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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.

**CAUTION**
How to release the HALT mode

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

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




TOSHIBA TMP91CP27

CMOS 16-Bit Microcontrollers
TMP91CP27U

1. Outline and Features

TMP91CP27 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.
TMP91CP27U comes in a 64-pin flat package. Listed below are the features.

(1) High-speed 16-bit CPU (900/L.1 CPU)
e Instruction mnemonics are upward-compatible with TLCS-90/900
e 16 Mbytes of linear address space
e  General-purpose registers and register banks
e  16-bit multiplication and division instructions; bit transfer and arithmetic instructions
e Micro DMA: 4 channels (1.0 ps/2 bytes at 16 MHz)

(2) Minimum instruction execution time: 148 ns (at 27 MHz)

(3) Built-in RAM: 4 Kbytes
Built-in ROM: 48 Kbytes

(4) External memory expansion

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

e Can simultaneously support 8-/16-bit width external data bus (Dynamic data bus sizing)
(5) 8-bit timers: 6 channels
(6) 16-bit timers: 1 channel

(7) General-purpose serial interface: 2 channels
e UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2 Kbps) mode selectable: 1 channel

(8) Serial bus interface: 1 channel

e I2C bus mode/clock synchronous mode selectable

030619EBP1

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

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

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid
situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to
property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

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

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

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

o 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.

Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to use
these components in an I2C system, provided that the system conforms to the I2C Standard
Specification as defined by Philips.
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TOSHIBA TMP91CP27

(9) 10-bit AD converter (Sample hold circuit is inside): 4 channels
(10) Watchdog timer
(11) Timer for real time clock (RTC)
(12) Chip select/wait controller: 4 blocks
(13) Interrupts: 34 interrupts
e 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 21 internal interrupts: 7 priority levels are selectable
e 4 external interrupts: 7 priority levels are selectable
(among 3 interrupts are selectable edge mode)
(14) Input/output ports: 53 pins
(15) Standby function
Three HALT modes: IDLE2 (Programmable), IDLE1 and STOP
(16) Clock controller
e  Clock gear function: Select a high-frequency clock fc to fc/16
e RTC (fs = 32.768 KHz)
(17) Operating voltage
e VCC=2.7Vto3.6V (fc max =27 MHz)
e VCC=1.8Vt03.6V (fc max =10 MHz)
(18) Package
o P-LQFP64-1010-0.50D
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TOSHIBA TMP91CP27
<«—DVCC
ADTRG (P53)—>| CPU (TLCS-900/L1) — . <«—DVSS
ANO to AN3—>] High-speed [«3—X1
10-bit 4-ch | [XWA W|A ; |
(P50 to P53) AD XBC BTC oscillator P> X2
— converter XDE D|E
AVCC, AVSS —> XHL ol Clock gear
XIX 1X —
Low speed |<€—XT1 (P96)
é:\z( II\Z( oscillgtor —>XT2 (P97)
TXDO (P90) <> XSP Sp <— RESET
RXDO (Pgl) PN SIO/UART/IrDA - <—AMO
SCLKO/CTS0 (P92)«t>| (Channel 0) <82 bits—> «—AM1L
SRL_TF] —>ALE
Txgi Eggig <P S0UART Port0 <> (POO to PO7)
RX <P ADO to AD7
SCLK1/CTS1 (P95)«>| (Channel 1) Port1 |€> (P10to P17)
ADB8/A8 to AD15/A15
Watchdo
SCK (P60) <> Serial bus atehdog Port2 |€p> (P20 to P25)
SO/SDA (P61) «>» interface timer AO0/A16 to A5/A21
SI/SCL (P62) <> (SBI (WDT) -
> RD (P30)
— > WR (P31)
8-bit timer
RT —
TAOQIN (P70) <>, (TMRA 0) ¢ Port3 Ly mwR (P32)
8-bit timer
TALOUT (P71 <P (myra 1)
8-bit timer
(TMRA 2)
8-bit timer
TA3OUT (P72) <> (TMRA 3) CSIWAIT
4-Kbyte RAM controller [T (P40 to P42)
e R (4 blocks) CS0 to cs2
(P73) (TMRA 4) L
— Interrupt —
8-bit timer > INTO (P63
TASOUT (P74 <> (1yra 5) controller (P63)
L <> TBOINO/INTS (P80)
16-bit timer (15 TBOIN1/INT6 (P81)
48-Kbyte ROM (TMRBO) [«> TBOOUTO (P82)
le]> TBOOUT1 (P83)
( ): Initial function after resert
Figure 1.1 TMP91CP27 Block Diagram
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TMP91CP27

2.

Pin Assignment and Pin Functions

The assignment of input/output pins for the TMP91CP27U, their names and functions are as

follows:

2.1 Pin Assignment Diagram

Figure 2.1 shows the pin assignment of the TMP91CP27U.

Figure 2.1 Pin Assignment Diagram (64-pin LQFP)

P61/SO/SDA |57 56| P60/SCK
P62/SI/SCL 58 55| P42/ Csz
P63/INTO 59 54| P41/Csi
P50/ANO 60 53| P40/ Cso
PS1/ANL 61 52| P32/ HWR
P52/AN2 62 51| P31/ WR
P53/AN3/ ADTRG (63 50| P30/RD
AVCC 64 |‘L|_ 49| P25/A5/A21
AVSS 1H ® [ Has| p2aiaaia20
P70/TAOIN 2H ] [ Ha7| p23/a3/ate
P71/TALIOUT sHT [ 46| P22/A2iA18
P72/TA30UT aH ] [ H4s| P2uAv/ALY
P73/TA4IN 5H] [ }H44| P20/A0/ALE
P74/TASOUT 6H | [ Ha3| P17/AD15/A15
P8O/TBOINO/INTS | 7| [ }H42| P16/aD14/A14
P81/TBOIN1/INT6 [ 8H | Top view [ }H41| P15/AD13/A13
P82/TBOOUTO | 9| LQFP64 [ Ha4o| P14/aD12/A12
P83/TBOOUT1 |10 [ H39| P13/AD11/AL1
P90/TXDO 11H™ [ H38| P12/AD10/A10
P91/RXDO 12H] [ H37| P11/AD9/A9
P92/SCLKO/ 755 |13 —E :’— 36| P10/AD8/A8
P93/TXD1 14H] [ 35| Po7/AD7
P94/RXD1 15H [ 34| PosiaDE
P95/SCLK1/ C751 |16 33| PO5/AD5
AMO 17 j Ii 32| P04/AD4
DVCC 18 31| PO3/AD3

X2 19 30| PO2/AD2
DVSS 20 29| PO1/AD1

X1 21 28| POO/ADO
AM1 22 27| ALE

RESET 23 26 NMI

PY6/XT1 24 25| P97/XT2

91CP27-4
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TOSHIBA TMP91CP27

2.2 Pin names and Functions

The names of the input/output pins and their functions are described below.
Table 2.2.1 to Table 2.2.3 show pin names and functions.

Table 2.2.1 Pin Names and Functions (1/3)

Pin Names Num_ber I/O Functions
of Pins
P00 to PO7 8 110 Port 0: 1/0 port that allows 1/O to be selected at the bit level
ADO to AD7 110 Address data (Lower): 0 to 7 of address/data bus
P10 to P17 8 110 Port1: /O port that allows I/O to be selected at the bit level
ADS8 to AD15 110 Address data (Upper): 8 to 15 of address/data bus
A8 to A15 Output Address: 8 to 15 of address bus
P20 to P25 6 110 Port 2: 1/0 port that allows 1/O to be selected at the bit level
A0 to A5 Output Address: 0 to 5 of address bus
A16 to A21 Output Address: 16 to 21 of address bus
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory when read internal area
also, output RD by setting to P3<P30> = 0, P3FC<P30F> = 1.
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for writing data to pins ADO to AD7
P32 1 110 Port 32: 1/0 port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data to pins AD8 to AD15
P40 1 110 Port 40: I/O port (with pull-up resistor)
CS0 Output Chip select 0: Outputs “0” when address is within specified address area.
P41 1 110 Port41: I/O port (with pull-up resistor)
cs1 Output Chip select 1: Outputs “0” when address is within specified address area.
P42 1 110 Port 42: /0 port (with pull-up resistor)
cs2 Output Chip select 2: Outputs “0” when address is within specified address area.
P50 to P53 4 Input Port 5: Input port
ANO to AN3 Input Analog input: Analog input pins of the AD converter
ADTRG Input AD trigger: Pin used to request AD start (Shared with P53).
P60 1 1/0 Port 60: I/O port
SCK 110 Serial bus interface clock 1/O at SIO mode
P61 1 110 Port 61: I/O port
SO Output Serial bus interface send data at SIO mode
SDA 1/0 Serial bus interface send/receive data at I°C mode
Open-drain output mode by programmable
P62 1 110 Port 62: I/0 port
Sl Input Serial bus interface receive data at SIO mode
SCL 110 Serial bus interface clock I/0 at I°C mode
Open-drain output mode by programmable
P63 1 1/0 Port 63: I/O port (Schmitt input)
INTO Input Interrupt request pin 0: Interrupt request pin with selectable
level/rising/falling edge
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TMP91CP27

Table 2.2.2 Pin Names and Functions (2/3)
Pin Names Num_ber I/O Functions
of Pins

P70 1 110 Port 70: I/O port
TAOIN Input 8-bit timer 0 input: Input pin of 8-bit timer TMRAO
P71 1 110 Port 71: I/O port
TALOUT Output 8-bit timer 1 output: Output pin of 8-bit timer TMRAO or TMRA1
P72 1 110 Port 72: 1/0 port
TA30UT Output 8-bit timer 3 output: Output pin of 8-bit timer TMRA2 or TMRA3
P73 1 110 Port 73: /0 port
TA4IN Input 8-bit timer 4 input: Input pin of 8-bit timer TMRA4
P74 1 110 Port 74: 1/0 port
TA50UT Output 8-bit timer 5 output: Output pin of 8-bit timer TMRA4 or TMRAS
P80 1 110 Port 80: I/O port
TBOINO Input 16-bit timer O Input O: Input of count/capture trigger in 16-bit timer TMRBO
INTS Input Interrupt request pin 5: Interrupt request pin with selectable rising/falling edge
P81 1 110 Port 81: /O port
TBOIN1 Input 16-bit timer O input 1: Input of count/capture trigger in 16-bit timer TMRBO
INT6 Input Interrupt request pin 6: Interrupt request pin of rising edge
P82 1 110 Port 82: I/0 port
TBOOUTO Output 16-bit timer 0 output 0: Outpit pin of 16-bit timer TMRBO
P83 1 110 Port 83: I/0 port
TBOOUT1 Output 16-bit timer 0 output 1: Output pin of 16-bit timer TMRBO
P90 1 110 Port 90: I/O port
TXDO Output Serial 0 send data: Open-drain output pin by programmable
P91 1 110 Port 91: I/O port
RXDO Input Serial 0 receive data
P92 1 110 Port 92: I/O port
SCLKO 110 Serial O clock I/0
CTS0 Input Serial 0 data send enable (Clear to send)
P93 1 110 Port 93: I/0 port
TXD1 Output Serial 1 send data: Open-drain output pin by programmable
P94 1 110 Port 94: 1/0 port
RXD1 Input Serial 1 receive data
P95 1 110 Port 95: I/O port
SCLK1 110 Serial 1 clock I/0
CTsS1 Input Serial 1 data send enable (Clear to send)
P96 1 110 Port 96: /O port. Open-drain output pin
XT1 Input Low-frequency oscillator connection pin
P97 1 110 Port 97: /0 port. Open-drain output pin
XT2 Output Low-frequency oscillator connection pin

91CP27-6
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Table 2.2.3 Pin Names and Functions (3/3)

Number

Pin Names - 1/0 Functions
of Pins
ALE 1 Output Address latch enable (It can be set as prohibition of an output for noise
reduction.)
NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with programmable

falling edge level or with both edge levels
programmable (Schmitt input).

AMO, AM1 2 Input Operation mode:
Fixed to AM1 =“1" and AMO =“1".

RESET 1 Input Reset: Initialize LSI. (Schmitt input, with pull-up resistor)

AVCC 1 Pin used to both power supply pin for AD converter and standard power
supply for AD converter (H).

AVSS 1 Pin used to both GND pin for AD converter (0 V) and standard power supply
pin for AD converter (L).

X1/X2 2 110 High-frequency oscillator connection pin.

DvCC 1 Power supply pins (All DVCC pins should be connected with the power supply
pin.)

DVSS 1 GND pins (All pins shuold be connected with GND (0 V).)
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3. Operation
This following describes block by block the functions and operation of the TMP91CP27.
3.1 CPU

The TMP91CP27 incorporates a high-performance 16-bit CPU (The 900/L1-CPU). For CPU
operation, see the “TLCS-900/L1 CPU”.

The following describe the unique function of the CPU used in the TMP91CP27; these
functions are not covered in the TLCS-900/L1 CPU section.

3.1.1 Reset

When resetting the TMP91CP27 microcontroller, ensure that 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 (80 ps at 4
MHz).

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

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

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

PC<7:0> < Value at FFFFOOH address

PC<15:8> « Value at FFFF01H address

PC<23:16> <« Value at FFFF02H address
e Sets the stack pointer (XSP) to 100H.

e Sets bits<IFF2:0> of the status register (SR) to 111 (Sets the interrupt level mask
register to level 7).

e Sets the <MAX> bit of the status register (SR) to 1 (MAX mode).
e Clears bits<RFP2:0> of the status register (SR) to 000 (Sets the register bank to 0).

When reset is released, the CPU starts executing instructions in accordance with the
program counter settings. CPU internal registers not mentioned above do not change when
the reset is released.

When the reset is accepted, the CPU sets internal /0, ports, and other pins as follows.

e Initializes the internal I/O registers.
e Sets the port pins, including the pins that also act as internal I/O, to
general-purpose input or output port mode.

e Sets ALE pin to high impedance.

Note: The CPU internal register (except to PC, SR, XSP in CPU) and internal RAM data do not
change by resetting.

Figure 3.1.1 is a reset timing chart of the TMP91CP27.
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP91CP27.

000000H K 7 KX
Intemal /O Direct area (n)
(4 Kbytes)
000100H [-———————— - 2
001000H Kot
Internal RAM -Kbyte area
(4 Kbytes) (nn)
002000H
010000H |--=-=-=======——— ===+ v
External
memory
16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R +d8/16)
(nnn)
FF4000H
48-Kbyte
Internal ROM
FFFFOOH |- ___]
FFFFFFH Vecter table (256 bytes)

(|:| = Internal area)

Figure 3.2.1 Memory Map

91CP27-10 2003-11-05



TOSHIBA TMP91CP27

3.3 Diversity of TMP91CW12A and TMP91CP27

TMP91CP27 is article cut function and pin from TMP91CW12A fundamentally.

Specification of function shows section 3.3.1 to 3.3.6. Wide difference of AC/DC characteristic
is AC characteristics (Shown section 3.3.7). For the details, please refer to Chapter 4, “Electrical
characteristics”.

3.3.1 Cut Internal 1/O

TMP91CP27 is micro controller cut 8-bit timer (TMRA6 to TMRA7), 16-bit timer
(TMRB1) and clock doublers circuit (DFM) from TMP91CW12A.

Please don’t access to special function register address of above internal I/O in
TMP91CW12A.

Please refer to “Table of special function register”.

3.3.2  Cut Port Function
TMP91CP27 be cut below port function from TMP91CW12A.
e Port 2: P27 (A23/A7) and P26 (A22/A6)
e Port 3: P37, P36 (R/W ), P35 (BUSAK ), P34 (BUSRQ) and P33 (WATT)
e Port 4: P43 (CS3)
e Port 5: P57 to P54 (AN7 to AN4)
e Port 6: P66, P65 and P64 (SCOUT)
e Port 7: P75 (TA70UT)

e Port 8 P87 (TB1OUT1), P86 (TB1OUTO), P85 (TB1IN1/INTS8) and
P84 (TB1INO/INT?)

e Port A: PA7 to PA4, PA3 to PAO (INT4 to INT1)
3.3.3  Cut factor of Interrupt

TMP91CP27 be cut factor of interrupt by cut internal I/O and port function (Refer to
Table 3.5.1). Please don’t access to interrupt priority setting register for cut factor of
interrupt. Please refer to “table of special function register”.

3.3.4  Bus Release Function
TMP91CP27 don’t include bus release function by cutting bus request pin (P34) and bus
acknowledge pin (P35).
3.3.5 CS/WAIT Controller
When set TMP91CP27 to BxCS<BxW2:0> = “010” (1 + N) WAIT mode, it operates as 1
wait by cutting WAIT pin.
And there is not CS3 pin (P43), but when set MSAR3, MAMRS3 and set BSCS<B3E> = “1”,

wait control is effective.
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3.3.6  AD Converter

Analog input pin AN4 to AN7 be cut. Therefore please don’t select cutting channel in
ADMOD1<ADCH2:0>.

3.3.7  AC Characteristic

When accessing to external, AC characteristic don’t guarantee at 2 V operation.
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3.4 System Clock Function and Standby Control

TMP91CP27 contains (1) a clock gear, (2) stand-by controller and (3) noise-reduction circuit.
It is used for low-power and low-noise systems.

The clock operating modes are as follows: (a) Single clock mode (X1 and X2 pins only), (b)
Dual clock mode (X1, X2, XT1 and XT2 pins).

Figure 3.4.1 shows a transition figure.

Reset
(fosch/32)
i Release
IDLE2 mode % | et
(/0 operate) Interrup.t NORMAL mode Inf e |:)n > STOP mode
DLET mode Instruct] (foscrigear value/2) efrup (Stops all circuits)
(Operate only oscillator)

(a)  Single clock mode transition figure

Reset
(foscH/32)
IDLE2 mode (.% l, Release
(I/O operate) :nterrup't NORMAL mode
IDLE1 mode (w" (foscH/gear value/2)

(Operate only oscillator) W

STOP mode
) Instruction (Stops all circuits)
IDLE2 mode % /
(1/0 operate) Interrupt SLOW mode '
: Instruction
Instructi (fs/2)
IDLE1 mode S

(Operate only oscillator) W

(b)  Dual clock mode transition fiigure

Figure 3.4.1 Clock Operating Mode

Note: The clock frequency input from the X1 and X2 pins is called foscH and the clock frequency input
from the XT1 and XT2 pins is called fs. The clock frequency selected by SYSCR1<SYSCK> is
called fgpy. The system clock fgys is defined as the divided clock of fgpy, and one cycle of fgys is
regret to as one state.
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3.4.1  Block Diagram of System Clock
SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
v : SYSCRO
> Warm-up timer <PRCK1:05———>¢T
— (for high/low frequency oscillator)
SYSCRO
<XTEN, RXTEN>
XT1 D— Low- fs
frequency .
XT2 D_ oscillator
fc N
fc/2
SYSCRO o/d > SYSCR1<SYSCK>
<XEN, RXEN> fc/8
l fc/
X1 [ Figh-
frequency
X2 [} oscillator | foscH SYSCR1<GEAR2:0>
Clock gear
fsys CPU
TMRAO1 to TMRA45
> >
6TO > Prescaler ROM
> RAM
) Interrupt
TMRBO controller
>
> Prescaler *—> WDT
> 1/O port
SIO0 to SIO1
—> \m — ADC
> Prescaler
SBI
—>
oT > Prescaler

fs.

