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Preface

Thank you very much for making use of Toshiba microcomputer LSIs.
Before use this LSI, refer the section, “Points of Note and Restrictions”.

Especially, take care below cautions.




TOSHIBA TMP91CW28

Low-Voltage, Low-Power
CMOS 16-Bit Microcontroller
TMP91CW28FG

1. Outline

The TMP91CW28 is a high-speed, high-performance 16-bit microcontroller suitable for
low-voltage, low-power applications.

The TMP91CW28FG comes in a 100-pin mini flat package. Features of the TMP91CW28FG
include the following:

(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction set is upwardly assembly code compatible with the TLCS-90
e 16-Mbyte linear address space
e Architecture based on general-purpose registers and register banks
e  16-bit multiply/divide instructions and bit transfer/arithmetic instructions
e  4-channel micro DMA (1.6 us/2 bytes at 10 MHz)

(2) Minimum instruction execution time: 400 ns (at 10 MHz)

(3) 8-Kbyte on-chip RAM
128-Kbyte on-chip ROM

RESTRICTIONS ON PRODUCT USE

060116EBP

« The information contained herein is subject to change without notice. 021023_D

« 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. 021023_A

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
badily 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. 021023_8

* The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_a

« 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.
021023_C

« The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_E

e 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. 030619_s
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(4) External memory expansion
e 16-Mbyte off-chip address space for code and data
e External bus interface with dynamic bus sizing for 8-bit and 16-bit data ports
(5) 4-channel 8-bit timer
(6) 2-channel 16-bit timer
(7) 1-channel general-purpose serial interface

e Both UART and synchronous transfer modes are supported

(8) 2-channel serial bus interface
Either I2C bus mode or clock-synchronous mode can be selected

(9) 8-channel 10-bit AD converter (with internal sample/hold)
(10) Watchdog timer

(11) Key wakeup interrupt with 8-bit inputs

(12) WAKE output pin

(13) BCD adder/subtracter

(14) Program patch logic

e 6 banks of registers
(15) 4-channel chip select/wait controller

(16) 48 interrupt sources

e 9 CPU interrupts: Triggered by software interrupt instruction or upon the execution of an
undefined instruction

e 21 internal interrupts: 7 priority levels
e 18 external interrupts: 7 priority levels (16 interrupts supporting selection of triggering
edge)
(17) 80-pin input/output ports

(18) Standby modes
e Three HALT modes: Programmable IDLE2, IDLE1, STOP

(19) Clock control
e Clock gear: Changes the frequency of high-frequency clock within the range from fc to
fc/16

(20) Operating voltage range: 1.8 to 2.6 V (fc max = 10 MHz)
(21) Package: P-LQFP100-1414-0.50F
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TOSHIBA TMP91CW28
(P60) SCKO <~ High-frequencyld— X1
(P61) SO0/SDAQ <> 1’C/SIO oscillator  [H> X2
(P62) SIO/SCLO <> (Channel 0) CPU (TLCS-900/LD) Clock gear [T EMUO
© > EMUL
© XWA wlA
(P63) INTO <d>| O XBC BIC <— RESET
XDE DIE J Avo
(P64) SCOUT <> XHL HIL <~— AM1
(P65) > XIX IX —> ALE
XIy LY ADO (P00
(P66) <> XIz va (POO)
— XSP SP AD1 (PO1)
(P70) TAOIN <> ?Tb'\'/t”gg‘(%r < 32 bits — AD2 (P02)
8-bit timer g AD3 (P03)
(P71) TAIOUT <> (TMRAL) PC & AD4 (P04)
AD5 (PO5)
™ %-Tb,\i}”g/';ﬂze)f AD6 (P06)
5 AD7 (P07)
(P72) TA3OUT <> & 8-bit timer . BCD
(TMRA3) Wa“if\‘/gg%“mer calculator ADS/AS (P10)
(BCDC) ADY/A9 (P11)
(P73) <> AD10/A10 (P12)
(P74) <> b AD11/A11 (P13)
(P75) <> £ AD12/A12 (P14)
Program
(P80) TBOINO/INT5 <> patch logic AD13/A13 (P15)
(P81) TBOINL/INTE <> 16-bit timer 8-Kbyte RAM 6 banks AD14/A14 (P16)
(P82) TBOOUTO <> (TMRBO) AD15/A15 (P17)
(P83) TBOOUTL «<>| AO/A16 (P20)
5 A1/A17 (P21)
o
(P84) TBLINO/INT7 <>| & A2/A18 (P22)
N
(P85) TB1IN1/INTS <> 16-bit timer > A3/A19 (P23)
(P86) TBLOUTO <> (TMRBL) 128-Kbyte ROM g A4IA20 (P24)
(P87) TBIOUT1 <> A5/A21 (P25)
ABIA22 (P26)
(P90) SCK1 <> S AT7IA23 (P27)
2c/sl _
(le)ZS()IllcSDﬁi T (Channel 1) RD (P30)
> —
(P92) SI/SC WR (P31)
2 AWR (P32)
(PO3) TXD <> 5 i WAIT (P33)
o £
(P94) RXD <> SIO/UART S BUSRO (P34)
(P95) SCLK/CTS «—> SUSAR (P35
(P96) <> Standb RIw (P36)
tandby
controller (P_?ﬂ)
(PAQ) INT1 <> (Kwi) TS0 (P40)
(PAL) INT2 <> Interrupt CS/WAIT i Cs1 (P41)
(PA2) INT3 <> controller < “ controller | & 2 (P42)
(PA3) INT4 «>| < <7 CS3 (P43)
(PAY) «<>| & ANO/KWIO (P50)
(PAS) <> AN1/KWIL (P51)
(PAB) <> AN2/KWI2 (P52)
(PA7) <> 10 AN3/ ADTRG /KWI3 (P53)
- 10-bit 8-ch g AN4/KWI4 (P54)
NMI AD AN5/KWIS5 (P55)
converter
WAKE < ANB/KWI6 (P56)
ANT7/KWI7 (P57)
DvCC [3] —>
DVSS [3] > AVCC
AVSS
VREFL
VREFH

Figure 1.1 TMP91CW?28 Block Diagram

(): Initial pin function after reset
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TMP91CW?28

2.

2.1

Signal Descriptions

This section contains pin assignments for the TMP91CW28 as well as brief descriptions of the

Pin Assignment

The following illustrates the TMP91CW28FG pin assignment.

TMP91CW28 input and output signals.

88 | P65
DVCC 89 87 | P64/SCOUT
P66 9 86 | P63/INTO
DVSS 91 85 | P62/SI0/SCLO
P50/ANO/KWIO | 92 84 | P61/SO0/SDAQ
P51/ANI/KWIL | 93 83 | P60/SCKO
P52/AN2/KWI2 |94 82 [P43/ cs3
Psa/aNgl ADTRG kwi3 | 95 81 |P42/ cs2
P54/AN4/KWI4 |96 80 [P41/ cs1
P55/ANS/KWIS |97 79 | P40/ cso
P56/ANG/KWIE |98 78 (P37
PS7/AN7/KWI7 |99 77 | P36/R/ W
VREFH 100] 76 | P35/ BUSAK
Hiniminninininininin
VREFL 10O [} 75 | P34/ BUSRQ
Avss 2 1 74 [ P33/ waiT
Avcc 3 1 73 [P32/ HWR
P70/TAOIN 4 1 72| P31/ wr
P7LTALIOUT 5 ] [ 71|P30/RD
P72/TA30UT 6 | [ 70 |P27/A7IA23
P73 7 H 1 69 [P26/A6/A22
P74 8 | [} 68 [P25/A5/A21
P75 9 H] [} 67 [P24/A4/A20
P8O/TBOINO/INTS | 10 || |1 66 [P23/A3/A19
P81/TBOINL/INT6E |11 || TMP91CW28FG |1 65 [P22/A2/A18
P82/TBOOUTO 12 T . [ 164 pvee
P83/TBOOUTL |13 | op VIEw 163 [ nwi
P84/TBLINO/INT7 |14 | LQFP100 [162|DVSS
P85/TBLINL/INTS |15 || [ 1 61 |P2U/AL/ALT
P86/TB1OUTO 16 | [} 60 [P20/A0/AL6
P87/TB1OUT1 17 [} 59 [P17/AD15/A15
P90/SCK1 18| [ 158 [P16/AD14/A14
P91/SO1/SDAL |19 ] [ 157 [P15/AD13/A13
P92/SI1/SCL1 20 (] | 156 | P14/AD12/A12
PY3/TXD 21 (] [ 155 | P13/AD11/ALL
P94/RXD 221 [ 154 | P12/AD10/A10
PO5/SCLK/ cTs |23 ]| [} 53 [P11/AD9/A9
AMO 24171 [ 52 |P10/AD8/A8
DVCC 25 ] [ 51 [Po7/AD7
? CICICICICICICICICI L] ?

X2 26 50 | PO6/AD6
DVSS 27 49 | PO5/AD5
X1 28 48 | PO4/AD4
AM1 29 47 | PO3/AD3
RESET 30 46 | PO2/AD2
P96 31 45 |PO1/AD1
WAKE 32 44 | POO/ADO
EMUO 33 43 |ALE
EMU1 34 42 |PA7
PAO/INTL 35 41|PA6
PAL/INT2 36 40 | PAS
PA2/INT3 37 39 |PA4

38 | PA3/INT4

Figure 2.1.1 100-Pin LQFP Pin Assignment
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TOSHIBA TMP91CW28

2.2 Pin Usage Information

Table 2.2.1 to 2.2.4 list the input and output pins of the TMP91CW28, including alternate pin
names and functions for multi-function pins.

Table 2.2.1 Pin Names and Functions (1/4)

. Number :
Pin Name . 1/0 Functions
of Pins

P00 to PO7 8 1/0 Port O: Individually programmable as input or output

ADO to AD7 110 Address/data (Lower): Bits 0 to 7 of the address/data bus

P10 to P17 8 1/0 Port 1: Individually programmable as input or output

ADS8 to AD15 1/0 Address/data (Upper): Bits 8 to 15 of the address/data bus

A8 to Al5 Output Address: Bits 8 to 15 of the address bus

P20 to P27 8 1/0 Port 2: Individually programmable as input or output

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

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

P30 1 Output Port 30: Output only

RD Output Read strobe: Asserted during a read operation from an external memory
device
Also asserted during a read from internal memory if P3.P30 =0 and
P3FC.P30F =1

P31 1 Output Port 31: Output only

WR Output Write strobe: Asserted during a write operation on ADO to AD7

P32 1 1/0 Port 32: Programmable as input or output (with internal pull-up resistor)

HWR Output Higher write strobe: Asserted during a write operation on AD8 to AD15

P33 1 1/0 Port 33: Programmable as input or output (with internal pull-up resistor)

WAIT Input Wait: Causes the CPU to suspend external bus activity ((1 + N) wait states)

P34 1 1/0 Port 34: Programmable as input or output (with internal pull-up resistor)

BUSRQ Input Bus request: Asserted to request that the ADO to AD15, A0 to A23, RD,
WR, HWR ,R/W , and CSO0 to CS3 pins be placed in high-impedance state
(for external DMAC)

P35 1 1/0 Port 35: Programmable as input or output (with internal pull-up resistor)

BUSAK Output Bus acknowledge: Indicates that the ADO to AD15, AO to A23, RD, WR,
HWR , R/W, and CS0 to CS3 pins have been placed in high-impedance
state in response to BUSRQ (for external DMAC)

P36 1 1/0 Port 36: Programmable as input or output (with internal pull-up resistor)

R/IW Output Read/write: Indicates the direction of data transfer on the bus: 1 = Read or
dummy cycle, 0 = Write cycle

P37 1 1/0 Port 37: Programmable as input or output (with internal pull-up resistor)

P40 1 1/0 Port 40: Programmable as input or output (with internal pull-up resistor)

CS0 Output Chip select 0: Asserted low to enable external devices at programmed
addresses

Note: An external DMA controller configured with the BUSRQ and BUSAK pins cannot access the
on-chip memory and peripheral functions of the TMP91CW28.
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Table 2.2.2 Pin Names and Functions (2/4)

Pin Name Num_ber I/O Functions
of Pins

P41 1 1/0 Port 41: Programmable as input or output (with internal pull-up resistor)

Cs1 Output Chip select 1: Asserted low to enable external devices at programmed
addresses

P42 1 1/0 Port 42: Programmable as input or output (with internal pull-up resistor)

Cs2 Output Chip select 2: Asserted low to enable external devices at programmed
addresses

P43 1 1/0 Port 43: Programmable as input or output (with internal pull-up resistor)

CS3 Output Chip select 3: Asserted low to enable external devices at programmed
addresses

P50 to P57 8 Input Port 5: Input only

ANO to AN7 Input Analog input: Input to the on-chip AD converter

ADTRG Input AD trigger: Starts an AD conversion (multiplexed with P53)

KWIO to KWI7 Input Key wakeup input (multiplexed with P50 to P57)

P60 1 1/0 Port 60: Programmable as input or output

SCKO 1/0 Clock input/output pin when serial bus interface 0 is in SIO mode

P61 1 /0 Port 61: Programmable as input or output (with internal pull-up resistor)

SO0 Output Data transmit pin when serial bus interface 0 is in SIO mode
Data transmit/receive pin when serial bus interface 0 is in 1°C mode;

SDAO e} programmable as an open-drain output

P62 1 /0 Port 62: Programmable as input or output (with internal pull-up resistor)

SIo Input Data receive pin when serial bus interface 0 is in SIO mode

SCLO 1/0 Clock input/output pin when serial bus interface 0 is in 1°C mode;
programmable as an open-drain output

P63 1 1/0 Port 63: Programmable as input or output

INTO Input Interrupt request 0: Programmable to be high-level, low-level, rising-edge or
falling-edge sensitive

P64 1 1/0 Port 64: Programmable as input or output

SCOUT Output System clock output: Drives out fgpy clock

P65 1 1/0 Port 65: Programmable as input or output

P66 1 1/0 Port 66: Programmable as input or output

P70 1 1/0 Port 70: Programmable as input or output (with internal pull-up resistor)

TAOIN Input 8-bit timer O input: Input to timer O

P71 1 1/0 Port 71: Programmable as input or output (with internal pull-up resistor)

TA10OUT Output 8-bit timer 1 output: Output from either timer 0 or timer 1

P72 1 1/0 Port 72: Programmable as input or output (with internal pull-up resistor)

TA30UT Output 8-bit timer 3 output: Output from either timer 2 or timer 3

91CW28-6 2006-03-24



TOSHIBA

TMP91CW?28

Table 2.2.3 Pin Names and Functions (3/4)

Pin Name Num_ber I/O Functions
of Pins
P73 1 1/0 Port 73: Programmable as input or output (with internal pull-up resistor)
P74 1 1/0 Port 74: Programmable as input or output (with internal pull-up resistor)
P75 1 1/0 Port 75: Programmable as input or output (with internal pull-up resistor)
P80 1 1/0 Port 80: Programmable as input or output (with internal pull-up resistor)
TBOINO Input 16-bit timer O input O: Count/capture trigger input to 16-bit timer O
INT5 Input Interrupt request 5: Programmable to be rising-edge or falling-edge sensitive
P81 1 1/0 Port 81: Programmable as input or output (with internal pull-up resistor)
TBOIN1 Input 16-bit timer O input 1: Count/capture trigger input to 16-bit timer O
INT6 Input Interrupt request 6: Rising-edge sensitive
P82 1 1/0 Port 82: Programmable as input or output (with internal pull-up resistor)
TBOOUTO Output 16-bit timer 0 output 0: Output from 16-bit timer 0
P83 1 1/0 Port 83: Programmable as input or output (with internal pull-up resistor)
TBOOUT1 Output 16-bit timer O output 1: Output from 16-bit timer 0
P84 1 1/0 Port 84: Programmable as input or output (with internal pull-up resistor)
TB1INO Input 16-bit timer 1 input 0: Count/capture trigger input to 16-bit timer 1
INT7 Input Interrupt request 7: Programmable to be rising-edge or falling-edge sensitive
P85 1 1/0 Port 85: Programmable as input or output (with internal pull-up resistor)
TB1IN1 Input 16-bit timer 1 input 1: Count/capture trigger input to 16-bit timer 1
INT8 Input Interrupt request 8: Rising-edge sensitive
P86 1 1/0 Port 86: Programmable as input or output (with internal pull-up resistor)
TB1OUTO Output 16-bit timer 1 output 0: Output from 16-bit timer 1
P87 1 1/0 Port 87: Programmable as input or output (with internal pull-up resistor)
TB1OUT1 Output 16-bit timer 1 output 1: Output from 16-bit timer 1
P90 1 1/0 Port 90: Programmable as input or output
SCK1 1/0 Clock input/output pin when serial bus interface 1 is in SIO mode
P91 1 1/0 Port 91: Programmable as input or output (with internal pull-up resistor)
SO1 Output Data transmit pin when serial bus interface 1 is in SIO mode
SDA1 1/0 Data transmit/receive pin when serial bus interface 1 is in I°C mode;
programmable as an open-drain output
P92 1 1/0 Port 92: Programmable as input or output (with internal pull-up resistor)
SI1 Input Data receive pin when serial bus interface 1 is in SIO mode
SCL1 1/0 Clock input/output pin when serial bus interface 1 is in I°C mode;
programmable as an open-drain output
P93 1 /10 Port 93: Programmable as input or output
TXD Output Serial transmit data: Programmable as an open-drain output
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Table 2.2.4 Pin Names and Functions (4/4)

Pin Name Num_ber I/O Functions
of Pins

P94 1 1/0 Port 94: Programmable as input or output

RXD Input Serial receive data

P95 1 1/0 Port 95: Programmable as input or output

SCLK 1/0 Serial clock input/output

CTS Input Serial clear-to-send

P96 1/0 Port 96: Programmable as input or output

PAO to PA3 1/0 Ports AO to A3: Individually programmable as input or output (with internal
pull-up resistor)

INT1 to INT4 Input Interrupt request 1 to 4: Individually programmable to be rising-edge or
falling-edge sensitive

PA4 to PA7 4 1/0 Ports A4 to A7: Individually programmable as input or output (with internal
pull-up resistor)

WAKE 1 Output STOP mode monitor output
This pin drives low when the CPU is operating; the pin is in high-impedance
state during reset or in STOP mode.

ALE 1 Output Address latch enable (This pin can be disabled in order to reduce noise.)

NMI 1 Input Nonmaskable interrupt request: Causes an NMI interrupt on the falling edge;
programmable to be rising-edge sensitive

AMO to AM1 2 Input Both AMO and AM1 should be held at logic 1.

EMUO 1 Output Test pin. This pin should be left open.

EMU1 1 Output Test pin. This pin should be left open.

RESET 1 Input Reset (with internal pull-up resistor): Initializes the whole TMP91CW28.

VREFH 1 Input Input pin for high reference voltage for the AD converter

VREFL 1 Input Input pin for low reference voltage for the AD converter

AVCC 1 Power supply pin for the AD converter

AVSS 1 Ground pin for the AD converter

X1/X2 2 1/0 Connection pins for a crystal oscillator

DvCC 3 Power supply pins. The DVCC pins should be connected to power supply.

DVSS 3 Ground pins. The DVSS pins should be connected to ground.

Note: All pins that have built-in pull-up resistors (other than the RESET pin) can be disconnected from the

built-in pull-up resistor by software.
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3. Operation

This section describes the functions and basic operation of each block constituting the
TMP91CW28.

See also section 7, “Points of Note and Restrictions” for an explanation of precautions and
restrictions for individual blocks.

3.1 CPU

The TMP91CW28 contains a high-performance 16-bit CPU called the 900/L1. For a detailed
description of the CPU, refer to “TLCS-900/LL1 CPU” in the preceding chapter.

Functions unique to the TMP91CW28, which are not covered in “TLCS-900/L.1 CPU”, are
described below.

3.1.1 Reset Operation

When resetting the TMP91CW28 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 (32 us at 10
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).
The CPU performs the following operations as a result of a reset:

e Set the program counter (PC) according to the reset vectors stored at addresses
FFFFOOH to FFFF02H
PC [7:0] « Value at FFFFOOH
PC [15:8] « Value at FFFFO1H
PC [23:16] < Value at FFFF02H

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

e Set the IFF2 to IFFO bits of the status register (SR) to 111 (Setting the interrupt
level mask register to level 7).

e Set the MAX bit of the status register (SR) to 1 (Selecting maximum mode).

e Clear the RFP2 to RFPO bits of the status register (SR) to 000 (Selecting register
bankO0).

After a reset, the CPU starts executing instructions according to the set PC. CPU
internal registers other than the above are not modified.
The on-chip I/O peripherals, ports and other pins are initialized as follows upon a reset.

e All on-chip I/O peripheral registers are initialized.

e All port pins, including those multiplexed with on-chip peripheral functions, are
configured as either general-purpose inputs or general-purpose outputs.

e The ALE pin is placed in high-impedance state.

Note: A reset operation does not affect the contents of the on-chip RAM or the CPU
registers other than PC, SR and XSP.

Figure 3.1.1 shows TMP91CW28 reset timings.
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TOSHIBA TMP91CW28
3.2 Memory Map
Figure 3.2.1 shows memory assignment for the TMP91CW28.
000000H T
On-chip peripherals Direct area
(4 Kbytes) (n)
000100H [----c-cmmmmmm e e -
001000H s4.Kb
On-chip RAM -Kbyte area
(8 Kbytes) (n)
003000H
010000H [--=--=-=--=----==-----1
External
memory
16-Mbyte area
(R)
FEOOOOH R)
(R+)
(R + R8/16)
(R + d8/16)
On-chip ROM (nnn)
(128 Kbytes)
FEPROOR |70 e ctor table (256 bytes) |
FEFFEEH ector table ( ytes)
(:l: Internal area)
Figure 3.2.1 Memory Map
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3.3 Standby Control and Noise Reduction

The TMP91CW28 incorporates clock gear, standby control and noise reduction circuits to
minimize power consumption as well as noise.

The TMP91CW28 only supports single-clock mode, in which it operates off of the clock
supplied from the X1 and X2 pins.

Figure 3.3.1 shows state transitions in single-clock mode.

Reset
(fosch/32)
l Reset released

NORMAL mode Instruction STOP mode

IDLE2 mode w
(Peripherals active)| Interrupt
E—
Interrupt__1\whole chip halted)
IDLEL mode (Only [ Tnstruction | foscH/gear value/2) p

oscillator active) /

nterrupt

State transitions in single-clock mode

Figure 3.3.1 State Transitions in Single-clock Mode

foscH: Clock frequency supplied via the X1 and X2 pins

fepn:  Clock frequency selected by the GEAR[2:0] bit in the SYSCR1
fsys:  System clock frequency, created by dividing fepy by two

1 state: One period of fgys
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3.3.1  Clock Source Block Diagram
SYSCR2<WUPTML1:0>
l SYSCRO<PRCK1:0>
Warm up (for high-speed oscillator)
frpH
fsys
fc
fcl2
fcl4
fc/8
| fc/16]
X1 D_High—speed
X2 [ oscilator | foscH SYSCR1<GEAR2:0>
Clock gear
fsys CPU
TMRAO1 to TMRA23
6TO Prescaler ROM
I RAM
[
I Interrupt
TMRBO to TMRB1 controller
Prescaler WDT
I 1/0 ports
SIO
CS/WAIT
Prescaler controller
[
SBIO to SBI1
L
—
SYSCR2.SCOSEL
¢ | P64
FPH
Figure 3.3.2 Clock and Standby Block Diagram
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3.3.2 SFR Descriptions

7 6 5 4 3 2 1 0
SYSCRO] Bit symbol - - - - - - PRCK1 PRCKO
(00EOH) | Read/write W R/W
Reset value 1 0 1 0 0 0 o | o
Function Must be Must be Must be Must be Must be Must be Prescaler clock select
written as  written as |written as |writtenas |written as [written as | 00: fgpy
R 0" R 0" 0" o 01: Reserved
10: fc/16
11: Reserved
syscRri| Bit symbol - GEAR2 | GEARL | GEARO
(00E1H) I' Read/write w R/IW
Reset value 0 1 0 | 0
Function Must be High-speed clock gear select
written as | 000: High-speed clock
0. 001: High-speed clock /2

010: High-speed clock /4
011: High-speed clock /8
100: High-speed clock /16
101: Reserved

110: Reserved

111: Reserved

SYSCR2 | Bit symbol SCOSEL | WUPTM1 | WUPTMO | HALTM1 HALTMO DRVE
(00E2H) | Read/write RIW RIW RIW RIW RIW RIW
Reset value 0 1 0 1 1 0
Function SCOUT Oscillator warm-up time [ HALT mode select 1: Pins are
output 00: Reserved 00: Reserved driven in
0: Low 01: 2%input frequency | 01: STOP mode STOP
level 10: 2*/input frequency | 10: IDLE1 mode mode.
1 frPH 11: 2%/input frequency | 11: IDLE2 mode

Note 1: Bits7 to 2 of the SYSCRO, bits7 to 4 of the SYSCR1 and bits7 and 1 of the SYSCR2 are read as undefined.
Note 2: When the on-chip SBI is used, the prescaler select register, SYSCRO0.PRCK][1:0], must be set to 00 (fepp)-

Figure 3.3.3 Clock-related SFRs
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol PROTECT - - - ALEEN EXTIN - -
(00E3H) | Read/Write R RIW RIW RIW RIW RIW RIW RIW
Reset value 0 0 1 0 0 0 1 1
Function Protection | Must be Must be Mustbe |1: ALE 1: External | Must be Must be
flag setto “0”. | setto“l". | setto “0". output clock setto “1". [setto“l".
0: Disabled enabled used as
1: Enabled fc

EMCCR1 | Bit symbol

(0O0E4H) Read/Write

Reset value

Function

On writes:

1FH: Protection disabled
Other than 1FH: Protection enabled

Figure 3.3.4 Noise-related SFRs
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3.3.3

System Clock Control Section

The system clock control section generates system clock pulses (fsys) that are supplied to
the CPU core and on-chip peripherals. It accepts the fc clock pulses, output from the
high-speed oscillator, and uses the SYSCR1.GEAR[2:0] bits to gear down the high-speed
clock frequency to fc, fc/2, fe/4, fc/8, or fe/16, thus enabling reduction in power consumption.

A system reset initializes the SYSCR1.GEAR([2:0] bits to 100, putting the TMP91CW28
in single-clock mode. The system clock frequency (fsys) is geared down to fc/32 (= fc/16 x
1/2). For example, if a 10 MHz crystal is connected between the X1 and X2 pins, the fsys
clock operates at 0.3125 MHz.

(1) Changing the clock gear
The clock gear select register SYSCR1.GEAR[2:0] can be used to set fFPH to fc, fc/2,
fc/4, fc/8 or fc/16. Gearing down fFPH results in smaller power consumption.

The following shows an example of changing the clock gear:

Example:

Gearing down the high-speed clock frequency
SYSCR1 EQU O0OE1H

LD (SYSCR1), XXXX0000B ; Changes system clock fgys to fc/2.

X: Don't care

There is one thing to remember when changing the clock gear value.

The clock gear can be changed by the programming of the GEAR[2:0] bits of the
SYSCRI1, as shown in the above example. It takes a few clock cycles for a gear change
to take effect. Therefore, one or more instructions following the instruction that
changed the clock gear value may be executed using the old clock gear value. If
subsequent instructions need be executed with a new clock gear value, a dummy
instruction (one that executes a write cycle, as shown below) should be inserted after
the instruction that modifies the clock gear value.

Example:

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

Instructions that need be
executed with a new clock
gear value
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(2) Internal clock output

The frPH internal clock can be driven out from the P64/SCOUT pin.

The P64/SCOUT pin is configured as SCOUT (System clock output) by programming
the port 6 registers as follows: P6CR.P64C =1 and P6FC.P64F = 1. The output clock is
selected through the SYSCR2.SCOSEL bit.

Table 3.3.1 shows the pin states in each clocking mode when the P64/SCOUT pin is
configured as SCOUT.

Table 3.3.1 SCOUT Output States

Mode HALT Modes
NORMAL
SCOUT Select IDLE2 IDLE1 STOP
SCOSEL=0 A low level is driven out.
SCOSEL=1 The fgpn clock is driven out. | Held at either 1 or 0.

91CW28-17
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3.34 Prescaler Clock Control Section

The on-chip peripherals (TMRAO1 to TMRA23, TMRBO, TMRB1, SIO, SBI0O and SBI1)
have a clock prescaler.

The prescaler clock source (¢T, $T0) can be selected from either fFpPH or fc/16 through the
PRCKI1:0] bits of the SYSCRO. The selected clock frequency (fFpH or fc/16) is divided by
two or four before being supplied to the prescaler.

When the on-chip SBI is used, PRCK[1:0] must be cleared to 00.

3.35 Noise Cancellers

The TMP91CW28 incorporates circuits providing the following features in order to
reduce electromagnetic interference (EMI) and improve electromagnetic susceptibility
(EMS):

(1) Canceling double-drive operation of the high-speed oscillator
(2) Disabling output from the ALE pin

(3) Preventing software or system lockups

These features can be selected using the EMCCRO and EMCCR1 registers.

(1) Canceling double-drive operation of the high-speed oscillator
Purpose:

To prevent malfunction due to noise coming through the X2 pin that is open
when an external oscillator is used, with double-drive operation not required.

Block diagram:

| i[})—l>o——>fOSCH

X1 pin

Oscillation enable (STOP + EMCCRO.EXTIN)

X2 pin

Description:

Setting the EXTIN bit of the EMCCRO to 1 causes the high-speed oscillator to
stop oscillation and operate as a buffer, with the X2 pin driven high.

A system reset initializes the EXTIN bit to 0.

Note: Do not write EMCCRO<EXTIN> = “1” when using external resonator.
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(2) Disabling output from the ALE pin
Purpose:

To prevent unwanted clock noise from being driven out when no external area is
accessed.

Block diagram:

EMCCRO.ALEEN

D—di Internal ALE

ALE pin

Description:
Clearing the ALEEN bit of the EMCCRO to O disables the output buffer of the
ALE pin, placing the pin into high-impedance state.
A system reset initializes the ALEEN bit to 0.

When accessing an external area, set ALEEN to 1 before attempting to access
the area.
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(3) Preventing software or system lockups using a protection register
Purpose:
To prevent software or system lockups that may occur due to incoming noise.

Applying protection causes specified SFRs to be write-protected, thus
preventing the system recovery routine from becoming unfetchable, for example,
if the system clock stops or a memory control register (CS/WAIT controller) is
modified.

Applicable SFRs

1. CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS,
MAMRO, MAMR1, MAMR2, MAMR3

2. Clock gear (Only EMCCRI can be written.)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

Block diagram:

Protection flag
EMCCRO.PROTECT

Write other thfcm IFHW0 EMCCRI—5  Q Write signal to specified SFRs
Write 1FH to EMCCR1 — | R
SFR write signal Write signal to other SFRs

Description:
Writing any code other than 1FH to the EMCCRI1 register enables protection,
thus preventing specified SFRs from being written.

Writing 1FH to the EMCCR1 register cancels protection. The state of protection
can be determined by reading the PROTECT bit of the EMCCRO.

A system reset cancels protection.
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3.3.6  Standby Control Section

(1) HALT mode

Executing the HALT instruction causes the TMP91CW28 to enter one of the HALT
modes — IDLE2, IDLE1 or STOP - as specified by the SYSCR2.HALTM]/1:0] bits.

The characteristics of the IDLE2, IDLE1 and STOP modes are as follows.

a. IDLEZ2: The CPU stops.

On-chip peripherals can be selectively enabled and disabled
through use of a register bit in an SFR, as shown in Table 3.3.2.

Table 3.3.2 IDLE2 Mode Register Settings

Peripheral SFR
TMRAO1 TAOLIRUN.I2TAO1L
TMRA23 TA23RUN.I2TA23
TMRBO TBORUN.I2TBO
TMRB1 TB1RUN.I2TB1
SIO SCOMOD1.12S0
SBIO SBIOBRO.12SBIO
SBI1 SBI1BRO.I12SBI1
ADC ADMODL1.12AD
WDT WDMOD.I2WDT

b. IDLE1: Only the on-chip oscillator is operational.
¢. STOP: The whole TMP91CW28 stops.

Table 3.3.3 shows the operation of each circuit block in HALT modes.

Table 3.3.3 TMP91CW28 Circuit Blocks in HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2.HALTM[1:0] 11 10 01

CPU OFF

I/0 ports Holding the states when the HALT instruction was See Table 3.3.6
X executed to Table 3.3.9
2 | TMRA, TMRB
é SIO, SBI Selectable programmatically on
S | ADC a block-by-block basis OFF

WDT

Interrupt controller ON
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(2) Wakeup signaling

There are two ways to exit a HALT mode: An interrupt request or reset signal.
Availability of wakeup signaling depends on the settings of the interrupt mask level
bits, IFF[2:0], of the CPU status register (SR) and the current HALT mode (See Table
3.3.4).

e  Wakeup via interrupt signaling

The operation upon return from a HALT mode varies, depending on the
interrupt priority level programmed before executing the HALT instruction. If the
interrupt priority level is greater than or equal to the processor’s interrupt mask
level, execution resumes with the interrupt service routine. Upon completion of
the interrupt service routine, program execution resumes with the instruction
immediately following the HALT instruction. If the interrupt priority level is less
than the processor’s interrupt mask level, the HALT mode is not terminated.
(Nonmaskable interrupts are always serviced upon return from a HALT mode,
regardless of the current interrupt mask level.)

Only interrupts INTO to INT4 can, however, terminate a HALT mode even if the
interrupt priority level is less than the processor’s interrupt mask level. In that
case, program execution resumes with the instruction immediately following the
HALT instruction, without executing the interrupt service routine. The interrupt
request flag remains set.

e  Wakeup via reset signaling

Reset signaling always brings the TMP91CW28 out of any HALT mode. A
wakeup from STOP mode must allow sufficient time for the oscillator to restart
and stabilize (See Table 3.3.5).

A reset does not affect the contents of the on-chip RAM, but initializes
everything else, whereas an interrupt preserves all internal states that were in
effect before the HALT mode was entered.
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Table 3.3.4 Wakeup Signaling Sources and Wakeup Operations

. Unmasked Interrupt Masked Interrupt
Interrupt Masking
(Request_level > mask_level) (Request_level < mask_level)
HALT Mode pProgrammable IDLE2 | IDLE1 | STOP | programmable ipLE2 | IDLEL | STOP
NMI . . ot - - -
INTWDT . X X - - -
0 *1 *1
@ INTO to 4 (Note 1) . . . ¢} ¢} o
3|, | NT5toINTS + (Note 2) x x x x x
o 2
2| S| INTTAO to INTTA3 . x x x x x
§ g INTTBOO to 01, 10, 11, OF0, OF1 * X X X X X
2| =
2 INTRX, INTTX * X X X X X
2 INTSBIO to 1 . x x x x x
<
= INTAD . x x x x x
INTBCD . x X X X X
RESET Initializes the whole TMP91CW28

¢ Execution resumes with the interrupt service routine. (RESET initializes the whole TMP91CW?28.)

0: Execution resumes with the instruction immediately following the HALT instruction. The interrupt is left

pending.

x: Cannot be used to exit a HALT mode.

—: These combinations are not possible because nonmaskable interrupts are assigned a highest priority

level (7).

*1: The TMP91CW28 exits the HALT mode after the warm-up period timer expires.

Note 1:If the interrupt request level is greater than the mask level, an INTO interrupt signal which is
programmed as level-sensitive must be held high until interrupt processing begins. Otherwise, the
interrupt will not be serviced successfully.

Note 2: When external INT5 to INT8 interrupts are used in programmable IDLE2 mode, 16-bit timer run
register bits TBORUN.I2TBO and TB1RUN.I2TB1 must be set to 1.

Example of exiting a HALT mode:

When using an edge-sensitive INTO interrupt to exit IDLE1 mode

Address

8200H
8203H
8206H
8209H
820BH
820EH

INTO _/'I_\_

820FH

LD
LD
LD

El

LD
HIALT

(PAFC), 01H
(IIMC), 00H
(INTEOAD), 06H
5

(SYSCR2), 28H

Set PAO to INTO.

Set INTO interrupt to rising-edge sensitive.

Set INTO interrupt priority level to 6.
Set CPU interrupt priority level to 5.
Select IDLE1 mode.

Stop CPU.

INTO interrupt service routine
1

]

]
e R
]

LD

XX, XX

91CW28-23
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(3) Operation in HALT modes

a. IDLEZ2 mode
In IDLE2 mode, the CPU stops executing instructions and only the on-chip
peripherals enabled with the IDLE2 setting bits in respective SFRs are
operational.
Figure 3.3.5 shows example timings for exiting IDLE2 mode with an interrupt.
a I\I\J‘\I\I\I\;I\_lif\_/‘\;_/_\_/_\_/{‘\_/“\_/“\f\
AOto A23 | i ” i
—x . 4 5
ALE | ' \ « : ‘
1 » 1
ADO to AD15 - —(Address)— o -( Data >— - -(Address)— ---6--- r=l-—r (Address) —=- < Data > -F-
| — ! —
w \ i I e
e .
Wakeup interrupt E « / ' ‘
] » |
'«— IDLE2
mode

Figure 3.3.5 Example Timings for Exiting a HALT Mode with an Interrupt (in IDLE2 mode)

b. IDLE1 mode
In IDLE1 mode, the system clock stops while only the on-chip oscillator is active.
Interrupt requests are sampled asynchronously with the system clock in a halt
state but the HALT mode is exited in synchronization with the system clock.
Figure 3.3.6 shows example timings for exiting IDLE1 mode with an interrupt.
x JMWMMMUWMMWW
—_— ! « !
AOtoA23 X : o :
— T W T
ALE __| ‘ : « :
| " |
ADOto AD15 =T -(Address) - -< Data )- =-=-=--r -E -F=-- -‘,S— -- —i— T—=" -(Address)— - ( Data )— -
! « ! |
RD \ / ! T \ []
WR , ; ,
Wakeup interrupt E 4 ’T_ \
— IDLE1 —
mode

Figure 3.3.6 Example Timings for Exiting a HALT Mode with an Interrupt (in IDLE1 mode)
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c. STOP mode

In STOP mode, the whole TMP91CW28 stops, including the on-chip oscillator.
Pin states in STOP mode depend on the setting of the SYSCR2.DRVE bit, as
shown in Table 3.3.6 to Table 3.3.9.

Upon detection of wakeup signaling, the warm-up period timer should be
activated to allow sufficient time for the oscillator to restart and stabilize before
exiting STOP mode. After that, the system clock output can restart. The warm-up
period is chosen through the SYSCR2.WUPTM]I1:0] bits, as shown in Table 3.3.5.

Figure 3.3.7 shows example timings for exiting STOP mode with an interrupt.

S W AWl ol oW e WaW oW aWaWaWal s
r0tonz3 W Y- 4=t - - §
ae_| | i « i« g
ADO 10 AD1S - | (EEaEED) - (Bt~ 1 - = |- - 45 = i< = == $-|- - - | ) - (B~ -
5 Ay NS | |
WR N S 4
Wakeup interrupt ; « fi_s (’_\
 ode |

Figure 3.3.7 Example Timings for Exiting a HALT Mode with an Interrupt (in STOP mode)

Table 3.3.5 Example Warm-up Period Settings (when exiting STOP mode)
at foscH =10 MHz

SYSCR2.WUPTM[1:0]

01 (2%

10 (2

11 (29

25.6 pus

1.6384 ms

6.5536 ms
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Table 3.3.6 Input Buffer State Table (1/2)

Input Buffer State
When the CPU is In HALT Mode In HALT Mode (STOP)
Port Name Input Function _ Operating (IDLE2/IDLE1) <DRVE> =1 <DRVE> =0
Name During When When When When
Reset When When When When
Used as Used as Used as Used as
. Used as . Used as . Used as . Used as
Function Inout Port Function Inout Port Function Inout Port Function Inout Port
Pin P Pin P Pin P Pin P
P00 to PO7 | ADO to AD7
ADS8 to AD15
P10to P17 A8 to A15 ON OFF OFF OFF
0
OFF ON (*3)
A0 to A7 OFF OFF
P20 to P27
Al16 to A23
P32 (*1) - - - - -
P33 (*1) WAIT OFF OFF OFF
ON OFF
P34 (*1) BUSRQ ON ON
P35 (*1) -
* _ ON
P36 (*1) ON
P37 (*1) - - - - -
P40 to P43 ~
(*1)
ANO
P50 (*2)
KWIO OFF
AN1 ON
P51 (*2)
KWI1 OFF
AN2 ON
P52 (*2)
KWI2 OFF
AN3 ON
P53 (*2) ADTRG OFF
KWI3 OFF ON (*3) ON ON
AN4 ON
P54 (*2)
KWI4 OFF
ON ON ON ON ON
AN5 ON
P55 (*2)
KWI5 OFF
ANG6 ON
P56 (*2)
KWI6 OFF
AN7 ON
P57 (*2)
KWI7 OFF
P60 SCKO
P61 (*1) SDAO
OFF OFF
SI0
P62 (*1)
SCLO
P63 INTO ON ON
P64 _ ON ON
P65 - - - - -
P66 — OFF
P70 (*1) TAOIN ON ON ON OFF
P71 to P75 B _ _ 3 3
(*1)

ON: The buffer is always turned on. A current flows the input buffer if the input pin is not driven.
OFF: The buffer is always turned off.

- Not applicable.

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

*2:  AIN input does not cause a current to flow through the buffer.

*3:  The buffer is turned on if read port.
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Table 3.3.7 Input Buffer State Table (2/2)

Input Buffer State
When the CPU is In HALT Mode In HALT Mode (STOP)
bort Name Input Function . Operating (IDLE2/IDLEY) <DRVE> =1 <DRVE> =0
Name During " \when When When When
Reset When When When When
Used as Used as Used as Used as
Function Used as Function Used as Function Used as Function Used as
Pin Input Port Pin Input Port Pin Input Port Pin Input Port
TBOINO
P8O (*1) INT5
ON ON ON OFF
TBOIN1
P81 (*1)
INT6
P82 (*1) -
P83 (*1) -
TB1INO
P84 (*1)
INT7
ON ON ON OFF
TB1IN1
P85 (*1)
INT8
P86 (*1) - ON ON ON ON
P87 (*1) -
P90 SCK1
P91 (*1) SDA1
ON ON ON OFF
Si1 OFF
P92 (*1)
SCL1
P93 - - - - -
P94 RXD1
SCLK1 ON ON ON OFF
P95 —
CTS1
P96 - - - - -
PAO (*1) INT1
PAL (*1) INT2
ON ON ON ON
PA2 (*1) INT3
PA3 (*1) INT4
OFF ON (*3) OFF OFF
PA4 (*1) -
PA5 (*1) -
PAG6 (*1) -
PA7 (*1) -
NMI (*1) -
RESET (*1) - ON ON ON ON
ON ON ON ON ON
AMO, AM1 -
X1 - OFF OFF OFF OFF
ON: The buffer is always turned on. A current flows the input buffer if the input pin is not driven.
OFF: The buffer is always turned off.
- Not applicable.
*1:  Port having a pull-up/pull-down resistor.
*2:  AIN input does not cause a current to flow through the buffer.
*3:  The buffer is turned on if read port.
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Table 3.3.8 Output Buffer State Table (1/2)

Output Buffer State
When the CPU is In HALT Mode In HALT Mode (STOP)
Output Operating (IDLE2/IDLE1) <DRVE> =1 <DRVE> =0
Port Name anfﬂgn During [ \when When When When When When When When
Reset | ysed as | Used as | Used as | Used as | Used as | Used as | Used as | Used as
Function | Output | Function | Output | Function | Output | Function | Output
Pin Port Pin Port Pin Port Pin Port
P00 to PO7 | ADO to AD7
ADS8 to AD15
P10 to P17
A8 to A15
A0 to A7
P20 to P27 ° ON ON ON OFF
Al6 to A21
P30 RD
P31 WR
P32 (*1) HWR
P33 (*1) -
P34 (*1) -
P35 (*1) BUSAK
— ON ON ON OFF
P36 (*1) R/w
P37 (*1) - - - - -
Cso
P40 to P43 cs1
(*1) cs2
Cs3
ON ON ON OFF
P60 SCKO
SDAO
P61
SO0 OFF ON ON ON OFF
P62 SCLO
P63 - - - - -
P64 SCOUT ON ON ON OFF
P65 -
P66 - - - - -
P70 (*1) -
P71(*1) TALOUT
ON ON ON OFF
P72 (*1) TA30UT
P73 (*1) -
P74(*1) -
P75(*1) - - - - -
P80 (*1) -
P81 (*1) -
P82 (*1) TBOOUTO
ON ON ON OFF
P83 (*1) TBOOUT1
P84 (*1) -
P85 (*1) -
P86 (*1) | TB1OUTO
ON ON ON OFF
P87 (*1) | TB1OUT1
ON: The buffer is always turned on.
OFF: The buffer is always turned off.
- Not applicable.
*1:  Port having a pull-up/pull-down resistor.
*2:  AIN input does not cause a current to flow through the buffer.
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Table 3.3.9 Output Buffer State Table (2/2)

Output Buffer State
When the CPU is In HALT Mode In HALT Mode (STOP)
Output Operating (IDLE2/IDLE1) <DRVE> =1 <DRVE>=0
Port Name Fw;?,ntlgn During " \when When When When When When When When
Reset Usedas | Usedas | Usedas | Usedas | Usedas | Used as | Used as | Used as
Function | Output | Function [ Output [ Function | Output | Function | Output
Pin Port Pin Port Pin Port Pin Port
P90 SCK1
P91 (*1) SDAL
SO1 ON ON ON OFF
P92 (*1) SCLK1
P93 TXD1 OFE
P94 - - - - ON -
P95 SCLK1 OFF ON ON ON ON ON OFF
P96 -
PAO to PA7 - - - - -
(*1)
WAKE - ON ON
ALE - ON ON OFF
X2 - OFF OFF OFF

ON: The buffer is always turned on.

OFF: The buffer is always turned off.

- Not applicable.

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

*2:  AIN input does not cause a current to flow through the buffer.
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3.4

Interrupts

Interrupt processing is coordinated between the CPU interrupt mask register SR.IFF[2:0]
and the on-chip interrupt controller.
The TMP91CW28 supports the following 48 interrupt sources:

e 9 CPU internal interrupts
(Software interrupts and interrupts triggered when an undefined instruction is
executed.)

e 18 external interrupt pins (NMI, INTO to INT8, KWIO to KWI7)

e 21 on-chip peripheral interrupts

Each interrupt source has a unique interrupt vector number (Fixed). Each maskable
interrupt is assigned one of six priority levels (Variable) while nonmaskable interrupts have the
highest priority level of 7 (Fixed).

When an interrupt occurs, the interrupt controller sends the priority level of that interrupt
source to the CPU. If two or more interrupts occur simultaneously, it sends the highest of their
priority levels (7 if a nonmaskable interrupt occurs) to the CPU.

The CPU compares the sent priority level with the contents of the CPU interrupt mask
register IFF[2:0]. If the sent priority level is greater than or equal to the interrupt mask level,
the CPU accepts the interrupt. The contents of the IFF[2:0] bits can be modified using the EI
instruction in the format of EI num, where num is the value to be set in IFF[2:0]. For example,
EI 3 causes the CPU to accept maskable interrupts having a priority level of 3 or greater, as
specified with the interrupt controller, as well as all nonmaskable interrupts. The DI
instruction, which sets IFF[2:0] to 7, has the same effect as EI 7. It is used to prevent the CPU
from accepting maskable interrupts because maskable interrupts can have priority levels of
only up to 6. The EI instruction takes effect immediately after it is executed.

In addition to general interrupt servicing, as described above, the TMP91CW28 supports
micro DMA mode, where the CPU automatically transfers data (1 byte, 2 bytes or 4 bytes). This
mode enables faster data transfer to on-chip/external memory and on-chip peripherals.

A micro DMA request can be issued either using an interrupt source or programmatically
with the soft start feature.

Figure 3.4.1 shows the overall flow of interrupt servicing.
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( Interrupt servicing )
Interrupt Yes
specified with micro DMA Micro DMA soft
request vector? start request
No Clear interrupt request
flip-flop
[
v
Micro DMA soft start request
Read interrupt vector V
clear interrupt request flag
Transfer data using

General PUSH PC micro DMA
interrupt PUSH SR
servicing SR.IFF[Z:O]eAf:cepted

interrupt .

level +1 COUNT«COUNT -1 Micro DMA

INTNEST«INTNEST + 1 mode
PC«(FFFFOOH +V) COUNT =0 Yes INTTC interrupt occurred
clear micro DMA request
No — vector register

7

Interrupt service routine

RETI instruction

POP SR
POP PC
INTNEST«INTNEST - 1

= )

Figure 3.4.1 Overall Interrupt Servicing Flow
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34.1

General Interrupt Servicing

The CPU performs the following operations once it accepts an interrupt. However, when
the CPU itself generates an interrupt, as triggered by a software interrupt instruction or
upon the execution of an undefined instruction, it only performs steps 2, 4 and 5. The
operations are the same as those performed by the TLCS-900/L and TLCS-900/H.

(1) Reads an interrupt vector from the interrupt controller.
If two or more interrupts having the same priority level occur simultaneously, the
interrupt controller generates an interrupt vector according to default priorities
(Fixed; higher priorities assigned to smaller vector values) and clears the interrupt
request.

(2) Pushes the contents of the program counter (PC) and status register (SR) to the stack
area, indicated by the XSP.

(3) Sets the interrupt mask register bits IFF[2:0] to one higher than the accepted
interrupt level. If the level is 7, however, it sets the bits to 7 without incrementing the
value.

(4) Increments the interrupt nesting counter INTNEST by one.

(5) Makes a branch to the address specified with the data stored at address (FFFFOOH +
interrupt vector) and then starts the interrupt service routine.

The above procedure requires 18 states (3.6 ps at 10 MHz) in the best case (with 16-bit
data bus and 0-wait cycles).

Upon the completion of interrupt servicing, the RETI instruction is usually used to
return to the main routine. The RETI instruction restores the contents of the PC and SR
from the stack and decrements the INTNEST by one.

Nonmaskable interrupts cannot be disabled programmatically. Maskable interrupts can
be disabled or enabled programmatically and a priority level can be specified for each
interrupt source. The CPU accepts an interrupt if its priority level is greater than or equal
to the value stored in the CPU’s IFF[2:0] bits. The CPU then sets the IFF[2:0] bits to the
accepted priority level plus one. This enables the CPU to accept any higher-priority
interrupt that occurs while servicing the current interrupt, so that interrupts are nested.

If another interrupt request is issued while the CPU is performing the above steps, the
request is sampled immediately after the first instruction of the current interrupt service
routine is executed. The DI instruction can be used as the first instruction to prohibit
nesting of maskable interrupts.

Upon a system reset, the IFF[2:0] bits are initialized to 7 so that maskable interrupts are
disabled.

Addresses FFFFOOH through FFFFFFH (256 bytes) are assigned to the interrupt vector
area. Table 3.4.1 shows the interrupt vector table.
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Table 3.4.1 TMP91CW?28 Interrupt Vector Table
Vector Micro DMA
Default Vector
. Type Interrupt Source Reference Request
Priority Value
Address Vector
1 Reset or SWI 0 instruction 0000H FFFFOOH -
2 SWI1 instruction 0004H FFFFO4H -
3 INTUNDEF: Execution of an undefined instruction; or SWI2 instruction 0008H FFFFO8H -
4 SWI3 instruction 000CH FFFFOCH -
5 SWI4 instruction 0010H FFFF10H -
Nonmaskable - -

6 SWIS5 instruction 0014H FFFF14H -
7 SWI6 instruction 0018H FFFF18H -
8 SWI7 instruction 001CH FFFF1CH -
9 NMI pin 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H -
- (Micro DMA) - - -
11 INTO pin 0028H FFFF28H 0AH
12 INT1 pin 002CH FFFF2CH 0BH
13 INT2 pin 0030H FFFF30H 0CH
14 INT3 pin 0034H FFFF34H ODH
15 INT4 pin, KWIO to KWI7 pins 0038H FFFF38H OEH
16 INT5 pin 003CH FFFF3CH OFH
17 INT6 pin 0040H FFFF40H 10H
18 INT7 pin 0044H FFFF44H 11H
19 INT8 pin 0048H FFFF48H 12H
20 INTTAO: 8-bit timer 0 004CH FFFFACH 13H
21 INTTAL: 8-bit timer 1 0050H FFFF50H 14H
22 INTTAZ2: 8-bit timer 2 0054H FFFF54H 15H
23 INTTA3: 8-bit timer 3 0058H FFFF58H 16H
24 INTTBOO: 16-bit timer 0 (TBORGO) 006CH FFFF6CH 1BH
25 Maskable | INTTBO1: 16-bit timer O (TBORG1) 0070H FFFF70H 1CH
26 INTTB10: 16-bit timer 1 (TB1RGO) 0074H FFFF74H 1DH
27 INTTB11: 16-bit timer 1 (TB1RG1) 0078H FFFF78H 1EH
28 INTTBOFO: 16-bit timer 0 (Overflow) 007CH FFFF7CH 1FH
29 INTTBOFL1: 16-bit timer 1 (Overflow) 0080H FFFF80H 20H
30 INTRX: UART receive 008CH FFFF8CH 23H
31 INTTX: UART transmit 0090H FFFFO0H 24H
32 INTSBIO: Serial bus interface interrupt 0094H FFFF94H 25H
33 INTSBI1: Serial bus interface interrupt 0098H FFFF98H 26H
34 INTAD: AD conversion complete 009CH FFFFOCH 27H
35 INTTCO: Micro DMA complete (Channel 0) 00AOH FFFFAOH -
36 INTTC1: Micro DMA complete (Channel 1) 00A4H FFFFA4H -
37 INTTC2: Micro DMA complete (Channel 2) 00A8H FFFFA8H -
38 INTTC3: Micro DMA complete (Channel 3) 00ACH FFFFACH -
39 INTBCD: BCD computation complete 00BOH FFFFBOH 2CH

(Reserved) 00B4H FFFFB4H -

(Reserved) O0OFCH FFFFFCH -

Note: Micro DMA default priority.

If an interrupt request is generated by a source specified by micro DMA, the interrupt has the
highest priority of the maskable interrupts (Irrespective of the default priority allocated to all
channels).
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3.4.2

Micro DMA

In addition to general interrupt servicing, the TMP91CW28 supports a micro DMA
feature. Interrupt requests specified with the micro DMA are assigned highest priority
levels among maskable interrupts regardless of the priority levels actually set.

The micro DMA consists of four channels so that continuous transfer can be performed
using burst specification, described later.

