Cycle
System Prescaler | Gear Value o o7 o
Clock Clock <GEAR2:0>
<SYSCK> | <PRCK1:0> $T1 oT4 | ¢T16 | oT1 oT4 | ¢T16 oT1 oT4 $T16
000(fc) 205pus| 82pus | 328 us 41 ps| 164 pus | 655 ps 82 us 328 us 1311 ps
001(fc/2) 410pus| 164 us | 655us | 82 ps| 328us [1311 us | 164pus | 655pus [2621 ps
00 10(fc/4) 81.9pus| 328 us [1311 s | 164 ps| 655 us | 2621 ps | 328 pus | 1311 us | 5243 ps
0(fc) (fFPH) 011(fc/8) | 163.8 us| 655 s | 2621 us | 328 ps|1311 s 5243 ps | 655us | 2621 s [10486 ps
00(fc/16)  [327.7 us [1311 us | 5243 pus | 655 us [2621 us 10486 us | 1311 s | 5243 s [20972 ps
10
(fc/16 clook) XXX 327.7 us | 1311 ps [ 5243 ps | 655 ps|2621 ps [10486 ps (1311 us  [5243 us 20972 s
XXX: Don’t care
(5) Settings for each mode
Table 3.7.4 shows the SFR settings for each mode.
Table 3.7.4 Timer Mode Setting Registers
Register name TAO01MOD TA1FFCR
<Bit symbol> <TA01M1:0> | <PWMO01:00> | <TA1CLK1:0> | <TAOCLK1:0> TA1FFIS
. ) Upper timer Lower timer Timer f/f invert
Function Timer mode PWM cycle -PP - .
input clock input clock signal select
Lower timer match External clock . )
L 0: Lower timer output
8-bit timer x 2 channels 00 - oT1, T16, $T256 | ¢T1, T4, $T16 1: Upper timer outout
(00, 01, 10, 11) (01,10, 11) - VPP P
External clock
16-bit timer mode 01 - - oT1, ¢T4, T16 -
(01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - ¢T1, §T4, $T16 -
(01, 10, 11)
o6 o7 o8 External clock
8-bit PWM x 1 channel 1 (01,10, 11) — oT1, T4, ¢T16 _
(01, 10, 11)
n - oT1, $T16, $T256 - .
8-bit PWM x 1 channel 11 (01, 10, 11) Output disabled
—: Don’t care
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3.8 16-Bit Timer/Event Counters (TMRB)

The TMP91CW18A incorporates two multifunctional 16-bit timer/event counters (TMRBO)
which have the following operation modes:

e  16-bit interval timer mode

e 16-bit event counter mode
16-bit programmable pulse generation (PPG) mode

Can be used following operation modes by capture function:
e Frequency measurement mode
e Pulse width measurement mode

e Time differential measurement mode

Each timer/event counter channel consists of a 16-bit up counter, two 16-bit timer registers
(One of them with a double-buffer structure), two 16-bit capture registers, two comparators, a
capture input controller, a timer flip-flop and a control circuit.

Each timer/event counter is controlled by an 11-byte control SFR.

3.8.1 Block Diagram
3.8.2 Operation of Each Block
3.8.3 SFRs
3.8.4 Operation in Each Mode
(1) 16-bit interval timer mode
(2) 16-bit event counter mode
(3) 16-bit programmable pulse generation (PPG) output mode
(4) Capture function examples
1. One-shot pulse output from external trigger pulse
2. Frequency measurement
3. Pulse width measurement
4

. Time differential measurement
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Table 3.8.1 Differences between TMRBO and TMRB1

Spec

Channel

TMRBO

External pins

External clock/capture trigger input

pins

TBOINO (Also used as P73)
TBOIN1 (Also used as P74)

Timer flip-flop output pins

TBOOUTO (Also used as P75)
TBOOUT1 (Also used as P83)

SFR
(Address)

Timer run register

TBORUN (0180H)

Timer mode register

TBOMOD (0182H)

Timer flip-flop control register

TBOFFCR (0183H)

Timer register

TBORGOL (0188H)
TBORGOH (0189H)
TBORG1L (018AH)
TBORG1H (018BH)

Capture register

TBOCPOL (018CH)
TBOCPOH (018DH)
TBOCP1L (018EH)
TBOCP1H (018FH)
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Block Diagram

3.8.1
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3.8.2  Operation of Each Block

(1) Prescaler

The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢T0)
is divided clock (Divided by 4) from selected clock by the register SYSCRO<PRCK1:0>
of clock gear.

This prescaler can be started or stopped using TBORUN<TBOPRUN>. Counting
starts when <TBORUN> is set to 1; the prescaler is cleared to 0 and stops operation
when <TBORUN> is cleared to O.

Table 3.8.2. Prescaler Clock Resolution

at fc = 25 MHz
System Clock Prescaler Clock Clock Gear Value Prescaler Clock Resolution
Selection Selection <GEAR2:0>
<SYSCK> <PRCK1:0> oT1 oT4 6T16
000 (fc) 2%/fc (0.3 ps) 2° (1.3 ps) 2'/fc (5.1 ps)
001 (fc/2) 2°/fc (0.6 ps) 2° (2.6 ps) 2%fc (10.2 ps)
0(fc) 00 (frpH) 010 (fc/4) 2°fc (1.3 ps) 27/fc (5.1 ps) 2%fc (20.5 ps)
011 (fc/8) 2%/c (2.6 ps) 2%/fc (10.2 ps) 2"%c (41.0us)
100 (fc/16) 2'ffc (5.1 ps) 2%c (20.5 ps) 2"/fc (81.9us)
10 (Note: fc/16 clock) XXX 2'ffc (5.1 ps) 2%fc (20.5 ps) 2"/fc (81.9us)

xxx: Don’t care

(2) Up counter (UCO)

UCO is a 16-bit binary counter which counts up pulses input from the clock specified
by TBOMOD<TBOCLK1:0>.

Any one of the prescaler internal clocks ¢T1, $TBO, ¢T16 or an clock input via the
TBOINO pin can be selected as the input clock. Counting or stopping and clearing of the
counter is controlled by TBORUN<TBORUN>.

When clearing is enabled, the up counter UCO will be cleared to 0 each time its value
matches the value in the timer register TBORG1H/L. Clearing can be enabled or
disabled using TBOMOD<TBOCLE>.

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

A timer overflow interrupt INTTBOFO) is generated when UCO overflow occurs.
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(3) Timer registers (TBORGOH/L and TBORG1H/L)

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

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

The TBORGO timer register has a double-buffer structure, which is paired with
register buffer. The value set in TBORUN<TBORDE> determines whether the
double-buffer structure is enabled or disabled: it is disabled when <TBORDE> = 0, and
enabled when <TBORDE> = 1.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when the values in the up counter (UC0) and the timer register TBORG1
match.

After a reset, TBORGO and TBORG1 are undefined. If the 16-bit timer is to be used
after a reset, data should be written to it beforehand.

On a reset <TBORDE> is initialized to O, disabling the double buffer. To use the
double buffer, write data to the timer register, set <TBORDE> to 1, then write data to
the register buffer as shown below.

TBORGO and the register buffer both have the same memory addresses (000188H
and 000189H) allocated to them. If <TBORDE> = 0, the value is written to both the
timer register and the register buffer. If <TBORDE> = 1, the value is written to the
register buffer only.

The addresses of the timer registers are as follows.

r= TMRBO - oo o oo oo - .
i TBORGO TBORG1 i
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
i (TBORGOH) (TBORGOL) (TBORG1H) (TBORGI1L) '
i 000189H 000188H 00018BH 00018AH i
1 1

The timer registers are write only registers and thus cannot be read.
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(4)

(5)

(6)

(7

Capture registers (TBOCPOH/L and TBOCP1H/L)
These 16-bit register are used to latch the values in the up counter.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or two 1-byte data load instructions. The least significant byte is
read first, followed by the most significant byte.

The addresses of the capture registers are as follows.

r= TMRBO = - - o o oo - .
i TBOCPO TBOCP1 i
| Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
i (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) '
i 00018DH 00018CH 00018FH 00018EH i
1 1

The capture registers are read only registers and thus cannot be written to.
Capture input control and external interrupt control INT5 and INT6)

This circuit controls the timing to latch the value of up counter UCO into TBOCPO,
TBOCP1 and the generation of external interrupts. The latch timing for the capture

register and selection of edge for external interrupt 1is determined by
TBOMOD<TBOCPM1:0>.

The edge of external interrupt INT6 is fixed to rise edge.
In addition, the value in the up counter can be loaded into a capture register by
software. Whenever 0 is written to TBOMOD<TBOCPOI>, the current value in the up

counter is loaded into capture register TBOCPO. It is necessary to keep the prescaler in
run mode (e.g., TBORUN<TBOPRUN> must be held at a value of 1).

Note: As described above, whenever 0 is written to TBOMOD<TBOCPOI>, the current
value in the up counter is loaded into capture register TBOCPO. However, note that
the current value in the up counter is also loaded into capture register TBOCPO
when 1 is written to TBOMOD<TBOCPOI> while this bit is holding 0.

Notice
r=======777
0 write Owrite 1 1 write v 1 write
Write to TBOMOD register |_| |_| | !
]
! 1
1
TBOMOD<TBnCPOI> : |
! 1
! 1
CAPTURE operation Capture Capture i Capture | No capture

Comparators (CP0O and CP1)

CPO and CP1 are 16-bit comparator which compare the value in the up counter UCO
with the value set in TBORGO or TBORG1 respectively, in order to detect a match. If a
match is detected, the comparator generates an interrupt (INTTB0O or INTTBO1
respectively).

Timer flip-flops (TBOFFO0 and TBOFF1)

These flip-flops are inverted by the match detect signals from the comparators and
the latch signals to the capture registers. Inversion can be enabled and disabled for
each element using TBOFFCR<TBOC1T1, TBOCO0T1, TBOE1T1, TBOEOT1>. After a
reset the value of TBOFFO is undefined. If 00 is written to TBOFFCR<TBOFF0C1:0> or
<TBOFF1C1:0>, TBOFFO will be inverted. If 01 is written to the capture registers, the
value of TBOFFO will be set to 1. If 10 is written to the capture registers, the value of
TBOFFO will be cleared to 0. The values of TBOFFO0 and TBOFF1 can be output via the
timer output pins TBOOUTO (which is shared with P75). Timer output should be
specified using the port 7 function registers.
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3.8.3 SFRs
TMRBO0 Run Register
7 6 5 4 3 2 0
TBORUN Bit symbol TBORDE - 12TBO TBOPRUN TBORUN
(0180H) Read/Write R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
Function Double Always IDLE2 16-bit timer run/stop control
buffer write 0 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
|—> Count operation

Note: The 1, 4 and 5 of TBORUN are read as undefined value.

12TBO:

0

Stop and clear

1

Operation during IDLE2 mode

TBOPRUN: Operation of prescaler
TBORUN: Operation of TMRBO

Figure 3.8.1 The Registers for TMRB
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TMRBO Mode Register

7 6 5 4 3 2 1 0
TBOMOD Bit symbol TBOCT1 TBOET1 TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE TBOCLK1 | TBOCLKO
(0182H) Read/Write R/W WV R/W
After reset o | o 1 o | o 0 o | o
Read-modify | Function ~ [TBOFF1 inversion Execute Capture timing Controlup  |TMRBO input clock
-write 0: Disable trigger software 00: Disable INT5 occurs |counter 00: TBOINO pin
instructions 1: Enable trigger capture on rising edge. 0: Disable |01: ¢T1
are Invert when |Invert when [0: Execute |01: TBOINO T TBOIN1 T clearing [10: ¢T4
prohibited. the UC the UC 1: Undefined INT5 occurs on rising |1: Enable |11: ¢T16
value is value edge. clearing
captured to |matches the 10: TBOINO T TBOIN1 4
TBOCP1. value in INT5 occurs on falling
TBORGH1. edge.
11: TATOUT T TA10UT
INTS occurs on rising
edge.

]

|—> TMRBO source clock

00 TBOINO pin
01 oT1
10 0T4
11 6T16
———>  Up counter clear control
0 Disable
1 TBORG1 clearing on match with TBORGH1.
—— >  Capture/interrupt timing
Capture control INT5 control
00 Disable INT5 occurs on rising edge
01 CAPO at TBOINO rise of TBOINO. _f_
CAP1 at TBOIN1 rise
10 CAPO at TBOINO rise INT5 occurs on falling
CAP1 at TBOIN1 rise edge of TBOINO. _\_
11 CAPO at TA1OUT rise INT5 occurs on risingI
CAP1 at TATOUT fall edge of TBOINO.
Software capture
0 The value in the up counter is captured to TBOCPO.
1 Undefined (Note)

Note: Whenever writing 0 to TBOMOD<TBOCPOI> bit, present value of up counter is received to capture register
TBOCPO.
But, write 1 to TBOMOD<TBOCPOI> in condition of written 0 to TBOMOD<TBOCPOI> bit, present value of up
counter is received to capture register TBOCPO.

Therefore you must to regard.

Figure 3.8.2 The Registers for TMRB
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TMRBO Flip-Flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR Bit symbol TBOFF1C1 TBOFF1CO TBOC1T1 TBOCOT1 TBOE1T1 TBOEOT1 TBOFFOC1 TBOFFOCO
(0183H) Read/Write W R/W W
Read-modify | After reset 1 | o | o | o 0 1 | 1
-write Function Control TBOFF1 TBOFFO inversion trigger Control TBOFFO
instructions 00: Invert 0: Disable trigger 00: Invert
are 01: Set 1: Enable trigger 01: Set
prohibited. 10: Clear Invert when | Invert when | Invert when | Invert when | 10: Clear
11: Don’t care the UC the UC the UC the UC 11: Don’t care
* Always read as 11 value is value is value value * Always read as 11
loaded in to | loaded in to | matches matches
TBOCP1. TBOCPO. the value in | the value in
TBORG1. TBORGO.
L TBOFFO control
00 Invert
01 Setto 11
10 Clear to 0
11 Don'’t care
L——— Inverted when the UC value matches the
valued in TBORGO.
0 Disable trigger
1 Enable trigger
L————— Inverted when the UC value matches the
valued in TBORG1 .
0 Disable trigger
1 Enable trigger
L—————— Inverted when the UC value is loaded in
to TBOCPO.
0 Disable trigger
1 Enable trigger
Inverted when the UC value is loaded in
to TBOCP1.
0 Disable trigger
1 Enable trigger
Figure 3.8.3 The Registers for TMRB
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7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
TBORGOL | bit Symbol —
(0188H) | Read/Write w
After reset Undefined
TBORGOH | bit Symbol —
(0189H) Read/Write W
After reset Undefined
TBORG1L | bit Symbol —
(018AH) | Read/Write w
After reset Undefined
TBORG1H | bit Symbol —
(018BH) | Read/Write w
After reset Undefined

Note: The above registers are prhibited read-modify-write instruction.

Figure 3.8.4 The Registers for TMRB
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3.8.4  Operation in Each Mode

(1) 16-bit interval timer mode
Generating interrupts at fixed intervals.
In this example, the interrupt INTTBO1 is set to be generated at fixed intervals. The
interval time is set in the timer register TBORG1.
7 6 5 4 3 2 10

TBORUN «~ 0 0 X X - 0 X 0 Stop TMRBO.
INTETBO « X 1 0 0 X 0 0 0 Enable INTTBO1 and set interrupt level 4. Disable
INTTBOO.
TBOFFCR « 1 1 0 0 0 1 1 Disable the trigger.
TBOMOD « 0 0 1 0o 1 =*= * Select internal clock for input and disable the capture
(** = 01, 10, 11) function.
TBORG1 « F O R Rk ok xox Set the interval time
* * * * * * * * (16 bitS).
| TBORUN « 0 0 X x - 1 x 1 Start TMRBO.

X: Don't care, —: No change

(2) 16-bit event counter mode

As described above, in 16-bit timer mode, if the external clock (TBOINO pin input) is
selected as the input clock, the timer can be used as an event counter. To read the
value of the counter, first perform software capture once, then read the captured value.

7 6 5 4 3 2 1 0

TBORUN « 0 0 X X - 0 X 0 Stop TMRBO.

P7CR «~— - - - - 0 - - = Set P73 to input mode.

INTETBO « X 1 0 0 X 0 0 O Enable INTTBO1 and set interrupt level 4. Disable
INTTBOO.

TBOFFCR <~ 1 1 0 0 0 0 1 1 Disable the trigger.

TBOMOD «< 0 0 1 0o 0 1 o0 O Select TBOINO as the input clock.

TBORG1 «— Kk ox ok kxR ok Set the number of counts.

TBORUN «~ 0 0 X X - 1 x 1 Start TMRBO.

X: Don’t care, —: No change
When the timer is used as an event counter, set the prescaler in run mode
(e.g., with TBORUN<TBOPRUN> = 1).
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(3) 16-bit programmable pulse generation (PPG) output mode

Square wave pulses can be generated at any frequency and duty ratio. The output
pulse may be either low-active or high-active.

The PPG mode is obtained by inversion of the timer flip-flop TBOFFO that is to be
enabled by the match of the up counter UCO with timer register TBORGO or TBORG1
and to be output to TBOOUTO. In this mode the following conditions must be satisfied.

(Value set in TBORGO) < (Value set in TBORG1)

Match with TBORGO /H |-| |-| |-| |-|
(INTTBOO inerrupt)
Match with TBORG1 /ﬂ |‘| |‘| |‘|

(INTTBO1 interrupt)

| |
TBOOUTO pin [ MU |_| |_| |_|

Figure 3.8.5 Programmable Pulse Generation (PPG) Output Waveforms

When the TBORGO double buffer is enabled in this mode, the value of register buffer
0 will be shifted into TBORGO at match with TBORG1. This feature facilitates the
handling of low-duty waves.

Match with TBORGO I_l |_|
Up counter = Q4 Up counter = Q,

Match with TBORG1

TBORGO Y
(Value to be compared) Q X Q2
/A

[ Shift from register buffer

Register buffer Q, X Qs
Write into the TBORGO

Figure 3.8.6 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBORUN<TBORUN>
TBOOUTO (PPG output)
Selector A
TBOINO )
oT1 —> 16-bit up counter Clear F/F
e 3 uco < (TBOFFO)
A4
16-bit comparator Mgtch 16-bit comparator
VAN PAN
Selector TBORGO
P4
TBORGO-WR->
Register buffer 0 TBORGH1
TBORUN<TBORDE> TT ﬁ
q Internal data bus 5

Figure 3.8.7 Block Diagram of 16-Bit Mode

The following example shows how to set 16-bit PPG output mode.

7 6 5 4 3 2 0
[ TBORUN «~ 0 X X - X Disable the TBORGO double buffer and stop TMRBO.
TBORGO «— F R Rk ok kx X Set the duty ratio.
% ok ok ok ok k% (16 bits)
TBORG1 «— F R Rk ok kx X Set the frequency.
% ok ok ok ok k% (16 bits)
TBORUN «~ 1 0 X X - 0 X 0 Enable the TBORGO double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR «~ X X 0 0 1 1 1 0 Set the mode to invert TBOFFO at the match with
TBORGO/TBORGH1. Clear TBOFFO to 0.
TBOMOD «~ 0 0 1 0 0 1 =* =* Select the internal clock as the input clock and disable
(** = 01, 10, 11) the capture function.
P7CR “«— X - 1 - - - - - } .
— Set P75 to function as TBOOUTO.
P7FC «~ X - 1 X X - - -
TBORUN «~ 1 0 X X - 1 x 1 Start TMRBO.

X: Don't care, —: No change
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(4) Capture function examples

The capture function can be used in many ways. The following are examples:
As a one-shot pulse output from external trigger pulse
For frequency measurement

For pulse width measurement

W o=

For time difference measurement

1. One-shot pulse output from external trigger pulse

Set the up counter UCO to free-running mode with the internal input clock,
input an external trigger pulse via the TBOINO pin, and load the value of the up
counter into the capture register TBOCPO on the rising edge of the TBOINO input
signal.

When the interrupt INT5 is generated on the rising edge of the TBOINO input,
set the TBOCPO value (c) plus a delay time (d) in TBORGO and set this value (c + d)
plus the one-shot pulse width (p) in TBORG1. (Thus TBORGO = ¢ + d and TBORG1
=c¢ + d + p.) When the interrupt INT5 occurs, TBOFFCR<TBOE1T1, TBOE0T1>
should be set to 11 and that the TBOFFO inversion is enabled only when the up
counter value matches TBORGO or TBORG1. When an INTTBO1 interrupt occurs,
a one-shot pulse will be output and inversion will be disabled.

(¢), (@) and (p) correspond to ¢, d and p in Figure 3.8.8.

(7 Set the counter in free running mode.

Count clock
aapunt ook [T 0 1

TBOINO pin input

(External trigger pulse)

,§ Load the up counter value into capture
' register (TBOCPO) and INT5 occurred

2l

Match with TBORGO

ZVINTTBO1 occufred

/!

Inversion
enable

Disables inversion
caused by loading of
the up counter value

i,( into TBOCPO.

Match with TBORG1

Inversion
| enable

Timer output pin TBOOUTO

Pulse width
(p)

Delay time

()

AT
4
A
N A

Figure 3.8.8 One-shot Pulse Output (with delay)
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Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger pulse
via the TBOINO pin.

Main settings

TBOMOD “«—

TBOFFCR “«—

P7CR «
PTEC «
INTE56 «
INTETBO <

| TBORUN «

Setting of INTS

TBORGO <~
TBORG1 <~
TBOFFCR <~

| INTETBO <~

Setting INTTBO1

TBOFFCR <~

INTETBO <~

X X
X X
X —_
X 0

0
TBOCPO
TBORGO
X X
X 1
X X
X 0

* Clock state

- - X 1 0 O
0 0 X 0 0 0
X X 1 X 1
+ 3ms/¢T1
+ 2ms/¢T1
— — l 1 — —
|—|—|—)
o 0 X - - =
— — O 0 — —
o —
o 0 X - - =

X: Don't care, —: No change

System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: frpH

Keep counting (Maintain free running counter).
Count using ¢T1.

Load the up counter value into TBOCPO on the rising edge
of the input to the TBOINO pin.

Clear TBOFFO to 0.

Disable TBOFFO inversion.

Set P75 to function as the TBOOUTO pin.

Enable INT5.
Disable INTTBOO and INTTBO1.
Start TMRBO.

Enable TBOFFO inversion when the up counter value
matches the value of TBORGO or of TBORG1.
Enable INTTBO1.

Disable TBOFFO inversion when the up counter value
matches the value of TBORGO or of TBORG1.
Disable INTTBO1.

If no delay time is necessary, invert the timer flip-flop TBOFFO when the up counter
value is loaded into the capture register (TBOCPO) and set the value of TBORG1 to the
value of TBOCPO (c) plus the one-shot pulse width (p) when the interrupt INT5 occurs.
TBOFFO inversion should be enabled when the up counter (UCO0) value matches
TBORG1 and disabled when generating the interrupt INTTBO1.
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2.  Frequency measurement

Count clock
mematciocky UL TUUUUL . RN —

c c+p
TBOINO pin input J Load the up counter value into capture
(External trlglge; I\> register (TBOCPO). Load the up counter value into
pulse I INT5 occurred. .

! A INTTBO1 capture register (TBOCP1).

Match with TBORG1 : /ﬂ occurred.
i
]
]

Inversion enable(

Timer output TBOOUTO

/' Pulse width /
Enables inversion caused by ! (p) Disables inversion caused by loading

loading of the up counter of the up counter value into TBOCP1.
value into TBOCPO.

_Y__

Figure 3.8.9 One-shot Pulse Output (without delay)

The frequency of the external clock can be measured in this mode. The clock is
input via the TBOINO pin and its frequency is measured using the two 8-bit timers
of TMRAO1 and the 16-bit timer/event counter TMRBO.

The TBOINO pin input should be selected as the clock input to TMRBO. Set
TBOMOD<TBOCPM1:0> to 11. The value of the up counter is loaded into the
capture register TBOCPO on the rising edge of the TA1FF signal from the timer
flip-flop for the two 8-bit timers (TMRAO1), and loaded into TBOCP1 on the falling
edge of the TA1FF signal.

The frequency is calculated using the difference between the values loaded into
TBOCPO and TBOCP1 when the interrupt (INTTAO or INTTA1) is generated by
either one of the 8-bit timers.

Count clock I

(TBOINO pin input) Cc1 C2

TA1FF 7%“
c1

Loading UC into TBOCPO \

5

r

Loading UC into TBOCP1

— 1T - T~ "
(@]
N

INTTAO/INTTA1

Figure 3.8.10 Frequency Measurement

For example, if the value for the level 1 width of TA1FF of the 8-bit timer is set
to 0.5 s and the difference between the values in TBOCPO and TBOCP1 is 100, the
frequency 1s 100 + 0.5 s = 200 Hz.
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Pulse width measurement

This mode allows the H-level width of an external pulse to be measured. With
the 16-bit timer/event counter operating as a free-running counter counting the
pulses from the internal clock input, the external pulse is input via the TBOINO
pin. Then, the capture function is used to load values from UCO into TBOCPO and
TBOCP1 on the rising and falling edges of the external trigger pulse respectively.
The interrupt INT4 occurs on the falling edge of TBOINO.

The pulse width is obtained from the difference between the values in TBOCPO
and TBOCP1 and the period of the internal clock.

For example, if the period of the internal clock is 0.8 us and the difference
between the values in TBOCPO and TBOCP1 is 100, the pulse width is 100 x 0.8 pus
= 80 ps.

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

Count clock _ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ ______
C1 Cc2

(Internal clock)

TBOINO pin
(External pulse) i | \ |
[}
Loading UC into TBOCPO H C1 | ﬂC1

Loading UC into TBOCP1

/—\
K|
—
(@]
N
R R E I
(@)
N

INTS H

Figure 3.8.11 Pulse Width Measurement

Note: In pulse width measuring mode only (e.g., when TBOMOD<TBOCPM1:0> = 10),
the external interrupt INT5 occurs on the falling edge of the signal input to the
TBOINO pin. In other modes it occurs on the rising edge.

The width of the L level can be calculated from the difference between the first
C1 pulse and the second CO pulse at the second INT5 interrupt.

The width of the L level is obtained by multiplying the difference between the
first C1 and the second CO at the second INT5 interrupt by the period of the
internal clock.

91CW18A-133 2005-08-15



TOSHIBA

TMP91CW18A

TBOINO pin input /
TBOIN1 pin input
Loading UC into TBOCPO

Loading UC into TBOCP1

Count clock
(Internal clock)

INTS

INT6

Time difference measurement

This mode is used to measure the time difference between the rising edges of the
external pulses input via TBOINO and TBOIN1.

With the 16-bit timer/event counter (TMRBO) operating as a free-running
counter counting the pulses from the internal clock input, load the UCO value into
TBOCPO on the rising edge of the signal input via TBOINO. This generates the
interrupt INT5.

Similarly, the UCO value is loaded into TBOCP1 on the rising edge of the signal
input via TBOIN1, generating the interrupt INT6.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up counter value into TBOCPO and
TBOCP1 has been done.

The time difference between these pulses can be obtained by multiplying the
value subtracted TBOCPO from TBOCP1 and the internal clock cycle together at
which loading the up counter value into TBOCPO and TBOCP1 has been done.

C1 C2

Al

\

\

/-_\

|
h

Time difference

& >
< L

Figure 3.8.12 Time Difference Measurement
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3.9 UART

UART mode (Asynchronous transmission) can be selected.

Mode 1: 7-bit data
e UART mode Mode 2: 8-bit data
Mode 3: 9-bit data

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

Figure 3.9 2 shows the block diagram of UART.

Both channels operate in the same fashion except for the following points, hence only the
operation of channel 0 is explained below.

Table 3.9.1 Differences between UART
UART

Pin Name TXD (P82)

RXD (P83)
CTs (P61)

This chapter contains the following sections:

3.9.1 Block Diagram

3.9.2 Operation of Each Circuit
3.9.3 SFRs

3.9.4 Operation in Each Mode
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e Mode 1 (7-bit UART mode)

s
X

No parity \Start/<B|tO

Parity \Start Bit0

e Mode 2 (8 bit UART mod

No parity \Start Bit0

A

k
Parity \Start /< Bit0

Ao

€

e Mode 3 (9 -bit UAR
\Start

Wake up Start

><><~">

S>< S>S< S< S< S S><
N

S< S< S< S< S S<
w

> >S< > >S< > ><
S

S>< S>S< S< S< S S><

S>< S>S< ><>m< S S>S<
»

Bit8 = 1 denoted an address (Select code).
Bit8 = 0 denoted data.

Figure 3.9.1 Data Formats
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3.9.1 Block Diagram
Figure 3.9.2 is a block diagram representing serial channel.
Prescaler
0T0 +—>—— 2[4 8[16[32]64|
oV v
$T2  $T8 ¢T32
-~ Serial clock generation circuit™-===="""""=""""""==="-momo !
: BROCR TAOTRG '
! <BROCK1:0> (from TMRAO) !
i | | BROCR ~~ "BROADD
! : <BR0S3:0> <BROK3:0> ! !
1
1 | ! 1
1 ! 1
L §TO > . 5 o |UART| |
L0T2 | © R | 7| g | mode | 2 'SIOCLK
! | @ 7] o % T
T8 13 : 13 3|
1 OT32> C; ! :
1 ! 1 1
! i BROCR ! :
: ! <BROADDE> i | SCOMODO  SCOMODO;
: [ Baud rate .—-__-__ ; <8C1:0>  <SM1:0>!
! generator 1
fsys +—> !
1 1
INT request
>INTRXO0
3 | v >INTTXO0
Receive SCOMODO | Serial channel Transmission
counter <WU> —> interrupt counter
(UART only = 16) control (UART only = 16)
RXDCLK | 1 1 ’ TxocLk £ v
SCOMO@) Receive Transmission
<RXE> control ,\ control cTs
L[] CTs
SCOCR |/ Shared
<PE> <EVEN> SCOMODO with P61
: <CTSE>
\ Parity control
RXD[} ;!Receive buffer 1 (Shift register)|
Shared
with P83 A v A
| RBS |Receive buffer 2 (SCOBUF) || Error flag | | B8 | Transmission buffer I——>|:|TXD
T 1T 1
3COCR A = Shared
<OERR><PERR><FERR> with P82
v
S Internal data bus S
Figure 3.9.2 Block Diagram of the UART
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3.9.2  Operation of Each Circuit

(1) Prescaler, prescaler clock select

There is a 6-bit prescaler for waking UART. The clock selected using
SYSCR<PRCK1:0> is divided by 4 and input to the prescaler as ¢TO. The prescaler can
be run by selecting the baud rate generator as the waking serial clock.