1

RTC

b | Binary counter

Figure 3.4.2 Block Diagram of System Clock
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TOSHIBA TMP91CP27
342 SFR
7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN XTEN RXEN RXTEN | RSYSCK WUEF PRCK1 PRCKO
(00EOH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High- Low- High- Low- Selects Warm-up | Select prescaler clock
frequency |frequency |frequency |frequency |clock after |timer 00: fepH
oscillator |oscillator |oscillator |oscillator |[release of |control 01: Reserved
(fc) (fs) (fc) after [ (fs) after [STOP 0 Write:
0: Stop 0: Stop release of |release of [mode Don't care 10:fc/16
1: Oscillation | 1: Oscillation | STOP STOP 0: fo 1 Write: 11: Reserved
mode mode 1:fs Start
0: Stop 0: Stop warm-up (Note 2)
1: Oscillation | 1: Oscillation 0 Read:
End
warm-up
1 Read:
Do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 | Bit symbol SYSCK GEAR2 GEAR1 GEARO
(00E1H) | Read/Write R/W
After reset 0 1 | 0 | 0
Function Select Select gear value of high frequency
system (fc)
clock 000: fe
0: fc 001: fc/2
1: fs 010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 | Bit symbol - WUPTM1 | WUPTMO | HALTM1 | HALTMO DRVE
(00E2H) | Read/Write R/W R/W R/W R/W R/W R/W
After reset 0 1 0 1 1 0
Function Write to “0”.| Select warm-up time HALT mode Pin state
for oscillator 00: Reserved control in
00: Reserved 01: STOP mode STSP
01: 2%/inputted frequency | 10: IDLE1 mode mode
10: 2"/inputted frequency | 141: IDLE2 mode 0:110 Oﬁ_
11: 2'%inputted frequency 1: Remains
the state
before
HALT

Note 1:

SYSCR1<bit7:4>, SYSCR2<bit7,bit1> are read as undefined value.

Note 2:  When using internal SBI, set prescaler clock select register SYSCRO<PRCK1:0> to fFpH.

Figure 3.4.3 SFR for System Clock
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7 6 5 4 3 2 1 0
EMCCRO] Bit symbol |PROTECT - - - ALEEN EXTIN DRVOSCH | DRVOSCL
(00E3H) | Read/Write R R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 1 0 0 0 1 1
Function Protect Write “0”. [ Write “1”. [ Write “0”. [ 1: ALE 1: fc fc oscillator | fs oscillator
flag output external | driver ability | driver ability
0: OFF enable clock 1: NORMAL | 1: NORMAL
1: ON 0: ALE 0: WEAK 0: WEAK
output
disable
EMCCRI1] Bit symbol
(00E4H) | Read/Write Protect OFF by writing “1FH”.
After reset Protect ON by writing except “1FH”.
Function
Figure 3.4.4 SFR for Noise Reduction
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3.4.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/O. It contains two oscillation circuits and a clock gear circuit for high-frequency
(fc) operation. The register SYSCR1<SYSCK> changes the system clock to either fc or fs,
SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling of each oscillator,
and SYSCR1<GEAR2:0> sets the high-frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2,
fc/4, fc/8 or fc/16). These functions can reduce the power consumption of the equipment in
which the device is installed.

The combination of settings <XEN> = “1”, <XTEN> = “0”, <SYSCK> = “0” and
<GEAR2:0> = “100” will cause the system clock (fSYS) to be set to fc/32 (fc/16 x 1/2) after a
Reset.

For example, fsys is set to 0.5 MHz when the 16 MHz oscillator connected to the X1 and
X2 pins.

(1) Switching from NORMAL mode to SLOW mode
When the resonator is connected to the X1 and X2 pins, or to the XT1 and XT2 pins,
the warm-up timer can be used to change the operation frequency after stable
oscillation has been attained.
The warm-up time can be selected using SYSCR2<WUPTM1:0>.
This warm-up timer can be programmed to start and stop as shown in the following
examples 1 and 2.
Table 3.4.1 shows the warm-up time.
Note 1: When using an oscillator (other than a resonator) with stable oscillation, a warm-up
timer is not needed.
Note 2: The warm-up timer is operated by an oscillation clock. Hence, there may be some
variation in warm-up time.
Note 3: Note of using low-frequency oscillator
When connect low-frequency oscillator to ports 96 and 97, need below setting for
cut consumption power.
(Case of resonators)
Set P9CR<P96C, P97C> = “11”, P9<P96, P97> = “00”
(Case of oscillator)
Set P9CR<P96C, P97C> = “11”, P9<P96, P97> = “10”
Table 3.4.1 Warm-up Times (when changing clock)
Select Warm-up Time At
Change to NORMAL (fc) Change to SLOW (fs)
SYSCR2<WUPTM1:0> foscH = 16 MHz,
01 (2%frequency) 16 [us] 7.8 [ms] fs = 32.768 kHz
10 (2"/frequency) 1.024 [ms] 500 [ms]
11 (2"%/frequency) 4.096 [ms] 2000 [ms]
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Example 1: Setting the clock
Changing from high frequency (fc) to low frequency (fs).

SYSCRO
SYSCR1
SYSCR2

WUP:

EQU
EQU
EQU
LD
SET
SET
BIT
JR
SET
RES

00EOH
00E1H

00E2H

(SYSCR2), X-11- —X-B
6, (SYSCRO)

2, (SYSCRO)

2, (SYSCRO)

NZ, WUP

3, (SYSCR1)

7, (SYSCRO)

X: Don’t care, —: No change

<XEN>
X1 and X2 pins
<XTEN>

XT1 and XT2 pins

Warm-up timer
End of warm-up timer

<SYSCK>

System clock fgys

:  Sets warm-up time to 2'%fs.
; Enables low-frequency oscillation.
; Clears and starts warm-up timer.

; Changes fgys from fc to fs.

;  Disables high-frequency oscillation.

I

} Detects stopping of warm-up timer.

N

NSNININININJNNIN

\ / Counts up by fs\\

i
1 )]
A /
[}
! L o L [T |
H H \ [ :
]
WANN NN N SN
! ! T !
v v L v v
[}
Enables Clears and starts | Chages fgvs Eiisr??irfsuenc
low-frequency warm-up timer ifrom fctofs 9 q y

\
End of warm-up timer
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Example 2: Setting the clock
Changing from low frequency (fs) to high frequency (fc).

SYSCRO EQU 00EOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H

LD (SYSCR2), X-10- -X-B ;  Sets warm-up time to 2"%/fc.

SET 7, (SYSCRO) ;  Enables high-frequency oscillation.

SET 2, (SYSCRO) ; Clears and starts warm-up timer.
WUP: BIT 2, (SYSCRO) ;} Detects stopping of warm-up timer.

JR Nz, WUP ;

RES 3, (SYSCR1) ; Changes fgys from fs to fc.

RES 6, (SYSCRO) ;  Disables low-frequency oscillation.

X: Don’t care, —: No change

<XEN>
X1 and X2 pins

<XTEN>

XT and XT2 pins LAA&ﬁiMMMM%
Warm-up timer
// 1
fs

\
A WA VY AW AW AW

|
|
A A

E

Counts up by foscH

End of warm-up timer

<SYSCK>

p— __.,

\ fc

A4
Enables Clears and starts IChages fsyg
high-frequency ~ warm-up timer from fs to fc |

€ — O — — — 1

M .
End of warm-up Disables
i low-frequency
timer
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(2) Clock gear controller

When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = “0”, fFPH
is set according to the contents of the clock gear select register SYSCR1<GEARZ2:0> to
either fc, fc/2, fe/4, fc/8 or fc/16. Using the clock gear to select a lower value of fFPH

reduces power consumption.

Below show example of changing clock gear.

Example 3: Changing to a clock gear
SYSCR1 EQU 00E1H
LD (SYSCRT1), XXXX0000B ; Changes fsys to fc/2.

X: Don’t care

(Clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEAR2:0>
register. It is necessary the warm-up time until changing after writing the register
value.

There is the possibility that the instruction next to the clock gear changing
instruction is executed by the clock gear before changing. To execute the instruction
next to the clock gear switching instruction by the clock gear after changing, input the
dummy instruction as follows (instruction to execute the write cycle).

Example:
SYSCR1 EQU 00E1H
LD (SYSCRT1), XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ; Dummy instruction

Instruction to be executed after clock gear has changed.
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3.4.4 Prescaler Clock Controller

For the internal I/O (TMRAO1 to TMRA45, TMRBO, SIO0 to SIO1 and SBI) there is a
prescaler which can divide the clock.

The ¢T, ¢TO clock input to the prescaler is either the clock fFPH divided by 2 or the clock
fc/16 divided by 4. The setting of the SYSCRO<PRCK1:0> register determines which clock
signal is input.

When using internal SBI, set SYSCRO<PRCK1:0> to “00”.
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3.4.5 Noise Reduction Circuits

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

(1) Reduced drivability for high-frequency oscillator
(2) Reduced drivability for low-frequency oscillator
(3) Single drive for high-frequency oscillator

(4) Output ALE pin disable

(5) SFR protection of register contents

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

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

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

(Block diagram)

tDO—‘>°—> foscH
X1 pin

T Enable oscillation (STOP + EMCCRO<EXTIN>)
Resonator
? EMCCRO<DRVOSCH>

X2 pln

(Setting method)

The drivability of the oscillator 1is reduced by writing “0” to
EMCCRO0<DRVOSCH> register. By reset, <DRVOSCH> is initialized to “1” and
the oscillator starts oscillation by normal drivability when the power supply is on.
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(2) Reduced drivability for low-frequency oscillator
(Purpose)

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

(Block diagram)

XT1 pin

C1

Enable oscillation

Resonator ] EMCCRO<DRVOSCL>

A N

C2 fs

XT2 pin
I

(Setting method)

The drivability of the oscillator is reduced by programming O to the
EMCCRO<DRVOSCL> register. By Reset, <DRVOSCL> is initialized to “1”.

(3) Single drive for high-frequency oscillator
(Purpose)

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

(Block diagram)

foscH

Enable oscillation (STOP+EMCCRO<EXTIN>)

EMCCRO<DRVOSCH>

X2 pin

(Setting method)

The oscillator is disabled by programming “1” to EMCCRO<EXTIN> register.
X2 pin is always outputted “1”.

By reset, <EXTIN> is initialized to “0”.
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(4) Output ALE pin disable
(Purpose)

Not need noise of clock property case of don’t access external area is reduced.

(Block diagram)

EMCCRO<ALEEN>

D_di Internal

ALE pin ALE

(Setting method)

Output buffer of ALE pin is output disable by programming “0” to
EMCCRO<ALEEN>. And ALE pin is high impedance.

By resetting, <ALEEN> is initialized to “0”.

When you access to external area, you must program “1” to <ALEEN> before
access.
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(5) Runaway provision with SFR protection register
(Purpose)
Provision in runaway of program by noise mixing.

Write operation to specified SFR is prohibited so that provision program in
runaway prevents that it is it in the state which is fetch impossibility by stopping
of clock, memory control register (CS/WAIT controller) is changed.

Specified SFR list

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

2. Clock gear (write enable only EMCCR1)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

(Block diagram)

Protect register
Write except “IFH” to EMCCR1 =V CCRO<PROTECT>

Write “1FH” to EMCCRA1 S Q Write signal to specified SFR
R
Write signal to SFR Write signal to other SFR

(Setting method)
If writing except “1FH” code to EMCCR1 register, it become protect ON. By this
operation, write operation to specified SFR is disabling.

If writing “1FH” to EMCCRI1 register, it become protect OFF. State of protect
can to confirm by reading EMCCRO<PROTECT>.
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3.4.6  Standby Controller
(1) HALT modes
When the HALT instruction is executed, the operating mode switches to IDLE2,
IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.
The subsequent actions performed in each mode are as follows:
a. IDLEZ2: Only the CPU halts.
The internal I/O is available to select operation during IDLE2 mode by setting
the following register.
Shows the registers of setting operation during IDLE2 mode.
Table 3.4.2 SFR Setting Operation during IDLE2 Mode
Internal I/O SFR
TMRAO01 TAOTRUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRBO TBORUN<I2TBO>
SI00 SCOMOD1<I2S0>
SI01 SC1MOD1<I2S1>
SBI SBIOBRO<I2SBI0>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>
b. IDLEI: Only the oscillator and the RTC (Real time clock) continue to operate.
c. STOP: All internal circuits stop operating.
The operation of each of the different HALT modes is described in Table 3.4.3.
Table 3.4.3 1/0 Operation during HALT Modes
HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01
CPU Stop
1/0 port Keep the state when the HALT instruction was See Table 3.4.6,
executed. Table 3.4.7.
TMRA, TMRB Available to select operation Stop
Block | SIO, SBI block
AD
WDT
RTC Operate enable
Interrupt controller Operate
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(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt
release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.4.4.

o Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before executing the HALT instruction
exceeds the value of interrupt mask register, the interrupt due to the source is
processed after releasing the HALT mode, and CPU status executing an
instruction that follows the HALT instruction. When the interrupt request level
set before executing the HALT instruction is less than the value of the interrupt
mask register, releasing the HALT mode is not executed. (In non-maskable
interrupts, interrupt processing is processed after releasing the HALT mode
regardless of the value of the mask register.) However only for INTO and RTC
interrupts, even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, releasing the the
HALT mode is executed. In this case, interrupt processing, and CPU starts
executing the instruction next to the HALT instruction, but the interrupt request
flag is held at “1”.

Note: Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO, INTRTC) which can release the HALT mode may not be able to do so if
they are input during the period CPU is shifting to the HALT mode (for about 5
clocks of fgp ) with IDLE1 or STOP mode (IDLEZ2 is not applicable to this case).
(In this case, an interrupt request is kept on hold internally.)
If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficulty. The priority of this interrupt is
compared with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.

e Releasing by resetting
Releasing all halt status is executed by resetting.
When the STOP mode is released by RESET, it is necessry enough resetting time
(See Table 3.4.5) to set the operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is executed. However the other settings
contents are initialized. (Releasing due to interrupts keeps the state before the
“HALT” instruction is executed.)
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Table 3.4.4 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enable Interrupt Disable
Status of Received Interrupt
(Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1 | STOP IDLE2 IDLE1 | STOP
NMI . . o1 - - -
3 INTWD * x x — -
&| |INTO (Note1) . . o o o o
8| _|NTRTC . . x o o x
2| S|INT5 to INT6 ¢ (Note2)| x x x x x
| & |INTTAO to INTTAS5 . x x x X X
§ = [INTTBOO, INTTBO1, OF0 . x x x x x
s INTRXO to INTRX1, INTTXO to INTTX1 . x x x x x
8| [INTSBI . x x x x x
(§ INTAD * X x x X X
RESET Initialize LSI

¢ After clearing the HALT mode, CPU starts interrupt processing.

o: After clearing the HALT mode, CPU resumes executing starting from instruction following the HALT
instruction. (Interrupt routine don’t execute.)

x: It can not be used to release the HALT mode.

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

*1: Releasing the HALT mode is executed after passing the warm-up time.

Note 1: When the HALT mode is cleared by an INTO interrupt of the level mode in the interrupt enabled
status, hold high level until starting interrupt process. If low level was set before interrupt process is
stared, interrupt process is not started correctly.

Note 2: If using external interrupt INT5 to INT6 in IDLE2 mode, set 16-bit timer RUN register
TBORUN<I2TBO> to “1”.

Example:

Address
8203H
8206H
8209H
820BH
820EH

Clearing halt state
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

LD (IIMC), 00H

LD (INTEOAD), 06H
El 5

LD (SYSCR?2), 28H

HALT
[}

; Selects INTO interrupt rising edge.

; Sets INTO interrupt level to 6.

; Sets CPU interrupt level to 5.

; Sets HALT mode to IDLE1 mode.
; Halts CPU.

[}
|
INTO _/_\_ ——— 3 INTO interrupt routine
[}
|
R
LD XX, XX
[}
[}
|

820FH
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(3) Operation

a. IDLE2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the
IDLEZ2 setting register, can take place. Instruction execution by the CPU stops.

Figure 3.4.5 illustrates an example of the timing for clearance of the IDLE2
mode halt state by an interrupt.

Xt Jw_/‘_\J_\J_\J

-\

[} I
[} I
I [}
AV AVAWAY
] Q ]
A0 toA21 X Address i o i Address +2

] | » |

ALE _| i ‘)‘) l '
[} i

ADO to AD15 ---+~Address)-1-~ Data }--1-{Address) 4 : {Address)---{ Data }-+---

RD « ' |

\ / o \ []

WR « i
]
« 7 '

Interrupt for
release halt

Figure 3.4.5 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

b. IDLE1 mode

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

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

Figure 3.4.6 illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

. hhAhRharfhhhhh

! 1
A0 to A21 X Address i « i Address + 2
] 1 W T
— | —
ALE _ ; % |
1 W T
ADO to AD15 -———(Address)-—--(Data )-—————-——i—-————-ﬁs— ————— r-F---1 -(Address)—- —-(Data)—- -=
[}
! I 1 -
RD \ / ! ” l \ []
- ! i
WR : 4 ;
I
Interrupt for i I ﬁ_ —\
»
release halt ! IDLE1 _):

I
! mode '
I

Figure 3.4.6 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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STOP mode

When STOP mode is selected, all internal circuits stop, including the internal
oscillator. Pin status in STOP mode depends on the settings in the
SYSCR2<DRVE> register. Table 3.4.6 and Table 3.4.7 summarizes the state of
these pins in STOP mode.

After STOP mode has been cleared, system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to stabilize. After STOP
mode has been cleared, either NORMAL mode or SLOW mode can be selected
using the SYSCRO<RSYSCK> register. Therefore, <RSYSCK>, <RXEN> and
<RXTEN> must be set. See the sample warm-up times in Table 3.4.5.

Figure 3.4.7 illustrates the timing for clearance of the STOP mode halt state by
an interrupt.