Because the micro DMA feature is provided in combination with the CPU, micro DMA
requests are ignored and remain pending if the CPU executes the HALT instruction and
enters a standby state (STOP, IDLE1 or IDLE2). A DMA transfer is started upon the
release from the standby state.

(1) Micro DMA operation

If an interrupt specified with the micro DMA request vector register is requested, the
micro DMA transfers data to the CPU assuming the highest priority level for a
maskable interrupt regardless of the priority level assigned to the interrupt source.
Micro DMA requests are not, however, accepted when IFF[2:0] = 7.

The micro DMA has four channels so that it can be specified for up to four interrupt
sources simultaneously.

When the CPU accepts a micro DMA request, it clears the interrupt request flag
assigned to that channel, performs a single data transfer (1 byte, 2 bytes or 4 bytes)
from the source address to destination address, as specified with the control register,
and then decrements the transfer counter. If the decremented counter reaches zero, the
interrupt controller receives a request from the CPU and generates a micro DMA
transfer complete interrupt (INTTCn). Then the CPU clears the micro DMA request
vector register (DMAnV) to 0, thus disabling subsequent start of the micro DMA and
terminating micro DMA servicing. If the decremented counter does not reach zero, the
CPU terminates micro DMA servicing unless burst is specified. In that case, the
interrupt controller does not generate a micro DMA transfer complete interrupt
(INTTCn).

When using an interrupt source only to start the micro DMA, set the priority level
for that interrupt to 0. If another interrupt request with a priority level of 1 to 6 is
issued before the current interrupt is set for the micro DMA request vector, the CPU
performs general interrupt servicing for the new interrupt.

When using an interrupt source for both the micro DMA and general interrupt
servicing, set the priority level for that interrupt to a level less than those of all other
interrupt sources (Note). Note that only edge-triggered interrupts can be used in such
a way.

A micro DMA transfer complete interrupt is serviced according to its priority level
and default priorities, in the same way as other maskable interrupts.

If two or more micro DMA channels issue requests simultaneously, channels having
smaller numbers have higher priorities, regardless of the respective interrupt priority
levels.

The transfer source and destination addresses are specified using a 32-bit control
register. The micro DMA can, however, handle only 16-Mbyte space because there are
only 24 address output lines.
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A0 to A23 Source Destination

%5 O\
WR /AWR \__| Al

DO to D15 x Output

X1

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 Figure 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

The micro DMA supports three transfer modes: 1 byte, 2 bytes or 4 bytes. For each
transfer mode, the transfer source and destination addresses can be incremented,
decremented or fixed after the transfer of a single unit of data. This ability to select
various modes facilitates data transfer from memory to memory, peripheral to memory,
memory to peripheral and peripheral to peripheral. For details of transfer modes, see
(4) “Transfer mode registers”.

The transfer counter consists of 16 bits, so that up to 65536 micro DMA transfers Gf
the counter defaults to 0000H) can be performed for a single interrupt source.

The micro DMA supports 30 interrupt sources, for which micro DMA request vectors
are shown in Table 3.4.1, as well as a soft start.

Figure3.4.2 shows micro DMA cycles for 2-byte transfer with the transfer destination
address incremented, where all address areas are accessed with a 16-bit bus, no wait
cycles are inserted, and both the source and destination addresses are even numbers.
Cycles for other counter modes are also similar to the following.

1 state Note 1 Note 2

r v N

[—
DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8
AVAVAVAVAVAW AVAVAVAV AVAV AW

Figure3.4.2 Micro DMA Cycles

1st to 3rd states:  Instruction fetch cycles (Prefetching next instruction code).

These cycles are dummy cycles if three or more bytes of instruction code
are stored in the instruction queue buffer.

4th and 5th states: Micro DMA read cycles.
6th states: Dummy cycle (Address bus left in 5th state).
7th and 8th states: Micro DMA write cycles.

Note 1: Additional two states are involved if the source address area uses an 8-bit bus.

If the source address area uses a 16-bit bus but starts with an odd address, additional two
states are involved.

Note 2: Additional two states are involved if the destination address area uses an 8-bit bus.

If the destination address area uses a 16-bit bus but starts with an odd address, additional
two states are involved.
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2

Soft start

The micro DMA is usually started by an interrupt source but it also supports a soft
start feature that enables it to start upon the detection of a write cycle to the DMAR
register.

Writing 1 to a bit of the DMAR register can start the corresponding micro DMA
channel once (Writing 0 has no effect). Upon the completion of transfer, the DMAR
register bit for that channel is automatically cleared to 0. Only a single channel can be
started simultaneously (More than one bit cannot be set to 1 simultaneously) due to a
restriction imposed by the specification.

A DMAR register bit must be determined to be 0 before it can be set to 1 again. If the
bit is read as 1, a micro DMA transfer has not yet started.

If the DMAB register specifies burst, the started micro DMA channel transfers data
continuously until the micro DMA transfer counter reaches 0.

Any soft start attempted between interrupt-triggered micro DMA transfers does not
cause the micro DMA transfer counter to change. To prevent other bits from being
written unintentionally, no read-modify-write instruction should be used.

Symbol | Name

Address 2 1

DMA
request
register

DMAR

DMAR3 DMAR2 DMAR1 DMARO

89H
(RMW
prohibited)

R/W
o [ o |
DMA request

3

Transfer control registers

The following registers in the CPU are used to control the transfer source and
destination addresses. Use the “LDC cr, r” instruction to set data in these registers.

Channel 0
DMASO Transfer source address register 0 ... Only lower 24 bits are used.
DMADO Transfer destination address register 0 ... Only lower 24 bits are used.
DMACO Transfer counter register 0 ... 1t0 65536
, DMAMO | Transfer mode register 0
|
1
]
Channel 3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination address register 3
| DMAC3 Transfer counter register 3
DMAMS3 | Transfer mode register 3
8 bits
| 16 bits
32 bits
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(4) Transfer mode registers: DMAMO to DMAMS3
(DMAMO to DMAM3)

0 0 0 Mode Note: The upper three bits of data written to
L | | | || | | these registers must always be O.
| Execution time
l_l_ ZZ: 0 = Byte transfer, 1 = Word transfer, 2 = 4-byte transfer, 3 = Reserved l

0 0 0 Z Z |Destination addressincrement mode............. Peripheral to memory 8 states (1600 ns)
(DMADN+) < (DMASN) Byte/word transfer
DMACn <~ DMACn -1 12 states (2400 ns)
if DMACn = 0 then INTTC occurs 4-byte transfer

0 0 1 2z Z |Destination address decrement mode............ Peripheral to memory 8 states (1600 ns)
(DMADN-) < (DMASN) Byte/word transfer
DMACn « DMACn -1 12 states (2400 ns)
if DMACN = 0 then INTTC occurs 4-byte transfer

0 1 0 Z Z |Sourceaddressincrement mode.................... Memory to peripheral 8 states (1600 ns)
(DMADN) < (DMASN+) Byte/word transfer
DMACn « DMACn -1 12 states (2400 ns)
if DMACN =0 then INTTC occurs 4-byte transfer

0 1 1 Z Z |Source address decrement mode................... Memory to peripheral 8 states (1600 ns)
(DMADN) « (DMASN-) Byte/word transfer
DMACn < DMACn -1 12 states (2400 ns)
if DMACn = 0 then INTTC occurs 4-byte transfer

1 0 0 Z Z |Fixedaddress mode.......c.cccoovevvienviniuiannnens Peripheral to peripheral 8 states (1600 ns)
(DMADN) <« (DMASN) Byte/word transfer
DMACn <« DMACn -1 12 states (2400 ns)
if DMACN = 0 then INTTC occurs 4-byte transfer

1 0 1 0 O |Countermode ... Counting the number of interrupts that have occurred 5 states
DMASNH <~ DMASn + 1
DMACn < DMACn - 1 (1000 ns)
if DMACn =0 then INTTC occurs

Note 1 n: Corresponding micro DMA channel (0 to 3)
DMADN+/DMASNH+: Post-increment (Incrementing the register value after transfer)
DMADN-/DMASNh-: Post-decrement (Decrementing the register value after transfer)

In the table, “peripheral” means a fixed address while “memory” means an address that can be

incremented or decremented.

Note 2: Execution time: The time required to complete transferring a single unit of data when a 16-bit
bus is used for the source and destination address areas and no wait cycles

are inserted.

Clock settings: fc =

10 MHz, clock gear: 1 (fc)

Note 3: Any code other than those listed above must not be written to transfer mode registers.
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3.4.3

Interrupt Controller

Figure3.4.3 shows a block diagram of the interrupt circuit. The left-hand side of the
diagram shows the interrupt controller while the right-hand side shows the CPU’s
interrupt request signal circuit and halt wakeup circuit.

The interrupt controller has an interrupt request flag, interrupt priority register and
micro DMA request vector. The interrupt request flag is used to latch an interrupt request
issued by peripherals.

This flag is cleared in the following cases:

e The device is reset.
e The CPU accepts the interrupt and reads the vector for the interrupt.

e An instruction that clears the interrupt is executed (A DMA request vector is
written to the INTCLR register).

e The CPU accepts a micro DMA request for the interrupt.

e  Micro DMA burst transfer for the interrupt completes.

Priority levels for individual interrupts can be specified using interrupt priority registers
(such as INTEOAD and INTE12) provided for each interrupt source. Six levels of priority (1
to 6) can be set. An interrupt request is disabled when its priority level is set to 0 or 7.
Nonmaskable interrupts (NMI pin and watchdog timer) have a fixed level of 7. If two or
more interrupts having the same priority level occur simultaneously, the CPU accepts
interrupts according to default priorities. Reading bits 3 and 7 of the interrupt priority
register obtains the status of the interrupt request flag, indicating whether an interrupt
request is present for a channel.

The interrupt controller determines the interrupt, and sends its priority level and vector
address to the CPU. The CPU compares that priority level with the contents of the
interrupt mask register, that is, the IFF[2:0] bits of the status register (SR). The CPU
accepts the interrupt if its priority level is greater than the register value. It then sets the
SR.IFF[2:0] bits to the accepted interrupt level plus one, so that only interrupt requests
having a priority level greater than or equal to the register value can be accepted while the
current interrupt is handled. Upon the completion of interrupt servicing (with the
execution of the RETI instruction), the SR.IFF[2:0] bits restore the values existing before
the interrupt occurred from the stack.

The interrupt controller has registers for storing micro DMA request vectors for four
channels. Writing a request vector (See Table 3.4.1) to these registers enables the micro
DMA to start when the corresponding interrupt occurs. Note that the micro DMA
parameter registers (such as DMAS and DMAD) must be set beforehand.
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Figure3.4.3 Interrupt Controller Block Diagram
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TOSHIBA TMP91CW28
(1) Interrupt priority registers
Symbol | Name | Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO & IADC | 1aDm2 [ 1aDm1 | 1ADMo loC o2 | tom1 | 1omo
INTEOAD | INTAD 90H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT2 INTL
INT1 & 12C I2v2 | 12v1 | 12Mo 11C M2 | 1M1 | 11mo
INTEL2 | INT2 91H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT4 INT3
INT3 & 14C lamM2 | 14M1 | 14Mo 13C i3v2 | 13M1 | 13m0
INTE34 |  INT4 92H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT6 INT5
INTS & I6C leM2 | 1M1 | 16Mo I5C isM2 | 15sM1 | 15MO
INTE56 INT6 93H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT8 INT7
INT7 & 18C igM2 | 18v1 | 18Mo 17C izM2 | 7M1 | 17mo
INTE78 INT8 94H
enable R RIW R R/W
0 o | o | o 0 o | o | o
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO & iTaic | iTaim2 | imAim1 | imaimo | maoc | iTAaom2 | iTAom1 | iTAOMO
INTETAO1L INTTAL 95H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTAZ & iTA3c | 1mAsm2 | imAsm1 | masmo | ma2c | iTAzm2 | iTA2m1 | iTA2mo
INTETA23 INTTA3 96H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTBOO INTTBOL (TMRBO) INTTBOO (TMRBO)
& ITBO1C | ITBOIM2 | ITBOIML | ITBOIMO | ITBOOC | ITBOOM2 | ITBOOML | ITBOOMO
INTETBO 99H
INTTBO1 R R/W R R/W
enable 0 o | o [ o 0 o | o [ o
INTTB10 INTTB11 (TMRBL) INTTB10 (TMRBL)
& ITB11C | ITB11M2 | ITB11M1 | ITB11MO | ITB1OC | ITB1OM2 | ITB1OM1 | ITB1OMO
INTETB1 9AH
INTTB11 R R/W R R/W
enable 0 o | o [ o 0 o | o | o
Interrupt request flag
IXxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disable interrupt requests.
0 0 1 Set the priority level to 1.
0 1 0 Set the priority level to 2.
0 1 1 Set the priority level to 3.
1 0 0 Set the priority level to 4.
1 0 1 Set the priority level to 5.
1 1 0 Set the priority level to 6.
1 1 1 Disable interrupt requests.
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Symbol | Name | Address 7 6 5 4 3 2 1 0
INTTBOFO INTTBOF1 (TMRBL1 overflow) INTTBOFO (TMRBO overflow)
& iTFic | iTFm2 | iTFam1 | imramo | irroc | iTFom2 | imFomi | iTFomo
INTETBO1V 9BH
INTTBOF1 R R/W R R/W
enable o | o [ o | o | o [ o [ o | o
- INTBCD
INTBCD - - | - | - IBCDC | 1BCD1M2 | 1IBCDIML | IBCDIMO
INTEBCD 9CH
enable — - R R/W
Must be written as “0". 0 0 | 0 | 0
INTTX INTRX
INTRX & ixic | imxam2 | imxame | mxamo | IRxic | IRxam2 | IRXiM1 | IRX1MO
INTES1 INTTX 9DH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTSBIL INTSBIO
INTSBIO & isic | 1sam2 | isimi | isimo | 1soc | 1som2 | isom1i | isomo
INTES2 INTSBI1 9EH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTCL INTTCO
INTTCO & ircic | ircim2 | ireami | ircamo | itcoc | imcom2 | imcomi | imcomo
INTETCO1 INTTC1 AOH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTC3 INTTC2
INTTC2 & iTcac | 1Tcam2 | ireamt | iteamo | itcac | itcem2 | iTcami | ITcamo
INTETC23 INTTC3 AlH
enable R RIW R RIW
0 o | o | o 0 o | o | o
Interrupt request flag
IxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disable interrupt requests.
0 0 1 Set the priority level to 1.
0 1 0 Set the priority level to 2.
0 1 1 Set the priority level to 3.
1 0 0 Set the priority level to 4.
1 0 1 Set the priority level to 5.
1 1 0 Set the priority level to 6.
1 1 1 Disable interrupt requests.
Note: Bits7 to 4 of the INTEBCD are read as undefined.
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(2) Controlling external interrupts
Symbol | Name | Address 7 6 5 4 3 2 1 0
- I14EDGE IBEDGE I2ZEDGE I11IEDGE IOEDGE I0LE NMIREE
w
Interrupt 8CH 0 0 0 0 0 0 0 0
input Must be INT4 edge | INT3 edge | INT2 edge | INT1 edge | INTO edge | INTO L:Also
liMc mode (RMW written as | polarity polarity polarity polarity polarity sensitivity | fggeredby
control prohibited) “0”. 0: Rising |0:Rising |0:Rising |[0:Rising [0:Rising |0: Edge- :(:ge e
1: Falling |1:Falling |1:Falling |[1:Falling |1:Falling triggered
1: Level-
sensitive

INTO level detection enable

0 Edge sensitive INT

[y

Active high level-sensitive INT

NM

rising edge enable

0 INT request occurs at falling edge
1 INT request occurs at rising/falling edge

(3) Interrupt request flag clear register

An interrupt request flag can be cleared by writing a micro DMA request vector (See
Table 3.4.1) to the INTCLR register.

For example, the INTO interrupt flag can be cleared by the following register
operation after executing the DI instruction.

INTCLR « 0AH: Clear the INTO interrupt request flag

Symbol Address 7 6 5 4 3 2 1 0
CLRV5 | CLRV4 | CLRV3 | CLRV2 | CLRV1 | CLRVO
Interrupt 88H w
INTCLR
(RMW 0 0 0 0 0 0
prohibited)

Interrupt vector

(4) Micro DMA request vector registers

A micro DMA request vector register specifies which interrupt source is targeted for
a micro DMA request. The interrupt source having the micro DMA request vector
specified in the register is assigned as the micro DMA request source.

When the micro DMA transfer counter reaches 0, the interrupt controller receives a
request from the CPU and generates a micro DMA transfer complete interrupt for the
relevant channel. Then, the CPU clears the micro DMA request vector register, thus
clearing the micro DMA request source for the channel. If it is necessary to continue
micro DMA processing for the same interrupt source, the interrupt controller must
reload the micro DMA request vector into the register during the service routine for the
micro DMA transfer completion interrupt.

If the same vector is set in micro DMA request vector registers for two or more
channels simultaneously, the channel having the smallest number takes precedence.

When the same vector is set in micro DMA request vector registers for two channels
simultaneously, micro DMA transfer is first performed with the channel having the
smaller number. Once transfer completes, micro DMA transfer for the channel having
the larger number starts (Micro DMA chaining), unless the interrupt controller reloads
the micro DMA request vector for the first channel.
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Symbol | Name | Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO RIW
DMAOQV | request 80H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAO request vector
DMA1V5 | DMALV4 | DMALV3 | DMALV2 | DMALVL | DMA1VO
DMA1
R/W
DMAL1V | request 81H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAL request vector
DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2V1 | DMA2VO
DMA2 RIW
DMA2V | request 82H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAZ2 request vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3VL | DMA3VO
DMA3 RIW
DMA3V | request 83H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAS request vector
(5) Micro DMA burst specification
The micro DMA supports burst specification, with which a single micro DMA startup
can cause transfer to continue until the transfer counter register reaches zero. Burst
transfer can be specified by setting the DMAB register bit corresponding to a micro
DMA channel to 1.
If another interrupt request (Maskable or nonmaskable) is issued during a burst
transfer, the CPU first completes the burst transfer before servicing the interrupt.
Symbol | Name | Address 7 6 5 4 3 2 1 0
DMAR3 DMAR2 DMAR1 DMARO
DMA 89H
software R/IW R/W R/W R/W
DMAR (RMW
request o 0 0 0 0
register prohibited)
1: DMA soft request
DMAB3 | DMAB2 | DMABL | DMABO
DMA R/W
DMAB burst 8AH
register 0 | 0 | 0 | 0
1: DMA burst request
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(6) Precautions

The CPU consists of a separate instruction execution unit and bus interface unit. It
may fetch an instruction that clears the interrupt request flag for an interrupt (Note)
immediately before that instruction is issued. Once the CPU accepts an interrupt, it
may execute such an instruction before reading the interrupt vector. In such a case, the
CPU reads 0008H (Interrupt vector cleared) and reads the interrupt vector from
address FFFFO8H.

To prevent the above situation from arising, the DI instruction should be executed
before an instruction for clearing an interrupt request flag. After the clear instruction
1s executed, at least one instruction should be executed before the EI instruction is
executed to re-enable interrupts. If the EI instruction immediately follows the clear
instruction, interrupts may be enabled before the interrupt flag is cleared.

When the POP SR instruction is used to modify the interrupt mask level
(SR.IFF[2:0]), the DI instruction must be executed to disable interrupts before
executing the POP SR instruction.

Also note the following two exceptional circuits:

INTO level detection When INTO is used as a level-sensitive interrupt pin, rather than
mode edge-triggered, the interrupt request flip-flop is disabled so that a

peripheral interrupt request directly passes through the S input of the
flip-flop to appear at the S output. Modifying the mode (Edge to level)
causes the previous interrupt request flag to be cleared automatically.

If INTO is driven from low to high, causing the CPU to start an
interrupt response sequence, INTO must be held high until the
interrupt response sequence is completed. When INTO in
level-sensitive mode is used to exit a HALT mode, INTO must also be
held high once it is driven from low to high. Ensure that it is not
temporarily driven low due to noise during that period.

When the INTO detection mode is changed from level to edge, any
interrupt request flag accepted in level-sensitive mode is not cleared.
Use the following sequence to clear the interrupt request flag:

DI
LD (IIMC), 00H ; Change from level to edge.
LD (INTCLR), OAH ; Clear INTO interrupt request flag.
NOP ; Wait El instruction.
El
INTRXn Clearing the interrupt request flip-flop requires a system reset or

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

Note: The following instructions and pin state transition are also equivalent to this type of

instruction:

INTO: Instruction that changes the pin mode to level detection after an interrupt
occurs in edge-triggered mode.
Change in the pin input (from high to low) after an interrupt occurs
level-sensitive mode.

INTRXn: Instruction that reads the receive buffer.
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3.5 /O Ports
The TMP91CW28 has 80 I/O port pins. All the port pins except a few share pins with
alternate functions. They can be individually programmed as general-purpose I/O or dedicated
I/O for the on-chip CPU or peripherals. Table 3.5.1 shows all the I/O port pins available on the
TMP91CW28 and their shared functions. Table 3.5.2 to Table 3.5.4 give a summary of register
settings used to control the port pins.
Table 3.5.1 Programmable 1/0O Ports
Port Pin Name | # of Pins Direction Pl.J” Direction . Alternate Functions
Resistor | Programmability
Port 0 P00 to PO7 8 Input/output - Bitwise ADO to AD7
Port 1 P10 to P17 8 Input/output - Bitwise ADS8 to AD15/A8 to A15
Port 2 P20 to P27 8 Input/output - Bitwise A16 to A23/A0 to A7
Port 3 P30 1 Output - (Fixed) RD
P31 1 Output - (Fixed) WR
P32 1 Input/output Pull up Bitwise HWR
P33 1 Input/output Pull up Bitwise WAIT
P34 1 Input/output Pull up Bitwise BUSRQ
P35 1 Input/output Pull up Bitwise BUSAK
P36 1 Input/output Pull up Bitwise R/IW
P37 1 Input/output Pull up Bitwise
Port 4 P40 1 Input/output Pull up Bitwise CSo
P41 1 Input/output Pull up Bitwise Cs1
P42 1 Input/output Pull up Bitwise Ccs2
P43 1 Input/output Pull up Bitwise CS3
Port 5 P50 to P57 8 Input - (Fixed) ANO to AN7, ADTRG (P53)
KWIO to KWI7
Port 6 P60 1 Input/output - Bitwise SCKO
P61 1 Input/output Pull up Bitwise SOO0/SDAO
P62 1 Input/output Pull up Bitwise SI0/SCLO
P63 1 Input/output - Bitwise INTO
P64 1 Input/output - Bitwise SCOUT
P65 1 Input/output - Bitwise
P66 1 Input/output - Bitwise
Port 7 P70 1 Input/output Pull up Bitwise TAOIN
P71 1 Input/output Pull up Bitwise TA1OUT
P72 1 Input/output Pull up Bitwise TA30UT
P73 1 Input/output Pull up Bitwise
P74 1 Input/output Pull up Bitwise
P75 1 Input/output Pull up Bitwise
Port 8 P80 1 Input/output Pull up Bitwise TBOINO/INT5S
P81 1 Input/output Pull up Bitwise TBOIN1/INT6
P82 1 Input/output Pull up Bitwise TBOOUTO
P83 1 Input/output Pull up Bitwise TBOOUT1
P84 1 Input/output Pull up Bitwise TBLINO/INT7
P85 1 Input/output Pull up Bitwise TB1IN1/INT8
P86 1 Input/output Pull up Bitwise TB1OUTO
P87 1 Input/output Pull up Bitwise TB1OUT1
Port 9 P90 1 Input/output - Bitwise SCK1
P91 1 Input/output Pull up Bitwise SO1/SDA1
P92 1 Input/output Pull up Bitwise SI1/SCL1
P93 1 Input/output - Bitwise TXD
P94 1 Input/output - Bitwise RXD
P95 1 Input/output - Bitwise SCLK/CTS
P96 1 Input/output - Bitwise
Port A PAO to PA3 4 Input/output Pull up Bitwise INT1 to INT4
PA4 to PA7 4 Input/output Pull up Bitwise
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Table 3.5.2 1/0O Port Programmability (1/3)

Port Pin Name Direction/Function /O Register Settings
Pn PnCR PnFC PUPN
Port 0 P00 to PO7 Input port X 0
Output port x 1 N/A N/A
ADO to AD7 bus lines X x
Port 1 P10 to P17 Input port X 0 0
Output port X 1 0 N/A
AD8 to AD15 bus lines X 0 1
A8 to A15 outputs X 1 1
Port 2 P20 to P27 Input port X 0 0
Output port X 1 0 N/A
A0 to A7 outputs X 0 1
A16 to A23 outputs X 1 1
Port 3 P30 Output port X 1
RD output during external accesses 1 N/A 0 N/A
RD always output 0 1
P31 Output port X 0
— N/A N/A
WR output during external accesses X 1
P32 to P37 Input port (with pull-up disabled) 0 0 0
Input port (with pull-up enabled) 1 0 0 N/A
Output port X 1 0
P32 HWR output x 1 1 N/A
P33 WAIT input (with pull-up disabled) 0 0
—— N/A N/A
WAIT input (with pull-up enabled) 1 0
P34 BUSRQ input (with pull-up disabled) 0 0 1 NIA
BUSRQ input (with pull-up enabled) 1 0 1
P35 BUSAK output x 1 1 N/A
P36 R/W output x 1 1 N/A
Port 4 P40 to P43 Input port (with pull-up disabled) 0 0 0
Input port (with pull-up enabled) 1 0 0 N/A
Output port X 1 0
P40 CS0 output x 1 1 N/A
P41 CS1 output x 1 1 N/A
P42 CS2 output x 1 1 N/A
P43 CS3 output X 1 1 N/A
Port 5 P50 to P57 Input port X
AN[O:7] inputs (Note 1) x N/A
KWI[0:7] inputs x
P53 ADTRG input (Note 2) x
x: Don’t care

Note 1: When P50 to P57 are configured as analog channels of the ADC, the ADCH[2:0] field in the
ADMOD1 register is used to select a channel(s).

Note 2: When P53 is configured as ADTRG , the ADTRGE bit in the ADMOD1 register is used to

enable and disable the external trigger input to the ADC.
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Table 3.5.3 1/0O Port Programmability (2/3)

Port Pin Name Direction/Function /O Register Settings
Pn PnCR PnFC PUPN
Port 6 P60, Input port x 0 0 NIA
P63 to P67 Output port x 1 0
P61, P62 Input port (with pull-up disabled) x x x 0
Input port (with pull-up disabled) 0 0 0 1
Input port (with pull-up enabled) 1 0 0 1
Output port x 1 0 x
P60 SCKO input x 0 0
N/A
SCKO output X 1 1
P61 SDAQO input (with pull-up disabled) X X X 0
SDAQO input (with pull-up disabled) 0 0 0 1
SDAQO input (with pull-up enabled) 1 0 0 1
SDAO output (Note 3) X 1 1 x
SO0 output X 1 1 X
P62 SI0 input (with pull-up disabled) X X X 0
SI0 input (with pull-up disabled) 0 0 0 1
SI0 input (with pull-up enabled) 1 0 0 1
SCLO input (with pull-up disabled) X x X 0
SCLO input (with pull-up disabled) 0 0 0 1
SCLO input (with pull-up enabled) 1 0 0 1
SCLO output (Note 3) x 1 1 x
P63 INTO input X 0 1 N/A
P64 SCOUT output x 1 1 N/A
Port 7 P70 to P75 Input port (with pull-up disabled) 0 0 0
Input port (with pull-up enabled) 1 0 0 N/A
Output port x 1 0
P70 TAOIN input X 0 N/A
P71 TA1OUT output x 1 1 N/A
P72 TA30UT output x 1 1 N/A
Port 8 P80 to P87 Input port (with pull-up disabled) 0 0 0
Input port (with pull-up enabled) 1 0 0 N/A
Output port X 1 0
P80 TBOINO, INT5 input (with pull-up disabled) 0 0 1 N/A
TBOINO, INT5 input (with pull-up enabled) 1 0 1
P81 TBOIN1, INT6 input (with pull-up disabled) 0 0 1 N/A
TBOIN1, INT6 input (with pull-up enabled) 1 0 1
P82 TBOOUTO output x 1 1 N/A
P83 TBOOUT1 output x 1 1 N/A
P84 TB1INO, INT7 input (with pull-up disabled) 0 0 1 N/A
TB1INO, INT7 input (with pull-up enabled) 1 0 1
P85 TB1IN1, INT8 input (with pull-up disabled) 0 0 1 N/A
TB1IN1, INT8 input (with pull-up enabled) 1 0 1
P86 TB1OUTO output X 1 1 N/A
P87 TB1OUT1 output x 1 1 N/A
x: Don't care

Note 3: When P61 and P62 are configured as SDAO and SCLO outputs for the SBI, the ODEG[2:1]
field in the ODE register can be used to configure them as either push-pull or open-drain
outputs. Upon reset, the default is push-pull.
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Table 3.5.4 1/0O Port Programmability (3/3)

Port

Pin Name

Direction/Function

I/O Register Settings

PnCR

PnFC

PUPN

Port 9

P90,
P93 to P96

Input port

0

Output port

=

0
0

N/A

P91, P92

Input port (with pull-up disabled)

Input port (with pull-up disabled)

Input port (with pull-up enabled)

N =)

Output port

P90

SCK1 input

SCK1 output

P |O|Rr|O|O|X

PR |O|l|O|O|O|X

N/A

P91

SDAL1 input (with pull-up disabled)

X

X

X

SDAL input (with pull-up disabled)

SDAZ1 input (with pull-up enabled)

P |O

~ |~ o

SDA1 output (Note 4)

X

X

SO1 output

X

|k |O|O

|k |[O|O

P92

SI1 input (with pull-up disabled)

SI1 input (with pull-up disabled)

SI1 input (with pull-up enabled)

= |O | X

O |O X

O |O | X

SCL1 input (with pull-up disabled)

SCL1 input (with pull-up disabled)

SCL1 input (with pull-up enabled)

P |O | X

Rk |lo|r |k ]|o]|x

SCL1 output (Note 4)

P93

TXD output

PP |O|O|X

N/A

P94

RXD input

P95

SCLK input

SCLK output

X

CTS input

N/A

Port A

PAO to PA7

Input port (with pull-up disabled)

Input port (with pull-up enabled)

R |O|X

Output port

N/A

PAO

INT1 input (with pull-up disabled)

INT1 input (with pull-up enabled)

N/A

PAl

INT2 input (with pull-up disabled)

INT2 input (with pull-up enabled)

N/A

PA2

INT3 input (with pull-up disabled)

INT3 input (with pull-up enabled)

N/A

PA3

INT4 input (with pull-up disabled)

INT4 input (with pull-up enabled)

RPl|O|RP|O|R|[O|R,|O|X

oO|lo|o|O|O|O|QC|O|FR|O|OC|O|FR,|O|O|FR|FL |O|O |X

RrlRr|[r[r|r|r|r|[~|lo|lo|o|lo|r]|o

N/A

x: Don't care

Note 4: When P91 and P92 are configured as SDA1 and SCL1 outputs for the SBI, the ODE9[2:1]
field in the ODE register can be used to configure them as either push-pull or open-drain
outputs. Upon reset, the default is push-pull.
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Upon reset, the port pins function as general-purpose input/output ports. Pins that can be

programmed for either input or output are input ports by default. Programming is necessary to

use port pins for alternate functions.

Notes on using the programmable pull-up function when the bus is relinquished
When the bus is relinquished (BUSAK = 0), the output buffers for ADO to AD15, A0 to A23 and

bus control signals (RD, WR , HWR , R/W , CSO to CS3) are disabled and placed in
high-impedance state. On-chip programmable pull-up resistors are, however, still active.

Whether these resistors are enabled can be selected only when the pin is used in input mode.

Table 3.5.5 shows the status of pins when the bus is relinquished.

Table 3.5.5 Pin Status when the Bus is Relinquished

) Status
Pin Name .
Port Mode Function Mode
P00 to PO7 Not changed Placed in high-impedance state
(ADO to AD7) (Not placed in high-impedance state)
P10 to P17
(AD8 to AD15/
A8 to A15)
P20 to P27 Not changed Output buffer disabled (after the pin is driven high)
(A16 to A23) (Not placed in high-impedance state)
P30 (RD) Not changed Output buffer disabled (after the pin is driven high)
P31 (WR) (Not placed in high-impedance state)
P32 (HWR ) Not changed Output buffer disabled. The on-chip pull-up resistor is
P37 (Not placed in high-impedance state) | enabled regardless of the value contained in the
output latch.
P36 (R/W) Not changed Output buffer disabled. The on-chip pull-up resistor is
P40 (TS0) (Not placed in high-impedance state) | enabled regardless of the value contained in the
P41 (Ts1) output latch.
P42 (CS2)
P43 (CS3)
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Figure 3.5.1 shows an example external interface for the above signals when the bus

relinquish function is used.

When the bus is relinquished, the on-chip memory and peripherals cannot be accessed but
the on-chip peripherals continue operation, so that the watchdog timer (WDT) keeps counting.
The period for which the bus is relinquished must be taken into account to set the WDT

time-out period when using the bus relinquish function.

Y
P30 (RD)

P31 (WR)
P32 (AWR )
P36 (RIW)
P40 (TS0) ;
P41 (Tsi)

> > System control bus

P42 (Cs2)
P43 (CS3)

J
P20 (A16) ;

P27 (A23)

> Upper address bus (A23 to A16)

Figure 3.5.1 Example External Bus Interface when the Bus Relinquish Function is Used

A circuit as shown above is required when an external pull-up resistor is connected to fix a

signal level with the bus relinquished.
Upon reset, P30 (RD) and P31 (WR) are output pins while P40 to P43 (TS0 to CS3), P32

(HWR ), P36 (R/W) and P35 (BUSAK) are input pins with pull-up resistors enabled.
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3.5.1

Port 0 (POO to P07)

Eight port 0 pins function as either discrete general-purpose I/O pins or the AD[0:7] bits

of the address/data bus. The POCR register controls the direction of the port 0 pins. Upon

reset, the POCR register bits are cleared, configuring all port O pins as inputs.

During external memory accesses, port O pins are automatically configured as AD[0:7],
with the POCR register bits all cleared.

M\

Reset

|

Direction control
(Bitwise)

!

POCR write

Internal data bus

Output latch

i

PO write

QOutput buffer

—]

T |

PO read

Figure3.5.2 Port 0

Port 0

POO to P07
(ADO to AD7)
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3.5.2

Port 1 (P10 to P17)

Eight port 1 pins can be individually programmed to function as discrete general-purpose
I/0 pins, the AD[8:15] bits of the address/data bus or the A[8:15] bits of the address bus.
The P1CR and P1FC registers select the direction and function of the port 1 pins. Upon
reset, the output latch (P1) is cleared, and the P1CR and P1FC register bits are cleared to
all Os, configuring all port 1 pins as input port pins.

Reset
M\

Direction control

(Bitwise)

1
P1CR write

ib—l

Function control

(Bitwise)

P1FC write

1

Internal data bus

Output latch

1

P1 write

Output buffer

>—|:| Port 1

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

oo
T |

P1 read

Figure3.5.3 Port 1
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Port O Register
7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 P05 P04 P03 P02 PO1 P00
(0000H)| Read/Write RIW
Reset value Data from external port (Output latch register is undefined)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol pPo7C PO6C P0O5C Po4C P0O3C P02C pPo1C pPooC
(0002H)| Read/Write w
Reset value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function 0: Input 1: Output (Functions as AD7 to ADO during external memory accesses, with all bits cleared.)
| |
Port 0 direction settings
0 |Input port
1 | Output port
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 R/W
Reset value 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) I' Read/write w
Reset value o | o | o | o | o | o [ o | o
Function <<Refer to P1FC.>>
Port 1 Function Register
I 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) | Read/Write w
Reset value o | o | o | o | o | o [ o | o
Function P1FC/P1CR =00: Input, 01: Output, 10: AD15 to ADS8, 11: A15 to A8

Note: POCR, P1CR, and P1FC do
not support read-modify-write

operation.

Port 1 function settings

P1FC.P1XF
0 1
P1CR.P1XC
; Ut port Address/Data bus
put p (AD15 to AD8)
Address bus
1 Output port (A15 to A8)

Note: P1XF and P1XC mean bit X in the PIFC and P1CR

registers respectively.

Figure3.5.4 Port 0 and 1 Registers
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3.5.3

Port 2 (P20 to P27)

Eight port 2 pins can be individually programmed to function as discrete general-purpose
I/0 pins, the A[0:7] bits of the address bus or the A[16:23] bits of the address bus. The P2CR
and P2FC registers select the direction and function of the port 2 pins. Upon reset, the
output latch (P2) is cleared, and the P2CR and P2FC register bits are cleared to all Os,
configuring all port 2 pins as input port pins.

Internal data bus

A16to A23 B |
AOtoA7 A

Reset

—

Direction control

(Bitwise)

BN Selector

f

P2CR write

‘ 1

Function control

(Bitwise)

[

P2FC write

1

Output latch

f

P2 write

Selector

Output buffer

»—D Port 2

P20 to P27

e =l

P2 read

Figure3.5.5 Port 2

(AO to A7/A16 to A23)
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Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) [ Read/write R/W
Reset value 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 p27C P26C P25C p24C P23C p22C P21C pP20C
(0008H) Read/Write W
Reset value o | o | o | o | o | o [ o 0
Function Refer to P2FC
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
Reset value o | o | o | o | o | o [ o 0
Function P2FC/P2CR = 00: Input, 01: Output, 10: A7 to A0, 11: A23 to A16

Note: P2CR and P2FC do not support
read-modify-write operation.

Port 2 function settings

P2FC.P2XF
0
P2CR.P2XC
Address bus
0 Input port (A7 to AO)
Address bus
1 Output port (A23 to A16)

Note: P2XF and P2XC mean bit X in the P2FC and P2CR

registers respectively.

When using the pin as address bus A23 to A16, set the

P2CR before setting the P2FC.

Figure3.5.6 Port 2 Registers
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3.54

Port 3 (P30 to P37)

Eight port 3 pins can be individually programmed to function as either discrete
general-purpose I/0O pins or CPU control/status pins. In either case, P30 and P31 are
output-only pins.

The P3CR and P3FC registers select the direction and function of the port 3 pins. Upon
reset, the P3CR and P3FC register bits are cleared, configuring P30 and P31 as output port
pins and P32 to P37 as input port pins with pull-up enabled. (Bits 0 and 1 in the P3CR and
bits 3 and 7 in the P3FC are unused.) Upon reset, the output latch (P3) is set to all 1s; so
logic 1 appears on P30 and P31.

When P30 is configured as RD (P3FC.P30F = 1), the read strobe signal is activated only
when external address space is accessed, if the P30 bit of the output latch is set to 1
(Default). Clearing P30 to 0 enables the read strobe signal to be also activated when on-chip
address space is accessed. This feature is provided for accessing pseudo static RAM.
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Reset

Function control

(Bitwise)

)

P3FC write

1

Internal data bus

S

I

P30(RD )

Output latch

!

P3 write

P3 read

Reset

—t

Direction control

F

RD, WR

Selector

L~
Output buffer

(Bitwise)

i

P3CR write

Internal data bus

Function control

(Bitwise)

P3FC write

1

P31(WR)

S

™

Output latch

I

P3 write

d

I
=

‘_lw >

Selector

Output buffer

, BUSAK , RI'W

{>o—| p-ch [Programmgble]
pull-up resistor
I:' P32(HWR )

P35(BUSAK )
P36(R/W)
P37

=

T |

P3 read

Figure3.5.7 Port 3 (P30, P31, P32, P35, P36, P37)
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Reset

(Bitwise)

Direction control

)

P3CR write

-1

S

Internal data bus

Output latch

N

P3 write

Output

Pro bl
{>o-| p-ch [ gramma e]
pull-up resistor

,—D P33 (WAIT )

buffer

¢ ¢

Internal data bus

Internal

T |

P3 read

WAIT

Reset

-

(Bitwise)

Direction control

1

P3CR write
0—1(

(Bitwise)

Function control

1

P3FC write

S

Output latch

P3 write

Programmable
P-ch pull-up resistor
,—D P34 (BUSRQ)

»
e
T |
Internal
BUSRQ

P3read

Figure3.5.8 Port 3 (P33, P34)
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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
Reset value Data from external port (Output latch register is set to 1) 1 | 1
Function 0 (Output latch register) : Pull-up resistor disabled -
1 (Output latch register) : Pull-up resistor enabled
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol p37C P36C P35C pP34C P33C pP32C
(000AH) | Read/Write w
Reset value 0 0 | 0 | 0 | 0 | 0
Function 0: Input 1: Output
Port 3 direction settings
Input port
Output port
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol - P36F P35F P34F P32F P31F P30F
(000BH) | Read/Write w w
Reset value 0 0 0 0 0 0 0
Function Must be 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
writtenas | 1: R/W 1:BUSAK |1:BUSRQ 1: HWR 1: WR 1:RD
“0”.
1
I_’ P30 (RD ) function settings
P30
___ . 0 1
BUSRQ settings P30F
P3FC.P34F 1 0 Output a “0”. | Output a “1".
P3CR.P34C Always assert Assert RD only
X 1 RD (for pseudo during external
BUSAK Settmgs SRAM). accesses.
P3FC.P35F
P3CRP35C > P31 (WR ) function settings
I G — . P31
R/W settings 0 1
P3FC.P36F P31F
P3CR.P36C 1 0 Output a “0”. [ Output a “1”.
Note 1: P3CR and P3FC do not support read-modify-write operation. 1 Assert WR only during
Note 2: When a port 3 pin is used in input mode, the P3 register controls the external accesses.
on-chip pull-up resistor. A read-modify-write instruction cannot be

executed if at least one pin of port 3 is placed in input mode. A
read-modify-write instruction may modify the on-chip pull-up setting for
an input pin depending on the current pin status.

Note 3: When the P33/ WAIT pin is used as the WAIT pin, the P3CR.P33C bit

must be cleared and the BnW[2:0] bits (Bits 3 to 1 of the chip
select/wait control register) must be set to 010.

Figure3.5.9 Port 3 Registers

—>HWR settings

P3FC.P32F 1

P3CR.P32C 1
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3.5.5

Port 4 (P40 to P43)

Four port 4 pins can be individually programmed to function as either discrete
general-purpose I/O pins or programmable chip select (CSO to CS3) pins. The P4CR and
P4FC registers select the direction and function of the port 4 pins. Upon reset, the output
latch (P4) is set to all 1s and the PACR and P4FC register bits are cleared, configuring all
the port 4 pins as input port pins having internal pull-up resistors.

P4 read

Figure 3.5.10 Port 4

M\
Reset
Direction control
(Bitwise)
PACR write
—
@ Function control
Q Bitwi
9 (Bitwise)
XS] {>o-| h Programmable
g P4FC write ¢ pull-up resistor
§ | S
-
= S A o N
S .
Output latch g | ¢ D P40 (TS0),
Bl © Output buffer _
|—> 0 P41 (Cs1),
P4 write el —
A | Cso, Csi, Ccs2, CS3 P42 (Cs2),
\Iig—‘ P43 (CS3)
e
CL«
"\
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Port 4 Register

7 6 5 4 3 2 1 0
P4 Bit symbol P43 P42 P41 P40
(000CH) | Read/write R/W
Reset value Data from external port

(Output latch register is set to 1)

0 (Output latch register): Pull-up resistor disabled

Function 1 (Output latch register): Pull-up resistor enabled
Port 4 Control Register
7 6 5 4 3 2 1 0
P4ACR Bit symbol P43C p42C P41C P40C
(000EH) | Read/write W
Reset value 0 | 0 | 0 | 0
Function 0: Input 1: Output
——> Port 4 direction settings
Input port
1 | Output port
Port 4 Function Register
7 6 5 4 3 2 1 0
PAFC Bit symbol P43F P42F P41F P40F
(000FH) | Read/Write w
Reset value 0 | 0 | 0 | 0
Function 0: Port 1. Cs

Note 1: PACR and P4FC do not support read-modify-write
operation. n . , 0 [Port (P40)
Note 2: When a port 4 pin is used in input mode, the P4 register —
controls the on-chip pull-up resistor. A read-modify-write 1(cCso

instruction cannot be executed if at least one pin of port 4
is placed in input mode. A read-modify-write instruction
may modify the on-chip pull-up setting for an input pin -
depending on the current pin status. lj]cst
Note 3: To output chip select signals (CS0 to CS3), first set the
corresponding bits in the function register (P4FC) to 1
and then set the corresponding bits in the control register 0 |Port (P42)
(P4ACR) to 1. 1]|cCs2

0 | Port (P41)

0 | Port (P43)

1(cCs3

Figure 3.5.11 Port 4 Registers
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3.5.6  Port5 (P50 to P57)

Eight port 5 pins are input-only pins shared with the analog input pins of the AD
converter (ADC) as well as KWI input pins. P53 is also shared with the AD trigger input

pin.

(N~

pd

\[\I D Port 5
2
P Port 5 read
©
=]
©
£
Q
<

AD
conversion AD Channel
? result [| converter [| selector
register
J AD read g
VAV

ADTRG
(Only P53)

KWIO to KWI7
Figure 3.5.12 Port 5
Port 5 Register
7 6 5 4 3 2 1 0
P5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(000DH) | Read/Write R
Reset value Data from external port

Figure 3.5.13 Port 5 Register

Note 1: The AD converter mode register (ADMODJ) is used to select an AD converter input channel(s) and

to enable the AD trigger input for P53.

Note 2: The KWI control register (KWIC) is used to select a KWI input channel(s) and to enable the KWI

input.
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3.5.7

Port 6 (P60 to P66)

Seven port 6 pins can be individually programmed to function as either discrete
general-purpose I/O pins or serial bus interface (SBI) pins. Upon reset, the output latch
(P6) is set to all 1s and all port 6 pins are configured as input port pins.

Setting the P6FC register bits configures the corresponding port 6 pins for dedicated
functions.

A reset clears all the P6CR and P6FC register bits, configuring all port 6 pins as input
port pins; P61 and P62 have an internal pull-up resistor.

(1) P60 (SCKO0)

P60 can be programmed to function as a general-purpose I/O pin or an SCKO clock
input or output pin for the serial bus interface in SIO mode.

Reset

P

Direction control
(Bitwise)

1
P6CR write
' l
Function control

(Bitwise)

)
P6FC write

-
S

Output latch

Internal data bus

A S

Selector
N

[ P60 (SCKO)
P6 write
SCKO output B

v
S B

Selector

e
N ™
P6 read A
SCKO input

Figure 3.5.14 Port 6 (P60)
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(2) P61 (SO0/SDAO)

P61 can be programmed to function as a general-purpose I/O pin, an SDAO data

input pin for the serial bus interface in I2C bus mode, or an SO0 data output pin for the

serial bus interface in SIO mode. P61 is configurable as an open-drain output and has a

programmable pull-up resistor.

When P61 is used as an open-drain output and does not require a pull-up resistor,
the pull-up resistor can be disconnected by clearing the PUP.PUP61 register bit to 0.

Reset

—t

Pull-up control

(Bitwise)

T
PUP write

T —

Direction control

(Bitwise)

ibﬁ/

P6CR write

Function control
(Bitwise)

P6FC write

Internal data bus

SO0 output

S

Output latch

P6 write

A S

Selector

— oA Been

N

d

B

—

Configurable as
open-drain output:
ODE.ODE61

SB

Selector

SDAQO input

N

P6 read

d

Y

A

~

Figure 3.5.15 Port 6 (P61)

Programmable pull-up
resistor: PUP.PUP61

»—{ | P61 (SO0/SDAO)
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(3) P62 (SI0/SCLO)

P62 can be programmed to function as a general-purpose I/0 pin, an SI0 data input
pin for the serial bus interface in SIO mode, or an SCLO clock input or output pin for
the serial bus interface in I2C bus mode. P62 is configurable as an open-drain output

and has a programmable pull-up resistor.

When P62 is used as an open-drain output and does not require a pull-up resistor,
the pull-up resistor can be disabled by clearing the PUP.PUP62 register bit to O.

Reset

Pull-up control

(Bitwise)

i

PUP write

Direction control

(Bitwise)

T —3

A
P6CR write

Function control

(Bitwise)

P6FC write

S

Internal data bus

SCLO output

Output latch

_|—>AS

P6 write

Selector

N

]

B

—

Configurable as

ODE.ODE62

S B

Selector

SI0 input

SCLO input

P6 read

IO >ofB pen

open-drain output:

A

<

Figure 3.5.16 Port 6 (P62)

Programmable puII-upj
resistor: PUP.PUP62

»—{ | P62 (Sl0/scLO)
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(4) P63 (INTO)

P63 can be programmed to function as a general-purpose I/O pin or an external
interrupt request pin (INTO).

(N Reset

Direction control
(Bitwise)

D)
P6CR write

Function control
(Bitwise)

[
P6FC write

1
S

Output latch

Internal data bus

T
PG write P63 (INTO)

—
S B

A Selector

P6 read A

Level/edge sensitivity

INTO «——( /| &

positive/negative polarity

[

IIMC.IOLE, IIMC.IOEDGE

Figure 3.5.17 Port 6 (P63)
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(5) P64 (SCOUT)
P64 can be programmed to function as a general-purpose I/O pin or a system clock
output (SCOUT) pin.

R
/\/ eset _0—1(
Direction control
(Bitwise)
t
P6CR write
T —
Function control
(Bitwise)

1
P6FC
1
S S

Output latch A y N

i) Selector
P6 write B

)
S

Selector
A Y
N, ~ A

Internal data bus

P64 (SCOUT)

Selector
fepH clock —>|B

S

SYSCR.SCOSEL

Figure 3.5.18 Port 6 (P64)

(6) P65 and P66
P65 and P66 function as general-purpose I/0 pins.

Reset

Direction
control
(Bitwise)

P6CR write

-
S P65

Output latch P66

Internal data bus

T
P6 write S B

d
N
P6 read A

Selector

Figure 3.5.19 Port 6 (P65, P66)
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Port 6 Register
6 5 4 3 2 1 0
P6 Bit symbol P66 P65 P64 P63 P62 P61 P60
(0012H) | Read/write R/W
Reset value Data from external port (Output latch register is set to 1)
Function 0 (Output latch register)
:Pull-up resistor disabled
- 1 (Output latch register) -
: Pull-up resistor enabled
Port 6 Control Register
6 5 4 3 2 1 0
P6CR Bit symbol P66C P65C pP64C P63C pP62C P61C P60C
(0014H) | Read/Write W
Reset value o | o | o | o [ o | o 0
Function 0: Input 1: Output
Port 6 direction settings
0 | Input port
1 [ Output port
Port 6 Function Register
6 5 4 3 2 1 0
P6FC Bit symbol P64F P63F P62F P61F P60F
(0015H) | Read/Write w % W w W
Reset value 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCOUT | 1:INTO 1: SCLO 1: spbao/soo | 1: SCKO
output input output output output
Note 1: P6CR and P6FC do not support read-modify-write ’: SCKO output settings for P60
operation. P6FC.P60F 1
Note 2:  When a port 6 pin is used in input mode, the P6 register
controls the on-chip pull-up resistor. A read-modify-write P6CR.P6OC 1
instruction cannot be executed if at least one pin of port 6
is placed in input mode. A read-modify-write instruction ——> SDA0/SOO output settings for P61
may modify the on-chip pull-up setting for an input pin P6FEC.P6LF 1
depending on the current pin status.
P6CR.P61C 1
——> SCLO output settings for P62
P6FC.P62F 1
P6CR.KP62C 1

INTO input settings for P63

P6FC.P63F 1

P6CR.P63C 0

SCOUT output settings for P64

P6FC.P64F 1
P6CR.P64C 1
Figure 3.5.20 Port 6 Registers
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3.5.8 Port7 (P70 to P75)

Six port 7 pins can be individually programmed to function as discrete general-purpose
or dedicated I/0O pins. Upon reset, all port 7 pins are configured as input port pins.
Alternatively, P70 can be programmed as the clock input (TAOIN) to 8-bit timer 0. P71 and
P72 can each be programmed as the timer output (TAIOUT or TA30OUT) from an 8-bit
timer. Setting the P7FC register bits configures the corresponding port 7 pins as timer
output pins. A reset clears the P7CR and P7FC register bits, configuring all port 7 pins as
input port pins having internal pull-up resistors.
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Reset

Direction

Y

control

(Bitwise)

P7CR write

S

Y

Output latch

P7 write

A

P7 read

A
S B

A

Selector

A

P-ch [Programmable]
pull-up resistor

P70 (TAOIN)

TAOIN <« Reset

Direction

> control
(Bitwise)

A
P7CR write

Function

Internal data bus

control
(Bitwise)

Y

P7FC write

S

Timer flip-flop —>

” Output latch

Programmable
P-c

P7 write

3

£ ‘|->A‘s

Selector

pull-up resistor

P71 (TA1OUT)

TA1OUT: from TMRAL
TA30UT. from TMRA3

e

> B

A

B

Selector

Internal data bus

A

R

P7 read

]

Direction

Reset

P72 (TA30UT)

S A

r

control
(Bitwise)

P7CR write

-1

S
Output

o

latch

P7 Write

v
S

Selector

A

N

Y

A

Y
A

AN

P7 read

Figure 3.5.21 Port 7

Programmable]
pull-up resistor

| P73t0pP75
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Port 7 Register
I 6 5 4 3 2 1 0
P7 Bit symbol P75 P74 P73 P72 P71 P70
(0013H) |' Read/write R/W
Reset value Data from external port (Output latch register is set to 1)
) 0 (Output latch register) : Pull-up resistor disabled
Function ) .
1 (Output latch register) : Pull-up resistor enabled
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR Bit symbol P75C pP74C pP73C p72C P71C p70C
(0016H) | Read/Write w
Reset value 0 | 0 | 0 | 0 | 0 | 0
Function 0: Input 1: Output
Port 7 direction settings
0 | Input port
1 [ Output port
Port 7 Function Register
7 6 5 4 3 2 1 0
P7FC Bit symbol P72F P71F
(0017H) | Read/Write w
Reset value 0 0
Function 0: Port 0: Port
1: TA3OUT | 1: TA1OUT
Note 1: P7CRt_ and P7FC do not support read-modify-write I: Timer output 1 setting for P71
operation.
Note 2: When a port 7 pin is used in input mode, the P7 register P7FC.P7IF L
P7CR.P71C 1

controls the on-chip pull-up resistor. A read-modify-write
instruction cannot be executed if at least one pin of port 7
is placed in input mode. A read-modify-write instruction
may modify the on-chip pull-up setting for an input pin

—> Timer output

3 settings for P72

depending on the current pin status. P7FC.P72F 1
Note 3: The P70/TAOIN pin does not have a register bit for P7CR.P72C 1
selecting the port or timer function. The input to the
P70/TAOIN pin is always directed to 8-bit timer O even
when the pin is used as a general-purpose input pin.
Figure 3.5.22 Port 7 Registers
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3.5.9 Port 8 (P80 to P87)

Eight port 8 pins can be individually programmed to function as discrete general-purpose
or dedicated I/0 pins. Upon reset, all port 8 pins are configured as input port pins, and the
output latch (P8) is set to all 1s. port 8 pins can be programmed as clock inputs to 16-bit
timers, timer flip-flop outputs from 16-bit timers, or external interrupt request pins (INT5
through INTS). Setting the PSFC register bits configures the corresponding port 8 pins for
dedicated functions. A reset clears the PSCR and P8FC register bits, configuring all port 8
pins as input port pins having internal pull-up resistors.