Table 3.9.2 shows prescaler clock resolution into the baud rate generator.

Table 3.9.2 Prescaler Clock Resolution to Baud Rate Generator

Select System| Select Prescaler Gear Value Prescaler Output Clock Resolution
Clock Clock <GEAR2:0>

<SYSCK> <PRCK1:0> ¢TO | ¢T2 | ¢T8 | ¢T32
000 (fc) 2°lfc 2'fc 2%c 2%fc

00 001 (fc/2) 2°%fc 2%/fc 2'ffc 2%c

(o) 010 (fc/4) 2'fc 2°%c 2%c 2"%c

0 (fc) 011 (fc/8) 2°lc 2lfc 2°fc 2"

100 (fc/16) 2% 2%c 2"%c 2"

10 XXX — 28ic 2"%c 2"ifc

(fc/16 clock)

X: Don’t care, —: Cannot be used

The baud rate generator selects between 4 clock inputs: ¢TO, ¢T2, ¢T8, and ¢T32
among the prescaler outputs.
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(2) Baud rate generator

The baud rate generator is a circuit which generates transmitting and receiving
clocks which determine the transfer rate of the serial channels.

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

The baud rate generator includes a frequency divider, which divides the frequency
by 1 orn+m/16 (n =2 to 15, m = 0 to 15) to 16 values, determining the transfer rate.

The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0> and
BROADD<BROKS3:0>.

e In UART mode
(1) When BROCR<BROADDE> =0

The settings BROADD<BROKS3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3:0>. (N=1, 2, 3 ...
16)
(2) When BROCR<BROADDE> = 1

The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 using the value of N set in
BROCR<BR0S3:0> (N =2, 3 ... 15) and the value of K set in BROADD<BROK3:0>
K=1,2,3..15)

Note: If N =1 or N = 16, the N + (16 — K)/16 division function is disabled. Clear
BROCR<BROADDE> to 0.

e Integer divider (N divider)

For example, when the source clock frequency (fc) = 12.288 MHz, the input clock
frequency = ¢T2 (fc/16), the frequency divider N (BROCR<BR0S3:0>) = 5, and
BROCR<BROADDE> = 0, the baud rate in UART mode is as follows:

System clock: High frequency (fc)
* Clock state | Clock gear: 1 (fc)
Prescaler clock: System clock

Baud rate = 116 . 1¢

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

Note: The N + (16 - K)/16 division function is disabled and setting
BROADD<BROK3:0> is invalid.

e N+ (16 - K)/16 divider (UART mode)

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock
frequency = ¢TO, the frequency divider N (BROCR<BR0S3:0>) = 7, K
(BROADD<BROKS3:0>) = 3, and BROCR<BROADDE> = 1, the baud rate in UART mode
is as follows:

System clock: High frequency (fc)
* Clock state | Clock gear: 1 (fc)
Prescaler clock: System clock

fc/4

Baud rate= ————
7+ (16 —3)/16

=4.8x 106+ 4 + (7+13/16) = 16 = 9600 (bps)
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Table 3.9.3 show examples of UART mode transfer rates.

Additionally, the external clock input is available in the serial clock. The method for
calculating the baud rate is explained below.

e In UART mode
Baud rate = External clock input frequency + 16

It is necessary to satisfy (External clock input cycle) > 4/fc.
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Table 3.9.3 Transfer Rate Selection
(when baud rate generator is used and BROCR<BROADDE> = 0)

Unit (kbps)
Input Clock
fc [MHz] — oTO oT2 oT8 $T32
Frequency Divider

9.830400 2 76.800 19.200 4.800 1.200
1 4 38.400 9.600 2.400 0.600

1 8 19.200 4.800 1.200 0.300

1 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 2 115.200 28.800 7.200 1.800
7 3 76.800 19.200 4.800 1.200

) 6 38.400 9.600 2.400 0.600

1 c 19.200 4.800 1.200 0.300
19.6608 1 307.200 76.800 19.200 4.800
1 2 153.600 38.400 9.600 2.400

1 4 76.800 19.200 4.800 1.200

T 8 38.400 9.600 2.400 0.600

7 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7.200 1.800
24.576 1 384.000 96.000 24.000 6.000
1 2 192.000 48.000 12.000 3.000

1 4 96.000 24.000 6.000 1.500

1 5 76.800 19.200 4.800 1.200

1 8 48.000 12.000 3.000 0.750

T A 38.400 9.600 2.400 0.600

7 10 24.000 6.000 1.500 0.375

Note: The values in this table are calculated for when fc is selected as the system clock, the clock
gear is set for fc and the system clock is the prescaler clock input.

Timer out clock (TAOTRG) can be used for source clock of UART mode only.

Calculation method the frequency of TAOTRG

Frequency of TAOTRG = Baud rate x 16
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3)

Serial clock generation circuit

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

(4)

(5)

(6)

e In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate generator clock,
the internal system clock fsys, the match detect signal from timer TMRAO or the
external clock (SCLKO) is used to generate the basic clock SIOCLK.

Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode which counts up
the pulses of the SIOCLK clock. It takes 16 SIOCLK clock pulses to receive 1 bit of data,
each data bit is sampled three times — on the 7th, 8th and 9th clock cycles.

The value of the data bit is determined from these three samples using the majority
rule.

For example, if the data bit is sampled respectively as 1, 0 and 1 on 7th, 8th and 9th
clock cycles, the received data bit is taken to be 1. A data bit sampled as 0, 0 and 1 is
taken to be 0.

Receiving control
e In UART mode

The receiving control block has a circuit which detects a start bit using the majority
rule. Received bits are sampled three times; when two or more out of three samples are
0, the bit is recognized as the start bit and the receiving operation commences.

The values of the data bits that are received are also determined using the majority
rule.

The receiving buffers

To prevent overrun errors, the receiving buffers are arranged in a double-buffer
structure.

Received data is stored 1 bit at a time in receiving buffer 1 (which is a shift register).
When 7 or 8 bits of data have been stored in receiving buffer 1, the stored data is
transferred to receiving buffer 2 (SCOBUF); this causes an INTRXO interrupt to be
generated. The CPU only reads receiving buffer 2 (SCOBUF). Even before the CPU has
finished reading the contents of receiving buffer 2 (SCOBUF), more data can be
received and stored in receiving buffer 1. However, if receiving buffer 2 (SCOBUF) has
not been read completely before all the bits of the next data item are received by
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
SCOCR<RB8&> will be preserved.

SCOCR<RBS8> is used to store either the parity bit — added in 8-bit UART mode — or
the most significant bit (MSB) — in 9-bit UART mode.

In 9-bit UART mode the wakeup function for the slave controller is enabled by
setting SCOMODO<WU?> to 1. In this mode INTRXO interrupts occur only when the
value of SCOCR<RBS8>is 1.
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(7) Transmission counter

The transmission counter is a 4-bit binary counter which is used in UART mode and
which like the receiving counter, counts the SIOCLK clock pulses, a TXDCLK pulse is
generated every 16 SIOCLK clock pulses.

SIOCLK (Internal) Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il

%5 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

TXDCLK |_| |_|

Figure 3.9.3 Generation of the Transmission Clock
(8) Transmission controller

e In UART mode

When transmission data sent from the CPU is written to the transmission buffer,
transmission starts on the rising edge of the next TXDCLK, generating a transmission
shift clock TXDSFT.

Handshake function

Use of CTS pin allows data can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake functions is enabled or disabled by the
SCOMOD<CTSE> setting.

When the CTS pin foes high on completion of the current data send, data
transmission is halted until the CTS pin foes low again. However, the INTTXO
interrupt is generated, it requests the next data send to the CPU. The next data is
written in the transmission buffer and data sending is halted.

Although there is no RTS pin, a handshake function can easily be configured by
assigning any port to perform the RTS function. The RTS should be output high to
request send data halt after data receive is completed by software in the RXD interrupt
routine.

TMP91CW18A TMP91CW18A
TXD RXD
CTS RTS (Any port)
Sender Receiver

Figure 3.9.4 Handshake Function
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Timing to writing to the I | ( «
transmission buffer n
:> end is suspended T ()()
from (1) and (2) (2)
15 16 1 2 3 14 15 16 1 2 3
S T O NP O
(Internal)
_()( |-| « |-|
TXDCLK ’ ”
(4
TXD — \ Start bit « A Bit0

n

Note 1:If the CTS signal goes high during transmission, no more data will be sent after

completion of the current transmission.

Note 2: Transmission starts on the first falling edge of the TXDCLK clock after the CTS signal

has fallen.

Figure 3.9.5 CTS (Clear to send) Timing

(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU, in order one bit at a time starting with the least significant bit
(LSB) and finishing with the most significant bit (MSB). When all the bits have been
shifted out, the empty transmission buffer generates an INTTXO interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to 1, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even or odd parity to be selected.

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and the parity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), and then compared
with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RB8> in 8-bit UART mode.
If they are not equal, a parity error is generated and the SCOCR<PERR> flag is set.
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(11) Error flags
Three error flags are provided to increase the reliability of data reception.
1. Overrun error <OERR>
If all the bits of the next data item have been received in receiving buffer 1 while

valid data still remains stored in receiving buffer 2 (SCOBUF), an overrun error is
generated.

Following show over run generating process flow example.
(Receiving interrupts routine)

(1) Read of receiving buffer
(2) Read of error flag
(3) If <OERR> = “1”
Then
a) Set to receiving enable write 0 to <RXE>
b) Wait for end of now flame
¢) Read of receiving buffer
d) Read of error flag
e) Set to receiving enable write 1 to <RXE>
f) Request transmission again

(4) Other process
2. Parity error <PERR>

The parity generated for the data shifted into receiving buffer 2 (SCOBUF) is
compared with the parity bit received via the RXD pin. If they are not equal, a
parity error is generated.

3. Framing error <FERR>

The stop bit for the received data is sampled three times around the center. If
the majority of the samples are 0, a framing error is generated.

(12) Timing generation
1. In UART mode

Receiving
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
(Note) (Note)

L Center of last bit Center of last bit .

Interrupt timing ] L Center of stop bit
(Bit8) (Parity bit)

Framing error timing Center of stop bit Center of stop bit Center of stop bit

Center of last bit

Parity error timing - en.ero. asthl Center of stop bit
(Parity bit)

. Center of last bit Center of last bit .

Overrun error timing ] o Center of stop bit
(Bit8) (Parity bit)

Note: In 9-bit mode and 8-bit + Parity mode, interrupts coincide with the 9th bit pulse.
Thus, when servicing the interrupt, it is necessary to allow a 1-bit period to elapse (so
that the stop bit can be transferred) in order to allow proper framing error checking.

Transmitting
Mode 9-Bit 8-Bit + Parity | 8-Bit, 7-Bit + Parity, 7-Bit
. Just before stop bitis | Just before last data | Just before last data bit is
Interrupt timing . . . .
transmitted. bit is transmitted. transmitted.
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3.93 SFRs
7 6 5 4 3 2 1 0
Bit symbol TB8 CTSE RXE WU SMA1 SMO SC1 SCO
SCOMODO| Read/Write R/W
(0202H) | Atter reset 0 0 0 0 o | o o | o
Function Transfer Hand shake | Receive Wakeup Serial transmission Serial transmission clock
data bit8 0: CTS function function mode (UART)
disable 0: Receive  |0: Disable 00: I/O interface mode | 00: TMRAO trigger
1: CTS disable 1: Enable 01: 7-bit UART mode | 01: Baud rate
enable 1: Receive 10: 8-bit UART mode generator
enable 11: 9-bit UART mode 10: Internal clock fgys
11: Reserved

1

‘—> Serial transmission clock source (UART)

00

Timer TMRAO match detect signal

01

Baud rate generator

10

Internal clock fsys

11

Reserved

——> Serial transmission mode

00 | Reserved
101 | 7-bit mode
110 | UART 8-bit mode
11 9-bit mode

L — > Wak

eup function

9-bit UART

Other modes

Interrupt generated

whenever data is received

1

Interrupt generated only
when SCOCR<RB8> = 1

Don'’t care

Receiving function

Receive disabled

Receive enabled

Handshake function (CTS pin)

Disabled (Always transferable)

Enabled

Transmission data bit8

Figure 3.9.6 Serial Mode Control Register 0 (SCOMODO)
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7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR - -
(0201H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 o | o [ o 0 0
Function Received | Parity Parity Always Always
data bit8 0: Odd addition 1: Error write 0 write 0
1: Even 0: Disable
1: Enable
Overrun Parity Framing
— |
——>Framing error flag
X Cleared to 0
——>Parity error flag
when read
——>Overrun error flag
» Parity addition enable
0 | Disabled
1 | Enabled
> Even parity addition/check
0 | Odd parity
1 | Even parity
> Received data bit8
Note: As all error flags are cleared after reading, do not test only a single bit with a bit testing instruction.

Figure 3.9.7 Serial Control Register 0 (SCOCR)
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7 6 5 4 3 2 1 0
Bit symbol — BROADDE | BROCK1 | BROCKO BROS3 BR0S2 BROS1 BROSO
Read/Write R/W
BROCR | After reset 0 0 o | o o | o | o 0
(0203H) .
Function Always +(16 —K)16| 00: ¢TO
write 0 division 01: ¢T2
0: Disable | 10: ¢T8 Setting of the divided frequency
1: Enable | 11: ¢T32
+ (16 — K)/16 division enable Setting the input clock of baud rate generator
0 | Disable 00 [ Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD] Bit symbol BROK3 BROK2 BROK1 BROKO
(0204H) Read/Write R/W
After reset 0 | 0 | 0 | 0
Function
Sets frequency divisor “K”
(Divided by N = (16 — K)/16)
Sets baud rate generator frequency divisor |
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0000 (N = 16) | 0010 (N =2) 0001 (N = 1) (UART only)
<BR0S3:0> or to to
BROADD 0001 (N=1) [1111 (N = 15) 1111 (N=15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K=1) o
Divided b
o Disable wviced by Divided by N
N + (16 — K)/16
1111 (K=15)

Note1: Availability of +(16-K)/16 division function

N UART Mode
2to0 15 O
1,16 x

The baud rate generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in I/O

interface mode.

Note2: Set BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when +(16-K)/16 division

function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.9.8 Baud Rate Generator Control (BROCR, BROADD)
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TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO |(Transmission)

SCOBUF

(0200H)
6 5 4 3 2 1 0

RBO |(Receiving)

RB7 1 RB6 RB3 ' RB2 1 RB1

RB5 | RB4

Note: Prohibit read-modify-write for SCOBUF.

Figure 3.9.9 Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)

7 6 5 4 3 2 1 0
scomoD1 | Bit symbol 1280 -
(0205H) Read/Write R/W R/W
After reset 0 0
Function IDLE2 Always
0: Stop write “0”.
1: Run

Figure 3.9.10 Serial Mode Control Register 1 (Channel 0, SCOMOD1)
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3.9.4  Operation in Each Mode

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

7-bit UART mode is selected by setting the serial channel mode register
SCOMODO0<SM1:0> field to 01.

In this mode, a parity bit can be added. Use of a parity bit is enabled or disabled by
the setting of the serial channel control register SCOCR<PE> bit; whether even parity
or odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

Setting example: When transmitting data of the following format, the control
registers should be set as described below. This explanation applies
to channel 0.

AV OO0 0000 -cE

<«——— Transmission direction (Transmission rate: 2400 bps at fc = 12.288 MHz)

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

76543210

P8CR — - - - = - 1 - - . .
} Set P82 to function as the TXD pin.
P8FC — - - - = - 1 - -
SCOMOD «~ X0 -X0101 Select 7-bit UART mode.
SCOCR «— X 11XXXO00 Add even parity.
BROCR <~ 00100101 Set the transfer rate to 2400 bps.
INTEVART « X 1 0 0 — - - — Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF KR R Rk ok kX Set data for transmission.

X: Don'’t care, —: No change

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

8-bit UART mode is selected by setting SCOMODO0O<SM1:0> to 10. In this mode a
parity bit can be added (Use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>), whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (Enabled).

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

ATO 00000060

<«——— Transmission direction (Transmission rate: 9600 bps at fc = 12.288 MHz)

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock
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(3

Main settings

76543210
P8CR — - =-=-=-0-- - Set P83 to function as the RXD pin.
SCOMOD <~ -01X1001 Enable receiving in 8-bit UART mode.
SCOCR «— X 01XXX00 Add even parity.
BROCR «~ 00010101 Set the transfer rate to 9600 bps.
INTEVART « - — — — X 1 0 0 Enable the INTRXO interrupt and set it to interrupt level 4.
Interrupt processing
Acc <« SCOCR AND 00011100
fAcc  # 0then ERROR } Check for errors.
Acc <« SCOBUF Read the received data.

X: Don’t care, —: No change

Mode 3 (9-bit UART mode)
9-bit UART mode is selected by setting SCOMODO0O<SM1:0> to 11. In this mode parity
bit cannot be added.

In the case of transmission the MSB (9th bit) is written to SCOMODO<TBS>. In the
case of receiving it is stored in SCOCR<RB8&8>. When the buffer is written and read, the
MSB is read or written first, before the rest of the SCOBUF data.

Wakeup function

In 9-bit UART mode, the wakeup function for slave controllers is enabled by setting
SCOMODO<WU> to 1. The interrupt INTRXO can only be generated when <RB8> = 1.

H

TXD

Master Slave 1 Slave 2 Slave 3

RXD TXD RXD TXD RXD TXD RXD

Note: The TXD pin of each slave controller must be in open-drain output mode.

Figure 3.9.11 Serial Link Using Wakeup Function
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1.
2.
3.

4.

5.

6.

Select 9-bit UART mode on the master and slave controllers.
Set the SCOMODO<WU> bit on each slave controller to 1 to enable data receiving.

The master controller transmits data one frame at a time. Each frame includes an 8-bit
select code which identifies a slave controller. The MSB (Bit8) of the data (<TB8&>) is
set to 1.

e @OOEEOEE ="

Select code of slave controller

Each slave controller receives the above frame. Each controller checks the above select
code against its own select code. The controller whose code matches clears its WU bit to
0.

The master controller transmits data to the specified slave controller. (The controller
whose SCOMOD<WU?> bit has been cleared to 0.) The MSB (Bit8) of the data (<TB8>)
is cleared to O.

e @EOOEEOED"

Data

The other slave controllers (whose <WU> bits remain at 1) ignore the received data
because their MSBs (Bit8 or <RB8>) are cleared to 0, disabling INTRXO interrupts.

The slave controller whose WU bit = 0 can also transmit to the master controller. In
this way, it can signal the master controller that the data transmission from the
master controller has been completed.
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Setting example:

To link two slave controllers serially with the master controller using

the internal clock fsys as the transfer clock.

Y

TXD RXD

Master

i

Y

]

TXD RXD TXD RXD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 only is used

for the purposes o

f this explanation.

e Setting the master controller

Main
P8CR “«— -
P8FC “«— -

INTEUART <« X

SCOMODO «— 1
SCOBUF «~ 0

INTTXO interrupt

SCOMODO « 0
SCOBUF « *

- =-=-01-1 Set P82 and P83 to function as the TXD and RXD pins

- - —-x1 - - respectively.

100Xx101 Enable the INTTXO interrupt and set it to interrupt level 4.
Enable the INTRXO interrupt and set it to interrupt level 5.

0101110 Set fgys as the transmission clock for 9-bit UART mode.

o
o
o
o
o
o
=

7777777 Clear TB8 to TBO.
ok ok ok ok ok % Set data for transmission.

e Setting the slave controller

Set the select code for slave controller 1.

Main

P8CR «~-—-=--010 - ) )

- - v 1 - - Select P82 and P83 to function as the TXD and RXD pins

P8ODE - - 1 respectively (Open-drain output).

INTEUART « X 1 01 X 110 Enable INTRX0 and INTTXO.

SCOMODO « 0 0111110 Set <WU> to 1 in 9-bit UART transmission mode using fgys as
the transfer clock.

INTRXO interrupt

Acc « SCOBUF

if Acc=select code

then SCOMODO ¢~ - - - 0 - - - - Clear <WU> to 0.
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3.10 Serial Bus Interface 0 (SBI: SIO/I>C Bus)

The TMP91CW18A has a one-channel serial bus interface which employs a
clocked-synchronous 8-bit SIO mode and an I2C bus mode.

The serial bus interface is connected to an external device through P80 (SDAO) and P81
(SCLO) in the I2C bus mode, and through P76 (SCKO0), P80 (SO0) and P81 (SI0) in the clocked

synchronous 8-bit SIO mode.

Each pin is specified as follows.

XXODE XXCR XXFC
P8ODE<P820DE, PBOODE>|P8CR<P81C, P80C>| P7CR<P76C> | PBFC<P81F, P8OF>| P7FC<P76F>
I°C bus mode 11 11 X 11 0
Clocked-synchronous 01 1
) XX 11 1
8-bit SIO mode 01 0
X: Don’t care

3.10.1  Configuration

—> INTSBI interrupt request

» SCL
Vo SCK
SI0 | —_]r7e
clock (SCK)
control
< Input/
T ¢ output
- control
¢T —>| Divider S0 o —DPSO
Transfer ) e (SO/SDA)
A\ 4 control WA | data control |« SI
I°C bus N—
< circuit
clock sysn. e Jr
Noise ] + A AA —DP81
canceller Control Shift > 12C bus (sl/scL)
rA ) Noise
register € data control {«— SDA
canceller
AN i T
2 | |
SBIOCR20/ SBIOBROO,
12COARO SBIODBRO SBIOCR10
SBISRO 10
SBI control register 2/ I°C bus SBI data SBI control SBI baud rate
SBI status register address register  buffer register register 1 register 0, 1

Figure 3.10.1 Serial Bus Interface 0 (SBI)
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3.10.2 Serial Bus Interface (SBI) Control

The following registers are used to control the serial bus interface and monitor the

operation status.

e Serial bus interface control register 1 (SBIOCR10)

e Serial bus interface control register 2 (SBIOCR20)

e Serial bus interface data buffer register (SBIODBRO)

e I2C bus address register (I2COARO)

e Serial bus interface status register (SBISR0)

e Serial bus interface baud rate register 0 (SBIOBR00)

e Serial bus interface baud rate register 1 (SBIOBR10)
The above registers differ depending on a mode to be used.

Refer to section 3.10.4 “I2C Bus Mode Control” and 3.10.7 “Clocked-synchronous 8-Bit
SIO Mode Control”.

3.10.3 The Data Formats in the I°C Bus Mode

The data formats in the I2C bus mode are shown below.

(a) Addressing format

[ €—— 8 bits —>1[¢— 1to 8 bits —>» 1 «— 1to8bits —>|1
Fr'TTTTT]IR A A A
S| Slaveaddress |1]C Data C Data C(P
W|K K K
< 1 € 1 or more —————— >
(b) Addressing format (with restart)
[ «—— 8bits —>{1[«— 1to8bits —»|1| [«— 8bits —>» 1|«— 1to8bits —>|1
T T T T RlA A T T T T RIA A
S| Slaveaddress |/ |C Data C|S| Slaveaddress [/|C Data C(P
w|K K w|K K
€«—— 1 —>€«——1ormore—> [€—— 1 —>€«——1 0ormore—>

(c) Free data format (Data transferred from master device to slave device)

[€—— 8 bits —>
T T T 11

1 [€— 1to 8 bits —>|1 1
A A A

S Data C Data C Data C|P
K K K

[ €«— 1 to 8 bits —>

A

1 >

A
-
o
=
3
o
=
@

S: Start condition
R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.10.2 Data Format in the I°C Bus Mode
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3.104

SBIOCR10
(0240H)

Read
-modify
-write
instruction
is
prohibited

I2C Bus Mode Control

The following registers are used to control and monitor the operation status when using

the serial bus interface (SBI) in the I2C bus mode.

Seirial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
. SCKO0/
Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
Read/Write w R/W w R/W
After reset o | o | o 0 o | o lor(Notea
Function Number of transferred bits Acknowledge Internal serial clock selection and
(Note 2) mode software reset monitor
specification (Note 3)
0: Not
generate
1: Generate
Internal serial clock selection <SCK2:0> at write
000|n=5 —  (Note4)
001|n=6 —  (Note4) System clock: fc
010(n=7 —  (Note4) Clock gear: fc/1
011|{n=8 94.7 kHz fc =25 MHz
100(n=9 48.1  kHz (internal SCL output)
101|n=10 | 242 kHz fscl + [Hz]
110(n=11| 122 kHz 2°+8
111 (Reserved)
Software reset state monitor <SWRMON> at read
0 During software reset
1 Initial data
—> Acknowledge mode specification
0 Not generate clock pulse for acknowledge signal
1 Generate clock pulse for acknowledge signal
Number of bits transferred
<ACK>=0 <ACK> =1
Number of Number of
<BC2:0>
c2:0 Clock Bits Clock Bits
Pulses Pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
Note 1: Set the <BC2:0> to “000” before switching to a clock synchronous 8-bit SIO mode.
Note 2: For the frequency of the SCL line clock, see 3.10.5 (3) “Serial clock”.
Note 3: Initial data of SCKO is 0, SWRMON is 1.
Note 4: This I°C bus circuit does not support Fast mode, it supports standard mode only. Although the I°C bus

circuit itself allows the setting of a baud rate over 100 kbps, the compliance with the I°C specification is not

guaranteed in that case.

Figure 3.10.3 Registers for the I°C Bus Mode (1/4)
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBlocRr20|_Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(0243H) | Read/Write W W (Note 2) W (Note 2)
After reset 0 0 0 1 o | o o | o
Function Master/slave | Transmitter/ | Start/stop Cancel Serial bus interface Software reset generate
selection receiver condition INTSBIO operating mode selection | write 10 and 01, then an
selection generation | interrupt (Note 3) internal reset signal is
request 00: Port mode generated.
01: SIO mode
10: I2C bus mode
11: (Reserved)

Note 1:
Note 2:
Note 3:

|zal bus interface operating mode selection (Note 3)

00

Port mode (Serial bus interface output disabled)

01

Clocked-synchronous 8-bit SIO mode

10

I2C bus mode

11

(Reserved)

—> INTSBI interrupt request

0

Don’t care

1

Cancel interrupt request

L————— Start/stop condition generation

0

Generates the stop condition

1

Generates the start condition

Transmitter/receiver selection

0 | Receiver

1 | Transmitter
Master/slave selection

0 [Slave

1 | Master

Read-modify-write instruction is prohibited for SBIOCR20.
Reading this register function as SBISRO register.

Switch a mode to port mode after confirming that the bus is free.

Switch a mode between I°C bus mode and clock-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.10.4 Registers for the I°C Bus Mode (2/4)
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SBISRO
(0243H)

Serial Bus Interface Status Register

6

5

4

3 2 1 0

Bit symbol

MST

TRX

BB

PIN

AL AAS ADO LRB

Read/Write

R

After reset

0

0

0

1

0 0 0 0

Function

Master/
slave
status
monitor

Transmitter/
receiver
status
monitor

I°C bus
status
monitor

INTSBIO
interrupt
request
monitor

Arbitration [Slave GENERAL |Last

lost address CALL received bit
detection |match detection  [monitor
monitor detection  |monitor 0:0

0: - monitor 0: Undetected|1: 1

1: Detected [0: Undetected|1: Detected
1: Detected

Note 1:

——— > INTSBI interrupt request monitor

— ]

|—> Last received bit monitor
0 | Last received bit was 0
1 | Last received bit was 1

L—— GENERAL CALL detection monitor
0 | Undetected
1 [ GENERAL CALL detected

L Slave address match detection monitor
0 | Undetected

Slave address match or GENERAL
CALL detected

1

——> Arbitration lost detection monitor
0 _
1 | Arbitration lost

0 | Interrupt requested

1 | Interrupt canceled

I°C bus status monitor

A\ 4

0 | Free or waiting free

1 |Busy

Transmitter/receiver status monitor

A\ 4

0 | Receiver

1 | Transmitter

ter/slave status monitor
0 |Slave
1 | Master

\Z
=
D
[2]

Read-modify-write instruction is prohibited for SBISRO.

Note 2: Writing in this register functions as SBIOCR20.

Figure 3.10.5 Registers for the I°C Bus Mode (3/4)
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBROO | Bit symbol - 12SBI0
(0244H) Read/Write W R/W
Read- After reset 0 0
modify- Function Always IDLE2
write write 0 0- Stop
instructions 1: Run
are
prohibited. Operation during IDLE 2 mode
0 [Stop
1 | Operation
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR10 | Bit symbol P4EN -
(0245H) Read/Write w w
Read- After reset 0 0
modify- Function Internal Always
write clock write 0
instructions 0: Stop
are 1: Operate
prohibited.
Baud rate clock control
0 [Stop
1 | Operation
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBRO | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (Received)/W (Transfer)
After reset Undefined
Note 1: Read-modify-write instruction is prohibited for SBIODBRO.
Note 2: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
Note 3: SBIODBRO can’t be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibitted.
Note 4: Written data in SBIODBRO is cleared by INTSBIO signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
[2COARO Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
(0242H) Read/Write
After reset o | o | o | o | o | o | o 0
Function Slave address selection for when device is operating as slave device. Address
recognition
mode
specification.
Note: Read-modify-write instruction is prohibited for I2COARO.

|

Address recognition mode specification

0 | Slave address recognition

1 [Non slave address recognition

Figure 3.10.6 Registers for the I°C Bus Mode (4/4)
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3.10.5 Control in I°C Bus Mode

1)

2

(3

Specifying acknowledge mode

Set the SBIOCR10<ACK> to 1 for operation in the acknowledge mode. The
TMP91CW18A generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge mode, the
TMP91CW18A does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

Number of transfer bits

The SBIOCR10<BC2:0> is used to select a number of bits for next transmitting and
receiving data.