Warm-up time

| >
[}
A RS VAW AW
— ! f
A0 to A21 _X Address ):— 4= —i— 44- dees S\ Address + 2
| ! ’
| —
NE S a—
| |
ADO to AD15 - 1 -(Address)- r -(Data )— -F--1- i— --- —i ———————— 5F--1 -(Address)— B -(Data )' ===
. ! (l ( |
RD \ / H‘f - _/:P—S) ); \ Im
—_ I
" I
Interrupt for : (} | S_\ () (}
I
release halt : |
| STOP !
mode

Figure 3.4.7 Timing Chart for STOP Mode Halt State Cleared by Interrupt

Table 3.4.5 Sample Warm-up Times after Clearance of STOP Mode

@ foscH = 16 MHz, fs = 32.768 kHz

SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2°) 10 (2 112"
0 (fc) 16 ps 1.024 ms 4.096 ms

1 (fs) 7.8 ms 500 ms 2000 ms
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Example:

e The STOP mode is entered when the low-frequency operates, and
high-frequency operates after releasing due to NMI.

Address
SYSCRO EQU 00EOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H
8FFDH LD (SYSCR1), 08H ; fsys =fs/2
9000H LD (SYSCR2), X-1001X1B ; Sets warm-up time to 2™/fc
9002H LD (SYSCRO0), —11000 — — B ; Operates high frequency after released.
9005H HALT
; Clears and starts warm-up timer
NMI pin inputy > (High frequency)
END
NMI interrupt routine
I
I
9006H LD XX, RETI
i
—: No change

Note: When different modes are used before and after STOP mode as the above
mentioned, there is possible to release the HALT mode without changing the
operation mode by acceptance of the halt release interrupt request during
execution of “HALT” instruction (during 6 state). In the system which accepts the
interrupts during execution “HALT” instruction, set the same operation mode before
and after the STOP mode.

91CP27-31 2003-11-05



TOSHIBA TMP91CP27

Table 3.4.6 Input Buffer State Table

Input Buffer State
When the CPU is In HALT mode In HALT mode (STOP)
. Operatin IDLE2/IDLE1 = =
Port Input Function During P 9 ( ) <DRVE>=1 <DRVE>=0
When When When When
Name Name Reset When When When When
€Sel | Used as Used as Used as Used as
. Used as . Used as . Used as . Used as
Function Function Function Function
. Input Port . Input Port . Input Port . Input Port
Pin Pin Pin Pin
P00-07 ADO-7 ON upon
external OFF OFF OFF
P10-17 AD8-15 OFF read OFF OFF
ON
P20-25 -
P32(*1) -
P40-42(*1) - ON ° ° ON . ON °
OFF
P50-52(*2) -
OFF %}ﬂggg OFF OFF
P53(*2) /ADTRG ON
P60 SCK
P61 SDA
S| ON ON ON OFF
P62
SCL
P63 INTO ON ON
P70 TAOIN OFF
P71 - i i ) i
P72 -
P73 TA4IN ON ON ON OFF
P74 - - - - -
P80 TBOUNO
INTS
ON ON ON ON ON ON ON OFF
TBOIN1
P81
INT6
P82 -
P83 - - . ) i OFF
P90 -
P91 RXDO
P92 SCLKO ON ON ON OFF
/ICTS0
P93 - - - - -
P94 RXD1
P95 SCLK1 ON ON ON
/ICTS1 OFF
P96 XT1 For oscillator | OFF OFF OFF OFF OFF
For port OFF ON OFF ON ON
P97 - - - - -
/ — : ON ON ON
RESET - ON ) ON ) ) i
AMO,AM1 -
X1 - OFF OFF

ON: The buffer is always turned on. A current *1:Port having a pull-up/pull-down resistor.
flows the input buffer if the input pin is not
driven.
OFF :The buffer is always turned off. ;if,?;\l input does not cause a current to flow through the

-: No applicable
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Table 3.4.7 Output buffer State Table

Output Buffer State

When the CPU is In HALT mode In HALT mode (STOP)
Port Output Function . Operating (IDLE2/IDLE1) <DRVE>=1 <DRVE>=0
Name Name During | when When When When When | o Used | WWhen When
Reset | Usedas | Usedas | Usedas | Usedas | Used as as OutoUL Used as | Used as
Function | Output Function Output Function Portp Function | Output
Pin Port Pin Port Pin Pin Port
P00-07 ADO-7 ON upon
external OFF OFF
. ADS8-15 write
P10-17 OFF
A8-15
P20-25 AO-5
Al16-21
P30 /RD ON
P31 WR OFF
P32(*1) /HWR
/CSO ON ON ON
P40-42(*1) /CS1
/CS2
P60 SCK
P61 SDA
SO
P62 SCL
P63 - ON ON ON
P70 - ) ) ) ) OFF
P71 TA10OUT ON ON ON OFF
P72 TA30UT OFF
P73 - - - - -
P74 TA50UT ON ON ON OFF
P80 - ) ) ) )
P81 -
P82 TBOOUTO
P83 TBOOUT1 ON ON ON OFF
P90 TXDO
P91 - - - - -
P92 SCLKO ON ON ON OFF
P93 TSD1
P94 - - - - -
P95 SCLK1 ON ON ON OFF
P96 - ON - - - -
P97 xTo LFOr oscillator | OFF ON OFF ON OFF OFF OFF OFF
For port ON OFF ON OFF ON ON
ALE - OFF 1 on - ON - ON . ON :
X2 - ON
. *1 : Port having a pull-up/pull-down
ON: The buffer is always turned on. resistor 9 P PP

OFF: The buffer is always turned off.

-:No applicable
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3.5

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-in
interrupt controller.
The TMP91CP27 has a total of 34 interrupts divided into the following three types:

e Interrupts generated by CPU: 9 sources
(Software interrupts, illegal instruction interrupt)

o Internal interrupts: 21 sources

e Interrupts on external pins (NMI, INTO, INT5 and INT6): 4 sources

A (fixed) individual interrupt vector number is assigned to each interrupt.

One of six (Variable) priority level can be assigned to each maskable interrupt.

The priority level of non-maskable interrupts are fixed at 7 as the highest level.

When an interrupt is generated, the interrupt controller sends the piority of that interrupt to
the CPU. If multiple interrupts are generated simultaneously, the interrupt controller sends
the interrupt with the highest priority to the CPU. (The highest priority is level 7 using for
non-maskable interrupts.)

The CPU compares the priority level of the interrupt with the value of the CPU interrupt
mask register <IFF2:0>. If the priority level of the interrupt is higher than the value of the
interrupt mask register, the CPU accepts the interrupt.

The interrupt mask register <IFF2:0> value can be updated using the value of the EI
instruction (“EI num” sets <IFF2:0> data to num).

For example, specifying “EI3” enables the maskable interrupts which priority level set in the
interrupt controller is 3 or higher, and also non-maskable interrupts.

Operationally, the DI instruction (<IFF2:0> = “7”) is identical to the “EI7” instruction. DI
instruction is used to disable maskable interrupts because of the priority level of maskable
interrupts is 0 to 6. The EI instruction is vaild immediately after execution.

In addition to the above general-purpose interrupt processing mode, TLCS-900/L1 has a
micro DMA interrupt processing mode as well. The CPU can transfer the data (1/2/4 bytes)
automatically in micro DMA mode, therefore this mode is used for speed-up interrupt
processing, such as transferring data to the internal or external peripheral I/0. Moreover,
TMP91CP27 has software start function for micro DMA processing request by the software not
by the hardware interrupt.

Figure 3.5.1 shows the overall interrupt processing flow.
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Figure 3.5.1 Overall Interrupt Processing Flow
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General-Purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. That is also the same as TLCS-900/L and TLCS-900/H.

(1) The CPU reads the interrupt vector from the interrupt controller.
If the same level interrupts occur simultaneously, the interrupt controller generates an
interrupt vector in accordance with the default priority and clears the interrupt
request.
(The default priority is already fixed for each interrupt: The smaller vector value has
the higher priority level.)

(2) The CPU pushes the value of program counter (PC) and status register (SR) onto the
stack area (indicated by XSP).

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

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

(5) The CPU jumps to the address indicated by the data at address “FFFFOOH + interrupt
vector” and starts the interrupt processing routine.
The above processing time is 18-states (2.25 ps at 16 MHz) as the best case (16 bits
data bus width and 0 waits).

When the CPU completd the interrupt processing, use the RETI instruction to return to
the main routine. RETT restores the contents of program counter (PC) and status register
(SR) from the stack and decreases the interrupt nesting counter INTNEST by 1 (-1).

Non-maskable interrupts cannot be disabled by a user program. Maskable interrupts,
however, can be enabled or disabled by a user program. A program can set the priority level
for each interrupt source.

If an interrupt request which has a priority level equal to or greater than the value of the
CPU interrupt mask register <IFF2:0> comes out, the CPU accepts its interrupt. Then, the
CPU interrupt mask register <IFF2:0> is set to the value of the priority level for the
accepted interrupt plus 1 (+1).

Therefore, if an interrupt is generated with a higher level than the current interrupt
during its processing, the CPU accepts the later interrupt and goes to the nesting status of
interrupt processing.

Moreover, if the CPU receives another interrupt request while performing the said (1) to
(5) processing steps of the current interrupt, the latest interrupt request is sampled
immediately after execution of the first instruction of the current interrupt processing
routine. Specifying DI as the start instruction disables maskable interrupt nesting.

A Reset initializes the interrupt mask register <IFF2:0> to “7”, disabling all maskable
interrupts.

Figure 3.5.1 shows the TMP91CP27 interrupt vectors and micro DMA start vectors. The
address FFFFOOH to FFFFFFH (256 bytes) is assigned for the interrupt vector area.
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Table 3.5.1 TMP91CP27 Interrupt Vectors and Micro DMA Start Vectors
Default . Vector Vector Micro DMA
Priority Type Interrupt Source and Source of Micro DMA Request Value (V) Reference Start Vector
Address
1 “RESET” or SWIOQ instruction 0000H FFFFOOH -
2 SWI1 instruction 0004H FFFFO4H -
3 INTUNDEF: lllegal Instruction or SWI2 instruction 0008H FFFFO8H -
4 SWI3 instruction 000CH FFFFOCH -
5 SWI4 instruction 0010H FFFF10H -
6 Non-maskable I~ WIS 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 OAH
12 Reserved — — —
13 Reserved - - -
14 Reserved - - -
15 Reserved - - -
16 INT5 pin 003CH FFFF3CH OFH
17 INT6 pin 0040H FFFF40H 10H
18 Reserved — - —
19 Reserved - - -
20 INTTAO: 8-bit timer 0 004CH FFFF4CH 13H
21 INTTA1L: 8-bit timer 1 0050H FFFF50H 14H
22 INTTA2: 8-bit timer 2 0054H FFFF54H 15H
23 INTTA3: 8-bit timer 3 0058H FFFF58H 16H
24 INTTA4: 8-bit timer 4 005CH FFFF5CH 17H
25 INTTAS: 8-bit timer 5 0060H FFFF60H 18H
26 Reserved - - -
27 Reserved - - -
28 Maskable INTTBOO: 16-bit timer O (TBORGO) 006CH FFFF6CH 1BH
29 INTTBO1: 16-bit timer O (TBORGL1) 0070H FFFF70H 1CH
30 Reserved — - —
31 Reserved - - -
32 INTTBOFO: 16-bit timer O (Over flow) 007CH FFFF7CH 1FH
33 Reserved - - -
34 INTRXO: Serial reception (Channel 0) 0084H FFFF84H 21H
35 INTTXO: Serial transmission (Channel 0) 0088H FFFF88H 22H
36 INTRX1: Serial reception (Channel 1) 008CH FFFF8CH 23H
37 INTTX1: Serial transmission (Channel 1) 0090H FFFFO0H 24H
38 INTSBI: Serial bus interface interrupt 0094H FFFF94H 25H
39 INTRTC: Interrupt for RTC 0098H FFFF98H 26H
40 INTAD: AD conversion end 009CH FFFFOCH 27H
41 INTTCO: End of Micro DMA (Channel 0) 00AOH FFFFAOH —
42 INTTC1: End of Micro DMA (Channel 1) 00A4H FFFFA4H -
43 INTTC2: End of Micro DMA (Channel 2) 00A8H FFFFA8H —
44 INTTC3: End of Micro DMA (Channel 3) 00ACH FFFFACH -
(Reserved) 00BOH FFFFBOH -
(Reserved) 00FCH FFFFFCH —
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3.5.2

Micro DMA

In addition to general-purpose interrupt processing, the TMP91CP27 supports a micro
DMA function. Interrupt requests set by micro DMA perform micro DMA processing at the
highest priority level among maskable interrupts, regardless of the priority level of the
particular interrupt source. The micro DMA has 4 channels and is possible continuous
transmission by specifying the say later burst mode.

Because the micro DMA function has been implemented with the cooperative operation
of CPU, when CPU goes to a standby mode by HALT instruction, the requirement of micro
DMA will be ignored (Pending).

(1) Micro DMA operation

When an interrupt request specified by the micro DMA start vector register is
generated, the micro DMA triggers a micro DMA request to the CPU at interrupt
priority highest level and starts processing the request in spite of any interrupt
source’s level. The micro DMA is ignored on <IFF2:0> = “7”.

The 4 micro DMA channels allow micro DMA processing to be set for up to 4 types of
interrupts at any one time. When micro DMA is accepted, the interrupt request
flip-flop assigned to that channel is cleared.

The data are automatically transferred once (1/2/4 bytes) from the transfer source
address to the transfer destination address set in the control register, and the transfer
counter is decreased by 1 (-1).

If the decreased result is “0”, the micro DMA transfer end interrupt INTTCn) passes
from the CPU to the interrupt controller. In addition, the micro DMA start vector
register DMAnNV is cleared to 0, the next micro DMA is disabled and micro DMA
processing completes.

If the decreased result is other than “0”, the micro DMA processing completes if it
isn’t specified the say later burst mode. In this case, the micro DMA transfer end
interrupt (INTTCn) aren’t generated.

If an interrupt request is triggered for the interrupt source in use during the interval
between the clearing of the micro DMA start vector and the next setting,
general-purpose interrupt processing executes at the interrupt level set. Therefore, if
only using the interrupt for starting the micro DMA (Not using the interrupts as a
general-purpose interrupt: Level 1 to 6), first set the interrupts level to 0 (Interrupt
requests disabled).

If using micro DMA and general-purpose interrupts together, first set the level of the
interrupt used to start micro DMA processing lower than all the other interrupt levels.
In this case, the cause of general interrupt is limited to the edge interrupt.

The priority of the micro DMA transfer end interrupt is defined by the interrupt
level and the default priority as the same as the other maskable interrupt.

If a micro DMA request is set for more than one channel at the same time, the
priority is not based on the interrupt priority level but on the channel number. The
smaller channel number has the higher priority (Channel 0 (High) > channel 3 (Low)).

While the register for setting the transfer source/transfer destination addresses is a
32-bit control register, this register can only effectively output 24-bit addresses.
Accordingly, micro DMA can access 16 Mbytes (The upper eight bits of the 32 bits are
not valid).
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Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte transfer, and
4-byte transfer. After a transfer in any mode, the transfer source/destination addresses
are increased, decreased, or remain unchanged.

This simplifies the transfer of data from I/O to memory, from memory to I/O, and
from I/0 to I/O. For details of the transfer modes, see 3.5.2 (4) “Detailed description of
the transfer mode register: DMAMO to DMAM3”.

As the transfer counter is a 16-bit counter, micro DMA processing can be set for up to
65536 times per interrupt source. (The micro DMA processing count is maximized
when the transfer counter initial value is set to 0000H.)

Micro DMA processing can be started by the 19 interrupts shown in the micro DMA
start vectors of Figure 3.5.1 and by the micro DMA soft start, making a total of 20
interrupts.

Figure 3.5.2 shows the word transfer micro DMA cycle in transfer destination
address INC mode (except for Counter mode, the same as for other modes).

(The conditions for this cycle are based on an external 16-bit bus, 0 waits, transfer
source/transfer destination addresses both even-numbered values).

1 state (Note 1) (Note 2)

f—
DM1 | DM2 | DM3 | DM4 | DM5 | DMe | DM7 | DMs
SNAVAV AVAV AVAW L
-

R U

/]

Figure 3.5.2 Timing for Micro DMA Cycle (Word transfer)

States 1 to 3: Instruction fetch cycle (gets next address code).
If 3 bytes and more instruction codes are inserted in the instruction
queue buffer, this cycle becomes a dummy cycle.

States 4 to 5: Micro DMA read cycles

State 6: Dummy cycle (The address bus remains unchanged from state 5)

States 7 to 8¢ Micro DMA write cycle

Note 1: If the source address area is an 8-bit bus, it is increased by two states.

If the source address area is a 16-bit bus and the address starts from an odd number, it is
increased by two states.

Note 2: If the destination address area is an 8-bit bus, it is increased by two states.

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

In addition to starting the micro DMA function by interrupts, TMP91CP27 includes
a micro DMA software start function that starts micro DMA on the generation of the
write cycle to the DMAR register.

Writing “1” to each bit of DMAR register causes micro DMA once. At the end of
transfer, the corresponding bit of the DMAR register is automatically cleared to “0”.

Only one-channel can be set once for micro DMA. (Do not write “1” to plural bits.)

When writing again “1” to the DMAR register, check whether the bit is “0” before
writing “1”.

When a burst is specified by DMAB register, data is continuously transferred until
the value in the micro DMA transfer counter is “0” after start up of the micro DMA.

Symbol [ Name | Address 7 6 5 4 3 | 2 | 1 | 0
DMA DMA request
DMAR3 DMAR2 DMAR1 DMARO
DMAR software 89H | | |
request RIW
register 0 | 0 | 0 | 0

(3) Transfer control registers

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

Channel 0
DMASO DMA Source address register 0: Only use LSB 24 bits
DMADO DMA Destination address register 0: Only use LSB 24 bits
DMACO DMA Counter register 0: 1 to 65536
DMAMO | DMA Mode register 0
Channel 3
DMAS3 DMA Source address register 3
DMAD3 DMA Destination address register 3
| DMAC3 DMA Counter register 3
DMAM3 | DMA Mode register 3
8 bits
[ 16 bits
< 32bits >
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(4) Detailed description of the transfer mode register: DMAMO to DMAMS3
(DMAMO to DMAM3)

‘ 0 0 © | Mode Note: The upper three bits of data programmed to
| | | | | | these registers must always be 0.
1 Execution time
ZZ:0=B fer, L=W fer, 2 =4- f =R
! 0 = Byte transfer, ord transfer, byte transfer, 3 = Reserved ¢
0 0 0 Z 2Zz| Transfer destination address INC mode..................... 1/0 to memory 8 states (1000 ns)

(DMADN+) < (DMASN)
DMACnN <~ DMACnh - 1
if DMACn = 0 then INTTC is generated

@ byte/word transfer

12 states (1500 ns)
@4-byte transfer

Transfer destination address DEC mode.................... 1/0 to memory
(DMADN-) <~ (DMASN)

DMACh <~ DMACn -1

if DMACn = 0 then INTTC is generated

8 states (1000 ns)
@ byte/word transfer

12 states (1500 ns)
@4-byte transfer

Transfer source address INC mode............cccceeneenee. Memory to I/0
(DMADN) < (DMASN+)

DMACnN <~ DMACn - 1

if DMACn = 0 then INTTC is generated

8 states (1000 ns)
@ byte/word transfer

12 states (1500 ns)
@4-byte transfer

Transfer source address DEC mode...........cceeeevennnin Memory to 1/O
(DMADN) «— (DMASN-)

DMACn «<- DMACn -1

if DMACn = 0 then INTTC is generated

8 states (1000 ns)
@ byte/word transfer

12 states (1500 ns)
@4-byte transfer

Address fixed MOdE..........eeeviiiiiiiieeiiiieee e /0 to I/O
(DMADN) «— (DMASN)

DMACn «<- DMACn -1

if DMACn = 0 then INTTC is generated

8 states (1000 ns)
@ byte/word transfer

12 states (1500 ns)
@4-byte transfer

Counter mode - - for counting number of times interrupt is generated
DMASN <~ DMASNn + 1

DMACh <~ DMACn - 1

if DMACn = 0 then INTTC is generated

5 states

(625 ns)

Note 1:“n” is the corresponding micro DMA channels 0 to 3
DMADnN+/DMASN+: Post increment (Increment register value after transfer)

DMADN-/DMASN-: Post decrement (Decrement register value after transfer)
The I/Os in the table mean fixed address and the memory means increment (INC) or decrement
(DEC) addresses.