(1) P80 to P87
Reset
Y
Direction
control
(Bitwise)
P8CR©vrite
.Iﬁ
Function
control  —
(Bitwise)
P8FC write {>O|
o s
Output latch
A S Ble
P8 write
< \I/I\I Selector
2]
a2 P8 read Ale
©| TBOINO, INT5
S| TBOINL, INT6 Reset
< | TBLINO, INT7
€| TB1INZ, INT8
£ Direction
= > control
(Bitwise)
*
) P8CR write
Function
> control
(Bitwise)
P8FC write {>o-|
— P-ch
S N ) [
>»( Output A S
latch N
X Selector > ¢
Timer flip-flop P8 write
output — > B
TBOOUTO: From TMRBO
TBOOUT1: From TMRBO P
[TBlOUTO: From TMRB1 } B[* “7
TBL1OUT1: From TMRB1 | :
< N Selector
P8 read
~J S Al

p-ch [Programmable]

pull-up resistor

P80 (TBOINO/INTS)
P81 (TBOIN1/INT6)
P84 (TB1INO/INT?)
P85 (TBLIN1/INT8)

Programmable
pull-up resistor

P82 (TBOOUTO)

Figure 3.5.23 Port 8 (P80 to P87)

L]

P83 (TBOOUT1)
P86 (TB1OUTO)
P87 (TB1OUT1)
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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 R/W
Reset value Data from external port (Output latch register is set to 1)
. 0 (Output latch register) : Pull-up resistor disabled
Function . )
1 (Output latch register) : Pull-up resistor enabled
Port 8 Control Register
7 6 5 4 3 2 1 0
PSCR Bit symbol pP87C P86C P85C pP84acC P83C pP82C P81C P8oC
(001AH) | Read/Write w
Reset value o | o | o 0 o | o o | o
Function 0: Input 1: Output
| |
Port 8 direction settings
0 | Input port
1 [ Output port
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC Bit symbol P87F P86F P85F P84F P83F P82F P81F P80OF
(001BH) | Read/Write w w w w w w w w
Reset value 0 0 0 0 0 0 0 0
0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
Function 1:TBIOUTL |1:TBIOUTO | 1: TB1INL, | 1: TBLIN1, | 1: TBOOUTL [ 1: TBOOUTO | 1: TBOIN1 1: TBOINO
INT8 input INT7 input INT6 input INT5 input
Note 1: P8CR and P8FC do not L—— Timer output 4 settings for P82
support read-modify-write PSFEC.P82F 1
operation.
Note 2: When a port 8 pin is used in P8CR P82C L
input mode, the P8 register
controls the on-chip pull-up ——— > Timer output 5 settings for P83
resistor. A read-modify-write PSFC.P83F 1
instruction cannot be SCR.PE3C
executed if at least one pin of P8CR.P83 1

port 8 is placed in input
mode. A read-modify-write
instruction may modify the
on-chip pull-up setting for an
input pin depending on the
current pin status.

Figure 3.5.24 Port 8 Registers

Timer output 6 settings for P86

P8FC.P86F

1

P8CR.P86C

1

Timer output 7 settings for P87

P8FC.P87F

1

P8CR.P87C

1
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3.5.10 Port 9 (P90 to P96)

Seven port 9 pins can be individually programmed to function as discrete
general-purpose or dedicated I/O pins. Upon reset, all port 9 pins are configured as input
port pins, and the output latch (P9) is set to all 1s. port 9 pins can be programmed as SIO
input or output pins.

Setting the POFC register bits configures the corresponding port 9 pins for dedicated
functions.

A reset clears all the P9CR and P9FC register bits, configuring all port 9 pins as input
port pins; P91 and P92 have an internal pull-up resistor.

(1) P90 (SCK1)

P90 can be programmed to function as a general-purpose I/O pin or an SCK1 clock
input or output pin for the serial bus interface in SIO mode.

~ Reset

Direction
control
(Bitwise)

0
PICR write
‘ 1
Function

control
(Bitwise)

)
POFC write

-
S

Output latch

t
SCK1 P9 write B

output T
S B

A Selector

~ j\l

A
P9 read
SCK1 input

Figure 3.5.25 Port 9 (P90)

Internal data bus

A S
Selector

L

P90 (SCK1)
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(2) P91 (SO1/SDA1)

P91 can be programmed to function as a general-purpose I/O pin, an SDA1 data
input pin for the serial bus interface in I2C bus mode, or an SO1 data output pin for the
serial bus interface in SIO mode. P91 is configurable as an open-drain output and has a
programmable pull-up resistor.

When P91 is used as an open-drain output and does not require a pull-up resistor,
the pull-up resistor can be disabled by clearing the PUP.PUP91 register bit to O.

Reset

~

Pull-up
control
(Bitwise)

T
PUP write
Direction

control
(Bitwise)

A
P9CR write

"

Function
control
(Bitwise)

Y

PIFC write b bi |
— rogrammable pull-up
S —1 O >° P-ch [resistor: PUP.PUP91 ]

\ 4

Output latch —|—>A S

Selector

Internal data bus

3

N

— po1 (SO1/SDA1)

P9 write
So1 B Configurable as
output = open-drain
output:

J,i ODE.ODE91 37

S Ble

Y

Selector

A
A

e
N

P9 real

SDAL input <—<}

o

A

A

Figure 3.5.26 Port 9 (P91)
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(3) P92 (SI1/SCL1)

P92 can be programmed to function as a general-purpose I/0 pin, an SI1 data input
pin for the serial bus interface in SIO mode, or an SCL1 clock input or output pin for
the serial bus interface in I2C bus mode. P92 is configurable as an open-drain output
and has a programmable pull-up resistor.

When P92 is used as an open-drain output and does not require a pull-up resistor,
the pull-up resistor can be disabled by clearing the PUP.PUP92 register bit to O.

Reset

I

Pull-up
control

(Bitwise)

A
PUP write

]

Direction

control
(Bitwise)

A
PICR write

|

Function

Internal data bus

control
(Bitwise)

POFC write

VJ
(@]

:D_{>o.| P-ch [ngrammable pull-up]
resistor; PUP.PUP92
L2

Output latch |—>A S
P N [ ] Po2 (siv/scLa)

T_ Selector Configurable as
SCL1 PO wite open-drain output:
S N ODE.ODE92

output 7 3;7

S B

Selector

<
™~

P9 read A

SI1 input < I >
SCL1 input<—<]j

A

Figure 3.5.27 Port 9 (P92)
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(4) P93 (TXD)

P93 can be programmed to function as a general-purpose I/O pin or a TXD output pin

for the SIO channel. P93 is configurable as an open-drain output.

Reset

Direction
control

(Bitwise)

)
PICR write

Function
control

(Bitwise)

D)
POFC write

S

Internal data bus

Output latch

A S

T

TXD P9 write

B

d

Selector

N

 ——

S

(5) P94 (RXD)

\[\I

P9 read

Figure 3.5.28 Port 9 (P93)

Selector

B

Configurable as
open-drain output:
ODE.ODE93

Al

P93 (TXD)

P94 can be programmed to function as a general-purpose I/O pin or an RXD input
pin for the SIO channel.

(N

Reset

Direction

control
(Bitwise)
A
PICR write

1

S

Internal data bus

Output latch

i

P9 writ

N

P9 read

RXD

S B

Selector
A

Figure 3.5.29 Port 9 (P94)

P94 (RXD)
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(6) P95 (CTS/SCLK)

P95 can be programmed to function as a general-purpose I/O pin, or an SCLK clock
input/output pin or CTS input pin for the SIO channel.

Reset

Direction
control
(Bitwise)

[
PICR write
q
1
Function

control
(Bitwise)

i
PIFC write

-

S
Output latch —|—>A S

Internal data bus

N —
ok P9 Ve Selector > []P95 (SCLK/CTTS)

output B

— \V4

S B

]

Selector

P9 read A

CcTS
SCLK input

Figure 3.5.30 Port 9 (P95)

(7) P96

P96 functions as a general-purpose I/0 pin.

™ Reset

Direction
control
(Bitwise)

)
PIOCR write
S

Output latch

P96

Internal data bus

S B
Selector

P9 write
b
~

P9 read A

Figure 3.5.31 Port 9 (P96)
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Port 9 Register
7 6 5 4 3 2 1 0
P9 Bit symbol P96 P95 P94 P93 P92 P91 P90
(0019H) ' Read/write R/W
Reset value Data from external port (Output latch register is set to 1)
Function - 0 (Output latch register) -
: Pull-up resistor disabled
1 (Output latch register)
: Pull-up resistor enabled
Port 9 Control Register
7 6 5 4 3 2 1 0
l(DO%?.EH) Bit symbol PO6C PO5C P94C PO3C P92C P91C P90C
Read/Write w
Reset value 0 | 0 | 0 0 | 0 | 0 | 0
Function 0: Input 1: Output
Port 9 direction settings
0 | Input port
1 | Output port
Port 9 Function Register
7 6 5 4 3 2 1 0
P9FC Bit symbol PI5F PI3F P92F PI91F POOF
(001DH) | Read/write w w w w w
Reset value 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCLK 1: TXD 1: SCL1 1: spawso1 | 1: SCK1
output output output output
1
Note 1: P9CR and P9FC do not support [’SCKl output settings for P90
read-modify-write operation.
Note 2:  When a port 9 pin is used in input mode, POFC.P9OF L
the P9 register controls the on-chip pull-up P9CR.P90C 1
resistor. A read-modify-write instruction
cannot be executed if at least one pin of L— SDA1/SO1 output settings for P91
port 9 is placed in input mode. A
read-modify-write instruction may modify POFC.POLF 1
the on-chip pull-up setting for an input pin POCR.P91C 1
depending on the current pin status.
Note 3: To specify the TXD pin as an open-drain

output, write a 1 to bitl (for the TXD pin) of
the ODE register. The P94/RXD pin does
not have a register bit for selecting the port
or timer function. The input to the
P94/RXD pin is always directed to the SIO
as serial receive data even when the pin is
used as a general-purpose input pin.

>SCL1 output settings for P92

POFC.P92F

PI9CR.P92C

L TXD output settings for P93

POFC.PO3F

1

PI9CR.P93C

1

SCLK output settings for P95

POFC.PI5F 1
PICR.P95C 1
Figure 3.5.32 Port 9 Registers
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3.5.11

Port A (PAO to PA7)

Eight port A pins can be

individually programmed to function as discrete

general-purpose or dedicated I/O pins. A reset clears all the PACR register bits, configuring
all port A pins as input port pins. Alternatively, PAO to PA3 can be programmed as external
interrupt request pins (INT1 to INT4). PAO to PA3 have programmable pull-up resistors.

Reset —0—l

M\

1

Direction

control
(Bitwise)

PACR write

Internal data bus

S

ol pen

Output latch

PA write

I

S
B
Selector

NV

INT1

INT4

AN

PA read

V4

Y A

Positive/Negative
polarity

PAFC. PAOF,

PALF,
PA2F,
PA3F

IIMC. I1EDGE,
I2EDGE,
ISEDGE,
14EDGE

Figure 3.5.33 Port A (PAO to PA3)

Reset—c—l

R
Direction

1

control
(Bitwise)

PACR write

S

{>o-| P-ch

Internal data bus

d

Output
latch

PA write

v
S

Selector

PA read

Y

Y A

Figure 3.5.34 Port A (PA4 to PA7)

Programmable
pull-up resistor

)

> —{ JPaotoPas

(INT1 to INT4)

( Programmable
pull-up resistor.

)

B —— |PA4toPA7

91CW28-80
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Port A Register
7 6 5 4 3 2 1 0
PA Bit symbol PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PAO
(001EH) [ Read/write R/W
Reset value Data from external port (Output latch register is set to 1)
Function 0 (Output latch register) : Pull-up resistor disabled
1 (Output latch register) : Pull-up resistor enabled
Port A Control Register
7 6 5 4 3 2 1 0
PO/?EEH Bit symbol PA7C PA6C PA5C PA4C PA3C PA2C PAILC PAOC
( ) Read/Write w
Reset value o | o | o | o | o | o [ o | o
Function 0: Input 1: Output
Port A Function Register
7 6 5 4 3 2 1 0
PAFC [ Bjt symbol PA3F PA2F PA2F PAOF
(0021H) -
Read/Write w W W W
Reset value 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1:INT4 1:INT3 1:INT2 1:INT1
input input input input
1

Note 1: PACR and PAFC do not support
read-modify-write operation.

Note 2:  When a port A pin is used in input mode, the PA
register controls the on-chip pull-up resistor. A
read-modify-write instruction cannot be
executed if at least one pin of port A is placed in
input mode. A read-modify-write instruction may

modify the on-chip pull-up setting for an input

INT1 input settings for PAO
PAFC.PAOF 1
PACR.PAOC 0

— > INT2 input settings for PA1
PAFC.PALF 1
PACR.PA1C 0

L——— INT3 input settings for PA2

PAFC.PA2F 1
PACR.PA2C 0

INT4 input settings for PA3

. . . PAFC.PA3F 1
pin depending on the current pin status.
PACR.PA3C 0
Figure 3.5.35 Port A Registers
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3.5.12 Input Pull-up Resistor and Open-drain Output Control
The SO0/SDAO (P61) and SO1/SDA1 (P91) data transmit or data transmit/receive pins of
the serial bus interface and the SIO/SCLO (P62) and SI1/SCL1 (P92) data receive or clock
input/output pins of the serial bus interface can be configured as inputs with pull-up
resistors enabled.
Pull-up Enable Register
6 5 4 3 2 1 0
PUP  |Bit symbol PUP92 | PUP91 | PUP62 | PUP61
(002EH) | Read/write RIW
Reset value 1 1 1 1
Function 0: Disable |0: Disable |0: Disable [0: Disable
1: Enable |[1:Enable |1:Enable |1: Enable
The TXD (P93) output pin of the SIO, the SO0/SDAO (P61) and SO1/SDA1 (P91) data
transmit or data transmit/receive pins of the serial bus interface, and the SI0O/SCLO (P62)
and SI1/SCL1 (P92) data receive or clock input/output pins of the serial bus interface can
be configured as open-drain outputs.
Serial Open-drain Enable Register
6 5 4 3 2 1 0
ODE Bit symbol ODE92 ODE91 ODE62 ODE61 ODE93
(002FH) | Read/Write RIW
Reset value 0 0 0 0 0
Function 1: P920DE |1: P91ODE |1: P620DE |1:P610DE |1: P930DE
91CwW28-82 2006-03-24



TOSHIBA TMP91CW28

3.6 Chip Select/Wait Controller

The TMP91CW28 provides four programmable chip select signals. Programmable features
include variable block sizes, data bus width, and wait state insertion.

CS0 to CS3 (Multiplexed with P40 to P43) are the chip select output pins for the CS0 to CS3
address ranges. These chip select signals are generated when the CPU issues an address within
the programmed ranges. The P40 to P43 pins must be configured as CSO to CS3 by
programming the port 4 control (P4CR) register and the port 4 function (P4FC) register.

The TMP91CW28 supports direct connections to ROM and SRAM devices.

Chip select address ranges are defined in terms of a memory start address and an address
mask. There is a memory start address (MSARO to MSARS) register and memory address mask
(MAMRO to MAMRS) register for each of the four chip select signals.

There is also a set of chip select/wait control registers, BOCS to B3CS and BEXCS, each of
which consists of a master enable bit, a data bus width bit, and a wait state field.

External memory devices can also use the WAIT pin to insert wait states and consequently
prolong read and write bus cycles.

3.6.1 Programming Chip Select Ranges

Each of the four chip select address ranges is defined in the memory start address
(MSARO to MSAR3) register and memory address mask (MAMRO to MAMRS3) register. The
basic chip select model allows one of the chip select output signals (CSO to CS3) to assert
when an address on the address bus falls within a particular programmed range. The BOCS
to B3CS registers define specific operations for CSO to CS3, respectively (See section
3.6.2).
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MSARO
(00C8H)

MSAR2
(OOCCH)

(1) Memory start address register

Figure 3.6.1 shows the organization of a memory start address register. The memory
start address register (MSARO to MSARS) specifies the start address for a chip select.
The S[23:16] bits specify the upper 8 bits (A23 to A16) of the start address. The lower
16 bits (A15 to AO) are assumed to be 0. Thus, the start address is any multiple of 64
Kbytes starting at 000000H. Figure 3.6.2 shows the relationships between start
addresses and the contents of the memory start address register.

Memory Start Address Register (for CS0O to CS3)

7 6 5 4 3 2 1 0
MSARL1 | Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
(00CAH)| Read/write R/W
MSAR3 | Reset value 1 | 1 oy ] s s
(00CEH)[ Function A23 to Al6 of the start address
]

T—> Start address settings for CSO to CS3
address ranges

Figure 3.6.1 Memory Start Address Register

Start address Start address register value (MSARO to MSAR3)

Address
000000H ......ccvveeenreene 00H

Po000eR I 64 Kbytes 010000H 01H
[0121001010] - I 02H
030000H ......ccvveeereene 03H
040000H ......cccvvveeeenns 04H
[0151001010] - I 05H
060000H .......ccueeeennenene 06H
FFOOOOH .........ccvvveeee. FFH

FFFFFFH

Figure 3.6.2 Relationships between Start Addresses and Start Address Register Values
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(2) Memory address mask register
Figure 3.6.3 shows the memory address mask register. The memory address mask
register (MAMRO to MAMRS) controls the size of a chip select address range (CSO to
CS3) by specifying a mask for each bit of the start address specified with the memory
start address register (MSARO to MSARS3). Any set bit masks the corresponding start
address bit. The address compare logic uses only the address bits that are not masked
(e.g., mask bit cleared to 0) to detect an address match.
Address bits that can be masked (e.g., supported block sizes) differ for the four chip
select spaces.
Memory Address Mask Register (for CSO0)
7 6 5 4 3 2 1 0
MAMRO | Bit symbol V20 V19 V18 V17 V16 V15 V14 to V9 V8
(00COH) | Read/Write R/W
Reset value 1 | v [ 1 1 | |1 |1 |
Function CSO0 block size 0: The address compare logic uses this address bit.
The CSO block size can be set in the range from 256 bytes to 2 Mbytes.
Memory Address Mask Register (for 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
Reset value 1 | o1 [ 2 | o2 | 1 | 2 | 1 | o1
Function CS1 block size 0: The address compare logic uses this address bit.
The CS1 block size can be set in the range from 256 bytes to 4 Mbytes.
Memory Address Mask Register (for CS2, CS3)
7 6 5 4 3 2 1 0
MAMR2 /MAMR3 | Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
(00CDH)/ (00CFH) | Read/Write RIW
Reset value 1 | v [ 1 1 | x| 1 |1 |
Function CS2/CS3 block size 0: The address compare logic uses this address bit.
The CS2 and CS3 block size can be set in the range from 32 Kbytes to 8 Mbytes.
Figure 3.6.3 Memory Address Mask Register
91CWwW28-85 2006-03-24




TOSHIBA TMP91CW28

(3) Memory start address and address mask value calculations

Figure 3.6.4 shows example register settings, causing CSO to be asserted in the
64 Kbytes of address space starting at 010000H.

The S[23:16] bits in the MSARO register specify the upper eight bits of the start
address, or 01H. Calculate the difference between the start address and the end
address (01FFFFH). Bits 20 to 8 of the result specify a mask value to be used when the
CSO0 space is specified. Set this value in the V[20:8] bits in the memory address mask
register MAMRO to specify the space size.

This example sets 07H in the MAMRO to specify 64 Kbytes of address space.

I R O e R e R N N N N e S e S S S N N N N ]

Memory
| 0 | 1 | F | F | F | F |H end
address | CSO space
size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MSARO [ o [0 ]o]ooloo]1] Memory
start
) | 0 | 1 | H address
e __V20 V19 V18V17 V16 V15 V14 to V9 vw.
MSMRO-0-0-0-0ofofofof1]1 1 1 1 1 11|21 1 1 1 1 1 1 1} Memoryaddressmask
************************ register value
| 0 7 | H

—> Setting 07H specifies 64 Kbytes of address space.

Figure 3.6.4 Example CS0O Space Settings

Upon reset, the MSARO to MSAR3 and MAMRO to MAMRS3 are set to FFH while the
BOCS.BOE, B1CS.B1E and B3CS.B3E bits are cleared to 0, so that the CS0, CS1 and
CS3 spaces are disabled. The TMP91CW28, however, enables the CS2 space in the
address range of 003000H through FDFFFFH because B2CS.B2M is cleared to 0 and
B2CS.B2E is set to 1. The BEXCS register controls the bus width and wait insertion for
addresses other than those included in the CSO0 to CS3 spaces. See section 3.6.2.
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(4) Specifying an address space size

Table 3.6.1 shows the programmable block sizes for CSO to CS3. “A” indicates a
combination which may not be possible depending on the memory start address and

address mask register values. When using a size marked “A”, specify start addresses

using desired increments from 000000H.

Even if the user has accidentally programmed more than one chip select line to the

same area, or if the CS2 space is specified to be 16 Mbytes, only one chip select line is

driven because of internal line priorities. CSO has the highest priority, and CS3 the

lowest.

Example: Specifying 128 Kbytes of CSO0 space.
a Possible start addresses

000000H ) 128 Kbytes

020000H
) 128 Kbytes All of these start addresses can be set.
040000H
) 128 Kbytes
060000H

b. Impossible start addresses

000000H ) 68 Kbytes <«—— The size increment is wrong. Subsequent start
addresses cannot specify required space.

010000H ) 128 Kbytes
030000H

) 128 Kbytes
050000H

Table 3.6.1 Supported Block Sizes

Size (bytes)
256 512 32K 64 K 128K | 256K | 512K 1M 2M 4 M 8M
CS Space
CS0 o o A A A A A
Cs1 o A A A A A A
CSs2 o A A A A A A A
CS3 o A A A A A A A

Note: “A” indicates a combination which may not be possible depending on the memory start address

and address mask register values.
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3.6.2  Chip Select/Wait Control Registers

The organizations of the chip select/wait control registers are shown in Figure 3.6.5.
Each of these registers consists of a chip select type field, a master enable bit, a data bus
width bit, and a wait state field. The BOCS to B3CS registers define the CSO to CS3 lines,
respectively. The BEXCS register defines the access characteristics for the rest of the

address locations.
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Chip Select/Wait Control Registers

7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
(00COH) | Read/Write w w
Reset value 0 0 | 0 0 0 | 0 | 0
Read-modify- - - - -
write Function 0: Disable Chip select output Data bus Number of wait-state cycles
operation is 1: Enable waveform width
not 00: ROM/SRAM 0:16 bits | 000: 2 wait states 100
supported. 01: ’ 1: 8 bits 001: 1 wait state 101 { Setting
10: -Don't care 010: (L + N) wait states 110 [ Prohibited
11 011: No wait state 11
B1CS Bit symbol BLE BIOM1 | B1OMO | B1BUS BIw2 | Biwi | Biwo
(00C1H) | Read/write w w
Read-modify] Resetvalue 0 o | o 0 o | o | o
write Function 0: Disable Chip select output Data bus Number of wait-state cycles
operation is 1: Enable waveform width
not 00: ROM/SRAM 0:16 bits | 000: 2 wait states 100
supported. 01L: 1: 8 bits 001: 1 wait state 101 { Setting
10: Don't care 010: (L + N) wait states 110 [ Prohibited
1L 011: No wait state 11
B2CS Bit symbol B2E B2v | B2om1 | B2omo | B2BUS | B2w2 | B2wi | B2wO
(00C2H) | Read/Write w
Read-modiyy| RESeL value 1 0 o | o 0 o | o | o
write Function 0: Disable | CS2space | Chip select output Data bus Number of wait-state cycles
operation is 1: Enable select waveform width
not 0: Whole 00: ROM/SRAM 0:16 bits [ 000: 2 wait states 100
supported. 16-Mbyte | 01: 1: 8 bits 001: 1 wait state 101 | Setting
space 10: -Don't care 010: (1 + N) wait states 110 prohibited
1: CS space 1L 011: No wait state 11
B3CS Bit symbol B3E B3oM1 | B3OoMO | B3BUS | B3w2 | B3wi | B3wO
(00C3H) | Read/Write w W
Read-modiy] Resetvalue | 0 o | o 0 o | o | o
write Function 0: Disable Chip select output Data bus Number of wait-state cycles
operation is 1: Enable waveform width
not 00: ROM/SRAM 0: 16 bits | 000: 2 wait states 100
supported. 01L: 1: 8 bits 001: 1 wait state 101 { Setting
10: (Don't care 010: (L + N) wait states 110 [ Prohibited
11 011: No wait state 11
BEXCS | Bit symbol BEXBUS | BEXW2 | BEXW1 | BEXWO
(00C7H) Read/Write w
Read-modify Reset value 0 0 | 0 | 0
write Function Data bus Number of wait-state cycles
operation is width
not 0: 16 bits 000: 2 wait states 100
supported. 1: 8 bits 001: 1 wait state 101 | Setting
010: (1 + N) wait states 110 [ Prohibited
011: No wait state 11
) | ' ] : ]
Master enable bit
Chip select output waveform Wait state settings
0 [CS space disabled ) ) )
00 [ ROM/SRAM (See “Wait control” in section 3.6.2 (3).)
1 | CS space enabled
01
10 [ Don't care L———— Data bus width settings
CS2 space select <—— -
11 0 |16-bit data bus

1 |8-bit data bus

Figure 3.6.5 Chip Select/Wait Control Registers
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(1) Master enable bit

Bit7 (BOE, B1E, B2E and B3E) in each chip select/wait control register is a master
enable bit, which enables or disables the settings in the register for the corresponding
address space. Writing a 1 to the bit enables the settings. A reset results in BOE, B1E
and B3E being cleared to 0 and B2E being set to 1, so that only the register settings for
the CS2 space are enabled.

(2) Data bus width
The TMP91CW28 supports dynamic bus sizing, or modifying the data bus width
according to the address space it accesses. Bit3 (BOBUS, B1BUS, B2BUS, B3BUS and
BEXBUS) in each chip select/wait control register specifies the data bus width. Writing
a 0 to the bit causes the TMP91CW28 to access the corresponding memory space using
a 16-bit data bus. Writing a 1 to the bit causes the TMP91CW28 to use an 8-bit data
bus. Table 3.6.2 shows details of dynamic bus sizing.

Table 3.6.2 Dynamic Bus Sizing

Da_tta Bus Operand Start Dgta Bus CPU Data
Width for Address Width on CPU Address
Operand Memory D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to bg
16 bits 2n+1 b7 to b0 XXXXX
2n+2 XXXXX b15 to b8
32 hits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
2n+2 XXXXX b23 to b16
2n+3 XXXXX b31 to b24
16 bits 2n+0 b15 to b8 b7 to b0
2n+2 b31 to b24 b23 to b16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
2n+3 XXXXX b23 to b16
2n+4 XXXXX b31 to b24
16 bits 2n+1 b7 to b0 XXXXX
2n+2 b23 to b16 b15 to b8
2n+4 XXXXX b31 to b24

xxxxx: For aread, input data on the bus is ignored. For a write, the bus is placed in the high-impedance
state and the write strobe for the bus remains inactive.
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(3) Wait control

Bits 2 to 0 (BOW[2:0], BIW[2:0], B2W[2:0], B3W[2:0] and BEXW[2:0]) in each chip
select/wait control register specifies the number of wait states to be inserted. The
following table shows how wait states are inserted according to the combination of
these bits. Any combinations other than those listed in the table cannot be used.

Table 3.6.3 Wait Settings

Number of .
<BxW2:0> . Operation
Waits

000 2 Two wait states are inserted regardless of the state of the WAIT pin.

001 1 One wait state is inserted regardless of the state of the WAIT pin.

010 (1L+N) One wait state is inserted, after which the state of the WAIT pin is
sampled and, if it is low, another wait state is inserted so that the bus
cycle is elongated until the pin goes high.

011 0 The bus cycle is completed without wait states inserted, regardless of
the state of the WAIT pin.

A reset clears the bits to 000 (2 waits).

(4) Bus width and wait control for addresses outside the CSO to CS3 spaces

The BEXCS register controls the data bus width and wait states when an address
that does not belong to any of the CS0 to CS3 blocks is accessed. The settings in this
register are always enabled.

(5) 16-Mbyte space selection

Clearing the B2M bit in the B2CS register to 0 results in 16 Mbytes of address space
(003000H to FDFFFFH) being assigned to CS2. Setting the bit to 1 results in the CS2
space being assigned in the same way as CS0, CS1 and CS3, according to the settings
in the MSAR2 and MAMR2 registers. A reset clears the bit to 0 so that 16-Mbyte space
1s assigned.
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(6) Procedure for setting the chip select/wait controller

When using the chip select/wait controller, set the following registers in the stated
order:

1. Memory start address registers: MSARO to MSAR3
Set the start addresses of the CSO0 to CS3 spaces.

2. Memory address mask registers: MAMRO to MAMR3
Set the sizes of the CS0 to CS3 spaces.

3. Control registers: BOCS to B3CS

Set the chip select type, data bus width, number of wait states and master
enable/disable for the CS0 to CS3 spaces.

The CSO to CS3 pins are shared with the P40 to P43 pins. To drive a chip select
signal from these pins, the appropriate bits in the port 4 control register (P4CR) and
port 4 function register (P4FC) must be set to 1.

If an address specified for any of the CSO to CS3 spaces falls in the on-chip

peripheral, RAM or ROM area, the corresponding CS pin does not drive a chip select
signal and the CPU accesses the internal area.

Example:
When the CSO space is assigned a 64-Kbyte space of 010000H through 01FFFFH with a
16-bit data bus and no wait states:

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

MAMRO=07H ........... 64-Kbyte address space

BOCS=83H ............... ROM/SRAM, 16-bit data bus, O-wait states, CSO settings
enabled
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3.6.3

Application Example

Figure 3.6.6 shows an example usage of the TMP91CW28 programmable chip selects. In
this example, an external ROM chip is connected through a 16-bit data bus and external
RAM and peripheral chips are connected through an 8-bit data bus.

TMP91CW28

Cso
Csi
Cs2
ALE]

ADS
AD15
ADQ
AD7

WR

74AC573

ﬁDQ

LE

iDpQ

LE
1

Address bus

Ib—

V!

L

I

0

Upper byte
ROM

OE

Lower byte
ROM

OE

8-bit
RAM

!

bY

]

Figure 3.6.6 External Memory Connections (ROM width = 16 bits, RAM and peripheral width = 8 bits)

Both CS1 and CS2 are shared with port 4 pins. Upon reset, all port 4 pins are configured
as input port pins. To use them as chip select pins, set appropriate bits in the port 4
function (P4FC) register and the port 4 control (P4CR) register to 1, in this order.
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3.7

8-Bit Timers (TMRA)

The TMP91CW28 has a four-channel 8-bit timer (TMRAO to TMRA3), which is comprised of
two modules named TMRAO1 and TMRA23. The TMRAO1 contains the TMRAO and the
TMRA1, and the TMRA23 contains the TMRA2 and TMRAS3. Each timer module has the
following operating modes:

e  8-bit interval timer

mode

e  16-bit interval timer mode

e  8bit programmable pulse generation (PPG) mode (Variable frequency, variable duty cycle)

e  8-bit pulse width modulated (PWM) signal generation mode (Fixed frequency, variable duty

cycle)

Figure 3.7.1 and Figure 3.7.2 are block diagrams of the TMRAO1 and TMRA23 respectively.
The main components of a timer channel are an 8-bit up counter, an 8-bit comparator and an

8-bit timer register. Two timer channels share a prescaler and a timer flip-flop.

A total of five special function registers (SFRs) provide control over the operating modes and
timer flip-flops for the TMRAO1 and the TMRAZ23 each, which can be independently
programmed. The TMRAO1 and the TMRAZ23 are functionally equivalent. In the following
sections, any references to the TMRAO1 also apply to the TMRA23.

Table 3.7.1 gives the pins and registers for the two timer modules.

Table 3.7.1 Pins and Registers for the TMRAOL and the TMRA23

Timer flip-flop output

(Shared with P71)

Module
o TMRAO1 TMRA23
Specifications
External clock TAOIN
: . None
) Input (Shared with P70)
External pins
TA1OUT TA30UT

(Shared with P72)

Timer run register

TAO1RUN (0100H)

TA23RUN (0108H)

Registers

Timer registers

TAOREG (0102H)
TALREG (0103H)

TA2REG (010AH)
TA3REG (010BH)

(Addresses)

Timer mode register

TAO1IMOD (0104H)

TA23MOD (010CH)

Timer flip-flop
control register

TA1FFCR (0105H)

TA3FFCR (010DH)
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3.7.2  Timer Components

(1) Prescaler

The TMRAO1 has a 9-bit prescaler that slows the rate of a clocking source to the
counters. The prescaler clock source ($T0) has one-fourth the frequency selected by
programming the PRCK [1:0] field of the SYSCRO located within the clock gear.

The TAOPRUN bit in the TAO1RUN register allows the enabling and disabling of the
prescaler for the TMRAO1. A write of 1 to this bit starts the prescaler. A write of O to
this bit clears and halts the prescaler. Table 3.7.2 shows prescaler output clock
resolutions.

Table 3.7.2 Prescaler Output Clock Resolutions

at fc =10 MHz
Prescaler Clock Clock Gear Prescaler Output Clock Resolution
Source Value
PRCK([1:0] GEAR[2:0] ¢oT1 T4 ¢T16 ¢9T256
000 (fc) 2%fc ( 0.8ps) | 2°c ( 3.2ps) | 27/fc ( 12.8 ps) | 2™/fc ( 204.8 us)
00 001 (fc/2) 2%c ( 1.6ps) | 2%c ( 6.4ps) | 2%fc ( 25.6 ps) | 2%%/fc ( 409.6 us)
(feph) 010 (fc/4) 2%fc ( 3.2ps) | 27fc (12.8ps) | 2%fc ( 51.2 ps) | 2%fc ( 819.2 us)
011 (fc/8) 2%c ( 6.4ps) | 2%fc (25.6ps) |2'%fc (102.4ps) | 2"fc ( 1638.4 ps)
100 (fc/16) 2ffc (12.8ps) | 2%fc (51.2ps) |2™fc (204.8ps) | 2%Hc ( 3276.8 ps)
(fc/lel?:lock) XXX 2ffc (12.8ps) | 2%fc (51.2ps) |2™fc (204.8ps) | 2%Hc ( 3276.8 ps)

XXX: Don’t care

(2) Up counters (UCO and UC1)

The timer module contains two 8-bit binary up counters, each of which is driven by a
clock independently selected by the TAOIMOD register.

The clock input to the UCO is either one of three prescaler outputs (pT1, ¢T4, ¢T16)
or the external clock applied to the TAOIN pin. Which clock is to use is programmed
into the TAOCLK [1:0] field in the TAOIMOD register.

Possible clock sources for the UC1 depend on the selected operating mode. In 16-bit
interval timer mode, the clock input to the UC1 is always the UCO overflow output. In
other operating modes, the clock input to the UC1 is either one of three prescaler
outputs (¢T1, $T16, $T256) or the TMRAO comparator match-detect output.

The TAORUN and TA1RUN bits in the TAO1RUN register are used to start counting
and to stop and clear the counter. Upon reset, the up counter is cleared to 00H and the
whole timer module is disabled.
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(3) Timer registers (TAOREG and TA1IREG)

Note:

Each timer register is an 8-bit register containing a time constant. When the up
counter reaches the time constant value in the timer register, the comparator block
generates a match-detect signal. When the time constant is cleared to 00H, a match
occurs upon a counter overflow.

One of the two timer registers, TAOREG, is double buffered. The double-buffering
function can be enabled and disabled through the programming of the TAORDE bit in
the TAO1IRUN: O = disable, 1 = enable.

If double-buffering is enabled, the TAOREG latches a new time constant value from
the register buffer. This takes place upon detection of a 2» overflow in PWM mode and
upon a match between the UCO and the TA1IREG in PPG mode. Double-buffering must
be disabled in interval timer modes.

A reset clears the TAOIRUN.TAORDE bit to 0, disabling the double-buffering
function. To use this function, the TAOIRUN.TAORDE bit must be cleared after loading
the TAOREG with a time constant. When TAOIRUN.TAORDE =1, the next time
constant can be written to the register buffer.

Figure 3.7.3 illustrates the double-buffer structure for the TAOREG.

Timer register 0 (TAOREG) Selector

7N (B_G:(_(_TAlREG match in PPG mode

2" overflow in PWM mode
Shift trigger A ]
Write to TAOREG
Register buffer 0 S
AN
Write
§ Internal data bus | TAO1RUN.TAORDE

Figure 3.7.3 Timer Register 0 (TAOREG) Structure

The timer register and the corresponding register buffer are mapped to the same address.
When TAO1RUN.TAORDE =0, a time constant value is written to both of the timer register
and the register buffer; when TAOLIRUN.TAORDE = 1, a time constant value is written only to
the register buffer.

The addresses of the timer registers are as follows:

TAOREG: 000102H  TA1REG: 000103H
TA2REG: 00010AH TA3REG: 00010BH

The timer registers are write-only registers.
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(4)

(5)

Comparators (CP0O and CP1)
The comparator compares the output of the 8-bit up counter with a time constant

value in the 8-bit timer register. When a match is detected, an interrupt
(INTTAO/INTTA1) is generated and the timer flip-flop is toggled, if so enabled.

Timer flip-flop (TA1FF)
The timer flip-flop (TA1FF) is toggled, if so enabled, each time the comparator

match-detect output is asserted. The toggling of the timer flip-flop can be enabled and
disabled through the programming of the TA1FFIE bit in the TA1FFCR.

A reset clears the TAFF1IE bit, disabling the toggling of the TA1FF. The TA1FF can
be initialized to 1 or 0 by writing 01 or 10 to the TA1FFC [1:0] field in the TA1FFCR.
Additionally, a write of 00 by software causes the TA1FF to be toggled to the opposite
value.

The value of the TA1FF can be driven onto the TAIOUT pin. The port 7 registers
(P7CR and P7FC) must be programmed to configure the P71/TA10UT pin as TAIOQUT.

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 ﬂ il ”
TAOREG and up-counter / (
2" overflow interrupt /ﬂ A.l
(INTTAO) \ ( : \ (
1

TA10UT | \|_| o \l_]

(PWM cycle) T

Desired PWM cycle
change point

e e e

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

91CW28-99 2006-03-24



TOSHIBA TMP91CW28
3.7.3  SFR Description
TMRAO1 Run Register
I 6 5 4 3 2 1 0
TAO1RUN | Bit symbol TAORDE I2TAO1 | TAOIPRUN [ TAIRUN | TAORUN
(0100H) | Readmrite | R/W RIW
Reset value 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffering 0: OFF 0: Stop and clear
0: Disable 1: ON 1: Run
1: Enable
TAOREG double buffering control I—’Counting
0 Disable 0 Stop and clear
1 Enable 1 Count up
12TAO01: Timer ON/OFF in IDLE2 mode
TAO1PRUN: Prescaler
TALRUN: TMRA1
TAORUN: TMRAO
Note: Bits4, 5, and 6 are read as undefined.
TMRAZ23 Run Register
7 6 5 4 3 2 1 0
TA23RUN] Bit symbol TA2RDE I2TA23 | TA23PRUN | TASRUN | TA2RUN
(0108H) | Read/write | RW RIW
Reset value 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffering 0: OFF 0: Stop and clear
0: Disable 1: ON 1: Run
1: Enable
TA2REG double buffering control |—> Counting
0 Disable 0 Stop and clear
1 Enable 1 Count up
12TA23: Timer ON/OFF in IDLE2 mode
TA23PRUN: Prescaler
TA3RUN: TMRA3
TA2RUN: TMRA2

Note: Bits4, 5, and 6 are read as undefined.

Figure 3.7.4 TMRA Registers (1)
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAO1IMOD]| Bit symbol TAO1M1 TAO01IMO PWMO1 PWMO0O | TAL1CLK1 | TA1CLKO | TAOCLK1 | TAOCLKO
(0104H) Read/Write R/W
Reset value o | o o | o o | o o | o
Function Operating mode PWM period TMRAL source clock TMRAO source clock
00: 8-bit interval timer | 00: Reserved 00: TAOTRG 00: TAOIN input
01: 16-bit interval timer |01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG 10: 2" 10: $T16 10: ¢T4
11: 8-bit PWM 11: 2° 11: $T256 11: ¢T16

|—> TMRAO clock source

00 |External input (TAOIN)
01 |¢T1 (Prescaler)
10 |[¢T4 (Prescaler)
11 | ¢T16 (Prescaler)

—>TMRAI1 clock source

TAOIMOD.TA0IM[1:0] =01

TAO1IMOD.TAOIM[1:0] = 01
00 | TMRAO match output
01 |¢T1
10 |[¢T16 [
11 | ¢T256

TMRAO overflow output

16-bit timer
mode

L Period select in 8-bit PWM mode

00 |Reserved

01 |2°x source clock
10 |27 x source clock
11 | 2® x source clock

TMRAO1 operating mode

8-bit timer (TMRA1)

00 |8-bit timer x 2ch

01 |16-bittimer

10 |8-bit PPG

11 |8-bit PWM generation (TMRAQ) and

Figure 3.7.5 TMRA Registers (2)
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TMRAZ23 Mode Register

Il 6

5 4

3

2 1

0

TA23MOD| Bit symbol

TA23M1 | TA23MO

PWM21 PWM20

TA3CLK1

TA3CLKO

TA2CLK1

TA2CLKO

(010CH) Read/Write

R/IW

Reset value

o | o

o | o

0

| o 0

| o

Function

Operating mode

00: 8-bit interval timer
01:16-bit interval timer
10: 8-bit PPG

11: 8-bit PWM

PWM period
00: Reserved
01: 2°

10: 27

11: 2°

TMRA3

00: TA2TRG

01: ¢T1
10: ¢T1
11: ¢T2

source clock

56

TMRA2 source clock
00: Reserved

01: ¢T1
6 10: ¢T4
11: ¢T16

I |

TMRAZ2 clock source

00

Setting prohibited

01

6Tl (Prescaler)

10

6T4 (Prescaler)

11

¢T16 (Prescaler)

—>TMRA3

clock source

TA23MOD.TA23M[1:0] = 01

TA23MOD.TA23M[1:0] =01

00

TMRAZ2 match output

01

oT1

10

$T16

11

$T256

TMRA2
overflow

output

16-bit timer
mode

Period select in 8-bit PWM mode

00

Reserved

01

2% x source clock

10

27 x source clock

11

2® x source clock

TMRAZ23 operating mode

00

8-bit timer x 2ch

01

16-bit timer

10

8-bit PPG

11

8-bit PWM generation (TMRA2) and

8-bit timer (TMRAZ3)

Figure 3.7.6 TMRA Registers (3)
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TMRAL Flip-flop Control Register
5 4 3 2 1 0
TAL1FFCR] Bit symbol TAL1FFC1 | TALFFCO | TALFFIE | TALFFIS
(0105H) Read/Write R/W R/W
Reset value 1 | 1 0 0
Function 00: Toggle TALFF TALFF
Rezq> 01: Set toggle toggle
modify- . trigger
write 10: Clear enable
" 0: TMRAO
operation 11: Don't care 0: Disable
is not 1: Enable 1: TMRA1
supported.

Note: Bits 4 to 7 are read as undefined.

]

(TALFF)

l

Selects a signal to toggle timer flip-flop 1

Don't care in other than 8-bit timer mode)

0

Toggled by TMRAO

1

Toggled by TMRA1

—> TA1FF toggle enable

0

Disable

1

Enable

L TA1FF control

00

Toggles TALFF (Software toggle).

01

Sets TALFF to 1.

10

Clears TA1FF to O.

11

Don’t care

Figure 3.7.7 TMRA Registers (4)
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TMRAS3 Flip-flop Control Register

7 6 5 4 3 2 1 0

TA3FFCR | Bit symbol TA3FFC1 | TA3FFCO | TA3FFIE | TA3FFIS
(010DH) | Read/write RIW RIW

Reset value 1 | 1 0 0
Read- Function 00: Toggle TA3FF TA3FF
modify- 01: Set toggle toggle
write 10: Clear enable trigger
operation 11: Don't care 0: Disable |0: TMRA2
is not 1:Enable [1: TMRA3
supported.

]

Selects a signal to toggle timer flip-flop 3

(TA3FF)

Don't care in other than 8-bit timer mode)
0 Toggled by TMRA2

1 Toggled by TMRA3

—>TA3FF toggle enable
0 Disable
1 Enable

—— > TA3FF control

00 |Toggles TA3FF (Software toggle).
01 |Sets TA3FFto 1.

10 |Clears TA3FF to 0.

11 |Don't care

Note: Bits 4 to 7 are read as undefined.

Figure 3.7.8 TMRA Registers (5)
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TMRA register
| 5 | a4 | 3 0
TAOREG | bit Symbol -
(0102H) Read/Write W
After reset Undefined
TALREG | bit Symbol -
(0103H) Read/Write W
After reset Undefined
TA2REG | bit Symbol -
(010AH) Read/Write W
After reset Undefined
TA3REG | bit Symbol -
(010BH) Read/Write W
After reset Undefined
Note: The above registers are prohibited read-modify-write instruction.
Figure 3.7.9 TMRA Registers (6)
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3.7.4  Operating Modes

(1) 8-bit interval timer mode

The TMRAO and the TMRA1 can be independently programmed as 8-bit interval
timers. Programming these timers should only be attempted when the timers are not
running.

a. Generating periodic interrupts

In the following example, the TMRA1 is used to accomplish periodic interrupt
generation. First, stop the TMRAL1 (if it is running). Then, set the operating mode,
clock source and interrupt interval in the TAOIMOD and TA1REG registers. Then,
enable the INTTA1 interrupt and start the TMRA1.

Example: Generating the INTTA1 interrupt at a 20 us interval (fc = 10 MHz)

Clocking conditions: [ High-speed clock gear: x 1 (fc)

Prescaler clock: fEPH
MSB LSB
. 7 6 5 4 3 2 1 0
TAOIRUN  « - X - - Stops and clears the TMRAL.
TAOIMOD «+ 0 0O X X 0 1 X X Selects 8-bit interval timer mode and ¢ T1 ((23/fc)s) as the
clock source (at fc = 10 MHz).
TALREG «< 0 0 0 1 1 0 0 1 Sets the time corslstant value in the TAIREG
(20 us + ¢ T1 ((27/fc)s) = 25 (19H)).
INTETAOL « X 1 0 1 X — — — Enables INTTAL and sets the interrupt level to 5.
TAOLRUN « - X X X - 1 1 - Starts the TMRAL.

X: Don't care, —: No change
Refer to Table 3.7.2 when selecting a timer clock source.

Note: The clock inputs to the TMRAO and the TMRAL can be one of the following:
TMRAQO: TAOIN input, ¢T1, ¢T4, or ¢T16
TMRAL: Match-detect signal from the TMRAO, ¢T1, ¢T16, or $T256
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Generating a square wave with a 50% duty cycle

The 8-bit interval timer mode can be used to generate square-wave output. This
is accomplished by toggling the timer flip-flop (TA1FF) periodically. The TA1FF
state can be driven out to the TATIOUT pin. Both the TMRAO and the TMRA1 can
be used as square-wave generators. The following shows an example using the
TMRAIL.

Example: Generating square-wave output with a 4.8 us period on the TAIOUT pin

[ TAO1IRUN
TAO1IMOD

TALIREG
TA1FFCR

P7CR
P7FC
TAO1RUN

(fc = 10 MHz).
Clocking conditions: High-speed clock gear: x 1 (fc)
Prescaler clock: fEPH

7 6 5 4 3 2 1 0

«~ - X X X - 0 0 - Stops and clears the TMRAL.

« 0 0 X X 0 1 X X Selects 8-bit interval timer mode and ¢T1 ((23/fc)s) as the
clock source (at fc = 10 MHz).

<~ 0 0 0 0 0 0 1 1 Sets the time constant value in the TAIREG
(4.8 us + ¢T1 ((27/fc)s) + 2 = 03H).

« X X X X 1 0 1 1 Clears the TALFF to 0 and selects the TMRAL
match-detect output as a toggle-trigger signal.

“« X X - - - - 1 - } ) )
Configures P71 as the TA1OUT output pin.

« X X - = X - 1 X

«~ - X X X - 1 1 - Starts the TMRAL.

~X: Don't care, —: No change

¢T1—|

TAOIRUN.
TALRUN

Bit7 to 2

N A

Up Bitl

counter

Bito— 0|

Comparator

T2 [\ T 2 [31 | 2 [3]of
[ JI I

timing
Comparator output

(Match detect)
INTTAL

M
T M
\ M

| ]

Up counter clear

TA1FF

l

TALOUT

AN

i __K_________ﬁ\

2.4 ps atfc =10 MHz :

Figure 3.7.10 Square-wave Generation (50% duty cycle)
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c. Using the TMRAO match-detect output as a trigger for the TMRA1

Set the TMRAO1 in 8-bit interval timer mode. Select the TMRAO comparator
match-detect output as the clock source for the TMRA1.

TMRAO comparator M M
match output

TMRAQ up counter 1 X2 X3X4X5 XL X2 X3X4X5X1X2X3)

(when TAOREG =5)

TMRAL up counter 1 X 2 X 1

(when TALIREG =2)

TMRA1 match output I-I

Figure 3.7.11 Using the TMRAO Match-detect Output as a Trigger for the TMRA1
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(2) 16-bit interval timer mode

The TMRAO and the TMRA1 are cascadable to form a 16-bit interval timer. The
TMRAO1 is put in 16-bit interval timer mode by programming the TAOIM [1:0] field in
the TAOIMOD register to 01.

In 16-bit interval timer mode, the TMRA1 is clocked by the counter overflow output
from the TMRAO. In this mode, the TA1CLK [1:0] bits in the TAOIMOD register are
don’t cares. The clock input to the TMRAO can be selected as shown in Table 3.7.2.

Write the lower eight bits of a time constant value to the TAOREG and the upper
eight bits to the TAIREG. Note that the TAOREG must first be programmed prior to
the TAIREG. Writing data to the TAOREG causes comparison to be disabled
temporarily, after which writing data to the TAIREG restarts comparison.

Example: Generating the INTTA1 interrupt at a 0.8 second interval (fc = 10 MHz).
Clocking conditions: [ High-speed clock gear: x 1 (fc)
Prescaler clock: fEPH

When ¢T16 (= (27/fc)s) at 10 MHz) is used as the TMRAO clock source, the required
time constant value is calculated as follows:

0.8 s + (27/fc)s = 62500 = F424H

Thus, the TA1IREG is to be set to F4H and the TAOREG to 24H.

Every time the up counter UCO reaches the value in the TAOREG, the TMRAO
comparator generates a match-detect output, but the UCO continues counting up. A
match between the UCO and the TAOREG does not cause an INTTAO interrupt.

Every time the up counter UC1 reaches the value in the TAIREG, the TMRA1
comparator generates a match-detect output. When the TMRAO and TMRAI1
match-detect outputs are asserted simultaneously, both the up counters (UCO and
UC1) are reset to 00H and an interrupt is generated on INTTA1. Also, if so enabled, the
timer flip-flop (TA1FF) is toggled.

Example: TAIREG = 04H and TAOREG = 80H

Value of up counter
(UC1, uco)

TMRAO comparator match
detect signal n n " " ﬂ "

0080H 0180H 0280H 0380H 0480H  0080H

TMRAO comparator match "
detect signal

1
1
INTTAO E
]

INTTAL N
X

TA1OUT Inversion

Figure 3.7.12 Timer Output in 16-Bit Interval Timer Mode
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(3) 8-bit programmable pulse generation (PPG) mode

The 8-bit PPG mode can be used to generate a square wave with any frequency and
duty cycle, as shown below. The pulse can be high-going and low-going, as determined
by the initial setting of the timer flip-flop (TA1FF). This mode is supported by the
TMRAO, but not by the TMRA1. The square-wave output is driven to the TA1OUT pin.

) tH () tL

1
I < 1

When <TA1FFC1:0>="10"

When <TA1FFC1:0>="01" — I

Example when <TA1FFC1:0>="01"

TAOREG and UCO match A {l
(Interrupt INTTAO) / /
TAL1REG and UCO match /H )ﬂ
(Interruput INTTAL) {\ \ {\
TALOUT
TAOREG
TA1REG

Figure 3.7.13 8-Bit PPG Output Waveform
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In this mode, a square wave is generated by toggling the timer flip-flop (TA1FF). The
TA1FF changes state every time a match is detected between the UCO and the
TAOREG and between the UCO and the TA1REG.

The TAOREG must be set to a value less than the TAIREG value.

In this mode, the TMRA1 up counter (UC1) cannot be independently used. However,

the TMRA1 must be put in a running state by setting the TAIRUN bit in the
TAO1RUN register to 1.

Figure 3.7.14 shows a functional diagram of 8-bit PPG mode.

TA1OUT
Selector TAO1RUN.TAORUN 1
TAOIN - ,
oTL —> 8-bit up counter TALFF [«<TA1FFCR.TALFFIE
0T4  —> (Uco)
0T16 —
T T [ Toggle
TA01MOD.TAOCLK][1:0] INTTAO
A4
| Comparator | Comparator I INTTAL
¥ 7

LSeIector

TAOREG-WR—>

TAOREG

Shift trigger

A | Register buffer | | TAIREG |
TAOLRUN.TAORDE

Internal data bus

Figure 3.7.14 Functional Diagram of 8-Bit PPG Mode

In 8-bit PPG mode, if the double-buffering function is enabled, the TAOREG value
can be changed dynamically by writing a new value into the register buffer. Upon a
match between the TAIREG and the UCO, the TAOREG latches a new value from the
register buffer.

The TAOREG can be loaded with a new value upon every match, thus making it easy
to generate a square wave with virtually any (and variable) duty cycle.