Since SBIOCR10<BC2:0> is cleared to 000 on start-up, a slave address and direction
bit transmissions are executed in 8 bits. Other than these, the <BC2:0> retains a
specified value.

Serial clock

1. Clock source

SBIOCR10<SCK2:0> is used to specify the maximum transfer frequency for output
on the SCL pin in master mode. Set a communication baud rate that meets the 12C bus
specification, such as the shortest pulse width of tLow, based on the equations shown

below.
[7 tHIGH x tLow —>e———1/fscl————>
SBIOCR10<SCK2:0> n
000 5
tLow =2"" /fsg) 3(1)(1) ?
tHigH = 2"~ /sl + 8/fsp 011 8
fscl = 1/(tLow + tHIGH) 100 9
B fsBI 101 10
.8 110 1

Note 1: fgp is the clock fppH.
Note 2: fgp is the clock either fc/16 or fepy which is selected SYSCRO<PRCK1:0>.

Figure 3.10.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

(4)

(5)

2.  Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls down
a clock line to low level, in the first place, invalidate a clock pulse of another master
device which generates a high-level clock pulse. The master device with a high-level
clock pulse needs to detect the situation and implement the following procedure.

The TMP91CW18A has a clock synchronization function which allows normal data
transfer even when more than one master exists on the bus.

The following example explains the clock synchronization procedures used when
there are two masters present on the bus.

Wait counting high-level

width of a clock pulse
l«——»i Start couting high-level width of a clock pulse

Reset a acounter of
high level width of a

1
i

I |

I

] I

I I

I I

I I

: clock pulse. :

(; =

1 1

1

| |

:

b

Figure 3.10.8 Clock Synchronization

=l

N
[~ |
%\7\\/\/

SN

When master A pulls the internal SCL output low at point a, the bus’s SCL line goes
low. After detecting this, master B resets a counter of high-level width of an own clock
pulse and sets the internal SCL output low.

Master A finishes counting low-level width of an own clock pulse at point b and sets
the internal SCL output high. Since master B is holding the bus’s SCL line low, master
A waits for counting high-level width of an own clock pulse. After master B has
finished counting low-level width of an own clock pulse at point ¢ and master A detects
the SCL line of the bus at the high level, and starts counting high level of an own clock
pulse.

The clock pulse on the bus is determined by the master device with the shortest
high-level width and the master device with the longest low-level width from among
those master devices connected to the bus.

Slave address and address recognition mode specification

When the TMP91CW18A 1is to be used as a slave device, set the slave address
<SA6:0> and <ALS> in I2C0ARO. Clear <ALS> to 0 for the address recognition mode.

Master/slave selection

To operate the TMP91CW18A as a master device set SBIOCR20<MST> to 1. To
operate it as a slave device clear SBIOCR20<MST> to 0. SBIOCR20<MST> is cleared to
0 in hardware when a stop condition is detected on the bus or arbitration is lost.
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(6) Transmitter/receiver selection

To operate the TMP91CW18A as a transmitter set SBIOCR20<TRX> to 1. To operate
it as a receiver clear SBIOCR20<TRX> to 0. When data with an addressing format is
transferred in slave mode, when a slave address with the same value that an I2C0OARO
or a GENERAL CALL is received (All 8-bit data are O after a start condition),
SBIOCR20<TRX> is set to 1 in hardware if the direction bit (R/W) sent from the
master device is 1 and is cleared to 0 in hardware if the bit is 0. In master mode, when
an acknowledge signal is returned from the slave device, SBIOCR20<TRX> is cleared
to 0 in hardware if the value of the transmitted direction bit is 1, and is set to 1 in
hardware if the value of the bit is 0. If an acknowledge signal is not returned, the
current state is maintained.

SBIOCR20<TRX> is cleared to 0 in hardware when a stop condition is detected on
the I2C bus or when arbitration is lost.
(7) Start/stop condition generation
When SBISRO<BB> = 0, slave address and direction bit which are set in SBIODBRO
are output on the bus after generating a start condition by writing 1 to the

SBIOCR20<MST, TRX, BB and PIN>. It is necessary to set transmitted data to the
data buffer register (SBIODBRO) and set 1 to <ACK> beforehand.

- 1
SCL line H !
P
—— ! 1 — ———
sDAline 1 \o_/ A6 X A5 X A4 X A3 X A2 X A1 X A0 XRw /
L | |Acknowledge
Start conditioni« Slave address and the direction bit »! signal

Figure 3.10.9 Start Condition Generation and Slave Address Generation

When SBISR0<BB> = 1, the sequence for generating a stop condition can be initiated
by writing 1s to SBISRO<MST, TRX and PIN> and writing 0 to SBISRO<BB>. Do not
modify the contents of SBISRO<MST, TRX, BB and PIN> until a stop condition has
been generated on the bus.

Stop condition

Figure 3.10.10 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of SBISRO<BB>.
SBISR0<BB> will be set to 1 if a start condition has been detected on the bus, and will
be cleared to O if a stop condition has been detected.

Refere to chapter 3.10.6 (4) “Stop condition generation”, where the restriction for the
stop condition in the master mode is explained.
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SCL line

Internal SDA output \ / \

(Master A)

(8

9

Interrupt service requests and interrupt cancellation
When a serial bus interface interrupt request INTSBIO is generated, SBIOCR20
<PIN> is cleared to 0. The SCL line is pulled low while SBIOCR20<PIN> = 0.

SBIOCR20<PIN> is cleared to 0 when a single word of data is transmitted or
received. Either writing data to or reading data from SBIODBRO sets SBIOCR20<PIN>
to 1.

The time from SBIOCR20<PIN> being set to 1 until the release of the SCL line is
tLOW.

In address recognition mode (e.g., when SBIOCR20<ALS> = 0), SBIOCR20<PIN> is
cleared to 0 when the slave address matches the value set in I2COARO or when a
GENERAL CALL is received (All 8-bit data are 0 after a start condition). Although
SBIOCR20<PIN> can be set to 1 by a program, writing 0 to SBIOCR20<PIN> does not
clear it to 0.

Serial bus interface operation mode selection

SBIOCR20<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBIOCR20<SBIM1:0> to 10 when the device is to be used in I2C bus mode after
confirming pin condition of serial bus interface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on the bus in I12C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I2C bus arbitration.

The following example illustrates the bus arbitration procedure when there are two
master devices on the bus. Master A and master B output the same data until point a.
After master A outputs L and master B, H, the SDA line of the bus is wire-AND and
the SDA line is pulled low by master A. When the bus’s SCL line is pulled up at point b,
the slave device reads the data on the SDA line, that is, data in master A. Data
transmitted from master B becomes invalid. The master B state is known as
arbitration lost. A master B device which loses arbitration releases the internal SDA
output in order not to affect data transmitted from other masters with arbitration.
When more than one master sends the same data at the first word, arbitration occurs
continuously after the second word.

-

S

/TN S /T

Internal SDA output _\_/—\—/_E -------------------------------
! N
I

(Master B)
SDA line

[ S
o-F--

Figure 3.10.11 Arbitration Lost
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Master A<

Master B

Internal
SCL output _/T\_/E\_/E\_/ 4

Internal

Internal
SCL output

The TMP91CW18A compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBISRO<AL> is set to 1.

When SBISRO<AL> is set to 1, SBISRO<MST, TRX> are cleared to 00 and the mode
is switched to slave receiver mode. Thus, clock output is stopped in data transfer after
setting <AL>=1.

SBISRO<AL> is cleared to O when data is written to or read from SBIODBRO or when
data is written to SBIOCR20.

Internal \ D7A XD6A \ D5A / D4A X D3A X D2A XD1A XDOA / \D7A XD6A’XD5A’ X D4A’
SDA output

I—) Stop the clock pulse

SDA output D7B AD6B Y> Keep internal SDA output to high level as losing arbitration.

<AL>

[
<MST> |2\
/

Accessed to

SBIODBRO or SBIOCR20

|

\
<TRX> [ \
/
[

Figure 3.10.12 Example of when TMP91CW18A is a Master Device B
(D7A =D7B, D6A = D6B)

(11) Slave address match detection monitor

SBISRO<AAS> is set to 1 in slave mode, in address recognition mode (e.g., when
I2COARO<ALS> = 0), when a GENERAL CALL is received or when a slave address
matches the value set in I2C0ARO. When I2COARO<ALS> = 1, SBISR0<AAS> is set to
1 after the first word of data has been received. SBISRO<AAS> is cleared to 0 when
data is written to or read from the data buffer register SBIODBRO.

(12) GENERAL CALL detection monitor

SBISRO<ADO> is set to 1 in slave mode when a GENERAL CALL is received (All
8-bit received data is 0 after a start condition). SBISRO<ADO> is cleared to 0 when a
start condition or stop condition is detected on the bus.

(13) Last received bit monitor

The value on the SDA line detected on the rising edge of the SCL line is stored in
SBISRO<LRB>. In acknowledge mode, immediately after an INTSBIO interrupt

request has been generated, an acknowledge signal is read by reading the contents of
SBISRO<LRB>.
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(14) Software reset function
The software reset function is used to initialize the SBI circuit, when SBI is locked by
external noises, etc.

An internal reset signal pulse can be generated by setting SBIOCR20<SWRST1:0> to
10 and O01. This initializes the SBI circuit internally. All command except
SBIOCR20<SBIM1:0> registers and status registers are initialized as well.

SBIOCR10<SWRMON> is automatically set to 1 after the SBI circuit has been
initialized.
(15) Serial bus interface data buffer register (SBIODBRO)

Received data can be read by reading SBIODBRO and transferred data can be written
by writing to SBIODBRO.

When the start condition has been generated in master mode, the slave address and
the direction bit are set in this register.

(16) I2C bus address register (I2COARO)

I2C0ARO0<SA6:0> is used to set the slave address when the TMP91CW18A functions
as a slave device.

If the slave address output from the master device is recognized as matching the
TMP91CW18A’s slave address, I2COARO<ALS> is cleared to 0. The data format is the
addressing format. When the slave address output from the master does not match the
TMP91CW18A’s slave address, I2COARO<ALS> is set to 1 and the data format is the
free data format.

(17) Baud rate register (SBIOBR10)
Write 1 to SBIOBR10<P4EN> before operation commences.
(18) Setting register for IDLE2 mode operation (SBIOBR00)

The setting of SBIOBRO0<I2SBIO> determines whether the device is operating or is
stopped in IDLE2 mode. Hence, <I2SBI0> must be set before a HALT instruction is
executed.
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3.10.6 Data Transfer in I°C Bus Mode

<PIN>

INTSBIO
interrupt request

1)

2

Device initialization

Set SBIOBR10<P4EN> and SBIOCR10<ACK, SCK2:0> to 1. Set SBIOBR10 to 1 and
clear bits 7, 6, 5 and 3 of SBIOCR10 to 0.

Set a slave address in I2CO0AR0<SA6:0> and I2COARO<ALS> (I2COARO<ALS> = 0
when an addressing format).
For specifying the default setting to a slave receiver mode, clear 0 to the <MST, TRX
and BB> and set 1 to the <PIN>, 10 to the <SBIM1:0>.

Start condition generation and slave address generation
1. Master mode

In master mode the start condition and the slave address are generated as follows.
Check a bus free status (when <BB> = 0).

Set SBIOCR10<ACK> to 1 (Acknowledge mode) and specify a slave address and a
direction bit to be transmitted to the SBIODBRO.

If SBIOCR20<BB> = 0, the start condition is generated by writing 1111 to
SBIOCR20<MST, TRX, BB and PIN>. Subsequently to the start condition, 9 clocks are
output from the SCL pin. While 8 clocks are output, the slave address and the direction
bit which are set to the SBIODBRO. On the 9th clock pulse the SDA line is released and
the acknowledge signal is received from the slave device.

An INTSBIO interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR20<PIN> is cleared to 0. In master mode the SCL pin i1s pulled low while
SBIOCR20<PIN> is 0. When an interrupt request occurs, the value of
SBIOCR20<TRX> is changed according to the direction bit setting only if the slave
device returns an acknowledge signal.

2. Slave mode

In slave mode the start condition and the slave address are received.
After the start condition has been received from the master device, while 8 clocks are
output from the SCL pin, the slave address and the direction bit which are output from
the master device are received.
When a GENERAL CALL or an address matching the slave address set in I2COARO is
received, the SDA line is pulled down low on the 9th clock pulse and an acknowledge
signal is output.
An INTSBIO interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR20<PIN> is cleared to 0. In slave mode the SCL line is pulled low while
SBIOCR20<PIN> = 0. When an interrupt request occurs, the value of SBIOCR20<TRX>
1s changed according to the direction bit setting only if the slave device returns an
acknowledge signal.

/ A6 X A5 X A X A3 X A2 X A1 X A0 X RIW L ACK
- _R;_' N ) Acknowledge

. Y signal from a
Start condition Slave address + Direction bit. s|gve device.

L
‘

Output of master
_____ Output of slave

Figure 3.10.13 Start Condition Generation and Slave Address Transfer
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3

SCL line

Single-word data transfer

Check the <MST> setting using an INTSBIO interrupt process after the transfer of
each word of data is completed and determine whether the device is in master mode or
slave mode.

1. If <MST> =1 (Master mode)

Check the <TRX> setting and determine whether the device is in transmitter mode
or receiver mode.
If <TRX> = 1 (Transmitter mode)

Check the <LRB> setting. If <LRB> = 1, there is no receiver requesting data.
Implement the process for generating a stop condition (See section 3.10.6 (4)) and

terminate data transfer.

If <LRB> = 0, the receiver is requesting new data. When the next transmitted data is
8 bits, write the transmitted data to SBIODBR0O. When the next transmitted data is
other than 8 bits, set <BC2:0> to 1, set <ACK> to 1 and write the transmitted data to
SBIODBRO. After the data has been written, <PIN> is set to 1, a serial clock pulse is
generated to trigger transfer of the next word of data via the SCL pin, and the word is
transmitted. After the data has been transmitted, an INTSBIO interrupt request is
generated. <PIN> is cleared to 0 and the SCL line is pulled low. If the length of the
data to be transferred is greater than one word, repeat the latter steps of the procedure,
starting from the check of the <LRB> setting.

— Write to SBIODBRO

1 2 3 4 5 6 7 8 9

A

SDA line

D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 A ACK ,

- _K_Acknowledge signal

<PIN> I

INTSBIO

from a receive.

[

interrupt request

Output from master
————— Output from slave

Figure 3.10.14 Example in which <BC2:0> = 000 and <ACK> = 1 in Transmitter Mode
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If <TRX> = 0 (Receiver mode)
When the next transmitted data is other than 8 bits, set <BC2:0> again. Set <ACK>
to 1 and read the received data from SBIODBRO so as to release the SCL line (the value

of data which is read immediately after a slave address is sent is undefined). After the
data has been read, <PIN> is set to 1.

Serial clock pulse for transfering new 1 word of data is defined SCL and outputs “L”
level from SDA pin with acknowledge timing.

An INTSBIO interrupt request is then generated and <PIN> is cleared to 0. The
TMP91CW18A then pulls the SCL pin low. From then on the TMP91CW18A outputs a

clock pulse, so as to transfer a data word, and an acknowledge signal each time
received data is read from SBIODBRO.

Read SBIODBRO

SDA_____ D7 A D6 W b5 W D4 W b3 W D2 W b1 W Do !WNEQ o7
Acknowledge signal

<PIN> I | to a transmitter

INTSBIO rl
interrupt request

Output from master
————— Output from slave

Figure 3.10.15 Example of when <BC2:0> = “000", <ACK> = “1” in Receiver Mode

In order to terminate the transmission of data to a transmitter, clear <ACK> to 0
before reading data which is 1 word before the last data to be received. The last data
word does not generate a clock pulse as the acknowledge signal. After the data has
been transmitted and an interrupt request has been generated, set <BC2:0> to 001 and
read the data. The TMP91CW18A generates a clock pulse for a 1-bit data transfer.
Since the master device is a receiver, the SDA line on the bus remains high. The
transmitter interprets the high signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After the one data bit has been received and an interrupt request been generated,
the TMP91CW18A generates a stop condition (See section 3.10.6 (4)) and terminates
data transfer.

SCL line 9 1 2 3 4 5 6 7 8 1

L T T ET s i ValnSalaa Vel sl Ve Valaliehe e Waleiieiie Wl Ve Sty 2ha <
SDA line D7 A D6 A D5 A D4 A D3 A D2 A D1 A DO /7 N_Acknowledge signal

____________________________________________ sent to a transmitter.

!
]

INTSBIO _Cﬂ i [

interrupt request T Read ssiopBRO T Read sB10DBRO
after <ACK> is cleared to 0. after <BC2:0> are
set to 001.

Output of master
----- Output of slave

Figure 3.10.16 Termination of Data Transfer in Master Receiver Mode
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2. If <MST> = 0 (Slave mode)

In slave mode the TMP91CW18A operates either in normal slave mode or in slave
mode after losing arbitration.

In slave mode an INTSBIO interrupt request is generated when the TMP91CW18A
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete or when a matching slave
address is received. The TMP91CW18A will enter slave mode from master mode if it
loses arbitration. An INTSBIO interrupt request is generated when a word data
transfer terminates after arbitration has been lost. When an INTSBIO interrupt
request is generated, <PIN> is cleared to 0 and the SCL pin is pulled low. Either
reading data to or writing data from SBIODBRO, or setting <PIN> to 1 will release the
SCL pin after tLOw.

Check the SBISRO<AL>, <TRX>, <AAS>, <ADO> and implements processes

according to conditions listed in the next table.

Table 3.10.1 Operation in the Slave Mode

<TRX>| <AL> | <AAS> | <ADO> Conditions Process
1 1 1 0 The TMP91CW18A loses arbitration |Set the number of bits a word in
when transmitting a slave address and | <BC2:0> and write the transmitted data
receives a slave address for which the [ to SBIODBRO.
value of the direction bit sent from
another master is 1.
0 1 0 In slave receiver mode the
TMP91CW18A receives a slave address
for which the value of the direction bit
sent from the master is 1.
0 0 In slave transmitter mode a single word | Check the <LRB> setting. If <LRB> is
of is transmitted. set to 1, set <PIN> to 1 since the
Set <BC2:0> to the number of bits in a | receiver win no request the data which
word. follows. Then, clear <TRX> to 0 to
release the bus. If <LRB> is cleared to 0
of and write the transmitted data to
SBIODBRO since the receiver requests
next data.
0 1 1 1/0 The TMP91CW18A loses arbitration [Read the SBIODBRO for setting the
when transmitting a slave address and [ <PIN> to 1 (Reading dummy data) or set
receives a slave address or GENERAL | the <PIN> to 1.
CALL for which the value of the direction
bit sent from another master is 0.
0 0 The TMP91CW18A loses arbitration
when transmitting a slave address or
data and terminates word data transfer.
0 1 1/0 In slave receiver mode the
TMP91CW18A receives a slave address
or GENERAL CALL for which the value
of the direction bit sent from the master
is 0.
0 1/0 In slave receiver mode the Set <BC2:0> to the number of bits in a
TMP91CW18A terminates receiving word and read the received data from
word data. SBIODBRO.
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(4) Stop condition generation

When SBISRO<BB> = 1, the sequence for generating a stop condition start by
writing “1” to SBIOCR20<MST, TRX, PIN> and “0” to SBIOCR20<BB>. Do not modify
the contents of SBIOCR20<MST, TRX, PIN, BB> until a stop condition has been
generated on the bus. When the bus’s SCL line has been pulled low by another device,
the TMP91CW18A generates a stop condition when the other device has released the
SCL line and SDA pin rising.

When SBIOCR20<MST, TRX, PIN> are written 1 and <BB> is written 0 (generate
stop condition in master mode), <BB> changes to 0 by internal SCL changes to 1,
without waiting stop condition. To check whether SCL and SDA pin are 1 by sensing

their ports is needed to detect bus free condition.
1 — <MST>
1> <TRX>

0 —» <BB> Stop condition
1 — <PIN>

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (Read) |

Figure 3.10.17 Stop Condition Generation (Single master)

1> <MST>
(1) j) :EE>><> — Stop condition
1 — <PIN>
Internal SCL / /
- The case of pulled low Yo
I 1 .
SCL pin o by another device, y T
T 1 1
L\ ) .
— 1
SDA pin AR
1

<PIN> _|‘ /
<BB> (Read) |

Figure 3.10.18 Stop Condition Generation (Multi master)
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(5) Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP91CW18A is in
master mode.

Clear SBIOCR20<MST, TRX, BB> to 0 and set SBIOCR20<PIN> to 1 to release the
bus. The SDA line remains high and the SCL pin is released. Since a stop condition has
not been generated on the bus, other devices assume the bus to be in busy state.

And confirm SCL pin, that SCL pin is released and become bus-free state by
SBISR0<BB> = 0 or signal level 1 of SCL pin in port mode. Check the <LRB> until it
becomes 1 to check that the SCL line on a bus is not pulled down to the low level by
other devices. After confirming that the bus remains in a free state, generate a start
condition using the procedure described in (2).

In order to satisfy the setup time requirements when restarting, take at least 4.7 us of
waiting time by software from the time of restarting to confirm that the bus is free
until the time to generate the start condition.

0 —» <MST> 1 — <MST>
0 —» <TRX> 1 > <TRX>
0 —» <BB> 1 — <BB>
1 — <PIN> 1 — <PIN>
€= 4.7 [us] (Min) _— Start codnition

_L"'\ A
w—A

Figure 3.10.19 Timing Diagram for TMP91CW18A Restart
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3.10.7 Clocked-synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR 10| Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(0240H) | Read/Write \ W W
After reset 0 0 o | o o | o 0
Function Transfer start |Continue/ Transfer mode select Serial clock selection and reset monitor
0: Stop abort transfer |00: Transmit mode
1: Start 0: Continue |01: (Reserved)
transfer 10: Transmit/receive mode
1: Abort 11: Receive mode
transfer
Serial clock selection <SCK2:0> at write
000 [n=4 1.6 MHz
001 [n=5 781.3 kHz
010 [n=6 3906 kHz | [ System clock:fc
011 |n=7 1953 kHz | Clock gear: fe/1
100 [n=8 97.7 kHz fc=25MHz
101 [n=9 48.8 kHz (output t;’ SCK pin)
110 |n =10 244kHz ) \fsck=—r [Hz]
111 — External CLK (SCK input)
—> Transfer mode selection
00 |[8-bit transmit mode
01 |(Reserved)
10 [8-bit transmit/received mode
11 [8-bit received mode
Continue/abort transfer
0 _|Continue transfer
’ Abort transfer (Automatically cleared after transfer
aborted)
Transfer start/stop
0 |Stopped
1 _|Started
Note 1: Read-modify-write instruction is prohibited for SBIOCR10.
Note 2: Set the tranfer mode and the serial clock after programming <SIOS> to 0 and <SIOINH> to 1.
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBRO| Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) | Read/Write R (Receiver)/W(Transfer)
After reset Undefined
Note: Read-modify-write instruction is prohibited for SBIODBRO.
Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIOCR20 Bit symbol SBIM1 SBIMO — —
(0243H) | Read/Write W W W
After reset 0 | 0 0 0
Function Serial bus interface operation (Note 3) (Note 3)
mode selection
00: Port mode
01: SIO mode
10: 1°C bus mode
11: (Reserved)
Serial bus interface operation mode selection
00 | Port mode (Serial bus interface output disabled)
01 | Clocked-synchronous 8-bit SIO mode
10 | I°C bus mode
11 [ (Reserved)
Note 1: Read-modify-write instruction is prohibited for SBIOCR20.
Note 2: Set the SBIOCR10<BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.
Note 3: Please always write SBICR2<1:0> to 00.
Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBISRO | _Bit symbol SIOF SEF
(0243H) | Read/Write R
After reset 0 0
Eunction Serial transfer | Shift operation
operation status monitor
status monitor

!

Shift operation status monitor

0 | Shift operation terminated

1 | Shift operation in progress

—> Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in progress

Figure 3.10.21 Registers for the SIO Mode (1/2)
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0

SBIOBROO | Bit symbol - 12SBIO

(0244H) | Read/Write w RIW
Read-modify| After reset 0 0
-write Function Always | IDLE2
instructions write 0 0: Stop
are ’
prohibited. 1: Run

Operation in IDLE2 mode
0 | Stop
1 | Operation
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0

SBIOBR10 | Bit symbol P4EN -

(0245H) | Readiwrite | w w
Read-modify| After reset 0 0
_'W”te . Function Internal Always
instructions .
are clock write 0
prohibited. 0: Stop

1: Operate
Baud rate clock control
0 | Stop
1 [Operation
Figure 3.10.22 Registers for the SIO Mode (2/2)
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(1) Serial clock
1. Clock source
SBIOCR10<SCKZ2:0> is used to select the following functions.
Internal clock

In internal clock mode one of seven frequencies can be selected. The serial clock
signal is output to the outside on the SCK pin. When the device is writing (in transmit
mode) or reading (in receive mode), data cannot follow the serial clock rate, so an
automatic wait function is executed which automatically stops the serial clock and
holds the next shift operation until reading or writing has been completed.

Automatic wait function

D —

SCK pin output ||1||2| |3' 7] [8 11 2771 Te] I7]1 8] 1] [2] [3
sopnovpu N\ anXaner BEXE__ Xeer X

Write
trar|1$mitted datax a X b Xe

Figure 3.10.23 Automatic Wait Function

External clock (<SCK2:0>=111)

An external clock input via the SCK pin is used as the serial clock. In order to ensure
the integrity of shift operations, both the high and low level serial clock pulse widths
shown below must be maintained. The maximum data transfer frequency is 1.6 MHz
(when fc = 25 MHz).

sck pin i sl il

[} [} [}
e
tsckLtsckH

tscKL, tsckH > 8/fc At prescaler clock = fc

Figure 3.10.24 Maximum Data Transfer Frequency when External Clock Input Used
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2. Shift edge

Data is transmitted on the leading edge of the clock and received on the trailing
edge.
Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of the SCK
pin input/output).
Trailing edge shift

Data is shifted on the trailing edge of the serial clock (on the rising edge of the SCK
pin input/output).

SCK pin output llllllllllllllll

SO pin output N_Bito X Bitt X Bit2 X Bit3 X Bit4 X Bits X Bit X Bit7
|
|

1
Shift register X76543210)+7654321 X *+765432 ) +++76543 X ++++7654 X *#++:765 Y rrrsss76 X wrssss7

(a) Leading edge

SCK pin |f|f|f|f|f|f|f|f

Sl pin \ Bito X Bitt X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

1
Shift register Xo X0 X210+ #++ X 3210%+++ ¥ 43210+++ ¥ 543210+X 6543210+ 76543210

*: Don’t care (b) Trailing edge

Figure 3.10.25 Shift Edge
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(2) Transfer modes

SBIOCR10<SIOM1:0> is used to select a transmit, receive or transmit/receive mode.
1. 8-bit transmit mode
Set a control register to a transmit mode and write transmission data to SBIODBRO.

After the transmit data has been written, set SBIOCR10<SIOS> to 1 to start data
transfer. The transmitted data is transferred from SBIODBRO to the shift register and
output, starting with the least significant bit (LSB), via the SO pin and synchronized
with the serial clock. When the transmission data has been transferred to the shift
register, the SBIODBRO becomes empty. An INTSBIO (Buffer empty) interrupt request
1s generated to request new data.

When the internal clock is used, the serial clock will stop and the automatic wait

function will be initiated if new data is not loaded into the data buffer register after the
specified 8-bit data has been transmitted. When new transmission data is written, the
automatic-wait function is canceled.
When an external clock is used, data should be written to SBIODBRO before new data
is shifted. The transfer speed is determined by the maximum delay time between the
time when an interrupt request is generated and a data is written to SBIODBRO by the
interrupt service program.

When the transmission is started, after the SBISRO<SIOF> goes 1 output from the
SO pin holds final bit of the last data until falling edge of the SCK.

Data transmission ends when <SIOS> is cleared to 0 by the buffer empty interrupt
service program or when <SIOINH> is set to 1. When <SIOS> is cleared to O, the
transmitted mode ends when all data is output. In order to confirm whether data is
being transmitted properly by the program, set SBISRO<SIOF> (Bit3 of SBISRO) to be
sensed. SBISRO<SIOF> is cleared to 0 when transmission has been completed. When
<SIOINH> is set to 1, data transmission stops. SBISRO<SIOF> is then cleared to O.

When an external clock is used, it is also necessary to clear SBISRO<SIOS> to 0
before new data is shifted; otherwise, dummy data will be transmitted and operation
ends.
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Example: Program to stop data transmission (when an external clock is used)

Clear<SIOS>
<SIOS> ?

I
<SIOF>

<SEF>

SCK pin (Output)

SO pin

INTSBIO interrupt
request

SBIODBRO
T T (a) Internal clock
Write transmitted data
Clear <SI10S>
<SIOS>
<SIOF>
<SEF>

SCK pin (Input)
SO pin
INTSBIO interrupt

request

SBIODBRO

T T (b) External clock
Write transmitted data

Figure 3.10.26 Transfer Mode

STEST1: BIT 2, (SBISR0) ; If <SEF> =1 then loop.
JR NZ, STEST1

STEST2: BIT 0, (P7) ; If SCK = 0 then loop.
JR Z, STEST2
LD (SBIOCR10), 00000111B ; <SI0S> « 0.
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2.

8-bit receive mode

SCK pin |

SIOF

SO pin Bite X Bit7

—————»!
tsopH = 3.5/frpH [s] (min)

Figure 3.10.27 Transmitted Data Hold Time at End of Transmission

Set the control register to receive mode and set SBIOCR10<SIOS> to 1 for switching
to receive mode. Data is received into the shift register via the SI pin and synchronized
with the serial clock, starting from the least significant bit (LSB). When 8-bit data is
received, the data is transferred from the shift register to SBIODBRO. An INTSBI
(Buffer full) interrupt request is generated to request that the received data be read.
The data is then read from SBIODBRO by the interrupt service program.