Note 2: Execution time is under the condition of:
16-bit bus width/0 waits.
fc = 16MHz/selected high frequency mode (fc x 1)

Note 3: Do not use an undefined code for the transfer mode register except for the defined codes listed in
the above table.
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3.5.3

Interrupt Controller Operation

The block diagram in Figure 3.5.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 25 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared to
zero in the following cases:

e When reset occurs
e  When the CPU reads the channel vector after accepted its interrupt

e When executing an instruction that clears the interrupt (Program DMA start
vector to INTCLR register)

e  When the CPU receives a micro DMA request (When micro DMA is set.)

e  When the micro DMA burst transfer is terminated

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEOAD or INTE56). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. The priority of non-maskable interrupts
(NMI pin interrupts and watchdog timer interrupts) is fixed at 7. If interrupt request with
the same level are generated at the same time, the default priority (The interrupt with the
lowest priority or, in other words, the interrupt with the lowest vector value) is used to
determine which interrupt request is accepted first.

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

The interrupt controller sends the interrupt request with the highest priority among the
simultaneous interrupts and its vector address to the CPU. The CPU compares the priority
value <IFF2:0> in the status register by the interrupt request signal with the priority value
set; if the latter is higher, the interrupt is accepted. Then the CPU sets a value higher than
the priority value by 1 (+1) in the CPU SR<IFF2:0>. Interrupt request where the priority
value equals or is higher than the set value are accepted simultaneously during the
previous interrupt routine.

When interrupt processing is completed (after execution of the RETI instruction), the
CPU restores the priority value saved in the stack before the interrupt was generated to
the CPU SR<IFF2:0>.

The interrupt controller also has registers (4 channels) used to store the micro DMA start
vector. Writing the start vector of the interrupt source for the micro DMA processing (See
Table 3.5.1), enables the corresponding interrupt to be processed by micro DMA processing.
The values must be set in the micro DMA parameter register (e.g., DMAS and DMAD) prior
to the micro DMA processing.
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Figure 3.5.3 Block Diagram of Interrupt Controller
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(1) Interrupt level setting registers
Symbol | Name |Address| 7 | 6 | 5 | 4 3 2 | 1 ] o
INTAD INTO
INTO &
iaDC | 1aDM2 | 1aDM1 | 1ADMO loC lov2 | 1om1 [ om0
INTEOAD | INTAD 90h
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT6 INTS
INTS & 16C leM2 | 16M1 | 16MO 15C IsM2 | 15M1 | 15M0
INTES6 | INT6 93h
enable R RIW R RIW
0 o | o [ o 0 o | o [ o
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO & iTatc | mawM2 | iTAim1 | iTaimo | iTAaoc | iTaom2 | iTAom1 | 1TAOMO
INTETAOL| INTTAL 95h
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTAZ & iTA3C | TA3M2 [ 1TAsm1 | masmo | 1TAa2c | iTazm2 [ iTA2m1 | 1TA2mO
INTETA23| INTTA3 96h
N R RIW R RIW
0 o | o [ o 0 o | o [ o
INTETA45 INTTAS5 (TMRAS) INTTA4 (TMRA4)
INTTA4 & ITAsC | 1TASM2 | 1TASM1 | ITASMO | TA4c | 1TA4m2 | ITA4M1 | ITA4MO
INTTAS 97h
enable R RIW R RIW
0 o | o [ o 0 o | o [ o
I , | E—— .
Interrupt request flag <
A
IXxM2 [ IxxM1 | IxxMO Function (Write)
0 0 0 Disable interrupt request
0 0 1 Setting interrupt priority level to “1”.
0 1 0 Setting interrupt priority level to “2”.
0 1 1 Setting interrupt priority level to “3”.
1 0 0 Setting interrupt priority level to “4”.
1 0 1 Setting interrupt priority level to “5”.
1 1 0 Setting interrupt priority level to “6”.
1 1 1 Disable interrupt request
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Symbol | Name [Address| 7 | 6 | 5 | 4 3 2 | 1 ] o
INTTBOL (TMRBO) INTTBOO (TMRBO)
Interrupt ITBOIC | ITBOIM2 | ITBOLM1L | ITBOIMO | ITBOOC | ITBOOM2 l ITBOOM1 | ITBOOMO
INTETBO enable 99H
TMREO R RIW R RIW
0 o | o | o 0 o | o | o
Interrupt INTTBOFO (TMRBO over flow)
INTETBOLY | €nadle oBH iTFoc | 1TFom2 | iTFom1 | TFomo
TMRBO RIW R RIW
(over flow) 0 0 | 0 | 0 0 0 I 0 | 0
INTTXO INTRXO
Interrupt iTxoc | 1mxom2 [ imxom1 | imxomo | IRxoc | IRxom2 | IRxom1 [ IRxomoO
INTESO enable 9CH
Serial 0 R Riw R RW
0 o | o | o 0 o | o [ o
INTTXL INTRX1
Interrupt iTxic | imxam2 [ imxami | imxamo | IRxic | IRxam2 | IRxam1i [ IRximo
INTES1 enable 9DH
serial 1 R R/W R RIW
0 o | o | o 0 o | o [ o
INTRTC INTSBI
Interrupt IRTcC | IRTcm2 | IRTem1 | IRTcMo | Is2c isam2 | 1sam1 | 1s2mo
INTES2RTC| enable 9EH
SBI/RTC R RIwW R RW
0 o | o | o 0 o | o [ o
INTTCO INTTC1 INTTCO
& iTcic | itcam2 | ircame | ircamo | itcoc | itcomz2 | imcomi | itcomo
INTETCO1 AOH
INTTC1 R RIW R RIW
enable 0 o [ o [ o 0 o [ o [ o
INTTC2 INTTC3 INTTC2
Py iTcac | iTeam2 | ireame | iteamo | iTczc | itcamz2 | iTcami | ITcamo
INTETC23 ALH
INTTC3 R RIW R RIW
enable 0 o [ o | o 0 o [ o [ o
I A A
Interrupt request flag <€
Y
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disable interrupt request
0 0 1 Setting interrupt priority level to “1”.
0 1 0 Setting interrupt priority level to “2”.
0 1 1 Setting interrupt priority level to “3”.
1 0 0 Setting interrupt priority level to “4”.
1 0 1 Setting interrupt priority level to “5”.
1 1 0 Setting interrupt priority level to “6”.
1 1 1 Disable interrupt request
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(2) External interrupt control
Symbol | Name |Address 7 6 5 4 3 2 1 0
- - — - - I0OEDGE IOLE NMIREE
w
Interrupt 8CH 0 0 0 0 0 0 0 0
input INTO 1:
IMC Pd (Prohibit INTO‘e‘dge b Operate
. RiIsIn
o | mote | oen
Write “0". 1: Falling | O: Edge rising
1: Level falling
edge of
NMI

INTO level enable

0 edge detect interrupt

1 “H" level interrupt

NMI rising edge enable

Interrupt request generation at falling edge

edge

Interrupt request generation at rising/falling

(3) Interrupt request flag clear register

The interrupt request flag is cleared by writing the appropriate micro DMA start

vector, as given in Table 3.5.1, to the register INTCLR.

For example, to clear the interrupt flag INTO, perform the following register

operation after execution of the DI instruction.

INTCLR <~ 0AH Clears interrupt request flag INTO

Symbol | Name |Address 7 6 5 4 3 2 1 0
CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO

Interrupt 88H W
INTCLR | clear (Prohibit o | 0 | o | o o | 0

control

RMW)
Interrupt vector
(4) Micro DMA start vector registers

This register assigns micro DMA processing to which interrupt source. The interrupt
source with a micro DMA start vector that matches the vector set in this register is
assigned as the micro DMA start source.

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

If the same vector is set in the micro DMA start vector registers of more than one
Accordingly, if the same vector is set in the micro DMA start vector registers of two
channels, the interrupt generated in the channel with the lower number is executed
until micro DMA transfer is complete. If the micro DMA start vector for this channel is
not set again, the next micro DMA is started for the channel with the higher number.
(Micro DMA chaining)
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Symbol | Name |Address 5 | 4 | 3 | 2 | 1 | 0
DMAQO start vector
DMAO DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOVL | DMAOVO
DMAOV | start 80H
vector RIW
o | o [ o | o | o | o
DMAL start vector
DMAL DMA1V5 | DMA1v4 | DMA1V3 | DMA1V2 | DMALVL | DMALVO
DMA1V | start 81H
vector R/W
o | o [ o | o | o ] o
DMAZ2 start vector
DMA2 DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2VO
DMA2V | start 82H
vector RIW
o | o [ o | o | o | o
DMAS start vector
DMA3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3V | start 83H
vector R/W
o | o [ o [ o | o | o
(5) Micro DMA burst specification
Specifying the micro DMA burst continues the micro DMA transfer until the transfer
counter register reaches zero after micro DMA start. Setting a bit which corresponds to
the micro DMA channel of the DMAB registers mentioned below to “1” specifies a
burst.
Symbol | Name |Address 5 4 3 2 1 0
DMA DMAR3 | DMAR2 | DMARL | DMARO
RIW RIW RIW RIW
DMAR | Software 89H
request 0 0 0 0
register 1: DMA software request
DMA DMAB3 | DMAB2 | DMAB1 | DMABO
RIW
DMAg | Purst 8AH
request o | o | o | o
register 1: DMA request on Burst Mode
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(6) Attention point

The instruction execution unit and the bus interface unit of this CPU operate
independently. Therefore, immediately before an interrupt is generated, if the CPU
fetches an instruction that clears the corresponding interrupt request flag, the CPU
may execute the instruction that clears the interrupt request flag (*1) between
accepting and reading the interrupt vector. In this case, the CPU reads the default
vector 0008H and reads the interrupt vector address FFFFOS8H.

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

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

In addition, take care as the following 2 circuits are exceptional and demand special
attention.

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

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

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

DI

LD (IIMC), 00H ; Switches interrupt input mode from level
mode to edge mode.

LD (INTCLR), OAH ; Clears interrupt request flag

NOP ; Wait El instruction

El

INTRX The interrupt request flip-flop can only be cleared by a reset or by

reading the serial channel receive buffer. It cannot be cleared by an
instruction.

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

INTO: Instructions which switch to Level Mode after an interrupt request has been
generated in edge mode.
The pin input change from high to low after interrupt request has been
generated
in Level Mode. (H —> L)

INTRX: Instruction which read the receive buffer
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3.6 Port Function

The TMP91CP27 features 53 bit settings which relate to the various I/O ports.

As well as general-purpose I/0 port functionality, the port pins also have I/O functions which
relate to the built-in CPU and internal I/Os. Table 3.6.1 lists the functions of each port pin.
Table 3.6.2 to Table 3.6.3 lists I/O registers and their specifications.

Table 3.6.1 Port Function
(R: T = with pull-up resistor)

. Number of . . Direction Pin Names for Built-in
Port Names | Pin Names . Direction R . . .
Pins Setting Unit Functions

Port 0 P00 to P07 8 110 - Bit ADO to AD7
Port 1 P10 to P17 8 110 - Bit ADS to AD15/A8 to A15
Port 2 P20 to P25 6 110 - Bit A16 to A21/A0 to A5
Port 3 P30 1 Output - Bit RD

P31 1 Output - Bit WR

P32 1 110 T Bit HWR
Port 4 P40 1 110 T Bit CSo

P41 1 110 T Bit csi

P42 1 110 T Bit cs2
Port 5 P50 to P53 4 Input - (Fixed) ANO to AN3, ADTRG (P53)
Port 6 P60 1 110 - Bit SCK

P61 1 110 - Bit SO/SDA

P62 1 110 - Bit SI/SCL

P63 1 110 - Bit INTO
Port 7 P70 1 110 - Bit TAOIN

P71 1 110 - Bit TA1OUT

P72 1 110 - Bit TA30UT

P73 1 110 - Bit TA4IN

P74 1 110 - Bit TA50UT
Port 8 P80 1 110 - Bit TBOINO/INTS

P81 1 110 - Bit TBOIN1/INT6

P82 1 110 - Bit TBOOUTO

P83 1 110 - Bit TBOOUT1
Port 9 P90 1 110 - Bit TXDO

P91 1 110 - Bit RXDO

P92 1 110 - Bit SCLKO/CTS0

P93 1 110 - Bit TXD1

P94 1 110 - Bit RXD1

P95 1 110 - Bit SCLK1/CTs1

P96 1 110 - Bit XT1

P97 1 110 - Bit XT2
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Table 3.6.2 1/0O Port Setting List (1/2)

Ports

Pin Names

Specifications

I/0 Register Setting Values

Pn

PnCR

PnFC

Port 0

P00 to PO7

Input port

X

Output port

X

0
1

ADO to AD7 bus

None

Port 1

P10 to P17

Input port

Output port

ADS8 to AD15 bus

A8 to A15

Port 2

P20 to P25

Input port

Output port

A0 to A5 output

A16 to A21 output

R|O|Rr|[O]|FR|O|R]|O|X

Port 3

P30

Output port

RD output only when accessing an
external area

Always RD output

None

FR|O|R|[FP|O|OC|FR]|F|[OC]|O

P31

Output port

WR output only when accessing an
external area

None

P32

Input port (without pull up)

Input port (with pull up)

= |O

Output port

HWR output

Port 4

P40 to P42

Input port (without pull up)

Input port (with pull up)

R |O|X

Output port

P40

CS0 output

P41

CS1 output

P42

CS2 output

Rlk|kr|kr|lo|lo|r|r|o|o

RPl|Rr|P|O|O|O|R|O|O|O

Port 5

P50 to P53

Input port

ANO to AN3 input (Note 1)

P53

ADTRG input (Note 2)

None

Port 6

P60 to P63

Input port

Output port

P60

SCK input

SCK output

P61

SDA input

SDA output (Note 3)

SO output

P62

Sl input

SCL input

SCL output (Note 3)

P63

INTO input

O|lr|O|(O|FR|FP|O|FR|O|F|O

RPl|Rr|[O|O|FR|[FR|O|R|O|O|O

X: Don't care

Note 1:If use P50 to P53 as input channels of AD converter, channel selection set by using
ADMODE1<ADCH2:0>.

Note 2:If use P53 as ADTRG

input,

ADMODE1<ADTRGE>.

enabling external trigger is set by using

Note 3:If use P61 as open-drain output in SDA output and P62 as open-drain output in
SCL output, please set ODE<ODE62:61>.
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Table 3.6.3 1/0O Port Setting List (2/2)

i L I/0 Register Setting Values
Ports Pin Names Specifications
Pn PnCR PnFC
Port 7 P70to P74 Input port X 0 0
Output port x 1 0
P70 TAOIN input x 0 None
P71 TA1OUT output X 1 1
P72 TA30UT output x 1 1
P73 TA4IN input x 0 None
P74 TA50UT output X 1 1
Port 8 P80 to P83 Input port x 0 0
Output port X 1 0
P80 TBOINO, INT5 input X 0 1
P81 TBOIN1, INT6 input X 0 1
P82 TBOOUTO output X 1 1
P83 TBOOUT1 output X 1 1
Port 9 P90 to P95 Input port X 0 0
Output port x 1 0
P90 TXDO output X 1 1
P91 RXDO input x 0 None
P92 SCLKO input X 0 0
SCLKO output x 1 1
CTSO input x 0 0
P93 TXD1 output x 1 1
P94 RXD1 input x 0 None
P95 SCLK1 input X 0 0
SCLK1 output x 1 1
CTS1 input x 0 0
P96 to P97 Input port X 0
Output port (Note 4) x 1 None
XT1 to XT2 (Note 5) x 0
X: Don't care

Note 4:If use P96 to P97 as output port, it be set open-drain buffer.

Note 5: If use P96 to P97 as XT1 to XT2, enabling oscillation and so on are set by using
SYSCRO register.

By resetting, these port pin become general-purpose input port.

And it become input port except P96/XT1 and P97/XT2 that input pin of input and output is
programmable.

When use port pin to internal function, need setting by program.
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3.6.1

Port 0 (P00 to P07)

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

In addition to functioning as a general-purpose I/O port, port 0 can also function as
address data bus (ADO to AD7).

When access external memory, port 0 function as address data bus (ADO to AD7) and
POCR be cleared to “0”.

External access (Data read)

Figure 3.6.1 Port 0

Reset
I External access
v
Direction
> control
on bit basis
( T ) External access (Data write)
POCR write
Y
A
S
> Output latch Port 0
E i i —]
=z ‘8 Output buffer P00 to PO7
S i T (ADO to ADT)
> PO write B2
] ADO to AD7 >
@
il Ti—(]—‘
< 1
X
PO Read
< A
T
Y.
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3.6.2

Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port. Each bit can be set individually for input or
output using the control register PICR and function register P1FC. Resetting reset all bits
of output latch P1, the control register P1ICR and function register P1FC to “0” and sets

port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1 can also function as
address data bus (AD8 to AD15) and address bus (A8 to A15).