Match between TAOREG
and up counter 0 5 tJ.I J —t"
counter = counter =
Match between TAIREG (Up Q) (Up Q2)
and up counter 0

(Shift trigger for register buffer
TAOREG o3 Y X o,
(Compare value)
Register buffer Q. X Qs
A Write to TAOREG

(Register buffer)

Figure 3.7.15 Register Buffer Operation
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Example: Generating a 50 kHz square wave with a 25% duty cycle (fc = 10 MHz)

LT T

20 us
* Clocking conditions: [ High-speed clock gear: x 1 (fc)
Prescaler clock: fEPH

The time constant values to be loaded into the TAOREG and TA1REG are
determined as follows:

A 50 kHz waveform has a period of 20 ps.

When ¢T1 = ((23/fc)s) at 10 MHz) is used as the timer clock source, the TAIREG
should be loaded with:

20 us + (23/fc)s =25
With a 25% duty cycle, the high pulse width is calculated as 20 us x 1/4 =5 ps. Thus,
the TAOREG should be loaded with:

5 us + (2%/fc)s =6 =06H

_ 7 6 5 4 3 2 1 0
TAOIRUN « 0 X X X - 0 0 O Stops and clears the TMRAO and the TMRAL.
TAOIMOD «+ 1 0 X X X X 0 1 Selects 8-bit PPG mode and ¢T1 as the clock source.
TAOREG «< 0 0 0 0 0O 1 1 O Writes 06H.
TALREG «< 0 0 0 1 1 0 0 1 Writes 19H.
TALFFCR « X X X X 0 1 1 X Sets the TALFF to 1 and enables toggling.
L|_1—> If these bits are set to 10, a low-going pulse is generated.
P7CR « X X - - - 1 - ) .
} Configures P71 as the TA1OUT output pin.
P7FC « X X - X - 1 X
| TAOIRUN  « 1 X X X - 1 1 1 Starts the TMRAO and the TMRA1.

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

The TMRAO can be used as a pulse-width modulated (PWM) signal generator with
up to 8 bits of resolution. This mode is supported by the TMRAO, but not by the TMRA1.
The PWM signal is driven out on the TA1IOUT pin.

While the TMRAOL1 is in this mode, the TMRA1 is usable as an 8-bit interval timer.

The timer flip-flop toggles when the up counter (UC0) reaches the TAOREG value
and when a 2» counter overflow occurs, where n is programmable to 6, 7, or 8 through
the PWM][01:00] field in the TAO1IMOD register. The UCO is reset to 00H upon a 2»
overflow.

In 8-bit PWM generation mode, the following must be satisfied:

(TAOREG value) < (2" counter overflow value)

(TAOREG value) = 0

Match between
TAOREG and
up counter 0

2" overflow
(INTTAQ interrupt)

/ﬂ
TA1OUT \‘| \I oy M|

(PWM cycle)

Figure 3.7.16 8-Bit PWM Signal Generation

Figure 3.7.17 shows a functional diagram of 8-bit PWM generation mode.

TAOLRUN.TAORUN TAl?UT
TAOIN—> . |
S 8-bit up counter
iy Clear TALFF KS TALFFCR.
$T4— Selector (Uco)
$T16— , TALFFIE
T T on Toggle
TAOLMOD.TAOCLK[1:0] ———>| overflow K=TA0IMOD.
control PWM[01:00]

Overflow

| Comparator [

ﬁ : INTTAO
L | TAOREG |

Selector —{T
TAOREG-WR—> Sh'|ﬁ rigger

Register buffer |

TAO1RUN.TAORDE
{ Internal bus §

Figure 3.7.17 Functional Diagram of 8-Bit PWM Generation Mode
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In 8-bit PWM generation mode, if the double-buffering function is enabled, the
TAOREG value (e.g., the duty cycle) can be changed dynamically by writing a new

value into the register buffer. Upon a 2» counter overflow, the TAOREG latches a new

value from the register buffer.

The TAOREG can be loaded with a new value upon every counter overflow, thus

making it easy to generate a PWM signal with virtually any (and variable) duty cycle.

Match between TAOREG and
up counter 0

2" overflow
TAOREG
(Compare value)

Register buffer

[

[

Up counter = Q1

Up counter = Q2

| Shift into TAOREG
Ql N QZ
- X
Q. Qs
A Write to TAOREG

(Register buffer)

Figure 3.7.18 Register Buffer Operation

Example: Generating a PWM signal as shown below on the TAIOUT pin (fc = 10 MHz).

N I N

* Clocking conditions: [

59.2 us
102.4 us

High-speed clock gear: x 1 (fc)

Prescaler clock: fEPH

Under the above conditions, ¢T1 has a 0.8 us period (at fc = 10 MHz).
102.4 ps + (23/fc)s =128 =2n

which is equal ton = 7.

59.2 ps + (2%/fc)s = 74 = 4AH
Hence, the time constant value to be programmed into the TAOREG is 4AH.

MSB
B 7 6 5 4
TAOIRUN « - X X
TAOIMOD  « 110
TAOREG « 0 1 0 0
TAIFFCR  « X X X X
P7CR - X X - -
P7FC “ X X - -
| TAOIRUN  « 1 X

X: Don't care, —: No change

o

LSB
1 0
0 Stops and clears the TMRAO.
1 Selects 8-bit PWM mode (period = 2) and ¢T1
as the clock source.
1 0 Writes 4AH.
1 X Clears the TALFF to 0 and enables toggling.

Configures P71 as the TA1OUT output pin.

- 1 Starts the TMRAO.
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Table 3.7.3 PWM Period

at fc =10 MHz
Prescaler Clock Gear PWM Period
Clock Source Value 26 o7 28
PRCK[1:0] | GEAR[2:0] [ 411 oT4 | ¢T16 | oTL oT4 | oTi6 | ¢TL oT4 0T16
000 (fc) 51.2 pus 2048 us | 819.2 us | 102.4 ps| 409.6 ps | 1638.4 ps | 204.8 ps 819.2 pus | 3276.8 us
001 (fc/2) 102.4 ps 409.6 ps | 1638.4 us | 204.8 ps| 819.2 us | 3276.8 ps | 409.6 ps | 1638.4 ps | 6553.6 pus
(f:FC’)H) 010 (fc/4) 204.8 ps 819.2 pus | 3276.8 us | 409.6 us | 1638.4 us | 6553.6 us | 819.2 us | 3276.8 us [13107.2 ps
011 (fc/8) 409.6 us | 1638.4 pus | 6553.6 us | 819.2 ps | 3276.8 ps |13107.2 us [1638.4 ps | 6553.6 ps |26214.4 us
100 (fc/16) | 819.2us | 3276.8 us [13107.2 us | 1638.4 us | 6553.6 s [26214.4 us [3276.8 ps |13107.2 us [52428.8 ps
(fc/lelglock) XXX 819.2 us | 3276.8 s [13107.2 us | 1638.4 s | 6553.6 us [26214.4 us [3276.8 ps |13107.2 ps |52428.8 ps

XXX: Don't care

(5) Operating mode summary

Table 3.7.4 shows the settings for the TMRAO1 for each of the operating modes.

Table 3.7.4 Register Settings for Each Operating Mode

Register TA01IMOD TALFFCR
Field TAOIM[1:0] PWMI[01:00] TA1CLK[1:0] TAOCLK][1:0] TALFFIS
Function Interval Timer PWM Period UCL1 Clock UCO Clock Timer Fllp—flop

Mode Source Source Toggle Trigger

Match output from
External clock,

8-bit timer x 2 ch 00 _ uco 4TL ¢T4, ¢T16 |0 UCO output
' ' 1: UC1 output

6T1, $T16, $T256 (00, 01, 10, 11) p

(00, 01, 10, 11)

External clock,
16-bit timer mode 01 - - ¢T1, ¢T4, ¢T16 -
(00, 01, 10, 11)

External clock,
8-bit PPG x 1 ch 10 - - ¢T1, §T4, ¢T16 -
(00, 01, 10, 11)

. 2 o7 o External clock,
8-bit PWM x 1 ch 11 (01,’ 10” 11) - 0T, ¢T4, ¢T16 -
(00, 01, 10, 11)

8-bit PWM x 1 ch 1 - ¢T1(6TT18’ “1’1)256 _ Output disabled

—: Don’t care
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3.8

16-Bit Timers/Event Counters (TMRB)

The TMP91CW28 has a 16-bit timer/event counter consisting of two identical channels
(TMRBO and TMRB1). Each channel has the following three basic operating modes:

e  16-bit interval timer mode
e  16-bit event counter mode

e 16-bit programmable pulse generation (PPG) mode

Each channel has the capture capability used to latch the value of the counter. The capture
capability allows:

e Frequency measurement
e  Pulse width measurement

e Time difference measurement

Figure 3.8.1 and Figure 3.8.2 are block diagrams of the TMRBO and the TMRB1.

The main components of a TMRBn block are a 16-bit up counter, two 16-bit timer registers
(One of which is double-buffered), two 16-bit capture registers, two comparators, capture
control logic, a timer flip-flop and its associated control logic.

A total of eleven special function registers (SFRs) provide control over the operating modes
and timer flip-flops for the TMRBO and the TMRB1 each, which can be independently
programmed. The TMRBO and the TMRB1 are functionally equivalent. In the following

sections, any references to the TMRBO also apply to the TMRBI1.
Table 3.8.1 gives the pins and registers for the two channels.

Table 3.8.1 Pins and Registers for the TMRBO and the TMRB1

Channel

Specifications

TMRBO

TMRB1

External clock/capture
trigger inputs

TBOINO (Shared with P80)

TB1INO (Shared with P84)

External TBOIN1 (Shared with P81) TB1IN1 (Shared with P85)
pins . . TBOOUTO (Shared with P82) | TBLOUTO (Shared with P86)
Timer flip-flop output ) )
TBOOUT1 (Shared with P83) TB1OUT1 (Shared with P87)
Timer run register TBORUN (0180H) TB1RUN (0190H)
Timer mode register TBOMOD (0182H) TB1MOD (0192H)
Timer flip-flop control TBOFFCR (0183H) TB1FFCR (0193H)
register
TBORGOL (0188H) TB1RGOL (0198H)
Registers ) . TBORGOH (0189H) TB1RGOH (0199H)
Timer registers
(Addresses) TBORGLL (018AH) TB1RGLL (019AH)

TBORG1H (018BH)

TB1RG1H (019BH)

Capture registers

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

TB1CPOL (019CH)
TB1CPOH (019DH)
TB1CPIL (019EH)
TB1CP1H (019FH)
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Block Diagrams

3.8.1
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3.8.2  Timer Components

(1) Prescaler

The TMRBO has a 5-bit prescaler that slows the rate of a clocking source to the
counter. The prescaler clock source ($T0) has one-fourth the frequency selected by
programming the PRCK[1:0] field of the SYSCRO located within the clock gear.

The TBORUN bit in the TBORUN register allows the enabling and disabling of the
prescaler for the TMRBO. A write of 1 to this bit starts the prescaler. A write of O to this
bit clears and halts the prescaler. Table 3.8.2 shows prescaler output clock resolutions.

Table 3.8.2 Prescaler Output Clock Resolutions

at fc =10 MHz
Prescaler Clock Gear Prescaler Output Clock Resolution
Clock Source Value
PRCK][1:0] GEAR[2:0] 671 oT4 6T16
000 (fc) 2%fc (0.8us) | 2%c ( 3.2us)| 2/fc ( 12.8 us)
00 001 (fc/2) 2ffc ( 1.6 us) | 2%fc ( 6.4 us) | 2%fc ( 25.6 us)
(fepr) 010 (fc/4) 2%fc ( 3.2 us) | 2'fc (12.8 us) | 2%fc ( 51.2 us)
011 (fc/8) 2%fc ( 6.4 us) | 2%fc (25.6 ps) | 2'%fc (102.4 ps)
100 (fc/16) 2'ffc (12.8 us) | 2%fc (51.2 ps) | 2"/fc (204.8 ps)
10 XXX 2'ffc (12.8 us) | 2%fc (51.2 ps) | 2"/fc (204.8 ps)
(fc/16 clock)

xxx: Don't care

(2) Up counter (UCO)

The TMRBO contains a 16-bit binary up counter, which is driven by a clock selected
by the TBOCLKI[1:0] field in the TBOMOD register. The clock input to the UCO is either
one of three prescaler outputs (¢T1, ¢T4, ¢T16) or the external clock applied to the
TBOINO pin.

The TBORUN bit in the TBORUN register is used to start the UCO and to stop and
clear the UCO. The UCO is cleared to 0000H, if so enabled, when it reaches the value in
the TBORG1H/L register. The TBOCLE bit in the TBOMOD register allows the user to
enable and disable this clearing. If it is disabled, the UCO acts as a free-running

counter.

An overflow interrupt (INTTBOFO) is generated upon a counter overflow.

91CW28-119 2006-03-24



TOSHIBA

TMP91CW?28

(8) Timer registers (TBORGOH/L and TBORG1H/L)

Each timer channel has two 16-bit timer registers containing a time constant. When
the up counter reaches the time constant value in each timer register, the associated
comparator block generates a match-detect signal.

Setting data for both upper and lower timer registers TBORGO and TBORG1 is
always needed. And each of the timer registers (TBORGOH/L, TBORG1H/L) can be
written with either a halfword-store instruction or a series of two byte-store
instructions. When byte-store instructions are used, the low-order byte must be stored
first, followed by the high-order byte. The 16-bit timer registers are often simply
referred to as TBORGO and TBORG1 without the high and low suffix.

One of the two timer registers, TBORGO, is double-buffered. The double-buffering
function can be enabled and disabled through the programming of the TBORDE bit in
the TBORUN: 0 = disable, 1 = enable.

If double-buffering is enabled, the TBORGO latches a new time constant value from
the register buffer. This takes place when a match is detected between the UCO and the
TBORGT1.

Upon reset, the contents of the TBORGO and TBORG1 are undefined; thus, they must
be loaded with valid values before the timer can be used. A reset clears the
TBORUN.TBORDE bit to 0, disabling the double-buffering function. To use this
function, the TBORUN.TBORDE bit must be set to 1 after loading the TBORGO and
TBORG1 with time constants. When TBORUN.TBORDE = 1, the next time constant can
be written to the register buffer.

The TBORGO and the corresponding register buffer are mapped to the same address
(0188H and 0189H). When TBORUN.TBORDE = 0, a time constant value is written to
both the TBORGO and the register buffer; when TBORUN.TBORDE = 1, a time constant
value is written only to the register buffer. Therefore, the double-buffering function
should be disabled when writing an initial time constant to the timer register.

The following diagram shows the addresses of each timer register.

The timer registers are write only registers and cannot be read.

1 = \
i TBORGO TBORG1 i
' 8 high-order bits 8 low-order bits 8 high-order bits 8 low-order bits '
! (TBORGOH) (TBORGOL) (TBORG1H) (TBORG1L) !
i 000189H 000188H 00018BH 00018AH i
1 1
P TMRBL o oo oo oo \
i TB1RGO TB1RG1 i
i 8 high-order bits 8 low-order bits 8 high-order bits 8 low-order bits i
i (TB1RGOH) (TB1IRGOL) (TBLRG1H) (TB1IRGIL) i
i 000199H 000198H 00019BH 00019AH i
1 1
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(4)

(5)

Capture registers (TBOCPOH/L and TBOCP1H/L)

The capture registers are 16-bit registers used to latch the value of the up counter

(UCo0).

Data in the capture registers should be read all 16 bits. And each of the capture
registers can be read with either a halfword-load instruction or a series of two
byte-load instructions. When byte-load instructions are used, the low-order byte must
be read first, followed by the high-order byte. The 16-bit capture registers are often
simply referred to as TBnCP and TBnCP1 without the high and low suffix.

The following diagram shows the addresses of each capture register.

r= TMRBO - oo oo o oo .
1 1
' TBOCPO TBOCP1 '
' 8 high-order bits 8 low-order bits 8 high-order bits 8 low-order bits '
' (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) '
1 1
' 00018DH 00018CH 00018FH 00018EH !
1 1
r= TMRBL - oo oo - .
1 1
' TB1CPO TB1CP1 '
. 8 high-order bits 8 low-order bits 8 high-order bits 8 low-order bits '
' (TB1CPOH) (TB1CPOL) (TB1CP1H) (TB1CP1L) '
1 1
' 00019DH 00019CH 00019FH 00019EH !
1 1

The capture registers are read-only registers and cannot be written by software.

Capture and external interrupt control logic

This circuit block controls the capture of an up counter (UCO) value into the capture
registers (TBOCPO and TBOCP1). It also controls generation of external interrupts.

The TBOCPM]I1:0] field in the TBOMOD register selects a capture trigger input to be
sensed by the control logic, as well as the edge that triggers an external interrupt.

Furthermore, a counter value can be captured under software control; a write of 0 to
the TBOMOD.TBOCPOI bit causes the current UCO value to be latched into the

TBOCPO. To use the capture capability, the prescaler must be running (e.g.,
TBORUN.TBOPRUN = 1).
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(6)

(7

Comparators (CP0O and CP1)

The TMRBO contains two 16-bit comparators. The CP0O block compares the output of
the up counter (UCO0) with a time constant value in the TBORGO. The CP1 block
compares the output of the UCO with a time constant value in the TBORG1. When a
match is detected, an interrupt (INTTBOO/INTTBO1) is generated.

Timer flip-flops (TBOFF0 and TBOFF1)

The timer flip-flops (TBOFF0 and TBOFF1) are toggled, if so enabled, upon assertion
of match-detect signals from the comparators and latch signals from the capture
control logic. The toggling of the TBOFFO and TBOFF1 can be enabled and disabled
through the programming of the TBOC1T1, TBOCOT1, TBOE1T1 and TBOEOT1 bits in
the TBOFFCR register.

Upon reset, the TBOFFO and TBOFF1 assume an undefined state. They can be
initialized to 1 or 0 by writing 01 or 10 to the TBOFFOC[1:0] and TBOFF1C[1:0] fields in
the TBOFFCR. A write of 01 to one of these fields sets the corresponding timer flip-flop;
a write of 10 clears the timer flip-flop. Additionally, a write of 00 causes the timer
flip-flop to be toggled to the opposite value.

The values of the TBOFFO0 and TBOFF1 can be driven onto the TBOOUTO pin, which
1s multiplexed with P82 and the TBOOUT1 pin, which is multiplexed with P83,
respectively. The port 8 registers (PSCR and PSFC) must be programmed to configure
the P82/TBOOUTO pin as TBOOUTO or the P83/TBOOUT1 pin as TBOOUT1.
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3.8.3  SFR Description
TMRBO Run Register
7 6 5 4 3 2 1 0
TBORUN | Bit symbol TBORDE - 12TBO TBOPRUN TBORUN
(0180H) | Read/write | Rw RIW RIW RIW RIW
Reset value 0 0 0 0 0
Function Double Must be IDLE2 16-bit timer run/stop control
buffering | written as 0: OFF 0: Stop and clear
0: Disable 0. 1: ON 1: Run
1: Enable
I—> Counting
0 Stop and clear
1 Count up
12TBO: Timer ON/OFF in IDLE2 mode

TB1RUN
(0190H)

Note: Bits1, 4, and 5 are read as undefined.

TBOPRUN: Prescaler
TBORUN: TMRBO

TMRB1 Run Register

7 6 5 4 3 2 1 0
Bit symbol TB1RDE - 12TB1 TB1PRUN TB1RUN
Read/Write R/W R/W R/W R/W R/W
Reset value 0 0 0 0 0
Function Double Must be IDLE2 16-bit timer run/stop control
buffering | written as 0: OFF 0: Stop and clear
0: Disable 0. 1: ON 1: Run
1: Enable
L Counting
0 Stop and clear
1 Count up
12TB1: Timer ON/OFF in IDLE2 mode

Figure 3.8.3 TMRB Regjisters (1)

Note: Bits1, 4, and 5 are read as undefined.

TB1PRUN: Prescaler
TB1RUN: TMRB1
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TMRBO Mode Register
7 6 5 4 3 2 1 0
TBOMOD ] Bit symbol TBOCT1 TBOET1 TBOCPI | TBOCPM1 [ TBOCPMO [ TBOCLE | TBOCLK1 | TBOCLKO
(0182H) | Read/write RIW W RIW
Reset value o | o 1 o | o 0 o | o
Function TBOFF1 toggle trigger Software Capture triggers Up counter | TMRBO input clock
0: Trigger disabled capture 00: Disabled clear control | go: TBOINO input
1: Trigger enabled 0: Capture INTS5 rising edge 0: Disable [ 01: ¢T1
When UCO |Whenuco |1 Undefined | 01: TBOINO T, TBOINL T | 1: Enable | 10: ¢T4
Read- value is reaches INTS rising edge 11: ¢T16
modify- latched into | timer 10: TBOINO T, TBOINO ¢
write capture register 1 INTS falling edge
operation register 1 |value 11: TA10UT T
is not TALOUT
supported. INTS5 rising edge
| | :
|—> Input clock
00 |External input clock (TBOINO input)
01 |¢T1
10 |¢T4
11 (¢T16
—> Up counter (UCO) clear control
0 Disabled
1 Cleared upon a match with TBORG1
—> Capturefinterrupt triggers
Capture control INT5 control
00 | Capture disabled INT5 occurs at rising
Latches UCO value into TBOCPO at edges of TBOINO, I
o1 rising edges of TBOINO.
Latches UCO value into TBOCP1 at
rising edges of TBOIN1.
Latches UCO value into TBOCPO at INT5 occurs at falling
10 rising edges of TBOINO. edges of TBOINO.
Latches UCO value into TBOCP1 at
falling edges of TBOINO.
Latches UCO value into TBOCPO at INT5 occurs at rising _71_
11 rising edges of TA10UT. edges of TBOINO.
Latches UCO value into TBOCP1 at
falling edges of TA1OUT.
——— > Software capture
0 Latches UCO value into TBOCPO.
1 Undefined

Figure 3.8.4 TMRB Registers (2)
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TMRB1 Mode Register

7 6 5 4 3 2 1 0
TB1MOD] Bit symbol TB1CT1 | TB1ET1 TB1CPI | TB1CPM1 | TBICPMO | TB1CLE | TB1CLK1 | TB1CLKO
(0192H) | Read/write RIW W= R/W
Reset value o | o 1 o | o 0 o | o
Function TB1FF1 toggle trigger Software Capture triggers Up counter | TMRBL1 source clock
0: Trigger disabled capture 00: Disabled clear control | 0o: TB1INO input
1: Trigger enabled 0: Capture INT7 rising edge 0: Disable | 01: ¢T1
Read- When UCO | When uco | 1 Undefined | 01: TB1INOT, TB1IN1T 1:Enable |10: ¢T4
modify- value is reaches INT?7 rising edge 11: ¢T16
write latched into | timer 10: TB1INOT, TB1INOY
operation capture register 1 INT7 falling edge
is not register 1 | value 11: TA3OUTT, TA30UTY
supported. INT7 rising edge
| :

|—> Input clock

00 | External input clock (TB1INO input)
01 |¢T1

10 |¢T4

11 |¢T16

—> Up counter (UCO) clear control
0 Disabled
1 Cleared upon a match with TBIRG1

— > Capture/interrupt triggers
Capture control INT7 control

00 | Capture disabled INT7 occurs at rising

Latches UCO value into TBICPO at | edges of TBLINO. _f
rising edges of TB1INO.

01

Latches UCO value into TB1CP1 at

rising edges of TB1IN1.

Latches UCO value into TB1CPO at INT7 occurs at falling —\_
10 rising edges of TB1INO. edges of TB1INO.

Latches UCO value into TB1CP1 at

falling edges of TB1INO.

Latches UCO value into TB1CPO at INT7 occurs at rising _71_
11 rising edges of TA3OUT. edges of TB1INO.

Latches UCO value into TB1CP1 at
falling edges of TA3OUT.

—— > Software capture
0 Latches UCO value into TB1CPO

1 Undefined

Figure 3.8.5 TMRB Registers (3)
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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*
Reset value 1 | 1 0 | 0 | 0 | 0 1 | 1
Function TBOFFL1 control TBOFFO toggle trigger TBOFFO control
00: Toggle 0: Trigger disabled 00: Toggle
Read- 01: Set 1: Trigger enabled 01: Set
modify- 10: Clear 10: Clear
write . . . )
. 11: Don't care 11: Don'’t care
operation UucCo —» UcCo —» UCO = UCo =
is not This field is always | TBOCP1 |TBOCPO |TBORG1 |TBORGO This field is always
supported. read as “11". read as “11”.
] '

|—> Timer flip-flop (TBOFFO) control

00 |Toggles TBOFFO (Software toggle)
01 |Sets TBOFFOto 1

10 (Clears TBOFFOto O

11 ([Don't care (Read as 11)

—— When UCO reaches TBORGO value
0 | Toggle trigger disabled

1 [Toggle trigger enabled

—> When UCO reaches TBORGL1 value
0 Toggle trigger disabled

1 Toggle trigger enabled

———— When UCO value is latched into TBOCPO
0 Toggle trigger disabled

1 Toggle trigger enabled

L—— When UCO value is latched into TBOCP1
0 Toggle trigger disabled
1 [Toggle trigger enabled

Figure 3.8.6 TMRB Registers (4)
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TMRBL1 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB1FFCR] Bit symbol TB1FFIC1 | TB1FF1CO | TB1C1T1 TB1COT1 | TB1E1T1 TB1EOT1 | TB1FFOC1 | TB1FFOCO
(0193H) Read/Write W* R/W W=
Reset value 1 | 1 o | o | o 0 1 | 1
Function TB1FF1 control TB1FFO toggle trigger TB1FFO control
00: Toggle 0: Trigger disabled 00: Toggle
Read- 01: Set 1: Trigger enabled 01: Set
modify- 10: Clear 10: Clear
write , ,
. 11: Don't care 11: Don'’t care
_operatlon UCO —» UCo —» UCO = UCoO =
is not This field is always | TB1CP1 TB1CPO TB1RG1 |TB1RGO This field is always
supported. read as “11”. read as “11".

Figure 3.8.7 TMRB Registers (5)

|—>Timer flip-flop (TB1FFO) control

00

Toggles TB1FFO (Software toggle)

01

Sets TB1FFO to 1

10

Clears TB1FFO to O

11

Don't care (Read as 11)

—— When UCO reaches TB1RGO value

0

Toggle trigger disabled

1

Toggle trigger enabled

—> When UCO reaches TB1RG1 value

0

Toggle trigger disabled

1

Toggle trigger enabled

L When UCO value is latched into TB1CPO

0

Toggle trigger disabled

1

Toggle trigger enabled

L———————When UCO value is latched into TB1CP1

0

Toggle trigger disabled

1

Toggle trigger enabled
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TMRB Register
| 5 | 4 | 3 0
TBORGOL | bit Symbol —
(0188H) Read/Write W
Reset value Undefined
TBORGOH | bit Symbol -
(0189H) Read/Write W
Reset value Undefined
TBORGLL | bit Symbol —
(018AH) Read/Write W
Reset value Undefined
TBORG1H | bit Symbol -
(018BH) Read/Write W
Reset value Undefined
TB1RGOL | bit Symbol —
(0198H) Read/Write W
Reset value Undefined
TB1RGOH | bit Symbol -
(0199H) Read/Write W
Reset value Undefined
TB1RGI1L | bit Symbol —
(019AH) Read/Write W
Reset value Undefined
TB1RG1H | bit Symbol -
(019BH) Read/Write W
Reset value Undefined
Note: Ther above registers are prohibited read-modify-write instruction.
Figure 3.8.8 TMRB Registers (6)
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3.8.4  Operating Modes

(1) 16-bit interval timer mode
In the following example, the TMRBO is used to accomplish periodic interrupt
generation. The interval time is set in timer register 1 (TBORG1), and the INTTBO1
interrupt is enabled.
7 6 5 4 3 2 1 0

[TBORUN  « - 0 X X - 0 X 0 Stops the TMRBO.
INTETBO «~ X 1 0 0 X 0 0 O Enables INTTBOL1, sets its priority level to 4 and disables
INTTBOO.
TBOFFCR «~ 1 1 0 0 0 0 1 1 Disables the timer flip-flop toggle trigger.
TBOMOD «~ 0 0 1 0 0 1 =* = Selects a prescaler output clock as the timer
(**=01, 10, 11) clock source and disables the capture function.
TBORG1 «— FooxF ko ko k& Sets the interval time
ook ok ok kK x X (16 bits).
TBORUN «~ - 0 X X - 1 X 1 Starts the TMRBO.

X: Don't care, —: No change

(2) 16-bit event counter mode

This mode is used to count events by interpreting the rising edges of the external
counter clock (TBOINO) as events.

The up counter (UC0) counts up on each rising clock edge. The counter value is
latched into a capture register under software control. To determine the number of
events (e.g., cycles) counted, the value in the capture register must be read.

7 6 5 4 3 2 1 0

[[TBORUN « - 0 X X - 0 X O Stops the TMRBO.
P8CR “— — — — — — — — 0 Configures the P80 pin for input mode.
P8FC “— - - - - - - -1
INTETBO «~ X 1 0 0 X 0 0 o0 Enables INTTBO1 (Interrupt level = 4) and disables
INTTBOO.
TBOFFCR «~ 1 1 0 0 0O 0 1 1 Disables the timer flip-flop toggle trigger.
TBOMOD <« 0 01 0 O Selects the TBOINO input as the timer clock source.
TBORG1 «— FooxF ok k ok k& Sets a count value
— *F xRk k% (16 bits).
TBORUN « - 0 X X - 1 X 1 Starts the TMRBO.

X: Don't care, —: No change

Even when the timer is used for event counting, the prescaler must be programmed
to run (e.g., the TBORUN.TBOPRUN bit must be set to 1).
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(3) 16-bit programmable pulse generation (PPG) mode

The 16-bit PPG mode can be used to generate a square wave with any frequency and
duty cycle. The pulse can be high going and low going, as determined by the initial
setting of the timer flip-flop (TBOFF).

A square wave is generated by toggling the timer flip-flop every time the up counter
UCO reaches the values in each timer register (TBORGO and TBORG1). The
square-wave output is driven to the TBOOUTO pin. In this mode, the following
relationship must be satisfied:

(TBORGO value) < (TBORG1 value)

TBORGO match ﬂ |'| |'| |'| |'|
(INTTBOO interrupt)

TBORG1 match / ? /ﬂ ” ” ”

(INTTBO1 interrupt) ]

TBOOUTO pin \+_| |_| |_| |_|

Figure 3.8.8 PPG Output Waveform

If the double-buffering function is enabled, the TBORGO value can be changed
dynamically by writing a new value into the register buffer. Upon a match between the
TBORG1 and the UCO, the TBORGO latches a new value from the register buffer. The
TBORGO can be loaded with a new value upon every match, thus making it easy to
generate a square wave with virtually any duty cycle.

TBORGO match l-l l-l
Up counter = Q, ﬂ Up counter = Q,

TBORGL1 match

{ shiftinto TBORG1
TBORGO W

Q:
(Compare value)
Y/

Register buffer Q X Qs
Write to TBORGO

Q>

Figure 3.8.9 Register Buffer Operation
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Figure 3.8.10 shows a functional diagram of 16-bit PPG mode.

TBORUN.TBORUN

TBOOUTO grPPG output)

TBOING Selector
oT1 —3] 16-bit up counter o ==
ear
yTi6—> uco (TBOFFO)
Match ~Z
16-bit comparator 16-bit comparator
VAN VAN
Selector TBORGO
PAN
TBORGO-WR—>|
Register buffer 0 TBORG1
TBORUN.TBORDE ﬁ ﬁ
¢ Internal data bus )

Figure 3.8.10 Functional Diagram of 16-Bit PPG Mode

The following is an example of running the timer in 16-bit PPG mode.

[ TBORUN
TBORGO
TBORG1
TBORUN

TBOFFCR

TBOMOD

P8CR
P8FC
| TBORUN

LA Y N N A

T

«—

7 6 5 4
0 X X
* * * *
* * * *
* * * *
* * * *
1 0 X X
X X 0 0
0 0 1 0O
1 0 X X

X: Don't care, —: No change

* * * *
* * * *
* * * *
- 0 X 0
11 1 0
O 1 * *

Disables the TBORGO double buffering and stops the
TMRBO.

Defines the duty cycle.

(16 bits).

Defines the cycle period.

(16 bits).

Enables the TBORGO double buffering. (The duty cycle
and cycle period are changed by the INTTBOL1 interrupt.)
Toggles the TBOFFO when a match is detected between
UCO and TBORGO and between UC0 and TBORGL1.
Initially clears the TBOFFO to 0.

Selects a prescaler output clock as the timer clock source
and disables the capture function.

Configures the P82 pin as TBOOUTO.

Starts the TMRBO.
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(4) Timing and measurement functions using the capture capability

The capture capability of the TMRBn provides versatile timing and measurement

functions, including the following:

a.
b.

T

&

One-shot pulse generation using an external trigger pulse
Frequency measurement
Pulse width measurement

Time difference measurement

One-shot pulse generation using an external trigger pulse
The TMRBn can be used to produce a one-time pulse as follows.

The 16-bit up counter (UCO) is programmed to function as a free-running
counter, clocked by one of the prescaler outputs. The TBOINO pin is used as an
active-high external trigger pulse input for latching the counter value into capture
register 0 (TBOCPO).

An INT5 interrupt is generated upon detection of a rising edge on the
TBOINO/INTS5 pin. A one-shot pulse has a delay and width controlled by the values
stored in the timer registers (TBORGO and TBORG1). Programming the TBORGO
and TBORG1 is the responsibility of the INT5 interrupt handler. The TBORGO is
loaded with the sum of the TBOCPO value (c) plus the pulse delay (d) - e.g., (c) + (d).
The TBORG1 is loaded with the sum of the TBORGO value plus the pulse width (p)
—e.g., (0 +(d) + (p).

Next, the TBOE1T1 and TBOEOT1 bits in the timer flip-flop control register
(TBOFFCR) are set to 11, so that the timer flip-flop (TBOFF0) will toggle when a
match is detected between the UCO and the TBORGO and between the UCO and
the TBORG1. With the TBOFFO toggled twice, a one-shot pulse is produced. Upon
a match between the UCO and the TBORG1, the TMRBO generates the INTTBO1
interrupt, which must disable the toggle trigger for the TBOFFO.

Figure 3.8.11 depicts one-shot pulse generation, with annotations showing (c),

(d), and (p).

The counter is free-running.

Counter clock
(intemnal clock 110 10 1 1111
c

TBOINO input pin

(External trigger pulse) li

TBORGO match
TBORG1 match

TBOOUTO (Timer output) pin :/TBOCPL

:§ The UCO value is latched into TBOCP1.
INT5S is generated.

1

]

|

|

: Toggle is
X enabled.
]

]

]

1

1

1

1

| Toggle is
Toggle is disabled | enggbd_
for a capture into !

/INTTBOl is

/ﬂ generated.

1 1
i Delay | Pulse width
i (d) ' (p)

Figure 3.8.11 One-shot Pulse Generation (with a delay)
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Example: Generating a one-shot pulse with a width of 2 ms and a delay of 3 ms on
assertion of an external trigger pulse on the TBOINO pin

Clocking conditions: High-speed clock gear: x 1 (fc)
Prescaler clock: frPH

Settings in the main routine

Places the counter in free-running mode.
—_— Selects ¢T1 as the counter clock source.

TBOMOD « X X 1 0 1 0 0 1
= Latches UCO value into TBOCPO at rising edges of the
TBOFFCR « X X 0 0 0 0 1 O TBOINO input.
‘—'—‘ L— . Clears TBOFFO to 0.

Disables the toggle trigger for TBOFFO.
P8CR “— - - - - - 1 - - ) .

Configures the P82 pin as TBOOUTO.
P8FC - - - - - -1 - - }
INTE56 « X - — — X 1 0 O Enables INT5 and disables INTTB0O and INTTBO1.
INTETBO « X 0 0 0 X 0 0 O

| TBORUN  « - 0 X X - 1 X 1 Starts the TMRBO.

Settings in INT5

[ TBORGO ~ « TBOCPO + 3 ms/¢T1
TBORGL1 < TBORGO + 2 ms/¢T1
TBOFFCR « X X - - 1 1 - -
_ Enables the TBOFFO toggle trigger for TBORGO and
TBORG1 matches.
INTETBO «~ X 1 0 0 X - — - Enables INTTBO1.

Settings in INTTBO1

TBOFFCR « X X - - 0 0 - -
B — Disables the TBOFFO toggle trigger for TBORGO and
TBORG1 matches.
INTETBO «~ X 0 0 0 X - — - Disables INTTBO1.

X: Don't care, —: No change

If no delay is necessary, enable the TBOFFO toggle trigger for a capture of the UCO
value into the TBOCPO. Use the INT5 interrupt to load the TBORG1 with a sum of the
TBOCPO value (c) plus the pulse width (p) and to enable the TBOFFO toggle trigger for
a match between the UCO and TBORG1 values. A match generates the INTTBO1
interrupt, which then is to disable the TBOFFO toggle trigger.
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Counter clock
(Prescater output ook [N ML JIIL
(External trigger pulse)  ———\_ The UCO value is latched into TBOCPO. The UCO value is latched into

TBOINO Input

TBORG1 match

TBOOUTO (Timer output) pin

Toggle is enabled for a capture

INT5 is generated.
~> INTTBO1 is

I TBOCP1.
1

1

' enerated.

! A9

1

1

1

]

Toggle is enabled.( i
\|

/

Toggle is left disabled for a capture into

\  Pulse width
1

)

into TBOCPO. TBOCP1 so that it will not be toggled.

Figure 3.8.12 One-shot Pulse Generation (without a delay)

Frequency measurement

The capture function can be used to measure the frequency of an external clock.
Frequency measurement requires a 16-bit TMRBn channel running in event
counter mode and the 8-bit TMRAO1L. The timer flip-flop (TA1FF) in the TMRAO1
1s used to define the duration during which a measurement is taken.

Select the TBOINO pin as the clock source for the TMRBO. Set the TBOCPM][1:0]
field in the TBOMOD to 11 to select the TA1FF output signal from the TMRAO1 as
a capture trigger input. This causes the TMRBO to latch the 16-bit up counter
(UCO) value into capture register 0 (TBOCPO) on the low-to-high transition of the
TA1FF and into capture register 1 (TBOCP1) on the next high-to-low transition of
the TA1FF.

Either the INTTAO or INTTA1 interrupt generated by the 8-bit timer can be
used to make a frequency calculation.

Counter clock _HJ-IJ(;HJHH _____ . J-IJc-I:Jz-Iﬂ ___________

(TBOINO input)

TALFF

Capture into TBOCPO

Capture into TBOCP1

INTTAO/INTTAL

C1

[lc2

]

Figure 3.8.13 Frequency Measurement

For example, if the TA1FF of the 8-bit timer is programmed to be at logic 1 for a
period of 0.5 seconds and the difference between the values captured into the
TBOCPO and TBOCP1 is 100, then the TBOINO frequency is calculated as 100 +
0.5 s =200 Hz.
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Pulse width measurement

The capture function can be used to measure the pulse width of an external
clock. The external clock is applied to the TBOINO pin. The up counter (UCO) is
programmed to operate as a free-running counter, clocked by one of the prescaler
outputs. The capture function is used to latch the UCO value into capture register
0 (TBOCPO) at the clock rising edge and into capture register 1 (TBOCP1) at the
next clock falling edge. An INT5 interrupt is generated at the falling edge of the
TBOINO input.

Multiplying the counter clock period by the difference between the values
captured into the TBOCPO and TBOCP1 gives the high pulse width of the TBOINO
clock.

For example, if the prescalar output clock has a period of 0.8 us and the
difference between the TBOCPO and TBOCP1 is 100, the high pulse width is
calculated as 0.8 pus x 100 = 80 us.

Measuring a pulse width exceeding the maximum counting time for the UCO,
which depends on the clock source, requires software programming.

Prescaler output clock II I I I I

TBOINO input
(External clock)
Capture into TBOCPO

Capture into TBOCP1

INTS

C1 Cc2

C1l

—1
[¢]
P

| —
0O
N

— 1 T """~ °
O
N

Figure 3.8.14 Pulse Width Measurement

Note: To measure a pulse width, set the TBOCPM[1:0] field of the TBOMOD to 10, so
that an INT5 external interrupt is generated at the falling edge of the TBOINO
input. Otherwise, an INT5 interrupt is generated at the rising edge of the TBOINO
input.

The low pulse width can be measured by the second INT5 interrupt. This is
accomplished by multiplying the counter clock period by the difference between
the TBOCPO value at the first C2 and the TBOCP1 value at the second C1.
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Time difference measurement

The capture function can be used to measure the time difference between two
event occurrences. The 16-bit up counter (UCO0) is programmed to operate as a
free-running counter. The UCO value is latched into capture register 0 (TBOCP0)
on the rising edge of TBOINO. An INT5 interrupt is generated at this time.

Then, the UCO value is latched into capture register 1 (TBOCP1) on the rising
edge of TBOIN1. An INT6 interrupt is generated at this time.
The time difference between the two events that occurred on the TBOINO and

TBOIN1 pins is calculated by multiplying the counter clock period by the
difference between the TBOCP1 and TBOCPO values.

Prescaler output clock I I I I

TBOINO input

TBOIN1 input

Capture into TBOCPO

Capture into TBOCP1

INTS

INT6

Time difference

Figure 3.8.15 Time Difference Measurement
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3.9 Serial I/O (SIO)

The TMP91CW28 contains a single serial I/O channel (SIO). The SIO provides universal
asynchronous receiver/transmitter (UART) mode and synchronous I/O interface mode.

e I/O interface mode

Transmits/receives a serial clock (SCLK) as well as data
streams for a synchronous clock mode of operation.

e UART mode Mode 1: 7 data bits

Mode 2: 8 data bits
Mode 3: 9 data bits

In mode 1 and mode 2, each character can include a parity bit. In mode 3, the SIO channel

operates in a wakeup mode for multidrop applications in which a master station is connected to

several slave stations through a serial link.

Figure 3.9.2 is a block diagram of the SIO channel. The main components of the SIO channel

are a clock prescaler, a serial clock generator, a receive buffer, a receive controller, a transmit

buffer and a transmit controller.

Mode 0 (I/0

interface mode)

RO 800000GA

<— Goes out first

Mode 1 (7-bit UART mode)

Without parlty\Start/<B|t0 X X

With parity \Start /<B|t0 X X 2

3 4 5

6 YStop
6 XParity)lStop

Yo X XX
e X XX -

4 5

Mode 2 (8-bit UART mode)

With parity \Start /<B|t0 X

s\ o\ Y DN
a000)|

X 7 >IStop
6 X 7 XParlt)y Stop

2 3 4 5

Mode 3 (9-bit UART mode)

RSO B8 800006t Ysmp
wae \gan (oo 3 X 2 Y5 X« J( s X e )7 (om)

7 Bit8 J Stop

Bit8: Address/data bit flag
1:  Address character (Select code)
0:  Data character

Figure 3.9.1 Data Formats
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3.9.1 Block Diagrams
Prescaler
¢T0+———1 2[4 8]16[32]64]
$T2 ¢T8 ¢T32
re- ‘Serial clock generator """ TTTTTTTTTT T TS oo oo T oo ]
1
' BR1CR. TAOTRG '
! BR1CK]1:0] (from TMRAO) !
1 [nil ml ittty 1
! ' | [BRICR. BRIADD. ! :
! ! BR1S[3:0] l l BRIK[3:0] ! !
| | I 1
1
e _ : o N I
T2 —> § S ' % mode :'8) iSIOCLK
078 — 3 3 s sl
19732 : !
1 1 \ 1
| : BRICR. ! T T :
! ! BR1ADDE ! SC1MODO. | SC1IMODO.
| [ Baudrate __f____ ! SC[1:0] SM[1:0] |
f ! generator 1
sys T . '
o 1
1 -— 1
: -2 ks :
(]
. | 0 | I/O interface :
SCLK input [ ; mode 1
(Shared with i '
P95) fommmmmmm o T ----------- !
SCI1CR.
1/0O interface mode 10C INTRX interrupt
SCLK output ] request
(Shared with q
P95) [ INTTX interrupt
Receive counter | | SCIMODPO.[ serial channel Transmit counter request
wu — interrupt
(+ 16 for UART) control (= 16 for UART)
RXDCLK | i TXDCLK | 1
gilEMOD—Oi Receive 7 Transmit [
control \1 > control M CTs
SCICR. (Shared with
PE  EVEN SC1IMODO. P95)
Parity control CTSE
RXD O | Receive buffer 1 (Shift register) |
(Shared
Ags
| RB8 |Receive buffer 2 (SClBUF)| Error flag | | TB8 |Transmit buffer (SC1BUF) '—->|:| TXD
SCICR. T T (Shared with
OERR PERR FERR P93)
<_5 Vi <_5 | ]
Internal data bus Internal data bus Internal data bus

Figure 3.9.2 SIO Block Diagram
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3.9.2 SIO Components

(1) Prescaler

The SIO has a 6-bit prescaler that slows the rate of a clocking source to the serial
clock generator. The prescaler clock source (¢T0) has one-fourth the frequency selected
by programming the PRCK[1:0] field of the SYSCRO located within the clock gear.

The serial clock is selectable from several clocks, the prescaler is only enabled when
the baud rate generator output clock is selected as a serial clock. Table 3.9.1 shows
prescaler output clock resolutions.

Table 3.9.1 Prescaler Output Clock Resolutions

Prescaler Clock Clock Gear Prescaler Output Clock
Source Value Resolution

000 (fc) 2%fc 2*fc 2%fc 2%fc
001 (fc/2) 2%fc 2%/fc 27ffc 2%fc
00 010 (fc/a) e | 2 | 2c | 2%c

(frPH) - - 5 =
011 (fc/8) 2°fc 2'fc 2°fc 2"
100 (fc/16) 2%c 2%c 2"%c 2%fc

10 8 10 12
(fc/16 clock) XXX - 2°[fc 27 [fc 2°[fc

XXX: Don't care, —: Setting prohibited

Prescaler output taps can be divide-by-1 (¢T0), divide-by-4 (¢T2), divide-by-16 (¢T8),
and divide-by-64 (¢T32).
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(2) Baud rate generator

The frequency used to transmit and receive data through the SIO is derived from the
baud rate generator. The clock source for the baud rate generator can be selected from
the 6-bit prescaler outputs (¢TO, ¢T2, ¢T8, $T32) through the programming of the
BROCKI1:0] field in the BR1CR.

The baud rate generator contains a clock divider that can divide the selected clock by
1, N+ (16 - K)/16, or 16. The clock divisor is programmed into the BRIADDE and
BROS[3:0] bits in the BR1CR and the BROK[3:0] bits in the BRIADD.

e UART mode
(1) When BR1CR.BR1IADDE =0

When the BRICR.BR1ADDE bit is cleared, the BRIADD.BROK][3:0] field has no
meaning or effect. In this case, the baud rate generator input clock is divided
down by a value of N (1 to 16) programmed in the BR1CR.BR0S[3:0] field.

(2) When BR1ICR.BR1ADDE =1

Setting the BR1CR.BRIADDE bit enables the N+ (16 — K)/16 clock division
function. The baud rate generator input clock is divided down according to the
value of N (2 to 15) programmed in the BR1ICR.BR0S[3:0] field and the value of K
(1 to 15) programmed in the BRIADD.BROK][3:0] field.

Note: Setting N to 1 or 16 disables the N+ (16 —K)/16 clock division function.
When N =1 or 16, the BR1ICR.BR1ADDE bit must be cleared.

e I/O interface mode

I/O Interface mode cannot utilize the N + (16 — K)/16 clock division function.
The BR1CR.BR1ADDE must be cleared, so the baud rate generator input clock is
divided down by a value of N (1 to 16) programmed in the BR1CR.BR0S[3:0] field.

When the baud rate generator is used, the baud rate is calculated as follows:

e UART mode Baud . lock
Baud rate — aud rate generator 1npgt. cloc .16
Baud rate generator divisor

e T/O interface mode

Baud rate generator input clock
Baud rate = — +2
Baud rate generator divisor
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e Integral clock division (divide-by-N)
fc =9.8304 MHz
Input clock: ¢T2
Clock divisor N (BR1CR.BROSI[3:0]) = 5

BR1CR.BR1IADDE =0

Clocking conditions: High-speed clock gear: x 1 (fc)
Prescaler clock: fEpH

The baud rate is determind as follows:

fc/16
Baud rate = C4 +16

=9.8304 x 106+ 16 + 4 = 16 = 9600 (bps)

Note: Clearing the BR1ICR.BR1ADDE bhit to 0 disables the N + (16 — K)/16 clock
division function. At this time, the BR1ADD.BROK]3:0] field is ignored.

e N+ (16 - K)/16 clock division (UART mode only)
fc =4.8 MHz
Input clock: ¢TO
N (BR1CR.BROSI[3:0]) =7
K (BR1IADD.BROKI[3:0]) =3
BR1CR.BR1IADDE =1

Clocking conditions: High-speed clock gear: x 1 (fc)
Prescaler clock: fEPH

The baud rate is determind as follows:

fc/4
Baud rate= — 37z * 16
7, (16-3)

16
=4.8x106+4 =+ ( 7+%) + 16 =9600 (bps)

Table 3.9.2 show the UART baud rates obtained with various combinations of
clock inputs and clock divisor values.

The SIO can use an external clock as a serial clock, bypassing the baud rate
generator. When an external clock is used, the baud rate is determined as shown
below.

e UART mode
Baud rate = external clock input + 16

The external clock period must be greater than or equal to 4/fc.

e I/O interface mode
Baud rate = external clock input

The external clock period must be greater than or equal to 16/fc.
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Table 3.9.2 UART Baud Rate Selection
(when the baud rate generator is used and BR1CR.BR1ADDE = 0) Unit: kbps
Baud Rate Generator
fc [MHz] Input Clock ¢TO ¢T2 ¢T8 6T32
Divisor N
(Programmed in BR1CR.
BROSI[3:0])
9.830400 2 76.800 19.200 4.800 1.200
0 4 38.400 9.600 2.400 0.600
0 8 19.200 4.800 1.200 0.300
0 0 9.600 2.400 0.600 0.150

Note 1:In I/O interface mode, the transfer rate is eight times the value shown in this table.

Note 2: This table assumes: clock gear = fc, prescaler clock source (¢T0) = fgpH

Frequency of TAOTRG =

Calculation method the frequency of TAOTRG

Baud rate x 16

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

Note : 1/O interface mode cannot utilize the trigger output signal from the 8-bit timer TMRAO as a
serial clock.
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(3

(4)

(5)

Serial clock generator

This block generates a basic clock (SIOCLK) that controls the transmit and receive
circuit.

e I/O interface mode

When the SCLK pin is configured as an output by clearing the SC1CR.IOC bit to
0, the output clock from the baud rate generator is divided by two to generate the
SIOCLK clock. When the SCLK pin is configured as an input by setting the
SC1CR.IOC bit to 1, the external SCLK clock is used as the SIOCLK clock; the
SC1CR.SCLKS bit determines the active clock edge.

e UART mode

The SIOCLK clock is selected from a clock produced by the baud rate generator,

the system clock (fsys), the trigger output signal from the 8-bit timer TMRAO, and
the external SCLK clock, according to the setting of the SCIMODO0.SC[1:0] field.

Receive counter

The receive counter is a 4-bit binary up counter used in UART mode. This counter is
clocked by SIOCLK. The receiver utilizes 16 clocks for each received bit, and
oversamples each bit three times around their center (with 7th to 9th clocks), unless
fsys is used for the basic clock. The value of a bit is determined by voting logic which
takes the value of the majority of three samples. For example, if the three samples of a
bit are 1, 0 and 1, then that bit is interpreted as a 1; if the three samples of a bit are 0,
0 and 1, then that bit is interpreted as a 0.

Receive controller
e I/O interface mode

If the SCLK pin is configured as an output by clearing the SC1CR.IOC bit to 0,
the receive controller samples the RXD input at the rising or falling edge of the
shift clock driven out from the SCLK pin, as programmed in the SC1CR.SCLKS bit.
If the SCLK pin is configured as an input by setting the SC1CR.IOC bit to 1, the
receive controller samples the RXD input at either the rising or falling edge of the
SCLK clock, as programmed in the SC1CR.SCLKS bit.

e UART mode

The receive controller contains the start bit detection logic. Once a valid start bit
is detected (at least two O are detected among three samples), the receive controller
begins sampling the incoming data streams. The start bit, each data bit and the
stop bit are sampled three times for 2-of-3 majority voting.
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(6)

(7

Receive buffer

The receive buffer is double-buffered to prevent overrun errors. Received data is
serially shifted bit by bit into receive buffer 1. When a whole character (e.g., 7 or 8 bits,
as programmed) is loaded into receive buffer 1, it is transferred to receive buffer 2
(SC1BUF), and a receive-done interrupt INTRX) is generated.

The CPU reads a character from receive buffer 2 (SC1BUF). Receive buffer 1 can
accept a new character through the RXD pin before the CPU picks up the previous
character in receive buffer 2. However, the CPU must read receive buffer 2 before
receive buffer 1 is filled with a new character. Otherwise, an overrun error occurs,
causing the character previously in receive buffer 1 to be lost. Even in that case, the
contents of receive buffer 2 and the SC1CR.RB8 bit are preserved.

The SC1CR.RB8 bit holds the parity bit for an 8-bit UART character and the
most-significant (e.g., address/data flag) bit for a 9-bit UART character.

In 9-bit UART mode, the receiver wakeup feature allows the slave station in a
multidrop system to wakeup whenever an address character is received. Setting the
SC1MODO0.WU bit enables the wakeup feature. When the SC1CR.RBS8 bit has received
an address/data flag bit set to 1, the receiver generates the INTRX interrupt.

Transmit counter

The transmit counter is a 4-bit binary up counter used in UART mode. Like the
receive counter, the transmit counter is also clocked by SIOCLK. The transmitter
generates a transmit clock (TXDCLK) pulse every 16 SIOCLK pulses.

7SS [N |

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

TXDCLK n |-|

8

Figure 3.9.3 Transmit Clock Generation

Transmit controller
e T/O interface mode

If the SCLK pin is configured as an output by clearing the SC1CR.IOC bit to 0,
the transmit controller shifts out each bit in the transmit buffer to the TXD pin at
the rising or falling edge of the shift clock driven out on the SCLK pin, as
programmed in the SC1CR.SCLKS bit. If the SCLK pin is configured as an input
by setting the SC1CR.IOC bit to 1, the transmit controller shifts out each bit in the
transmit buffer to the TXD pin at either the rising or falling edge of the SCLK
input, as programmed in the SC1CR.SCLKS bit.

e UART mode

Once the CPU loads a character into the transmit buffer, the transmit controller
begins transmission at the next rising edge of TXDCLK, producing a transmit shift
clock (TXDSFT).
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Write to the transmit buffer
I L §

4 15
SIOCLK _%J_I n n

Handshaking

If the CTS operation is enabled, the CTS input must be low in order for the
character to be transmitted. This feature can be used for flow control to prevent
overrun in the receiver. The SCIMODO.CTSE bit enables and disables the CTS
operation.