When an internal clock is used, the serial clock will stop and the automatic wait
function will be in effect until the received data has been read from SBIODBRO.
When an external clock is used, since shift operation is synchronized with an external
clock pulse, the received data should be read from SBIODBRO before the next serial
clock pulse is input. If the received data is not read, any further data wich is to be
received is canceled. The maximum transfer speed when an external clock is used is
determined by the delay time between the time when an interrupt request is generated
and the time when the received data is read.

Receiving of data ends when <SIOS> is cleared to 0 by the buffer full interrupt
service program or <SIOINH> is set to 1. If <SIOS> is cleared to O, received data is
transferred to SBIODBRO in complete blocks. The received mode ends when the
transfer is complete. In order to confirm whether data is being received properly by the
program, set SBISRO<SIOF> to be sensed. <SIOF> is cleared to 0 when receiving has
been completed. When it is confirmed that receiving has been completed, the last data
is read. When <SIOINH> is set to 1, data receiving stops. <SIOF> is cleared to 0. (The
received data becomes invalid, therefore no need to read it.)

Note: When the transfer mode is changed, the contents of SBIODBRO will be lost. If the
mode must be changed, conclude data receiving by clearing <SIOS> to 0, read the
last data, then change the mode.
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3.

<SI0S>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBIO interrupt
request

SBIODBRO

8-bit transmit/receive mode

je————  Clear<SI0S> —>

Read receiver data Read receiver data

Figure 3.10.28 Receiver Mode (Example: Internal clock)

Set a control register to a transmit/receive mode and write data to SBIODBRO. After
the data has been written, set SBIOCR10<SIOS> to 1 to start transmitting/receiving.
When data is transmitted, the data is output via the SO pin, starting from the least
significant bit (LSB) and synchronized with the leading edge of the serial clock signal.
When data is received, the data is input via the SI pin on the trailing edge of the serial
clock signal. 8-bit data is transferred from the shift register to SBIODBRO and an
INTSBIO interrupt request is generated. The interrupt service program reads the
received data from the data buffer register and writes the data which is to be
transmitted. SBIODBRO is used for both transmitting and receiving. Transmitted data
should always be written after received data has been read.

When an internal clock is used, the automatic wait function will be in effect until the
received data has been read and the next data has been written.

When an external clock is used since the shift operation is synchronized with the
external clock, received data is read and transmitted data is written before a new shift
operation is executed. The maximum transfer speed when an external clock is used is
determined by the delay time between the time when an interrupt request is generated
and the time at which received data is read and transmitted data is written.

When the transmit is started after the SBISRO<SIOF> goes 1 output from the SO pin
holds final bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when <SIOS> is cleared to 0 by the INTSBIO
interrupt service program or SBIOCR10<SIOINH> is set to 1. When <SIOS> is cleared
to 0, received data is transferred to SBIODBRO in complete blocks. The
transmit/receive mode ends when the transfer is complete. In order to confirm whether
data is being transmitted/received properly by the program, set SBISRO to be sensed.
<SIOF> is set to 0 when transmitting/receiving has been completed. When <SIOINH>
is set to 1, data transmitting/receiving stops. <SIOF> is then cleared to 0.

Note: When the transfer mode is changed, the contents of SBIODBRO will be lost. If the
mode must be changed, conclude data transmitting/receiving by clearing <SIOS> to
0, read the last data, then change the transfer mode.
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<SIOoSs>

<SIOF>

<SEF>

SCK pin (Output)
SO pin

Sl pin

INTSBIO interrupt

request
SBIODBRO

je—— Clear<SIOS> ——>

X a )@( b X d

0 v
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 3.10.29 Transmit/Received Mode (Example: Using internal clock)

SCK pin | |

)

|
SIOF ' |

| |

| |
SO pin Bit6 X Bit7 in last transmitted word V

i |
)
tsopH = 4/frpH [s] (Min)

Figure 3.10.30 Transmitted Data Hold Time at End of Transmit/Receive
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3.11 Serial Bus Interface 1 (I°C bus)

The serial bus interface is connected to an external device through P84 (SDA) and P85 (SCL)
in the I2C bus mode. Each pin is specified as follows.

P8CR<P85C, P84C> | P8FC<P85F, P84F>
I°C bus mode 11 11

3.11.1  Configuration

——> INTI2C1 interrupt request
> SCL1
—_]rss5
(SCL1)
I/0
¢T —>| Divider
control
Transfer
v
7C bus control
A clock sysn. circuit
, < —_Jrs4
Noise + A AR
€ (SDA1)
canceller Control Shift > 1°C bus
rA Noise
register € data control {«— SDA1
canceller
) 2 | |
SBIOCR21/
12CO0AR1 BIODBR1 BIOCR11 SBIOBRO1, 11
SBISR1 Co SBIO SBIOC
SBI control register 2/ I°C bus SBl data SBI control SBI baud rate
SBI status register address register  buffer register register 1 register 0 and 1

Figure 3.11.1 Serial Bus Interface (I°C bus)

91CW18A-182 2005-08-15



TOSHIBA TMP91CW18A

3.11.2 Serial Bus Interface (SBI) Control
The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface control register 1 (SBIOCR11)
e Serial bus interface control register 2 (SBIOCR21)
e Serial bus interface data buffer register (SBIODBR1)
e 1I2C bus address register I12COAR1)
e Serial bus interface status register (SBISR1)
e Serial bus interface baud rate register 0 (SBIOBR01)
e Serial bus interface baud rate register 1 (SBIOBR11)

3.11.3 The Data Formats in The I°C Bus Mode

The data formats in the I2C bus mode are shown below.

(a) Addressing format

[ €«—— 8 bits —>| 1 [«— 1to 8 bits —>{1[€«— 1to 8 bits —> 1
F'TTTTT]R A A A
S Slave address | L|C Data C Data C|P
w|K K K
< 1 >l 1 or more —— >
(b) Addressing format (with restart)
[ «—— 8 bits —>| 1 [«— 1to 8bits —>»1| [€«—— 8bits —>1[«— 1to 8 bits —>| 1
F'TTTTTIR A A IF'TTTTTIR A A
S Slave address | |C Data C|S Slave address | |C Data C|P
WIK K WIK K
€——— 1 ——>€«——1ormore—>» €«—— 1 ——>€«——1 0r more —>

(c) Free data format (Data transferred from master device to slave device)

[€—— 8 bits —>»1[€«— 1to 8 bits —>| 1 [«— 1 to 8 bits —>{1
T T T T A A A

S Data C Data C Data C|P
K K K
< 1 > 1 or more ——— >

S: Start condition
R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.11.2 Data Format in the I°C Bus Mode
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3.11.4 I°C Bus Mode Control

The following registers are used to control and monitor the operation status when using

the serial bus interface (SBI) in the I2C bus mode.

Seirial Bus Interface Conrol Register 1

7 6 5 4 3 2 1 0
. SCKO0/
SBIOCR11 Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
(0250H) | Read/Write W RIW w RIW
After reset o | o | o 0 o | o 0/1 (Note 3)
Function Number of transferred bits Acknowledge Internal serial clock selection and
mode software reset monitor
specification (Note 2)
0: Not
generate
1: Generate
Internal serial clock selection <SCK2:0> at write
000|n=5 — (Note4)
001|(n=6 — (Note4) System clock: fc
010|n=7 — (Note4) Clock gear: fc/1
011|n=8 947 kHz fc =25 MHz
100(n=9 48.1 kHz (internal SCL output)
101{n=10| 242 kHz|\ fscl= —1C— [Hz]
110|n=11| 122  kHz 2°+8
111 (Reserved)
Software reset state monitor <SWRMON> at read
0 During software reset
1 Initial data
—> Acknowledge mode specification
0 Not generate clock pulse for acknowledge signal
1 Generate clock pulse for acknowledge signal
Number of bits transferred
<ACK>=0 <ACK> =1
<BC2:0> Number of . Number of .
clock pulses Bits clock Bits
pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
Note 1: Read-modify-write instruction is prohibited for SBIOCR11.
Note 2: For the frequency of the SCL line clock, See 3.11.5 (3) Serial clock.
Note 3: Initial data of SCKO is 0, SWRMON is 1.
Note 4: This I°C bus circuit does not support Fast mode, it supports standard mode only. Although the I’C bus

circuit itself allows the setting of a baud rate over 100 kbps, the compliance with the I°C specification is not

guaranteed in that case.

Figure 3.11.3 Registers for the I°C Bus Mode
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Serial Bus Interface Control Register 21
7 6 5 4 3 2 1 0
sBlocRr21|_Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 [ SWRSTO
(0253H) | Read/Write W W (Note 2) W (Note 2)
After reset 0 0 0 1 o | o o | o
Function Master/slave | Transmitter/ | Start/stop Cancel Serial bus interface operating | Software reset generate
selection receiver condition INTI2C1 mode selection. (Note 2) write 10 and 01, then an
selection generation | interrupt 00: Port mode internal reset signal is
request 01: (Reserved) generated.
10: 1°C bus mode
11: (Reserved)
|—>7Serial bus interface operating mode selection (Note 3)
00 | Port mode (Serial bus interface output disabled)
01 | (Reserved)
10 | I°C bus mode
11 [ (Reserved)
———— INTI2C1 interrupt request
0 |Don'’t care
1 [ Cancel interrupt request
———— > Start/stop condition generation
0 | Generates the stop condition
1 [ Generates the start condition
Transmitter/receiver selection
0 | Receiver
1 [ Transmitter
Master/slave selection
0 [Slave
1 [ Master
Note 1: Read-modify-write instruction is prohibited for SBIOCR21.
Note 2: Reading this register function as SBISR1.
Note 3: Switch a mode to port mode after confirming that the bus is free.

Switch a mode between I°C bus mode and clock synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.11.4 Registers for the I°C Bus Mode
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SBISR1
(0253H)

Serial Bus Interface Status Register 1

6

5

4

3 2 1 0

Bit symbol

MST

TRX

BB

PIN

AL AAS ADO LRB

Read/Write

R

After reset

0

0

0

1

0 0 0 0

Function

Master/
slave
status
monitor

Transmitter/
receiver
status
monitor

I°C bus
status
monitor

INTI2CA1
interrupt
request
monitor

Arbitration |[Slave GENERAL |Last

lost address CALL received bit
detection |match detection  |monitor
monitor detection  |monitor 0:0

0: - monitor 0: Undetected 1: 1

1: Detected [0: Undetected|1: Detected
1: Detected

Note 1:

- > INTI2C1 interrupt request monitor

— ]

|—> Last received bit monitor
0 | Last received bit was 0
1 | Last received bit was 1

L—— GENERAL CALL detection monitor
0 | Undetected
1 [ GENERAL CALL detected

L Slave address match detection monitor
0 | Undetected

Slave address match or GENERAL
CALL detected

1

——> Arbitration lost detection monitor
0 J—
1 | Arbitration lost

0 | Interrupt requested

1 | Interrupt canceled

I°C bus status monitor

A\ 4

0 | Free or waiting free

1 |Busy

A\ 4

Transmitter/receiver status monitor

0 | Receiver

1 | Transmitter

ter/slave status monitor
0 |Slave
1 | Master

\Z
=
D
[2]

Read-modify-write instruction is prohibited for SBISR1.

Note 2: Writing in this register functions as SBIOCR21.

Figure 3.11.5 Registers for the I°C Bus Mode
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO1 | Bit symbol - 12SBI0
(0254H) | Read/Write w R/W
Read-modify- | After reset 0 0
write Function Always | IDLE2
instructions witeg |0 Stop
are 1: Run
prohibited.
Operation during IDLE2 mode
0 | Stop
1 [ Operation
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR11 ] Bit symbol P4EN -
(0255H) | Read/Write W W
Read-modify-| After reset 0 0
write Function Internal Always
instructions clock write 0
are 0: Stop
1: Operate
prohibited.
Baud rate clock control
0 | Stop
1 [Operation
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR1 | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0251H) | Read/Write R (Received)/W (Transfer)
After reset Undefined
Note 1: Read-modify-write instruction is prohibited for SBIODBR1.
Note 2: When writing transmited data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
Note 3: SBIODBR1 can’t be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibited.
Note 4: Written data in SBIODBR1 is cleared by INTI2C1 signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2CO0AR1 Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SAQ ALS
(0252H) Read/Write W
Aterreset | o | o | o | o | o | o | o | o
Function Slave address selection for when device is operating as slave device. Address
recognition
mode
specification

Note: Read-modify-write instruction is prohibited for I2COAR1.

|

Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition

Figure 3.11.6 Registers for the I°C Bus Mode

91CW18A-187

2005-08-15




TOSHIBA

TMP91CW18A

3.11.5 Control in I°C Bus Mode

1)

2

3

Specifying acknowledge mode

Set the SBIOCR11<ACK> to 1 for operation in the acknowledge mode. The
TMP91CW18A generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge mode, the
TMP91CW18A does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

Number of transfer bits

The SBIOCR11<BC2:0> is used to select a number of bits for next transmitting and
receiving data.

Since SBIOCR11<BC2:0> is cleared to 000 on start-up, a slave address and direction
bit transmissions are executed in 8 bits. Other than these, the <BC2:0> retains a
specified value.

Serial clock
1. Clock source

SBIOCR11<SCKZ2:0> is used to specify the maximum transfer frequency for output
on the SCL pin in master mode. Set a communication baud rate that meets the I2C bus
specification, such as the shortest pulse width of tLow, based on the equations shown
below.

F tHIGH x tL ow —>e————1/fscl————»

SBIOCR11<SCK2:0> n

000 5

tlow =2"'spl 001 6
tHigH = 2" 'ffsp) + 8/fsR 010 7
fscl = 1/(tLow + tHIGH) 011 8
fsBl 100 9

T o.s 101 10

110 11

Note 1: fgp) is the clock fFph.
Note 2: fgp) is the clock either fc/16 or frpH which is selected SYSCR0O<PRCK1:0>

Figure 3.11.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

(4)

(5)

2.  Clock synchronization

In the I2C bus mode in order to wired-AND a bus, a master device which pulls down a
clock line to low level, in the first place, invalidate a clock pulse of another master
device which generates a high-level clock pulse. The master device with a high-level
clock pulse needs to detect the situation and implement the following procedure.

The TMP91CW18A has a clock synchronization function which allows normal data
transfer even when more than one master exists on the bus.

The following example explains the clock synchronization procedures used when
there are two masters present on the bus.

Wait counting high-level

width of a clock pulse.
t«——>1 Start couting high-level width of a clock pulse.

Reset a acounter of
high-level width of a

1
:

1 |

1

1 1

1 1

1 1

1 1

: clock pulse. :

(; =

1 1

1

| i

]

b

Figure 3.11.8 Clock Synchronization

2~

SN
\_

oS
/&

When master A pulls the internal SCL output low at point a, the bus’s SCL line goes
low. After detecting this, master B resets a counter of high-level width of an own clock
pulse and sets the internal SCL output low.

Master A finishes counting low level width of an own clock pulse at point b and sets
the internal SCL output high. Since master B is holding the bus’s SCL line low, master
A waits for counting high level width of an own clock pulse. After master B has finished
counting low level width of an own clock pulse at point ¢ and master A detects the SCL
line of the bus at the high level, and starts counting high level of an own clock pulse.

The clock pulse on the bus is determined by the master device with the shortest high
level width and the master device with the longest low-level width from among those
master devices connected to the bus.

Slave address and address recognition mode specification

When the TMP91CW18A is to be used as a slave device, set the slave address
<SA6:0> and <ALS> in I2C0AR1. Clear <ALS> to O for the address recognition mode.

Master/Slave selection

To operate the TMP91CW18A as a master device set SBIOCR21<MST> to 1. To
operate 1t as a slave device clear SBIOCR21<MST> to 0. SBIOCR21<MST> is cleared to
0 in hardware when a stop condition is detected on the bus or when arbitration is lost.

91CW18A-189 2005-08-15



TOSHIBA TMP91CW18A

(6) Transmitter/receiver selection

To operate the TMP91CW18A as a transmitter set SBIOCR21<TRX> to 1. To operate
it as a receiver clear SBIOCR21<TRX> to 0. When data with an addressing format is
transferred in slave mode, when a slave address with the same value that an I2C0AR1
or a GENERAL CALL is received (All 8-bit data are O after a start condition),
SBIOCR21<TRX> is set to 1 in hardware if the direction bit (R/W) sent from the
master device is 1, and is cleared to 0 in hardware if the bit is 0. In master mode, when
an acknowledge signal is returned from the slave device, SBIOCR21<TRX> is cleared
to 0 in hardware if the value of the transmitted direction bit is 1, and is set to 1 in
hardware if the value of the bit is 0. If an acknowledge signal is not returned, the
current state is maintained.

SBIOCR21<TRX> is cleared to 0 in hardware when a stop condition is detected on
the I2C bus or when arbitration is lost.
(7) Start/stop condition generation
When SBISR1<BB> = 0, slave address and direction bit which are set in SBIODBR1
are output on the bus after generating a start condition by writing 1 to the

SBIOCR21<MST, TRX, BB and PIN>. It is necessary to set transmitted data to the
data buffer register (SBIODBR1) and set 1 to <ACK> beforehand.

/ A6 X A5 X A4 X A3 X A2 X A1 X A0 XRrRw /

| |A_cknowledge
Start conditionl< Slave address and the direction bit >{ signal

Figure 3.11.9 Start Condition Generation and Slave Address Generation

When SBISR1<BB> = 1, the sequence for generating a stop condition can be initiated
by writing 1s to SBISR1<MST, TRX and PIN> and writing 0 to SBISR1<BB>. Do not
modify the contents of SBISR1<MST, TRX, BB and PIN> until a stop condition has
been generated on the bus.

Stop condition

Figure 3.11.10 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of SBISR1<BB>.
SBISR1<BB> will be set to 1 if a start condition has been detected on the bus, and will
be cleared to O if a stop condition has been detected.

Refere to chapter 3.11.6 (4) “Stop condition generation”, where the restriction for the
stop-condition in the master-mode is explained.
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(8

9

Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request (INTI2C1) is generated,

SBIOCR21<PIN> is cleared to 0. The SCL line is pulled low while SBIOCR21<PIN> =
0. SBIOCR21<PIN> is cleared to 0 when a single word of data is transmitted or
received. Either writing data to or reading data from SBIODBR1 sets SBIOCR21<PIN>
to 1.

The time from SBIOCR21<PIN> being set to 1 until the release of the SCL line is
tLOW.

In address recognition mode (e.g., when SBIOCR21<ALS> = 0), SBIOCR21<PIN> is
cleared to 0 when the slave address matches the value set in I2COAR1 or when a
GENERAL CALL is received (All 8-bit data are 0 after a start condition). Although
SBIOCR21<PIN> can be set to 1 by a program, writing 0 to SBIOCR21<PIN> does not
clear it to 0.

Serial bus interface operation mode selection

SBIOCR21<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBIOCR21<SBIM1:0> to 10 when the device is to be used in I2C bus mode after
confirming pin condition of serial bus interface to H. Switch a mode to port after
confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on the bus in I2C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I12C bus arbitration.

The following example illustrates the bus arbitration procedure when there are two
master devices on the bus. Master A and master B output the same data until point a.
After master A outputs L and master B, H, the SDA line of the bus is wire-AND and
the SDA line is pulled low by master A. When the bus’s SCL line is pulled up at point b,
the slave device reads the data on the SDA line, that is, data in master A. Data
transmitted from master B becomes invalid. The master B state is known as
arbitration lost. A master B device which loses arbitration releases the internal SDA
output in order not to affect data transmitted from other masters with arbitration.
When more than one master sends the same data at the first word, arbitration occurs
continuously after the second word.

SCL line
Internal SDA output
(Master A)

Internal SDA output
(Master B)

SDA line

I

-
TN
/
N
/

N/ \ YR
~_/ N\ '

[ ) S
o-F--

Figure 3.11.11 Arbitration Lost

91CW18A-191 2005-08-15



TOSHIBA TMP91CW18A

The TMP91CW18A compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBISR1<AL> is set to 1.

When SBISR1<AL> is set to 1, SBISR1<MST, TRX> are cleared to 00 and the mode
is switched to slave receiver mode. Thus, clock output is stopped in data transfer after
setting <AL>=1.

SBISR1<AL> is cleared to O when data is written to or read from SBIODBR1, when
data is written to SBIOCR21.

Internal
Master <SCL output

Internal \ D7A XD6A\ D5A / D4A X D3A X D2A X D1A X DOA / \D7A"XD6A’ XD5A X D4A’

SDA output
l—) Stop the clock pulse.
Internal
1 2 3 4

Master SCL output

Internal

SDA output D7B AD6B Keep internal SDA output to high-level as losing arbitration.

<AL> |/

A R'
7 ]

<TRX> [
/

Accessed to |_|
SBIODBR1 or SBIOCR21

Figure 3.11.12 Example of when TMP91CW18A is a Master Device B
(D7A =D7B, D6A = D6B)

(11) Slave address match detection monitor
SBISR1<AAS> is set to 1 in slave mode, in address recognition mode (e.g., when
I12CO0AR1<ALS> = 0), when a GENERAL CALL is received or a slave address matches
the value set in I2COAR1. When I2COAR1<ALS> = 1, SBISR1<AAS> is set to 1 after
the first word of data has been received. SBISR1<AAS> is cleared to 0 when data is
written to or read from the data buffer register SBIODBR1.
(12) GENERAL CALL detection monitor
SBISR1<ADO> is set to 1 in slave mode, when a GENERAL CALL is received (All
8-bit received data is 0 after a start condition.) SBISR1<ADO> is cleared to 0 when a
start condition or stop condition is detected on the bus.
(13) Last received bit monitor
The value on the SDA line detected on the rising edge of the SCL line is stored in
SBISR1<LRB>. In acknowledge mode, immediately after an INTI2C1 interrupt

request has been generated, an acknowledge signal is read by reading the contents of
SBISR1<LRB>.
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(14) Software reset function
The software reset function is used to initialize the SBI circuit, when SBI is locked by
external noises, etc.

An internal reset signal pulse can be generated by setting SBIOCR21<SWRST1:0> to
10 and O01. This initializes the SBI circuit internally. All command except
SBIOCR21<SBIM1:0> registers and status registers are initialized as well.

SBIOCR11<SWRMON> is automatically set to “1” after the SBI circuit has been
initialized.
(15) Serial bus interface data buffer register (SBIODBR1)

Received data can be read by reading SBIODBR1 and transferred data can be written
by writing to SBIODBRI1.

When the start condition has been generated in master mode, the slave address and
the direction bit are set in this register.

(16) I2C bus address register (I2COAR1)

I2C0AR1<SA6:0> is used to set the slave address when the TMP91CW18A functions
as a slave device.

If the slave address output from the master device is recognized as matching the
TMP91CW18A’s slave address, I2COAR1<ALS> is cleared to 0. The data format is the
addressing format. When the slave address output from the master does not match the
TMP91CW18A’s slave address, I2COAR1<ALS> is set to 1 and the data format is the
free data format.

(17) Baud rate register (SBIOBR11)
Write 1 to SBIOBR11<P4EN> before operation commences.
(18) Setting register for IDLE2 mode operation (SBIOBR01)

The setting of SBIOBR01<I2SBIO> determines whether the device is operating or is
stopped in IDLE2 mode. Hence, <I2SBI0> must be set before a HALT instruction is
executed.
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3.11.6 Data Transfer in I°C Bus Mode

1)

(2

Device initialization

Set SBIOBR11<P4EN> and SBIOCR11<ACK, SCK2:0> to 1. Set SBIOBR11 to 1 and
clear bits 7, 6, 5 and 3 of SBIOCR1 to 0.

Set a slave address in I2C0AR1<SA6:0> and I2COAR<ALS>. (I2COAR<ALS> = 0
when an addressing format.)

For specifying the default setting to a slave receiver mode, clear the <MST, TRX,
BB> to 0 and set the <PIN> to 1, the <SBIM1:0> to 10.

Start condition generation and slave address generation
1. Master mode

In master mode, the start condition and the slave address are generated as follows.
Check a bus free status (when <BB> = 0).

Set SBIOCR11<ACK> to 1 (Acknowledge mode) and specify a slave address and a
direction bit to be transmitted to the SBIODBR1.

If SBIOCR11<BB> = 0, the start condition is generated by writing 1111 to
SBIOCR21<MST, TRX, BB and PIN>. Subsequently to the start condition, 9 clocks are
output from the SCL pin. While 8 clocks are output, the slave address and the direction
bit which are set to the SBIODBR1. On the 9th clock pulse the SDA line is released and
the acknowledge signal is received from the slave device.

An INTI2C1 interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR21<PIN> is cleared to 0. In master mode the SCL pin is pulled low while
SBIOCR21<PIN> 1s 0. When an interrupt request occurs, the value of
SBIOCR21<TRX> is changed according to the direction bit setting only if the slave
device returns an acknowledge signal.

2. Slave mode
In slave mode the start condition and the slave address are received.

After the start condition has been received from the master device, while 8 clocks are
output from the SCL pin, the slave address and the direction bit which are output from
the master device are received.

When a GENERAL CALL or an address matching the slave address set in I2COAR1
1s received, the SDA line is pulled down low on the 9th clock pulse and an acknowledge
signal is output.

An INTI2C1 interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR21<PIN> is cleared to 0. In slave mode the SCL line is pulled low while
SBIOCR21<PIN> = 0. When an interrupt request occurs, the value of SBIOCR21<TRX>
1s changed according to the direction bit setting only if the slave device returns an
acknowledge signal.

E / A6 X A5 X A X A3 X A2 X Al X A0 X R/W AACK /

_ _R: N\ J Acknowledge

o Y .
Start condition Slave address + Direction bit. signal from a
slave device.

<PIN>

INTI2C1
interrupt request

L
‘

Output of master
————— Output of slave

Figure 3.11.13 Start Condition Generation and Slave Address Transfer

91CW18A-194 2005-08-15



TOSHIBA

TMP91CW18A

3

SCL line

Single word data transfer

Check the <MST> setting using an INTI2C1 interrupt process after the transfer of
each word of data is completed and determine whether the device is in master mode or
slave mode.

1. If <MST> =1 (Master mode)

Check the <TRX> setting and determine whether the device is in transmitter mode
or receiver mode.
If <TRX> = 1 (Transmitter mode)

Check the <LRB> setting. If <LRB> = 1, there is no receiver requesting data.
Implement the process for generating a stop condition (See section 3.10.6 (4)) and

terminate data transfer.

If <LRB> = 0, the receiver is requesting new data. When the next transmitted data is
8 bits, write the transmitted data to SBIODBR1. When the next transmitted data is
other than 8 bits, set <BC2:0> to 1, set <ACK> to 1 and write the transmitted data to
SBIODBR1. After the data has been written, <PIN> is set to 1, a serial clock pulse is
generated to trigger transfer of the next word of data via the SCL pin, and the word is
transmitted. After the data has been transmitted, INTI2C1 interrupt request is
generated. <PIN> is cleared to 0 and the SCL line is pulled low. If the length of the
data to be transferred is greater than one word, repeat the latter steps of the procedure,
starting from the check of the <LRB> setting.

— Write to SBIODBR1

1 2 3 4 5 6 7 8 9

A

SDA line

D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 A ACK ,

- _K_Acknowledge signal

<PIN> I

INTI2C1

from a receive.

[

interrupt request

Output from master
————— Output from slave

Figure 3.11.14 Example in which <BC2:0> = 000 and <ACK> = 1 in Transmitter Mode
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If <TRX> = 0 (Receiver mode)
When the next transmitted data is other than 8 bits, set <BC2:0> again. Set <ACK>
to 1 and read the received data from SBIODBR1 so as to release the SCL line (the value

of data which is read immediately after a slave address is sent is undefined). After the
data has been read, <PIN> is set to 1.

Serial clock pulse for transfering new 1 word of data is defined SCL and outputs “L”
level from SDA pin with acknowledge timing.

An INTI2C1 interrupt request is then generated and <PIN> is cleared to 0. The
TMP91CW18A then pulls the SCL pin low. From then on the TMP91CW18A outputs a

clock pulse, so as to transfer a data word, and an acknowledge signal each time
received data is read from SBIODBRI1.

Read SBIODBR1

SDA_ D7 A D6 A D5 A D4 W D3 A D2 A DI A DO “WN-GV-V D7
Acknowledge signal

<PIN> I | to a transmitter.

INTI2C1 rl
interrupt request

Output from master
————— Output from slave

Figure 3.11.15 Example of when <BC2:0> = 000, <ACK> = 1 in Receiver Mode

In order to terminate the transmission of data to a transmitter, clear <ACK> to 0
before reading data which is 1 word before the last data to be received. The last data
word does not generate a clock pulse as the acknowledge signal. After the data has
been transmitted and an interrupt request has been generated, set <BC2:0> to 001 and
read the data. The TMP91CW18A generates a clock pulse for a 1-bit data transfer.
Since the master device is a receiver, the SDA line on the bus remains high. The
transmitter interprets the high signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After the 1 data bit has been received and an interrupt request been generated, the
TMP91CW18A generates a stop condition (See section 3.10.6 (4)) and terminates data
transfer.

SCL line 9 1 2 3 4 5 6 7 8 1

. Iptotais VaknSalaie Ve En V2t e W e N 2 2
SDA line D7 A D6 A D5 A D4 A D3 A D2 A D1 A DO /7 N_ Acknowledge signal

____________________________________________ sent to a transmitter.

N> ]| [ I
INTI2CH _(ﬂ i CI'I i (I'I

interrupt request 1 Read sBi0DBR1 1 Read sBioDBR1
after <ACK> is after <BC2:0> are
cleared to 0. set to 001.