Reset

(on bit basis)

R Direction control

r
P1CR write

=

(on bit basis)

Function control

P1FC write

1

Internal data bus

Output latch

P1 write

|

Output buffer

o
T—CIO:—:-

N

P1 read

Figure 3.6.2 Port 1

(]

Port 1
P10 to P17
(AD8 to AD15/A8 to A15)
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Port 0 Register
7 6 5 4 3 2 1 0
PO Bit symbol PO7 P06 P05 P04 P03 P02 PO1 P00
(0000H) Read/Write R/W
After reset Data from external port (Output latch register is undefined.)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol PO7C PO6C PO5C Po4cC PO3C P02C pPo1C pPooC
(0002H) | Read/Write w
Aterreset | o | o | o | o | o | o | o | o
Function 0: Input 1: Output (When access to external, become AD7 to ADO and this register is cleared to “0".)
| ]
» Port I/O setting
0 Input
1 Output
Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) | Read/Write RIW
After reset Data from external port (Output latch register is cleared to “0".)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/write w
After reset 0 0 0 o | o 0 0 0
Function <<Refer to column of P1FC>>
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) I Read/write W
Aterreset | o | o | o | o | o | o | o | o
Function P1FC/P1CR = 00: Input, 01: Output, 10: AD15 to AD8, 11: A15 to A8
| ]
Note: Read-modify-write instructions are
prohibited for registers POCR, P1CR and
P1FC.
> Portl function setting
P1FC<P1XF>
0 1
P1CR<P1XC>
Address data bus
0 Input Port (AD15 to ADS)
Address bus
1 Output Port (A15 t0 A8)

Note: <P1XF>/<P1XC> is bit X of each register PLFC/P1CR.

Figure 3.6.3 Register for Ports 0 and 1
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3.6.3

Port 2 (P20 to P25)

Port 2 is an 6-bit general-purpose I/O port. Each bit can be set individually for input or
output using the control register P2CR and function register P2FC. Resetting, set all bits of
output latch P2 to “1”, and reset the control register P2CR and function register P2FC to

“0” and sets port 2 to input mode.
In addition to functioning as a general-purpose I/O port, port 2 can also function as

address bus (A0 to A5) and address bus (A16 to A21).

Internal data bus

Al6to A21
A0 to A5

Reset

—

B
—

__A

Selector
-<

(21N

Direction contro

3

(on bit basis)

T

P2CR write

Function
> control

(on bit basis)

)

P2FC write

3

Output latch

Selector

)

P2 write

A

Output buffer

L |

A

P2 read

Figure 3.6.4 Port 2

>—|:| Port 2

P20 to P25
(AO to A5/A16 to A21)
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Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P25 P24 P23 P22 P21 P20
(0006H) | Read/Mwrite R/W
After reset Data from external port (Output latch register is set to “1".)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit symbol P25C pP24C P23C p22C P21C P20C
(0008H) | Read/write w
After reset o | o | o | o | o | o
Function <<Refer to column of P2FC>>
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P25F P24F P23F P22F P21F P20F
(0009H) Read/Write w
After reset o | o | o | o | o | o
Function P2FC/P2CR = 00: Input, 01: Output, 10: A5 to A0, 11: A21 to A16
[ ]
Note: Read-modify-write instructions are
prohibited for registers P2CR and
P2FC.
> Port 2 function setting
P2FC<P2XF>
0 1
P2CR<P2XC>
Address bus
0 Input Port (A5 to AQ)
Address bus
1 Output Port (A21 t0 A16)

Note: <P2XF>/<P2XC> is bit X of each register P2FC/P2CR.
When set to address bus A21 to A16, set P2FC after set

P2CR.

Figure 3.6.5 Register for Port 2
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3.6.4

Port 3 (P30 to P32)

Port 3 is a 3-bit general-purpose I/O port (however P30 and P31 is only output port). Each
bit can be set individually for input or output using the control register PSCR and function
register P3FC. Resetting, all bits of output latch P3 is set to “1”, and the control register
P3CR (Bit0 and bitl don’t using) and function register PSFC are reset to “0”. And P30 and
P31 of port 3 output “High”, and sets P32 to input mode with pull-up resister.

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

Case of P30 is defined as RD signal output mode (Case of <P30F> = “1”), when the output
latch register <P30> clearing to “0”, outputs the RD strobe (used for the pseudo static
RAM) of the RD pin even when the internal addressed.

If the <P30 > remains “1”, the RD strobe signal is output only when the external address

area 1s accessed.

M Reset

Direction control

(on bit basis)

T

P3FC write

3

S
Output latch

"

> { ] P3o(RD)
Output buffer

Internal data bus

- |>
A,

Selector

P3 write

RD
f ¢ ( Internal address area

P3 read

Figure 3.6.6 Port 3 (P30)
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Internal data bus

Internal data bus

Reset

—

Function control

(on bit basis)

T

P3FC write

S

» Output latch

P3 write

A

-

N

w >
Selector

P3 read

Reset

-

Direction control

(on bit basis)

l/
Output buffer

WR
Internal address area

*

P3CR write

—=3

Function control

(on bit basis)

P3FC write

S

>0

N

D P31 (WR)

Output latch

1

P3 write

Selector | «——+—
%)

il ke

I
2
by

l/
Output buffer

]

\/H—CP——‘.

P3 read

Figure 3.6.7 Port 3 (P31 and P32)

Programmable >

(7] P32 (AWR)
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Port 3 Register

7 6 5 4 3 2 1
P3 Bit symbol P32 P31 P30
(0007H) | Read/write R/W
After reset Data from 1
external
port Note3
Function Pull-up
resistor
0: OFF
1: ON
Port 3 Control Register
7 6 5 4 3 2 1
%%%/TH Bit symbol P32C
( ) Read/Write w
After reset 0
0: Input
1: Output
Input/ Output setting
0 [ Input
1 | Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol - P32F P31F P30F
(000BH) [ Read/MWrite w
After reset 0 0 0 0
Function Write “0”. 0: Port 0: Port 0: Port
1: HWR 1. WR 1. RD
]
Ly P30 (RD ) function setting
<P30>
0 1
<P30F>
0 “0” output “1" output
RD output RD is only
always. output during
1 (Correspond | external
to pseudo accesses.
SRAM)
—> P31 (WR ) function setting
<P31>
0 1
<P31F>
0 “0” output “1" output
1 WR is only output during
external accesses.
L——» P32 (HWR ) function setting
<P32C>
0 1
<P32F>
0 Input port Output port
1 - HWR output

Note 1: Read-modify-write instrustions are prohibited for registers P3CR and P3FC.

Note 2: When port 3 is used in Input mode, the P3 register controls the internal pull-up resistor. Read-modify-write
instruction is prohibited in Input mode or I/O mode. Setting the internal pull-up resistor may be depend on the
states of the input pin.

Note 3: Output latch register is set to “1”, and pull-up resistor is connected.

Figure 3.6.8 Register for Port 3
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3.6.5

Port 4 (P40 to P42)

Port 4 is a 3-bit general-purpose I/O port. Each bit can be set individually for input or
output using the control register PACR and function register P4FC. Resetting, set P40 to
P42 of output register to “1”, the control register PACR and function register P4FC reset to
“0” and sets port 4 to input mode with pull-up resistor.

In addition to functioning as a general-purpose I/0 port, port 4 can also function as chip
select output signal (CS0 to CS2).

avY

Reset

1

Direction
control
(on bit basis)

A
PACR write

I —3

Function
control
(on bit basis)

P4FC write

I’

S
Output latch

Internal data bus

P4 write
1

Selector

93]

Output buffer

Cso, Cs1, CS2

A

<1

Programmable )
P-ch ( pull up

— | Pao (c%0),
P41(§L),
P42(@)

A

Ll |

A
P4 read

Figure 3.6.9 Port4
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Port 4 Register

7 6 5 4 3 2 1 0
Bit symbol P42 P41 P40
P4 Read/Write R/W
(000CH) After reset Data from external port Note4
Function Pull-up resistor
0: OFF 1: ON
Port 4 Control Register
7 6 5 4 3 2 1 0
FE)‘B%';H Bit symbol P42C P41C P40C
( ) Read/Write w
After reset 0 | 0 | 0
0: Input 1: Output
—> Input/Output setting
0 | Input
1 [ Output
Port 4 Function Register
7 6 5 4 3 2 1 0
(F(’)‘:)ZIC:H) Bit symbol P42F P41F P4OF
Read/Write w
After reset 0 I 0 | 0
Function 0: Port 1. Cs

— ]

0 | Port (P40)

1 | Cso

0 | Port (P41)

1 |Cs1

0 |[Port (P42)

Y

1 |Cs2

Note 1: Read-modify-write instructions are prohibited for registers, PACR and P4FC.

Note 2: When port 4 is used in Input mode, the P4 register controls the internal pull-up resistor. Read-modify-write
instruction is prohibited in Input mode or I/O mode. Setting the internal pull-up resistor may be depend on the
states of the input pin.

Note 3: When output chip select signal (CS0 to CS2), set bit of control register (P4CR) to “1” after set bit of function
register (P4FC) to “1".

Note 4: Output latch register is set to “1”, and pull-up resistor is connected.

Figure 3.6.10 Register for Port 4
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3.6.6  Port5 (P50 to P53)

Port 5 is a 4-bit input port and can also be used as the analog input pin for the AD
converter. P53 can also be used as AD trigger input pin for AD converter.

(N
< DPort 5
3 \[\I P50 (ANO)
o Port 5 read P51 (AN1)
£ P52 (AN2)
= P53 (AN3, ADTRG
£
IS
£
Convertion AD Channel
$ result || converter selector
register
- AD read
ADTRG
(only P53) € 04
Figure 3.6.11 Port5
Port 5 Register
7 6 5 4 3 2 1 0
%50 ooH Bit symbol P53 P52 P51 P50
( ) Read/Write R
After reset Data from external port

Figure 3.6.12 Register for Port 5

Note: The input channel selection of AD converter and the permission of AD trigger input of P53 set

by AD converter mode register ADMOD1.
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3.6.7 Port 6 (P60 to P63)

Port 60 to P63 are 4-bit general-purpose I/O ports. Resetting, set to input port. All bits of
output latch register P6 are set to “1”.

In addition to functioning as a I/O port, port 6 can also function as input or output
function of serial bus interface. This function enable each function by writing “1” to
applicable bit of Port 6 function register P6FC.

Resetting, PE6CR and P6FC reset to “0”, all bit set input port.

(1) Port 60 (SCK)

In addition to functioning as an I/O port, port 60 can also function as clock SCK I/O
port in SIO mode of serial bus interface.

Reset

Direction
control
(on bit basis)

A
P6CR write
1 ;
Function
> control
(on bit basis)

7
P6FC write
v
S

Output latch

Y
A S

Internal data bus

Selector

N
P6 :l;vrite 1 LPe0 el

SCK output ————— 1B
+_

S B¢
<1 Selector
N

~J P6 read

A |€

SCK input <—<}—

Figure 3.6.13 Port 60
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(2) Port 61 (SO/SDA)

In addition to functioning as an I/O port, port 61 can also function as data SDA I/O
port in I2C mode or data SO output pin in SIO mode of serial bus interface.

Reset

~ 3

Direction
control
(on bit basis)

A
P6CR write

Function
> control
(on bit basis)

P6FC write

S

” Output latch _|——>A S
Selector [\>——v—| P61 (SO/SDA
P6 write ( )

SO output B Open-‘drain
SDA output possible:
h ODE<ODEG61>
SB
< bl Selector
™

P6 read A |«

Internal data bus

A

SDA input < <,l

Figure 3.6.14 Port 61
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(3) Port 62 (SI/SCL)

In addition to functioning as an I/O port, port 62 can also function as data receiving
pin in SIO mode or clock SCL I/O pin in I2C bus mode of serial bus interface.

Reset

Direction
control
(on bit basis)

)
P6CR write
T

Function
control
(on bit basis)

P6FC write

S v

Output latch —|——>A S
Selector |[>—<>—|:| P62 (SI/SCL)

Open-drain
possible:
ODE<ODE®62>

Y

Internal data bus

P6 write
SCL output ———— > B

—

S Ble
< e Selector
™
P6 read A

Sl input <—<} .

SCL input

Figure 3.6.15 Port 62
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(4) Port 63 (INTO)

In addition to functioning as an I/O port, port 63 can also function as INTO input pin
of external interrupt.

~— Reset
Direction
control
(on bit basis)
A
P6CR write
q
» Function
3 > control
o] (on bit basis)
g A
° .
= P6FC write
£
[}
£ S
Output latch
A
P6 write P63 (INTO)
I
S B
<1 Select
< <] elector
~ P6 read A
Select level/edge
INTO «——( || & «
Select rising/falling
IIMC<IOLE, IOEDGE>
Figure 3.6.16 Port 63
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Port 6 Registers
5 4 3 2 1 0
P6 Bit symbol P63 P62 P61 P60
(0012H) | Read/Write RIW
After reset Data from external port
(Output latch register is set to “1")
Port 6 Control Register
5 4 3 2 1 0
P6CR Bit symbol P63C P62C P61C P60C
(0014H) Read/Write w
After reset 0 0 | 0 0
Function 0: Input  1: Output
;) Port6 1/0 setting
0 |Input
1 |Output
Port 6 Function Register
5 4 3 2 1 0
P6FC Bit symbol P63F P62F P61F P60F
(0015H) | Read/Write w w w w
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: INTO 1: SCL 1: SbA/SO |1: SCK
input output output output
,—_>P60 SCK output setting
P6FC<P60F> 1
P6CR<P60C> 1

—>» P62 SCL output setting

P61 SDA/SO output setting

P6FC<P61F> 1

P6CR<P61C> 1

P6FC<P62F> 1

P6CR<P62C> 1

A

P63 INTO input setting

P6FC<P63F> 1
P6CR<P63C> 0
Note: Read-modify-write instructions are prohibited for registers P6CR and P6FC.
Figure 3.6.17 Register for Port 6
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3.6.8  Port 7 (P70 to P74)

Port 7 is a 5-bit general-purpose I/0 port. Resetting, set to input port.

In addition to functioning as a I/O port, port 70 and 73 can also function as clock input
pin TAOIN, TA4IN of 8-bit timer 0, 4 and port 71, 72, 74 can also function 8-bit timer output
pin TA10OUT, TA3OUT, TA50UT. This timer output function enable each function by
writing “1” to applicable bit of Port 7 function register P7FC.

Resetting, P7CR and P7FC reset to “0”, all bit set input port.

Reset

Direction
control
(on bit basis)

P7CR write

N S D P70 (TAOIN)
Output latch P73 (TA4IN)

) v
P7 write S B
P
< Selector
P7 read
A

TAOIN <
TA4INT Reset

\

A

Direction
control
(on bit basis)

P7CR write

Internal data bus

Function
> control
(on bit basis)

P7FC write

S
Output latch —L N
0 A S

P7 write

Selector ] P71 (TAL1OUT)
, P72 (TA30OUT)
Timer F/F OUT B P74 (TA50UT)

TALOUT: TMRAOL >

‘7

TA30UT: TMRA23
TA50UT: TMRA45

B €
<1 Selector

P7 read
rea
- s A <

r

Figure 3.6.18 Port 7
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Port 7 Register
7 6 5 4 3 2 1 0
p7 Bit symbol P74 P73 P72 P71 P70
(0013H) Read/Write R/W
After reset Data from external port
(Output latch register is set to “1".)
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR Bit symbol P74C P73C P72C P71C P70C
(0016H) Read/Write w
After reset 0 0 I 0 I 0 | 0
Function 0: Input 1: Output
-———> Port 7 1/O setting
0 |Input
1 |Output
Port 7 Function Register
7 6 5 4 3 2 1 0
P7EC Bit symbol P74F P72F P71F
(0017H) | Read/Write w W
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: TAS0UT 1: TA30UT |1: TALOUT
P71 timer out 1 output setting
P7FC<P71F> 1
P7CR<P71C> 1
L——— P72 timer out 3 output setting
P7FC<P72F> 1
P7CR<P72C> 1

Note 1:

P74 timer out 5 output setting

P7FC<P74F> 1

P7CR<P74C> 1

Read-Modify-Write instructions are prohibited for the registers P7CR and P7FC.
Note 2: P70/TAOIN and P73/TA4IN pin does not have a register changing Port/Function.
For example, when it is used as an input port, the input signal is inputted to 8-bit timer.

Figure 3.6.19 Register for Port 7
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3.6.9 Port 8 (P80 to P83)

Port 8 is a 4-bit general-purpose I/0 port. Resetting, set to input port. All bits of output
latch register P8 are set to “1”.

In addition to functioning as a I/O port, port 8 can also function as clock input of 16-bit
timer, output of 16-bit timer F/F and input function of INT5 to INT6. This function enable
each function by writing “1” to applicable bit of port 8 function register PSFC.

Resetting, PSCR and P8FC reset to “0”, all bits set input port.

(1) P80 to P83

Reset

Direction
control
(on bit basis)

P8CR write

Function
control
(on bit basis)

P8FC write

S r P80
> >
Output latch v D (TBOINO/INT5)

'y S Bl P81
P8 write (TBOINL/INTS6)
< ﬂ Selector

P8 read A

TBOINO, INT5
TBOINZ, INT6 Reset

— 3

Direction
> control
(on bit basis)

Internal data bus

P8CR write

Function
control
(on bit basis)
7

P8FC write
A

S A S

” Output latch
) Selector ,l\/ D P82
P8 write (TBOOUTO)

Timer F/F OUT > B P83

TBOOUTO: TMRBO (TBOOUT1)
TBOOUT1: TMRBO B

A

< ﬂ Selector
P8 read
~J S Ale

[

Figure 3.6.20 Port 8 (P80 to P83)
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Port 8 Register

7 6 5 4 3 2 1 0
P8 Bit symbol P83 P82 P81 P80
(0018H) Read/Write R/W
After reset Data from external port
(Output latch register is set to “1”".)
Port 8 Control Register
7 6 5 4 3 2 1 0
P8CR | Bit symbol P83C P82C P81C P8OC
(001AH) -
Read/Write w
After reset 0 | 0 | 0 | 0
0: Input 1: Output
-————> Port 8 I/O setting
0 |Input
1 |[Output
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FEC Bit symbol P83F P82F P81F P8OF
(001BH) | Read/Write W w W w
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: TBOOUT1 | 1: TBOOUTO | 1: TBOIN1 | 1: TBOINO
INT6 input| INT5 input

L——— P82 TBOOUTO output setting
P8FC<P82F> 1
P8CR<P82C> 1

——> P83 TBOOUT1 output setting
P8FC<P83F> 1
P8CR<P83C> 1

Note: Read-modify-write instructions are prohibited for registers PBCR and P8FC.

Figure 3.6.21 Register for Port 8
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3.6.10 Port 9 (P90 to P97)

e Ports 90 to 95

Ports 90 to 95 are a 6-bit general-purpose I/0 port. Resetting, set to input port. All
bits of output latch register are set to “1”.

In addition to functioning as a I/O port, port 90 to 95 can also function as I/0 of SIOO0,
SIO1. This function enable each function by writing “1” to applicable bit of port 9
function register POFC.

Resetting, POCR and P9FC reset to “0”, all bits set input port.

e Ports 96 to 97

Ports 96 to 97 are a 2-bit general-purpose I/O port. Case of output port, this is open
drain output. Resetting, output latch register and control register set to “1”, and set to
“High-Z” (High impedance).