If the CTS pin goes high in the middle of a transmission, the transmit controller
stops transmission upon completion of the current character until CTS again goes low.
If so enabled, the transmit controller generates the INTTX interrupt to notify the CPU
that the transmit buffer is empty. After the CPU loads the next character into the
transmit buffer, the transmit controller remains in idle state until it detects CTS going
low.

Although the SIO does not have the RTS pin, any general-purpose port pins can
serve as the RTS pin. The receiving device uses the RTS output to control the CTS
input of the transmitting device. Once the receiving device has received a character,
RTS should be set to high in the receive-done interrupt handler to temporarily stop the
transmitting device from sending the next character. This way, the user can easily
implement a two-way handshake protocol.

TMP91CW28 TMP91CW28
TXD RXD
CTS RTS (Any port)
Transmitting device Receiving device

Figure 3.9.4 Handshaking Signals

17

CTs No transmission takes T \ «

place during this b
period. 13 1 16

14 15

=
[e)]

a

—anN
I:Iw

] —

ﬁ
« T,

TXDCLK N iy

(¢
)

\ Starthit A Bit0

TXD "

Note: a. When CTS goes high in the middle of transmission, the transmitter stops transmission after the current

character has been sent.
b. The transmitter starts transmission at the first falling edge of the TXDCLK clock after the CTS signal goes
low.

Figure 3.9.5 Clear-to-send (CTS) Signal Timing
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(9) Transmit buffer

Once the CPU loads a character into the transmit buffer (SC1BUF), it is shifted out
on the TXD output, with the least-significant bit first, clocked by the transmit shift
clock TXDSFT from the transmit controller. When the transmit buffer is empty and
ready to be loaded with the next character, the INTTX interrupt is generated to the
CPU.

(10) Parity controller

For transmit operations, setting the SC1CR.PE enables parity generation in 7- and
8-bit UART modes. The SC1CR.EVEN bit selects either even or odd parity.

If enabled, the parity controller automatically generates parity for the character in
the transmit buffer (SC1BUF). In 7-bit UART mode, the TB7 bit in the SC1BUF holds
the parity bit. In 8-bit UART mode, the TB8 bit in the SCIMOD holds the parity bit.
The parity bit is set after the character has been transmitted. The SC1CR.PE and
SC1CR.EVEN bits must be programmed prior to a write to the transmit buffer.

For receive operations, the parity controller automatically computes the expected
parity when a character in receive buffer 1 is transferred to receive buffer 2 (SC1BUF).
The received parity bit is compared to the SC1BUF.RB7 bit in 7-bit UART mode and to
the SC1CR.RB8 bit in 8-bit UART mode. If a character is received with incorrect parity,
the SC1CR.PERR bit is set.

(11) Error flags

The SC1CR has the following error flag bits that indicate the status of the received
character for improved data reception reliability.

1. Overrun error (OERR)

An overrun error is reported if all bits of a new character are received into
receive buffer 1 when receive buffer 2 (SC1BUF) still contains a valid character.

The following shows an example processing flow when an overrun error occurs:

(Receive interrupt routine)

1) Read the receive buffer.

2) Read the error flags.

3) if OERR=1

then

a) Disable reception: Write 0 to RXE.
b)  Wait until the current frame is completed.
¢) Read the receive buffer.
d) Read the error flags.
e) Enable reception: Write 1 to RXE.
f)  Request retransmission.

4) Other processing
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2. Parity error (PERR)

A parity error is reported when the parity bit attached to a character received on
the RXD pin does not match the expected parity computed from the character
transferred to receive buffer 2 (SC1BUF).

3. TFraming error (FERR)

A framing error is reported when a 0 is detected where a stop bit was expected.
(The middle three of the 16 samples are used to determine the bit value.)

(12) Signal generation timing
a. UART mode

Receive operation

Mode
9 Data Bits

8 Data Bits with
Parity

8 Data Bits with No Parity
7 Data Bits with Parity
7 Data Bits with No Parity

Middle of the last bit
(e.g., hit8)

Interrupt

Middle of the last bit
(e.g., parity bit)

Middle of the stop bit

Framing error Middle of the stop bit

Middle of the stop bit

Middle of the stop bit

Parity error

Middle of the last bit
(e.q., parity bit)

Middle of the stop bit

Overrun error Middle of the last bit

(e.g., hit8)

Middle of the last bit
(e.g., parity bit)

Middle of the stop bit

Note: In 9 data bits and 8 data bits with No Parity mode, interrupts coincide with the ninth

bit pulse.

Thus, when servicing the interrupt, it is necessary to wait for a 1-bit period (to allow
the stop bit to be transferred) to allow checking for a framing error.

Transmit operation

Mode
9 Data Bits

8 Data Bits with
Parity

8 Data Bits with No Parity
7 Data Bits with Parity
7 Data Bits with No Parity

Interrupt Immediately before the

stop bit is shifted out

b. I/O interface mode

Transmit
interrupt

SCLK output mode

Immediately after last bit data (See

Figure 3.9.13)

SCLK input mode

Immediately after the rising or falling edge of the last SCLK pulse,
as programmed (See Figure 3.9.14)

Receive
interrupt

SCLK output mode

When a received character has been transferred to receive buffer 2
(SC1BUF) (e.g., immediately after the last SCLK pulse) (See
Figure 3.9.15)

SCLK input mode

When a received character has been transferred to receive buffer 2
(SC1BUF) (e.g., immediately after the last SCLK pulse) (See
Figure 3.9.16)
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3.9.3 SFR Description
Serial Mode Control Register 0
7 6 5 4 3 2 1 0
SC1MODO] Bit symbol TB8 CTSE RXE Wu SM1 SMO SC1 SCO
(020AH) Read/Write R/W
Reset value 0 0 0 0 0 0 0 | 0
Function Bit8 of a Handshake |Receive Wakeup Serial transfer mode Serial clock (for UART)
tcr:;s:;lgrw control control function 00: I/0 interface mode | 00: TAOTRG (Timer)
0: Disables |0: Disables |0: Disabled | g1: 7-bit UART mode 01: Baud rate generator
CTS receiver 11: Enabled | 10: 8-bit UART mode | 10: Internal fsys clock
operation |1+ Enables 11: 9-bit UART mode | 11: External clock
1: Enables recetver (SCLK input)
CTS
operation

|—> Serial clock (for UART)

00 | Trigger output signal from the TMRAQ timer

01 | Baud rate generator

10 | Internal fgys clock

11 [ External clock (SCLK input)

Note: In I/O interface mode, the serial
control register (SC1CR) is used
to select the clock source.

L Serial transfer mode

00 | /O interface mode

01 7-bit
E UART mode | 8-bit
11 9-bit

Wakeup function

9-Bit UART mode Other modes

0 | Interrupt on every
received character

Don’t care
1 | Interrupt only when
SCICR.RB8=1

Receive control

0 | Disables receiver

1 | Enables receiver

Handshake ( CTS ) control

0 Disable (Accepts data streams at all times)

1 Enable

Bit8 of a transmitted character

Figure 3.9.6 SIO Registers (1)
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Serial Control Register 1
7 6 5 4 3 2 1 0
SC1CR | Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) Read/Write R R/W R (Cleared when read) R/W
Reset value | Undefined 0 0 0 | 0 | 0 0 0
Function Bit8 of a  |Parity type |Parity 0: SCLK |0: Baud rate
received  (0: Odd 0: Disabled 1: Error has occurred generator
character ;. gyen 1: Enabled [J] 1: SCLK
input

Overrun Parity

Framing 1. SCLK

Input clock in I/O interface mode

0 | Baud rate generator

Parity generation

0 | Disabled

1 | Enabled
Parity type

0 | Odd parity
1 | Even parity

Bit8 of a received character

Note: All error flags are cleared to 0 when read. These bits should not be tested using a bit test instruction.

Figure 3.9.7 SIO Registers (2)
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—> Active edge for the SCLK input
o | Datais transrrTitt.ed/received [ r]
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— > Framing error flag These bits are
——> Parity error flag cleared to 0
when read.
Overrun error flag
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Baud Rate Generator Control Register 1
7 6 5 4 3 2 1 0
BR1CR | Bit symbol - BR1ADDE | BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/write R/IW
Reset value 0 0 o | o o | o | o 0
Function Must be N+ (16 —K) [ 00: ¢TO
writenas (/16 function | 01: ¢T2 Setting of the divided frequency “N”
0". 0: Disabled | 10: ¢T8 (0to F)
1:Enabled | 11: ¢T32
N + (16 — K)/16 functions Clock source for baud rate generator
0 | Disabled 00 | Internal clock ¢TO
1 | Enabled 01 | Internal clock $T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
Baud Rate Generator K Value Register 1
7 6 5 4 3 2 1 0
BR1ADD | Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(020CH) | Read/Write R/W
Reset value 0 | 0 | 0 0
Function
Sets frequency divisor “K”
(Divided by N + (16 — K)/16)
Clock divisor value for baud rate generator
BR1CR.BR1ADDE=1 BR1CR.BR1ADDE=0
BRICR. | 0000 (N=16) | 0010 (N=2) 0001(N=1) (Only UART)
BR1S[3:0] or : :
BRIADD. 0001 (N=1) | 1111 (N=15) 1111 (N=15)
BR1K][3:0] 0000 (N=16)
0000 Don't use. Don't use.
Divided by
0001(K=1) o
: 16 - K Divided by N
Don't use. N+ ——
1111(K=15) 16

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

N UART mode 1/0 mode
21015 Allowed Not allowed
1,16 Not allowed Not allowed

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

1/0 interface mode.

Note2:Set BR1CR.BR1ADDE to 1 after setting K (K = 1 to 15) to BR1IADD.BR1K[3:0] when +(16-K)/16 division

function is used. Writes to unused bits in the BR1ADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.9.8 SIO Registers (3)
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TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO (for transmit)

SC1BUF
(0208H)

RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO (for receive)

Note: The SC1BUF register does not support read-modify-write operation.

Figure 3.9.9 Serial Transmit/Receive Buffer Register (SC1BUF)

Serial Mode Control Register 1

7 6 5 4 3 2 1 0
SC1MOD1 | Bit symbol 1251 FDPX1
(020DH) | Read/write RIW RIW
Reset value 0 0
Function SIo Synchronous
operationin | 0: Half duplex
IDLE2 mode 1: Full duplex
0: OFF
1: ON

Figure 3.9.10 SIO Registers (4)
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Operating Modes

(1) Mode 0 (I/O interface mode)

Mode 0 is used to increase the number of input/output pins. In this mode, the

TMP91CW28 transmits or receives data to and from an external device, such as a shift

register.

Mode 0 utilizes a synchronization clock (SCLK), which can be configured for either
output mode in which the SCLK clock is driven out from the TMP91CW28 or input
mode in which the SCLK clock is supplied externally.

Qutput expansion

Input expansion

TMP91CW28 Shift Al — TMP91CWwW28 Shift Al <
register B| — register B| <
TXD Sl cl|— RXD QH C| <
D| — D| <—
SCLK SCK El— SCLK CLOCK E| <
E|l — Fl «—
Port RCK G|— Port SIL G| <
H —_— H -«
TC74HC595 TC74HC165
Figure 3.9.11 Example Connection in SCLK Output Mode
Qutput expansion Input expansion
TMP91CW28 Shift Al — TMP91CW28 Shift Al <
register Bl — register B| <
TXD Sl cl|— RXD QH C| <
D| — D| <—
SCLK SCK E| — SCLK CLOCK E| <
F > F -«
Port RCK G| — Port S/L G| <
H e H -«
TC74HC595 TC74HC165
External clock External clock
Figure 3.9.12 Example Connection in SCLK Input Mode
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a. Transmit operations

In SCLK output mode, each time the CPU writes a character to the transmit buffer,
the eight bits of the character is shifted out on the TXD pin, and the synchronization
clock is driven out from the SCLK pin. When all the bits have been shifted out, the
INTES1.ITX1C bit is set and the transmit-done interrupt INTTX) is generated.

Timing to write
9 H‘\ «

transmission data \ )Y

SCLK1 output
e ~ 1 L T 1
Rising edge mode) ! ' i_”_l ' ' ' (Internal clock
SCLK1 output ! timing)
e I s N Ny
Falling edge mode) : : : ) : ' :

TXD1 X B0 ! Bitl X X  Bit6 ! Bit7
ITX1C '
(INTTX1 B |
Interrupt request) )]

Figure 3.9.13 Transmit Operation in 1/O Interface Mode (SCLK output mode)

In SCLK input mode, the CPU must write a character to the transmit buffer before
the SCLK input is activated. The 8 bits of a character in the transmit buffer are shifted
out on the TXD pin, synchronous to the programmed edge of the SCLK input. When all
the bits have been shifted out, the INTES1.ITX1C bit is set and the transmit-done
interrupt (INTTX) is generated.

SCLK1linput

(SCLKS =0 —
Rising edge mode) ! ] ! ] . S—T ! ] ! !

SCLK1 input (¢

(SCLKS =1 [ A L A e

Falling edge mode) ' ' ' « ' ' '

TXD1 X Bit0 X Bitl X7 Bit5 X Bit6 X Bit7

ITX1C | | | | |
(INTTX1 « |

Interrupt request)

Figure 3.9.14 Transmit Operation in I/O Interface Mode (SCLK input mode)
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IRX1C
(INTRX1

interrupt request)
SCLK1 output

Receive operations

In SCLK output mode, each time the CPU picks up the character in receive buffer 2,
clearing the receive-done interrupt flag INTES1.IRX1C), the synchronization clock is
driven out from the SCLK pin to shift the next character into receive buffer 1. When a
whole 8-bit character has been loaded into receive buffer 1, it is transferred to receive
buffer 2 (SC1BUF), and the INTES1.IRX1C flag is set to 1 again, generating the
INTRX interrupt.

The SCLK output is initiated by setting the SCIMODO0.RXE bit to 1.

=N

(SCLKS =0 —

Rising edge mode) ? T ! T ! g) ! T !—?

SCLK1 output r ) I

(SoLks <1 ] [ !

Fallingf edge mode) ! ! : ' ' !

___________ ' ! . a X ! mmmm e
Rxoi . EX Bit0 EX Bitl :X \) EX Bite X Bit7 o
Figure 3.9.15 Receive Operation in I/O Interface Mode (SCLK output mode)

In SCLK input mode, the CPU must pick up the character in the receive buffer 2,
clearing the receive-done interrupt flag (INTES1.IRX1C), before the SCLK input is
activated to shift the next character into receive buffer 1. When a whole 8-bit character
has been loaded into receive buffer 1, it is transferred to receive buffer 2 (SC1BUF),
and the INTES1.IRX1C flag is set to 1 again, generating the INTRX interrupt.

SCLK1 input
SCLKS =0:
(Rising edge mode) ! T ! T !—3‘)_T ! T ! T
SCLK1 input
L dnpu T T T
Falling edge mode) ! ! o« \ | :
RXD1 ___X_Bito X Bt W, Bi5 X Bit6 X Btz 5 T
- -I 1 1 n 1 . TTT=
IRX1C | | | | |
(INTRX1)

Figure 3.9.16 Receive Operation in I/O Interface Mode (SCLK input mode)

Regardless of whether SCLK is in input mode or output mode, the receiver must be
enabled by setting the SC1IMODO.RXE bit to 1 in order to perform receive
operations.

Note:
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c¢. Full-duplex transmit/receive operations

To perform full-duplex transmit/receive operations, the receive interrupt priority
level must be set to 0, with the transmit interrupt priority level set to an appropriate
value (1 to 6).

In the transmit interrupt handling routine, receive operation must be performed
before loading the transmit buffer with a character, as shown below.

Example: SCLK output mode
Transfer rate: 9600 bps
fc =14.7456 MHz

High-speed clock gear: x 1 (fc)
Prescaler clock: frpH

Settings in the main routine
7 6 5 4 3 2 1 0

INTES1 X 0 0 1 X 0 0 O Sets a transmit interrupt priority level and disables receive
interrupts.

POCR - - - 0 1 - - - Configures the P93 pin as TXD and the P94 pin as RXD.

PI9FC - - - -1 - - -

SC1MODO - - 0 - 0 0 - - Selects /O interface mode.

SCi1MOD1 1 1 X X X X X X Selects full-duplex operation.

SC1CR - - - - - - 00 Selects SCLK output mode, receiving at the rising edge
and transmitting at the falling edge.

BR1CR 0O 01 1 0 0 1 1 Sets the transfer rate to 9600 bps.
SC1MODO - -1 - - - - - Enables receive operation.
SC1BUF *okoox ok Kk k% % Loads the transmit buffer with a character.

Transmit interrupt handling routine
Acc SC1BUF Reads received data.
SC1BUF *okoox ok Kk k% % Loads the transmit buffer with a character.

X: Don't care, —: No change
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(2) Mode 1 (7-bit UART mode)

Setting the SM[1:0] field in the SC1IMODO to 01 puts the SIO in 7-bit UART mode. In
this mode of operation, the parity bit can be added to the transmitted character, and
the receiver can perform a parity check on incoming data. Parity can be enabled and
disabled through the programming of the PE bit in the SC1CR. When PE =1, the
SC1CR.EVEN bit selects even or odd parity.

Example: Transmitting 7-bit UART characters with an even-parity bit

AT O C00000 N

<«——— Goes out first (Transfer rate = 2400 bps at fc = 9.8304 MHz)

Clocking conditions: High-speed clock gear: x 1 (fc)
Prescaler clock: System clock
76543210
POCR - - - -1-- - } . .
Configures the P93 pin as TXD.

PI9FC “— - - - 1 - - -
SCIMODO ¢~ - - - - 0101 Selects 7-bit UART mode.
SC1CR «~X11XXX- - Selects even parity.
BR1CR «~00100100 Sets the transfer rate to 2400 bps.
INTESI «X 100 - - - Enables the INTTX interrupt and sets its priority level to 4.
SCIBUF « * * * * * * % % Loads the transmit buffer with a character.

X: Don't care, —: No change

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

Setting the SM[1:0] field in the SCIMODO to 10 puts the SIO in 8-bit UART mode. In
this mode of operation, the parity bit can be added to the transmitted character, and
the receiver can perform a parity check on incoming data. Parity can be enabled and
disabled through the programming of the PE bit in the SC1CR. When PE =1, the
SC1CR.EVEN bit selects even or odd parity.

Example: Transmitting 8-bit UART characters with an odd-parity bit

AT 0000006,

«— Goes out first (Transfer rate = 9600 bps at fc = 9.8304 MHz)
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Clocking conditions: [High—speed clock gear: x 1 (fc)
Prescaler clock: fEPH
Settings in the main routine
76543210

POCR «—---0--- - Configures P94 (RXD) to be an input.
SCIMODO «~--1-1001 Selects 8-bit UART mode and enables the receiver.
SC1CR «~X01XXX- - Selects odd parity.
BR1CR «<00010100 Sets the transfer rate to 9600 bps.
INTES1 «~X---X100 Enables the INTRX interrupt and sets its priority level to 4.

(4)

Example of interrupt routine processing.
Acc « SCICR AND 00011100
if Acc # 0 then ERROR

Acc « SCI1BUF Reads received data.

} Checks for errors.

X: Don't care, —: No change

Mode 3 (9-bit UART mode)
Setting the SM[1:0] field in the SC1IMODO to 11 puts the SIO in 9-bit UART mode. In

this mode, a parity bit cannot be used.

For transmit operations, the most-significant bit (9th bit) is stored in the TBS bit in
the SC1IMODO. For receive operations, the most-significant bit is stored in the RB8 bit
in the SC1CR. Reads and writes of the transmit/receive character must be done with
the most-significant bit first, followed by the SC1BUF.

Wakeup feature

In 9-bit UART mode, the receiver wakeup feature allows the slave station in a
multidrop system to wakeup whenever an address character is received. Setting the
SC1MODO0.WU bit enables the wakeup feature. When the SC1CR.RBS8 bit has received
an address/data flag bit set to 1, the receiver generates the INTRX interrupt.

H

TXD

RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

Note: The slave controller’s TXD pin must be configured as an open-drain output by programming the ODE register.

Figure 3.9.17 Serial Link Using the Wakeup Function
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1.
2.
3.

Put all the master and slave controllers in 9-bit UART mode.
Enables the receiver in each slave controller by setting the SCIMODO0.WU bit to 1.

The master controller transmits an address character (e.g., select code) that identifies
a slave controller. The address character has the most-significant bit (Bit8) set to 1.

e @OOOOOOE ="

Slave controller select code

Each slave controller compares the received address to its station address and clears
the WU bit if they match.

The master controller transmits data characters or block of data to the selected slave
controller (with SCIMODO.WU bit cleared). Data characters have the most-significant
bit (Bit8) cleared to 0.

N EOOOOOOD/"

Data

Slave controllers not addressed continue to monitor the data stream, but discard any
characters with the most-significant bit (RB8) cleared, and thus does not generate
receive-done interrupts (INTRX). The addressed slave controller with its WU bit
cleared can transmit data to the master controller to notify that it has successfully
received the message.
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Example: Connecting a master station with two slave stations through a serial link

i

using the fsys clock as a serial clock

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

e  Master controller settings

Main routine

76543210
POCR “-=--01---
POEC - - _X1--_ } Configures the P93 pin as TXD and the P94 pin as RXD.
INTES1 «<~X100X101 Enables INTTX and sets its interrupt level to 4.

Enables INTRX and sets its interrupt level to 5.

SCIMODO «+ 1010 Selects 9-bit UART mode and selects fgys as a serial clock.
SC1BUF «<~00000001 Loads the select code for slave 1.
Interrupt routine (INTTX)
SCIMODO0 «+ 0 - - - - - - — Clears the TB8 bit to 0.
SC1BUF < FE R E Ak Loads the transmit data.

e Slave controller settings

Main routine
76543210
PI9CR «—-=--01-- -
POFC — - - =-X1--- Configures the P93 pin as TXD (Open-drain output) and the
ODE — XXX XXX1 P94 pin as RXD.
INTES1 «~X101X110 Enables INTTX and INTRX.
SCIMODO «~ 00111110 Selects 9-bit UART mode, selects fsys as the serial clock and
sets the WU bit to 1.
Interrupt routine (INTRX)
Acc « SC1BUF
if Acc = Select code
Then SCIMODO « ——--0—-—-—-—— WU = Clears the WU bit to 0.

91CW28-159 2006-03-24



TOSHIBA TMP91CW28

3.10 Serial Bus Interface (SBI)

The TMP91CW28 serial bus interface (SBI) contains two channels named SBIO and SBI1.
Each channel has the following two operating modes:

e I2C bus mode (with multi-master capability)

e  Clock-synchronous 8-bit SIO mode

In I2C bus mode, the SBIO is connected to external devices via the P61 (SDAO) and P62
(SCLO) pins and the SBI1 via the P91 (SDA1) and P92 (SCL1) pins. In clock-synchronous 8-bit
SIO mode, the SBIO is connected to external devices via the P60 (SCKO0), P61 (SO0) and P62
(SI0) pins and the SBI1 via the P90 (SCK1), P91 (SO1) and P92 (SI1) pins.

Each SBI channel is independently programmable, and functionally equivalent. In the
following sections, any references to the SBIO also apply to the SBI1.

The following table shows the programming required to put the SBIO in each operating mode.

ODE.ODEG62 P6CR.P62C P6FC.P62F
thru thru thru
ODE.ODE61 P6CR.P60C P6FC.P60F
I°C bus mode 11 11X 11X
Clock-synchronous 011
8-bit SIO mode XX 010 X11

The following table shows the programming required to put the SBI1 in each operating mode.

ODE.ODE92 PI9CR.P92C P9FC.P92F
thru thru thru
ODE.ODE91 P9CR.P90C PO9FC.POOF
I°C bus mode 11 11X 11X
Clock-synchronous 011
8-bit SIO mode XX 010 X11

X: Don't care
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3.10.1 Block Diagram

> INTSBIO interrupt request
SCL
Lo SCK
slo —Jrs0
clock (SCKO0)
control Input/
T Output
l control
¢T —>{Divider —DP61
l SI0 SO | (soo/spao)
Transfer <: _ | data control Sl
12C bus clock control logic
- synchronization [€® l
Noise PN
[T /control _DP62
canceller - 12C bus (SI0/SCLO)
Shift register i
g data control [«<— Noise SDA
canceller
1 [ i T
][ |
2 |
SBIOCR?/ I2COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBIO control register 2/ 1°C bus 0 SBIO data SBIO control SBIO baud rate
SBIO status register address register buffer register register 1 registers 0 and 1
Figure 3.10.1 SBIO Block Diagram
—> INTSBI1 interrupt request
SCL
l | SCK
SIo —Jrs0
clock (SCK1)
control fe— Input/
T Output
l control
¢T —>{Divider —DP61
l —| s SO | (sou/spay)
Transfer <:: _| data control Sl
12C bus clock control logic
- synchronization [<—® l,
N AN
—> olse €T  /control _DP62
canceller Shitt reqi 12C bus (SI11/SCL1)
ift register i
9 data control [« Noise SDA
canceller
7 | |
SBILCR?/ I2C1AR SBI1DBR SBI1CR1 SBI1BRO, 1
SBI1SR
SBI1 control register 2/ I°C bus 1 SBI1 data SBI1 control SBI1 baud rate
SBI1 status register address register buffer register register 1 registers 0 and 1
Figure 3.10.2 SBI1 Block Diagram
2006-03-24
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3.10.2 Registers
A listing of the registers used to control the SBIO and SBI1 follows:

e Serial bus interface control register 1 (SBIOCR1, SBI1CR1)

e Serial bus interface control register 2 (SBIOCR2, SBI1CR2)

e  Serial bus interface data buffer register (SBIODBR, SBI1IDBR)
e I2C bus address register 12COAR, I2C1AR)

e Serial bus interface status register (SBIOSR, SBI1SR)

e Serial bus interface baud rate register 0 (SBIOBRO, SBI1BR0)
e Serial bus interface baud rate register 1 (SBIOBR1, SBI1BR1)

The functions of these registers vary, depending on the mode in which the SBI channel is
operating. For a detailed description of the registers, refer to section 3.10.4, “Description of
the Registers Used in I2C Bus Mode”, and section 3.10.7, “Description of Registers Used in
Clock-synchronous 8-Bit SIO Mode”.

3.10.3 I°C Bus Mode Data Formats

Figure 3.10.3 shows the serial bus interface data formats used in I2C bus mode.

(a) Addressing format

8 bits lje— 1to8bhits —1«— 1to8bits —>1
Fr'TTTTTTr A A A

S| Slave address |/|C Data C Data C|P
W K K K
Once Repeated ————— >

(b) Addressing format (with repeated START condition)

8 bits lje— 1to8bhbits —>{1| [&—— 8bits ——|1«— 1to8bits —1
F'TTTTTT]R A A FrTTTTTT]TR A A
s| slave address |/]|cC Data c|s| sSlave address |/|c Data C|P
Wi K K W K K
Once Repeated Once Repeated ——
(¢) Free data format (Master transmitter to slave-receiver)
8 bits 1le— 1to8bits —>1«— 1to8hits —>1
T T T 11 A A A
S Data C Data C Data C|P
K K K
Once Repeated ———— >

S: START condition
R/W : Direction bit
ACK: Acknowledge bit
P: STOP condition

Figure 3.10.3 1°C Bus Mode Data Formats
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3.10.4 Description of the Registers Used in I°C Bus Mode

This section provides a summary of the registers which control I2C bus operation and

provide I2C bus status information for bus access/monitoring.

Serial Bus Interface Control Register 1

7 6

5

4

3 2

0

SBIOCR1

Bit symbol

BC2 BC1

BCO

ACK

SCK2

S

SCK1 | SWRMON

CKO/

(0240H)

Read/Write

w

R/W

w

R/W

Read-modify]

Reset value

o | o

0

0

0

0 0/1

(Note 3)

write
operation is
not

supported.

Function

Number of bits per transfer (Note 1)

ACK clock
pulse

0: No ACK
1. ACK

Internal SCL output clock frequency
(Note 2)/Software reset monitor

Note 1:
Note 2:
Note 3:
Note 4:

|

On writes: SCK][2:0] = Internal SCL output clock frequency

000 n=5
001 n=6
010| n=7
011| n=8
100| n=9

— (Note4

— (Note4
73.5 kHz
37.9 kHz
19.2 kHz

101| n=10 | 9.7 kHz
110 n=11 | 4.9 kHz
111 |(Reserved) | (Reserved)

Assumptions:
System clock: fc
Clock gear: fc/1

fc = 10 MHz (Output to the SCL pin)
fc
Frequency =———— [HZz]
2"+8

\

On reads: SWRMON = Software reset monitor

0 Software reset operation is in progress.

1 Initial Data

> Acknowledgement clock generation

0 No acknowledgement clock pulse is generated.

1 An acknowledgement clock pulse is generated.

Number of b

its per transfer

ACK=0

ACK=1

BC[2:0]

Number of
clock cycles

Data
length

Number of
clock cycles

Data
length

000
001
010
011
100
101
110
111

8

~NOo b~ WN R

8

~NOoO OO~ WDN PR

9

0N O WN

8

~NOoO OO~ WDN PR

Clear the BC[2:0] field to 000 before switching the operating mode to “Clock-synchronous” 8-bit SIO mode.

For details on the SCL bus clock frequency, refer to section 3.10.5 (3) “Serial clock”.

Initial data of SCKO is 0, SWRMON is 1.

This |2C bus circuit dose 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 3.10.4 1°C Bus Mode Registers (1) (SBIOCRL1 for the SBIO)
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SBIL1CR1
(0248H)

Read-
modify-write
operation is
not
supported.

Serial Bus Interface Control Register 1

Il 6

5

4

3 2

0

Bit symbol

BC2 BC1

BCO

ACK

SCK2

S

SCK1 | swRrMON

CKO/

Read/Write

w

R/W

w

R/W

Reset value

o | o

0

0

0

0 0/1

(Note 3)

Function

Number of bits per transfer (Note 1)

ACK clock
pulse

0: No ACK
1. ACK

Internal SCL output clock

frequency (Note 2)/

Software reset monitor

Note 1:
Note 2:
Note 3:
Note 4:

|

On writes: SCK][2:0] = Internal SCL output clock frequency

000 n=5
001 n=6
010| n=7
011| n=8
100| n=9

— (Note4

— (Note4
73.5 kHz
37.9 kHz
19.2 kHz

101| n=10 | 9.7 kHz
110 n=11 | 4.9 kHz
111 |(Reserved) | (Reserved)

Assumptions:
System clock: fc
Clock gear: fc/l1

fc = 10 MHz (Output to the SCL pin)
fc
Frequency =———— [Hz]
2"+8

On reads: SWRMON = Software reset monitor

0 Software reset operation is in progress.

1 Initial data

L—> Acknowledgement clock generation

0 No acknowledgement clock pulse is generated.

1 An acknowledgement clock pulse is generated.

Number of bits per transfer

ACK =

0

ACK=1

BC[2:0]

Number of
clock cycles

Data
length

Number of
clock cycles

Data
length

000
001
010
011
100
101
110

8

111

~NOoO b~ WN PR

8

~NOoO OO WDN PR

9

0 ~NOO O WN

8

~NOoO OO WDN PR

Clear the BC[2:0] field to 000 before switching the operating mode to “Clock-synchronous” 8-bit SIO mode.

For details on the SCL bus clock frequency, refer to section 3.10.5 (3) “Serial clock”.

Initial data of SCKO is 0, SWRMON is 1.

This |2C bus circuit dose 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 I1°C specification is not

guaranteed in that case.

Figure 3.10.5 1°C Bus Mode Registers (2) (SBILCRL1 for the SBI1)
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Serial Bus Interface Control Register 2

6

5 4

3 2

1 0

SBIOCR2 Bit symbol

MST

TRX

BB PIN

SBIM1 SBIMO

SWRST1 | SWRSTO

(0243H) | Read/Write

W (Note 1)

W (Note 1)

Reset value

0

0

0 1

o | o

o | o

Read- Function
modify-write
operation is
not
supported.

Master/
slave

Transmit/
receive

START/ INTSBIO
STOP interrupt
condition | clear

generation

Operating mode
(Note 2)

00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)

Software reset

A write of 10 followed
by a write of “01”.

Note 1:
Note 2:

|: Operating mode (Note 2)

00 [ Port mode (Serial bus interface output disabled)

01 | Clock-synchronous 8-bit SIO mode

10 | I°C bus mode

11 | (Reserved)

—> INTSBIO interrupt clear

0 |Don't care

1 |Interrupt clear

L START/STOP condition generation

0 [ STOP condition

1 | START condition

Transmit/receive

0 |Receive

1 |[Transmit

Master/slave

0 |[Slave

1 | Master

Reading this register causes it to function as a status register (SBIOSR).

Ensure that the bus is free before switching the operating mode to Port mode.

Ensure that the port is at logic high before switching from Port mode to I°C bus or SIO mode.

Figure 3.10.6 1°C Bus Mode Registers (3) (SBIOCR2 for the SBIO)
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Serial Bus Interface Control Register 2

7 6 5

4

3 2

1 0

Bit symbol

MST TRX BB

PIN

SBIM1 SBIMO

SWRST1 | SWRSTO

SBI1CR2

(024BH) | Read/Write

W (Note 1)

W (Note 1)

Reset value

0 0 0

1

o | o

o | o

Read- Function
modify-write
operation is
not
supported.

START/
STOP
condition
generation

Transmit/
receive

Master/
slave

INTSBI1
interrupt
clear

Operating mode
(Note 2)

00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)

Software reset

A write of 10 followed
by a write of “01”.

Note 1:
Note 2:

|: Operating mode (Note 2)

00 [ Port mode (Serial bus interface output disabled)

01 | Clock-synchronous 8-bit SIO mode

10 | I°C bus mode

11 | (Reserved)

INTSBI1 interrupt clear

0 | Don't care

1 |Interrupt clear

START/STOP condition generation

0 [ STOP condition

1 | START condition

Transmit/receive

0 |Receive

1 |[Transmit

Master/slave

0 |[Slave

1 | Master

Reading this register causes it to function as a status register (SBIOSR).

Ensure that the bus is free before switching the operating mode to Port mode.

Ensure that the port is at logic high before switching from Port mode to I°C bus or SIO mode.

Figure 3.10.7 1°C Bus Mode Registers (4) (SBILCR2 for the SBI1)
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(0243H) | Read/Write R
Reset value 0 0 0 1 0 0 0 0
Read-modify- | Function Master/ Transmit/ | I°C bus INTSBIO |Arbitration |Addressed |General Last
‘;;':aﬁon s slave receive status interrupt  |lost as slave call received
not status 0: - 0: Undetected |0: Undetected | bit
supported. 1: Detected |1: Detected  |1: Detected | 0: 0
1:1

—— > INTSBIO interrupt status

]

|—> Last received bit
0 | The last bit received was “0".

1 [ The last bit received was “1".

—> General call
0 |Undetected

The address on the bus matches the
general-call address

—> Addressed as slave
0 | Undetected

The address on the bus matches the

1
slave address or general-call address

—> Arbitration lost
0 —
1 [Arbitration was lost to another master.

0 | The interrupt is asserted.

1 | The interrupt is not asserted.

I°C bus status

0 |Free
1 [Busy

Transmit/receive

0 |Receive

1 [Transmit

Master/slave
0 | Slave
1 | Master

Note: Writing to this register causes it to function as a control register (SBIOCR2).

Figure 3.10.8 1°C Bus Mode Registers (5) (SBIOSR for the SBIO)
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Serial Bus Interface Status Register

7 6 5 4 3 2 1 0

SBI1SR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(024BH) Read/Write R

Reset value 0 0 0 1 0 0 0 0
Read-modify- | Function Master/ Transmit/ | I°C bus INTSBI1 |Arbitration [Addressed |General call|Last
‘;;':aﬁon s slave receive status interrupt  |lost as slave 0: Undetected|received bit
not status 0: - 0: Undetected [1: Detected (0: O
supported. 1: Detected |1: Detected 1.1

]

|—> Last received bit
0 | The last bit received was “0".

1 | The last bit received was “1".

—> General call
0 | Undetected

The address on the bus matches the
general-call address

—> Addressed as slave
0 |Undetected

The address on the bus matches the
slave address or general-call address

1

—— Arbitration lost
0 —
1 [Arbitration was lost to another master.

> INTSBI1 interrupt status

0 | The interrupt is asserted.

1 | The interrupt is not asserted.

I°C bus status
0 |Free
1 [Busy

Transmit/receive

0 |Receive

1 [ Transmit

Master/slave

0 |Slave

1 | Master

Note: Writing to this register causes it to function as a control register (SBIOCR2).

Figure 3.10.9 I°C Bus Mode Registers (6) (SBI1SR for the SBI1)
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBI0
(0244H) | Read/Write W RIW
| Reset value 0 0
Read-modify:
wite Function Must be IDLE2
‘;gf’a“"“ is written as | 0: OFF
supported. 0" 1: ON
SBI ON/OFF in IDLE2 mode
0 |OFF
1 [ON
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 | Bit symbol P4EN -
(0245H) | Read/Write W w
Reset value 0 0
Read-modify-] Function Internal Must be
write :
operation is clock written as
not 0: OFF “0".
supported. 1: ON
Controls the internal baud rate generator
0 |OFF
1 [ON
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (receive)/W (transmit)
Read-modify-| Reset value Undefined
write
operation is
Q%poned Note 1: In transmitter mode, data must be written to this register, with bit7 being the most-significant bit (MSB).
Note 2: SBIDBR can'’t be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is prohibited.
Note 3: Written data in SBIODBR is cleared by INTSBIO signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
(0242H) | Read/Write w
Reac-moaty.}_Reset value o | o | o | o | o | o | o 0
‘g;':a“on s Function When the SBIO is addressed as a slave, this field specifies a 7-bit I°C bus address to Addres'sl
not which the SBIO responds. recognition
supported. mode

Address recognition mode

l

0

Recognizes the slave address.

1

Does not recognize the slave address.

Figure 3.10.10 1°C Bus Mode Registers (7) (SBIOBRO, SBIOBR1, SBIODBR, and I12COAR for the SBIO)
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SBI1BRO
(024CH)

Read-modify-

write
operation is
not
supported.

SBI1BR1
(024DH)

Read-modify-

write
operation is
not
supported.

SBI1DBR
(0249H)

Read-modify-

write
operation is
not
supported.

I2C1AR
(024AH)

Read-modify-
write
operation is
not
supported.

Serial Bus Interface Baud Rate Register 0

7 6 5 4 3 2 1 0
Bit symbol - 12SBI1
Read/Write w R/W
Reset value 0 0
Function Must be IDLE2
written as | 0: OFF
“0”. 1: ON

SBI ON/OFF in IDLE2 mode
0 |OFF
1 |ON

Serial Bus Interface Baud Rate Register 1

7 6 5 4 3 2 1 0

Bit symbol P4EN -
Read/Write W W
Reset value 0 0
Function Internal Must be

clock written as

0: OFF “0".

1. ON

Controls the internal baud rate generator
0 [OFF
1 |ON

Serial Bus Interface Data Buffer Register

7 6 5 4 3 2 1 0
Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read/Write R (Receive)/W (Transmit)
Reset value Undefined

Note 1: In transmitter mode, data must be written to this register, with bit7 being the most-significant bit (MSB).
Note 2: SBIDBR can'’t be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is prohibited.

Note 3: Written data in SBI1DBR is cleared by INTSBI1 signal.

I°C Bus Address Register

7 6 5 4 3 2 1 0
Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
Read/Write w
Reset value o | o | o | o | o | o | o 0
Function When the SBI1 is addressed as a slave, this field specifies a 7-bit I°C bus address to | Address
which the SBI1 responds. recognition
mode
Address recognition mode l

0 | Recognizes the slave address.

1 | Does not recognize the slave address.

Figure 3.10.11 1°C Bus Mode Registers (8) (SBI1BRO, SBI1BR1, SBI1DBR, and I2C1AR for the SBI1)
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3.10.5 I°C Bus Mode Configuration

eY)

(2

(3

Acknowledge mode

Set the SBIOCR1.ACK to 1 for operation in the acknowledge mode. The TMP91CW28
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 SBIOCR1.ACK to O for operation in the non-acknowledge mode, the
TMP91CW28 does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

Number of bits per transfer

The SBIOCR1.BC[2:0] field specifies the number of bits of the next data item to be
transmitted or received. After a reset, this field is cleared to 000, causing a 7-bit slave
address and the data direction (R/W ) bit to be transferred in a packet of 8 bits. At
other times, the SBIOCR1.BC[2:0] field keeps a previously programmed value. Set the
baud rate, which have been calculated according to the formula below to meet the
specifications of the I12C bus, such as the smallest pulse width of t,ow.

Serial clock
a. I2C bus clock source

The SBIOCR1.SCKI[2:0] field controls the maximum frequency of the SCLO clock
driven out on the SCLO pin in master mode, as illustrated below. 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.

V tHIGH 0 tLow 1/fscl

|

SBIOCR1.SCK[2:0] n

000 5

tLow = 2" fsp 001 6
tHicH =2"""ffspl + 81(1) ;
8/fspl 100 9
B fsBl 101 10

- .8 110 11

Note 1: fsg| = fepH
Note 2: It's prohibited to use fc/16 prescaler clock when using SBI block.

(I°C bus and clock synchrounous)

Figure 3.10.12 1°C Bus Clock Source
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Internal SCL level (Master A)

Internal SCL level (Master B)

SCL bus line

Clock synchronization

Clock synchronization is performed using the wired-AND connection of all 12C
bus components to the bus. If two or more masters try to transfer messages on the
12C bus, the first to pull its clock line low wins the arbitration, overriding other
masters producing a high on their clock lines.

Clock signals of two or more devices on the 12C bus are synchronized to ensure
correct data transfers. Figure 3.10.13 shows a depiction of the clock
synchronization mechanism for the I2C bus with two masters.

Wait state
5 Start counting high period

1
1
| .
\ |
1 1
1 1
1 1
;  Counter reset |
Q |
U 1
1
1
|
[]

Figure 3.10.13 Clock Synchronization Example

>~

£

/

- -
[ogd

At point a, master A pulls its internal SCLO level low, bringing the SCL bus line
low. The high-to-low transition on the SCLO bus line causes master B to reset its
high-level counter and pull its internal SCLO level low.

Master A completes its low period at point b. However, the low-to-high
transition on its internal SCLO level does not change the state of the SCLO bus
line if master B’s internal SCLO level is still within its low period. Therefore,
master A enters a high wait state, where it does not start counting off its high
period.

When master B has counted off its low period at point c, its internal SCLO level
goes high, releasing the SCLO bus line (High). There will then be no difference
between the internal SCLO levels and the state of the SCLO bus line, and both
master A and master B start counting off their high periods.

This way, a synchronized SCLO clock is generated with its high period

determined by the master with the shortest clock high period and its low period
determined by the one with the longest clock low period.

(4) Slave addressing and address recognition mode

When the SBIO is configured to operate as a slave, the SA[6:0] field in the I2COAR
must be loaded with the 7-bit I12C bus address to which the SBIO is to respond. The ALS
bit must be cleared for the SBIO to recognize the incoming slave address.

(5) Configuring the SBIO as a master or a slave

Setting the SBIOCR2.MST bit configures the SBI as a master, and clearing it
configures the SBIO as a slave. This bit is cleared by hardware when a STOP condition
has been detected and when arbitration for the I2C bus has been lost.
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(6) Configuring the SBIO as a transmitter or a receiver

The SBIOCR2.TRX bit is set or cleared by hardware to configure the SBIO as a
transmitter or a receiver. As a slave, the SBIO is put in either slave-receiver or
slave-transmitter mode, depending on the value of the data direction (R/W ) bit

transmitted by the master. When the SBIO is addressed as a slave, the TRX bit reflects
the value of the R/W bit. The TRX bit is set or cleared on the following occasions:

o  when transferring data using addressing format

o  when the received slave address matches the value in the I2COAR

e when a general-call address is received; e.g., the eight bits following the

START condition are all zeros.

As a master, the SBIO is put in either master-transmitter or a master-receiver mode

upon reception of an acknowledge from an addressed slave. The TRX bit changes to the
opposite value of the R/W bit sent by the SBIO. If the SBIO does not receive an

acknowledge from a slave, the TRX bit retains the previous value.

The TRX bit is cleared by hardware when a STOP condition has been detected and
when arbitration for the I2C bus has been lost.

(7) Generating START and STOP conditions

When the SBIOSR.BB bit is cleared, the bus is free. At this time, writing 1s to the
MST, TRX, BB and PIN bits in the SBIOCR2 causes the SBIO to generate a START
condition on the bus and shift out slave address and direction bit. Before generating a
START condition, the ACK bit must be set to 1.

T
sctine - N\ /T\_/2\_/3\ /2 \_/S\ /e \ T\ S\ S\
1
1
v /a6 X A5 X a2 X a3 X a2 X At X a0 X Rw /
1

!Acknowledge signal

SDAline

START condition | Slave address and direction bit
Figure 3.10.14 Generating a START Condition and a Slave Address

When the SBIOSR.BB bit is set, the bus is busy. When SBIOSR.BB = 1, writing 1s to
the MST, TRX and PIN bits and a 0 to the BB bit causes the SBIO to start a sequence
for generating a STOP condition on the bus to abort the transfer. The MST, TRX, BB
and PIN bits should not be altered until a STOP condition appears on the bus.

STOP condition

Figure 3.10.15 Generating a STOP Condition

The BB bit can be read to determine if the I2C bus is in use. The BB bit is set when a
START condition is detected and cleared when a STOP condition is detected.

Some restrictions are imposed on the generation of a STOP condition when the SBIO
is a master. See section 3.10.6 (4) “Generating a STOP condition”.
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SCL bus line

Internal SDA level (Master A) \ / \
Internal SDA level (Master B)_\_/—\—//_|

SDA bus line

8

9

Asserting and deasserting interrupt requests

When an SBIO interrupt (INTSBIO) is generated, the pending interrupt not (PIN) bit
in the SBIOCR2 is cleared to 0. While the PIN bit is 0, the SBIO pulls the SCLO line low.

After transmission or reception of one data word on the I12C bus, the PIN bit is
automatically cleared. In transmitter mode, the PIN bit is subsequently set to 1 each
time the SBIODBR is written. In receiver mode, the PIN bit is set to 1 each time the
SBIODBR is read.

It takes a period of tL,ow for the SCLO line to be released after the PIN bit is set.

In address recognition mode (ALS =0), the PIN bit is cleared when the SBIO is
addressed as a slave and the received slave address matches the value in the I2COAR
oris all Os (e.g., a general call). A write of 1 by software sets the PIN bit, but a write of 0
has no effect on this bit.

SBIO operating modes

The SBIM[1:0] field in the SBIOCR2 is used to select an operating mode of the SBIO.
To configure the SBIO for I2C bus mode, set the SBIM[1:0] field to 10 after confirming
pin condition of serial bus interface to “H”.

A switch to port mode should only be attempted when the bus is free.

(10) Lost-arbitration detection monitor

The I2C bus is a multi-master bus and has an arbitration procedure to ensure correct
data transfers. A master may start a transfer only if the bus is free.

The I2C bus arbitration takes place on the SDAO line.

Figure 3.10.16 shows the arbitration procedure for two masters. Up until point a, the
internal data levels of master A and master B are the same. At point a master B’s
internal data level makes a low-to-high transition while master A’s internal data level
remains at logic low. However, the SDAO bus line is held low because it is the
wired-AND of the two data outputs. When the SCLO bus clock goes high at point b, the
addressed slave device reads the data transmitted by master A (e.g., winning master).
Master B loses arbitration and switches off its data output stage, releasing its SDAO
line (High), so that it does not affect the data transfer initiated by the winning master.
In case two competing masters have transmitted exactly the same first data word, the
arbitration procedure continues with the second data word.

Master B loses arbitration and connects
a high output level to the bus.

®-|----

Figure 3.10.16 Arbitration Procedure of Two Masters
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A master compares its internal data level to the actual level on the SDAO line at the
rising edge of the SCLO clock. The master loses arbitration if there is a difference
between these two values. The losing master sets the AL bit in the SBIOSR to 1, which
causes the MST and TRX bits in the same register to be cleared. That is, the losing
master switches to slave-receiver mode. Thus, clock output is stopped in data transfer
after setting AL bit to 1.

The AL bit is subsequently cleared when data is written to or read from the
SBIODBR and when the SBIOCR2 is programmed with new parameters.

Internal SCL level
Master
A [ Internal SDA level \ D7A X D6A \ D5A / D4A X D3A X D2A X D1A X D0A / \D7A XD6A XD5A XD4A’
|—> Clock output stops here
Internal SCL level 1\ /2\ /3\ /4

Master [

master B has lost arbitration.

AL 4
MST F\
/

TRX [

Internal SDA level \ D7B XDGB/ Y) Internal SDAO level is held high because

|

Access to the SBIODBR
or SBIOCR2

I~

Figure 3.10.17 Master B Loses Arbitration (D7A = D7B, D6A = D6B)

(11) Slave address match monitor

When acting as a slave-receiver, the ALS bit in the I2COAR determines whether the
SBIO recognizes the incoming slave address or not. In address recognition mode (e.g.,
ALS = 0), the addressed-as-slave (AAS) bit in the SBIOSR is set when an incoming
address over the I12C bus matches the value in the I2COAR or when the general-call
address has been received. When ALS = 1, the AAS bit is set when the first data word
has been received. The AAS bit is cleared each time the SBIODBR is read or written.

(12) General-call detection monitor

When acting as a slave-receiver, the ADO bit in the SBIOSR is set when a general-call
address has been received. The general-call address is detected when the eight bits
following a START condition are all 0s. The ADO bit is cleared when a START or STOP
condition is detected on the bus.

(13) Last received bit monitor

The LRB bit in the SBIOSR holds the value of the last bit received over the SDAO line
at the rising edge of the SCLO clock. In acknowledge mode, reading this bit
immediately after generation of the INTSBIO interrupt returns the value of the ACK
signal.
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(14) Software reset

The SBIO provides a software reset, which permits recovery from system lockups
caused by external noise. A software reset is performed by a write of 10 followed by a
write of 01 to the SWRSTI[1:0] field in the SBIOCR2. After a software reset, all control
and status register bits (except SBIOCR2. SBIM[1:0]) are initialized to their reset
values. And SBIOCR1.SWRMON is automatically set to 1 after the SBI circuit has been
initialized.

(15) Serial bus interface data buffer register (SBIODBR)

The SBIODBR is a data buffer interfacing to the I2C bus. All read and write

operations to/from the I2C bus are done via this register.

When the SBIO is acting as a master, loading this register with a slave address and a
data direction bit causes a START condition to be generated.

(16) I2C bus address register (I2COAR)

When the SBIO is configured as a slave, the SA[6:0] field in the I2COAR must be
loaded with the 7-bit I12C bus address to which the SBIO is to respond.

If the ALS bit in the I2C0AR is cleared, the SBIO recognizes a slave address
transmitted by the master device, interpreting incoming frame structures as per
addressing format. If the ALS bit is set, the SBIO does not recognize a slave address
and interprets all frame structures as per free data format.

(17) Baud rate register (SBIOBR1)

Before the I2C bus can be used, the P4EN bit in the SBIOBR1 must be set to enable
the SBIO internal baud rate generation logic.

(18) IDLE2 setting register (SBIOBRO)

The I12SBIO bit in the SBIOBRO determines whether the SBIO is shut down or not
when the TMP91CW28 is put in IDLE2 standby mode. This register must be
programmed before executing the HALT instruction.
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3.10.6 Programming Sequences in I°C Bus Mode

(1) SBIO initialization

First, program the P4EN bit in the SBIOBR1, and the ACK and SCKI[2:0] bits in the
SBIOCR1. Set the SBIOBR1.P4EN bit to 1 to enable the internal baud rate generation
logic. Write Os to bits 7 to 5 and bit3 in the SBIOCR1.

Next, program the I2COAR. The SA[6:0] field in the I2COAR defines the chip’s slave
address, and the ALS bit (Bit0) selects an address recognition mode. (The ALS bit must
be cleared when using the addressing format.)

Next, program the SBIOCR2 to initially configure the SBIO in slave-receiver mode;
e.g., clear the MST, TRX and BB bits to 0, set the PIN bit to 1 and set the SBIM[1:0]
field to 10. Write 00 to the SWRST[1:0] field.

(2) Generating a START condition and a slave address
a. Master mode

In master mode, the following steps are required to generate a START condition
and a slave address on the I2C bus.

First, ensure that the bus is free (e.g., SBIOCR2.BB = 0).

Next, set the ACK bit in the SBIOCR1 to enable generation of acknowledge clock
pulses. Then, load the SBIODBR with a slave address and a data direction bit to be
transmitted via the 12C bus.

When BB =0, writing 1s to the MST, TRX, BB and PIN bits in the SBIOCR2
causes a START condition to be generated on the bus. Following a START
condition, the SBIO generates SCLO clock pulses nine times: the SBIO shifts out
the contents of the SBIODBR with the first eight SCLO clocks, and releases the
SDAO line during the last (e.g., 9th) SCLO clock to receive an acknowledgement
signal from the addressed slave.

The INTSBIO interrupt request is generated on the falling edge of the ninth
SCLO clock pulse, and the PIN bit in the SBIOCRZ2 is cleared to 0. In master mode,
the SBIO holds the SCLO line low while the PIN bit is 0. Upon interrupt, the TRX
bit either remains set or is cleared according to the value of the transmitted
direction bit, provided an acknowledgement signal has been returned from the
slave.

b. Slave mode

In slave mode, the following steps are required to receive a START condition
and a slave address via the I2C bus.

Upon detection of a START condition, the SBIO clocks in a 7-bit slave address
and a data direction bit transmitted by the master during the first eight SCLO
clock pulses. If the received slave address matches its own address in the I2COAR
or is equal to the general-call address (00H), the SBIO pulls the SDAO line low
during the last (e.g., 9th) SCLO clock for acknowledgement.