Output of master
----- Output of slave

Figure 3.11.16 Termination of Data Transfer in Master Receiver Mode
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2. If <MST> = 0 (Slave mode)

In slave mode the TMP91CW18A operates either in normal slave mode or in slave
mode after losing arbitration.

In slave mode an INTI2C1 interrupt request is generated when the TMP91CW18A
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete, or when a matching slave
address is received. The TMP91CW18A will enter slave mode from master mode if it
loses arbitration. An INTI2C1 interrupt request is generated when a word data
transfer terminates after arbitration has been lost. When an INTI2C1 interrupt
request is generated, <PIN> is cleared to 0 and the SCL pin is pulled low. Either
reading data to or writing data from SBIODBRI1, or setting <PIN> to 1 will release the
SCL pin after tLOw.

Check the SBISR1<AL>, <TRX>, <AAS> and <ADO> and implements processes

according to conditions listed in the next table.

Table 3.11.1 Operation in the Slave Mode

<TRX>| <AL> | <AAS> | <ADO> Conditions Process
1 1 1 0 The TMP91CW18A loses arbitration |Set the number of bits a word in
when transmitting a slave address and | <BC2:0> and write the transmitted data
receives a slave address for which the [ to SBIODBR1.
value of the direction bit sent from
another master is 1.
0 1 0 In slave receiver mode the
TMP91CW18A receives a slave address
for which the value of the direction bit
sent from the master is 1.
0 0 In slave transmitter mode a single word | Check the <LRB> setting. If <LRB> is
of is transmitted. set to 1, set <PIN> to 1 since the
Set <BC2:0> to the number of bits in a | receiver win no request the data which
word. follows. Then, clear <TRX> to 0 to
release the bus. If <LRB> is cleared to 0
of and write the transmitted data to
SBIODBR1 since the receiver requests
next data.
0 1 1 1/0 The TMP91CW18A loses arbitration [Read the SBIODBR1 for setting the
when transmitting a slave address and [ <PIN> to 1 (Reading dummy data) or set
receives a slave address or GENERAL | the <PIN> to 1.
CALL for which the value of the direction
bit sent from another master is 0.
0 0 The TMP91CW18A loses arbitration
when transmitting a slave address or
data and terminates word data transfer.
0 1 1/0 In slave receiver mode the
TMP91CW18A receives a slave address
or GENERAL CALL for which the value
of the direction bit sent from the master
is 0.
0 1/0 In slave receiver mode the Set <BC2:0> to the number of bits in a
TMP91CW18A terminates receiving word and read the received data from
word data. SBIODBR1.
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(4) Stop condition generation

When SBISR1<BB> = 1, the sequence for generating a stop condition start by
writing 1 to SBIOCR21<MST, TRX, PIN> and “0” to SBIOCR21<BB>. Do not modify
the contents of SBIOCR21<MST, TRX, PIN, BB> until a stop condition has been
generated on the bus. When the bus’s SCL line has been pulled low by another device,
the TMP91CW18A generates a stop condition when the other device has released the
SCL line and SDA pin rising.

When SBIOCR21<MST, TRX, PIN> are written 1 and <BB> is written 0 (Generate
stop condition in master mode), <BB> changes to 0 by internal SCL changes to 1,
without waiting stop condition. To check whether SCL and SDA pin are 1 by sensing

their ports is needed to detect bus free condition.
1 — <MST>
1 - <TRX>

0 —» <BB> Stop condition
1 — <PIN>

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (Read) |

Figure 3.11.17 Stop Condition Generation (Single master)

1 —> <MST>
(1) : :EE>><> — Stop condition
1 - <PIN>
Internal SCL / /
- The case of pulled low Yo
I 1 .
SCL pin o by another device, y T
T 1 1
L\ ) .
— 1
SDA pin AR
1

<PIN> _|‘ /
<BB> (Read) |

Figure 3.11.18 Stop Condition Generation (Multi master)
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(5)

SCL (Bus)
SCL pin
SDA pin

<LRB>

<BB>

<PIN>

Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP91CW18A is in
master mode.

Clear SBIOCR21<MST, TRX, BB> to 0 and set SBIOCR21<PIN> to 1 to release the
bus. The SDA line remains high and the SCL pin is released. Since a stop condition has
not been generated on the bus, other devices assume the bus to be in busy state.

And confirm SCL pin, that SCL pin is released and become bus-free state by
SBISR1<BB> = 0 or signal level 1 of SCL pin in port mode. Check the <LRB> until it
becomes 1 to check that the SCL line on a bus is not pulled down to the low-level by
other devices. After confirming that the bus remains in a free state, generate a start
condition using the procedure described in (2).

In order to satisfy the setup time requirements when restarting, take at least 4.7 us
of waiting time by software from the time of restarting to confirm that the bus is free
until the time to generate the start condition.

0 —» <MST> 1 —> <MST>
0 _ <TRX> 1 - <TRX>
0 —» <BB> 1 — <BB>
1 - <PIN> 1 - <PIN>

|[«—4.7 [us] (Min) _— Start condition

=

s ="
= ;

)
A
%

_Y

Figure 3.11.19 Timing Diagram for TMP91CW18A Restart
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3.12 Serial Bus Interface 2 (I°C bus 2)

in the I2C bus mode. Each pin is specified as follows.

P8CR<P87C, P86C>

P8FC<P87F, P86F>

11

The serial bus interface is connected to an external device through P86 (SDA) and P87 (SCL)

I’C bus mode 11
3.12.1 Configuration
——> INTI2C2 interrupt request
SCL2
—_]rs7
(SCL2)
110
¢T —>| Divider
control
Transfer
v
G bus control YtH——
clock sysn. circuit
Noi ] ZNA AA _DP86
oise + l (SDA2)
canceller control Shift 2C bus
AR ) Noise
register < data control SDA2
canceller
\ 2 | |
SBIOCR22/
SBIOBRO02, 12
SBISR2 I2COAR2 SBIODBR2 SBIOCR12
SBI control register 2/ 1°C bus SBl data SB|_ control SB|_ baud rate
SBI status register address register  buffer register register 1 register 0 and 1
Figure 3.12.1 Serial Bus Interface (I°C bus)
2005-08-15
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3.12.2 Serial Bus Interface (SBI) Control

The following registers are used to control the serial bus interface and monitor the
operation status.

e Serial bus interface control register 1 (SBIOCR12)

e Serial bus interface control register 2 (SBIOCR22)

e Serial bus interface data buffer register (SBIODBR2)
e I2C bus address register I12COAR2)

e Serial bus interface status register (SBISR2)

e Serial bus interface baud rate register 0 (SBIOBR02)
e Serial bus interface baud rate register 1 (SBIOBR12)

3.12.3 The Data Formats in the I°C Bus Mode

The data formats in the I2C bus mode are shown below.

(a) Addressing format

[€—— 8 bits —>»1[€«— 1to 8bits —>| 1 [«— 1to 8 bits —>{1
FrTTTTTIR A A A

S| Slaveaddress |1]C Data C Data C|P
WIK K K
< 1 € 1 or more —— >

(b) Addressing format (with restart)

[€—— 8 bits —>

1|€— 1to8bits —»{1| |€«—— 8bits —>{1|«— 1to 8 bits —>{1
Fr'TTTTTIR A A IF'TTTTTIR A A
S Slave address | |C Data C|S Slave address | |C Data C|P
WK K WK K
€——— 1 ——>€«——1ormore—>» €«—— 1 ——>€«——1 0r more —>

(c) Free data format (Data transferred from master device to slave device)

[ «—— 8 bits —>| 1 [«— 1to 8 bits —>{1[«— 1to 8 bits —> 1
T T T T A A A

S Data C Data C Data C|P
K K K
< 1 >€ 1 or more >

S:  Start condition
R/ W :Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.12.2 Data Format in the I°C Bus Mode

91CW18A-201 2005-08-15



TOSHIBA TMP91CW18A

3.12.4 I°C Bus Mode Control

The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.

Seirial Bus Interface Control Register 12

7 6 5 4 3 2 1 0
. SCKO0/
SBIOCR12 Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
(0258H) | Read/Write w R/W w RIW
After reset o | o | o 0 o | o 0/1 (Note 3)
Function Number of transferred bits Acknowledge Internal serial clock selection and
mode software reset monitor
specification (Note 2)
0: Not
generate
1: Generate

l

Internal serial clock selection <SCK2:0> at write

000(n=5 |- (Note4)

001 (n=6 |- (Noted) System clock: fc
010|n=7 |- (Noted) Clock gear: fc/1
011[n=8 94.7 kHz fc = 25 MHz

100{n=9 48.1 kHz (internal SCL output)
101 |n=10| 242 kHz fscl =—1C— [Hz]
110 |n=11 12.2 kHz 2°+8

111 (Reserved)

Software reset state monitor <SWRMON> at read

0 During software reset
1 Initial Data

—> Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal

1 Generate clock pulse for acknowledge signal

Number of bits transferred

<ACK>=0 <ACK> =1
. Number of Number of
<BC2:0> clock pulses Bits clock Bits
pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Note 1: Read-modify-write instruction is prohibited for SBIOCR12.

Note 2: For the frequency of the SCL line clock, See 3.12.5 (3) Serial clock.

Note 3: Initial data of SCKO is 0, SWRMON is 1.

Note 4: This I°C bus circuit does not support Fast mode, it supports standard mode only. Although the I°C bus
circuit itself allows the setting of a baud rate over 100 kbps, the compliance with the 1’c specification is not

guaranteed in that case.

Figure 3.12.3 Registers for the I°C Bus Mode (1/4)
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIoCR22| _Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(025BH) | Read/Write W W (Note 2) W (Note 2)
After reset 0 0 0 1 o | o o | o
Function Master/slave | Transmitter/ | Start/stop Cancel Serial bus interface operating | Software reset generate
selection receiver condition INTI2C2 mode selection (Note 3) write 10 and 01, then an
selection generation | interrupt 00: Port mode internal reset signal is
request 01: (Reserved) generated.
10: I2C bus mode
11: (Reserved)

Note 1:
Note 2:
Note 3:

|—>7Serial bus interface operating mode selection (Note 3)

00

Port mode (Serial bus interface output disabled)

01 | (Reserved)

10 | I°C bus mode

11 [ (Reserved)

e—w8s INTI

2C2 interrupt request

0 |Don'’t care

1 [ Cancel interrupt request

———— > Start/stop condition generation

0 | Generates the stop condition

1 | Generates the start condition

Transmitter/receiver selection

0 | Receiver

1 | Transmitter

Master/slave selection

0 |Slave

1 | Master

Read-modify-write instruction is prohibited for SBIOCR22.

Reading this register function as SBISR2 register.

Switch a mode to port mode after confirming that the bus is free.

Switch a mode between 1°C bus mode and clock synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.12.4 Registers for the I°C Bus Mode (2/4)
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SBISR2
(025BH)

Serial Bus Interface Status Register

6

5

4 3 2 1 0

Bit symbol

MST

TRX

BB

PIN AL AAS ADOQ LRB

Read/Write

R

After reset

0

0

0

1 0 0 0 0

Function

Master/
slave
status
monitor

Transmitter/
receiver
status
monitor

I°C bus
status
monitor

INTI2C2 |Arbitration [Slave GENERAL |Last
interrupt  [lost address CALL received bit
request detection  [match detection  [monitor
monitor monitor detection |monitor 0:0

0: - monitor 0: Undetected|1: 1

1: Detected |0: Undetected|1: Detected
1: Detected

Note 1:

— ]

|—> Last received bit monitor
0 | Last received bit was 0

1 [ Last received bit was 1

L—— GENERAL CALL detection monitor
0 | Undetected
1 | GENERAL CALL detected

L Slave address match detection monitor
0 | Undetected

Slave address match or GENERAL
CALL detected

1

——> Arbitration lost detection monitor
0 _
1 | Arbitration lost

————— > INTI2C2 interrupt request monitor
0 | Interrupt requested

1 [Interrupt canceled

I°C bus status monitor

Y

0 | Free or waiting free

1 |Busy

Transmitter/receiver status monitor

\4

0 | Receiver

1 | Transmitter

v
=
QO
(7]

ter/slave status monitor
0 |Slave
1 | Master

Read-modify-write instruction is prohibited for SBISR2.

Note 2:  Writing in this register functions as SBIOCR22.

Figure 3.12.5 Registers for the I°C Bus Mode (3/4)
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Serial Bus Interface Baud Rate Register 02
7 6 5 4 3 2 1 0
SBIOBRO02 | Bit symbol - 12SBI0
(025CH) | Read/Write W R/W
Read-modify-| After reset 0 0
write Function Always IDLE2
instructions write 0 0: Stop
are 1: Run
prohibited.
Operation during IDLE2 mode
0 | Stop
1 |Run
Serial Bus Interface Baud Rate Register 12
7 6 5 4 3 2 1 0
SBIOBR12 ] Bit symbol P4EN -
(025DH) | Read/Write W W
Read-modify-| After reset 0 0
write Function Internal Always
instructions clock write 0
are 0: Stop
prohibited. 1: Run
Baud rate clock control
0 | Stop
1 |Run
Sirial Bus Interface Data Buffer Register 2
7 6 5 4 3 2 1 0
SBIODBR2 | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0259H) | Read/Write R (Received)/W (Transfer)
Read-modify-| After reset Undefined
Yvrite o Note 1: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
:rzt;:l;i:; 'S Note 2: SBIODBR2 can'’t be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibited.
Note 3: Written data in SBIODBR?2 is cleared by INTI2C2 signal.
I°C Bus Address Register 2
7 6 5 4 3 2 1 0
I2COAR2 | Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
(0254H) | Read/Write W
Read-modify-| After reset o | o | o | o | o | o | o 0
write Function Slave address selection for when dePvice is operating as slave device. Address
instruction is recognition
prohibited. mode
specification

Address recognition mode specification

0

Slave address recognition

1

Non-slave address recognition

Figure 3.12.6 Registers for the I°C Bus Mode (4/4)
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3.12.5 Control in I°C Bus Mode

1)

2

3

Specifying acknowledge mode

Set the SBIOCR12<ACK> to 1 for operation in the acknowledge mode. The
TMP91CW18A generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge mode, the
TMP91CW18A does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

Number of transfer bits

SBIOCR12<BC2:0> is used to select a number of bits for next transmitting and
receiving data.

Since SBIOCR12<BC2:0> is cleared to 000 on start-up, a slave address and direction
bit transmissions are executed in 8 bits. Other than these, the <BC2:0> retains a
specified value.

Serial clock
1. Clock source

SBIOCR12<SCKZ2:0> is used to specify the maximum transfer frequency for output
on the SCL pin in master mode. Set a communication baud rate that meets the I2C bus
specification, such as the shortest pulse width of tLow, based on the equations shown

below.
[7 tHIGH :)( tLow —>le————1/fscl———— >
SBIOCR12<SCK2:0> n
000 5
tiow = 2" 'ffsBi 8?(1) s
tHiGH = 2"~ '/fsBI + 8/fsBI 011 8
fscl = 1/(tLow + tHIGH) 100 9
__ fsBi 101 10
.8 110 1

Note 1: fgp) is the clock fepH.
Note 2: fgp) is the clock either fc/16 or frpy which is selected SYSCRO<PRCK1:0>.

Figure 3.12.7 Clock Source
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Internal SCL output

(Master B)

SCL line

(4)

(5)

2.  Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls down
a clock line to low level, in the first place, invalidate a clock pulse of another master
device which generates a high-level clock pulse. The master device with a high-level
clock pulse needs to detect the situation and implement the following procedure.

The TMP91CW18A has a clock synchronization function which allows normal data
transfer even when more than one master exists on the bus.

The following example explains the clock synchronization procedures used when
there are two masters present on the bus.

Wait counting high-level
width of a clock pulse.

t«——»Start couting high-level width of a clock pulse.

Reset a acounter of
high-level width of a

[}
:
I |
I
i I
I I
I I
I I
: clock pulse. :
(; |
I I
I
| |
:
b

Figure 3.12.8 Clock Synchronization

el

N
~—0o |
/\7‘\/\/

o %

When master A pulls the internal SCL output low at point a, the bus’s SCL line goes
low. After detecting this, master B resets a counter of high-level width of an own clock
pulse and sets the internal SCL output low.

Master A finishes counting low-level width of an own clock pulse at point b and sets
the internal SCL output high. Since master B is holding the bus’s SCL line low, master
A waits for counting high-level width of an own clock pulse. After master B has
finished counting low-level width of an own clock pulse at point ¢ and master A detects
the SCL line of the bus at the high level, and starts counting high level of an own clock
pulse.

The clock pulse on the bus is determined by the master device with the shortest
high-level width and the master device with the longest low-level width from among
those master devices connected to the bus.

Slave address and address recognition mode specification

When the TMP91CW18A is to be used as a slave device, set the slave address
<SA6:0> and <ALS> in I2C0AR2. Clear <ALS> to 0 for the address recognition mode.
Master/slave selection

To operate the TMP91CW18A as a master device set SBIOCR22<MST> to 1. To

operate it as a slave device clear SBIOCR22<MST> to 0. SBIOCR22<MST> is cleared to
0 in hardware when a stop condition is detected on the bus or when arbitration is lost.
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(6) Transmitter/receiver selection

To operate the TMP91CW18A as a transmitter set SBIOCR22<TRX> to 1. To operate
it as a receiver clear SBIOCR22<TRX> to 0. When data with an addressing format is
transferred in slave mode, when a slave address with the same value that an I2COAR2
or a GENERAL CALL is received (All 8-bit data are O after a start condition),
SBIOCR22<TRX> is set to 1 in hardware if the direction bit (R/W) sent from the
master device is 1, and is cleared to 0 in hardware if the bit is 0. In master mode, when
an acknowledge signal is returned from the slave device, SBIOCR22<TRX> is cleared
to 0 in hardware if the value of the transmitted direction bit is 1, and is set to 1 in
hardware if the value of the bit is 0. If an acknowledge signal is not returned, the
current state is maintained.

SBIOCR22<TRX> is cleared to 0 in hardware when a stop condition is detected on
the I2C bus or when arbitration is lost.
(7) Start/stop condition generation
When SBISR2<BB> = 0, slave address and direction bit which are set in SBIODBR2
are output on the bus after generating a start condition by programming 1 to the

SBIOCR22<MST, TRX, BB and PIN>. It is necessary to set transmitted data to the
data buffer register (SBIODBR2) and set 1 to <ACK> beforehand.

/ A6 X A5 X A4 X A3 X A2 X A1 X A0 X RW /

| | Acknowledge
Start condition < Slave address and the direction bit. »! signal.

Figure 3.12.9 Start Condition Generation and Slave Address Generation

When SBISR2<BB> = 1, the sequence for generating a stop condition can be initiated
by writing 1s to SBIOSR22<MST, TRX and PIN> and programming 0 to SBISR2<BB>.
Do not modify the contents of SBIOSR22<MST, TRX, BB and PIN> until a stop
condition has been generated on the bus.

Stop condition

Figure 3.12.10 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of SBISR2<BB>.
SBISR2<BB> will be set to 1 if a start condition has been detected on the bus, and will
be cleared to O if a stop condition has been detected.

Refere to chapter 3.12.6 (4) “Stop condition generation”, where the restriction for the
stop condition in the master mode is explained.
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Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request (INTI2C2) is generated, SBIOCR22
<PIN> is cleared to 0. The SCL line is pulled low while SBIOCR22<PIN> = 0.

SBIOCR22<PIN> is cleared to 0 when a single word of data is transmitted or
received. Either writing data to or reading data from SBIODBR2 sets SBIOCR22<PIN>
to 1.

The time from SBIOCR22<PIN> being set to 1 until the release of the SCL line is
tLow.

In address recognition mode (e.g., when SBIOCR22<ALS> = 0), SBIOCR22<PIN> is
cleared to 0 when the slave address matches the value set in I2COAR2 or a GENERAL
CALL is received (All 8bit data are 0 after a start condition). Although
SBIOCR22<PIN> can be set to 1 by a program, programming 0 to SBIOCR22<PIN>
does not clear it to O.

Serial bus interface operation mode selection

SBIOCR22<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBIOCR22<SBIM1:0> to 10 when the device is to be used in I2C bus mode. After
confirming pin condition of serial bus interface to high.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on the bus in I2C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I12C bus arbitration.

The following example illustrates the bus arbitration procedure when there are 2
master devices on the bus. Master A and master B output the same data until point a.
After master A outputs L and master B, H, the SDA line of the bus is wire-AND and
the SDA line is pulled low by master A. When the bus’s SCL line is pulled up at point b,
the slave device reads the data on the SDA line, that is, data in master A. Data
transmitted from master B becomes invalid. The master B state is known as
arbitration lost. A master B device which loses arbitration releases the internal SDA
output in order not to affect data transmitted from other masters with arbitration.
When more than one master sends the same data at the 1st word, arbitration occurs
continuously after the 2nd word.

(
E
|

Internal SDA output_\_/—\—/_i _______________________________
! i
|

(Master B)
SDA line

[ .
o-F--

Figure 3.12.11 Arbitration Lost
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The TMP91CW18A compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBISR2<AL> is set to 1.

When SBISR2<AL> is set to 1, SBISR2<MST, TRX> are cleared to 00 and the mode
is switched to slave receiver mode. Thus, clock output is stopped in data transfer after
setting <AL> = “1".

SBISR2<AL> is cleared to 0 when data is written to or read from SBIODBRZ2 or when
data is written to SBIOCR22.

Internal
SCL output
Internal \ D7A XD6A \ D5A / D4A X D3A X D2A X D1A X DOA / \D7A’XD6A XD5A X D4A’
SDA output
outpd I—) Stop the clock pulse
Internal
SCL output 1 2 3 4

Internal
SDA output D7B AD6B ‘3 Keep internal SDA output to high-level as losing arbitration.

<AL>

I I
<MST> f\ Q
<TRX> |/ \

/

Accessed to |'|
SBIODBR2 or SBIOCR22

Figure 3.12.12 Example of when TMP91CW18A is a Master Device B
(D7A=D7B, D6A =D6B)

(11) Slave address match detection monitor
SBISR2<AAS> is set to 1 in slave mode, in address recognition mode (e.g., when
I2CO0AR2<ALS> = 0), when a GENERAL CALL is received or a slave address matches
the value set in I2C0AR2. When I2C0AR2<ALS> = 1, SBISR2<AAS> is set to 1 after
1st word of data has been received. SBISR2<AAS> is cleared to 0 when data is written
to or read from the data buffer register SBIODBR2.

(12) GENERAL CALL detection monitor
SBISR2<ADO> is set to 1 in slave mode when a GENERAL CALL is received (All
8-bit received data is 0 after a start condition). SBISR2<ADO0> is cleared to 0 when a
start condition or stop condition is detected on the bus.
(13) Last received bit monitor
The value on the SDA line detected on the rising edge of the SCL line is stored in
SBISR2<LRB>. In acknowledge mode, immediately after an INTI2C2 interrupt
request has been generated, an acknowledge signal is read by reading the contents of
SBISR2<LRB>.
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(14) Software reset function
The software reset function is used to initialize the SBI circuit when SBI is locked by
external noises, etc.

An internal reset signal pulse can be generated by setting SBIOCR22<SWRST1:0> to
10 and O01. This initializes the SBI circuit internally. All command except
SBIOCR22<SBIM1:0> registers and status registers are initialized as well.

SBIOCR12<SWRMON> is automatically set to 1 after the SBI circuit has been
initialized.
(15) Serial bus interface data buffer register (SBIODBR2)

Received data can be read by reading SBIODBR2 and transferred data can be written
by writing to SBIODBR2.

When the start condition has been generated in master mode, the slave address and
the direction bit are set in this register.

(16) I2C bus address register (I2COAR2)

I2C0AR2<SA6:0> is used to set the slave address when the TMP91CW18A functions
as a slave device.

If the slave address output from the master device is recognized as matching the
TMP91CW18A’s slave address, I2COAR2<ALS> is cleared to 0. The data format is the
addressing format. When the slave address output from the master does not match the
TMP91CW18A’s slave address, I2COAR2<ALS> is set to 1 and the data format is the
free data format.

(17) Baud rate register (SBIOBR12)
Write 1 to SBIOBR12<P4EN> before operation commences.
(18) Setting register for IDLE2 mode operation (SBIOBR02)

The setting of SBIOBR02<I2SBI0> determines whether the device is operating or is
stopped in IDLE2 mode. Hence, <I2SBI0> must be set before a HALT instruction is
executed.
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3.12.6 Data Transfer in I°C Bus Mode

1)

(2

Device initialization

Set SBIOBR12<P4EN> and SBIOCR12<ACK, SCK2:0> to 1. Set SBIOBR12<P4EN>
to 1 and clear bits 7, 6, 5 and 3 of SBIOCR12.

Set a slave address in [2C0AR2<SA6:0> and I2C0AR2<ALS> (I2COAR2<ALS> = 0
when an addressing format).

For specifying the default setting to a slave receiver mode, clear the <MST, TRX,
BB> to 0 and set the <PIN> to 1, the <SBIM1:0> to 10.

Start condition generation and slave address generation

1. Master mode
In master mode, the start condition and the slave address are generated as follows.
Check a bus free status (when <BB> = 0).

Set SBIOCR12<ACK> to 1 (Acknowledge mode) and specify a slave address and a
direction bit to be transmitted to the SBIODBR2.

If SBIOCR22<BB> = 0, the start condition is generated by writing 1111 to
SBIOCR22<MST, TRX, BB and PIN>. Subsequently to the start condition, 9 clocks are
output from the SCL pin. While 8 clocks are output, the slave address and the direction
bit which are set to the SBIODBR2. On the 9th clock pulse the SDA line is released and
the acknowledge signal is received from the slave device.

An INTI2C2 interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR22<PIN> is cleared to 0. In master mode the SCL pin is pulled low while
SBIOCR22<PIN> is 0. When an interrupt request occurs, the value of
SBIOCR22<TRX> is changed according to the direction bit setting only if the slave
device returns an acknowledge signal.

2. Slave mode
In slave mode the start condition and the slave address are received.

After the start condition has been received from the master device, while 8 clocks are
output from the SCL pin, the slave address and the direction bit which are output from
the master device are received.

When a GENERAL CALL or an address matching the slave address set in I2C0AR2
1s received, the SDA line is pulled down low on the 9th clock pulse and an acknowledge
signal is output.

An INTI2C2 interrupt request occurs on the falling edge of the 9th clock pulse.
SBIOCR22<PIN> is cleared to 0. In slave mode the SCL line is pulled low while
SBIOCR22<PIN> = 0. When an interrupt request occurs, the value of SBIOCR22<TRX>
is changed according to the direction bit setting only if the slave device returns an
acknowledge signal.

! 1 2 3 4 5 6 7 8 9
1
1
L/ A6 X A5 X A4 X A3 X A2 X A1 X A0 X Rw A AcK
! S
- "\:‘ \ Y J cknowledge
Start condition Slave address + Direction bit. signal from a

slave device.

<PIN>

INTI2C2

L
‘n

interrupt request

Output of master
_____ Output of slave

Figure 3.12.13 Start Condition Generation and Slave Address Transfer
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SCL line

Single-word data transfer

Check the <MST> setting using an INTI2C2 interrupt process after the transfer of
each word of data is completed and determine whether the device is in master mode or
slave mode.

1. If <MST> =1 (Master mode)

Check the <TRX> setting and determine whether the device is in transmitter mode
or receiver mode.
If <TRX> = 1 (Transmitter mode)

Check the <LRB> setting. If <LRB> = 1, there is no receiver requesting data.
Implement the process for generating a stop condition (See section 3.10.6 (4)) and

terminate data transfer.

If <LRB> = 0, the receiver is requesting new data. When the next transmitted data is
8 bits, write the transmitted data to SBIODBR2. When the next transmitted data is
other than 8 bits, set <BC2:0> to 1, set <ACK> to 1 and write the transmitted data to
SBIODBR2. After the data has been written, <PIN> is set to 1, a serial clock pulse is
generated to trigger transfer of the next word of data via the SCL pin, and the word is
transmitted. After the data has been transmitted, an INTI2C2 interrupt request is
generated. <PIN> is cleared to 0 and the SCL line is pulled low. If the length of the
data to be transferred is greater than one word, repeat the latter steps of the procedure,
starting from the check of the <LRB> setting.

— Write to SBIODBR2

1 2 3 4 5 6 7 8 9

A

SDA line

D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 A ACK ,

- _K_Acknowledge signal

<PIN> I

INTI2C2

from a receive.

[

interrupt request

Output from master
————— Output from slave

Figure 3.12.14 Example in which <BC2:0> = 000 and <ACK> = 1 in Transmitter Mode
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If <TRX> = 0 (Receiver mode)
When the next transmitted data is other than 8 bits, set <BC2:0> again. Set <ACK>
to 1 and read the received data from SBIODBR2 so as to release the SCL line. (The

value of data which is read immediately after a slave address is sent is undefined.)
After the data has been read, <PIN> is set to 1.

Serial clock pulse for transfering new 1 word of data is defined SCL and outputs “L”
level from SDA pin with acknowledge timing.

An INTI2C2 interrupt request is then generated and <PIN> is cleared to 0. The
TMP91CW18A then pulls the SCL pin low. From then on the TMP91CW18A outputs a

clock pulse, so as to transfer a data word, and an acknowledge signal each time
received data is read from SBIODBR2.

Read SBIODBR2

SDA_____ D7 A D6 W b5 W D4 W b3 W D2 W b1 W Do !WNEQ o7
Acknowledge signal

<PIN> I | to a transmitter.

INTI2C2 rl
interrupt request

Output from master
————— Output from slave

Figure 3.12.15 Example of when <BC2:0> = “000", <ACK> = “1" in Receiver Mode

In order to terminate the transmission of data to a transmitter, clear <ACK> to 0
before reading data which is 1 word before the last data to be received. The last data
word does not generate a clock pulse as the acknowledge signal. After the data has
been transmitted and an interrupt request has been generated, set <BC2:0> to 001 and
read the data. The TMP91CW18A generates a clock pulse for a 1-bit data transfer.
Since the master device is a receiver, the SDA line on the bus remains high. The
transmitter interprets the high signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is completed.