In addition to functioning as a I/O port, ports 96 to 97 can also function as
low-frequency oscilator connection pin (XT1 and XT2) during using low speed clock

function. Therefore, dual clock function can use by setting of system clock control
registers SYSCRO and SYSCRI1.

(1) Ports 90 and 93 (TXDO and TXD1)

In addition to functioning as a I/O port, Ports 90 and 93 can also function as TXD
output pin of serial channel.

And P90 and P93 have a programmable open-drain function which can be controlled
by the ODE<ODE90, 93> register.

~ Reset

Direction
control
(on bit basis)

PIOCR write

Function
control
(on bit basis)

A\ 4

7
P9FC write

Y
S A S
Output latch

Internal data bus

A 4
A

K Selector M ["] P90 (TxD0)

) >
TXDO, TXD1 —P2Write g Open-drain P93 (TXD1)
\ 28 possible

S BJf
P Selector ODE<ODE90, 93>

~ P9 read

A

Figure 3.6.22 Ports 90 and 93
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(2) Ports 91 and 94 (RXDO and RXD1)

In addition to functioning as a I/O port, ports 91 and 94 can also function as RXD

input pin of serial channel.

~o Reset

—

Direction
control
(on bit basis)

A
PIOCR write

S
Output latch

Internal data bus

P9 write
1

A 4

S Bl€

AN
P9 read

RXDO, RXD1 <€

Selector

A

\

[ Po1 (RxDO)
P94 (RXD1)

A

Figure 3.6.23 Ports 91 and 94

(3) Ports 92 and 95 (CTS0 /SCLKO0, CTS1/SCLK1)

In addition to functioning as a I/O port, ports 92 and 95 can also function as CTS

input pin or SCLK I/O pin of serial channel.

Internal data bus

Reset

Direction
control

(on bit basis)
A
PICR write

Function
control

(on bit basis)

A
PIOFC write

S

A

P9 write

Output latch »A S

Selector
>B

SCLKO, 1
output

1

—

S Ble

) b
P9 read
CTS0, CTS1 P

Selector
A

— ]P92 (SCLKO/CTTSO0 )
P95 (SCLK1/TTS1)

A

SCLKO, SCLK1 input

Figure

3.6.24 Port 92, 95
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(4) Ports 96 (XT1) and 97 (XT2)
In addition to functioning as a I/O port, ports 96 and 97 can also function as low

frequency oscillator connection pins.

Reset _"_ﬁ
Y
S
Direction
control

(on bit basis)

Low-frequency oscillation enable

Y

PI9CR write

S
Output latch > [ ]P96 (xT1)
Output buffer
(Open-drain
P9 write output)
v
S

Selector
T
P9 read ]ﬁ S Z
'—¢ (ON at 1)

S

Direction
control
(on bit basis)

Y

A
AA
VY

Internal data bus

P9CR¢ write

S
Output latch > * D P97 (XT2)

Output buffer
P9 write (Open-drain
v output) Low-frequency clock
S
Selector
I~ A
P9 read

Y

A

Figure 3.6.25 Ports 96 and 97
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Port 9 Registers
7 6 5 4 3 2 1 0
P9 Bit symbol P97 P96 P95 P94 P93 P92 P91 P90
(0019H) [ Read/Mwrite R/W
After reset 1 1 Data from external port
(Output latch register is set to “1".)
Port 9 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol P97C P96C P95C P94C P93C P92C P91C P90C
(001CH) | Read/Write W
Afterreset | 1 1 | o | o | o | o | o | o
0: Input 1: Output
> Port9 I/0 setting
0 Input
1 Output
Note: Ports 96 and 97 are open-drain output pins.
Port 9 Function Register
7 6 5 4 3 2 1 0
POFC -
(001DH) | Bit symbol P95F P93F P92F P9OF
Read/Write w w w w
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
output output
]
|—> P90 TXDO output setting
P9FC<P90F> 1
P9CR<P90C> 1
————> P92 SCLKO output setting
P9FC<P92F> 1
P9CR<P92C> 1
—— > P93 TXD1 output setting
P9FC<P93F> 1
P9CR<P93C> 1
» P95 SCLK1 output setting
P9FC<P95F> 1
P9CR<P95C> 1
Note 1: Read-modify-write instructions are prohibited for the registers P9CR and P9FC.

Note 2: When set TXD pin to open-drain output, write “1” to bit0 of ODE register (for TXDO pin), or bitl (for TXD1 pin).
P91/RXDO0 and P94/RXD1 pin does not have a register changing Port/Function.
For example, when it is also used as an input port, the input signal is inputted to SIO as serial receiving data.

Note 3: Low frequency oscillation circuit

To connect a low frequency resonator to ports 96 and 97, it is necessary to set a following procedure to reduce

the consumption power supply.
(Case of resonator connection)
PI9CR<P96C, P97C> = “11”, P9<P96:97> = “00”
(Case of oscillator connection)
PI9CR<P96C, P97C> = “11”, P9<P96:97> = “10”

Figure 3.6.26 Register for Port 9
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3.7

Chip select/Wait Controller

On the TM91CP27, four user-specifiable address areas (CSO to CS3) can be set. The data bus
width and the number of waits can be set independently for each address area (CSO to CS3 and
others).

The pins CSO to CS2 (which can also function as port pins P40 to P42) are the respective
output pins for the CSO to CS2 areas. When the CPU specifies an address in one of these areas,
the corresponding CS0 to CS2 pin outputs the chip select signal for the specified address area
(in ROM or SRAM). However, in order for the chip select signal to be output, the port 4 control
register PACR and function register PAFC must be set.

The areas CSO to CS3 are defined by the values in the memory start address registers
MSARO to MSAR3 and the memory address mask registers MAMRO to MAMRS.

The chip select/wait control registers BOCS to B3CS and BEXCS should be used to specify the
master enable status, the data bus width and the number of waits for each address area.

3.7.1  Specifying an Address Area

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

At each bus cycle, a compare operation is performed to determine if the address on the
specified a location in the CS0O to CS3 area. If the result of the comparison is a match, this
indicates an access to the corresponding CS area. In this case, the CSO toCS2 pin outputs
the chip select signal and the bus cycle operates in accordance with the settings in chip
select/wait control register BOCS to B3CS. (See section 3.7.2, “Chip Select/Wait Control
Registers”.)
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(1

Memory start address registers

Figure 3.7.1 shows the memory start address registers. The memory start address
registers MSARO to MSARS set the start addresses for the CSO to CS3 areas. Set the
upper 8 bits (A23 to A16) of the start address in <S23:S16>. The lower 16 bits of the
start address (A15 to AO) are permanently set to 0. Accordingly, the start address can
only be set in 64-Kbyte increments, starting from 000000H. shows the relationship
between the start address and the start address register value.

Memory Start Address Register (CS0 to CS3 area)

7 6 5 4 3 2 1 0
MSARO /MSAR1 | Bijt symbol S23 S22 S21 S20 S19 S18 S17 S16
(00C8H)/ (O0CAMI R eadirite RIW
MSAR2 /MSARS After reset 1 K | 1 K [ | 1 [ 1 I
(00CCHY (00CEH) Function Determines A23 to A16 of start address
T_’ Sets start addresses for areas CS0 to CS3
Figure 3.7.1 Memory Start Address Register
Start address Start address register value (MSARO to MSARS3)
Address
000000H 64 Kbytes 000000H .......oevevenene 00H
< 010000H .....oeecveeeenene 01H
(02001010 ]0] - 02H
€ 030000H ......c.c0oveeee.. 03H
&— 040000H ........ccooeeneeene 04H
&— 050000H ........ccooenneen. 05H
€ 060000H .........c0ooe...... 06H
l«—— FFOOO0OH ........cceeennnene FFH
FFFFFFH

Figure 3.7.2 Start Address and Start Address Register Value
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(2) Memory address mask registers

MAMRO
(00C9H)

Figure 3.7.3 shows the memory address mask registers. Memory address mask
registers MAMRO to MAMRS are used to set the size of the CSO to CS3 areas by
specifying a mask for each bit of the start address set in memory start address
registers MSARO to MSARS3. The compare operation used to determine if an address is
in the CSO0 to CS3 areas is only performed for bus address bits corresponding to bits set
to “0” in these registers. Also, the address bits that can be masked by MAMRO to
MAMRS3 differ between CSO0 to CS3 areas. Accordingly, the size that can be each area is

different.
Memory Address Mask Register (CS0 Area)
7 6 5 4 3 2 1 0
Bit symbol V20 V19 V18 V17 V16 V15 V14to 9 V8
Read/Write R/W
After reset 1 e 1
Function Sets area size of CS0.  0: Used for address compare

Range of possible settings for CS0 area size: 256 bytes to 2 Mbytes

Memory Address Mask Register (CS1 Area)

7 6 5 4 3 2 1 0
MAMR1 Bit symbol V21 V20 V19 V18 V17 V16 V15t0 9 V8
(00CBH) | Read/Write R/W
After reset 1 | 1 ] 1 7 1 ] 1 ] 1 | 1 1
Function Sets area size of CS1.  0: Used for address compare
Range of possible settings for CS1 area size: 256 bytes to 4 Mbytes.
Memory Address Mask Register (CS2 and CS3 Area)
7 6 5 4 3 2 1 0
MAMRZ/MAMR3 Bit symbol V22 V21 V20 V19 V18 V17 V16 V15
(00CDHY (00CFH) | Read/Write R/W
After reset 1 o o o T 1
Function Sets area size of CS2 and CS3.  0: Used for address compare
Range of possible settings for CS2 and CS3 area sizes: 32 Kbytes to 8 Mbytes.
Figure 3.7.3 Memory Address Mask Register
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(3) Setting memory start address and address area

Figure 3.7.4 show an example of specifying a 64-Kbyte address area starting from
010000H using the CSO areas.

Set “01H” in memory start address registers MSAR0<S23:16> (Corresponding to the
upper 8 bits of the start address). Next, calculate the difference between the start
address and the anticipated end address (01FFFFH). Bits 20 to 8 of the result
correspond to the mask value to be set for the CS0 area. Setting this value in memory
address mask register MAMRO<V20:8> sets the area size. This example sets “07H” in
MAMRO to specify a 64-Kbyte area.

ojojo0(o0jojogoO 11ttt 11111111 7
|||||||||||||||||||||||||HMemoryCS
end 0 area
| 0 | 1 | F | F | F | F | address size
(64 Kbytes)
Memory
$23 522521 520 $19 S18 $17 S16 start
msaro |0 ]ofofofofo]o]1] address
_> I 0 I 1 | H
V20 V19 V18 V17 V16 V15 V14 to V9 V8
I T T T 1
wwiro (0101010000 01T T 1 1 1 A[1][1 1111 7 1 11 emoryacrs
| 0 | 7 | H mask register

setting
|—)Setting of 07H specifies a 64-Kbyte area.

Figure 3.7.4 Example Showing How to Set the CS0 Area

After a reset, MSARO to MSAR3 and MAMRO to MAMRS3 are set to “FFH”.
BOCS<BOE>, BICS<B1E> and B3CS<B3E> are reset to “0”. Therefore this is disabling
the CS0, CS1 and CS3 areas. However, set as B2CS<B2M> to “0” and B2CS<B2E> to
“1”, CS2 is enabled from 002000H to FFSFFFH in TMP91CP27. Also, the bus width
and number of waits specified in BEXCS are used for accessing addresses outside the
specified CS0 to CS3 area. (See section 3.7.2, “Chip Select/Wait Control Registers”.)
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(4) Address area size specification

Table 3.7.1 shows the relationship between CS area and area size. “A” indicates
areas that cannot be set by memory start address register and address mask register
combinations. When setting an area size using a combination indicated by “A”, set the
start address in the desired steps starting from 000000H.

If the CS2 area is set to 16 Mbytes or if two or more areas overlap, the smaller CS
area number has the higher priority.

Example: To set the area size for CSO to 128 Kbytes:
a. Valid start addresses

000000H D 128 Kbytes

020000H D 128 Kbytes Any of these addresses may be set as the
start address.

040000H

D 128 Kbytes

060000H

b. Invalid start addresses

000000H D 64 Kbytes

010000H This is not an integer multiple of the desired
D 128 Kbytes area size setting. Hence, none of these
030000H
D 128 Kbytes addresses can be set as the start address.
050000H

Table 3.7.1 Valid Area Sizes for Each CS Area

Size
(Byte) | 256 512 32K | 64K | 128K | 256K | 512K | 1M 2M aM 8M
CS Area
CSso o o A A A A A
CS1 o [¢) o A A A A A A
CS2 (¢] A A A A A A A
CS3 e} o A A A A A A A

Note: A indicates areas that cannot be set by memory start address register and memory address mask
register combinations.
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3.7.

BOCS
(00COH)

B1CS
(00C1H)

B2CS
(00C2H)

B3CS
(00C3H)

BEXCS
(00CT7H)

2  Chip Select/Wait Control Registers

Figure 3.7.5 lists the chip select/wait control registers.

The master enable/disable, chip select output waveform, data bus width and number of
wait states for each address area (CSO to CS3 and others) are set in their respective chip
select/wait control registers, BOCS to B3CS and BEXCS.

Chip Select/Wait Control Register
7 6 5 4 3 2 1 0
Bit symbol BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
Read/Write W w
After reset 0 o [ o 0 o | o [ o
Function 0: Disable Chip select output Data bus [ Number of waits
1: Enable waveform selection width 000: 2 waits 100: Reserved
00: For ROM/SRAM 0: 16 bits | 001: 1 wait 101: 3 waits
01: Don’t care 1: 8 bits 010: (1 + N) waits  110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
Bit symbol B1E B1OM1 | B1OMO | B1BUS | B1w2 | BI1W1 | B1WO
Read/Write W w
After reset 0 o [ o 0 o | o [ o
Function 0: Disable Chip select output Data bus | Number of waits
1: Enable waveform selection width 000: 2 waits 100: Reserved
00: For ROM/SRAM 0: 16 bits | 001: 1 wait 101: 3 waits
01: Don’t care 1: 8 bits 010: (1 + N) waits  110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
Bit symbol B2E B2M B20M1 | B20MO | B2BUS | B2w2 | B2w1 | B2WO
Read/Write w
After reset 1 0 o | o 0 o | o | o
Function 0: Disable [CS2 area [ Chip select output Data bus [ Number of waits
1: Enable |selection [waveform selection width 000: 2 waits 100: Reserved
0: 16-Mbyte | 00: For ROM/SRAM 0: 16 bits | 001: 1 wait 101: 3 waits
area 01: Don't care 1: 8 bits 010: (1 + N) waits  110: 4 waits
1: CS area 10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
Bit symbol B3E B3OM1 | B30OMO | B3BUS | B3w2 | B3w1 | B3wo
Read/Write w w
After reset 0 o | o 0 o | o | o
Function 0: Disable Chip select output Data bus [ Number of waits
1: Enable waveform selection width 000: 2 waits 100: Reserved
00: For ROM/SRAM 0: 16 bits | 001: 1 wait 101: 3 waits
01: Don’t care 1: 8 bits 010: (1 + N) waits  110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: Don't care
Bit symbol BEXBUS | BEXW2 | BEXW1 | BEXWO
Read/Write w
After reset 0 0 | 0 | 0
Function Data bus | Number of Waits
width 000: 2 waits 100: Reserved
0: 16 bits | 001: 1 wait 101: 3 waits
1: 8 bits 010: (1 + N) waits  110: 4 waits
011: 0 waits 111: 8 waits

Master enable bit l«

0 [Disable CS area

1 |Enable CS area

CS2 area selection «——

0 [16-Mbyte area

1 | Specified address area

Chip select output waveform
selection

00 [ For ROM/SRAM

v

Number of address area waits

(See section 3.7.2, “(3) Wait Control.”)

01 [Don’t care
10 | Don’t care
11 | Don’t care

>

Data bus width selection

0

16-bit data bus

1

8-bit data bus

Note: Read-modify-write instructions are prohibited for registers BOCS, B1CS, B2CS, B3CS and BEXCS.

Figure 3.7.5 Chip Select/Wait Control Register
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(1) Master enable bits

Bit7 (<BOE>, <B1E>, <B2E> or <B3E>) of a chip select/wait control register is the
master bit that is used to enable or disable settings for the corresponding address area.
Writing “1” to this bit enables the settings. Reset disables (Sets to “0”) <BOE>, <B1E>
and <B3E>, and enables (sets to “1”) <B2E>. This enables area CS2 only.

(2) Data bus width selection

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

This process of changing the data bus width according to the address being accessed
is known as “dynamic bus sizing”. For details of this bus operation see Table 3.7.2.

Table 3.7.2 Dynamic Bus Sizing

Operand Data | Operand Start | Memory Data CPU Data
Bus Width Address Bus Width | CPYAddress ——r—
o 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 bO 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 b8
16 bits 2n+1 b7 to b0 XXXXX
2n + 2 XXXXX b15 to b8
32 bits 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
Note: “xxxxx” indicates that the input data from these bits are ignored during a read. During a

write, indicates that the bus for these bits goes too high impedance; also, that the write
strobe signal for the bus remains inactive.
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(3) Wait control
Bits 0 to 2 (<BOW0:2>, <B1W0:2>, <B2W0:2>, <B3WO0:2>, <BEXW0:2>) of a chip
select/wait control register specify the number of waits that are to be inserted when the
corresponding memory area is accessed.
The following types of wait operation can be specified using these bits. Bit settings
other than those listed in the table should not be made.
Table 3.7.3 Wait Operation Setting
<BxW2:0> Numb_er of Wait Operation
Waits
000 2 Inserts a wait of 2 states.
001 1 Inserts a wait of 1 state.
010 (1+N) Same operation with 1 wait because of nothing WAIT pin.
011 0 Ends the bus cycle without a wait.
100 Reserved Invalid setting
101 3 Inserts a wait of 3 states.
110 4 Inserts a wait of 4 states.
111 8 Inserts a wait of 8 states.
Note: A Reset sets these bits to “000” (2 waits).

(4)

(5)

Bus width and wait control for an area other than CS0 to CS3

The chip select/wait control register BEXCS controls the bus width and number of
waits when memory locations that are not in one of the four user-specified address
areas (CSO to CS3) are accessed. The BEXCS register settings are always enabled for
areas other than CS0 to CS3.

Selecting 16-Mbyte area/specified address area

Setting B2CS<B2M> (Bit6 of the chip select/wait control register for CS2) to “0”
designates the 16-Mbyte areas 002000H to FF3FFFH as the CS2 area. Setting
B2CS<B2M> to “1” designates the address area specified by the start address register
MSAR2 and the address mask register MAMR2 as CS2 (e.g., if B2CS<B2M> =1, CS2 is
specified in the same manner as CS0, CS1 and CS3 are).