The INTSBIO interrupt request is generated on the falling edge of the 9th SCL0O
clock pulse, and the PIN bit in the SBIOCR2 is cleared to 0. In slave mode, the
SBIO holds the SCLO line low while the PIN bit is 0.
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1
SCL line i 1 2 3 4 5 6 7 8 9

1

1

1
SDA line ! \

/a6 X a5 X aa X a3 X a2 X At X a0 X rw X_A_Cﬁ/l

1
‘- _'X; N v J cknowledgement
TART i from slave
S condition Slave address + Direction bit

PIN l_
INTSBIO C
interrupt rl_
request

Master to slave
- — = = Slave to master

Figure 3.10.18 Generation of a START Condition and a Slave Address

(3) Transferring a data word

Each time a data word has been transmitted or received, the INTSBIO interrupt is
generated. It is the responsibility of the INTSBIO interrupt service routine to test the
MST bit in the SBIOCR2 to determine whether the SBI is in master or slave mode.

a. Master mode (SBIOCR2.MST = 1)

If the MST bit in the SBIOCR2 is set, then test the TRX bit in the same register
to determine whether the SBIO is in master-transmitter or master-receiver mode.

Master-transmitter mode (SBIOCR2.TRX = 1)

Test the LRB bit in the SBIOSR. If the LRB bit is set, that means the slave-receiver
requires no further data to be sent from the master-transmitter. The

master-transmitter must then generate a STOP condition as described later to stop
transmission.

If the LRB bit is cleared, that means the slave-receiver requires further data. If the
number of bits per transfer is 8, then write the transmit data into the SBIODBR. When
using other data length, program the BC[2:0] and ACK bits in the SBIOCR1, and then
write the transmit data into the SBIODBR. When the SBIODBR is loaded, the PIN bit
in the SBIOSR is set to 1, and the transmit data is shifted out from the SDAO pin,
clocked by the SCLO clock. Once the transfer is complete, the INTSBIO interrupt is
generated, the PIN bit is cleared, and the SCLO line is pulled low. To transmit further
data, test the LRB bit again and repeat the above procedure.

SCLO pin 1 2 3 4 5 6 7 8 9
Write to SBIODBR

SDAO pin \ D7 X D6 X D5 X D4 X D3 X D2 X DI X DO X_A_C_»g\_j

Acknowledgement
PIN | | signal from receiver
INTSBIO (
interrupt request rl

Master to slave
- — — - Slave to master

Figure 3.10.19 SBIOCR1.BC[2:0] =000 and SBIOCR1.ACK = 1 (Master-transmitter mode)
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SCLO pin

Master-receiver mode (SBIOCR2.TRX = 0)

When using other than 8 bits data length, program the BC[2:0] and ACK bits in the
SBIOCR1, and then read the SBIODBR. (The first read of the SBIODBR is a dummy
read because data has not yet been received. A dummy read returns an undefined
value.) Upon this read, the SCLO line is released, the PIN bit in the SBIOSR is set.
Serial clock pulse for transferring new 1 word of data is defined SCL and outputs “L”

level from SDA pin with acknowledge timing.

Once the transfer is complete, the INTSBIO interrupt is generated, the PIN bit is
cleared, and the SCLO line is pulled low. Each subsequent read from the SBIODBR is
accompanied by an SCLO clock pulse for a data word and an acknowledgement signal.

Read of the received data

T e W s Y e W e W o W oY o q Nexi D7

Acknowledgement

PIN I | signal to transmitter

INTSBIO
interrupt request

[

Master to slave

- — — = Slave to master

Figure 3.10.20 SBIOCR1.BC[2:0] = 000 and SBIOCR1.ACK =1 (Master-receiver mode)

To prepare to terminate the data transfer, the master-receiver must clear the ACK
bit in the SBIOCR1 immediately before the read of the second to last data word. This
causes an acknowledge clock pulse not to be generated on the last data word.

When the transfer is complete, the INTSBIO interrupt is generated. After interrupt
processing, the INTSBIO interrupt handler must set the BC[2:0] field in the SBIOCR1
to 001 and read the SBIODBR, so that a clock is generated on the SCLO line once. With
the ACK bit cleared, the master-receiver holds the SDAO line high, which signals the
end of transfer to the slave-transmitter.

Then, the SBIO generates the INTSBIO interrupt again, whereupon the INTSBIO
interrupt service routine must generate a STOP condition to stop communication via
the 12C bus.
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SCLline 9 1 2 3 4 5 6 7 8 1

. ot Vel Vo'l ¥ alintivalh Valelieal Valeiiodai Vel st 20 U
SDA line D7 W D6 W D5 W D4 w D3 w D2 w DI w DO, NCnegaive acknowiedge

-------------------------------------------- (High) to transmitter

PIN
U T —
INTSBIO
interrupt request _I-l :

1
M Tl
T—Read out the received data after clearing the SBIOCR1.ACK bit.

Read out the received
data after setting the
SBIOCR1.BCJ[2:0]
field to 001.

Master to slave
- — = = Slave to master

Figure 3.10.21 Terminating Data Transmission in Master Receiver Mode

b. Slave mode (SBIOCR2.MST = 0)

Processing to be done in slave mode varies, depending on whether or not the
SBIO has switched over to slave mode as a result of lost arbitration.

If the MST bit in the SBIOCR2 is cleared, the SBIO is in slave mode. In slave
mode, the SBIO generates the INTSBIO interrupt on four occasions: 1) when the
SBIO has received any slave address; 2) when the SBIO has received a general-call
address; 3) when the received slave address matches its own address in the
I2CO0AR; and 4) when a data transfer has been completed in response to a
general-call.

Also, if the SBIO, as a master, loses arbitration for the I2C bus, it switches to
slave mode. If arbitration is lost during a data transfer, SCLO continues to be
generated until the data word is complete, then the INTSBIO interrupt is
generated.

When the INTSBIO interrupt occurs, the PIN bit in the SBIOSR is cleared, and
the SCLO line is pulled low. When the SBIODBR is read or written or when the
PIN bit is set back to 1, the SCLO line is released after a period of tLow.

Test the AL, TRX, AAS and ADO bits in the SBIOSR to determine the processing
required, as summarized in Table 3.10.1.
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Table 3.10.1 Processing in Slave Mode
TRX AL AAS ADO State Processing

1 1 1 0 Arbitration was lost while the slave Set the SBIOCR1.BC[2:0] field to the
address was being transmitted, and number of bits in a data word and write
the SBIO received a slave address with | the transmit data into the SBIODBR.
the direction bit set transmitted by
another master.

0 1 0 In slave-receiver mode, the SBIO
received a slave address with the
direction bit set transmitted by the
master.

0 0 In slave-transmitter mode, the SBIO Test the SBIOSR.LRB bit. If the LRB bit
has completed a transmission of one is set, that means the master-receiver
data word. does not require further data. Set the

SBIOCR2.PIN bit to 1 and clear the
TRX bit to O to release the bus.

If the LRB bit is cleared, that means
the master-receiver requires further
data. Set the SBIOCR1.BCJ[2:0] field to
the number of bits in the data word and
write the transmit data to the
SBIODBR.

0 1 1 1/0 Arbitration was lost while a slave Read the SBIODBR (a dummy read) to
address was being transmitted, and set the SBIOCR2.PIN bit to 1, or write a
received either a slave address with 1 to this bit.
the direction bit cleared or a
general-call address transmitted by
another master.

0 0 Arbitration was lost while a slave
address or a data word was being
transmitted, and the transfer
terminated.

0 1 1/0 In slave-receiver mode, the SBIO
received either a slave address with
the direction bit cleared or a
general-call address transmitted by the
master.

0 1/0 In slave-receiver mode, the SBIO has Set the SBIOCR1.BC[2:0] field to the

completed a reception of a data word.

number of bits in the data word and
read the received data from the
SBIODBR.
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(4) Generating a STOP condition

When the SBIOSR.BB bit is set, setting the MST, TRX and PIN bits in the SBIOCR2
to 1 and clearing the BB bit in the same register causes the SBIO to start a sequence for
generating a STOP condition on the I2C bus. Do not alter the contents of these bits
until the STOP condition is present on the bus.

If another device is holding down the SCLO bus line, the SBIO waits until the SCLO
line is released (High) again; when SCLO is high, the SBIO drives the SDAO pin high to
generate a STOP condition.

1—-> MST
1> TRX
0— BB
1— PIN

Internal SCL

SDAO pin

PIN

BB bit (Read)

Figure 3.10.22 Generating a STOP Condition (Single master)

1> MST

é :: EEX — Generate a STOP condition

1> PIN

Internal SCL /

-
SCLO pin '
1

If held low r----

SDAO pin

PIN J“ )

BB bit (Read) |

Figure 3.10.23 Generating a STOP Condition (Multi master)
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(5) Repeated START condition

A data transfer is always terminated by a STOP condition. However, if a master still
wishes to communicate on the bus, it can generate a repeated START condition and
address another slave or change the data direction without first generating a STOP
condition. The following describes the steps required to generate a repeated START
condition.

First, clear the MST, TRX and BB bits in the SBIOCR2 and set the PIN bit in the
same register to release the bus. This causes the SDAO pin to be held high and the
SCLO pin to be released. Because no STOP condition is generated on the bus, other
devices think that the bus is busy.

Then, poll the SBIOSR.BB bit until it is cleared to ensure that the SCLO pin is
released. Next, poll the LRB bit until it is set to ensure that no other device is pulling
the SCLO bus line low. Once the bus is determined to be free this way, use the steps
described in (2), above, to generate a START condition.

To satisfy the minimum setup time of the START condition, at least 4.7 us wait
period must be created by software after the bus becomes free.

0> MST 1= MST
0 - TRX 1= TRX
0> BB 1—BB
15 PIN 1—PIN
f<— 4.7 ps (Min) — START condition
SCL bus / /
B \
! 1
t |
SCLO pin / o \ / : |
! 1
\ : |
. I :
SDAO pin ( i \ :

LRB |

BB |

PIN —\—,

/

Figure 3.10.24 Repeated START Condition
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3.10.7 Description of Registers Used in Clock-synchronous 8-Bit SIO Mode

This section provides a summary of the registers which control clock-synchronous 8-bit
SIO operation and provides its status information for monitoring.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 | Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(0240H) Read/Write w w w
Reset value 0 0 o | o o | o 0
Read- Function Start Abort Transfer mode Serial clock frequency/
modify-write transfer transfer 00: Transmit mode software reset monitor
operation is 0: Stop 0: Continue | 01: (Reserved)
not 1: Start 1: Abort 10: Transmit/Receive
supported.
mode
11: Receive mode
On writes: SCK][2:0] = Serial clock frequency
000 | n=4|600.0 kHz
001 | n=5 3125 kHz | [Assumptions
010 | n=61156.3 kHz System clock: fc
011 | n=7] 78.1 kHz || Clock gear: fc/1
100 n=8 | 39.1 kHz fc = 10 MHz (Output to the SCK pin)
101| n=9 | 19.5 kHz Frequency = fi [Hz]
110 |n=10| 9.8 kHz 2
111 - External clock (Input from the SCK pin)
—> Transfer mode
00 | 8-bit transmit mode
01 | (Reserved)
10 | 8-hit transmit/receive mode
11 | 8-bit receive mode
Abort transfer
0 [Continue
1 | Abort (This bit is automatically cleared after transfer is aborted.)
Start transfer
0 |[Stop
1 |Start
Note: Clear the SIOS bit and set the SIOINH bit before programming the transfer mode and serial clock frequency
bits.
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (Receive)/W (Transmit)
ﬁiZ?f;/-write Reset value Undefined
operation is
not
supported.

Figure 3.10.25 SIO Mode Registers (1) (SBIOCR1 and SBIODBR for the SBIO)

91CWwW28-184 2006-03-24



TOSHIBA TMP91CW28
Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
SBI1CR1 | Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(0248H) | Read/Write w w w
Reset value 0 0 o | o o | o 0
Read- Function Start Abort Transfer mode Serial clock frequency/
modify-write transfer transfer 00: Transmit mode software reset monitor
operation is 0: Stop 0: Continue |01: (Reserved)
not 1: Start 1: Abort 10: Transmit/Receive
supported.
mode
11: Receive mode
On writes: SCK][2:0] = Serial clock frequency
000 | n=4|600.0 kHz
001 | n=5 (3125 kHz | [Assumptions
010 | n=61156.3 kHz System clock: fc
011l n=71 781 kHz Clock gear: fc/l
100 n=8 | 39.1 kHz fc = 10 MHz (Output to the SCK pin)
101| n=9 | 19.5 kHz Frequency = fi [Hz]
110 |n=10( 9.8 kHz
111 - External clock (Input from the SCK pin)
——— Transfer mode
00 | 8-bit transmit mode
01 | (Reserved)
10 [ 8-bit transmit/receive mode
11 | 8-bit receive mode
Abort transfer
0 [Continue
1 | Abort (This bit is automatically cleared after transfer is aborted.)
Start transfer
0 |[Stop
1 |Start
Note: Clear the SIOS bit and set the SIOINH bit before programming the transfer mode and serial clock frequency
bits.
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0249H) Read/Write R (Receive)/W (Transmit)
Read- "
modify-write Reset value Undefined
operation is
not
supported.
Figure 3.10.26 SIO Mode Registers (2) (SBILCR1 and SBI1DBR for the SBI1)
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol SBIM1 SBIMO - -
(0243H) Read/Write w w w
Reset value 0 | 0 0 0
Read- - -
modify-write ] Function Operating mode (Note 2) (Note 2)
2gteration is 00: Port mode
supported. 01: SIO mode
10: I°C bus mode
11: (Reserved)
Note 1: The BC[2:0] bits in the SBIOCR1 register must Operating mode
be cleared to 000 before selecting 00 | Port mode (Serial bus interface output disabled)
clock-synchronous 8-bit SIO mode. 01 | Clock-synchronous 8-bit SIO mode
2
Note 2: Please always write SBIOCR2[1:0] to 00. 10 | I"C bus mode
11 | (Reserved)
Serial Bus Interface Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol SIOF SEF
(0243H) | Read/Write R
Reset value 0 0
Function Serial Shift
transfer operation
status status
Serial transfer status monitor Shift operation status monitor
0 | Terminated 0 | Terminated
1 |In progress 1 |In progress
Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBIO
(0244H) | Read/Write w RIW
Read- Reset value 0 0
modify-write .
operation is Function ML.ISt be IDLE2
not written as | 0: OFF
supported. “0". 1: ON
Operation in IDLE2 mode
0 |OFF
1 [ON
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1] Bit symbol P4EN -
(0245H) | Read/Write w W
Reset value 0 0
Read- -
modify-write Function Internal Ml_Jst be
operation is clock written as
not 0: OFF “0".
supported. 1: ON

Internal baud rate generator

0

OFF

1

ON

Figure 3.10.27 SIO Mode Registers (3) (SBIOCR2, SBIOSR, SBIOBRO, and SBIOBR1 for the SBIO)
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBI1CR2 | Bit symbol SBIM1 SBIMO - -
(024BH) Read/Write w w w
Reset value 0 | 0 0 0
Read- - -
modify-write ] Function Operating mode (Note 2) (Note 2)
operation is 00: Port mode
not
supported. 01: SIO mode

10: I°C bus mode
11: (Reserved)

SBI1SR
(024BH)

SBI1BRO
(024CH)

Read-
modify-write
operation is
not
supported.

SBI1BR1
(024DH)

Read-
modify-write
operation is
not
supported.

Note 1: The BC[2:0] bits in the SBILCR1 register must

be cleared to 000 before selecting

clock-synchronous 8-bit SIO mode.
Note 2: Please always write SBILCR2[1:0] to 00.

!

Operating mode

00 | Port mode (Serial bus interface output disabled)

01 | Clock-synchronous 8-bit SIO mode

10 | 1°C bus mode

11 | (Reserved)

Serial Bus Interface Register

7 6 5 4 3 2 1 0
Bit symbol SIOF SEF
Read/Write R
Reset value 0 0
Function Serial Shift
transfer operation
status status
Serial transfer status monitor l Shift operation status monitor
0 | Terminated 0 | Terminated
1 |In progress 1 |In progress
Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
Bit symbol - 12SBI0
Read/Write W R/W
Reset value 0 0
Function Must be IDLE2
written as [ 0: OFF
“0". 1: ON
Operation in IDLE2 mode
0 [OFF
1 |ON
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
Bit symbol PAEN -
Read/Write w W
Reset value 0 0
Function Internal Must be
clock written as
0: OFF “0".
1: ON

Internal baud rate generator

0

OFF

1

ON

Figure 3.10.28 SIO Mode Registers (4) (SBILCR2, SBI1SR, SBI1BRO, and SBI1BR1 for the SBI1)
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(1) Serial clock

a. Clock source

The clock source for SIO mode can be selected from internal and external clocks
through the programming of the SCK[2:0] field in the SBIOCR1.

Internal clocks

One of the seven internal clocks can be used as a serial clock, which is driven onto
the SCKO pin.

If software is slow and the reading of the received data or the writing of the transmit
data cannot keep up with the serial clock rate, the SBIO automatically inserts a wait
period, as shown below. During this period, the serial clock is temporarily stopped to
suspend a shift operation.

Automatically inserted wait period

SCKO output L [T 2[5 1L[7] J® 11 2771 6] [7] [8] [z] [2] [3
A VY €Y (12 € TR € THD (O € (D G G C
Writes of the :X a X b X ¢

transmit data

Figure 3.10.29 Automatic Wait Insertion

External clock (SBIOCR1.SCK[2:0] = 111)

If the SCKI2:0] field in the SBIOCR1 contains 111, the SBIO uses an external clock
supplied from the SCKO pin as a serial clock. For proper shift operations, the clock high

width and the clock low width must satisfy the following relationship, so that the
maximum transfer frequency is 0.6 MHz (when fc = 10 MHz).

SCKO pin il

tscKL tsckH

TscKL tsckH > 8/fc

Figure 3.10.30 Maximum External Clock Frequency
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b. Shift edge types

In transmit mode, leading-edge shift is used. In receive mode, trailing-edge shift

is used.

Leading-edge shift

Every bit of SIO data is shifted by the leading edge of the serial clock (Falling edge of

SCKO).

Trailing-edge shift

Every bit of SIO data is shifted by the trailing edge of the serial clock (Rising edge of

SCKO).

SCKaO pin

SO0 pin

Shift register

SCKaO pin

SI0 pin

Shift register

S S A I I A

N_Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bits X Bit6 X Bit7
I
I

76543210 7654321 X 765432 % 76543 X <7654 X rex765 X wers 76 X weees7

(a) Leading-edge shift

S O I O

1
\ Bito X Bitt X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
I

XO XlO X210 ***** X3210****X43210***X543210** 6543210* X 76543210

(b) Trailing-edge shift

*. Don't care

Figure 3.10.31 Shift Edge Types
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(2) Transfer modes

The SBIO supports three SIO transfer modes: Receive mode, transmit mode and

transmit/receive mode. The SIOM[1:0] field in the SBIOCR1 is used to select a transfer
mode.

a.

8-bit transmit mode

Configure the SIO interface in transmit mode and write the transmit data into
the SBIODBR. Then setting the SIOS bit in the SBIOCR1 initiates a transmission.
The contents of the SBIODBR are moved to an internal shift register and then
shifted out on the SO0 pin, with the least-significant bit (LSB) first, synchronous
to the serial clock. Once the transmit data is transferred to the shift register, the
SBIODBR becomes empty, and the buffer-empty interrupt (INTSBIO) is generated.

In internal clock mode, the SIO interface will be in wait state (SCK will stop)
until the INTSBIO interrupt service routine provides the next transmit data to the
SBIODBR. Once the SBIODBR is loaded, the SIO interface will automatically get
out of the wait state.

In external clock mode, the INTSBIO interrupt service routine must provide the
next transmit data to the SBIODBR before the previous transmit data has been
shifted out. Therefore, the data rate is a function of the maximum latency between
when the INTSBIO interrupt is generated and when the SBIODBR is loaded by the
interrupt service routine.

At the beginning of a transmission, the value of the last bit of the previously
transmitted byte appears on the SO0 pin between when the SBIOSR.SIOF bit is
set and when SCK subsequently goes low.

Transmission can be terminated by the INTSBIO interrupt service routine
clearing the SIOS bit to 0 or setting the SIOINH bit to 1. If the SIOS bit is cleared,
the remaining bits in the SBIODBR continue to be shifted out before transmission
ends. In this case, software can check the SBIOSR.SIOF bit to determine whether
transmission has come to an end (0 = end-of-transmission). If the SIOINH bit is
set, the ongoing transmission is aborted immediately, and the SIOF bit is cleared
at that point.

In external clock mode, the SIOS bit must be cleared before the SIO interface
begins shifting out the next transmit data. Otherwise, the SIO will stop after
sending out dummy data.
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SIOS

SIOF

SEF

SCKO output
SO0 pin
INTSBIO

interrupt request

SBIODBR

SIOoS

SIOF

SEF

SCKO input
SO0 pin
INTSBIO

interrupt request

SBIODBR

The SIOS bit is cleared

XaX b

I

Writes of the transmit data

(a) Internal clock mode

The SIOS bit is cleared

X a X b
11

Writes of the transmit data

(b) External clock mode

Figure 3.10.32 Transmit Mode

Example: Terminating transmission by SIOS (External clock mode)

STEST1: BIT 2, (SBIOSR) ; If SEF =1 then loop.
JR NZ, STEST1

STEST2: BIT 0, (P6) ; If SCK=0 then loop.
JR Z, STEST2

LD (SBIOCR1), 00000111B  ; SIOS « 0.

91CW28-191 2006-03-24



TOSHIBA

TMP91CW?28

SCKO pin |

SIOF

SO0 pin Bit6 X Bit7

tsopH =Min 3.5/fppH [s]
Figure 3.10.33 Retention Time of the Last Transmitted Bit

8-bit receive mode

Configure the SIO interface in receive mode. Then setting the SIOS bit in the
SBIOCR1 enables reception. The receive data is clocked into the internal shift
register via the SIO pin, with the least-significant bit (LSB) first, synchronous to
the serial clock. Once the shift register is fully loaded, the received byte is
transferred to the SBIODBR, and the buffer-full interrupt (INTSBIO) is generated.
The INTSBIO interrupt service routine must then pick up the received data from
the SBIODBR.

In internal clock mode, the SIO interface will be in wait state (SCK will stop)
until the INTSBIO interrupt service routine reads the data from the SBIODBR.

In external clock mode, shift operations continue, synchronous to the external
clock. The INTSBIO interrupt service routine must read the data from the
SBIODBR before the next serial clock pulse is applied. Otherwise, subsequently
received data will be canceled. In this mode, the maximum data rate is a function
of the maximum latency between when the INTSBIO interrupt is generated and
when the SBIODBR is read by the interrupt service routine.

Reception can be terminated by the INTSBIO interrupt service routine clearing
the SIOS bit to 0 or setting the SIOINH bit to 1. If the SIOS bit is cleared,
reception continues until the shift register is fully loaded and transferred to the
SBIODBR. In this case, software can check the SBIOSR.SIOF bit to determine
whether reception has come to an end (0 = end-of-reception). If the SIOINH bit is
set, the ongoing reception is aborted immediately, and the SIOF bit is cleared at
that point. (The received data becomes invalid, there is no need to read it out.)

Note: The contents of the SBIODBR are not preserved after changing the transfer
mode. Before changing the transfer mode, clear the SIOS bit to complete the
ongoing reception and have the INTSBIO interrupt service routine pick up the
last received data.
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SIOoS

SIOF

SEF

SCKO output
SI0 pin
INTSBIO

interrupt request

SBIODBR

[ The SIOS bit is cleared ——>|

Read of the received data Read of the received data

Figure 3.10.34 Receive Mode (Internal clock mode)

8-bit transmit/receive mode

Configure the SIO interface in transmit/receive mode and write the transmit
data into the SBIODBR. Then setting the SIOS bit in the SBIOCR1 initiates
transmission and reception. The transmit data is shifted out through the SOO pin,
with the least-significant bit (LSB) first, with the falling edge of the serial clock,
while at the same time the receive data is shifted in through the SI0 pin with the
rising edge of the serial clock. Once the shift register is fully loaded with eight bits
of the received data, it is transferred to the SBIODBR, and the INTSBIO interrupt
is generated. The INTSBIO interrupt service routine must then pick up the
received data from the SBIODBR and writes the next transmit data into the
SBIODBR. Because the SBIODBR is shared between transmit and receive
operations, the received data must be read before the next transmit data is
written.

In internal clock mode, the SIO interface will be in wait state (SCK will stop)
after a read of the received data until a write of the transmit data.

In external clock mode, shift operations continue, synchronous to the external
clock. Therefore, software must read the received data and write the transmit
data before the next shift operation begins. In this mode, the maximum data rate
is a function of the maximum latency between when the INTSBIO interrupt is
generated and when the interrupt service routine reads the received data and
writes the transmit data.

At the beginning of a transmission, the value of the last bit of the previously
transmitted byte appears on the SO0 pin between when the SBIOSR.SIOF bit is
set and when SCK subsequently goes low.

Transmission/reception can be terminated by the INTSBIO interrupt service
routine clearing the SIOS bit to O or setting the SIOINH bit to 1. If the SIOS bit is
cleared, reception continues until the shift register is fully loaded and transferred
to the SBIODBR. In this case, software can check the SBIOSR.SIOF bit to
determine whether transmission/reception has come to an end (0=
end-of-reception/transmission). If the SIOINH bit is set, the ongoing
transmission/reception is aborted immediately, and the SIOF bit is cleared at that
point.
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Note:

The contents of the SBIODBR are not preserved after changing the transfer
mode. Before changing the transfer mode, clear the SIOS bit to complete the
ongoing transmission/reception and have the INTSBIO interrupt service
routine pick up the last received data.
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SIOS

SIOF

SEF

SCKO output

|<— The SIOS bit is cleared —>]
1

SO0 pin

SI0 pin CeoXer X ez XeaXeaXos Xeo Xor [ XdoXda Xdz Xd3 X da X5 X d6 X Iz

INTSBIO

interrupt request n n

SBIODBR X a b X d

1
i i Read of the Write of the Read of th
Write of the transmit data (a) received data (c) trargsemit data (b) re?:?eivgd dgta (d)

Figure 3.10.35 Receive/Transmit Mode (Internal clock mode)

SCKO output |
1

SIOF '
: S
1

SO0 pin Bit6 X Bit7 of the last byte transmitted 1/

—>
1

1
tsopH = Min 4/fppH [s]

Figure 3.10.36 Retention Time of the Transmit Data in Receive/Transmit Mode
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3.11 Analog-to-Digital Converter (ADC)

The TMP91CW28 has a 8-channel, multiplexed-input, 10-bit successive-approximation
analog-to-digital converter (ADC).

Figure 3.11.1 shows a block diagram of the ADC. The eight analog input channels (ANO to
ANT7) can be used as general-purpose digital inputs (Port 5) if not needed as analog channels.

Ensure that the ADC has halted before executing the HALT instruction to place the

Internal data bus

N\

ADTRG

Interrupt request
(INTAD)

AD conversion

result registers
(ADREGOAL to 37L)

(ADREGO4H to 37H)

Note:
TMP91CW?28 in IDLE2, IDLE1 or STOP mode to reduce power supply current. Otherwise,
the TMP91CW28 might go into a standby mode while the internal analog comparator is still
active.

Internal data bus Internal data bus
[ |
AD mode control register 1 J AD mode control register 0 (ADMODO)
(ADMOD1) ADTRGE
ADCH[2:0]  VREFON EOCF ADBF ITMO REPEAT SCAN ADS
Scan
Channel Repeat
selection control Interrupt
circuit Busy
End Start
AD converter
control circuit
AN7 (P57)[_]
ANG (P56) ]
AN5 (Ps5) ] o
AN4 (P54) = Sample- R
AN3/ ABTRG (P53)_] E and-hold

AN2 (P52)[ ] _
AN1 (P51)
ANO (pso)D Comparator

VREFH D o o DA converter <

VREFL[ ]

Figure 3.11.1 ADC Block Diagram
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3.11.1 Register Description
The ADC has two mode control registers (ADMODO and ADMOD1) and four conversion
result high/low register pairs (ADREGO04H/L, ADREG15H/L, ADREG26H/L and
ADREG37H/L). The conversion result registers contain the digital values of completed
conversions.
Figure 3.11.2 to Figure 3.11.5 show the registers available in the ADC.
AD Mode Control Register 0
7 6 5 4 3 2 1 0
ADMODO| Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
(02BOH) | Read/Write RIW
Reset value 0 0 0 0 0 0 0 0
Function End-of- AD conversion | Must be Must be Interrupt in Continuous Channel scan | AD conversion
conversion busy flag written as “0”. | written as “0”. | fixed- conversion mode start
flag channel mode 0: Fixed- 0: Don't care
0: Idle continuous 0: Single channel 1: Start
0: During 1: During conversion 1: Continuous | 1: Channel
conversion conversion mode scan This bit is
1: Completed 0: Generated always read
after each as ‘0"
conversion
1: Generated
after every
four
conversions

|—> AD conversion start

0

Don't care

1

Starts AD conversion.

Note: This bit is always read as 0.

— > Channel scan mode

Fixed-channel mode

Channel scan mode

tinuous conversion mode

Single conversion mode

Continuous conversion mode

Interrupt in fixed-channel continuous conversion

mode

Fixed-channel continuous conversion mode
SCAN =0, REPEAT =1

Generates INTAD interrupt when a single
conversion has been completed.

Generates INTAD interrupt when a sequence
of four conversions has been completed.

AD conversion busy flag

Idle

During conversion

End-of-conversion flag

0

Before or during conversion

1

Completed

Figure 3.11.2 AD Conversion Registers (1)
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 | Bit symbol VREFON 12AD ADTRGE ADCH2 ADCH1 ADCHO
(02B1H) | Read/write RIW RIW RIW
Reset value 0 0 0 o | o | o
Function VREF control | ADC External Analog input channel select
0: OFF operation in conversion
1: ON IDLE2 mode trigger
0: OFF 0: Disable
1: ON 1: Enatile
!
Analog input channel select
SCAN 0 1
(Fixed-channel ( Channel Scan)
ADCHI[2:0] Mode ) Mode
000 ANO ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1—->AN2
011 (Note) AN3 ANO—AN1—->AN2—>AN3
100 AN4 AN4
101 AN5 AN4—ANS5
110 AN6 AN4—AN5—->ANG6
111 AN7 AN4—AN5—AN6—AN7

AD external conversion trigger (ADTRG )

0 | Disable

1 | Enable

ADC operation in IDLE2 mode

0 |OFF

1 [ON

Reference voltage for the ADC

0 |OFF

1 |ON

Set the VREFON bit to 1 before setting the
ADS bit in the ADMODO to start a conversion.

Note: The ANS3 pin is shared with the ADTRG pin. Therefore, when the external conversion trigger input (ADTRG ) is
enabled (e.g., when ADMOD1.ADTRGE =1), the ADCH[2:0] field must not be programmed to 011.

Figure 3.11.3 AD Conversion Registers (2)
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AD Conversion Result Low Register 0/4
7 6 5 4 3 2 1 0
ADREGO04L | Bit symbol ADRO1 ADROO ADRORF
(02A0H) Read/Write R R
Reset value Undefined 0
Function Lower 2 bits of an AD Conversion
conversion result result store
flag
1: Stored
AD Conversion Result High Register 0/4
7 6 5 4 3 2 1 0
ADREGO04H | Bit symbol ADRO9 ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
(02A1H) Read/Write R
Reset value Undefined
Function Upper 8 bits of an AD conversion result
AD Conversion Result Low Register 1/5
7 6 5 4 3 2 1 0
ADREG15L | Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) Read/Write R R
Reset value Undefined 0
Function Lower 2 bits of an AD Conversion
conversion result
result store
flag
1: Stored
Lower 2 bits of an AD conversion result
7 6 5 4 3 2 1 0
ADREG15H| Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(02A3H) Read/Write R
Reset value Undefined
Function Upper 8 bits of an AD conversion result
9 8 7 6 5 4 3 2 1 0
Channel x conversion
result bits
| J | J
ADREGxH l l ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N\ J

v

e Bits5to 1 are always read as 1s.

e Bit0 (ADRxRF), when set, indicates that the conversion
result has been stored in the ADREGxHI/L register pair.
This bit is cleared when either the ADREGxH or the
ADREGKXL is read.

Figure 3.11.4 AD Conversion Registers (3)
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AD Conversion Result Low Register 2/6
7 6 5 4 3 2 1 0
ADREG26L | Bit symbol ADR21 ADR20 ADR2RF
(02A4H) Read/Write R R
Reset value Undefined 0
Function Lower 2 bits of an AD Conversion
conversion result result store
flag
1: Stored
AD Conversion Result High Register 2/6
7 6 5 4 3 2 1 0
ADREG26H | Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
Reset value Undefined
Function Upper 8 bits of an AD conversion result
AD Conversion Result Low Register 3/7
7 6 5 4 3 2 1 0
ADREG37L | Bit symbol ADR31 ADR30 ADR3RF
(02A6H) Read/Write R R
Reset value Undefined 0
Function Lower 2 bits of an AD Conversion
conversion result result store
flag
1: Stored
AD Conversion Result High Register 3/7
7 6 5 4 3 2 1 0
ADREG37H | Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(02A7H) Read/Write R
Reset value Undefined
Function Upper 8 bits of an AD conversion result
9 8 7 6 4 3 2 1 0
Channel x conversion
result bits
| J | J
ADREGXH l l ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J

v

e Bits5to 1 are always read as 1s.

e Bit0 (ADRxRF), when set, indicates that the conversion
result has been stored in the ADREGXHI/L register pair.
This bit is cleared when either the ADREGxH or the
ADREGHXL is read.

Figure 3.11.5 AD Conversion Registers (4)
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3.11.2 Operation

eY)

2

Analog reference voltages

The VREFH and VREFL pins provide the reference voltages for the ADC. These pins
establish the full-scale range for the internal resistor string, which divides the range
into 1024 steps. The digital result of the conversion is derived by comparing the
sampled analog input voltage to the resistor string voltages.

Clearing the VREFON bit in the ADMOD1 turns off the switch between VREFH and
VREFL. Once the VREFON bit is cleared, the internal reference voltage requires a
recovery time of 3 us to stabilize after the VREFON bit is again set to 1. This recovery
time is independent of the system clock frequency. The ADS bit in the ADMODO must
then be set to initiate a conversion.

Selecting an analog input channel(s)

There are two basic conversion modes: Fixed-channel mode and channel scan mode.
The SCAN bit in the ADMODO affects the conversion channel(s) that will be selected as
follows.

e Fixed-channel mode (ADMODO.SCAN = 0)

When the SCAN bit in the ADMODO is cleared, the ADC runs conversions on a
single input channel selected from ANO to AN7 via the ADCHI[2:0] field in the
ADMOD1.

e Channel scan mode (ADMODO0.SCAN = 1)

When the SCAN bit in the ADMODO is set, the ADC runs conversions on
sequential channels in a specific group selected via the ADCH[2:0] field in the
ADMOD1.

Refer to Table 3.11.1. After a reset, the ADMODO.SCAN bit defaults to 0, and the
ADMOD1.ADCH[2:0] field defaults to 000. Thus, the ANO pin is selected as the
conversion channel. The ANO to AN7 pins can be used as general-purpose input ports if
not used as analog input channels.

Table 3.11.1 Analog Input Channel Selection

Fixed-channel Mode Channel Scan Mode
ADMOD1.ADCH]|2:0]
ADMODO0.SCAN=0 ADMODO.SCAN =1
000 ANO ANO
001 AN1 ANO—>AN1
010 AN2 ANO—>AN1->AN2
011 AN3 ANO—>AN1->AN2—>AN3
100 AN4 AN4
101 AN5 AN4—AN5
110 AN6 AN4—>AN5—>AN6
111 AN7 AN4—>AN5—>AN6—>AN7
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(3

(4)

Starting an AD conversion

The ADC initiates a conversion or a sequence of conversions when the ADS bit in the
ADMODO is set, or when a falling edge is applied to the ADTRG pin if the ADTRGE bit

in the ADMODL1 is set. When a conversion starts, the busy flag (ADMODO0.ADBF) is
set.

Writing a 1 to the ADS bit causes the ADC to abort any ongoing conversion and start
sampling the selected channel to begin a new conversion. The conversion result store
flag (ADREGxL.ADRxRF) indicates whether the result register contains a valid digital
result at that point.

In external conversion trigger mode, a falling edge on the ADTRG pin is ignored
while a conversion is in progress.

Conversion modes and conversion-done interrupts

The ADC supports the following four conversion modes:

¢ Fixed-channel single conversion mode
¢ Channel scan single conversion mode
¢ Fixed-channel continuous conversion mode

e Channel scan continuous conversion mode

The REPEAT and SCAN bits in the ADMODO select the conversion mode.

The ADC generates the INTAD interrupt and sets the EOCF bit in the ADMODO at
the end of the conversion process.

a. Fixed-channel single conversion mode

This mode is selected by programming the REPEAT and SCAN bits in the
ADMODO to 00. In this mode, the ADC performs a single conversion on a single
selected channel. When a conversion is completed, the ADC sets the
ADMODO.EOCF bit, clears the ADMODO.ADBF bit and generates the INTAD
interrupt.

b. Channel scan single conversion mode

This mode is selected by programming the REPEAT and SCAN bits in the
ADMODO to 01. In this mode, the ADC performs a single conversion on each of a
selected group of channels. When a single conversion sequence is completed, the
ADC sets the ADMODO.EOCF bit, clears the ADMODO0.ADBF bit and generates
the INTAD interrupt.
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Fixed-channel continuous conversion mode

This mode is selected by programming the REPEAT and SCAN bits in the
ADMODO to 10. In this mode, the ADC repeatedly converts a single selected
channel. When a conversion process is completed, the ADC sets the
ADMOD.EOCF bit. The ADMODO.ADBF bit remains set.

The ITMO bit in the ADMODO controls interrupt generation in this mode. If the
ITMO bit is cleared, the ADC generates an interrupt after each conversion. If the
ITMO bit is set, the ADC generates an interrupt after every four conversions.

Channel scan continuous conversion mode

This mode is selected by programming the REPEAT and SCAN bits in the
ADMODO to 11. In this mode, the ADC repeatedly converts the selected group of
channels. When a single conversion sequence is completed, the ADC sets the
ADMODO.EOCF bit and generates the INTAD interrupt. The ADMODO0.ADBF bit
remains set.

In continuous conversion modes (¢ and d), clearing the ADMODO.REPEAT bit
stops the conversion sequence after the ongoing conversion process is completed.
The ADMODO0.ADBF bit is cleared.

If the I2AD bit in the ADMODL1 is cleared, putting the TMP91CW28 in any
HALT mode (IDLE2, IDLEL, or STOP) causes the ADC to be immediately disabled,
even if a conversion is in progress. Once the TMP91CW28 exits the HALT mode,
the ADC restarts a conversion sequence when in a continuous conversion mode (c
or d), but remains inactive when in a single conversion mode (a or b).

Table 3.11.2 summarizes interrupt request generation in each of the conversion
modes.

Table 3.11.2 Interrupt Request Generation in Each AD Conversion Mode

Mode Interrupt Request ADMODO
Generation ITMO REPEAT SCAN
Fixed-channel single After a conversion X 0 0

conversion mode

Channel scan single | After a scan conversion

. X 0 1
conversion mode sequence
Fixed-channel After each conversion 0
continuous After every four 1 0
conversion mode conversions 1

Channel scan
) After each scan
continuous . X 1 1
. conversion sequence
conversion mode

X: Don't care
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(5)

(6)

Conversion time

The conversion process requires 84 conversion states per channel. For example, this

results in a conversion time of 16.8 us with 10 MHz fFpH.

Storing and reading the AD conversion result

Conversion results are loaded into conversion result high/low register pairs
(ADREGO4H/L to ADREG37H/L). These registers are read only.

In fixed-channel continuous conversion mode, conversion data goes into the
ADREGO4H/L to the ADREG37H/L sequentially. In other modes, channels ANO and
AN4 share the ADREGO4H/L; channels AN1 and AN5 share the ADREG15H/L;
channels AN2 and AN6 share the ADREG26H/L; and channels AN3 and AN7 share
the ADREG37H/L.

Table 3.11.3 shows the relationships between the analog input channels and the AD
conversion result registers.

Table 3.11.3 Relationships between Analog Input Channels and AD Conversion Result Registers

AD Conversion Result Registers

Analog Input Channel Modes Other Than ) . .
(Port 5) Fixed-channel Continuous Fixed-channel Continuous Conversion
: Mode (<ITM0>=1
Conversion Mode ( )
ANO ADREGO4H/L
AN1 ADREG15H/L ADREGO4H/L
AN2 ADREG26H/L ADREGISHIL
AN3 ADREG37H/L
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREG15H/L
ANG6 ADREG26H/L ADREG37HI/L
AN7 ADREG37HIL

Bit0 (ADRxRF) in each ADREGxL register indicates whether the conversion result
has been read. This bit is set when the conversion result is loaded into the
ADREGxH/L pair, and cleared when either the ADREGxH or ADREGxL is read.

Reading the conversion result clears the end-of-conversion flag (ADMODO0.EOCF).
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Programming examples:

a. Converting the analog input voltage on the AN3 pin to a digital value and storing the
converted value in a memory location (0800H) using an AD interrupt INTAD) handler
routine.

Settings in the main routine
76543210

[INTEOAD « X 100X - - — Enables INTAD and sets its priority level to 4.

ADMOD1 «+ 1 1 X X O0 Selects AN3 as the analog input channel.

[ADMODO « X X 0 0 0

o o
o
=

Starts conversion in fixed-channel single conversion mode.

Interrupt routine processing example

WA < ADREG37 Loads the conversion result into 16-bit general-purpose register
WA from ADREG37L and ADREG37H.

WA >>6 Shifts the contents of WA 6 bits to the right, padding Os to the
vacated high-order bits.

| (080OH) «— WA Stores the contents of WA to address 0800H.

b. Converting the analog input voltages on ANO to AN2 sequentially in channel scan
continuous conversion mode.

INTEOAD « X 000 X - - — Disables INTAD.
ADMOD1I «+ 11 XX 0010 Selects AN2 as analog input channels.
ADMODO « X X 000111 Starts conversion in channel scan continuous conversion mode.

X: Don't care, —: No change
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3.12 Watchdog Timer (WDT)

The TMP91CW28 contains a watchdog timer (WDT). The WDT is used to regain control of the
system in the event of software or system lockups due to spurious noises, etc. When a watchdog
timer time-out occurs, the WDT generates a nonmaskable interrupt to the CPU.

Connecting the watchdog timer output to the reset pin internally forces a reset. (The level of
external RESET pin is not changed.)

3.12.1 Implementation

Figure 3.12.1 shows a block diagram of the WDT.

WDMOD.RESCR RESET pin

Reset control Z) )—> Internal reset

—> Interrupt request

(INTWD)
WDMOD. Selector
WDTP[1:0]
215 217 219 221
fsys 22-stage binary counter Q
(frPH/2) R S
Reset |
Internal L Q
reset
Write of Write of | WDMOD.WDTE
4EF B1H

Watchdog timer control register
(WDCR)

AN
U

Internal data bus

Figure 3.12.1 WDT Block Diagram

Note: It needs to care designing the total machine set, because Watchdog timer can't
operate completely by external noise.
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The WDT contains a 22-stage binary counter clocked by the fsys clock. This binary

counter provides 215, 217, 219 or 221 ag a counter overflow signal, as programmed into the
WDTPI1:0] field in the WDMOD.

£<

»

WDT counter n X Overflow X « X 0
»

WDT interrupt | |

()(
A write of a special
WDT clear clear-count code \
(<4
)

(Via software)

Figure 3.12.2 Default Operation

Also, the counter overflow can be programmed to cause a system reset as the time-out
action. If so programmed, a counter overflow causes the WDT to assert the internal reset
signal for a 22 to 29 state time (70.4 to 92.8 us when fosCH = 10 MHz and frpH = 625 kHz).
After a reset, the fsvg clock (1 cycle = 1 state) is fFPH/2, where fFPH is generated by dividing
the high-speed oscillator clock (foSCH) by sixteen through the clock gear function.

Overflow

WDT counter n X_\ «

n

WDT interrupt «
"N

Internal reset

22 to 29 states (70.4 to 92.8 us when foschy = 10 MHz and fgpy = 625 kHz)

Figure 3.12.3 Reset Operation
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3.12.2 Register Description
The WDT is controlled by two registers called WDMOD and WDCR.

(1) Watchdog timer mode register (WDMOD)
a. Time-out period (WDMOD.WDTP[1:0])

This 2-bit field determines the duration of the WDT time-out interval. Upon
reset, the WDTP[1:0] field defaults to 00. Figure 3.12.4 shows possible time-out
periods.

b. WDT enable WDMOD.WDTE)

Upon reset, the WDTE bit is set to 1, enabling the WDT. To disable the WDT,
the clearing of the WDTE bit must be followed by a write of a special key code
(B1H) to the WDCR register. This prevents a “lost” program from disabling the
WDT operation. The WDT can be re-enabled only by setting the WDTE bit.

c. System reset (WDMOD.RESCR)

This bit is used to program the WDT to generate a system reset on a time-out.
Upon reset, this bit is cleared, thus the time-out does not cause a system reset.

(2) Watchdog timer control register (WDCR)
This register is used to disable the WDT and to clear the WDT binary counter.

¢ Disabling the WDT

The WDT can be disabled by clearing the WDMOD.WDTE to 0 and then writing
the special disable code (B1H) to the WDCR register.

WDMOD «+ 0 - - XX - -0 Clears the WDTE bit to 0.
WDCR «<~10110001 Writes the disable code (B1H) to the WDCR.
e Enabling the WDT
The WDT can be enabled only by setting the WDTE bit in the WDMOD to 1.

e (Clearing the WDT counter
Writing the special clear-count code (4EH) to the WDCR resets the binary
counter to 0. The counting process begins again.

WDCR «<~01001110 Writes the clear-count code (4EH) to the WDCR.

Notel: 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.)

Note2: If it is changed Watchdog timer setting, change setting after set to disable condition once.
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Watchdog Timer Mode Register
7 6 5 4 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO 12WDT RESCR -
(0300H) [ Read/write RIW RIW RIW RIW
Reset value 1 0 | 0 0 0 0
Function WDT Time-out period IDLE2 System Must be
enable 00: 2%%fsys 0: OFE reset by written as
0: Disable |o1: 217/fSYS 1: ON WDT “0”.
1:Enable |1q: 219/fSYS 1: Reset
11: 2%ffsys
|—> System reset
0 | Don't care
1 | Internally routes the WDT time-out
signal to the system reset
L—————— Operation in IDLE2 mode
0 | OFF
1 | ON
Time-out period at fc =10 MHz
Clock Gear Watchdog Timer Time-out Period
Value WDMOD.WDTP[L:0]
SYSCR1.GEAR
(2:0] 00 01 10 11
000 (fc) 6.55 ms 26.21 ms 104.86 ms 419.43 ms
001 (fc/2) 13.11ms 52.43 ms 209.72 ms 838.86 ms
010 (fc/4) 26.21 ms 104.86 ms 419.43 ms 1677.72 ms
011 (fc/8) 52.43 ms 209.73 ms 838.86 ms 3355.44 ms
100 (fc/16) 104.86 ms 419.43 ms 1677.72 ms 6710.89 ms
WDT enable
0 | Disable
1 | Enable

Figure 3.12.4 Watchdog Timer Mode Register (WDMOD)
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Watchdog Timer Control Register
7 6 5 4 3 2 1 0
WDCR Bit symbol
(0301H) Read/Write
Reset value
) Function B1H: WDT disable code

mtaed'm‘)d'fy' 4EH: WDT clear-count code
operation is
not
supported.

L——— > Special code

B1H

WDT disable code

4EH

WDT clear-count code

Other values

Don’t care

Figure 3.12.5 Watchdog Timer Control Register (WDCR)
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3.12.3

Operation

The watchdog timer is a kind of timer that generates an interrupt request if it times out.
The WDT allows the user to program the time-out period in the WDTP[1:0] field in the
WDMOD register. While enabled, the software can reset the counter to 0 at any time by
writing a special clear-count code. If the software is unable to reset the counter before it
reaches the time-out count, the WDT generates the INTWD interrupt. In response to the
interrupt, the CPU jumps to a system recovery routine to regain control of the system.

The WDT begins counting immediately after reset.

When the TMP91CW28 goes into IDLE1 or STOP mode, the WDT counter is reset to 0
automatically and stops counting. The WDT continues counting while an off-chip
peripheral has mastership of the bus (e.g., BUSAK = 0).

In IDLE2 mode, the I2WDT bit in the WDMOD determines whether or not to disable the
WDT. The I2WDT bit can be programmed before putting the TMP91CW28 in IDLE2 mode.

Examples:

1. Clearing the WDT binary counter
WDCR «<01001110 Writes the clear-count code (4EH) to the WDCR.

2. Programming the time-out interval to 217/fSys
WDMOD «~101XX--0

3. Disabling the watchdog timer

WDMOD «+ 0 - - XX - -0 Clears the WDTE bit to 0.
WDCR <~ 10110001 Writes the disable code (B1H) to the WDCR.
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3.13 Key Wakeup Interrupt

In addition to the INTO to INT4 interrupt source pins, the TMP91CW28 has eight interrupt
channels that enable the pressing of a key to terminate a HALT mode, called key wakeup
interrupts (KWI).

Figure 3.13.1 shows a block diagram of the KWI circuit.

3.13.1 Block Diagram

Internal data bus Internal data bus

N N

o o

Enable register (KWIEN) Edge select register (KWICR)
KWI7EN to KWIOEN KWI7EDGE to KWIOEDGE
M_ I Select rising or falling edge | «—{ KWI7 (P57)
v T T[T ]
—C]—/ ['Select rising or falling edge | «———[ Kwi6 (P56)
“ N
I Select rising or falling edge | ] KWI5 (P55)
C | T T 111
I Select rising or falling edge | ] Kwi4 (P54)
INT4 [ . | | |
<—< H I Select rising or falling edge | «—1 KWI3 (P53)
| | V[
%{ I Select rising or falling edge | —+ kwi2 (P52)
| ]
( ( I Select rising or falling edge | <« KwI1 (P51)
%( I I L
| Select rising or falling edge | <] KwiI0 (P50)

Figure 3.13.1 KWI Block Diagram
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3.13.2 SFR Descriptions

Key Wakeup Enable Register

7 6 5 4 3 2 1 0
KWIEN Bit symbol KWI7EN KWIGEN KWISEN KWI4EN KWI3EN KWI2EN KWI1EN KWIOEN
(03A0H) Read/Write W
Reset value 0 0 0 0 0 0 0 0
Function KWI7 KWI16 KWI5 KWI14 KWI3 KWI2 Kwi1 KWIO
interrupt interrupt interrupt interrupt interrupt interrupt interrupt interrupt
input input input input input input input input
0: Disable |0: Disable |[0:Disable |O0:Disable [0:Disable |O:Disable [0:Disable |O: Disable
1: Enable |1:Enable |1:Enable |[1:Enable |1:Enable ([1:Enable |1:Enable [1:Enable
Key Wakeup Control Register
7 6 5 4 3 2 1 0
KWICR Bit symbol KWI7EDGE | KWIGEDGE | KWISEDGE | KWI4EDGE | KWI3EDGE | KWI2EDGE | KWI1EDGE | KWIOEDGE
(03A1H) | Read/write w
Reset Value 0 0 0 0 0 0 0 0
Function KWI7 edge KWI6 edge KWI5 edge KWI4 edge KWI3 edge KWI2 edge KWI1 edge KWIO edge
polarity polarity polarity polarity polarity polarity polarity polarity
0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising
1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling

3.13.3 Control

The P50 to P57 pins function as KWIO to KWI7 when the corresponding bits
(KWIENI[7:0]) in the KWIEN register are set. The MCU accepts KWI0 to KWI7 inputs as
INT4. The KWIO to KWI7 pins can be used as external interrupt sources by setting an
interrupt priority level in the 14M[2:0] bits of the INTE34 register.

Note: The KWIEN and KWICR do not support read-modify-write operation.

Figure 3.13.2 Key-pressed Wakeup Registers

Example: To detect a falling edge on key wakeup channel O to generate an interrupt,
configure registers in the following sequence:

KWICR “— - - =
KWIEN “— - - =
INTE34 «~ X 1 0

X: Don't care, —: No change

0 X -

-1 Selects falling-edge detection for key wakeup
channel 0.
-1 Enables key wakeup channel 0.

- - Enables INT4 and sets its priority level to 4.
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3.14 WAKE Pin

The TMP91CW28 can drive out a monitor signal immediately after it recovers from STOP
mode in response to an external interrupt signal. The monitor signal is driven out through a
dedicated N-ch open-drain output pin. External devices can know, in real time, when the

TMP91CW28 enters or exits STOP mode.

This function is useful for a system that requires stop control for peripheral devices connected

to the microcontroller.

VDD
WAKE pin

RESET (Internal reset signal) :t)o_l
sToP (STOP mode trigger signal)

Figure 3.14.1 WAKE Pin

3.14.1 Basic Operation

While the TMP91CW28 is operating in IDLE1 or IDLE2 mode, logic 0 is driven out from
the WAKE pin. The pin is put into high-impedance state when the TMP91CW28 enters

STOP mode. It is driven low when an external interrupt signal terminates STOP mode. The
WAKE pin 1is, therefore, low during the warm-up period. It is placed in high-impedance

state while a system reset (including a reset caused by the watchdog timer) is being

performed.

Table 3.14.1 shows the states of the WAKE pin under different conditions. Figure 3.14.2

shows the WAKE signal output timing.

Table 3.14.1 WAKE Pin State

MCU State WAKE Pin State
During a reset High impedance
Operating (in IDLE1 or IDLE2 mode) Low
In STOP mode High impedance
During a warm up Low

External reset pin —I

RESET

l Enter Exit Warm up

sToP ' ! ! .
] |
) |

WAKE pin High-Z | Low I High-Z | Low

Figure 3.14.2 WAKE Signal Output Timing
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3.15 BCD Adder/Subtractor

The TMP91CW28 has a BCD adder/subtractor that implements operation specific to the
calculation of time data for a CD-ROM system. It can handle six-digit decimal data, consisting
of two minute digits (0 to 99), two second digits (0 to 59) and two frame digits (0 to 74). A
six-digit operand can be added to or subtracted from another six-digit operand.

As a result of calculation, the adder/subtractor stores the six-digit operation result as well
as flags indicating whether there is a carry (CY) or a borrow (BR) produced from the minute
digits.