After the 1 data bit has been received and an interrupt request been generated, the
TMP91CW18A generates a stop condition (See section 3.10.6 (4)) and terminates data
transfer.

SCL line 9 1 2 3 4 5 6 7 8 1

""""" lalriviaia Valnteiule Valatoluln Valeto kel Vel loluln Ukl arivininl it
SDA line D7 A D6 A D5 A D4 W D3 A D2 AW DI w DO , N_Acknowledgesignal

-------------------------------------------- sent to a transmitter.

; i C

!
]

INTI2C2 _Cﬂ

interrupt request 1_Read sBi0DBR? 1 Read ssiobBR2
after <ACK> is cleared to 0. after <BC2:0> are
set to 001.

Output of master
----- Output of slave

Figure 3.12.16 Termination of Data Transfer in Master Receiver Mode

91CW18A-214 2005-08-15



TOSHIBA

TMP91CW18A

2. If <MST> = 0 (Slave mode)

In slave mode the TMP91CW18A operates either in normal slave mode or in slave
mode after losing arbitration.

In slave mode an INTI2C2 interrupt request is generated when the TMP91CW18A
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete, or when a matching slave
address is received. The TMP91CW18A will enter slave mode from master mode if it
loses arbitration. An INTI2C2 interrupt request is generated when a word data
transfer terminates after arbitration has been lost. When an INTI2C2 interrupt
request is generated, <PIN> is cleared to 0 and the SCL pin is pulled low. Either
reading data to or writing data from SBIODBR2, or setting <PIN> to 1 will release the
SCL pin after tLOw.

Check the SBISR2<AL>, <TRX>, <AAS> and <ADO> and implements processes

according to conditions listed in the next table.

Table 3.12.1 Operation in the Slave Mode

<TRX>| <AL> | <AAS> | <ADO> Conditions Process
1 1 1 0 The TMP91CW18A loses arbitration|Set the number of bits a word in
when transmitting a slave address and | <BC2:0> and write the transmitted data
receives a slave address for which the [ to SBIODBR2.
value of the direction bit sent from
another master is 1.
0 1 0 In slave receiver mode the
TMP91CW18A receives a slave address
for which the value of the direction bit
sent from the master is 1.
0 0 In slave transmitter mode a single word | Check the <LRB> setting. If <LRB> is
of is transmitted. set to 1, set <PIN> to 1 since the
Set <BC2:0> to the number of bits in a | receiver win no request the data which
word. follows. Then, clear <TRX> to 0 to
release the bus. If <LRB> is cleared to 0
of and write the transmitted data to
SBIODBR?2 since the receiver requests
next data.
0 1 1 1/0 The TMP91CW18A loses arbitration [Read the SBIODBR2 for setting the
when transmitting a slave address and [ <PIN> to 1 (Reading dummy data) or set
receives a slave address or GENERAL | the <PIN> to 1.
CALL for which the value of the direction
bit sent from another master is 0.
0 0 The TMP91CW18A loses arbitration
when transmitting a slave address or
data and terminates word data transfer.
0 1 1/0 In slave receiver mode the
TMP91CW18A receives a slave address
or GENERAL CALL for which the value
of the direction bit sent from the master
is 0.
0 1/0 In slave receiver mode the Set <BC2:0> to the number of bits in a
TMP91CW18A terminates receiving word and read the received data from
word data. SBIODBR2.
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(4) Stop condition generation

When SBISR2<BB> = 1, the sequence for generating a stop condition start by
writing “1” to SBIOCR22<MST, TRX, PIN> and “0” to SBIOCR22<BB>. Do not modify
the contents of SBIOCR22<MST, TRX, PIN, BB> until a stop condition has been
generated on the bus. When the bus’s SCL line has been pulled low by another device,
the TMP91CW18A generates a stop condition when the other device has released the
SCL line and SDA pin rising.

When SBIOCR22<MST, TRX, PIN> are written 1 and <BB> is written 0 (Generate
stop condition in master mode), <BB> changes to 0 by internal SCL changes to 1,
without waiting stop condition. To check whether SCL and SDA pin are 1 by sensing

their ports is needed to detect bus free condition.
1 — <MST>
1> <TRX>

0 —» <BB> Stop condition
1 — <PIN>

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (Read) |

Figure 3.12.17 Stop Condition Generation (Single master)

1 — <MST>
1 — <TRX>
0 — <BB>

1 — <PIN>
The case of pulled low . /

Internal SCL /\

by another device. '
€q------------ 1 1
1 1
1 1
1 1
1
1 1
1 1
1

Stop condition

SCL pin

SDA pin )

<PIN> _F /
<BB> (Read) |

Figure 3.12.18 Stop Condition Generation (Multi master)
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(5)

SCL (Bus)
SCL pin
SDA pin
<LRB>

<BB>

<PIN>

Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP91CW18A is in
master mode.

Clear SBIOCR22<MST, TRX, BB> to 0 and set SBIOCR22<PIN> to 1 to release the
bus. The SDA line remains high and the SCL pin is released. Since a stop condition has
not been generated on the bus, other devices assume the bus to be in busy state.

And confirm SCL pin, that SCL pin is released and become bus-free state by
SBISR2<BB> = 0 or signal level 1 of SCL pin in port mode. Check the <LRB> until it
becomes 1 to check that the SCL line on a bus is not pulled down to the low-level by
other devices. After confirming that the bus remains in a free state, generate a start
condition using the procedure described in (2).

In order to satisfy the setup time requirements when restarting, take at least 4.7 us
of waiting time by software from the time of restarting to confirm that the bus is free
until the time to generate the start condition.

0 —» <MST> 1 - <MST>
0 — <TRX> 1 - <TRX>
0 —» <BB> 1 — <BB>

1 - <PIN> 1 - <PIN>

[«—4.7 [us] (Min) _— Start condition

=

i E

)
— | ¢

)
A
%

Figure 3.12.19 Timing Diagram for TMP91CW18A Restart

91CW18A-217 2005-08-15



TOSHIBA

TMP91CW18A

3.13 Analog/Digital Converter

The TMP91CW18A incorporates a 10-bit successive approximation-type analog/digital

converter (AD converter) with 12-channel analog input.

Figure 3.13.1 is a block diagram of the AD converter. The 12-channel analog input pins (ANO
to AN7) are shared with the input-only port 5 (AN8 to AN11) are shared with the input-only

port 4 can thus be used as general-purpose input port.

Note: When IDLE2, IDLE1 or STOP mode is selected, so as to reduce the power, with some timing
the system may enter a standby mode even though the internal comparator is still enabled.
Therefore be sure to check that AD converter operations are halted before a HALT
instruction is executed.

Internal data bus S
AD mode control register 1 ADMOD1 J AD mode control register 0 ADMODO
ADMOD1 <ADTRGE>
<ADCH2:0> <VREFON> <EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>
A A
> @
3y O
o
> &
(m]
ADTRG
Start
Y Y
Y A
AN11 I:l Channel select AD converter control INTAD
AN10 D—) circuit interrupt
AN9 N
ADREG /AN8[ ||
AN7 N % AD cor:\;eir:z: result
2E§D—> £ > Sar?—lpcfdand gl ADREGAL/H
—— 5
AN4[] N . ADREGBL/H
AN3[] N P ADREGCL/H
AN2[ ] > Comparator ADREGDL/H
AN1[ ] >
ANo[ |
\4
VREFH D > O/C > DA converter <
VREFL[ ] > >
Figure 3.13.1 Block Diagram of AD Converter
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3.13.1  Analog/Digital Converter Registers

The AD converter is controlled by the two AD mode control registers; ADMODO and
ADMODI1. The eight AD conversion data upper and lower registers (ADREGAH/L,
ADREGBH/L, ADREGCH/L and ADREGDH/L) store the results of AD conversion.

Figure 3.13.2 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO |_Bitsymbol | EOCF ADBF - - ITMO | REPEAT | SCAN ADS
(02BOH) | Read/Write R RIW
After reset 0 0 0 0 0 0 0 0
Function AD conversion |AD conversion | Always write O | Always write 0 | Interrupt Repeat mode | Scan mode AD conversion
end flag busy flag specification specification specification  |start
0: Conversion |0: Conversion in conversion | 0: Single 0: Conversion |0: Don’t care
in progress stopped channel fixed conversion channel 1: Start
1: Conversion |1: Conversion repeat mode 1:Repeat fixed mode conversion
complete in progress 0:Every conversion | 1: Conversion |Always 0
conversion mode channel when read.
1:Every fourth scan mode
conversion

I—) AD conversion start

0 |Don'’t care

1 | Start AD conversion

Note: Always read as 0.

— > AD scan mode setting
0 | AD conversion channel fixed mode

1 | AD conversion channel scan mode

— > AD repeat mode setting
0 | AD single conversion mode

1 | AD repeat conversion mode

——> Specify AD conversion interrupt for channel fixed
repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> = 0, <REPEAT> =1
0 | Generates interrupt every conversion

Generates interrupt every fourth conversion

\4

AD conversion busy flag

0 | AD conversion stopped

1 | AD conversion in progress

\4

AD conversion end flag

0 | Before or during AD conversion

AD conversion complete

Figure 3.13.2 AD Converter Related Register
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ADMOD1
(02B1H)

AD Mode Control Register 1

7 6 5 4 3 2 1 0
Bit symbol VREFON 12AD ADTRGE | ADCH3 ADCH2 ADCH1 ADCHO
Read/Write R/W R/W R/W
After reset 0 0 0 o | o | o | o
Function VREF IDLE2 AD external
generation [0:Stop trigger start
control 1:Operation control. Analog input channel selection.
0:Not 0:Disable
generated 1:Enable
1:Generated
Analog input channel selection
<SCAN> 0 1
(Channel) (Channel )
<ADCH3:0> fixed scan
0000 ANO ANO
0001 AN1 ANO — AN1
0010 AN2 ANO —» AN1 — AN2
0011 AN3 ANO —» AN1 —> AN2 —» AN3
0100 AN4 AN4
0101 AN5 AN4 — AN5
0110 ANG AN4 — AN5 — AN6
0111 AN7 AN4 — AN5 - AN6 —» AN7
1000 (Note 1) AN8 -
1001 AN9
1010 AN10
1011 AN11 -
1100 — Reserved
1101 - Reserved
1110 - Reserved
1111 - Reserved
AD conversion start control by external trigger
(ADTRG input).
0 |Disable
1 [Enable

IDLE2 control
0 | Stop
1 | Operation

Control of reference voltage generation for AD
converter.

0 | Not generated

1 | Generated

Before starting conversion (before writing 1 to
ADMODO0<ADS>), set the <VREFON> bit to 1.

Note 1: As pin AN8 also functions as the ADTRG input pin, do not set <ADCH3:0> = 1000, when using ADTRG
with <ADTRGE> set to 1.
Note 2: AN8 to AN11 dose not use scan mode. When using <ADCH3> set to 1, ADMODO<SCAN> clear to 0.

Figure 3.13.3 AD Converter Related Register
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AD Conversion Data Low Register 0/4/8

7 6 5 4 3 2 1 0

ADREGAL | Bit symbol ADRA1 ADRAO ADRARF
(02A0H) Read/Write R R
After reset Undefined 0

Function Stores lower 2 bits of AD conversion

data storage
AD conversion result. flag.
1: Conversion
result stored

AD Conversion Data Upper Register 0/4/8

7 6 5 4 3 2 1 0
ADREGAH | _Bit symbol ADRA9 ADRAS8 ADRA7 ADRA6 ADRA5 ADRA4 ADRA3 ADRA2
(02A1H) Read/Write R
After reset Undefined
Function Stores upper 8 bits AD conversion result.

AD Conversion Data Lower Register 1/5/9

7 6 5 4 3 2 1 0

ADREGBL | Bit symbol ADRB1 ADRBO ADRBRF
(02A2H) Read/Write R R
After reset Undefined 0

Function Stores lower 2 bits of AD conversion

result flag.
AD conversion result. 1: Conversion
result stored

AD Conversion Data Upper Register 1/5/9

7 6 5 4 3 2 1 0
ADREGBH |_Bit symbol ADRB9 ADRB8 ADRB7 ADRB6 ADRB5 ADRB4 ADRB3 ADRB2
(02A3H) | Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

| T |
ADREGxH v v ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

- J
Y

o Bits 51to 1 are always read as 1.

o Bit0 is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to 0.

Figure 3.13.4 AD Converter Related Registers

91CW18A-221 2005-08-15



TOSHIBA TMP91CW18A

AD Conversion Result Lower Register 2/6/10

7 6 5 4 3 2 1 0

ADREGCL Bit symbol ADRCA1 ADRCO ADRCRF
(02A4H) Read/Write R R
After reset Undefined 0

Function Stores lower 2 bits of AD conversion

data storage
AD conversion result. flag.
1: Conversion
result stored

AD Conversion Data Upper Register 2/6/10

7 6 5 4 3 2 1 0
ADREGCH | _Bit symbol ADRC9 ADRCS8 ADRC7 ADRC6 ADRC5 ADRC4 ADRC3 ADRC2
(02A5H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

AD Conversion Data Lower Register 3/7/11

7 6 5 4 3 2 1 0

ADREGDL | Bit symbol ADRD1 ADRDO ADRDRF
(02A6H) Read/Write R R
After reset Undefined 0

Function Stores lower 2 bits of AD conversion

data storage
AD conversion result. flag.
1: Conversion
result stored

AD Conversion Result Upper Register 3/7/11

7 6 5 4 3 2 1 0
ADREGDH | Bit symbol ADRD9 ADRD8 ADRD7 ADRD6 ADRD5 ADRD4 ADRD3 ADRD2
(02A7H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x conversion
result

| T |
ADREGH v v ADREGKL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

N J
e Bits 5to 1 are always read as 1. v
o Bit0 is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to 0.

Figure 3.13.5 AD Converter Related Registers
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3.13.2 Description of Operation

(1)

2

Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin, a low-level analog
reference voltage is applied to the VREFL pin. To perform AD conversion, the reference
voltage, the difference between VREFH and VREFL are divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between VREFH and VREFL, program a 0 to
ADMOD1<VREFON> in AD mode control register 1. To start AD conversion in the
OFF state, first write a 1 to ADMOD1<VREFON>, wait for 3 ps until the internal
reference voltage stabilizes (This is not related to fc), then set ADMODO<ADS> to 1.

Analog input channel selection

The analog input channel selection varies depends on the operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO0<SCAN> = 0)
Setting ADMOD1<ADCH3:0> selects one of the input pins ANO to AN11 as the
input channel.
e In analog input channel scan mode (ADMODO<SCAN> = 1)
Setting ADMOD1<ADCH3:0> selects one of the eight scan modes.

Table 3.13.1 illustrates analog input channel selection in each operation mode.

On a reset, ADMODO0<SCAN> is cleared to 0 and ADMOD1<ADCHS3:0> is initialized
to 0000. Thus pin ANO is selected as the fixed input channel. Pins not used as analog
input channels can be used as standard input port pins.

Table 3.13.1 Analog Input Channel Selection

<ADCH3:0> Channel Fixed Channel Scan
<SCAN>=0 <SCAN> =1
0000 ANO ANO
0001 AN1 ANO — AN1
0010 AN2 ANO — AN1 —> AN2
0011 AN3 ANO —> AN1 - AN2 — AN3
0100 AN4 AN4
0101 AN5 AN4 —> AN5
0110 ANG AN4 - AN5 —> AN6
0111 AN7 AN4 - AN5 —> AN6 — AN7
1000 AN8 -
1001 AN9 -
1010 AN10 -
1011 AN11 -
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3

(4)

Starting AD conversion

To start AD conversion, write a 1 to ADMODO0<ADS> in AD mode control register 0
or ADMOD1<ADTRGE> in AD mode control register 1, pull the ADREG pin input
from high to low. When AD conversion starts, the AD conversion busy flag
ADMODO<ADBEF> will be set to 1, indicating that AD conversion is in progress.

Writing a 1 to ADMODO<ADS> during AD conversion restarts conversion. At that
time, to determine whether the AD conversion results have been preserved, check the
value of the conversion data storage flag ADREGxL<ADRxRF>.

During AD conversion, a falling edge input on the ADREG pin will be ignored.
AD conversion modes and the AD conversion end interrupt

The four AD conversion modes are:

Channel fixed single conversion mode

¢ Channel scan single conversion mode

Channel fixed repeat conversion mode

e  Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in AD mode control
register O determine the AD mode setting.

Completion of AD conversion triggers an INTAD AD conversion end interrupt
request. Also, ADMODO<EOCF> will be set to 1 to indicate that AD conversion has
been completed.

1. Channel fixed single conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 00 selects conversion
channel fixed single conversion mode.

In this mode data on one specified channel is converted once only. When the
conversion has been completed, the ADMODO<EOCF> flag is set to 1,
ADMODO<ADBF> is cleared to 0, and an INTAD interrupt request is generated.

2. Channel scan single conversion mode
Setting ADMODO<REPEAT> and ADMODO<SCAN> to 01 selects conversion

channel scan single conversion mode.

In this mode data on the specified scan channels is converted once only. When scan
conversion has been completed, ADMODO<EOCF> is set to 1, ADMODO<ADBF> is
cleared to 0, and an INTAD interrupt request is generated.
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3. Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 10 selects conversion
channel fixed repeat conversion mode.

In this mode data on one specified channel is converted repeatedly. When conversion
has been completed, ADMODO<EOCF> is set to 1 and ADMODO0<ADBF> is not cleared
to 0 but held at 1. INTAD interrupt request generation timing is determined by the
setting of ADMODO<ITMO>.

Clearing <ITMO> to O generates an interrupt request every time an AD conversion is
completed.

Setting <ITMO> to 1 generates an interrupt request on completion of every fourth
conversion.

4. Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 11 selects conversion
channel scan repeat conversion mode.

In this mode data on the specified scan channels is converted repeatedly. When each
scan conversion has been completed, ADMODO<EOCF> is set to 1 and an INTAD
interrupt request is generated. ADMODO<ADBF> is not cleared to 0 but held at 1.

To stop conversion in a repeat conversion mode (e.g., in cases 3. and 4.), program a 0
to ADMODO<REPEAT>. After the current conversion has been completed, the repeat
conversion mode terminates and ADMODO<ADBF> is cleared to 0.

Switching to a halt state (IDLE2 mode with ADMOD1<I2AD> cleared to 0, IDLE1
mode or STOP mode) immediately stops operation of the AD converter even when AD
conversion is still in progress. In repeat conversion modes (e.g., in cases 3. and 4.),
when the halt is released, conversion restarts from the beginning. In single conversion
modes (e.g., in cases 1. and 2.), conversion does not restart when the halt is released.
(The converter remains stopped.)

Table 3.13.2 shows the relationship between the AD conversion modes and interrupt
requests.

Table 3.13.2 Relationship between AD Conversion Modes and Interrupt Requests

Mode Interrupt Request ADMODO
Generation <ITMO> |<REPEAT>| <SCAN>
Channel fixed single After completion of X 0 0
conversion mode conversion
Channel scan single After completion of scan X 0 1
conversion mode conversion
Channel fixed repeat Every conversion 0 1 0
conversion mode Every forth conversion 1
Channel scan repeat After completion of X 1 1
conversion mode every scan conversion

X: Don’t care
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AD conversion time
84 states (6.7 ps at fFpH = 25 MHz) are required for the AD conversion of one
channel.
Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREGAH/L to ADREGDH/L)
store the results of AD conversion. (ADREGAH/L to ADREGDH/L are read only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREGAH/L to ADRGDH/L. In other modes the ANO and
AN4, AN5 and AN9, AN2, and AN6, AN10 and AN10, AN7 and AN11 conversion
results are stored in ADREGAH/L, ADREGBH/L, ADREGCH/L and ADREGDH/L
respectively.

Table 3.13.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.13.3 Correspondence between Analog Input Channels and
AD Conversion Result Registers

AD Conversion Result Register
Analog Input Channel , Channel Fixed Repeat
(Port A) Conversion Modes c ion Mod
Other than at Right onversion Wiode
(<ITMO>=1)
ANO ADREGAH/L
AN1 ADREGBHI/L ADREGAH/L
AN2 ADREGCH/L ADREGBHIL
AN3 ADREGDH/L
AN4 ADREGAH/L ADREGCH/L
AN5 ADREGBHI/L
ANG ADREGCHI/L ADREGDH/L
AN7 ADREGDH/L
ANS8 ADREGAH/L
AN9 ADREGBH/L
AN10 ADREGCH/L
AN11 ADREGDH/L

<ADRxRF>, bit0 of the AD conversion data lower register is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a conversion result is stored in the AD
conversion result register, the flag is set to 1. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to 0.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF> to 0.
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Setting example:

1. Convert the analog input voltage on the AN3 pin and write the result to memory
address 0800H using the AD interrupt (INTAD) processing routine.

Main routine:
76543210

[INTEOAD « X 1 0 0 Enable INTAD and set it to interrupt level 4.

ADMOD1 «—11xXxxXx0011 Set pin AN3 to be the analog input channel.

| ADMODO «— XX 00

o
o
o
=

Start conversion in channel fixed single conversion mode.

Interrupt routine processing example:

[wa < ADREGD Read value of ADREGDL and ADREGDH into 16-bit
general-purpose register WA.
WA >>6 Shift contents read into WA 6 times to right and O-fill upper bits.
(0800H) <« WA Write contents of WA to memory address 0800H.

2. This example repeatedly converts the analog input voltages on the three pins ANO,
AN1 and AN2, using channel scan repeat conversion mode.

INTEOAD <« X 0 0 0 - - - - Disable INTAD.
ADMOD1 «~ 1 1XX0010 Set pins ANO to AN2 to be the analog input channels.
ADMODO «— XX 000111 Start conversion in channel scan repeat conversion mode.

X: Don’t care, —: No change
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3.14 Watchdog Timer (Runaway detection timer)

The TMP91CW18A features a watchdog timer for detecting runaway.

The watchdog timer (WDT) is used to return the CPU to normal state when it detects that the
CPU has started to malfunction (Runaway) due to causes such as noise. When the watchdog
timer detects a malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of
the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset. (The level of
external RESET pin is not changed.)

3.14.1  Configuration

Note: It needs to care designing the total machine set, because watchdog timer can’t
operate completely by external noise.

Figure 3.14.1 is a block diagram of the watchdog timer (WDT).

WDMOD<RESCR> RESET

Internal reset

Reset control

Y
Y

Y

> INTWD interrupt

WDMOD
<WDTP1:0> Selector
A A A
215 217 219 221
fsys N Binary counter Q
(frPH/2) (22 stage) R s
Reset é
Internal reset > L
A Write Write AWDMOD<WDTE>
4EH B1H

WDT control register WDCR

7S
U

Internal data bus

Note: It needs to care designing the total machine set, because watchdog timer can’t
operate completely by external noise.

Figure 3.14.1 Block Diagram of Watchdog Timer
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The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output f§ys/215, foyg/217, fgys/219 and
fsys/221,

<<
»

WDT counter n X Overflow X «

»n X
WDT interrupt | | <
<

12

Clear write code —~ V)_\
WDT clear «
?

(Software) )

Figure 3.14.2 Normal Mode

The runaway is detected when an overflow occurs, and the watchdog timer can reset
device. In this case, the reset time will be between 22 and 29 states (28.2 to 37.1 us at frpH
= 25MHz, foscH = 1 state )is frpH/2, where frpH is generated by dividing the high-speed
oscillator clock (fosch) by sixteen through the clock gear function.

Overflow

WDT counter n «
A

WDT interrupt

<
n

Internal reset

22 to 29 states
(28.2to 37.1 pus at foscH = 25 MHz, fppy = 1 MHz)

Figure 3.14.3 Reset Mode
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3.14.2 Control Registers
The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

(1

(2

Note1:

Note2:

Watchdog timer mode register (WDMOD)
1. Setting the detection time for the watchdog timer in <WDTP>

This 2-bit register is used for setting the watchdog timer interrupt time used when
detecting runaway. On a reset this register is initialized to WDMOD<WDTP1:0> = 00.

The detection times for WDT are shown in Figure 3.14.4.
2. Watchdog timer enable/disable control register <WDTE>
On a reset WDMOD<WDTE> is initialized to 1, enabling the watchdog timer.

To disable the watchdog timer, it is necessary to clear this bit to 0 and to write the
disable code (B1H) to the Watchdog timer control register WDCR. This makes it
difficult for the watchdog timer to be disabled by runaway.

However, it is possible to return the watchdog timer from the disabled state to the
enabled state merely by setting <WDTE> to 1.
3. Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the watchdog timer with the RESET
terminal internally. Since WDMOD<RESCR>is initialized to O on a reset, a reset by
the watchdog timer will not be performed.
Watchdog timer control register (WDCR)

This register is used to disable and clear the binary counter for the watchdog timer.

Disable control the watchdog timer can be disabled by clearing WDMOD<WDTE> to
0 and then writing the disable code (B1H) to the WDCR register.

WDMOD «— 0 -=-=-=---- Clear WDMOD<WDTE> to 0.
WDCR «<~ 10110001 Write the disable code (B1H).

e Enable control
Set WDMOD<WDTE> to 1.

e  Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR «~ 01001110 Write the clear code (4EH).

If it is used disable control, set the disable code (B1H) to WDCR after write the clear code (4EH) once. (Please
refer to setting example.)

If it is changed Watchdog timer setting, change setting after set to disable condition once.
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7 6 5 4 3 2 1 0
woMmoD it symbol WDTE | wDTP1 | wDTPO I2WDT RESCR _
(0300H) |Read/Write RIW RIW RIW RIW
After reset 1 o | o 0 0 0
Function WDT Select detecting time IDLE2 1:Connects | Always
control 00: 2"%/gys 0: Stop WDL out | write 0
0: Disabled |01: 2"/fsys 1: Operation | toa
1: Enabled |10: 2"/fgys internally
11: 2°'ffsys reset
I

|—> Watchdog timer out control

0 _
1 Connects WDT out to a reset

— > IDLE2 Control
0 | Stop
1 Operation

—> Watchdog timer detection time at fc = 25 MHz
SYSCR1 SYSCR1 Watchdog Timer Detection Time
System Clcok Selection Gear Value \WDMOD<WDTP1:0>
<SYSCK> <GEAR2:0>
00 01 10 11
1 (fs) XXX 20s 8.0s 32.0s 128.0 s
000 (fc) 2.62 ms 10.49 ms 41.94 ms 128.00 ms
001 (fc/2) 5.24 ms 20.97. ms 83.89 ms 335.54 ms
0 (fc) 010 (fc/4) 10.49 ms 41.94 ms 167.77 ms 671.09 ms
011 (fc/8) 20.97 ms 83.39 ms 335.54 ms 1342.18 ms
100 (fc/16) 41.94 ms 167.77 ms 671.09 ms 2684.35 ms
Watchdog timer enable/disable control
0 Disabled
1 Enabled
Figure 3.14.4 Watchdog Timer Mode Register
7 6 5 4 3 2 1 0
WDCR | Bit symbol _
(0301H) | Read/Write W
Read-modify | After reset -
-write Function B1H: WDT disable code
instructions 4EH: WDT clear code
are
prohibited.
Disable/clear WDT
B1H Disable code
4EH Clear code
Others Don'’t care
Figure 3.14.5 Watchdog Timer Control Register
91CW18A-231 2005-08-15



TOSHIBA

TMP91CW18A

3.14.3

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD <WDTP1:0> has elapsed. The watchdog timer must be zero-cleared in software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instruction used to clear the
binary counter, the binary counter will overflow and an INTWD interrupt will be generated.
The CPU will detect malfunction (Runaway) due to the INTWD interrupt and in this case it
is possible to return to the CPU to normal operation by means of an anti-mulfunction
program. By connecting the watchdog timer out pin to a peripheral device’s reset input, the
occurrence of a CPU malfunction can also be relayed to other devices.

The watchdog timer does not operate in IDLE1 or STOP mode, as the binary counter
continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, the operation of WDT depends on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

Example: 1. Clear the binary counter.
WDCR «<~ 01001110 Write the clear code (4EH).
2. Set the watchdog timer detection time to 217/fsys.
WDMOD <« 1 0 1 - - - - -
3. Disable the watchdog timer.

WDMOD « 0 - - = = - - = Clear WDTE to 0.
WDCR <~ 10110001 Write the disable code (B1H).

Note: The watchdog timer cannot operate by disturbance noise in some case. Take care when
design the device.
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4. Electrical Characteristics

4.1 Maximum Ratings
Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t06.5 Y
Input voltage VIN —-0.5to Vcc + 0.5
Output current [o] 2
Output current IOH -2 mA
Output current (Total) >I0L 80
Output current (Total) >IOH -80
Power dissipation (Ta=70°C) | PD 600 mwW
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG —65 to 150 °C
Operating temperature TOPR -30to 70
Note: The maximum ratings are rated values which must not be exceeded during operation, even for an
instant. Any one of the ratings must not be exceeded. If any maximum rating is exceeded, a device
may break down or its performance may be degraded, causing it to catch fire or explode resulting in
injury to the user. Thus, when designing products which include this device, ensure that no
maximum rating value will ever be exceeded.
4.2 DC Characteristics (1/2)
- , Typ. .
Parameter Symbol Condition Min Max Unit
(Note1)
Power supply voltage
(AVCC =DVce ) Vec | fc=8t025MHz 45 5.5 Y
AVss =DVggs =0V
P00 to P17 (ADO to AD15) VIL Ve > 4.5V 0.8
o | P20 to P87 VIL1 0.3 Ve
o — —
& | RESET, NMI VIL2 -0.3 0.25V
= Vec=45t055V ce
5 2 [AMO, AM 1 VIL3 0.3
£2|x1 VIL4 0.2 Vce v
P00 to P17 (ADO to AD15) VIH Voo =45t055V 0.7 Vce
g | P20 to P87 VIH1 0.7 Vce
& | RESET, NMI VIH2 0.75 V. Vee +0.3
5 Voc=45t055V cc ce
5 < |AMO to AM 1 VIH3 Voe - 0.3
(o]
£2|X1 VIH4 0.8 Vce
Output low volt voL [lOb=16mA 0.45
uiputlow vollage (Vo =4.5105.5V) ' y
Output high volt von |'OH=-400uA 0.8V,
oltage .
utput high voltag (Vo =5.0V + 10 %) cc
Note: Typical values are for when Ta = 25°C and V¢ = 5.0 V uncles otherwise noted.
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DC Characteristics (2/2)

. . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Note 1)
Input leakage current ILI 0.0<VI|N<Vce 0.02 +1 A
¥
Output leakage current ILO 0.2<V|NEVcc-0.2 0.05 +10
P d It VIL2=0.2 Ve,
ower down votlage VSTOP ce 2.0 55 v
(at STOP, RAM back up) VIH2=0.8 Voc
RESET pull-up resistor RRST Veec=5V+10% 40 200 kQ
Pin capacitance CIO fc=1MHz 10 pF
Schmitt width
— — VTH 0.4 1.0 \Y
RESET , NMI
Programmable pull-up resistor RKH Vec=5V+10% 40 200 kQ
NORMAL (Note 2) Vec=5V+10% 22.5 35.0
IDLE2 fc = 25 MHz 8.6 13.0 mA
IDLE1 Icc (Typ. Vcc=5.0V) 3.5 7.0
Ve =45
STOP Ta<70°C 0.2 20 pA
to 5.5V

Note 1: Typical values are for when Ta = 25°C and V¢ = 5.0 V unless otherwise noted.