A Reset clears this bit to “0”, specifying CS2 as a 16-Mbytes address area.

91CP27-83 2003-11-05



TOSHIBA TMP91CP27

(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registers in the following
order:
a. Set the Memory Start Address Registers MSARO to MSAR3.
Set the start addresses for CSO0 to CS3.
b. Setthe Memory Address Mask Registers MAMRO to MAMR3.
Set the sizes of CS0 to CS3.
c. Set the chip select/wait control registers BOCS to B3CS.
Set the chip select output waveform, data bus width, number of waits and master
enable/disable status for CS0 to CS3 areas.

The CSO to CS2 pins can also function as pins P40 to P42. To output a chip select
signal using one of these pins, set the corresponding bit in the port 4 function register
P4FC and port 4 control register P4CR to “1”.

If a CS0 to CS3 address is specified which is actually an internal I/O, RAM and ROM

area address, the CPU accesses the internal address area and no chip select signal is
output on any of the CS0 to CS2 pins.

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

MSARO = 01H Start address: 010000H

MAMRO =07H Address area: 64 Kbytes

BOCS = 83H ROM/SRAM, 16-bit data bus, zero waits, CS0O area settings
enabled
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3.7.3  Connecting External Memory

Figure 3.7.6 shows an example of how to connect external memory to the TMP91CP27.

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

T7T4AC573

TMP91CP27 — DaQ Address data bus

LE [

csop> [ THIN M 0N O

CcSs1p>— Upper byte Lower byte 8-bit 8-bit
__D ROM ROM

- D Q RAM 110
CS20>— oF OF OF WE OF WE

ALE—)—I_ | LE iL

AD8}

by

AD15

ADO|

: S
AD7|

Yy Y

Figure 3.7.6 Example of External Memory Connection
(ROM uses 16-bit bus, RAM and /O uses 8-bit bus)
A reset clears all bits of the port 4 control register PACR and the port 4 function register

P4FC to “0” and disables output of the CS signal. To output the CS signal, the appropriate
bit must be set P4CR to “1” after set P4FC to “1”.
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3.8  8-Bit Timers (TMRA)

The TMP91CP27 features 6 channels (TMRAO to TMRAB) built-in 8-bit timers.
These timers are paired into 3 modules: TMRAO1, TMRA23 and TMRA45. Each module
consists of 2 channels and can operate in any of the following 4 operating modes.

e  8-bit interval timer mode

e 16-bit interval timer mode

e  8bit programmable square wave pulse generation output mode (PPG: Variable duty

cycle with variable period)
e  8bit pulse width modulation output mode (PWM: Variable duty cycle with constant
period)

Figure 3.8.1 to Figure 3.8.3 show block diagrams for TMRAOQ1, TMRA23 and TMRA45.
Each channel consists of an 8-bit up counter, an 8-bit comparator and an 8-bit timer register.

In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by 5 bytes registers (SFRs: Special

function registers).
Each of the three modules (TMRAO01, TMRA23 and TMRA45) can be operated independently.

All modules operate in the same manner; hence only the operation of TMRAO1 is explained

here.

Table 3.8.1 Registers and Pins for Each Module

Timer flop-flop
control register

TALFFCR (0105H)

TA3FFCR (010DH)

Module
T TMRAO1 TMRA23 TMRA45
Specification
Input pin for external TAOIN None TA4IN
External clock (Shared with P70) (Shared with P73)
pins Output pin for timer TA1OUT TA30UT TA50UT
flip-flop (Shared with P71) (Shared with P72) (Shared with P74)
Timer RUN register | TAOIRUN (0100H) | TA23RUN (0108H) | TA45RUN (0110H)
SFR Timer reqister TAOREG (0102H) TA2REG (010AH) TA4REG (0112H)
name 9 TALIREG (0103H) | TA3REG (010BH) | TASREG (0113H)
(Address) Timer mode register | TAOIMOD (0104H) | TA23MOD (010CH) | TA45MOD (0114H)

TA5FFCR (0115H)
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Block Diagram

3.8.1

indino 1dnuaiul

TVLLINI

TvawL Snd erep [euseiu

94d10vL CVLLINI
indino yoyew :indino 1dnuaiul
OVHNL ZYHNL SN BIEp [eLaul
A A

T

1NOTVL
indino
doyj-diyy Jowi | «

, n
1L

O3UTVL
19181681 Jowi 1g-8

0 Jayng Ja1s1bay

<3qdov.Ll>
NNYTOVL

9340vL
19181681 JaW 1g-8

AOWTOVL i FF

Ao”._u_>_._u0<._.v|V_N

\
(td0) (0d2)
10319p| Jo1esedWon 1g-8 719919p| Joresedwod 10-g
yorei ~ PULOVL ] o —
<00:TONMd> )
<0:T@1DTVL> QOWTOV.L <0-DA100v.L>
AONTOVL i MOJ} I9AQ aowtovi
T4
95zZ14) /_l_ 9TLé
_Qc:ﬁ% %:v 10-8 oTLe (oon) 5%
10- - TL
« 116 J31unod dn ug-8 < NIOV.L 0]
d044EVL 4, < % = ndui feusaix3y
e 101999 1010993
<NNATVI>NNHTOVL <NNHOVI>NNITOVL
44TVL [€
doy-diy [«
Uil e
9Gz19 9T1¢ v1¢ T1d
<NNAdTovL> % % % % :
———>fcTeosefezt le—1- 019 »00p0
NNYTOVL Jesjo/uny _ _ _vw_mm_o._u_ 8 _ v _ ¢ 19|e2sald

Jla[eosald

Figure 3.8.1 Block Diagram of TMRAO1
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3.8.2  Operation of Each Circuit

(1) Prescalers
A 9-bit prescaler generates the input clock to TMRAO1.
The ¢TO as the input clock to prescaler is a clock divided by 4, which selected using
the prescaler clock selection register SYSCRO<PRCK1:0>.
The prescaler’s operation can be controlled using TAOIRUN<TAOPRUN> in the
timer control register. Setting <TAOPRUN> to “1” starts the count; setting
<TAOPRUN> to “0” clears the prescaler to zero and stops operation. Table 3.8.2 shows

the various prescaler output clock resolutions.

Table 3.8.2 Prescaler Output Clock Resolution

@fc = 16MHz, fs = 32.768kHz

System Clock | Prescaler Clock Clock Gear Prescaler Output Clock Resolution
Selection Selection Value
<SYSCK> <PRCK1:0> <GEAR2:0> $T1 oT4 $T16 $T256
1 (fs) XXX fs/23 (244 ps) |fs/2° (977 ps) |fs/2” (3.9 ms) |fs/2™ (62.5 ms)
000 (fc) fc/2® (0.5 us) | fc/2® (2.0 us) |fc/2” (8.0 us) | fc/2™ (128 ps)
00 001 (fc/2) fc/2* (1.0 ps) | fc/2® (4.0 us) |fc/2® (16 ps) | fc/2'? (256 ps)
(frPH) 010 (fc/4) fc/2® (2.0 ps) |fc/2” (8.0 us) |fc/2® (32 ps) | fc/2® (512 ps)
0 (fc) 011 (fc/8) fc/2® (4.0 us) [ fc/2® (16 ps) | fc/2™® (64 us) | fc/2' (1024 ps)
100 (fc/16) fc/2” (8.0 us) |fc/2® (32 pus) | fc/2™ (128 pus) | fc/2™® (2048 ps)
(fc /16130cks) XXX fc/2” (8.0 us) |fc/2® (32 us) | fc/2™ (128 pus) | fc/2™® (2048 us)

xxx: Don't care

(2) Up counters (UCO and UC1)
These are 8-bit binary counters which count up the input clock pulses for the clock
specified by TAOIMOD.
The input clock for UCO is selectable and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4, and $T16. The clock setting
is specified by the value set in TAOIMOD<TAQOCLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow output from UCO is used as the input clock. In any mode other than 16-bit
timer mode, the input clock is selectable and can either be one of the internal clocks
¢T1, ¢T16, and ¢T256, or the comparator output (The match detection signal) from
TMRAO by setting TAOIMOD<TA1CLK1:0>.

For each interval timer the timer operation bits
TAO1RUN<TAORUN> and TAOIRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset clears both up counters, stopping the

control register

timers.
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(3) Timer registers (TAOREG and TAIREG)

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

The TAOREG are double buffer structure, each of which makes a pair with register
buffer.

The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s double
buffer structure is enabled or disabled. It is disabled if <TAORDE> = “0” and enabled if
<TAORDE> = “1".

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when a 2» — 1 overflow occurs in PWM mode, or at the start of the PPG
cycle in PPG mode. Hence the double buffer cannot be used in timer mode.

A Reset initializes <TAORDE> to “0”, disabling the double buffer. To use the double
buffer, write data to the timer register, set <TAORDE> to “1”, and write the following
data to the register buffer. Figure 3.8.4 shows the configuration of TAOREG.

Up counter

L

| Comparator (CPO0) |

AN
| Timer registers 0 (TAOREG) | B

7 Matching detection in PPG cycle

Y <_G:(_<— 2" — 1 overflow of PWM
" Shift trigger Selector
(A < Write to TAOREG

| Register buffers 0 | 1 S

AN

Write

5 Internal data bus { TAOIRUN<TAORDE>

Figure 3.8.4 Configuration of Timer Register 0 (TAOREG)

Note: The same memory address is allocated to the timer register and the register buffer
when write data to TAOREG. When <TAORDE> = 0, the same value is written to the
register buffer and the timer register; when <TAORDE> = 1, only the register buffer
is written to.

The address of each timer register is as follows.
TAOREG: 000102H TA1REG: 000103H
TA2REG: 00010AH TA3SREG: 00010BH
TA4REG: 000112H TA5SREG: 000113H

All these registers are write only and cannot be read.

91CP27-91 2003-11-05



TOSHIBA

TMP91CP27

(4)

(5)

Comparator (CPO and CP1)

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

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

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TAFF1IE> in the Timer Flip-Flop Control Register.

A Reset clears the value of TA1FF to “0”.

Programming “01” or “10” to TA1FFCR<TAFF1C1:0> sets TA1FF to 1 or O.
Programming “00” to these bits inverts the value of TA1FF (This is known as software
inversion).

The TA1FF signal is output via the TAIOUT pin (Concurrent with P71). When this
pin is used as the timer output, the timer flip-flop should be set beforehand using the
Port 7 relation registers P7CR and P7FC.
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3.83 SFR
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAOL1RUN] Bit symbol TAORDE I2TAO1 | TAOIPRUN | TAIRUN | TAORUN
(0100H) | Readmrite | RW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable

v

TAOREG double buffer control

0

Disable

1

Enable

Note: The values of bits 4, 5 and 6 of TAOLRUN are undefined when read.

TMRAZ23 Run Register

|—> Timer run/stop control

0 |Stop and clear
1 |Run (Count up)

12TAO01: Operation in IDLE2 mode
TAO1PRUN: Run prescaler

TALRUN: Run TMRAl

TAORUN:  Run TMRAO

7 6 5 4 3 2 1 0
TA23RUN| Bit symbol TA2RDE 12TA23 [ TA23PRUN | TA3RUN | TA2RUN
(0108H) | Readmwiite | RW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable

v

TA2REG double buffer control

0

Disable

1

Enable

Note: The values of bits 4, 5 and 6 of TA23RUN are undefined when read.

Figure 3.8.5 Register for TMRA

|—> Timer run/stop control

0 [Stop and clear

1 |Run (Count up)

12TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler

TA3RUN: Run TMRA3

TA2RUN:  Run TMRA2
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TMRAA45 Run Register

7 6 5 4 3 2 1 0
TA45RUN] Bit symbol TA4RDE 12TA45 | TA45PRUN | TASRUN | TA4RUN
(0110H) | Read/write R/W R/W
After reset 0 0 0 | 0 I 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
TA4£EG double buffer control |—> Count operate
0 |Disable 0 |Stop and clear
1 |[Enable 1 |Run (Count up)

12TA45: Operation in IDLE2 mode
TA45PRUN: Run prescaler

TASRUN:  Run TMRA5

TA4RUN: Run TMRA4

Note: The values of bits 4, 5 and 6 of TA45RUN are undefined when read.

Figure 3.8.6 Register for TMRA
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TAOIMOD
(0104H)

TMRAO1 Mode Register

7 6

5 4

3 2 1 0

Bit symbol

TAO1IM1 | TAO1MO

PWMO1 PWMO0O0

TA1CLK1 [ TAICLKO [ TAOCLK1 | TAOCLKO

Read/Write

R/W

After reset

o | o

o | o

o | o o | o

Function

Operation mode

00: 8-bit timer mode
01: 16-bit timer mode
10: 8-bit PPG mode
11: 8-bit PWM mode

PWM cycle
00: Reserved
01:2°-1
10:2'-1

11: 28-1

Source clock for TMRA1{Source clock for TMRAQ
00: TAOTRG 00: TAOIN pin

01: ¢T1 01: ¢T1

10: ¢T16 10: ¢T4

11: $T256 11: ¢T16

I

—e

|_, TMRAO source clock selection

00
01
10
11

TAOIN (External input)
¢T1 (Prescaler)

6T4 (Prescaler)

$T16 (Prescaler)

—>TMRAL source clock selection

TA01MOD
<TAO01M1:0> = 01

Comparator
output from TMRAO

$T1
$T16
$T256

TA01MOD
<TA01M1:0> =01

Overflow output from
TMRAO

(16-bit timer mode)

00

01
10
11

PWM cycle selection
00 |Reserved

01
10
11

(2°- 1) x Clock source

(2" 1) x Clock source

(2% 1) x Clock source

A\ 4

TMRAO1 operation mode selection

00 [ Two 8-bit timers

01 | 16-bit timer

10 |8-bit PPG

11 | 8-bit PWM (TMRAO) + 8-bit timer (TMRAL1)

Figure 3.8.7 Register for TMRA
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TMRAZ23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD] Bit symbol TA23M1 TA23MO0 PWM21 PWM20 | TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
(010CH) | Read/write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA3([Source clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode | 01: 2°— 1 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10:2"-1 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11:25-1 11: $T256 11: ¢T16

]

I—) TMRA2

source clock selection

00

Do not set

01

6T1 (Prescaler)

10

$T4 (Prescaler)

11

¢T16 (Prescaler)

—> TMRA3

source clock selection

TA23MOD
<TA23M1:0> = 01

TA23MOD
<TA23M1:0> =01

Overflow output from
TMRA2

(16-bit timer mode)

00 |Comparator output
from TMRA2
01 |[¢T1
10 |[¢T16
11 | ¢T256
—> PWNM cycle selection
00 [Reserved
01 |(2°-1) x Clock source
10 |[(2"-1) x Clock source
11 [(2°-1) x Clock source

A\

TMRAZ23 operation mode selection

00 | Two 8-bit timers

01 | 16-bit timer

10 |8-bit PPG

11 | 8-bit PWM (TMRA2) + 8-bit timer (TMRA3)

Figure 3.8.8 Register for TMRA
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TMRAA45 Mode Register
7 6 5 4 3 2 1 0
TA45MOD] Bit symbol TA45M1 TA45M0 PWM41 PWM40 | TASCLK1 | TASCLKO | TA4CLK1 | TA4CLKO
(0114H) | rRead/write R/W
After reset o | o o | o o | o 0 0
Function Operation mode PWM cycle Source clock for TMRA5 | Source clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TAATRG 00: TA4IN pin
01: 16-bit timer mode | 01: 2°~1 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2"-1 10: ¢T16 10: ¢T4
11: 8-bit PWM mode | 11: 2°-1 11: $T256 11: ¢T16

]

|—> TMRAA4 source clock selection

00

TA4IN (External input)

01

6T1 (Prescaler)

10

$T4 (Prescaler)

11

¢T16 (Prescaler)

—> TMRA5

source clock selection

TA45MOD
<TA45M1:0> = 01

TA45MOD
<TA45M1:0> =01

00 |Comparator output
from TMRA4

01 [¢T1

10 |¢T16

11 | ¢T256

Overflow output from
TMRA4

(16-bit timer mode)

——— > PWM cycle selection

00

Reserved

01

(2°- 1) x Clock source

10

(2" 1) x Clock source

11

(2% 1) x Clock source

> TMRA45 operation mode selection

00 [ Two 8-bit timers

01 | 16-bit timer

10 |8-bit PPG

11 | 8-bit PWM (TMRA4) + 8-bit timer (TMRAS)

Figure 3.8.9 Register for TMRA
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TMRAL Flip-Flop Control Register
6 5 4 3 2 1 0

TALFFCR| Bit symbol TAFF1C1 | TAFF1CO | TAFF1lIE | TAFF1IS
(0105H) | Read/Write RIW R/W

After reset 1 | 1 0 0

Function 00: Invert TALFF TALFF TALFF
Read- 01: Set TALFF control for | inversion
modify-write 10: Clear TALFF inversion |select
instruction is 11: Don't care 0: Disable [0: TMRAO
prohibited. 1: Enable |1: TMRA1

I

!

Inverse signal for timer flip-flop 1 (TA1FF)
(Don'’t care except in 8-bit timer mode

0 Inversion by TMRAOQ

1 Inversion by TMRA1

Inversion of TA1FF

0 Disabled

1 Enabled

Control of TA1FF

00 |Inverts the value of TA1FF.

01 |Sets TALFF to “1".

10 |[Clears TAL1FF to “0".

11 Don'’t care

Note: The values of bits 4, 5, 6 and 7 of TALIFFCR are undefined when read.

Figure 3.8.10 Register for TMRA
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TMRAS Flip-Flop Control Register
6 5 4 3 2 1 0
TA3FFCR] Bit symbol TAFF3C1 | TAFF3CO | TAFR3IE | TAFF3IS
(010DH) | Read/write RIW R/W
After reset 1 | 1 0 0
Function 00: Invert TA3FF TA3FF TA3FF
Read- 01: Set TA3FF control for |inversion
modify-write 10: Clear TA3EE inversion | select
instruction is 11: Don't care 0: Disable [0: TMRA2
prohibited. 1: Enable |1: TMRA3

Inverse signal for timer flip-flop 3 (TA3FF)
(Don'’t care except in 8-bit timer mode
0 Inversion by TMRA2
1 Inversion by TMRA3

Inversion of TA3FF
0 Disabled
1 Enabled

L——— Control of TA3FF

00 |Inverts the value of TA3FF.
01 |Sets TA3FFto “1".

10 |[Clears TA3FF to “0".

11 |Don't care

Note: The values of bits 4, 5, 6 and 7 of TASFFCR are undefined when read.

Figure 3.8.11 Register for 8-Bit Timer
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TMRAS Flip-Flop Control Register
6 5 4 3 2 1 0

TASFFCR] Bit symbol TAFF5C1 | TAFF5CO | TAFFSIE | TAFFSIS
(0115H) | rRead/write RIW R/W

After Reset 1 | 1 0 0

Function 00: Invert TASFF TASFF TASFF
Read- 01: Set TASFF control for |inversion
modify-write 10: Clear TASFF inversion | select
instruction is 11: Don't care 0: Disable [0: TMRA4
prohibited. 1: Enable |1: TMRAS

I

!