(Input) Operand A:  Minutes (0 to 99) Seconds (0 to 59) Frames (0 to 74)
(Input) Operand B: + Minutes (0 to 99) Seconds (0 to 59) Frames (0 to 74)
(Output) Minutes (0 to 99) Seconds (0 to 59) Frames (0 to 74) CY/BR
Operation result:

3.15.1 Block Diagram

— BCD Adder/Subtractor

Control Block (bcdctrl .
( ) Calculation Block (bcdcal)
Mode circuit (Mode)
Borrow I Carry
PU sensor | Control circuit (Ctrl) |
. pOSItIO.n | Minutes A |
information | State counter (Count) |
(Time +
information)
. Minutes B
Registers (bcdreg) | |
Operand A Control register Borrow Carry
Minutes A Add/subtract select bit
Operation start bit | Seconds A |
CPU < > Seconds A Operation completion flag *
BR | Seconds B |
Frames A CY
Borrow Carry
Operand B Result register
Frames A |
Minutes B Minutes "
Memory -
address data FramesB |
Seconds B Seconds
Frames B Frames

Figure 3.15.1 Block Diagram
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3.15.2 SFR Descriptions

Minute Operand Register A

7 6 5 4 3 2 1 0
BCDMINA | Bit symbol MINA7 MINAG MINAS MINA4 MINA3 MINA2 MINA1 MINAO
03BOH ;
Read.modify- Read/Write w
wie | Resetvalue o | o | o | o | o | o [ o | o
operation is
not Function BCD operand A
supported.
Second Operand Register A
I 6 5 4 3 2 1 0
BCDSECA| Bit symbol SECA7 SECA6 SECAS5 SECA4 SECA3 SECA2 SECAl SECAO
03B1H Read/Write w
- ify-
e modt T Reset value o | o [ o [ o J o J o J o [ o
operaton’s I Function BCD operand A
supported.
Frame Operand Register A
7 6 5 4 3 2 1 0
BCDFRAA| Bit symbol FRAA7 FRAA6 FRAAS FRAA4 FRAA3 FRAA2 FRAA1 FRAAO
03B2H Read/Write w
Read-modify-
write Reset value o | o | o | o | o | o [ o | o
ﬁgf’a‘w” * | Function BCD operand A
supported.

Figure 3.15.2 BCD Registers (1/4)
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Minute Operand Register B
7 6 5 4 3 2 1 0
BCcDMINB | Bit symbol MINB7 MINB6 MINB5 MINB4 MINB3 MINB2 MINB1 MINBO
03B4H Read/Write w
Read-modify-
e " | Resetvalue 0 o | o | o [ o | o 0 0
operatonis | Function BCD operand B
supported.
Second Operand Register B
I 6 5 4 3 2 1 0
BCDSECB | Bit symbol SECB7 SECB6 SECB5 SECB4 SECB3 SECB2 SECB1 SECBO
03B5H Read/Write w
Read-modify-
Read-modity- | Reset value 0 o | o | o | o | o 0 0
rc:g;eration is | Function BCD operand B
supported.
Frame Operand Register B
I 6 5 4 3 2 1 0
BCDFRAB | Bit symbol FRAB7 FRAB6 FRAB5 FRAB4 FRAB3 FRAB2 FRAB1 FRABO
03B6H Read/Write W
Read-modify-
wiite Reset value 0 o | o | o | o | o 0 0
operation’s " Function BCD operand B
supported.

Figure 3.15.3 BCD Registers (2/4)
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Minute Result Register

7 6 5 4 3 2 1 0
BCDMINR | Bit symbol MINR7 MINR6 MINRS MINR4 MINR3 MINR2 MINR1 MINRO
03B8H Read/Write R
Reset value o | o | o | o | o | o [ o | o
Function BCD operation result

Second Result Register

7 6 5 4 3 2 1 0
BCDSECR| Bit symbol SECR7 SECR6 SECR5 SECR4 SECR3 SECR2 SECR1 SECRO
03B9H Read/Write R
Reset value o | o | o | o | o | o | o | o
Function BCD operation result

Frame Result Register

7 6 5 4 3 2 1 0
BCDFRAR| Bit symbol FRAR7 FRARG6 FRARS FRAR4 FRAR3 FRAR2 FRAR1 FRARO
03BAH Read/Write R
Reset value o | o | o | o | o | o | o | o
Function BCD operation result

Figure 3.15.4 BCD Registers (3/4)
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BCD Control Register
7 6 5 4 3 2 1 0
BCDCR | Bitsymbol |ENDFLAG CY BR - CALSEL START
(03BCH) | Read/write R RIW RIW RIW
Reset value 0 0 0 0 0 0
Function Operation | Minute Minute Must be Add/sub- | Operation
completion | carry flag | borrow written tract start
flag flag as “0”. select 0: Don't care
0: Carry not 0: Add 1: Starts
0: During produced 0: Borrow not 1: Subtract operation.
operation 1: Carry produced
1: Completed produced 1: Borrow
produced
|—> Operation start
0 |Don't care
1 | Starts operation
—> Add/subtract select
0 |Add
1 | Subtract
Minute borrow flag
0 |Borrow not produced
1 | Borrow produced
Minute carry flag
0 | Carry not produced
1 |[Carry produced
Operation completion flag
0 | Before or during operation
1 | Completed
Note: Bits3 and 4 of the BCDCR are read as undefined.
Figure 3.15.5 BCD Registers (4/4)
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3.15.3 Operation

(eY)

2

(3

(4)

(5)

(6)

Operand A

Operand A, to/from which operand B is added/subtracted, is stored in the BCDMINA,
BCDSECA and BCDFRAA registers.

The operand must consist of decimal digits (0 to 9). If it contains a hexadecimal digit
(A to F), operation is performed in decimal correction format, so that the result will not
be an expected hexadecimal value.

The contents of the BCDMINA, BCDSECA, and BCDFRAA cannot be modified
during operation. The operation completion flag must be checked to determine that
operation has completed, before the registers can be modified.

Operand B

Operand B, which is added to or subtracted from operand A, is stored in the
BCDMINB, BCDSECB and BCDFRAB registers.

The operand must consist of decimal digits (0 to 9). If it contains a hexadecimal digit
(A to F), operation is performed in decimal correction format, so that the result will not
be an expected hexadecimal value.

The contents of the BCDMINB, BCDSECB, and BCDFRAB cannot be modified
during operation. The operation completion flag must be checked to determine that
operation has completed, before the registers can be modified.

Operation result

The frame, second and minute digits of the result of addition or subtraction are
sequentially stored in the BCDFRAR, BCDSECR and BCDMINR registers,
respectively, in that order.

Operation start

Writing 1 to the START bit in the BCDCR starts operation. Addition or subtraction is
performed sequentially for frames, seconds and minutes in the stated order. The
START bit is cleared upon the completion of operation.

The START bit cannot be cleared during operation.

Add/subtract select

The CALSEL bit in the BCDCR specifies whether addition or subtraction is
performed. Writing O to the bit selects addition and writing 1 to the bit selects
subtraction.

The CALSEL bit cannot be modified during operation.

BR (Borrow) flag

The BR flag bit in the BCDCR indicates whether a borrow is produced as a result of
subtraction on minute digits. If the flag is cleared, that means a borrow is not produced.
If the flag is set, that means a borrow is produced.

The BR flag is read as undefined when addition is performed.
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(7) CY (Carry) flag

The CY flag bit in the BCDCR indicates whether a carry is produced as a result of
addition on minute digits. If the flag is cleared, that means a carry is not produced. If
the flag is set, that means a carry is produced.

The CY flag is read as undefined when subtraction is performed.

(8) Operation completion flag
The ENDFLAG bit in the BCDCR indicates whether operation has completed.

If the flag is cleared, that means operation is still in progress or not yet started. If the
flag is set, that means operation has completed.

The ENDFLAG bit is set to 1 once the operation result for minutes has been stored in
the BCDMINR. Reading any of the BCDMINR, BCDSECR and BCDFRAR causes the
ENDFLAG to be cleared.

(9) Operation completion interrupt
When the BCDCR.ENDFLAG bit is set to 1, an INTBCD interrupt occurs.
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3.15.4 Example

This section shows an example of operation using the BCD adder/subtractor.

Read the START bit of the BCDCR register to determine that no operation is in
progress.

Set six-digit operand A (Minutes, seconds and frames) and six-digit operand B
(Minutes, seconds and frames) in the appropriate registers.

Select addition or subtraction by clearing or setting the BCDCR.CALSEL bit.
Write 1 to the BCDCR.START bit to start operation.

Determine that operation has completed by reading 1 from the BCDCR.ENDFLAG bit
or detecting the occurrence of an INTBCD interrupt.

Read the six-digit operation result (Minutes, seconds and frames) from the BCDMINR,
BCDSECR and BCDFRAR registers as well as the CY and BR flags in the BCDCR.
(BR is read as 0 after addition and CY is read as 0 after subtraction.)

The operand must consist of decimal digits (0 to 9). If it contains a hexadecimal digit (A to

F), operation is performed in decimal correction format, so that the result will not be an

expected hexadecimal value.

(1) Addition

Example: To add 99 minutes, 54 seconds, 32 frames to 1 minute, 5 seconds, 42 frames
and generate an INTBCD interrupt, configure registers as follows:

7 6 5 4 3 2 1 0

A “— BCDCR Transfers the contents of BCDCR to 8-bit general-purpose
register A to determine that no operation is in progress.

BCDMINA « 1 0 1 0 O Stores 98 in BCDMINA.

BCDSECA «+ 0 1 O 0 1 0 Stores 54 in BCDSECA.

BCDFRAA <« O 0 0 Stores 32 in BCDFRAA.

BCDMINB «+ 0O O O 0 O 0 1 Stores 01 in BCDMINB.

BCDSECB <« O 0 0 0 1 1 Stores 05 in BCDSECB.

BCDFRAB «+ 0 1 0 0 O 1 0 Stores 42 in BCDFRAB.

INTEBCD « X X X X X 1 0 o0 Enables INTBCD and sets its priority level to 4.

| BCDCR « X X X X X X 0 1 Selects addition and starts operation.

Example of interrupt routine processing

A

0

<« BCDCR Transfers the contents of BCDCR to 8-bit general-purpose
register A to determine that no operation is in progress.

<« BCDMINR Reads the result of operation for minutes.

<« BCDSECR Reads the result of operation for seconds.

<« BCDFRAR Reads the result of operation for frames.

<« BCDCR Reads the contents of BCDCR to 8-bit general-purpose
register E to determine whether a carry has been
produced.

X: Don't care, —: No change
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3.16 Program Patch Logic

The TMP91CW28 has a program patch logic, which enables the user to fix the program code
in the on-chip ROM without generating a new mask. Patch program must be read into on-chip
RAM from external memory during the startup routine.

Up to six two-byte sequences, or banks (Twelve bytes in total) can be replaced with patch code.
More significant code correction can be performed by replacing program code with single-byte
instruction code which generates a software interrupt (SWI) to make a branch to a specified
location in the on-chip RAM area.

The program patch logic only compares addresses in the on-chip ROM area; it cannot fix the
program code in the on-chip peripheral, on-chip RAM and external ROM areas.

Each of six banks is independently programmable, and functionally equivalent. In the
following sections, any references to bankO also apply to other banks.

3.16.1 Block Diagram

ROMRD ROMRD
CPU > ROM
Address bus | | Data bus
g/ila:]CaT v Output
| Address compare registers (Banko) | | 9 R enable | Address substitution registers | |
—1 (ROMCMPOO to ROMCMP02) > > R O,(\/Efgﬂ'éo& ) —
L] Address compare registers (Bank1) Address substitution registers
— (ROMCMP10 to ROMCMP12) > > > (Bank1) —
§ X (ROMSUBLL/H)
Q o
D Q — -
L__| Address compare registers (Bank2) b S Address substitution registers
— (ROMCMP20 to ROMCMP22) —> o > = > ROI(\/?SaBkBZZ)L/H —
5 5 ( )
o o
(7)) 5 — -
——| Address compare registers (Bank3) | o J & | Address SUbBSt'tlligO” registers | |
—1 (ROMCMP30 to ROMCMP32) 5 "l 3 > (RO,(\ASBB?BL/H) —
©
<
L1 Address compare registers (Bank4) - .| Address substitution registers [ |
—1 (ROMCMP40 to ROMCMP42) = [ > > R O,(\/?SB'E‘QL ™) —
— Address compare registers (Bank5) - .| Address substitution registers [ |
(ROMCMP50 to ROMCMP52) [ > > ® O,(VEFSBEZ)L )

Figure 3.16.1 Program Patch Logic Diagram
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3.16.2 SFR Descriptions

The program patch logic consists of six banks (0 to 5). Each bank is provided with three
bytes of address compare registers (ROMCMPx0 to ROMCMPx2) and two bytes of address
substitution registers (ROMSUBxL and ROMSUBxH).

Bank0 Address Compare Register 0

7 6 5 4 3 2 1 0
ROMCMPO0O0| Bit symbol ROMCO07 | ROMCO06 | ROMCO05 | ROMC04 | ROMCO03 | ROMCO02 | ROMCO01
(0400H) Read/Write w
Reset value o | o | o | o [ o | o | o
Function
Target ROM address (Lower 7 bits)
Bank0 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMPO1 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 [ ROMCO09 [ ROMCO08
(0401H) Read/Write w
Reset value o | o | o [ o | o | o | o | o
Function
Target ROM address (Middle 8 bits)
Bank0 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMPO02| Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(0402H) Read/Write W
Reset value o | o [ o | o | o | o | o | o
Function
Target ROM address (Upper 8 bits)

Note 1: The ROMCMP00, ROMCMPO01, and ROMCMPO02 registers do not support read-modify-write operation.
Note 2: Bit0 of the ROMCMPOO is read as undefined.

Figure 3.16.2 Address Compare Registers (BankO0)
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Bank1 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP10 | Bit symbol ROMCO07 | ROMCO06 | ROMCO05 | ROMCO04 | ROMCO03 | ROMC02 | ROMCO1
(0408H) Read/Write w
Reset value o | o | o | o | o | o | o
Function
Target ROM address (Lower 7 bits)
Bank1 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP11 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO08
(0409H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Target ROM address (Middle 8 bits)
Bankl Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP12 | Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(040AH) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function

Target ROM address (Upper 8 bits)

Note 2:

Note 1: The ROMCMP10, ROMCMP11, and ROMCMP12 registers do not support read-modify-write operation.
Bit0 of the ROMCMP10 is read as undefined.

Figure 3.16.3 Address Compare Registers (Bank1)
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Bank2 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP20 | Bit symbol ROMCO07 | ROMCO06 | ROMCO05 | ROMC04 | ROMCO03 | ROMC02 | ROMCO01
(0410H) Read/Write w
Reset value o | o | o | o [ o | o | o
Function
Target ROM address (Lower 7 bits)
Bank2 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP21 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO08
(0411H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Target ROM address (Middle 8 bits)
Bank2 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP22 | Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(0412H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function

Target ROM address (Upper 8 bits)

Note 2:

Note 1: The ROMCMP20, ROMCMP21, and ROMCMP22 registers do not support read-modify-write operation.
Bit0 of the ROMCMP20 is read as undefined.

Figure 3.16.4 Address Compare Registers (Bank2)
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Bank3 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP30 | Bit symbol ROMCO7 | ROMC06 | ROMCO5 | ROMC04 | ROMCO03 | ROMCO02 | ROMCO1
(0418H) Read/Write w
Reset value o | o | o | o [ o | o | o
Function
Target ROM address (Lower 7 bits)
Bank3 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP31 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
(0419H) Read/Write w
Reset value o | o | o | o [ o | o | o | o
Function
Target ROM address (Middle 8 bits)
Bank3 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP32 | Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(041AH) Read/Write w
Reset value o | o | o | o [ o | o | o | o
Function

Target ROM address (Upper 8 bits)

Note 2:

Note 1: The ROMCMP30, ROMCMP31, and ROMCMP32 registers do not support read-modify-write operation.
Bit0 of the ROMCMP30 is read as undefined.

Figure 3.16.5 Address Compare Registers (Bank3)
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Bank4 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP40 | Bit symbol ROMCO07 | ROMC06 | ROMCO05 | ROMC04 | ROMCO03 | ROMC02 | ROMCO1
(0420H) Read/Write w
Reset value o | o | o | o [ o | o | o
Function
Target ROM address (Lower 7 bits)
Bank4 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP41 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO08
(0421H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Target ROM address (Middle 8 bits)
Bank4 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP42 | Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(0422H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function

Target ROM address (Upper 8 bits)

Note 2:

Note 1: The ROMCMP40, ROMCMP41, and ROMCMPA42 registers do not support read-modify-write operation.
Bit0 of the ROMCMP40 is read as undefined.

Figure 3.16.6 Address Compare Registers (Bank4)
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Bank5 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP50 | Bit symbol ROMCO7 | ROMC06 | ROMCO5 | ROMC04 | ROMCO03 | ROMCO02 | ROMCO1
(0428H) Read/Write w
Reset value o | o | o | o [ o | o | o
Function
Target ROM address (Lower 7 bits)
Bank5 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP51 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
(0429H) Read/Write w
Reset value o | o | o | o [ o | o | o | o
Function
Target ROM address (Middle 8 bits)
Bank5 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP52 | Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(042AH) Read/Write w
Reset value o | o | o | o [ o | o | o | o
Function

Target ROM address (Upper 8 bits)

Note 2:

Note 1: The ROMCMP50, ROMCMP51, and ROMCMPS52 registers do not support read-modify-write operation.
Bit0 of the ROMCMP50 is read as undefined.

Figure 3.16.7 Address Compare Registers (Bank5)
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Bank0 Address Substitution Register L

7 6 5 4 3 2 1 0
ROMSUBOL| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(0404H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Lower 8 bits)
BankO Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUBOH| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(0405H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Upper 8 bits)
Bank1 Address Substitution Register L
7 6 5 4 3 2 1 0
ROMSUBILL| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(040CH) Read/Write w
Reset value o | o | o | o [ o | o | o | o
Function
Patch code (Lower 8 bits)
Bank1 Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB1H| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(040DH) Read/Write w
Reset value o | o | o | o | o | o | o | o
Function
Patch code (Upper 8 bits)

Note: The ROMSUBOL, ROMSUBOH, ROMSUBLL, and ROMSUB1H registers do not support read-modify-write

operation.

Figure 3.16.8 Address Substitution Registers (Banks 0 and 1)
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Bank2 Address Substitution Register L

7 6 5 4 3 2 1 0
ROMSUB2L| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(0414H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Lower 8 bits)
Bank2 Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB2H| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(0415H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Upper 8 bits)
Bank3 Address Substitution Register L
7 6 5 4 3 2 1 0
ROMSUBS3L| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(041CH) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Lower 8 bits)
Bank3 Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB3H| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(041DH) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Upper 8 bits)

Note: The ROMSUB2L, ROMSUB2H, ROMSUB3L, and ROMSUBS3H registers do not support read-modify-write

operation.

Figure 3.16.9 Address Substitution Registers (Banks 2 and 3)
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Bank4 Address Substitution Register L

7 6 5 4 3 2 1 0
ROMSUBA4L| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(0424H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Lower 8 bits)
Bank4 Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUB4H| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(0425H) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Upper 8 bits)
Bank5 Address Substitution Register L
7 6 5 4 3 2 1 0
ROMSUBSL| Bit symbol ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(042CH) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Lower 8 bits)
Bank5 Address Substitution Register H
7 6 5 4 3 2 1 0
ROMSUBS5H| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(042DH) Read/Write w
Reset value o | o | o [ o | o | o | o [ o
Function
Patch code (Upper 8 bits)

Note: The ROMSUB4L, ROMSUB4H, ROMSUBSL, and ROMSUBSH registers do not support read-modify-write

operation.

Figure 3.16.10 Address Substitution Registers (Banks 4 and 5)
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3.16.3 Operation

(1) Replacing data

Two consecutive bytes of data can be replaced for each bank. A two-byte sequence to
be replaced must start at an even address. If only a single byte at an even or odd
address need be replaced, set the current masked ROM data in the other byte.

Correction procedure:

Load the address compare registers (ROMCMP0O0 to ROMCMP02) with the target
address where ROM data need be replaced. Store 2-byte patch code in the ROMSUBL
and ROMSUBH registers.

When the CPU address matches the value stored in the ROMCMPO00 to ROMCMP02
registers, the program patch logic disables RD output to the masked ROM and drives
out the code stored in the ROMSUBL and ROMSUBH to the internal bus. The CPU
thus fetches the patch code.

The following shows some examples:

Examples:
a. Replacing O0OH at address FF1230H with AAH

7 6 5 4 3 2 1 0
ROMCMPOO «~ 0 O 1 1 0 0 0 O Stores 30 in address compare register 0 for bankO.
ROMCMPO1 «~ 0 O O 1 O 0 1 O Stores 12 in address compare register 1 for bankO.
ROMCMP02 « 1 1 1 1 1 1 1 1 Stores FF in address compare register 2 for bankO.
ROMSUBOL  « 0 1 0 0 1 Store AA in address substitution register low for bankO.
ROMSUBOH « 0 O O 1 0 O 1 Store 11 in address substitution register high for bankO.
000000H On-chip
peripheral
001000H
On-chip RAM
External area
FFO000H
On-chip ROM
FF1230H 00H l—— Replace with AAH.
FF1231H 11H j—— Replace with 11H
(Same as current
value).
Vector table
FFFFFFH

Figure 3.16.11 Example Patch Code Implementation
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b. Replacing 33H at address FF1233H with BBH

- 7 6 5 4 3 2 1 0
ROMCMPOO «~ O 0 1 1 0 O 1 O Stores 32 in address compare register 0 for bankO.
ROMCMPO1 «~ O 0 O 1 0 O 1 O Stores 12 in address compare register 1 for bankO.
ROMCMP02 « 1 1 1 1 1 1 1 1 Stores FF in address compare register 2 for bankO.
ROMSUBOL  « 0 1 0 1 Store 22 in address substitution register low for bankO.
|l ROMSUBOH « 1 0 1 1 1 0 1 1 Store BB in address substitution register high for bankO.
000000H On-chip
peripheral
001000H
On-chip RAM
External area
FFOO00H
On-chip ROM
Replace with 22H
(Same as current
FF1232H 22H —value).
FF1233H 33H [<— Replace with BBH.
Vector table
FFFFFFH

Figure 3.16.12 Example Patch Code Implementation

c. Replacing 44H at address FF1234H with CCH and 55H at address FF1235H with

DDH
7 6 5 4 3 2 1 0
ROMCMPOO «~ O 0 1 1 0 1 0 O Stores 34 in address compare register 0 for bankO.
ROMCMPO1 «~ O O O 1 0 O 1 O Stores 12 in address compare register 1 for bankO.
ROMCMP0O2 « 1 1 1 1 1 1 1 1 Stores FF in address compare register 2 for bank0.
ROMSUBOL  « 0 0 0 Store CC in address substitution register low for bankO.
ROMSUBOH  « 0 1 0 1 Store DD in address substitution register high for bankO.
000000H On-chip
peripheral
001000H
On-chip RAM
External area
FFO000H
On-chip ROM
FF1234H 44H j——— Replace with CCH.
FF1235H 55H j—— Replace with DDH.
Vector table
FFFFFFH

Figure 3.16.13 Example Patch Code Implementation
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d. Replacing 77H at address FF1237H with EEH and 88H at address FF1238H with
FFH (Requiring two banks)

[ ROMCMPOO
ROMCMPO1
ROMCMP02

ROMSUBOL
ROMSUBOH

ROMCMP10
ROMCMP11
ROMCMP12

ROMSUBIL
ROMSUB1H

T

T

T

T

7 6
0 O
0 O
1 1
1 1
0 O
1 1
1 1

Figure 3.16.14 Example Patch Code Implementation

5

1
0
1

[N

B R P D

o

3

0
0
1

2

1
0
1

000000H

001000H

FFO000H

FF1236H
FF1237H
FF1238H
FF1239H

FFFFFFH

1 0

1 0 Stores 36 in address compare register 0 for bankO.
1 0 Stores 12 in address compare register 1 for bankO.
1 1 Stores FF in address compare register 2 for bank0.

1 0 Store 66 in address substitution register low for bankO.
1 0 Store EE in address substitution register high for bankO.
0 Stores 38 in address compare register 0 for bank1.

1 0 Stores 12 in address compare register 1 for bank1.
1 1 Stores FF in address compare register 2 for bank1.
1 1 Store FF in address substitution register low for bank1.
1 Store 99 in address substitution register high for bank1.
On-chip
peripheral
On-chip RAM
External area
On-chip ROM
Replace with 66H
(Same as current
oo value).
77H [<— Replace with EEH.
88H jf<— Replace with FFH.
99H jf<—— Replace with 99H.
Vector table
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(2) Using an interrupt to cause a branch

A wider range of program code can also be fixed using a software interrupt (SWI).
With a patch code loaded into on-chip RAM, the program patch logic can be used to
replace program code at a specified address with a single-byte SWI instruction, which
causes a branch to the patch program.

Note that this method can only be used if the original masked ROM has been
developed with on-chip RAM addresses specified as SWI vector addresses.

Correction procedure:

Load the address compare registers (ROMCMP0O to ROMCMPO02) with the start
address of the program code that is to be fixed. If it is an even address, store an SWI
instruction code (e.g., SWI: FOH) in the ROMSUBL. If the start address is an odd
address, store an SWI instruction code in the ROMSUBH and the current ROM data at
the preceding even address in the ROMSUBL.

When the CPU address matches the value stored in the ROMCMPO00 to ROMCMP02
registers, the program patch logic disables RD output to the masked ROM and drives
out the SWI instruction code to the internal bus. Upon fetching the SWI code, the CPU
makes a branch to the internal RAM area to execute the preloaded code.

At the end of the patch program executed from the internal RAM, the CPU directly
rewrites the saved PC value so that it points to the address following the patch code,
and then executes a RETI.

The following shows an example:

Example: Fixing a program within the range from FF5000H to FF507FH

Before developing the original masked ROM, set the SWI1 vector reference address
to 001500H (on-chip RAM area).

Use the startup routine to load the patch code to on-chip RAM (001500H to
0015EFH). Store the start address (FF5000H) of the ROM area to be fixed in the
ROMCMP00 to ROMCMPO2. Store the SWI1 instruction code (F9H) in the
ROMSUBOL and the current data at FF5001H (AAH) in the ROMSUBOH. When the
CPU address matches the value stored in ROMCMPO0OO to ROMCMPO02, the program
patch logic replaces the ROM-based code at FF5000H with FOH. The CPU then
executes the SWI1 instruction, which causes a branch to 001500H in the on-chip RAM
area. After executing the patch program the CPU finally rewrites the saved PC value
to FF5080H and executes a RETI.
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Defective
area

000000H On-chip
peripheral 1
001000H e
On-chip RAM -7 :
001500H |=7 " “patch | i
|
o015EFH | PO9AT | I— :
~1._|
001800H
o
2
7]
External area 5 E
T |E
°le
FFOO0OH A E
On-chip ROM S|
@
FF5000H 55H —
FF5001H AAH
FF507FH
FF5080H
FFFFOOH Vector table
FFFFO4H
: 001500H SW1 vector
FFFFO7H

Program body

Rewrite stack
RETI

001500H

0015EFH

Replace the start address with F9H
(SWI1 instruction code).

Replace with AAH
(Same as current value).

Figure 3.16.15 Example ROM Correction
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4. Electrical Characteristics

4.1 Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage Vce -0.5t03.0 v
Input voltage VIN -0.5to Vcc+ 0.5
Output current (Per pin) I0L 2
Output current (Per pin) IOH -2
Output current (Total) ZIoL 80 mA
Output current (Total) ZIOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG -551t0 125 °C
Operating temperature TOPR —-20to 70

Note: Maximum ratings are limiting values of operating and environmental conditions which
should not be exceeded under the worst possible conditions. The equipment manufacturer
should design so that no maximum rating value is exceeded. Exposure to conditions
beyond those listed above may cause permanent damage to the device or affect device
reliability, which could increase potential risks of personal injury due to IC blowup and/or

burning.

Solderability of lead free products

Solder bath temperature =230°C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature =245°C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux (use of lead free)

Test Test condition Note
parameter
Solderability | (1) Use of Sn-37Pb solder Bath Pass:

solderability rate until forming > 95%
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4.2 DC Electrical Characteristics (1/2)
.. . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Note)
Power supply voltage
2.6
( AVce =DVec ) vce fc=4t0 10 MHz 1.8 v
AVss=DVss=0V
& | P00 to P17 (ADO to AD15) | VIL Vec=1.81026V 0.2 Vee
S | P20to P37 VIL1 Vec=18t02.6V 0.2 Vee
5
2 NMI
£ | RESET. \MI, VIL2 Vec=1.81026V -0.3 0.15 Vce v
T | P40to PA7
[
L | AMOto AM1 VIL3 Vec=1.81026V 0.3
o
- | xa VIL4 Vec=18t02.6V 0.1 Vee
% P00 to P17 (ADO to AD15) | VIH Vec=1.81026V 0.7 Vce
S
> | P20to P37 VIH1 Vec=1.81026V 0.8 Ve
>
2 | zreET W Vee +
c
3 RESET, NMI, VIH2 Vec=1.81026V 0.85 Vce 0.3 v
S | P40to PA7
%, AMO to AM1 VIH3 Vec=1.81026V Vee-0.3
k=
X1 VIH4 Vec=1.81026V 0.9 Vee
Low-level output voltage VOL IOL=0.4 mA Vee = 0.15 Vcc
1.8t02.6V
v
High-level output voltage VOH IOH = —200 uA | VCC= 0.8 Vee
1.8t02.6V
Note: Ta = 25°C, Vcc = 2.0 V, unless otherwise noted.
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DC Electrical Characteristics (2/2)

Parameter Symbol Condition Min Typ. Max Unit
(Note 1)

Input leakage current ILI 0.0<V|N<Vcee 0.02 +5
Output leakage current ILO 0.2<V|N<Vee-0.2 0.05 +10 HA
E/:/)r\:\illzr:/(-)\vl\\;lni: Zlé?r? ; backed | vsTop | Y I-2=02Vee, 1.8 26
up in STOP mode)g V1H2=0.8 Vee . . Y
. Vcc=18to2.2V 200 1000
RESET pull-up resistor RRST Vee—221026V 100 600 kQ
Pin capacitance Clo fc=1MHz 10 pF
Schmitt width
RESET, NMi, P40 to P43, VTH Vec=1.8102.6V 0.3 0.8 Y
KWIO to KWI7, P60 to PA7
Programmgble RKH Vcc=18t022V 200 1000 .
pull-up resistor Vcc=2.2102.6V 100 600
NORMAL (Note 2) Vec=1.8102.6V 2.2 4.0
IDLE2 fc = 10 MHz 0.7 1.6 mA
IDLE1 Icc (Typ. value Vcc = 2.0 V) 0.3 0.9
STOP Vce=1.8t02.6V 0.1 10 pA

Note 1: Ta = 25°C, V¢ = 2.0 V, unless otherwise noted.

Note 2: Test conditions for NORMAL Icc: All blocks operating, output pins open, and input pin levels fixed.
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4.3 AC Electrical Characteristics

(1) Vec=1.8t02.6V

No. Parameter Symbol Fquation frpH = 10 MHz Unit
Min Max Min Max
1 fepH cycle period (= X) tFPH 100 250 100 ns
2 A0 to A15 valid to ALE low taL 0.5x — 28 22 ns
3 A0 to A15 hold after ALE low LTI 0.5x - 35 15 ns
4 ALE pulse width high L X —40 60 ns
5 ALE lowto RD or WR asserted fLe 0.5x - 28 22 ns
6 RD negated to ALE high tcLR 0.5x — 20 30 ns
7 WR negated to ALE high tcLw x-20 80 ns
8 A0 to A15 valid to RD or WR asserted tacL X—-75 25 ns
9 AO to A23 valid to RD or WR asserted tACH 1.5x-70 80 ns
10 | AOto A23 hold after RD negated tcar 0.5x - 30 20 ns
11 | AOto A23 hold after WR negated tcaw x-30 70 ns
12 | AO to A15 valid to DO to D15 data in tADL 3.0x-76 224 ns
13 | A0 to A23 valid to DO to D15 data in tADH 3.5x - 82 268 ns
14 | RD asserted to DO to D15 data in tRD 2.0x-60 140 ns
15 | RD width low tRR 2.0x-30 170 ns
16 | DO to D15 hold after RD negated tHR 0 0 ns
17 | RD negated to next AO to A15 output tRAE x—30 70 ns
18 | WR width low tww 1.5x-30 120 ns
19 | DO to D15 valid to WR negated tow 1.5x-70 80 ns
20 | DO to D15 hold after WR negated twD X - 50 50 ns
21 | AO to A23 valid to WAIT input LN es ) | tawn 3.5x-120 230 ns
22 | AOto Al15 validto WAIT input LN es ) | tawt 3.0x - 100 200 ns
23 | WAIT hold after RD or WR asserted [\(A}aﬁ’;‘t)ates J tcw 2.0x+0 200 ns
24 | AOto A23 valid to port data in taAPH 3.5x—-170 180 ns
25 | Port data hold after AO to A23 valid tAPH2 3.5x 350 ns
26 | AOto A23 valid to port data valid tap 3.5x+170 520 ns

AC measurement conditions:
* Output levels: High 0.7 x Vcc/Low 0.3 x Ve, CL =50 pF
* Input levels: High 0.9 x Vcc/Low 0.1 x Vcc

Note: In the above table, the letter x represents the fgp cycle period, which is half the system clock
(fsys) cycle period used in the CPU core.
The fgpy cycle period varies, depending on the programming of the clock gear function.
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Read operation timing

Since the CPU accesses the internal area to read data from a port, the control signals of external
pins such as RD and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above are typical representation. For details, contact your local
Toshiba sales representative.
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(3) Write operation timing
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1 )
ADOtoAD15 - == - - < AO to A15 >j: DO to D15 j}
: \
1 1
| tcLw |
1

ALE 1/ \
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Note: Since the CPU accesses the internal area to write data to a port, the control signals of external
pins such as WR and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above are typical representation. For details, contact your local
Toshiba sales representative.
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4.4 ADC Electrical Characteristics

AvVcc = Vcce, AVss = Vss

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage (+) VREFH Vcc=1.8t02.6V Vce Vce Vce
Analog reference voltage (-) VREFL Vcc=181t02.6V Vss Vss Vss \V;
Analog input voltage VAIN VREFL VREFH
Analog supply | ADMOD1VREFON =1 | Vec=1.81026V 0.65 1.0 mA
current ADMOD1.VREFON =0 Vcc=181t02.6V 0.02 5.0 pA
(Tl\cl)(tJ?Iir?SSQing quantization error) - Vec=18t026V 1.0 4.0 LSB

Note 1: 1 LSB = (VREFH — VREFL)/1024 (V)

Note 2:

Minimum operating frequency

Guaranteed when the frequency of the clock selected with the clock gear is 4 MHz or higher with fc

used.

Note 3:
parameter (Icc).

4.5

SIO Timing (I/O interface mode)

The supply current flowing through the AVcc pin is included in the VCC pin supply current

Note: In the tables below, the letter x represents the fgpy cycle period, which is half the system clock (fsys)
cycle period used in the CPU core.
The fgpy cycle period varies, depending on the programming of the clock gear function.

(1) SCLK input mode

Equation 10 MHz .
Parameter Symbol - - Unit
Min Max | Min | Max
SCLK period tscy 16X 1.6 us
tscy/2 - 4X -180
TXD data to SCLK rise or fall* toss SCY 220 ns
(Vcc =2V £ 10%)
TXD data hold after
ns
SCLK rise or fall* toHs tscyl2 +2X+0 1000
RXD data hold after
ns
SCLK rise or fall* tHSR 8X+10 310
SCLK rise or fall* to RXD data valid |tsrp tscy -0 1600 | NS
RXD data valid to SCLK rise or fall* |trps 0 0 ns

SCLK rise or fall*: Measured relative to the programmed active edge of SCLK.

Note: The values shown in the “10 MHz” column are measured with tgcy = 16X.
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(2) SCLK output mode
Equation 10 MHz .
Parameter Symbol Unit
Min Max Min [Max

SCLK period tscy 16X 8192X 1.6 819 us
TXD data to SCLK rise or fall* toss |tscy/2 —40 760 ns
TXD data hold after SCLK rise or fall* | tons [tscy/2-40 760 ns
RXD data hold after SCLK rise or fall* | tqsr 0 0 ns
SCLK rise or fall* to RXD data valid tsrRD tscy — 1X—-180 1320| ns
RXD data valid to SCLK rise or fall* tRDS 1X + 180 280 ns

Note: The values shown in the “10 MHz" column are measured with tgcy = 16X.

tscy

SCLK
CK output mode/ ) | | | | | | | I
active-high SCLK input mode
SCLK [ | | I [
(Active-low SCLK input mode) toss toHs
Transmit data 2\
TXD N 0 X 1 X 2 3
— tsrRD tHSR
. RDS
Receive data
RXD X 0o X 1 X 2 X X 3 X__
Valid Valid Valid Valid
4.6 Event Counters (TAOIN, TBOINO, TBOIN1, TB1INO, TB1IN1)
Equation 10 MHz ,
Parameter Symbol - - Unit
Min Max Min | Max
Clock cycle period tvek 8X + 100 900 ns
Clock low pulse width tveKL 4X +40 440 ns
Clock high pulse width tvCKH 4X +40 440 ns

period used in the CPU core.

The fepy cycle period varies, depending on the programming of the clock gear function.

Note: In the above table, the letter x represents the fepy cycle period, which is half the system clock (fsys) cycle
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4.7 Interrupt and Timer Capture

Note: In the tables below, the letter x represents the fgpy cycle period, which is half the system clock (fsys) cycle

period used in the CPU core.
The fgpy cycle period varies, depending on the programming of the clock gear function.

(1) NMI, and INTO to INT4 interrupts

Equation 10 MHz
Parameter Symbol Unit
Min Max | Min Max
Low pulse width for NMi and INTO | tNTAL | ax 4 40 440 ns
to INT4
High pulse width for NMi and INTO | tNTAH | 4x + 40 440 ns
to INT4

(2) INT5 to INTS interrupts and capture
The input pulse widths for INT5 to INT8 vary with the selected system clock and
prescaler clock. The following table shows the pulse widths for different operating clocks:

Selected tinTBL (Low pulse width | tinNTeH (High pulse width
Prescaler for INT5 to INT8) for INT5 to INT8) Unit
Clock Equation fEpH = 10 MHz Equation fepH = 10 MHz
PRCKI[1:0] Min Min Min Min
00 (frpH) 8X + 100 900 8X + 100 900 ns
10 (fc/16) 128Xc +0.1 12.9 128Xc +0.1 12.9 us

Note: Xc represents the cycle period of the high-speed oscillator clock (fc).

4.8 SCOUT Pin

Equation 10 MHz N ]
Parameter Symbol - - Condition Unit
Min Max Min Max
Clock high pulse width tscH 0.5T-25 25 Vcc=18t02.6V ns
Clock low pulse width tscL 0.5T-25 25 Vcc=18t02.6V ns

Note: In the table above, the letter T represents the cycle period of the SCOUT output clock.

Measurement condition:

e  Output levels: High=0.7 Vcc/Low =0.3 Ve, CL=10 pg

tscH

tscL

SCOUT_/ \_ Y
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4.9 Bus Request and Bus Acknowledge Signals

BUSRQ \ e /

LR

Note 1

___ = (Note J) tcBAL
BUSAK

$5

l— tBA
ADO to AD15 5>_tA_Bé g e (Note2 {4
- 7 ~—
AO to A23,

RD, WR 4 A mmm e Note ) e 7
cstocss, = ——m—tm———-- fmm - ——
R/W, HWR ; N

ALE $4 L\

Equation frpy = 10 MHz
Parameter Symbol FPH Condition Unit
Min Max Min Max
Bus float to
SUSAR asserted tABA 0 300 0 300 | Vcc=18t026V | ns
Bus float after
BUSAK negated tBAA 0 300 0 300 | Vcc=18t026V | ns

Note 1: If the current bus cycle has not terminated due to wait-state insertion, the TMP91CW28 does

not respond to BUSRQ until the wait state ends.

Note 2: This broken lines indicate that output buffers are disabled, not that the signals are at
indeterminate states. The pin holds the last logic value present at that pin before the bus is
relinquished. This is dynamically accomplished through external load capacitances. The
equipment manufacturer may maintain the bus at a predefined state by means of off-chip
resistors, but he or she should design, considering the time (Determined by the CR constant)
it takes for a signal to reach a desired state. The on-chip, integrated programmable
pull-up/pull-down resistors remain active, depending on internal signal states.
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4.10 Recommended Oscillator Circuit

The TMP91CW28 is evaluated by the following resonator manufacturer. The results of
evaluation are shown below.

Note: The additional capacitance of the resonator connecting pins are the sum of load capacitance
C1, C2 and the stray capacitance on the target board. Even when recommended constants
for C1 and C2 are used, actual load capacitance may vary with the board, possibly resulting
in the malfunction of the oscillator. The board should be designed so that the patterns around
the oscillator are as short as possible. Toshiba recommends that the resonator be finally
evaluated after it is mounted on the target board.

LD—T
Cl;r CZI

Figure 4.10.1 High-frequency Oscillator Connection Diagram

(1) Sample crystal circuit

(2) Recommended ceramic resonators for the TMP91CW28, manufactured by Murata
Manufacturing Co., Ltd.

Oscillation Parameter of Elements Running Condition
MCU Frequency Recommended Volt f
oltage o o
Resonator Tc[°C
(MHZ] C1 [pF]| C2 [pF]| R[] | RA[9] | power [v] [°C]
40 CSTCR4MO00G55-R0 (39) (39)
) CSTLS4MO00G56-BO (47) (47) 1.8102.6
CSTCE8M00G55-R0 (33) (33)
TMP91CW28 8.0 Open 0 -20to +70
CSTLS8M00G56-B0 47) a7 1.9102.6
CSTCE10M0G52-R0 (10) (10)
10.0 1.8102.6
CSTLS10M0G53-BO (15) (15)

e The C1 and C2 constants are enclosed in parentheses for resonator models having
built-in capacitors.

e The product numbers and specifications of the resonators by Murata Manufacturing
Co., Ltd. are subject to change.
For up-to-date information, please refer to the following URL:
http://www.murata.co.jp/search/index.html
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5.

Special Function Register Summary

The special function registers (SFRs) configure and access the I/O ports, and control on-chip
functions. These registers occupy 4-Kbyte addresses from 000000H through 000FFFH.

»
(2
3
4)
(6Y)
(6)
(7
®
9

1/0 ports

I/0 port control

Interrupt control

Chip select/wait controller

Clock control

8-bit timer control

16-bit timer control

UART serial channel

I2C bus serial bus interface

(10) AD converter control

(11) Watchdog timer

(12) Key wakeup

(13) BCD adder/subtractor

(14) Program patch logic

Table Organization

Mnemonic Register Address 7 6 // 110
\\ . Bit symbol
\\ . Read/Write
H —— Reset Value
// —> Function
* In the following tables, “RMW prohibited” indicates that the register does not support the use
of a read-modify-write instruction.
Example: When setting only bit0 in the PXCR register to 1, the “SET 0, (PXCR)” instruction is
usually used. That is not, however, allowed because RMW is prohibited for the
POCR. Instead, the LD (Transfer) instruction must be used to write to 8 bits.
Access
R/W: Read/write. The user can read and write the register bit.
R: Read only.
W Write only.
W*: The user can read and write the register bit, but a read always returns a

value of 1.

RMW prohibited: The user cannot perform a read-modify-write instruction (EX, ADD, ADC,

*R/W:

BUS, SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET,
RLC, RRC, RL, RR, SLA, SRA, SLL, SRL, RLD, and RRD).

The user cannot use a read-modify-write instruction to control the pull-up
resistor for the port.
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Table 5.1 SFR Address Map (1)
[1] PORT
Address Mnemonic Address Mnemonic Address Mnemonic
0000H | PO 0010H 0020H | PACR
1H|P1 1H 1H | PAFC
2H| POCR 2H | P6 2H
3H 3H|P7 3H
4H | P1CR 4H | P6CR 4H
5H|P1FC 5H| P6FC 5H
6H | P2 6H|P7CR 6H
TH|P3 7H|P7FC 7H
8H | P2CR 8H | P8 8H
9H | P2FC 9H | P9 9H
AH|P3CR AH|P8CR AH
BH | P3FC BH | P8FC BH
CH| P4 CH|P9CR CH
DH | P5 DH | P9FC DH
EH|P4CR EH|PA EH|PUP
FH | PAFC FH FH | ODE
[2] INTC
Address Mnemonic Address Mnemonic Address Mnemonic
0080H | DMAOV 0090H | INTEOAD 00AOH | INTETCO1
1H | DMA1V 1H|INTE12 1H|INTETC23
2H | DMA2V 2H|INTE34 2H
3H | DMA3V 3H | INTE56 3H
4H 4H | INTE78 4H
5H 5H|INTETAO1 5H
6H 6H | INTETA23 6H
7H 7H 7H
8H|INTCLR 8H 8H
9H | DMAR 9H | INTETBO 9H
AH | DMAB AH | INTETB1 AH
BH BH | INTETBO1V BH
CH|IlIMC CH|INTEBCD CH
DH DH|INTES1 DH
EH EH|INTES2 EH
FH FH FH
[3] CS/WAIT
Address Mnemonic
00COH | BOCS
1H|B1CS
2H|B2CS
3H|B3CS
4H
5H
6H
7H| BEXCS
8H | MSARO
9H | MAMRO
AH| MSAR1
BH | MAMR1
CH | MSAR2
DH | MAMR2
EH | MSAR3
FH | MAMR3
Note: Only the addresses with mnemonics shown in the tables can be accessed.
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Note: Only the addresses with mnemonics shown in the tables can be accessed.

Table 5.2 SFR Address Map (2)

[4] CGEAR, DFM

Address

Mnemonic

00EOH
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SYSCRO
SYSCR1
SYSCR2
EMCCRO
EMCCR1

[5] TMRA

Address

Mnemonic

0100H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TAO1RUN

TAOREG
TALIREG
TA01MOD
TA1FFCR

TA23RUN

TA2REG
TA3REG
TA23MOD
TA3FFCR

[6] TMRB

Address

Mnemonic

0180H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TBORUN

TBOMOD
TBOFFCR

TBORGOL
TBORGOH
TBORGI1L
TBORG1H
TBOCPOL
TBOCPOH
TBOCP1L
TBOCP1H

Address

Mnemonic

0190H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

TB1RUN

TB1MOD
TB1FFCR

TB1RGOL
TB1RGOH
TB1RGIL
TB1RG1H
TB1CPOL
TB1CPOH
TB1CP1L
TB1CP1H
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Table 5.3 SFR Address Map (3)
[7] UART/SIO [8] I°C bus/SIO
Address Mnemonic Address Mnemonic
0200H 0240H | SBIOCR1
1H 1H | SBIODBR
2H 2H | 12C0AR
3H 3H | SBIOCR2/SBIOSR
4H 4H | SBIOBRO
5H 5H | SBIOBR1
6H 6H
7H 7H
8H | SC1BUF 8H | SBI1CR1
9H | SCICR 9H | SBI1DBR
AH | SC1IMODO AH [ 12C1AR
BH | BRICR BH | SBILCR2/SBI1SR
CH | BR1ADD CH | sBI1BRO
DH | SCiMOD1 DH | SBI1BR1
EH EH
FH FH
[9] 10-bit ADC
Address Mnemonic Address Mnemonic
02A0H | ADREGO4L 02BOH | ADMODO
1H | ADREGO4H 1H | ADMOD1
2H | ADREG15L 2H
3H [ ADREG15H 3H
4H | ADREG26L 4H
5H | ADREG26H 5H
6H [ ADREG37L 6H
7H | ADREG37H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
[10] WDT
Address Mnemonic
0300H | WDMOD
1H | WDCR
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH
Note: Only the addresses with mnemonics shown in the tables can be accessed.
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Table 5.4 SFR Address Map (4)
[11] Key wakeup [12] BCD adder/subtractor
Address Mnemonic Address Mnemonic
03A0H | KWIEN 03BOH | BCDMINA
1H | KWICR 1H | BCDSECA
2H 2H | BCDFRAA
3H 3H
4H 4H | BCDMINB
5H 5H | BCDSECB
6H 6H | BCDFRAB
7H 7H
8H 8H | BCDMINR
9H 9H | BCDSECR
AH AH | BCDFRAR
BH BH
CH CH | BCDCR
DH DH
EH EH
FH FH
[13] Program patch logic
Address Mnemonic Address Mnemonic Address Mnemonic
0400H | ROMCMPOO 0410H | ROMCMP20 0420H | ROMCMP40
1H | ROMCMPO1 1H | ROMCMP21 1H | ROMCMP41
2H | ROMCMPO02 2H | ROMCMP22 2H | ROMCMP42
3H 3H 3H
4H | ROMSUBOL 4H | ROMSUB2L 4H | ROMSUBA4L
5H | ROMSUBOH 5H | ROMSUB2H 5H | ROMSUB4H
6H 6H 6H
7H 7H 7H
8H | ROMCMP10 8H | ROMCMP30 8H | ROMCMP50
9H | ROMCMP11 9H | ROMCMP31 9H | ROMCMP51
AH | ROMCMP12 AH | ROMCMP32 AH | ROMCMP52
BH BH BH
CH | ROMSUBILL CH | ROMSUB3L CH | ROMSUBS5L
DH | ROMSUB1H DH | ROMSUB3H DH | ROMSUB5H
EH EH EH
FH FH FH
Note: Only the addresses with mnemonics shown in the tables can be accessed.
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TOSHIBA TMP91CW28
(1) Input/output ports
Mnemonic | Name [Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO Port 0 00H R/W
Data from external port (Output latch register is undefined)
piz | pPi6 | pPis | Pua | P13 [ P12 | P P10
P1 Port 1 01H R/W
Data from external port (Output latch register is cleared to 0)
P27 | P26 | pP2s | pPa [ P23 [ P22 | P21 P20
P2 Port 2 06H R/W
Data from external port (Output latch register is set to 1)
P37 | P36 | P35 | pPaa [ P33 [ P32 | P31 P30
*RIW
P3 Port 3 07H Data from external port (Output latch register is set to 1) 1 1
0 (Output latch register) : Pull-up resistor disabled
1 (Output latch register) : Pull-up resistor enabled
P43 | P42 P4l | P40
*RIW
P4 Port 4 OCH Data from external port
(Output latch register is set to 1)
0 (Output latch register): Pull-up resistor disabled
1 (Output latch register): Pull-up resistor enabled
P57 P56 P55 P54 ps3 | P52 | pPsi | Pso
P5 Port 5 ODH R
Data from external port
P66 P65 pea | Pe3 | Pe2 | pPe1 | Peo
R/W
Data from external port (Output latch register is set to 1)
P6 Port 6 12H 0(Output latch register) :
Pull-up resistor disabled
- 1(Output latch register): -
Pull-up resistor enabled
p7s | P74 | P73 P72 P71 P70
R/W
P7 Port 7 13H Data from external port (Output latch register is set to 1)
0 (Output latch register) : Pull-up resistor disabled
1 (Output latch register) : Pull-up resistor enabled
P87 P86 Pes | P84 | P83 | pPs2 | P8l | P80
R/W
P8 Port 8 18H Data from external port (Output latch register is set to 1)
0 (Output latch register) : Pull-up resistor disabled
1 (Output latch register) : Pull-up resistor enabled
Po6 | Pos | pPoa | pPe3 | P2 [ Po1 | P90
R/W
Data from external port (output latch register is set to 1)
P9 Port 9 19H 0(Output latch register)
B : Pull-up resistor disabled B
1(Output latch register)
. Pull-up resistor enabled
PA7 PA6 | PAs | PA4 | PA3 PA2 | PAl PAO
R/W
PA Port A 1EH Data from external port (Output latch register is set to 1)
0 (Output latch register) : Pull-up resistor disabled
1 (Output latch register) : Pull-up resistor enabled
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TOSHIBA TMP91CW28
(2) Input/output port control (1/2)
Mnemonic [ Name | Address 7 6 5 4 3 2 1 0
oo PO7C PO6C PO5C PO4C PO3C P02C PO1C POOC
POCR | ool | (RMW T
prohibited)|__© | o [ o | o | o | o | o | o
0: Input 1: Output
. pizc | piec | pisc | piac | pisc | proc | puc | pioc
4H
Port 1 w
PICR control (RMW
prohibited)|—_° | o [ o | o | o | o | o | o
0: Input 1: Output
. piZF | pPi6F | PisF | piar | P13k | pPi2F | PutF | PioF
5H
PLFC fuPnocrtti(:)Ln (RMW T
prohibited)|__© | o [ o | o | o | o | o | o
P1FC/P1CR = 00: Input port, 01: Output port, 10: AD15 to AD8, 11: A15 to A8
p27c | pP26c | P2sc | pP2ac | P23c | pP22c | P2ic | P2oC
08H
Port 2 w
P2CR control (RMW
prohibited)|__9 | o [ o | o [ o | o [ o | o
0: Input 1: Output
o P27k | pP26F | pP2sF | paar | pP2sF | p2or | P2t | pooF
H
Port 2 w
PaFC function (RMW
prohibited)|—_° | o [ o | o | o | o | o | o
P2FC/P2CR = 00: Input port, 01: Output port, 10: A7 to AO, 11: A23 to A16
I | pssc | P3sc | paac | P3sc | pa2c
P3CR ;c;]rttrgl (RMW bl
prohibited)|___© | o [ o [ o | o | o
0: Input 1: Output
- | p3F | P3sF | P3sF P32F P31F P30F
0BH W w
p3rc | TO3 | pvw 0 0 0 0 0 0 0
function prohibited)| Must be | 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
writtenas | 1: R/ W 1:BUSAK | 1:BUSRQ 1: HWR 1. WR 1: RD
ey
P43C P42C P41C P40C
Port 4 OEH W
PACR trol (RMW
control | rohibited) o [ o | o [ o
0: Input 1: Output
Pa3F | PaoF | pParF | PaoF
W
Port 4 OFH
Parc function (RMW 0 0 0 0
prohibited) 0: Port 0: Port 0: Port 0: Port
1: Cs3 1. Cs2 1. cs1 1: CSO
s P66C P65C P64C P63C P62C P61C P60C
w
PECR | comol | (RMW
prohibited) 0 0 0 0 0 0 0
0: Input 1: Output
P64F P63F P62F P61F P6OF
15H w
PBEC Port 6 (RMW 0 0 0 0 0
function | ' - ... 0:P 0P 0:P 0:P 0P
prohibited) . Port : Port . Port . Port : Port
1: SCOUT |1: INTO  |1:SCLO |1:3DA0/ | 1:SCKO
500

Note: Writing 0 to the P3.P30 bit and 1 to the P3FC.P30F bit causes the P30 to be driven low also when
on-chip address space is accessed.