Note 2: Icc measurement conditions (NORMAL):
All functions are operational. Output pins are open and input pins are fixed.
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4.3 AC Characteristics

(1) Vec=5.0V+10%

No. Parameter Symbol Variable frpH = 25 MHz Unit
Min Max Min Max
1 | frpH period (= x) tFPH 40 31250 40 ns
2 | AO to A15 vaild — ALE fall tAL 0.5x - 15 5 ns
3 | ALE fall » AO to A15 hold LA 0.5x - 15 5 ns
4 | ALE high width fLL x—-20 20 ns
5 |ALE fall—» RD/WR fall fiLc 0.5x — 20 0 ns
6 | RD rise — ALE rise tcLR 0.5x — 15 5 ns
7 | WR rise — ALE rise tocLw x—-15 25 ns
8 |AO0to A15 valid —» RD/WR fall tACL x —25 15 ns
9 | AOto A23 valid - RD /WR fall tACH 1.5x - 50 10 ns
10 | RD rise — A0 to A23 hold {CAR 0.5x - 20 0 ns
11 | WR rise — A0 to A23 hold tcaAw x—20 20 ns
12 [ AO to A15 valid — DO to D15 input tADL 3.0x — 45 75 ns
13 | A0 to A23 valid — DO to D15 input tADH 3.5x - 35 105 ns
14 | RD fall - DO to D15 input tRD 2.0x - 40 40 ns
15 | RD low width tRR 2.0x-20 60 ns
16 | RD rise — DO to D15 hold tHR 0 0 ns
17 | RD rise — A0 to A15 output tRAE x-15 25 ns
18 | WR low width tww 1.5x - 20 40 ns
19 [ DO to D15 Valid - WR rise tpw 1.5x — 50 10 ns
20 | WR rise — DO to D15 hold twD x—15 25 ns
21 | A0 to A23 valid - WATT input [** NWAT] |ty 3.5x — 90 50 ns
22 | A0to A15 valid - WAT input [ * WA | tan, 3.0x - 80 40 ns
23 | RD/WR fall > WA hold [ " N3 | tow 2.0x+0 80 ns
24 | AO to A23 valid — Port input tAPH 3.5x—120 20 ns
25 | AO to A23 valid — Port hold tAPH2 3.5x 140 ns
26 | AO to A23 valid — Port valid tap 3.5x + 100 319 ns

AC measuring conditions
e  Output level: High=2.2 Vcc/Low =0.8 Ve, CL =50 pF
e Inputlevel: High=2.4 Vgc/Low =0.45 Ve (ADO to AD15)
High = 0.8 Vgc/Low = 0.2 V¢ (except ADO to AD15)

Note: Symbol x in the above table means the period of clock fgpp, it's half period of the system clock fgys
for CPU core. The period of fgpy depends on the clock gear setting or the selection of high/low
oscillator frequency.
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(2) Vee=5.0V+10%
1. Read cycle

frPH

/
AOtoA23 1N
A

A

tawH > .
< tawL N
WAIT A
S S N |
< tAP | >
< tAPH?2 ;
Port input (Note) = T= "~ T~ 7"777~ Tt N ) -
| ] |
| [}
i < i tADH > [«—tcAR—
— 1 le ! X | < ! N o
RD ! tACH — t < tRR | 7}2 tRAE
: «—tac— ! !
| _ | <«tico |€ tro > SR
| a taoL K —
ADOtoAD15 ~=i===<]  AOtoA15 e it DOtoD15 & --
1 : N—
i
|
|
|

ALE

L
e
~N

Note: Since the CPU accesses the internal area to read data from a port, the control signals of external
pins such as RD are not enabled. Therefore, the above waveform diagram should be regarded
as depicting internal operation. Please also note that the timing and AC characteristics of port
input/output shown above are typical representation. For details, contact your local Toshiba
sales representative.
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2. Write cycle

|
|
|
|
frPH '
|

/
AOtoA23 !
/K

N

WAIT

. A bl i il S~ S~ <

< tap 4l
Port output (Note) >j;
. 3
WR, HWR le tww > /.ﬂ:—
|
N ¥ |
twp |
3 tow .
ADO toAD15 - -1- - - < A0 to A15 >j: DO to D15 i
|,
| !
toLw !

Note: Since the CPU accesses the internal area to write data to a port, the control signals of external
pins such as WR are not enabled. Therefore, the above waveform diagram should be regarded
as depicting internal operation. Please also note that the timing and AC characteristics of port
input/output shown above are typical representation. For details, contact your local Toshiba
sales representative.
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4.4 AD Conversion Characteristics

4.6

AVcc = Ve, AVss = Vss

Parameter Symbol Condition Min Typ. Max Unit
Analog input voltage range (+) | VREFH Vec=5V+10% |Vcc-15V Vce Vce
Analog input voltage range (-) | VREFL Vec=5V+10% Vss Vss Vgs+0.2V \%
Analog input voltage range VAIN VREFL VREFH
Analog input voltage range IREF Vee =5V £ 10 % 1.44 200 mA
<VREFON> = 1 (VREFL=0V)
<VREFON> =0 Vec=5V+10% 0.02 5.0 pA
Eror - - Vec=5V+10 % +1.0 +4.0 LSB
(Not including quantizing errors)
Note 1: 1 LSB = (VREFH - VREFL)/1024 [V]
Note 2: The operation above is guaranteed for frpy > 4 MHz.
Note 3: The value for Icc includes the current which flows through the AV¢c pin.
4.5 Event Counter (TAOIN, TA4IN, TBOINO, TBOIN1, TB1INO, TB1IN1)
Variable 25 MHz .
Parameter Symbol . . Unit
Min Max Min | Max
Clock perild tveK 8X + 100 420 ns
Clock low level width tveKL 4X + 40 200 ns
Clock high level width tvCKH 4X + 40 200 ns
Interrupt, Capture
(1) NMI, INTO to INT4 interrupts
Variable 25 MHz .
Parameter Symbol Unit
Min Max Min | Max
NMI, INTO to INT4 low-level width HINTAL 4X + 40 200 ns
NMI, INTO to INT4 high-level width HINTAH 4X + 40 200 ns

(2) INT5 to INT6 interrupts, capture

The INT5 to INT6 input width depends on the system clock and prescaler clock settings.

tINTBL tINTBH
System Clock| Prescaler Clock | (INT5 to INT6 low-level width) | (INT5 to INT6 high-level width)
Selected Selected ; ) Unit
<SYSCK> <PRCK1:0> Variable |fgpy =25 MHz| Variable [frpy =25 MHz
Min Max Min Max
0 (0 00 (frpH) 8X + 100 420 8X + 100 420 ns
10 (fc/16) 128Xc + 0.1 5.22 128Xc + 0.1 5.22 us

Xc: Period of clock fc
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4.7 SCOUT Pin AC Characteristics
Variable 25 MHz N _
Parameter Symbol Condition Unit
Min Max Min Max
Low-level width tscH 0.5T 15 5 Vec=5V£10% |
High-level width tscL 0.5T-15 5 Vee=5V+10% | ng
T: Period of SCOUT
tseHn
_ tso

SCOoUT /

ﬁ
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5.

Table of SFRs

(SFR: Special function register)
The SFRs include the I/O ports and peripheral control registers allocated to the 4-Kbyte address
space from 000000H to 000FFFH.
(1) /O port

(2) T/O port control
(3) Interrupt control
(4) Wait control

(5) Clock gear

(6) 8-bit timer

(7) 16-bit timer

(8) UART

(9) I2C bus/SIO
(10)I2C bus 1

(11) I2C bus 2
(12) AD converter
(13) Watchdog timer
Table layout
Symbol Name Address 7 6 // 110
\\ —— Bit symbol
\\ —> Read/write
H —> Initial value after reset
// —> Remarks

Note: “Prohibit RMW?” in the table means that you cannot use RMW instructions on these register.

Example: When setting bit0 only of the register PxCR, the instruction “SET 0, (PxCR)” cannot
be used. The LD (Transfer) instruction must be used to write all eight bits.

Read/write
R/W: Both read and write are possible.
R: Only read is possible.
W: Only write is possible.
W: Both read and write are possible (when this bit is read as1)

Prohibit RMW: Read-modify-write instructions are prohibited. (The EX, ADD, ADC, BUS,
SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC, RRC,
RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are
read-modify-write instructions.)

R/W*: Read-modify-write instruction is prohibited when controlling the pull-up
resistor.
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I/O Register Address Map
[1] PORT
Address Register Address Register Address Register

0000H PO 0010H 0020H
1H P1 1H 1H
2H POCR 2H P6 2H
3H 3H P7 3H
4H P1CR 4H P6CR 4H
5H P1FC 5H P6FC 5H
6H P2 6H P7CR 6H
7H P3 7H P7FC 7H
8H P2CR 8H P8 8H
9H P2FC 9H 9H
AH P3CR AH P8CR AH
BH P3FC BH P8FC BH
CH P4 CH IIEC CH
DH P5 DH scouTc DH P30DE
EH EH EH
FH FH FH P8ODE

[2] INTC
Address Register Address Register Address Register

0080H DMAOV 0090H INTEOAD 00AOH INTETCO1
1H DMA1V 1H INTE12 1H INTETC23
2H DMA2V 2H INTE34 2H
3H DMA3V 3H INTE56 3H
4H 4H 4H
5H 5H INTETAO1 5H
6H 6H INTETA23 6H
7H 7H INTETA45 7H
8H INTCLR 8H INTETA67 8H
9H DMAR 9H INTETBO 9H
AH DMAB AH AH
BH (Reserved) BH INTETBOOV BH
CH lIMC CH INTEUART CH
DH DH INTES2 DH
EH EH INTES1 EH
FH FH FH
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[3] CS/WAIT
Address Register
00COH BOCS
1H B1CS
2H B2CS
3H B3CS
4H
5H
6H
7H BEXCS
8H MSARO
9H MAMRO
AH MSAR1
BH MAMR1
CH MSAR?2
DH MAMR2
EH MSARS3
FH MAMR3
[4] CGEAR
Address Register
00EOH SYSCRO
1H SYSCR1
2H SYSCR2
3H EMCCRO
4H EMCCR1
5H
6H
7H
8H
9H (Reserved)
AH
BH
CH
DH
EH
FH
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[5] TMRS
Address Register Address Register
0100H TAO1RUN 0110H TA45RUN

1H 1H
2H TAOREG 2H TA4REG
3H TA1REG 3H TA5REG
4H TA0TMOD 4H TA45MOD
5H TA1FFCR 5H TA5FFCR
6H 6H
7H 7H
8H TA23RUN 8H TAG7RUN
9H 9H
AH TA2REG AH TABREG
BH TA3REG BH TA7REG
CH TA23MOD CH TAB7MOD
DH TA3FFCR DH TA7FFCR
EH EH
FH FH

[6] TMR16

Address Register
0180H TBORUN
1H
2H TBOMOD
3H TBOFFCR
4H
5H
6H
7H
8H TBORGOL
9H TBORGOH
AH TBORGI1L
BH TBORG1H
CH TBOCPOL
DH TBOCPOH
EH TBOCP1L
FH TBOCP1H
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[7] UART [8] I°C bus/SIO [9] I°C bus
Address Register Address Register Address Register
0200H SCOBUF 0240H SBIOCR10 0250H SBIOCR11

1H SCOCR 1H SBIODBRO 1H SBIODBR1
2H SCOMODO 2H I2COARO 2H I2COAR1
3H BROCR 3H SBIOCR20/SBISRO 3H SBIOCR21/SBISR1
4H BROADD 4H SBIOBROO 4H SBIOBRO1
5H SCOMOD1 5H SBIOBR10 5H SBIOBR11
6H 6H 6H
7H 7H 7H
8H 8H 8H SBIOCR12
9H 9H 9H SBIODBR2
AH AH AH I2COAR2
BH BH BH SBIOCR22/SBISR2
CH CH CH SBIOBR02
DH DH DH SBIOBR12
EH EH EH
FH FH FH

[10] 12-bit ADC

Address Register Address Register
02A0H ADREGAL 02BOH ADMODO
1H ADREGAH 1H ADMOD1
2H ADREGBL 2H (Reserved)
3H ADREGBH 3H
4H ADREGCL 4H
5H ADREGCH 5H
6H ADREGDL 6H
7H ADREGDH 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
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[11] WDT

Address

Register

0300H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

WDMOD
WDCR
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(1) I/O port

Symbol [ Name Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 P01 P00
PO Port 0 O0H R/W
Data from external port (Output latch register becomes undefined)
piz | pP6 | P15 | P14 | P13 | P12 | P11_| P10
P1 Port 1 01H R/W
Data from external port (Output latch register is cleared to 0)
P27 | pPos | pPos | poa | P23 | P2 | P21t | P20
P2 Port 2 06H R/W
Data from external port (Output latch register is set to 1)
P37 | P | P35 | P34 | P33 P32 | P31 | P30
R/IW
P3 Port 3 07H Data from external port (Output latch register is set to 1) 1 | 1

0 (Output latch register)
: Pull-up resistor OFF
1(Output latch register)
: Pull-up resistor ON

P43 | P42 P41 | P40
P4 | Portd OCH R
Data from external port
P57 P56 P55 P54 Ps3 | pPs2 | P51 | Pso
P5 | Port5 ODH R
Data from external port
P62 | Pe1 | P60
P6 | Port6 12H RIW
Data from external port
(Output latch register is set to 1)
P76 P75 P74 P73 P72 | pr1 | Pr0
P7 | Port7 13H RIW
Data from external port (Output latch register is set 1)
P87 P86 Pes | Ps4 | P83 | pPe2 | P81 | P80
P8 | Port8 18H RIW

Data from external port (Output latch register is set to 1)
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(2) 1/0 port control (1/2)
Symbol [ Name | Address 7 6 5 4 3 2 1 0
- porc | posc | Posc | Poac P03C P02C P0O1C P00C
Port 0 .
POCR control (Prohibit | | | | | | |
RUW) 0 0 0 0 0 0 0 0
0: Input 1: Output (When access to external, it is cleared to “0”)
i pizc | piec | pisc | piac | pisc | pizc | piic | Pioc
Port 1 W
P1CR Coc;trol (Prohibit | | | | | | |
RUW) 0 0 0 0 0 0 0 0
0: Input 1: Output
o5 P17 | pieF | P15k | pP1aF | p13F | pP12F | Pt | P1oF
Port 1
PIFC | O | (Prohibit W
function RMW) 0 | o | o | o | 0 | 0 | 0 | 0
P1CR/P1FC = 00: Input port, 01: D8 to D15, 10: AD8 to AD15, 11: A8 to A15
oA p37c | P3sc | P3sc | Paac | pPasc | Pac | P3ic | Paoc
Port 3 t W
P3CR control (Prohibit | | | | | |
RUW) 0 0 0 0 0 0 1 1
0: Input 1: Output
P37F | P36F P32F | P31F | P30F
0BH
Port 3 ' W W W
P3FC ) (Prohibit 0 0 0 0 0
function
RMW) 10: Port 0: Port 0: Port 0: Port 0: Port
1:INT4 1: TA7TOUT 1: HWR 1: WR 1: RD
vors | apy |LP37ODE | P36ODE | P35ODE | Pa40DE | P330DE | P320DE | P310DE | P30ODE
(o]
P30ODE |open-drain| (Prohibit RIW | |
enable RMW) 0 0 0 0 0 0 0 0
0: Normal 1: Opendrain
P62C | P6IC | P6OC
Ports | 1 W
PCR | _° . | (Pronibit | |
RUW) 0 0 0
0: Input  1: Output
P62F | P61F_| P6OF
15H
Port6 o W
P6FC ) (Prohibit 0 0 0
function
RMW) 0: Port 0: Port 0: Port
1INT2 |1 INT1 [1:INTO
SCOUTE
1DH
scouT . W
SCouTC (Prohibit 0
control
RMW) 0: Port
1: SCOUT
o prec | p7sc | Prac P73C P72C P71C P70C
Port 7
P7CR Coc;trol (Prohibit | w |
RUW) 0 0 0 0 0 0 0
0: Input 1: Output
P76F | P75F P7oF | PTIF P70F
17H
Port 7 L W W
P7FC " | (Prohibit 0 0 0 0 0
function
RMW) 0: Port  |0: Port 0: Port 0: Port 0: Port
1: SCKO 1: TBOOUTO 1: TASOUT |1: TASOUT [1: TA1OUT
INT3E INTGE | INTSE
Interrupt
ni rt1erruutp 1CH W wW
IIEC enzble (Prohibit 0 0 0
RMW) 0: Port 0: Port 0: Port
control 1: INT3 1:INT6  |1: INT5
TBOIN1 TBOINO
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I/O port control (2/2)
Symbol | Name [ Address 7 6 5 4 3 2 1 0
1AH P87C P86C P85C P84C P83C P82C P81C P80C
Port 8 o W
P8CR control (Prohibit | | | | |
RMW) 0 0 0 0 0 0 0 0
0: Input 1: Output
Pe7F | Ps6F | P8sF | Ps4F Ps2F | P81F_| P8OF
Port 8 18H T n
P8FC . (Prohibit 0 0 0 0 0 0 0
function RMW) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCL2 1: SDA2 (1: SCL1 1: SDA1 1: TXDO 1: SCLO 1: SDAO
1: SO0
Port 8 P830ODE | P820DE | P810DE | P80ODE
(0]
R/W
P8ODE |open-drain| 2FH
0 0 0 0
enable
0: Normal 1: Opendrain
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(3) Interrupt control (1/4)
Symbol | Name | Address | 7 6 | 5 | 4 3 2 | 1 | o
INTAD INTO
INTAD iapc | 1apm2 | 1abm1 | 1abomo | 1oc oM2 | tom1 | 1omo
INTEOAD enable 90H R R/W R R/W
0 o | o | o 0 o | o | o
1: INTAD Interrupt request level 1: INTO Interrupt request level
INT2 INT1
INT1 ioc | m2 [ w1 | iemo 1C im2 | vt | 1mo
INTE12 | INT2 91H R RIW R RIW
enable 0 0 | 0 | 0 0 0 | 0 | 0
1: INT2 Interrupt request level 1: INT1 Interrupt request level
INT4 INT3
INT3 uc | 1am2 | amt1 | 1amo 3¢ isv2 | 13m1 [ 13m0
INTE34 | INT4 92H R RIW R RIW
enable 0 o | o | o 0 o | o | o
1: INT4 Interrupt request level 1: INT3 Interrupt request level
INT6 INT5
INT5 lsc_ | 1eM2 | 1em1 | 16Mo I5C IsM2 | 15M1 | 15M0
INTES6 | INT6 93H R RIW R RIW
enable 0 o | o | o 0 o | o | o
1: INT6 Interrupt request level 1: INT5 Interrupt request level
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Interrupt control (2/4)
Symbol | Name | Address | 7 6 | 5 | 4 3 > | 1 ] o
INTT1 (TMRA1) INTTO (TMRAOQ)
INTTAO IT1C IT1IM2 | IT1M1 IT1MO ITOC ITOM2 | ITOM1 ITOMO
INTETAO1| INTTA1 95H R R/IW R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
1: INTT1 Interrupt request level 1: INTTO Interrupt request level
INTT3 (TMRA3) INTT2 (TMRA2)
INTTA2 IT3C IT3M2 | IT3M1 IT3MO0 IT2C IT2M2 | IT2M1 IT2MO0
INTETA23[ INTTA3 96H R R/W R R/W
enable 0 o | o | o 0 o | o 0
1:INTT3 Interrupt request level 1: INTT2 Interrupt request level
INTT5 (TMRA5) INTT4 (TMRA4)
INTTA4 itsc | imsm2 | imsm1 | imsmo | imac | imam2 | mamt | imamo
INTETA45 INTTA5 97H R R/W R R/W
enable 0 o | o | o 0 o | o | o
1:INTTS Interrupt request level 1: INTT4 Interrupt request level
INTT7 (TMRA7) INTT6 (TMRAB)
INTTAG IT7C IT7M2 | IT7M1 IT7MO IT6C IT6M2 | IT6M1 IT6MO
INTETA67| INTTA7 98H R R/W R R/W
enable 0 o | o | o 0 o | o | o
1: INTT7 Interrupt request level 1: INTT6 Interrupt request level
INTTBO1 (TMRBO) INTTB0O (TMRBO)
TMRBO ITBO1C ITBO1M2| ITBO1M1 | ITBO1MO ITBOOC ITBOOM2 | ITBOOMA1 | ITBOOMO
INTETBO 99H R R/IW R R/W
enable
0 o | o | o 0 o | o | o
1: INTTBO1 Interrupt request level 1: INTTBOO| Interrupt request level
(Reserved) INTTBOFO (TMRBO over flow)
TMRBO ITFOC ITFOM2 | ITFOMA1 | ITFOMO
INTETBOOV| enable 9BH R R/W
(Overflow) 0 o | o | o
1: INTTO8 Interrupt request level
INTTXO0 INTRXO0
UART imxoc | imxom2 | imxom1 | imxomo | IrRxoc | IRxon2 | IRxom1 | IRxomo
INTUART 9CH R R/IW R R/W
enable
0 o | o | o 0 o | o | o
1: INTTXO0 Interrupt request level 1: INTRXO0 Interrupt request level
(Reserved) INTI2C2
INTI2c2¢ | 112c2m2 | i2cam1 | n2c2mo
INTES2 INTI2C2 9DH R R/IW
enable
0 o | o | o
1: INTI2C2 Interrupt request level

91CW18A-250

2005-08-15




TOSHIBA TMP91CW18A

Interrupt control (3/4)

Symbol | Name | Address 7 | 6 | 5 | 4 3 2 | 1 | o
INTI2C1 INTSBIO
INTI2CA1 INTI2C1C | [12C1M2 | 112C1MA1 | 112C1MO0 1ISOC 1ISOM2 | 1ISOM1 | ISOMO
INTES1 SBIO 9EH R R/IW R R/W
enable 0 o | o | o 0 o | o | o
1: INTI2C1 Interrupt request level 1: INTSBI Interrupt request level
INTTCA INTTCO
INTTCO irc1c | imeimz | ireimt | ireamo | ircoc | imcom2 | ircomt | ircomo
INTETCO1 | INTTCA AOH R R/W R R/W
enable 0 o | o | o 0 o | o | o
1: INTTC1 Interrupt request level 1: INTTCO Interrupt request level
INTTC3 INTTC2
INTTC2 ITC3C | ITC3M2 | ITC3MA1 | ITC3MO | ITC2C | ITC2M2 | ITC2M1 | ITC2MO
INTETC23 | INTTC3 A1H R R/W R R/W
enable 0 o | o | o 0 o | o | o
1: INTTC3 Interrupt request level 1: INTTC2 Interrupt request level
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Interrupt control (4/4)

Symbol [ Name Address 7 6 5 4 3 2 1 0
DMAG DMAOV5 | DMAOV4 | DMAQV3 | DMAQV2 | DMAQV1 | DMAOQVO
DMAOQV | request 80H RIW
o | o | o | o | o | o
vector
DMAQO start vector
DMAT DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1VA1 | DMA1V0
R/W
DMA1V | request 81H /
o | o | o | o | o | o
vector

DMA1 start vector
DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0

DMA2
DMA2V | request 82H R/W
o [ o | o | o | o [ o
vector
DMAZ2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3
DMA3V | request 83H R/W
o [ o | o [ o | o [ o
vector

DMAZ3 start vector
CLRV5 | CLRV4 | cLRv3 | cLRv2 | cLrv1 | cLRvo

Interrupt 88H

W
INTCLR | clear (Prohibit | | | | |
control RMW) 0 0 0 0 0 0
Interrupt request clear by DMA start vector
DMA DMAR3 | DMAR2 | DMAR1 | DMARO
software
DMAR | O 89H RIW
request 0 | 0 | 0 | 0
register 1: Soft request of DMA
DMA DMAB3 | DMAB2 | DMAB1 | DMABO
burst
DMAB 8AH RIW
request 0 | 0 | 0 | 0
register 1: Burst transfer of DMA
_ I4EDGE | I3EDGE | I2EDGE | MEDGE | I0EDGE | I0LE | NMIREE
W
Input 8CH 0 0 0 0 0 0 0 0
IIMC | mode | (Prohibit | A as  [INT4edge |INT3edge [INT2 edge |INT1edge |[INTO edge [INTO edge [1: NMi
control RMW) | write 0 0: Rising  |0:Rising [0: Rising [0: Rising [0: Rising |0: Edge edge
1:Falling [1:Falling |1:Falling |1: Falling |1:Falling [1: Level rising
operation
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(4) Wait control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BOE - - BOBUS BOW2 BOW1 BOWO
w w
Block 0 COH 0 0 0 0 0 | 0 | 0
BOCS WAIT (Prohibit 0: Disable Always write 0 Data bus | 000: 2 waits
control RMW) 1: Enable width 001: 1 wait
register selection | 010: (1 + N) waits
0: 16 bits | 011: 0 waits
1: 8 bits | Others : Reserved
B1E - - B1BUS B1W2 B1W1 B1WO
W W W W W W W
Block 1 C1H 0 0 0 0 0 0 0
B1CS WAIT (Prohibit |0: Disable Always write 0 Data bus | 000: 2 waits
control RMW) 1: Enable width 001: 1 wait
register selection | 010: (1 + N) waits
0: 16 bits | 011: 0 waits
1: 8 bits | Others : Reserved
B2E B2M - — B2BUS B2W2 B2W1 B2WO0
w W w W W W W W
Block 2 C2H 1 0 0 0 0 0 0 0
B2CS WAIT (Prohibit 0: Disable|0: 16 M Always write 0 Data bus | 000: 2 waits
control RMW) 1: Enable| -area width 001: 1 wait
register 1: Area selection | 010: (1 + N) waits
setting 0: 16 bits | 011: 0 waits
1: 8 bits | Others : Reserved
B3E - - B3BUS B3W2 B3wW1 B3WO0
w w W W W W W
Block 3 C3H 0 0 0 0 0 0 0
B3CS WAIT (Prohibit |0: Disable Always write 0 Data bus | 000: 2 waits
control RMW) 1: Enable width 001: 1 wait
register selection | 010: (1 + N) waits
0: 16 bits | 011: 0 waits
1: 8 bits | Others : Reserved
BEXBUS | BEXW2 [ BEXW1 [ BEXWO
W W W W
External C7H 0 0 . 0 0
BEXCS | iy | (PO
. RMW) ’
register selection [010: (1 + N) waits
0: 16 bits | 011: 0 waits
1: 8 bits | Others : Reserved
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TOSHIBA TMP91CW18A
Chip select/wait control (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
Memory S23 S22 S21 S20 S19 S18 S17 S16
start R/W
MSARO C8H
address 1 T
register 0 Determines A23 to A16 of start address
Memory voo | vio | wvis | viz | vie | vis |viawe | s
address R/W
MAMRO C9H
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 0 Set size of CS0  0: used for address compare
Memory s23 | s22 | s21 | s | s19 | s18 | s17 | st
start R/W
MSAR1 CAH
address 1 T
register 1 Determines A23 to A16 of start address
Memory V21 voo | vio | wvis | viz | vie |viswoa| w8
address R/W
MAMRA1 CBH
mask 1 T
register 1 Set size of CS1  0: used for address compare
Memory s23 | s22 | s21 | s2o | s19 | s18 | s17 | st
start R/W
MSAR2 CCH
address 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 Determines A23 to A16 of start address
Memory voo | var | voo | wvie | wvis | viz | vie | vis
address R/W
MAMR2 CDH
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 Set size of CS2  0: used for address compare
Memory s23 | s22 | s21 | s2o0 | s19 | s18 | s17 | st
start R/W
MSARS3 CEH
address 1 T
register 3 Determines A23 to A16 of start address
Memory voo | va1 | veo | wvie | wvis | viz | vie | vis
address R/W
MAMR3 CFH
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 3 Set size of CS3  0: used for address compare
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TOSHIBA TMP91CW18A