91CW28-255

2006-03-24



TOSHIBA TMP91CW28
Input/output port control (2/2)
Mnemonic | Name Address 7 6 5 4 3 2 1 0
P75C P74C P73C P72C P71C P70C
Port 7 16H W
P7CR cocr)1rtro| (RMW
prohibited) 0 0 0 o | o 0
0: Input 1: Output
P72F | PTIF
17H
Port 7 W
PTFC function (R_M_W 0 0
prohibited) 0: Port 0: Port
1: TASOUT |1: TA1IOUT
P87C P86C P85C P84C P83C P82C P81C P80C
1AH
PSCR Port 8 (RMW W
control
prohibited) |2 | o | o | o | o | o | o | 0
0: Input 1: Output
pe7Fk | PeeF | PssF | pPsar | pPs3F | Ps2F | pPsiF | PsoF
Port 8 184 0 0 T 0 0
P8FC | Ort. (RMW 0 0 . .
unction prohibited) [0: Port | 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: TB1OUT | 1: TB1OUT |[1:INT8/ 1. INT7/ 1: TBOOUT1|1: TBOOUTO|1: INT6/ 1: INT5/
TB1IN1 | TB1INO TBOIN1 | TBOINO
P96C P95C P94C P93C P92C P91C P90C
1CH
PICR Port 9 (RMW W
control
prohibited) 0 0 0 o | o | o [ o
0: Input 1: Output
P95F P93F | P92F | PolF | P9oF
Port 9 1DH o T 0
POFC | ort (RMW 9 0 0 :
unction prohibited) 0: Port 0: Port 0: Port 0: Port 0: Port
1: SCLK 1: TXD 1:SCL1  |1:SDA1/ |1:SCK1
SO1
20H PA7C PAG6C PA5C PA4C PA3C PA2C PA1C PAOC
Port A W
PACR (RMW
control
prohibited) |—© 0 0 0 o [ o | o | o
0: Input 1: Output
o1 PASF | Pa2F | PAlF | PAOF
Port A W
PAFC | function (RMW 0 | 0 | 0 | 0
prohibited) -
INT1 to INT4 input enable
PUP92 PUP9L | PuP62 | PUP61
Pull-up RIW
PUP enable 2EH 1 1 1 1
0: Disable |0: Disable |0: Disable |0: Disable
1: Enable |1: Enable |1: Enable |1:Enable
i ODE92 ODE91 | ODE62 ODE61 ODE93
Serial RIW
ODE |open-drain 2FH
enable 0 0 0 0 0
1: P920DE | 1: P910DE | 1: P620DE | 1: P610ODE | 1: P930DE
Note 1: External interrupt INTO
The P6FC.P63F bit enables input. The IIMC.IOLE and IIMC.IOEDGE bits control the interrupt
sensitivity (High level, low level, rising edge or falling edge).
Note 2: External interrupts INT1 to INT4
The PAFC.PA3F to PAFC.PAOF bits enable input. The IIMC.I4EDGE to IIMC.I1IEDGE bits control
the edge polarity (Rising or falling).
Note 3: External interrupts INT5 to INT8

The P85F, P84F, P81F, and P80F bits of the P8FC enable input. The TBOMOD and TB1MOD
registers (TMRB registers) control the edge polarity.
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TOSHIBA TMP91CW28
(3) Interrupt control (1/3)
Mnemonic| Name | Address 7 6 | 5 | 4 3 2 | 1 | o
INTAD INTO
INTO & IADC iaDM2 | 1aDM1 | 1aDMO 10C ioM2 | iom1 [ 1omo
INTEOAD | INTAD 90H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTAD Interrupt priority level 1: INTO Interrupt priority level
INT2 INTL
INT1 & 12C i2M2 | 12mM1 | 12Mo 11C M2 | M1 | 1Mo
INTEL2 | INT2 91H R RIW R RIW
enable 0 o | o [ o 0 o | o | o
1:INT2 Interrupt priority level 1:INT1 Interrupt priority level
INT4 INT3
INT3 & 14C lam2 | am1 [ 1amo 13C i3v2 | 1sm1 | 13m0
INTE34 | INT4 92H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1:INT4 Interrupt priority level 1:INT3 Interrupt priority level
INT6 INTS
INT5 & 16C leM2 | 1M1 | 16Mo I5C isM2 | 1sM1 | Is5Mm0
INTES6 | INT6 93H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1:INT6 Interrupt priority level 1 INTS Interrupt priority level
INT8 INT7
INT7 & 18C igM2 | 18m1 [ ismo 17C vz | mi [ i7mo
INTE78 | INTS 94H R RIW R RIW
enable 0 o | o | o 0 o | o | o
1: INT8 Interrupt priority level 1:INT7 Interrupt priority level
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO & iTaiCc | 1Tawm2 | iTaimM1 | iTaimo | iTAaoc | iTAom2 | iTAom1 | iTAomo
INTETAOL | INTTAL 95H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1. INTTAL Interrupt priority level 1: INTTAO Interrupt priority level
INTTA3 (TMRA5) INTTA2 (TMRA4)
INTTA2 & imasc | masm2 | masm1 | itasmo | maec | mazmz | imazmr | maemo
INTETA23 | INTTA3 96H R RIW R RIW
enable 0 o | o | o 0 o | o | o
1: INTTA3 Interrupt priority level 1: INTTA2 Interrupt priority level
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Interrupt control (2/3)

Mnemonic | Name | Address 7 | e | 5 | 4 3 2 | 1 | o
INTTBO1 (TMRBO) INTTBOO (TMRBO)
e ITB01C | ITBO1M2 [ ITBOIM1 [1TBO1MO | TBOOC [ ITBOOM2 [ ITBOOMI | ITBOOMO
INTETBO INTTBO1 99H R | R/W | R | R/W |
enable 0 0 0 0 0 0 0 0
1. INTTBO1 Interrupt priority level 1: INTTBOO Interrupt priority level
INTTB11 (TMRB1) INTTB10 (TMRB1)
g:‘TTBlO ITB11C | ITB11M2 | ITB11IM1 | ITB1IMO | ITB10C |ITB10M2 | ITB1OM1 | ITB1OMO
INTETBL | \\rrgyy | 9AH R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1:INTTB11 Interrupt priority level 1:INTTB10 Interrupt priority level
INTTBOFO INTTBOF1 (TMRB1 overflow) INTTBOFO (TMRBO overflow)
& ITFic | 1ITFam2 | iTFam1 [ ITFImo ITFOC ITFoM2 | ITFomM1 | ITFOoMO
INTETBO1V|INTTBOF1 [ 9BH R RIW R RIW
enable
0 o | o | o 0 o | o | o
(Overflow) 1: INTTBOF1 Interrupt priority level L: INTTBOFQ Interrupt priority level
INTBCD
IBCDC | iscom2 | iBcomi | 1BCbMmo
INTEBCD L’:‘;EED 9CH R R/W
0 o | o | o
1: INTBCD Interrupt priority level
INTTX INTRX
INTTRX ITX1C [ 1ITxam2 [ imxam1 | 1ITxamo IRX1C [ IRXIM2 | IRXIM1 [ IRXIMO
INTES1 |&INTTX | 9DH R RIW R RIW
enable 0 o | o | o 0 o | o | o
1: INTTXO Interrupt priority level 1: INTRXO Interrupt priority level
INTSBIL INTSBIO
('g':‘TSB'O IS1C ISIM2 | ISIM1 | ISIMO ISOC ISOM2 | ISOM1 | ISOMO
INTES2 | |\ rsBi1 9EH R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTSBI1 Interrupt priority level 1: INTSBIO Interrupt priority level
INTTC1 INTTCO
INTTCO&
iTcic | imcam2 | ircami [ ircamo | itcoc [ itcom2 | iTcom1 [ 1ITcomo
INTETCO1 | INTTC1 AOH | R | | S |
enable R R
0 o [ o [ o 0 o | o [ o
NTTC28, INTTC3 INTTC2
ITcac [ 1ircam2 [ iTeame [ ireamo | imcec [ imcam2 [ ircami | Ime2mo
INTETC23 | INTTC3 ALH l T l | oW |
enable R R
0 o | o | o 0 o | o | o
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Interrupt control (3/3)

Mnemonic | Name Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMA 0 RIW
DMAOV request 80H
vector o | o | o | o | o | o
DMAO startup vector
DMA1V5 | DMA1v4 | DMA1V3 | DMA1V2 | DMA1VL | DMA1VO
DMA 1
R/IW
DMA1V request 81H
vector o | o | o | o | o | o
DMAL startup vector
DMA2V5 | DMA2v4 | DMA2V3 | DMA2v2 | DMA2VL | DMA2VO
DMA 2
R/IW
DMA2V request 82H
vector o | o | o | o | o | o
DMAZ2 startup vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3VL | DMA3VO
DMA 3
R/W
DMA3V | request 83H
vector o | o | o | o | o | o
DMAS startup vector
88H CLRvs | CLRv4 | clRva | clrv2 | cLRvi | cLRvo
Interrupt W
INTCLR | clear
control (R_MW 0 | 0 | 0 | 0 | 0 | 0
prohibited) Write the DMA startup vector to clear an interrupt.
DMA DMAR3 DMAR2 DMAR1 DMARO
DMAR software 89H R/W R/W R/W R/IW
request 0 0 0 0
register 1: DMA soft request
DMA DMAB3 DMAB2 DMAB1 DMABO
DMAB burst SAH R/W R/W R/W R/IW
reqpest 0 0 0 0
register 1: DMA burst request
- 14EDGE ISEDGE I2EDGE I1IEDGE I0EDGE IOLE NMIREE
W w w w w w ' W
0 0 0 0 0 0 0 0
Interrupt 8CH
input Must be INT4 edge | INT3 edge | INT2 edge | INT1 edge | INTO edge | INTO 1: Also
mc mode (RMW \fvr"itten as | polarity polarity | polarity | polarity polarity sensitivity | triggered
control  [prohibited) 0. 0: Rising | 0:Rising | 0:Rising | 0:Rising | 0:Rising | 0: Edge- by NMI
1: Falling |1 Falling |1:Falling | L:Falling | 1: Falling triggered 2353
1: Level-
sensitive
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(4) Chip select/wait controller (1/2)
Mnemonic | Name Address 7 6 5 4 3 2 1 0
BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
COH w \W w w w W w
Block 0
o 0 0 0 0 0 0 0
BOCS CS/WAIT
control (RMw |O: Disable 00: ROM/SRAM Data bus | 000: 2 wait states 1xx: Reserved
register  |prohibited)|1: Enable 01: Reserved width 001: 1 wait state
10: Reserved 0: 16 bits | 010: (1 + N) wait states
11: Reserved 1:8 bits | 011: 0 wait states
B1E B1OM1 B1OMO B1BUS B1W2 B1W1 B1WO
w W w w w w w
Block 1 cin 0 0 0 0 0 0 0
B1CS CS/WAIT
control (RMw |O: Disable 00: ROM/SRAM Data bus | 000: 2 wait states 1xx: Reserved
register  |prohibited)|1: Enable 01: Reserved width 001: 1 wait state
10: Reserved 0:16 bits | 010: (1 + N) wait states
11: Reserved 1:8bits | 011: 0 wait states
B2E B2M B20M1 B20OMO B2BUS B2wW2 B2w1 B2wWO
w w W w w w w w
CB:';)K;EIT c2H 1 0 0 0 0 0 0 0
B2CS | control (RMW 0: Disable |O: gh&ls 00: ROM/SRAM Dg(;ta;]bus 000: 2 wait states 1xx: Reserved
register  |prohibited)|1: Enable o s-pacf 01: Reserved W.' t b 001: 1 wait state
. 10: Reserved 0:-16 ) its 010: (1 + N) wait states
1:Cs _ 1: 8 bits _ .
space 11: Reserved 011: O wait states
B3E B30OM1 B30OMO B3BUS B3w2 B3w1 B3WO0
w W w w w W w
Block 3 esH 0 0 0 0 0 0 0
B3CS CS/WAIT
control (RMW 0: Disable 00: ROM/SRAM Data bus | 000: 2 wait states 1xx: Reserved
register  |prohibited)|1: Enable 01: Reserved width ‘ 001: 1 wait state
10: Reserved 0:16 bits [ 010: (1 + N) wait states
11: Reserved 1:8bits | 011: 0 wait states
BEXBUS | BEXW2 BEXW1 BEXWO0
C7H w w w w
External
0 0 0 0
BEXCS CS/WAIT
control (RMW Data bus | 000: 2 wait states 1xx: Reserved
register | prohibited) width 001: 1 wait state
0: 16 bits | 010: (1 + N) wait states
1: 8 hits 011: 0 wait states
Memory s23 S22 s21 S20 s19 sis | si7 | sie
R/W
MsARo | et C8H !
address 1 1 | 1 | 1 1 1 | | 1
register 0
Set A23 to A16 of the start address
Memory V20 vio | wvis | w17 V16 vis  |vidove| s
MAMRO addfss COH RIW
mas 1 1 1 | 1 | 1 | 1 | 1 | 1
register 0 - -
CSO0 space size 0: Bit to be compared
Memory s23 S22 s21 | so | s | sis | si7 | sie
R/W
MSAR1 Stdac;t CAH
adaress 1 1 1 | o1 | o1 | 1 | 1 |1
register 1
Set A23 to A16 of the start address
Memory V21 V20 vio | wvis | wviz | wvie [viswove| s
R/W
MAMR1 addfss CBH
mas 1 1 1 | 1 | 1 | 1 | 1 |
register 1
CS1 space size 0: Bit to be compared
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Chip select/wait controller (2/2)
Mnemonic Name Address 7 6 5 4 3 2 1 0
Memory s23 S22 s21 S20 S19 s18 s17 S16
R/W
MsAR2 | CCH
address 1 1 | o1 | 1 | 1 1 1 | 1
register 2 Set A23 to Al6 of the start address
Memory V22 V21 | V20 | V19 | V18 V17 V16 | V15
R/W
MAMRz | 3ddress | oy
mask 1 1 | o1 ] 1 | 1 1 1 | 1
register 2 CS2 space size 0: Bit to be compared
Memory s23 s22 | su | s | si9 s18 si7_ | si6
R/W
MSARs | Start CEH
address 1 1 | 1 | 1 | 1 1 1 | 1
register 3 Set A23 to A16 of the start address
Memory V22 vai | vao | vie | wvis V17 vie | wvis
R/W
MAMR3 | 3ddress | opy
mask 1 1 | o1 ] 1 | 1 1 1 | 1
register 3 CS3 space size 0: Bit to be compared
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(5) Clock control

Mnemonic Name Address 7 6 5 4 3 2 1 0
- - - - - - PRCK1 PRCKO
W R/W
System 1 0 1 0 0 0 0 0
SYSCRO clock EOH Must be Must be Must be Must be Must be Ml_JSt be | Prescaler clock select
coqtr:)l 0 written written written written written wiitten as | 6. 0
register win aryn win aryn gy “Q”, )
as “1”. as “0". as “1". as “0". as “0". 01: Reserved
10: fc/16
11: Reserved
- GEAR2 GEAR1 | GEARO
w R/W
0 1 o | o
Slystkem Must be High-speed clock gear select
SYSCR1 zg:tml E1H written as | 000: High-speed clock
register 1 0". 001: H!gh-speed clock/2
010: High-speed clock/4
011: High-speed clock/8
100: High-speed clock/16
Others: Reserved
SCOSEL | WUPTM1 | wuPTMO | HALTM1 | HALTMO DRVE
R/W R/W R/IW R/W R/W R/W
0 1 0 1 1 0
System SCOUT | Oscillator warm-up 00: Reserved 1: Pins are
clock A time 01: STOP mode driven
SYSCR2 E2H , in
control 0: Low 00: Reserved 10: IDLE1 mode
register 2 level 01: 2%input frequency | 11: IDLE2 mode :123:
1: fepy 10: 2"/input
frequency
11: 2"%/input
frequency
PROTECT - - - ALEEN EXTIN - -
R R/W R/W R/W R/W R/W R/IW R/W
EMC 0 0 1 0 0 0 1 1
EMCCRO con_trol E3H Protection | Must be Must be Must be 1: ALE 1: External | Must be Must be
register O . . . . .
flag written as | written as | written as output clock written as | written as
0: Disabled| ‘0" ‘1" ‘0. enabled used as |“1". “1".
1: Enabled fc
EMC On writes: 1FH: Protection disabled
EMCCRL1 | control E4H Other than
register 1 1FH: Protection enabled

Note: Enabling protection using the EMCCRL1 register prevents writes to the following SFRs:

1. Chip select/wait controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS,
MAMRO, MAMR1, MAMR2, MAMR3

2. Clock gear (Only the EMCCRZ1 can be written.)
SYSCRO, SYSCR1, SYSCR2, EMCCRO
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(6) 8-bit timer control
(6-1) TMRAO1

Mnemonic| Name Address 7 6 5 4 3 2 1 0
TAORDE 12TAO01 |TAO1PRUN| TA1RUN [ TAORUN
R/W R/W R/W R/W R/W
8-bit timer 0 0 0 0 0
TAOIRUN [RUN 100H Double IDLE2 8-bit timer run/stop control
register buffering 0: OFF 0: Stop and clear
0: Disable 1: ON 1: Run (count up)
1: Enable
8-bit timer 102H —
TAOREG register 0 (R.M.W W
prohibited) Undefined
8-bit timer 103H —
TAIREG register 1 (R.M.W W
prohibited) Undefined
TAO1IM1 | TAO01MO | PWMO1 | PWMO0O | TAL1CLK1 |TA1CLKO TAOCLK1 |TAOCLKO
R/W
8-bit timer 0 | 0 0 | 0 0 | 0 0 | 0
source - d iod lock lock
TAOLMOD |clock & 104H Operating mode PWM perio TMRAL source clock [TMRAO source cloc
mode 00: 8-bit interval timer | 00: Reserved 00: TAOTRG 00: TAOIN input
register 01:16-bit interval timer | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 28 11: ¢T256 11: ¢T16
TA1FFC1 |TA1FFCO TALFFIE |TA1FFIS
R/W R/W
gbit timer| 105H 1 | 1 0 0
TALIFECR zfr;?r‘;ﬁ’ 00: Toggles TALFF  |1: TAIFF | TA1FF
ist (RMW 01: Sets TAIFFto1 | toggle |toggle
register prohibited) trigger
10: Clears TAIFF to 0| enable
11: Don'’t care 0: TMRAO
1: TMRAl
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(6-2) TMRA23

Mnemonic| Name Address 7 6 5 4 3 2 1 0
TA2RDE 12TA23 [TA23PRUN| TA3RUN | TA2RUN
R/W R/W R/W R/W R/W
8-bit timer 0 0 0 0 0
TAZ3RUN| RUN 108H | pouble IDLE2 8-bit timer run/stop control
register buffering 0: OFF 0: Stop and clear
0: Disable 1: ON 1:Run
1: Enable
8-bit ti 10AH —
TAZREG | Ciictor 0 | (RMW w
prohibited) Undefined
8-bit ti 10BH —
TA3REG rég:st?fr (RMW w
prohibited) Undefined
TA23M1 | TA23M0 | PwM21 | Pwm20 [TA3CLK1 |TA3CLKO [TA2CLK1 |TA2CLKO
R/W
8-bit timer 0 | 0 0 | 0 0 | 0 0 | 0
source ) .

TA23MOD| clock & 10cH |Operating mode PWM period TMRAS3 source clock [TMRA2 source clock
mode 00: 8-bit interval timer | 00: Reserved 00: TA2TRG 00: Reserved
register 01: 16-bit interval timer | 01: 2° 01: ¢T1 01: ¢T1

10: 8-bit PPG 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM 11: 28 11: ¢T256 11: ¢T16
TA3FFC1 |TA3FFCO TA3FFIE | TA3FFIS
R/W R/W
8-bit timer |  10DH 1 | 1 0 0
TA3FECR f"P‘I'OT 00: Toggles TASFF | 1: TA3FF | TA3FF
contro
: (RMwW 01: Sets TA3FFto1 | toggle |toggle
register prohibited) trigger
10: Clears TA3FFto 0 |  enable
11: Don't care 0: TMRA2
1: TMRA3
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(7) 16-bit timer control (1/2)
(7-1) TMRBO
Mnemonic| Name Address 7 6 5 4 3 2 1 0
TBORDE - 12TBO TBOPRUN TBORUN
R/W R/W R/W R/W R/W
tl_G'b't 0 0 0 0 0
imer
TBORUN | &N 180H Double | Must be IDLE2 16-bit timer run/stop control
register buffering | written as 0: OFF | 0: Stop and clear
0: Disable | 0" 1: ON 1: Run
1: Enable
TBOCT1| TBOET1 | TBOCPOI | TBOCPM1| TBOCPMO| TBOCLE TBOCLK1| TBOCLKO
R/W W* R/W
0 0 1 o | o 0 o | o
l_G'b't TBOFF1 toggle 0: Soft Capture triggers UCO clear [ TMRBO input clock
timer 182H | trigger capture | (TBOINO, TBOIN1) control
TBOMOD slour:?& (RMwW | O: Trigger disabled 1: Undefined| 0o pisabled 1: Enable | 00: TBOINO input
cloc )
mode prohibited) | 1: Trigger enabled o1, 1 01: ¢T1
register :;thgﬁgs rL\qu;i):ha 10: T, i 10: ¢T4
11: 1, 1 (TALOUT 11: ¢T16
ilrJ1§)O value | with timer ( ) ¢
capture register 1
register 1
TBOFF1C1| TBOFF1CO[ TBOC1T1| TBOCOT1 | TBOEL1T1| TBOEOT1 TBOFFOC1| TBOFFOCO|
W* R/W W*
16-bit 1 1 0 o | o 0 o | o
timer 183H TBOFF1 control TBOFFO toggle trigger TBOFFO control
TBOFFCR| flip-flop (RMW | 00: Invert 0: Trigger disabled 00: Invert
control prohibited) [ 01: Set 1: Trigger enabled 01: Set
register 10: Clear When the up [ When the up | When the up | When the up | 10: Clear
i s counter value | counter value | counter value | counter value . s
11: Don't care is latched into | is latched into | reaches the [ reaches the | 11: DON't care
* Always read “11”. | TBOCP1 TBOCPO TBORG1 TBORGO * Always read “11".
value value
tl_G'bit 188H -
imer
TBORGOL register 0 (R_M_W w
low prohibited) Undefined
imer | 1M .
i
TBORGOH register 0 (RM_W hd
high prohibited) Undefined
imer | 1oAY -
i
TBORGI1L register 1 (RM_W il
low prohibited) Undefined
imer
TBORGIH register 1 (R_M_W W
high prohibited) Undefined
Capture -
TBOCPOL | register 0 18CH R
low Undefined
Capture _
TBOCPOH | register O 18DH R
high Undefined
Capture —
TBOCPLL | register 1 18EH R
low Undefined
Capture —
TBOCP1H| register 1 18FH R
high Undefined
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16-bit timer control (2/2)
(7-2) TMRB1
Mnemonic| Name Address 7 6 5 4 3 2 1 0
TB1RDE - 12TB1 TB1PRUN TB1RUN
) R/W R/W R/W R/W R/W
gi.r?;:rlt 0 0 0 0 0
TBIRUN RUN 190H Double Must be IDLE2 16-bit timer run/stop control
register buffering | written as 0: OFF 0: Stop and clear
0: Disable | “0™. 1: ON 1: Run
1: Enable
TB1CT1 | TB1ET1 | TB1CPOI | TBICPM1| TB1CPMO| TB1CLE | TB1CLK1 | TB1CLKO
R/W W* R/W
16-bit 0 0 1 o | o 0 o | o
timer 192H TB1FF1 toggle trogger [0: Soft Capture triggers UCO clear | TMRBL1 input clock
TB1MOD | SPurce (RMw | 0: Trigger disabled L Lcjaztufre ] (TBOINO, TBOIN1) control 00: TB1INO input
clock & | prohibited) | L: Trigger enabled | """ 00: Disabied 1 Enable o1 g11
) When Upon a o1 10: ¢T4
register latch
atches match 10: 1,4 .
S 11: ¢T16
UCO value | yith timer .
into capture ister 1 11: T, = (TA1OUT)
register 1 register
TB1FF1C1| TB1FF1CO[ TB1C1T1| TB1COT1 | TB1EAT1| TB1EOT1 TBlFFOCl| TB1FFOCOQ
W* R/W W*
Leni 1 1 0 o | o 0 o | o
- | .
timer 193H TB1FF1 control TB1FFO toggle trigger TB1FFO control
TB1FFCR| flip-flop (RMW 00: Invert 0: Trigger disabled 00: Invert
control prohibited) 01: Set 1: Trigger enabled 01: Set
register 10: Clear Whenthe up | Whentheup | Whentheup [whentheup |[10: Clear
11: Don't care counter value | counter value | counter value | counter value [11- Don'’t care
* Alwavs read “11” is latched into | is latched into | reaches the reaches the * Alwavs read “11”
4 : TB1CP1 TB1CPO TB1RG1 value| TBLRGO valuej Y '
1 1
imer | 198 -
i
TBIRGOL register 0 (RMW w
low prohibited) Undefined
imer
TBIRGOH register 0 (RMW W
high prohibited) Undefined
imer
TBIRGIL register 1 (RMW W
low prohibited) Undefined
tl_ﬁ'bit 19BH -
imer
TBIRGIH register 1 (R_Mw w
high prohibited) Undefined
Capture _
TB1CPOL | register O 19CH R
low Undefined
Capture —
TB1CPOH | register 0 19DH R
high Undefined
Capture -
TB1CP1L | register 1 19EH R
low Undefined
Capture -
TB1CP1H | register 1 19FH R
high Undefined
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(8) UART serial channel

Mnemonic| Name Address 7 6 5 4 3 2 1 0
Serial 208H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
SC1BUF (t;:?fzrr]el 1 (RMW R (Receive)/W (Transmit)
register prohibited) Undefined
RBS EVEN PE OERR | PERR | FERR | ScLks | 1oc
Serial R R/W R (Cleared to “0” when read) R/W
SCICR channtlal 1| ooy |Undefined| O 0 o | o | o 0 0
contro Bit8 ofa |Parity type [1: Parity Error has occurred 0: SCLKT [1: SCLK1
register received |0: Odd enable Overrun Parity Framing | 1: SCLK{ | input
character 1: Even
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Seria 0 0 0 0 0 0 o | o
eria
channel 1 Bit8 of a Hand Receive Wakeup Serial transfer mode Serial clock (for UART)
SC1MODO mode 20AH transmitted | shake control function 00: I/O interface mode | 00: TAOTRG
register character | control 1:Enables | 1: Enabled | 01: 7-bit UART mode | 01: Baud rate generator
L (E?Zbles receiver 10: 8-bit UART mode 10: Internal fgys clock
operation 11: 9-bit UART mode 11: Extern_al clock
(SCLK input)
- BRIADDE | BRICK1 | BR1CKO | BR1S3 | BR1S2 | BR1S1 | BR1SO

R/W
Baud rate 0 0 0 | 0 0 | 0 | 0 | 0
BRI1CR | control 20BH  [Mustbe  [N+(@6-Ky1s| 00: ¢TO Setting of the divided frequency “N”
register written as  [function 01: ¢T2 (Oto F)
“0". 1: Enabled 10: ¢T8
11: ¢T32
BR1K3 | BR1K2 | BRIKL | BRIKO
Serial RIW
channel 1
BRIADD K setting 20CH 0 | 0 | 0 | 0
register Sets frequency divisor “K”
(Divided by N + (16 — K)/16)
1251 FDPX1
R/W R/W
Serial 0 0
SC1MOD1 ﬁqh()adn;].el 1 20DH IDLE2 Synchronous
. 0: OFF 0: Half
register
1: ON duplex
1: Full
duplex
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(9) I2C bus serial bus interface (1/2)
(9-1) I°C/SIO Channel 0

Mnemonic| Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO
/SWRMON
240H
2 0 w R/W ' W R/IW
(rC bus 0 0 0 0 0 0 ol
mode) 1
(RMW Number of bits per transfer ACK clock Serial clock frequency (on writes)
prohibited)| 000:8, 001:1, 010:2 pulse 000:5, 001:6,  010:7
Serial bus 011:3, 100:4, 101:5 0: No ACK 011:8,  100:9, 101: 10
SBIOCR1 interface 110:6, 111:7 1:ACK 110: 11, 111: Reserved
control SIOS SIOINH SIoM1 SIOMO SCK2 SCK1 SCKO
register 1
240H w w w W W W w
(S0 0 0 0 0 0 0 0
mode) | Start Abort Transfer mode Serial clock frequency (on writes)
(RMw | ransfer | transfer 1 oo: g-bit transmit mode 000:4, 001:5 ~ 010:6
prohibited)| % StoP 0: Continue | 10: g-bit transmit/receive 011:7,  100: 8, 101: 9
1: Start 1: Abort mode 110: 10, 111: External clock (input from
11: 8-bit receive mode the SCK pin)
SBI 241H DB7 DB6 DB5 | DB4 DB3 DB2 DB1 DBO
SBIODBR buffer (RMW R (Receive)/W (Transmit)
register |prohibited) Undefined
SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
w w w W W W W w
rcbus | 24oH 0 0 0 0 0 0 0 0
12COAR address Address
register (RMW Recognition
prohibited) Slave address 0 : Recognize
1: Does not
recognize
MST TRX BB PIN AL/SBIM1 [AAS/SBIMO ADO/ LRB/
SWRST SWRSTO
R/W R/W R/W R/W R/W R/W R/W R/W
When Sir?tl?flabcf 0 0 0 1 0 0 0 0
real status 0: Slave 0: Receive us status rbitration ave ast
d B INTSBIO Arbitrati Sl GENERAL | L
SBIOSR reqister 243H 1: Master | 1: Transmit | monitor interrupt lost address CALL receive bit
9 (I°C bus 0: Free status detection | match detection monitor
mode) 1:Busy  |o:Asserted | monitor | detection | monitor 0:0
1: Notasserted | 1: Detect | monitor 1: Detect 1.1
(RMW : : 1: Detect
prohibited) Start/stop Serial bus interface Software reset generate
Serial b condition operating mode write “10” and “01”, then
When .er|af us generation selection an internal software
wite | Merace 0: Start 00: Port mode reset signal is
SBIOCR2 antrol condition 01: SIO mode generated.
register 2 1: Stop 10: I°C bus mode
condition 11: (Reserved)
SIOF/ SEF/ - -
SBIM1 SBIM2
R/W R/W W
When S_erlal bus 0 ' 0 0 0
read interface Transfer | Shift
SBIOSR status 243H status operation
register (SIO monitor status
mode) 0: Stopped monitor
1: Terminated 0: Stopped
in process 1: Terminated
(RMW in process
prohibited) Serial bus interface Always Always
Serial b operating mode write “0". write “0".
When _etrlaf us selection
interface .
write control 00: Port mode
SBIOCR2 | register 2 oL SZIO mode
9 10: I°C bus mode
11: (Reserved)
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Mnemonic| Name Address 7 6 5 4 0
— 12SBI0
Serial bus w RIW
SBIOBRO l|)nte(;face 244H 0 0
audrate | (RMW |Mustbe |IDLE2
register O prohibited)| written as | 9: OFF
0" 1:ON
P4EN -
W W
Serial bus 245H 0 0
interface
SBIOBRL |\ udrate | (RMW linternal | Must be
register 1 [Pronibited)) clock written as
0:OFF |"0"
1: ON
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I2C bus serial bus interface (2/2)
(9-2) I°C/SIO Channel 1

Mnemonic| Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK scK2 scK1 SCKO/
248H SWRMON
: w RIW w w RIW
(I°C bus
mode) 0 0 0 0 0 0 01
Number of bits per transfer ACK clock Serial clock frequency (on writes)
(RMW 000: 8, 001: 1, 010: 2 pulse 000: 5, 001: 6, 010: 7
_ prohibited) | 011:3  100:4,  101:5 0: No ACK 011:8, 100:9,  101:10
Serial bus .
- 110:6, 111:7 1. ACK 110: 11, 111: Reserved
SBICRL interface
control SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
register 1
248H W W W w W W w
(S0 0 0 0 0 0 0 0
mode) | start Abort Transfer mode Serial clock frequency (on writes)
transfer | transfer | go: 8-bit transmit mode 000:4, 001:5,  010:6
rém\gd) O:Stop |0: 10: 8-bit 011:7, 100:8,  101:9
P 1: Start | Continue | transmit/receive mode 110:10, 111: External clock
1:Abort | 11: 8-bit receive mode (input from the SCK pin)
SBI 249H DB7 DB6 DB5 | DB4 DB3 DB2 DBL | DBO
SBI1DBR buffer (RMW R (Receive)/W (Transmit)
register | prohibited) Undefined
SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
W W W w W W W w
Pepus | 2AAH 0 0 0 0 0 0 0 0
I2C1AR | address Address
register (RMwW Recognition
prohibited) Slave address 0: Recognize
1: Does not
recognize
ADO/ LRB/
MST TRX BB PIN AL/SBIM1 |AAS/SBIMO SWRST SWRSTO
R/W R/W R/W R/W R/IW R/W R/W R/W
when | 0 e 0 0 0 L 0 0 0 0
read status 0: Slave 0: Receive | Bus status| INTSBI1 Arbitration | Slave GENERAL | Last receive)
SBI1SR i 24BH 1: Master | 1: Transmit | monitor | interrupt lost address CALL bit monitor
register | (12C bus 0: Free status detection | match detection | 0: 0
mode) 1: Busy 0:Asserted | monitor | detection | monitor 1:1
1: Not asserted | 1: Detect | monitor 1: Detect
(RMW 1: Detect
prohibited) Start/stop Serial bus interface Software reset generate
: condition operating mode selection | write “10” and “01”, then
Serial bus ) .
When . generation 00: Port mode an internal software
i interface : ' reset signal is
write control o: StartA . 01: SIO mode generated
SBILCR2 register 2 condition 10: 1°C bus mode '
1: Stop .
condition 11: (Reserved)
SIOF/ SEF/ ~ ~
SBIM1 SBIM2
R/W R/W W
i 0 0 0 0
When S_erlal bus :
read interface Transfer | Shift .
SBILSR status 24BH status operation
register monitor status
(SIO mode) .
0: Stopped monitor
1: Terminated 0: Stopped
(RMW in process | 1. Terminated
prohibited) in process
Serial bus interface Always Always
When Serial bus operating mode selection | write “0”". write “0”.
) interface 00: Port mode
write control 01: SIO mode
SBILCR2 register 2 10: I°C bus mode
11: (Reserved)
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Mnemonic| Name Address 7 6 5 4 2
— 12SBI1
. R/W R/W
S_etrlafl bus 24CH 5 5
seisro | 0“0 | (RMW
aud rate hibited) | Must be IDLE2
register 0 prohibited) i
written as | g: OFF
0. 1: ON
PAEN -
S_erlal bus 24DH 0 0
interface
SBIBRL |\ udrate | (RMW |internal | Must be
register 1 prohibited) | clock written as
0: OFF |0"
1: ON
91CW28-271 2006-03-24



TOSHIBA TMP91CW28
(10) A/D converter control
Mnemonic 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/IW R/W
0 0 0 0 0 0 0 0
AoMOD0 | [ tere | 2B Comersion [comerson [witen as [wikenas [immam | comerton [scan —|comversion
flag busy flag |“0". “0”. fixed-channel conversion |start
1: Conversion |1: Conversion continuous
completed in progress conversion
mode
VREFON 12AD ADTRGE | ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 0 0 0
1: VREF IDLE2 AD Analog input channel select
control ON | o: OFF conversion | 0po: ANO ANO
aovopy | AP mode | o 1:ON start 001: AN1 ANO —> AN1
register 1 010: AN2 ANO — AN1 — AN2
011: AN3 ANO — AN1 — AN2 — AN3
100: AN4 AN4
101: AN5 AN4 — AN5
110: AN6 AN4 — AN5 — AN6
111: AN7 AN4 — AN5 — AN6 — AN7
AD result ADRO1 ADROO ADRORE
ADREGOAL | register 0/4 | 2A0H R R
low Undefined 0
AD result ADRO9 | ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO2
ADREGO4H| register 0/4 | 2A1H R
high Undefined
AD result ADR11 | ADR10 ADR1RF
ADREGI15L | register 1/5 [ 2A2H R R
low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG15H| register 1/5 | 2A3H R
high Undefined
AD result ADR21 | ADR20 ADR2RF
ADREG26L | register 2/6 | 2A4H R R
low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H | register 2/6 | 2ASH R
high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG37L | register 3/7 | 2A6H R R
low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H| register 3/7 | 2A7H R
high Undefined
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(11) Watchdog timer
Mnemonic 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
WDT 1 0 0 0 0 0
WDMOD | mode 300H  [wDT 00: 2%/igyg IDLE2  [System Must be
register control 01: 2gys 0: OFF |resetby written
0: Disable | 10: 2%gyg 1oN |WDT as 0",
1 Enable | 11: 2%fgyg 1: Reset
WDT 301H w
WDCR trol (RMW
controt 1 prohibited) -
B1H: WDT disable code, 4EH: WDT clear-count code
(12) Key wakeup
Mnemonic Name Address 7 6 5 4 3 2 1 0
KWI7EN | KWIGEN | KWISEN [ KWI4EN | KWI3EN | KWI2EN [ KWI1EN KWIOEN
W W w W w W w w
3A0H
KWI 0 0 0 0 0 0 0 0
KWIEN | enable KwI17 KWI6 KWI5 Kw14 KwI3 KwI2 Kwi1 KWI0
register (RMW interrupt interrupt interrupt interrupt interrupt interrupt interrupt interrupt
prohibited) | input input input input input input input input
0: Disable |0: Disable |O0: Disable |O0: Disable |O: Disable [O: Disable [O: Disable |O0: Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
KWI7EDGE | KWIGEDGE | KWISEDGE | KWI4EDGE | KWISEDGE | KWI2EDGE | KWILEDGE | KWIOEDGE
W W w W w W w w
3A1H
KwI 0 0 0 0 0 0 0 0
KWICR | control (RMw | KWI7 edge [KWI6 edge | KWIS edge |KWid edge | KWI3 edge | KWI2 edge | KWIL edge | KWIO edge
register prohibited) polarity polarity polarity polarity polarity polarity polarity polarity
0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising
1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling
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(13) BCD adder/subtractor

Mnemonic Name Address 7 6 5 4 3 2 1 0
MINA7 MINAG MINAS MINA4 MINA3 MINA2 MINA1 MINAO
BCD 3BOH
BCDMINA minute RMW W w w w W W W W
operand | (RM 0 0 0 0 0 0 0 0
: prohibited)
register A BCD operand A
SECA7 SECA6 SECAS SECA4 SECA3 SECA2 SECAl SECAO
BCD 3B1H
second W w W w W W w W
BCDSECA (RMW
operand i 0 0 0 0 0 0 0 0
; prohibited)
register A BCD operand A
FRAA7 FRAAG FRAAS FRAA4 FRAA3 FRAA2 FRAA1 FRAAO
BCD 3B2H
frame W \W W w W W w W
BCDFRAA (RMW
operand 4 0 0 0 0 0 0 0 0
; prohibited)
register A BCD operand A
MINB7 MINB6 MINB5 MINB4 MINB3 MINB2 MINB1 MINBO
BCD 3B4H
minute W w W W \W W w W
BCDMINB (RMW
operand iy 0 0 0 0 0 0 0 0
. prohibited)
register B BCD operand B
SECB7 SECB6 SECB5 SECB4 SECB3 SECB2 SECB1 SECBO
BCD 3B5H
second w w w W w w w W
BCDSECB (RMW
operand 4 0 0 0 0 0 0 0 0
: prohibited)
register B BCD operand B
FRAB7 FRAB6 FRABS FRAB4 FRAB3 FRAB2 FRAB1 FRABO
BCD 3B6H
frame W \W W w W W W W
BCDFRAB (RMW
operand 4 0 0 0 0 0 0 0 0
: prohibited)
register B BCD operand B
BCD MINR7 MINR6 MINRS MINR4 MINR3 MINR2 MINR1 MINRO
BCDMINR minute 3B8H R R R R R R R R
result 0 0 0 0 0 0 0 0
register BCD operation result
BCD SECR7 SECR6 SECR5 SECR4 SECR3 SECR2 SECR1 SECRO
ECDSECR second 3B9H R R R R R R R R
result 0 0 0 0 0 0 0 0
register BCD operation result
BCD FRAR7 FRARG6 FRARS FRAR4 FRAR3 FRAR2 FRAR1 FRARO
R R R R R R R R
BCDFRAR | ITame 3BAH
result 0 0 0 0 0 0 0 0
register BCD operation result
ENDFLAG CcY BR - CALSEL START
R R R R/W R/W R/W
BCD 0 0 0 0 0 0
BCDCR r(;origzlr 3BCH Operation Carry Borrow Must be |Add/sub- |Operation
9 completion written tract start
flag as‘0"  |select
1: Completed
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(14) Program patch logic (1/3)

Mnemonic Name Address 7 6 5 4 3 2 1 0
ROMCO7 ROMC06 | ROMCO5 | ROMCO04 | ROMCO03 | ROMCO2 | ROMCO1
Address 400H W
ROMCMP0O| compare | (RMW
o | o | o | o | o [ o [ o

register 00 [prohibited)

Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
W
o | o | o | o | o [ o | o
Target ROM address (Middle 8 bits)
RoMc23 | Romc22 | Romc2i | Romc2o | Romcie | Romcis | rRomciz | romcie

Address 401H
ROMCMPO1( compare (RMW
register 01 |prohibited) |

Address 402H

ROMCMPO02| compare | (RMW 5 | 5 | 5 | 5 \iv 5 | 5 | 5 | 5

register 02 prohibited)

Target ROM address (Upper 8 bits)

Address 204H ROMS07 | ROMS06 | ROMSO05 | ROMS04 | ROMS03 | ROMS02 | ROMSO01 | ROMS00

e u
o™ |pronibited)|—© | o [ o | o | o [ o | o | o
Patch code (Lower 8 bits)

Address | yoer ROMs15 | Romsi4 | Romsiz | Romsiz | Romsii | Romsio | Romsos | Romsos

substitution W
ROMSUBON) register o | (RMW | o | o | o | o | o | o | o

high |Prohibited) 0
Patch code (Upper 8 bits)
ROMCO7 | ROMCO06 | ROMCO05 | ROMCO04 | ROMCO03 | ROMCO02 | ROMCO1
w
o | o | o | o | o [ o
Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
W
o | o | o | o | o | o | o
Target ROM address (Middle 8 bits)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16

Address 408H
ROMCMP10| compare (RMW
register 10 [prohibited) |

Address 409H
ROMCMP11( compare (RMW
register 11 [prohibited) |

Address 40AH

register 12 |prohibited)
Target ROM address (Upper 8 bits)

Address | oo ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
ROMSUBIL SUbS.t':u“in (RMW v

reglls \;r orohibited) o | o | o | o | o [ o | o | o

Patch code (Lower 8 bits)

Address | oo ROMs15 | Romsi4 | Romsiz | Romsiz | Romsii | Romsio | Romsos | Romsos

substitution W
ROMSUBIN) register 1 | (RMW | o | o | o | o | o | o | o

prohibited) 0

high

Patch code (Upper 8 bits)
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Program patch logic (2/3)

Mnemonic Name Address 7 6 5 4 3 2 1 0
ROMCO7 | ROMCO6 | ROMCO5 | ROMCO4 [ ROMCO3 | ROMCO2 | ROMCO1
Address 410H W
ROMCMP20| compare (RMW
o | o | o | o | o | o [ o

register 20 |prohibited)

Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 ROMCO08
W
o | o | o | o | o | o [ o
Target ROM address (Middle 8 bits)
RomMc23 | Romcz2 | Romcz1 | Romc2o | rRomcie | romcis | Romciz | Romcie

Address 411H
ROMCMP21| compare (RMW
register 21 |prohibited) |

Address 412H

w
ROMCMP22( compare (RMW | | | | | | |
register 22 |prohibited) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bits)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMs03 | ROMS02 | ROMso1 | ROMS00
Address 414H
substitution w
ROMSUB2L | register2 | MW ™5 T 0 T o 1 o [ o [ o [ o [ o
low prohibited)
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMsS12 | ROMs11 | RoMS10 | ROMS09 | ROMS08
Address 415H
substitution W
ROMSIEH register2 | MW 0T T 0 | o | o [ o [ o [ o
high prohibited)

Patch code (Upper 8 bits)
ROMCO7 | ROMCO06 | ROMCO05 | ROMCO04 | ROMCO03 | ROMCO02 | ROMCO1
w
o | o | o | o | o [ o
Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 ROMCO08
W
o | o | o | o | o | o [ o
Target ROM address (Middle 8 bits)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16

Address 418H
ROMCMP30| compare (RMW
register 30 |prohibited) |

Address 419H
ROMCMP31| compare (RMW
register 31 |prohibited) |

Address 41AH

w
register 32 |prohibited) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bits)
Address A1CH ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
substitution w
ROMSUBSH regisiers | BWW 5T 0 [ o 1 o [ o [ o [ o [ o
low prohibited)
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMsS12 | ROMs11 | ROMS10 | ROMS09 | ROMS08
Address 41DH
substitution W
ROMSEEM registers | MW 0T 0 T 0 | o | o [ o [ o [ o
high prohibited)

Patch code (Upper 8 bits)
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Program patch logic (3/3)

Mnemonic Name Address 7 6 5 4 3 2 1 0
ROMCO07 | ROMCO06 | ROMCO05 | ROMCO04 | ROMCO3 [ ROMCO02 | ROMCO1
Address 420H W
ROMCMP40| compare (RMW
o | o | o | o | o [ o [ o

register 40 |prohibited)

Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
w
o | o | o | o | o [ o | o
Target ROM address (Middle 8 bits)
Romc23 | RoMc22 | Romc21 | Romc2o | rRomcis | Romcis | Romciz | Romcie

Address 421H
ROMCMP41( compare (RMW
register 41 [prohibited) |

Address 422H

W
ROMCMP42( compare (RMW | | | | | | |
register 42 |prohibited) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bits)
Address | 4ou  LROMSO7 | Romsos | Romsos | Romsos | rRomsos | rRomsoz | romsor | rRomsoo
substitution w
ROMSUBEL registers | ®WMW ™5 T 0 [ o [ o | o [ o [ o [ o
low prohibited)
Patch code (Lower 8 hits)
ROMs15 | Romsi4 | ROms13 | Romsi2 | Romsii | RoMsio | RoMsos | Romsos
Address 425H
substitution W
ROMSEEM ) registera | W P07 T 0 [ o | o | o | o | o [ o
high prohibited)

Patch code (Upper 8 bits)
ROMCO7 | ROMCO06 | ROMCO05 | ROMCO04 | ROMCO03 | ROMCO02 | ROMCO1
W
o | o | o | o | o [ o
Target ROM address (Lower 7 bits)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCO09 | ROMCO8
w
o | o | o | o | o | o [ o
Target ROM address (Middle 8 bits)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16

Address 428H
ROMCMP50| compare (RMW
register 50 [prohibited) |

Address 429H
ROMCMP51( compare (RMW
register 51 [prohibited) |

Address 42AH

W
ROMCMP52| compare (RMW | | | | | | |
register 52 |prohibited) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bits)
Address . ROMS07 | ROMS06 | ROMSO05 | ROMS04 | ROMSO03 | ROMS02 | ROMSO01 | ROMSO00
substitution w
ROMSUBSL registers | (RMW o | o | o | o | o [ o [ o [ o
low prohibited) -
Patch code (Lower 8 bits)
ROMs15 | Romsi4 | ROms13 | Romsi2 | Romsii | Romsio | RoMsos | Romsos
Address 42DH
substitution W
ROMSUB5H register 5 (RMW 0 | o | o | o | o | o | o | o
high prohibited)

Patch code (Upper 8 bits)

91CW28-277 2006-03-24



TOSHIBA TMP91CW28

6. 1/O Port Equivalent-circuit Diagrams

e How to read circuit diagrams

The circuit diagrams in this chapter are drawn using the same gate symbols as for the
74HCxx series standard CMOS logic ICs.

The signal named STOP has a unique function. This signal goes active-high if the CPU sets
the HALT bit when the HALTM][1:0] field in the SYSCR2 register is programmed to 01 (e.g.,
STOP mode) and the drive enable (DRVE) bit in the same register is cleared. If the DRVE bit is
set, the STOP signal remains inactive (at logic 0).

e The input protection circuit has a resistor in the range of several tens to several hundreds of
ohms.

[ Port 0 (ADO to AD7), Port 1 (AD8 to AD15, A8 to A15), Port 2 (A16 to A23, A0 to A7)

VCC
Output data:
g -
Output enable :DJ7
STOP S N-ch

Input data:

{JInput/output

Input enable

m P30 (RD), P31 (WR)

Vcce
Output data p-ch
Output
STOP N-ch
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m P32to P37

Vcc

Output data

Vcce
Programmable
Output esn%gls ] N-ch {>o |

pull-up resistor

<
<

Input data v ] Input/output

Input enable

= Port 5 (ANO to AN7)

Analog input
channel select P-ch

Analog input [Cinput
N-ch
I
Input data
Input enable
KWIO to KWI17 <—o<]-4
Schmitt trigger
ADTRG
(P53 only)
m P63 (INTO)
Vce
Output data P-ch

Output enable QDOT
STOP N-ch

Input data <—O<]—<>—o<} —W- | Input/output

Schmitt trigger

m P40 to P43, P70 to P75, P80 to P87, PAO to PA7

Vce

Output data

P-ch
Vce
Output enable 4 Programmable
STOP

pull-up resistor

Input data <—o<]-o<}

o+ | Input/output
Schmitt trigger
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m P61 (SO0/SDAO), P62 (SI0/SCLO), P91 (SO1/SDA1L), P92 (SI1/SCL1), P93 (TXD1)

Vcc

Output data —] | P-ch
Open-drain output é } Vce
enable 4)0_| N-ch
<
D)-l Programmable
STOP ;
pull-up resistor

Pull-up enable

Input data<—°<]'°<} M o—{] Input/output

Schmitt trigger
m P60, P64 to P66, P90, P93 to P96

Vcc
Output data zg: P-ch
Output enable :DY
STOP N-ch
Input data <—0<]'0<} [ Input/output

Schmitt trigger

m NMI
NMI < 06} {1 input
Schmitt trigger

= AMO, AM1

(—o<]—w»—|:| Input
m ALE

Vcce
Internal ALE —9 P-ch

Output
N-ch

Output enable
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m  RESET

[ ] Input

Reset
Schmitt trigger

WDTOUT
Reset enable

m X1, X2

Oscillator circuit

] x2
High-frequency 4
oscillator enable

MY

O

=
—
1

'z

O

o0

Clock

m VREFH, VREFL

VREFON —|>o
X P-ch
[] VREFH

Ladder resistors

% [ VREFL
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7. Points of Note and Restrictions

(1) Notations and terms

a. I/O register fields are often referred to as <register_mnemonic>.<field_name> for the
interest of brevity. For example, TRUN.TORUN means the TORUN bit in the TRUN

register.

b. Read-modify-write instructions

Read-modify-write instructions allow the CPU to read data from memory, manipulate the
data and then write the result to the same memory address, through the execution of a

single instruction.

Example 1: SET 3, (TRUN)  Sets bit3 of the TRUN register.

Example 2: INC 1, (100H)

e Read-modify-write instructions supported by the TLCS-900.

Exchange
EX (mem), R

Arithmetical operation

ADD (mem), R/#
SUB (mem), R/#
INC #3, (mem)

Logical operation

AND (mem), R/#
XOR (mem), R/#

Bit manipulation

STCF #3/A, (mem)
SET #3, (mem)
TSET #3, (mem)

Rotation and shift

RLC (mem)
RL (mem)
SLA (mem)
SLL (mem)
RLD (mem)

c. fe, frpH, fSYS, state

ADC (mem), R/#
SBC (mem), R/#
DEC #3, (mem)

OR (mem), R/#

RES #3, (mem)
CHG #3, (mem)

RRC (mem)
RR (mem)
SRA (mem)
SRL (mem)
RRD (mem)

foscH, fc: Clock frequency supplied via the X1 and X2 pins
frpH: Clock frequency selected by the GEAR[2:0] bit in the SYSCR1

fsys: System clock frequency, created by dividing fFPH by two

1 state: One period of fSYS

Increments the data at address 100H by one.
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(2) Precautions and restrictions
a. AMO and AM1 pins

The AMO and AM1 pins must be connected to the DV pin to ensure that their signal
levels do not fluctuate during chip operation.

b. EMUO and EMU1 pins

The EMUO and EMU1 pins must be left open.
¢. Reserved address space

The TMP91CW28 does not have any address space reserved.
d. Oscillator warm-up counter

If an external crystal is utilized, an interrupt signal programmed to bring the
TMP91CW28 out of STOP mode triggers the on-chip warm-up counter. The system clock is
not supplied to the on-chip logic until the warm-up counter expires.

e. Programmable pull-up resistors

When port pins are configured as input ports, the integrated pull-up resistors can be
enabled and disabled under software control. The pull-up resistors are not programmable
when port pins are configured as output ports, except for P61, P62, P91 and P92.

The relevant port registers (e.g., the P6 register) must be programmed by using store
instructions; read-modify-write instructions cannot be used.

f.  External bus mastership

The pin states while the bus is granted to an external device are described in section 3.5,
1/0 ports.

g. Watchdog timer

Upon reset, the watchdog timer is enabled. If the watchdog timer function is not required,
it must be disabled after reset.

h. Watchdog timer

When relevant pins are configured as bus arbitration signals, the I/O peripherals
including the watchdog timer can operate during external bus mastership.

i.  AD converter

The ladder resistor network between the VREFH and VREFL pins can be disconnected
under software control. If it is necessary to reduce power dissipation in STOP mode, the
ladder resistor network should be disconnected before executing the HALT instruction.

j.  CPU (Micro DMA)

Only the “LDC cr, ¥’ and “LDC r, cr” instructions can write or read control registers
within the CPU, such as the transfer source register (DMASn).

k. Undefined bits in I/O registers

Undefined I/O register bits are read as undefined states. Therefore, software must be
coded without relying on the states of any undefined bits.

1.  POP SR instruction
The POP SR instruction must be executed in DI mode.

91CW28-283 2006-03-24



TOSHIBA TMP91CW28
8. Package Dimensions
P-LQFP100-1414-0.50F
Unit: mm

1.0TYP

16.0£0.2
14.0+£0.2
75 51
RARHAARARRARARARRRARARAN
-7 G =50
= = o o
e ] OO
o e +i H
= = Q) Q
= = Y ¢
=Ne =
100Q== =26
SEGEEELEEEEE G EERL
1 [ 25
1.0TYP 2 7i¢% +0.05 u
>
o 3
3 °
g

°F
0.6+0.15 o

0.120.05
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