(5) Clock gear

Symbol Name Address 7 6 5 4 3 2 1 0
XEN - RXEN — - WUEF [ PRCK1 | PRCKO
R/W
1 0 1 0 0 0 0 0
High- Always High- Always Always Warm-up |Select prescaler clock
frequency [write O frequency |write O write 0 timer 00: fFpH
System oscillator oscillator Write 0 01: fc
clock (fe) (fo) after Don’t care |10: fc/16
SYSCRO control EOH 0: Stop release of Write 1: | 11: Reserved
. 1: Oscillation Stop mode start timer
register 0
0: Stop Read 0:
1: Oscillation end warm
up
Read 1:
do not end
warm up
— GEAR2 | GEAR1 | GEARO
R/W
0 0 o | o
Always Select gear value of high frequency
System write 0 |(fc)
clock E1H 000: fc
SYSCR1 .
control 001: fc/2
register 1 010: fo/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
SCOSEL | WuPTM1 | WUPTMO | HALTM1 | HALTMO DRVE
R/W R/W R/W R/W R/W R/W
0 1 0 1 1 0
0:fs Warm-up timer HALT mode Pin state
System 1: fEpH 00: Reserved 00: Reserved control in
clock E2H 01: 2%/inputted 01: STOP mode STOP
SYSCR2 ey _
control frequency 10: IDLE1 mode mode
register 2 10: 2" 11: IDLE2 mode 0: 1/0 off
11:2' 1: Remain
the
state
before
HALT
PROTECT - - - ALEEN EXTIN |DRVOSCH -
EMC R R/W R/W R/W R/W R/W R/W R/W
EMCCRO| control E3H 0 0 1 0 0 0 1 1
register 0 1: Protected |Always Always Always ALE output|fc external [fc OSC Always
write 0 write 1 write 0 enable clock 1: Normal |write 1
0: Weak
EMC Protection is t d OFF by writing 1FH
rotection is turne y writing .
EMCCR1|  control E4H Protection is turned ON by writing any value other than 1FH.
register 1
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(6) 8-bit timer (1/4)
(6-1) TMRAO1

Symbol Name | Address 7 6 5 4 3 2 1 0
TAORDE I2TA01 [TAO1PRUN| TATRUN | TAORUN
RIW RIW RIW RIW RIW
Timer 100H 0 0 0 0 0
TAOTRUN RUN Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0:Stop and clear
0: Disable 1: Operate |1:Run (Count up)
1: Enable
8-bit 102H -
TAOREG | timer | (Prohibit w
register 0| RMW) Undefined
8-bit 103H -
TAIREG | timer | (Prohibit w
register 1 RMW) Undefined
. TAOIM1 | TA0TMO | PwMo1 | Pwmoo | Ta1cLk1 | TA1cLKo | TAOCLK1 | TAOCLKO
.8-b|t RIW
fimer o | o o | o o | o o | o
source
TAOIMOD| . | 104H  100: 8-bit timer 00: Reserved 00: TAOTRG 00: Reserved
and 01: 16-bit timer 01: 2° PWM cycle 01: ¢T1 01: ¢T1
mode 10: 8-bit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: $T16
TAIFFC1 | TAFFCO | TATFFIE | TATFFIS
RIW
O 4osH I 0 0
AR | "™ | (Prohibit 00: Invert TATFF 1:TA1FF |TATFF
flip-flop 1wy 01: Set TATFF invert |nversion
control 10: Clear TA1FF enable |°%°%
11: Don’t care 0: TMRAQ
1: TMRA1
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TOSHIBA

TMP91CW18A

8-bit timer (2/4)
(6-2) TMRA23

Symbol Name Address 7 5 4 3 2 1 0
TA2RDE 12TA23 |TA23PRUN| TA3RUN [ TA2RUN
R/W R/W R/W R/W R/W
Timer 108H 0 0 0 0 0
TA23RUN RUN Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate [ 1: Run (Count up)
1: Enable
8-bit 10AH —
TA2REG timer (Prohibit W
register 0 RMW) Undefined
8-bit 10BH —
TA2REG timer (Prohibit W
register 1 RMW) Undefined
Con TA23M1 | TA23MO |PWM21 |PWM20 | TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
-DI
timer RIW
source o | o | o o | o o | o
TA23MOD| . 10CH | 00: 8-bit timer 00: Reserved 00: TA2TRG 00: Reserved
and 01: 16-bit timer 01: 2° PWM cycle 01: ¢T1 01: ¢T1
mode 10: 8-bit PPG 10: 2 10: ¢T16 10: T4
11: 8-bit PWM 11: 2° 11: $T256 11: ¢T16
TA3FFCA1 | TA3FFCO | TA3FFIE | TA3FFIS
R/W
8-bit 10DH 1| 1 0 0
TA3FFCR timer (Prohibit 00: Invert TA3FF 1: TA3FF TA1FF
flip-flop RMW) 01: Set TA3FF invert | inversion
control 10: Clear TA3FF enable | select
11: Don’t care 0: TMRA2
1: TMRA3
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8-bit timer (3/4)
(6-3) TMRA45
Symbol Name Address 7 5 4 3 2 1 0
TA4RDE 12TA45 [TA45PRUN| TASRUN | TA4ARUN
R/W R/W R/W R/W R/W
Timer 110H 0 0 0 0 0
TA45RUN RUN Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate| 1: Run (Count up)
1: Enable
8-bit 112H
TA4REG timer (Prohibit w
register 0 [ RMW) Undefined
8-bit 113H
TA5REG timer (Prohibit W
register 1| RMW) Undefined
oot TA45M1 | TA4sMo | Pwmat1 | Pwmdo | TascLki | TascLko | TadcLk | TA4cLKO
timer RIW
couree o | o | o o | o o | o
TA4SMOD| . 114H | 00: 8-bit timer 00: Reserved 00: TA4TRG 00: Reserved
and 01: 16-bit timer 01: 2° PWM cycle 01: ¢T1 01: ¢T1
mode 10: 8-bit PPG 10: 2" 10: $T16 10: ¢T4
11: 8-bit PWM 11: 28 11: $T256 11: $T16
TA5FFC1 |TA5FFCO TAS5FFIE | TAS5FFIS
R/W
:r-nb:r 115H 00: |1 | : : : -
TAS5FFCR ) (Prohibit : Invert TASFF 1: TASFF | TA5FF
flip-flop RMW) 01: Set TA5FF invert  |inversion
control 10: Clear TASFF enable |select
11: Don't care 0: TMRA4
1: TMRA5
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TOSHIBA TMP91CW18A

8-bit timer (4/4)

(6-4) TMRA67
Symbol | Name | Address 7 6 5 4 3 2 1 0
TAGRDE I2TA67 [TA67PRUN TA7RUN | TAGRUN
RIW RIW RIW RIW RIW
Timer 118H 0 0 0 0 0
TAB7RUN RUN Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate| 1: Run (Count up)
1: Enable
8-bit 11AH -
TA6REG | timer | (Prohibit w
register 0| RMW) Undefined
8-bit 11BH —
TA7REG | timer | (Prohibit w
register 11 RMW) Undefined
TA67M1 | TA67M0 | PwMe1 | Pwmeo | TA7CLKA | TA7CLKO | TABCLK1 | TABCLKO
8-bit R/W
timer 0 | 0 0 | 0 0 | 0 0 | 0
TAG7MOD source 11CH 00: 8-bit timer 00: Reserved 00: TAG6TRG 00: External input
CLK 01: 16-bit timer 01: 2° PWM cycle 01: ¢T1 (TABIN)
and 10: 8-bit PPG 10: 2 10: ¢T16 01: ¢T1
mode 11: 8-bit PWM 11: 28 11: ¢T256 10: ¢T4
11: $T16
TA7FFC1 |TA7FFCO TATFFIE | TA7FFIS
R/W
t?r;1b;tr 11DH 00: |1 | : : ° -
TA7FFCR| | (Prohibit : Invert TA7FF 1: TATFF | TA7FF
flip-flop RMW) 01: set TA7FF invert | inversion
control 10: Clear TATFF enable |select
11: Don'’t care 0: TMRAG
1: TMRA7
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TOSHIBA TMP91CW18A
(7) 16-bit timer
(7-1) TMRBO
Symbol Name Address 7 6 5 4 3 2 1 0
TBORDE - 12TBO | TBOPRUN TBORUN
R/W R/W R/W R/W R/W
Timer 180H 0 0 0 0 0
TBORUN control Double  |Always IDLE2 16-bit timer run/stop control
buffer write 0 0: Stop 0: Stop and clear
0: Disable 1: Operate [1: Run (Count up)
1: Enable
TBOCT1 | TBOET1 | TBOCPOI |[TBOCPM1|TBOCPMO| TBOCLE | TBOCLK1 | TBOCLKO
R/W W R/W
16-bit 0 0 1 o | o 0 o | o
i
mer 182H |TBOFF1INVTRG  |o:so.  |Capture timing 1:TBOUC | Source clock
source .
TBOMOD CLK (Prohibit [0: TRG disable capture  |(TBOINO, TBOIN1) clear 00: TBOINO input
q RMW)  [1: TRG enable 1: Undefined |00: Disable enable |[01: ¢T1
an
J o1: 1,1 10: ¢T4
mode
10: 1,4 11: ¢T16
CAP1 |TREG1
) 11: 1, { (TA10UT)
matching
TBOFF1C1|TBOFF1CO[ TBOC1T1 [ TBOCOT1 | TBOE1T1 | TBOEOT1 |TBOFFOC1 |TBOFFOCO
W* R/W W
1 1 o | o | o 0 T EE
16-bit 00: Invert TBOFF1 TBOFFO inversion trigger 00: Invert TBOFFO
timer 183H | 01: Set 0: Disable trigger 01: Set
TBOFFCR flip-flop (Prohibit | 10: Clear 1: Enable trigger 10: Clear
7ol RMW) 11: Don't care Invert when |Invert when [Invert when |[Invert when | 11: Don't care
contro the UC  [theUC  [theUC |[the UC
" value is value is value value M
Always read as 0 loaded in to (loaded in to |matches the |matches the Always read as 0
TBOCP1. TBOCPO. value in value in
TBORG1. TBORGO.
16-bit 188H -
TBORGOL timer (Prohibit W
register OL| RMW) Undefined
16-bit 189H -
TBORGOH timer (Prohibit W
register 0 H| RMW) Undefined
16-bit 18AH -
TBORG1L timer (Prohibit W
register 1L| RMW) Undefined
16-bit 18BH -
TBORG1H timer (Prohibit w
register 1 Hl RMW) Undefined
Capture —
TBOCPOL ) 18CH R
register O L
Undefined
Capture —
TBOCPOH ) 18DH R
register 0 H
Undefined
Capt —
TBOCPAL | 2P | 4gEN R
register 1 L
Undefined
TBOCP1H | 7P | 4grH R
register 1 H
Undefined
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(8) UART
(8-1) UART
Symbol Name Address 7 6 5 4 3 2 1 0
Serial 200H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 [ RB3/TB3 | RB2/TB2 | RB1/TB1 [ RBO/TBO
SCOBUF |channel 0| (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RBS EVEN | PE | OERR | PERR | FERR _ _
) R R/W R (Cleared to 0 by reading)  R/W R/W
Serial Undefined | 0 0 0 o | o 0 0
SCOCR (channel 0| 201H
control Receive Parity 1: Parity 1:Error Always Always
data bit 0: Odd enable Overrun Parity Framing | write O write 0
1: Even
TB8 CTSE RXE WU SM1 SM0 SC1 SCO0
R/W
0 0 0 0 0 0 0 0
Serial Send data [Hand 1:Receive |1: Wakeup |00: Reserved 00: TAOOUT trigger
SCOMODO|channel 0 [  202H |pitg shake enable | enable [01: UART 7 bits 01:Baud rate
mode 0 0:CTS 10: UART 8 bits generator
disable 11: UART 9 bits 10: Internal clock fgys
1:CTS 11:Reserved
enable
- BROADDE | BROCK1 [ BROCKO BRO0S3 | BR0S2 BRO0S1 | BROSO0
R/W
0 0 o | o o | o | o | o
BROCR Baud rate 203H Always (16 — K)/16| 00: ¢TO (4/fc) Setting the dividied frequency “N”
control write 0 divided 01: ¢T2 (16/fc) (0to F)
frequency | 10: ¢T8 (64/fc)
0: Disable | 11: $T32 (256/fc)
1: Enable
_ BRAOK3 | BRAOK2 | BRAOK1 | BRAOKO
Serial
channel 0 RIW
BROADD _ 204H o | o | o | o
K setting
register Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
12S0 —
Serial RIW RIW
SCOMOD1 |channel 0|  205H 0 0
mode 1 IDLE2 Always
0: Stop write 0
1: Run
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TOSHIBA TMP91CW18A
(9) I2C bus/SIO (1/2)
Symbol Name | Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO0/
SWRMON
240H W R/W W W R/W
(”C bus 0 0 0 0 0 0 0/1
mode) | Number of transferred bit Acknowledge| Selection of Serial clock frequency
(Prohibit | 000: 8, 100: 4 mode 000: 5 100: 9
Serial bus| RMW) |001: 1, 101: 5 0- Disable 001: 6 101: 10
interface 010: 2, 110: 6 1: Enable 010: 7 110: 11
SBIOCR10| control 011: 3, 111:7 011:8 111: Reserved
register SIOS SIOINH SIOMA1 SIOMO SCK2 SCK1 SCKO
10 W W W W W W W
240H 0 0 0 0 0 0 0
rr(wiljc(:) Transfer |Continue/ | Transfer mode select Selection of serial clock frequency
(Prohibit start aboard 00: 8-bit transmit 000: 4 100: 8
RMW) 0: End transfer 10: 8-bit transmit/ 001:5 101:9
1: Start  |0: Continue receive 010:6 110: 10
1:Stop | 11: 8-bit receive 011:7  111: Reserved
SBI 241H DB7 DB6 DB5 | DB4 DB3 DB2 | DB1 DBO
SBIODBRO| buffer | (Prohibit R (Receiving)/W (Transmission)
register 0| RMW) Undefined
SA6 SA5 SA4 SA3 SA2 SA1 SA0 ALS
W W w W W W w W
0 0 0 0 0 0 0 0
1°C Bus 242H Set of slave address Address
I2COARO | address (Prohibit recognition
register 0| RMW) mode
1: No
0: Slave
address
MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
W W w W W W w W
) 0 0 0 1 0 0 0 0
Sir?tll?‘:atz:f (|22(‘:13b|:s Master/  |Transfer/ |[Start/stop |INTSBIO |Serial bus interface Software reset
Write control mode) Slave receiver condition | interrupt | operating mode generate write 10 and
SBIOCR20 register | (Prohibit selection |selection |generation |request |selection 01, then an internal
20 RMW) 0: Slave  |0: Receive |0: Stop cancel 00: Port mode reset signal is
1: Master |1: Transfer |1: Start 0: Don't 01: SIO mode generated
care |10: I°C bus mode
1: Cancel |11: Reserved
MST TRX BB PIN AL AAS ADO LRB
R R R R R R R R
. 243H 0 0 0 1 0 0 0 0
Serial bus| - 2 o -
Read interface (I"Cbus |[0:Slave |0: Receive [ I°C bus INTSBIO |Arbitration [Slave General End .blt
SBISRO status modg). 1: Master |1: Transfer | status request lost address call mc‘J‘m”tor
register 0 (Prohibit monitor | monitor  |detection |[match detection |0 “0"
RMW) 0: Free 0: Request|monitor detection | monitor 1
1: Busy 1: Cancel |1: Detect |monitor 1: Detect
1: Detect
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TOSHIBA TMP91CW18A
I2C bus/SIO (2/2)
Symbol Name Address 7 6 5 3 2 1 0
SBIM1 SBIMO - -
W W W
. 243H ! ! 0 0
Sgnal bus (SI0 Serial bus interface Al\fvays Always
Write |nteriac|e mode) operating mode write 0 write 0
SBIOCR20 r:;:tzz (Prohibit zzl.esgstnmc)de
RMW) ’
01: SIO mode
10: IzC bus mode
11: Reserved
SIOF SEF
) R R
Serial bus 243H 0 0
Read interface (S1o Transfer | Shift
status mode) )
SBISRO | ogister | (Prohibit monitor | operate
00 RMW) 0: End monitor
1: Transfer| 0: End
1: Shift
. — 12SBI0
Serial bus
interface 244H W RIW
SBIOBROO| baud rate | (Prohibit 0 0
register RMW) Always IDLE2
00 write 0 0: Stop
1: Operate
P4EN -
Serial bus W W
interface 245H 0 0
SBIOBR10| baud rate | (Prohibit ||nternal Always
register | RMW) |glock write 0
10 0: Disable
1: Enable
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(10)I2C bus 1 (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKOo0/
, SWRMON
Serial
bus W R/W W W R/W
. 250H 0 0 0 0 0 0 0/1
interface .
SBIOCR11 control (Prohibit | Number of transferred bit Acknowledge Selection of serial clock frequency
RMW . . . .
register ) | 000:8 100: 4 mode 000: 5 100: 9
11 001: 1 101: 5 0: Disable 001: 6 101: 10
010: 2 110: 6 1: Enable 010:7 110: 11
011: 3 111: 7 011: 8 111: Reserved
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TOSHIBA TMP91CW18A
I2C bus 1 (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
SBI 251H DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
SBIODBR1 | buffer (Prohibit R (Receiving)/W (Transmission)
register 1 RMW) Undefined
SA6 SA5 SA4 SA3 SA2 SA1 SA0 ALS
W W W W W W W W
0 0 0 0 0 0 0 0
I’CBus | 252H Address
I2COAR1 | address | (Prohibit recognition
register 1 RMW) mode
Set of slave address
1:No
0: Slave
address
MST TRX BB PIN SBIM1 SBIMO [ SWRST1 | SWRSTO
W W W W W W W W
Serial bus| 253H 0 0 0 L 0 0 0 0
Write interface | (I°C bus l\/llaster/ Tran§fer/ Stargitop .INtTI2C1t Serial .bus interface Softwa;e res.;tet oan
SBIOCRA control mode) z;\;tion ;e;Tee::\:gr condi |o.n interrup operat.mg mode generate wnI e 10 an
register | (Prohibit ion |generation| request selection 01, then an internal
21 RMW) 0: Slave |0: Receive|0: Stop cancel 00: Port mode reset signal is
1: Master |1: Transfer|1: Start 0: Don’t | 01: Reserved generated
care | 10: I°C bus mode
1: Cancel | 11: Reserved
MST TRX BB PIN AL AAS ADO LRB
R R R R R R R R
Serial 253H 0 0 0 1 0 0 0 0
Read bus (FCbus 0. Slave |0: Receive| PCbus  |INTI2C1 | Arbitration| Slave General | End bit
SBISR1 interface | mode) | 4. Master | 1: Transfer| status request | lost address |call monitor
status | (Prohibit monitor [monitor | detection | match detection | 0: “0”
register 1| RMW) 0: Free  |0: Request| monitor | detection |monitor | 1: «1”
1: Busy |1:Cancel |1:Detect | monitor [1: Detect
1: Detect
) - 12SBI0
Serial bus
interface 254H W RIW
SBIOBRO1 | baud rate | (Prohibit 0 0
register RMW) Always IDLE2
01 write 0 0: Stop
1: Operate
P4EN -
Serial bus w W
interface 255H 0 0
SBIOBR11 |baud rate | (Prohibit [|nternal Always
register | RMW) fclock write 0
11 0: Disable
1: Enable
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(11) I2C bus 2 (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO0/
SWRMON
Serial bus W RIW W W RIW
interface 258H 0 0 0 0 0 0 on
SBIOCR12 |  control (Prohibit Number of transferred bit Acknowledge Selection of serial clock
register RMW) 000: 8 100: 4 mode frequency
12 001: 1 101: 5 0: Disable 000: 5 100: 9

010: 2 110: 6 1: Enable 001: 6 101: 10

011: 3 111:7 010:7 110: 11
011: 8 111: Reserved
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TOSHIBA TMP91CW18A
I2C bus 2 (2/2)
Symbol Name | Address 7 6 5 4 3 2 1 0
SBI 259H DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
SBIODBR2 | buffer | (Prohibit R (Receiving)/W (Transmission)
register 2| RMW) Undefined
SA6 SA5 SA4 SA3 SA2 SA1 SA0 ALS
W w W W W W W W
0 0 0 0 0 0 0 0
PCBus | 25AH Address
I2COAR2 | address | (Prohibit recognition
register 2|  RMW) mode
Set of slave address
1: No
0: Slave
address
MST TRX BB PIN SBIM1 SBIMO | SWRST1 [ SWRST0
W w W W W W W W
Serial 25BH 0 0 0 1 0 0 0 0
bus (IZC bus Master/ Transfer/ [Start/Stop |INTI2C2 Serial bus interface Software reset
Write interface mode) slave receiver [condition [interrupt | operating mode generate write “10”
SBIOCR22 | control (Prohibit selection |selection [generation |request selection and “01”, then an
register RMW) 0: Slave |0: Receive |0: Stop cancel 00: Port mode internal reset signal is
22 1: Master [1: Transfer|1: Start 0: Don’t [ 01: Reserved generated
care |10: I°C bus mode
1: Cancel |11: Reserved
MST TRX BB PIN AL AAS ADO LRB
R R R R R R R R
Serial 25BH 0 0 0 1 0 0 0 0
Read bus (Cbus [0:Slave |0:Receive|’Cbus |INTI2C2 | Arbitration | Slave General | End bit
SBISR2 interface| mode) | 1: Master |1: Transfer| status request lost address |call monitor
status [ (Prohibit monitor  |monitor | detection | match detection | 0: “0”
register 2|  RMW) 0: Free  [0: Request|monitor | detection |monitor | 1:«q”
1:Busy [1: Cancel |1:Detect [monitor 1: Detect
1: Detect
Serial - 12SBI0
. bus 25CH w R/W
sBI0BRO2 | M™% b onibit 0 0
bauc.1 rate RMW) Always IDLE2
register write 0 0: Stop
02 1: Operate
P4EN -
Serial
bus W W
) 25DH 0 0
interface o
SBIOBR12 baud rate (Prohibit | |nternal Always
register RMW) | clock write 0
12 0: Disable
1: Enable
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TOSHIBA TMP91CW18A

(12) AD converter (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
EOCF ADBF — - ITMO REPEAT SCAN ADS
R R/W R/W R/W R/W R/W R/W
AD 0 0 0 0 0 0 0 0
ADMODO mode oBOH |AP AD Always write 0 Interrupt in|Repeat Scan AD
register 0 conversion | conversion repeat mode mode conversion
end flag bust flag mode specific Specific start
1: End 1: Busy -ation -ation 1: Start
1: Repeat | 1: Scan
VREFON 12AD ADTRGE | ADCH3 | ADCH2 | ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 0 0 0 0
VREF IDLE2 AD control| Input channel
control |0: Abort 1:Enable [0000: ANO ANO
1:VREF |1: Operate for 0001: AN1 ANO — AN1
on external | 0010: AN2 ANO — AN1 — AN2

start 0011: AN3 ANO — AN1 — AN2 — AN3
AD 0100: AN4 AN4

ADMOD1 mode 2B1H 0101: AN5 AN4 — AN5

0110: AN6 AN4 — AN5 — AN6
0111: AN7 AN4 — AN5 — AN6
1000: AN8 ANS8

1001: AN9 AN9

1010: AN10 AN10

1011: AN11 AN11

1100: Reserved

1101: Reserved

1110: Reserved

1111: Reserved

register 1
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TOSHIBA TMP91CW18A
AD converter (2/2)
Symbol | Name | Address 7 6 5 4 3 2 1 0
ADRA1 [ ADRAO ADRARF
AD result R_ R
ADREGAL | register A| 2A0H Undefined 0
low Stores lower 2 bits : Conversion
of AD conversion result
result stored
ADRA9 | ADRA8 | ADRA7 | ADRA6 | ADRA5 | ADRA4 | ADRA3 ADRA2
AD result
ADREGAH]| register A| 2A1H R
high Undefined
Stores upper 8 bits of AD conversion result
ADRB1 [ ADRBO ADRBRF
AD result R R
ADREGBL | register B| 2A2H Undefined 0
low Stores lower 2 bits : Conversion
of AD conversion result
result stored
ADRB9 | ADRB8 | ADRB7 | ADRB6 | ADRB5 | ADRB4 | ADRB3 ADRB2
AD result
ADREGBH)| register B| 2A3H R
high Undefined
Stores upper 8 bits of AD conversion result
ADRC1 | ADRCO ADRCRF
AD result R. R
ADREGCL | register C| 2A4H Undefined 0
low Stores lower 2 bits : Conversion
of AD conversion result
result stored
AD result ADRC9 | ADRC8 [ ADRC7 | ADRC6 | ADRC5 | ADRC4 [ ADRC3 ADRC2
ADREGCH]| register C| 2A5H R
high Undefined
Stores upper 8 bits of AD conversion result
ADRD1 | ADRDO ADRDRF
AD result R_ R
ADREGDL | register D| 2A6H Undefined 0
low Stores lower 2 bits : Conversion
of AD conversion result
result stored
AD result ADRD9 | ADRD8 [ ADRD7 | ADRD6 | ADRD5 | ADRD4 | ADRD3 ADRD2
ADREGDH(register D| 2A7H R
high Undefined
Stores upper 8 bits of AD conversion result
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(13) Watchdog timer
Symbol [ Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO 12WDT RESCR -
R/W R/W R/W R/W R/W R/W
1 0 0 0 0 0
WDT 1: WDT | 00: 2"%/fsys IDLE2 1:RESET | Always
WDMOD| mode 300H enable | 01: 27/fgys 0: Abort connect | write 0
register 10: 219/fSYS 1: Operate| internally
11: 2°'ffsys WDT out
to reset
pin
301H W
wock | P | (Pronibit ——
control B1H: WDT disable 4EH: WDT clear
RMW)
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6. Port Section Equivalent Circuit Diagrams

e Reading the circuit diagrams

The gate symbols used are essentially the same as those used for the standard CMOS logic
IC [74HCXX] series.
The dedicated signal is described below.

STOP: This signal becomes active (1) when the HALT mode setting register is set to STOP
mode (e.g., when SYSCR2<HALTM1:0> = 0, 1) and the CPU executes the HALT
instruction. When the drive enable bit SYSCR2<DRVE> is set to 1, however, STOP
will remains at 0.

e The input protection resistances ranges from several tens of ohms to several hundreds of
ohms.

B PO (ADO to AD7), P1 (AD8 to AD15, A8 to A15), P2 (A16 to A23, A0 to A7), P6 and P7

Vce
Output data
P-ch
Output enable N-ch
STOP
Input data L]vo
Input enable
B P32and P33
Vce

Output data
%—% .

Output enable —Do—' Programmable
STOP D_| pull-up resistance

Input data {10

Input enable
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B P4 (AN8to AN11) and P5 (ANO to AN7)
Analog input > 0
channel select
Analog input 5:3—0—D Input

Input data

Input enable

m P80 (SDA0/SO0), P81 (SCLO/SIO), P82 (TXD), P83 (RXD),
P30 (RD), P31 (WR), P34, P35 (TAGIN), P36 (TA7OUT) and P37 (INT4)

Vce
Output data T ,
Open-drain A Zi
output enable @_|
L
STOP ——MmMmMMm
Input data o<} (L‘ M {1 1o
Input enable

B P84 (SDA1), P85 (SCL1), P86 (SDA2) and P87 (SCL2)

o }D_
STOP
Input data o<} (L‘ M {1 1o

Input enable
B NMI
NMI <« 0@ MW ] Input
Schmitt trigger
B AMO to AM1
Input data <« o<} {] Input
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B ALE
Vce
Internal ALE — E([ P-ch
f DOutDut
Output enable N-ch
B RESET
Vce
,J7_| P-ch
Reset oé} " l L oo
Schmitt trigger
WDTOUT
Reset enable
B X1 and X2
Oscillator

%2

1
i |
1
High-frequency | > o = P-ch _|N-ch |
oscillation enable ! F |
| s !

1

} ; —\W [Ix1

B VREFH and VREFL

VREFON—I>O—‘L P-ch

% {1 VREFH
| String

! resistance

(1 VREFL
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7. Points of Note and Restrictions

(1) Notation
1. The notation for built-in I/O registers is as follows. Register symbol <Bit symbol>
Example: TAOIRUN<TAORUN> denotes bit TAORUN of register TAOIRUN.
2.  Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the same
memory location in one instruction.

Example 1: SET 3, (TAOIRUN) ... Set bit3 of TAO1IRUN.
Example 2: INC 1, (100H) ... Increment the data at 100H.
o Examples of read-modify-write instructions on the TLCS-900

Exchange instruction

EX (mem), R

Arithmetic operations
ADD (mem), R/# ADC (mem), R/#

SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations

AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem)  RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

3. fe, frPH, fSYS and one state

The clock frequency input on ins X1 and 2 is called foscH. The clock selected by
DFMCRO<ACT1:0> is called fc.

The clock selected by SYSCR1<SYSCK> is called frpH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fsys is referred to as one state.
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(2) Points of note and restrictions

1.

10.

11.

AMO and AM1 pins

Fix these pins to VC(C unless changing voltage.
EMUO and EMU1

Open pins.
Reserved address areas

The TMP91CW18A does not have any reserved areas.
Warm-up counter

The warm-up counter operates when STOP mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.

Programmable pull-up resistance

The programmable pull-up resistor can be turned ON/OFF by a program when the ports
are set for use as input ports. When the ports are set for use as output ports, they cannot be
turned ON/OFF by a program.

The data registers (e.g., P3) are used to turn the pull-up/pull-down resistors ON/OFF.
Consequently read-modify-write instructions are prohibited.

Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to be used, disable it.

When the bus is released, neither internal memory nor internal I/O can be accessed.
However, the internal I/O continues to operate. Hence the watchdog timer continues to run.
Therefore be careful about the bus releasing time and set the detection timer of watchdog
timer.

AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program so as to
reduce power consumption. When STOP mode is used, disable the resistor using the
program before the HALT instruction is executed.

CPU (Micro DMA)

Only the LDC cr, r and LDC r, cr instructions can be used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).

Undefined SFR

The value of an undefined bit in an SFR is undefined when read.
POP SR instruction

Please execute the POP SR instruction during DI condition.
Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts = (NMI, INTO to
INT4) which can release the HALT mode may not be able to do so if they are input during
the period CPU is shifting to the HALT mode (for about 5 clocks of fFpH) with IDLE1 or
STOP mode (IDLE2 is applicable to this case.) (In this case, an interrupt request is kept on
hold internally.)

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

P-QFP80-1420-0.80B

Unit: mm
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