Inverse signal for timer flip-flop 5 (TASFF)
(Don'’t care except in 8-bit timer mode

0 Inversion by TMRA4

1 Inversion by TMRAS

Inversion of TASFF

0 Disabled

1 Enabled

Control of TASFF

00 |Inverts the value of TASFF.

01 |Sets TASFF to “1".

10 |[Clears TASFF to “0".

11 Don'’t care

Note: The values of bits 4, 5, 6 and 7 of TASFFCR are undefined when read.

Figure 3.8.12 Register for TMRA
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3.8.4  Operation in Each Mode

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

When set function and counter data, be stopped operation of TMRAO and TMRA1
registers beforehand.

a. Generating interrupts at a fixed interval (using TMRA1)

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

Example: To generate an INTTA1 interrupt every 20 us at fc = 16 MHz, set each
register as follows:

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

MSB LSB
76 543 210
TAOIRUN « - - X X - - 0 - Stop TMRA1 and clear it to 0.
TAOLIMOD «+ 0 0 X X 0 1 X X Select 8-bit timer mode and select $T1 (0.5 us at fc =
16 MHz) as the input clock.
TA1REG 00101000 Set TAIREG to 20 ps + ¢T1 =40 = 28H
INTETAOL « X 1 0 1 - - - - Enable INTTAL and set it to level 5.
TAO1RUN « - X X X -1 1 - Start TMRAL counting.

X: Don't care, —: No change
Select the input clock using Table 3.8.2.

Note: The input clocks for TMRAO and TMRAL are different from as follows.
TMRAQO: TAOIN input, ¢T1, ¢T4 or ¢T16
TMRAL: Comparator output from TMRAO, ¢T1, $T16 and ¢T256
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b. Generating a 50% duty ratio square wave pulse

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

Example: To output a 3.0 us square wave pulse from the TA1OUT pin at fc = 16 MHz,
use the following procedure to make the appropriate register settings. This
example uses TMRA1; however, either TMRAO or TMRA1 may be used.

* Clock state

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

MSB LSB
- 7 6 5 4 3 2 0

TAOIRUN « - X X X — — 0 - Stop TMRAL and clear it to 0.

TAOIMOD « 0 0 X X 0 1 — — Select 8-bit timer mode and select ¢T1 (0.5 ps at fc =
16 MHz) as the input clock.

TALREG «<~ 0 0 0O 011 Set the timer register to 3.0 us + ¢T1+2=3

TAIFFCR « X X X X 1 0 1 1 Clear TA1FF to “0” and set it to invert on the match
detects signal from TMRAL.

P7CR «~ X X X - = -1 - . .
Set P71 to function as the TA1IOUT pin.

P7FC «~ X X X - X -1X }

TAOIRUN « - X X X - 1 1 - Start TMRAL counting.

X: Don't care, —: No change

A S Y Y I Y Iy Oy Yy

TAO1RUN

<TALRUN>

Bit7 to Bit2

Up Bitl
counter

Bit0

Comparator timing

[ [
Comparator output ;ﬁ m m
[ [

(Match detect) Q
INTTAL
Up counter { I- ﬂ
clear
TALFF + I
TA1OUT /
1.5 us @fc =16 MHz

<

Figure 3.8.13 Square Wave Output Timing Chart (50% Duty)
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c. Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the
input clock to TMRA1.

Comparaot output ﬂ ﬂ
(TMRAO match)
TMRAQ up counter 1 X2 X3X4X5X1X2X3X4X5X1X2X3)
(when TAOREG =5)

TMRAL up counter 1 X 2 X 1
(when TAIREG = 2)

TMRAL1 match output

Figure 3.8.14 TMRAL Count Up on Signal from TMRAO

(2) 16-bit timer mode

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

To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded together,
set TAOIMOD<TAO01M1:0> to “01”.

In 16-bit timer mode, the overflow output from TMRAO is used as the input clock for
TMRAI1, regardless of the value set in TAOIMOD<TA1CLK1:0>. Table 3.8.2 shows the
relationship between the timer (Interrupt) cycle and the input clock selection.

Timer interrupt cycle set lower 8 bits to TAOREG and set upper 8 bits to TA1IREG.
Please keep setting TAOREG first because setting data for TAOREG inhibit its compare
function and setting data for TAIREG permit it.

Setting example: To generate an INTTA1 interrupt every 0.5 s at fc = 16 MHz, set the
timer registers TAOREG and TA1IREG as follows:

* Clock state

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

If $T16 (8.0 us at 16 MHz) is used as the input clock for counting, set the following
value in the registers:

0.5 /8.0 pus = 62500 = F424H;
i.e. set TAIREG to F4H and TAOREG to 24H.
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, though the up counter UCO is not be cleared and also INTTAO is not
generated.

In the case of the TMRA1 comparator, the match detect signal is output on each
comparator pulse on which the values in the up counter UC1 and TAIREG match.
When the match detect signal is output simultaneously from both the comparators
TMRAO and TMRA1, the up counters UCO and UC1 are cleared to 0 and the interrupt
INTTAIL is generated. Also, if inversion is enabled, the value of the timer flip-flop
TA1FF is inverted.

Example: When TAIREG = 04H and TAOREG = 80H

Value of up counter

(UC1 and UCO) 0000H 0080H 0180H 0280H 0380H 0480H

TMRAO comparator

match detect signal ﬂ ﬂ ﬂ ﬂ ﬂ
1

Interrupt INTTAL n
1
1
Timer output TAIOUT X Inversion

Figure 3.8.15 Timer Output by 16-Bit Timer Mode

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

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

TMRAO outputs pulses on the TAIOUT pin (shared with P71).

TAOREG and UCO match )ﬂ
(Interrupt INTTAO) /

TA1REG and UCO match

(Interruput INTTAL)
TA1OUT

K] by

TAOREG |
| TALREG

Figure 3.8.16 8-Bit PPG Output Waveforms

91CP27-104 2003-11-05



TOSHIBA TMP91CP27

In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UC0) matches the value in one of the timer
registers TAOREG or TAIREG.

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

Although the up counter for TMRA1 (UC1) is not used in this mode,
TAO1IRUN<TA1RUN> should be set to “1”, so that UC1 is set for counting.

Figure 3.8.17 shows a block diagram representing this mode.

TA1OUT
Selector TAOLRUN<TAORUN>
TAOIN
¢$T1 —> 8-bit <—’ TALFF [« TA1FFCR<TAFF1IE>
oT4 —> "l up counter (UCO) |«
¢T16 —> )
r A [ ¢ Inversion
TAO1MOD<TAOCLK1:0> ,7— > INTTAO
A4
| Comparator | Comparator l, > INTTAL
i i

<

TAOREG

Shift trigger

LSelector

TAOREG-WR-»

A | Register Buffer | | TA1REG |

TAO1RUN<TAORDE> ﬁ ﬁ

Internal data bus

Figure 3.8.17 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer
will be shifted into TAOREG each time TA1REG matches UCO.

Use of the double buffer facilitates the handling of low-duty waves (when duty is
varied).

Match with TAOREG
and up counter

(Up counter = Q1) (Up countner = Q5)
Match with TALIREG
TAOREG ( Shift from register buffer
(Value to be compared) Q1 X Q2
. 10
Register buffer Q, ) Q3
'\ TAOREG (Register buffer)

write

Figure 3.8.18 Operation of Register Buffer
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Example: To generate 1/4-duty 50-kHz pulses (at fc = 16 MHz):

S I I I

20 ps
* Clock state

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

Calculate the value that should be set in the timer register.
To obtain a frequency of 50 kHz, the pulse cycle t should be: t = 1/50 kHz = 20 ps
¢T1 = 0.5 ps (at 16 MHz);
20 ps/0.5 ps = 40
Therefore set TAIREG to 40 (28H)
The duty is to be set to 1/4: t x 1/4 =20 pus x 1/4 =5 pus
5 us/0.5 us = 10
Therefore, set TAOREG = 10 = OAH.

MSB LSB

7 6 5 4 3 2 10
TAO1RUN «~ 0 X X X - 0 0 O Stop TMRAO and TMRAL1 and clear it to “0”.
TA01LMOD « 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG «~ 0 0 0 0 1 0 1 O Write OAH
TALIREG «~ 0 0 1 01 0 0 O Write 28H
TA1FFCR «~ X X X X 0 1 1 X Set TALFF, enabling inversion.

|_|_'—>Writing “10” provides negative logic pulse.
P7CR «— X X X - - - 1 - )
} Set P71 as the TALOUT pin.
P7FC «~ X X X - X- 1 X
TAO1RUN « 1 X X X - 111 Start TMRAO and TMRAL counting and enable double
buffer.

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

This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.

When TMRAO is used the PWM pulse is output on the TAIOUT pin (which is also
used as P71). TMRA1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UC0) matches the value set in the
timer register TAOREG or when 2» — 1 counter overflow occurs (n = 6, 7 or 8 as specified
by TAOIMOD<PWMO01:00>). The up counter UCO is cleared when 20 — 1 counter
overflow occurs.

The following conditions must be satisfied before this PWM mode can be used.
Value set in TAOREG < Value set for 2n — 1 counter overflow
Value set in TAOREG # 0

TAOREG and £l Al
UCO match / /
2"— 1 overflow /ﬂ /ﬂ
(INTTAQ interrupt) ( (

TA1OUT N VIR v V|

(PWMcycle) '

™~

Figure 3.8.19 8-Bit PWM Output Wave Form

Figure 3.8.20 shows a block diagram representing this mode.

TAOLRUN <TAORUN> TAiOUT
TAOIN 5 8-hit up counter ]
oTL 5| Selector > ’ Clear TALFE QTAlFFCR
¢$I‘el—> g (uco) <TAFF1IE>
n Invert
T T 2-1 TA0IMOD
TAOIMOD<TAOCLK1:0> :D overflow &= <PWM01:00>
control
Overflow
| Comparator I >

INTTAO

| - >
L | TAOREG |
Selector —ﬁr
TAOREG-WR_| Shift trigger

Register buffer |

TAOLRUN<TAORDE> { }
{ Internal data bus §

Figure 3.8.20 Block Diagram of 8-Bit PWM Output Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2» — 1
overflow is detected when the TAOREG double buffer is enabled.

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

Match with TAOREG M N
Up counter = Q1 UP counter = Qo

2"- 1 overflow /
TAOREG [ Shift into TAOREG
(Value to be compared) Q1 b Q2

b))
Register buffer Q2 X Q3
N_TAOREG (Register buffer)

Write

Figure 3.8.21 Operation of Register Buffer

Example: To output the following PWM waves on the TA1OUT pin at fc = 16 MHz:

[ I N B

36.0 ps
63.5 s

* Clock state

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

To achieve a 63.5-us PWM cycle by setting ¢T1 to 0.5 ps (at fc = 16 MHz):
63.55 ns/0.5 ps = 127=2n - 1

Therefore n should be set to 7.

Since the low-level period is 36.0 us when ¢T1 = 0.5 ps,

set the following value for TAOREG:
36.0 us/0.5 us = 72 = 48H

X: Don't care, —: No change

MSB LSB
_ 76 5 4 3 2 10
TAOLRUN <« - X - - - 0 Stop TMRAO and clear it to 0.
TAOLMOD « 1 1 1 0 - - 0 1 Select 8-hit PWM mode (cycle: 2" - 1) and select ¢T1 as
the input clock.
TAOREG «~ 0 1 0 0 1 O 0 Write 48H.
TAL1FFCR «~ X X X X 1 0 1 X Clear TAL1FF to 0; enable the inversion.
P7CR «~ X X X - - - 1 - . .
Set P71 to function as the TA1OUT pin.
P7FC «— X X X - -1
TAO1RUN « 1 X X X - - 1 Start TMRAO counting, and enable the double buffer.
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Table 3.8.3 PWM Cycle

@ fc =16 MHz, fs = 32.768 kHz
Select System| Select Prescaler PWM Cycle
Clock Clock Gear Value 21 271 -1
. GEAR2:0
<SYSCK> <PRCKL:0> ) g oTL | o4 | o116 | oT1 | ¢4 | oT16 | ¢T1 | ¢T4 | ¢Ti6
1 (fs) XXX 154 ms [ 61.5ms | 246 ms [ 31.0ms | 124 ms | 496 ms | 62.3ms | 249 ms | 996 ms
000 (fc) 31.5us | 126 ps | 504 us | 63.5pus | 254 us | 1016 ps | 127.5 us| 510 us | 2040 ps
00 001 (fc/2) 63.0us | 252 us | 1008 us | 127 us | 508 us | 2032 ps | 255 us | 1020 us | 4080 us
(frPH) 010 (fc/4) 126 us | 504 us | 2016 ps | 254 ps | 1016 ps | 4064 ps | 510 ps | 2040 ps | 8160 s
0 (fc) 011 (fc/8) 252 us | 1008 ps | 4032 us | 508 us | 2032 ps | 8128 ps | 1020 ps | 4080 s [16.32 ms
100 (fc/16) 504 ps | 2016 ps | 8064 ps | 1016 us | 4064 ps [16.256 ms| 2040 ps | 8160 us |32.64 ms
10 XXX 504 2016 8064 1016 4064 ps [16.256 ms | 2040 ps | 8160 ps [32.64 ms
(fc/16 clock) Hs Hs Hs Hs HS | 16250 ms H HS |5
XXX: Don't care
(5) Settings for each mode
Table 3.8.4 shows the SFR settings for each mode.
Table 3.8.4 Timer Mode Setting Registers
Register Name TA0O1IMOD TALFFCR
<Bit symbol> <TA01M1:0> <PWMO01:00> <TA1CLK1:0> <TAOCLK1:0> <TAFF1IS>
. . Upper Timer Input Lower Timer  |Timer F/F Invert Signal
Function Timer Mode PWM Cycle Clock Input Clock Select
Lower timer match, | External clock, . .
o 0: Lower timer output
8-bit timer x 2 channels 00 - oT1, $T16, $T256 | T1, ¢T4, $T16 1 U i out
(00, 01, 10, 11) | (00, 01, 10, 11) | - “PPErtimeroutpu
External clock,
16-bit timer mode 01 - - ¢T1, ¢T4, $T16 -
(00, 01, 10, 11)
External clock,
8-bit PPG x 1 channel 10 - - 0T, ¢T4, $T16 -
(00, 01, 10, 11)
External clock
. 2°-1,2"-1,2°-1 '
8-bit PWM x 1 channel 11 : i - ¢T1, ¢T4, $T16 -
(01, 10, 11)
(00, 01, 10, 11)
g ¢0T1, ¢T16, $T256 .
8-bit timer x 1 channel 11 - (01, 10, 11) - Output disabled
—: Don't care
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3.9

16-Bit Timer/Event Counters (TMRB)

The TMP91CP27 contains one multifunctional 16-bit timer/event counter (TMRBO0) which
have the following operation modes:

e 16-bit interval timer mode

e 16-bit event counter mode

e 16-bit programmable square wave pulse generation output mode (PPG: Variable duty cycle
with variable period)

Can be used following operation modes by capture function:

e Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Figure 3.9.1 show block diagram of TMRBO. Timer/event counter consists of a 16-bit up
counter, two 16-bit timer registers (One of them with a double-buffer structure), two 16-bit

capture registers, two comparators, a capture input controller, a timer flip-flop and a control

circuit.

Timer/Event counter is controlled by 11-byte control register (SFR).

Table 3.9.1 Registers and Pins for TMRBO

Channel
TMRBO
Spec
External clock/ TBOINO (Shared with P80)
| capture trigger input pin TBOIN1 (Shared with P81)
External pin - - - -
Timer flip-flop output pin TBOOUTO (Shared with P82)
TBOOUT1 (Shared with P83)
Timer RUN register TBORUN (0180H)
Timer mode register TBOMOD (0182H)
Timer flip-flop control register TBOFFCR (0183H)
TBORGOL (0188H)
SFR Timer register TBORGOH (0189H)
name
(Address) TBORGI1L (018AH)
TBORG1H (018BH)
TBOCPOL (018CH)
) TBOCPOH (018DH)
Capture register
TBOCP1L (018EH)
TBOCP1H (018FH)
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Block Diagram of TMRBO

3.9.1
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Figure 3.9.1 Block Diagram of TMRBO
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3.9.2  Operation of Each Circuit

(1) Prescaler

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

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

Table 3.9.2 show prescaler output clock resolution.

Table 3.9.2 Prescaler Output Clock Resolution
@fc = 16 MHz, fs = 32.768 KHz

System Clock | Prescaler Clock Clock Gear Prescaler Output Clock Resolution
Selection Selection Value

<SYSCK> <PRCK1:0> <GEAR2:0> 0Tl 0T4 ¢T16
1 (fs) XXX fs/2% (244 ps) | s/2° (977 ps) | fs/2” (3.9 ms)
000 (fc) fc/2® (0.5 ps) | fc/2® (2.0 ps) | fc/2” (8.0 ps)
00 001 (fc/2) fc/2* (1.0 ps) | fc/2° (4.0 ps) | fc/2® (16.0 ps)
(frPH) 010 (fc/4) fc/2° (2.0 ps) | fc/2” (8.0 ps) | fc/2° (32.0 ps)
0 (fc) 011 (fc/8) fc/2° (4.0 ps) | fc/2° (16.0 ps) | fc/2™ (64.0 ps)
100 (fc/16) fc/2” (8.0 ps) | fc/2° (32.0 ps) | fe/2™ (128 ps)
(fi/oléNc?ct)i)k) XXX fc/27 (8.0 us) | fc/2° (32.0 us) | fo/2™ (128 pus)

XXX: Don't care

(2) Up counter (UCO)

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

As the input clock, one of the prescaler internal clocks ¢T1, ¢T4 and ¢T16 or an
external clock from TBOINO pin can be selected. Counting or stopping and clearing of
the counter is controlled by timer operation control register TBORUN<TBORUN>.

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

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

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

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

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

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

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

After a Reset, TBORGO and TBORG1 are undefined. To use the 16-bit timer after
reset, data should be written beforehand.

When reset, <TBORDE> is initialized to 0, whereby the double buffer is disabled. To
use the double buffer, write data to the timer register, set <TBORDE> to 1, then write
following data to the register buffer.

TBORGO and the register buffer are allocated to the same memory address
0188H/0189H. When <TBORDE> = 0, same value will be written to both the timer
register and register buffer. When <TBORDE> = 1, the value is written into only the
register buffer.

Therefore, when write initial value to timer register, set register buffer to disable.

The addresses of the timer registers are as follows:

- TMRBO - - - - - o oo e
1
i TBORGO TBORG1 i
i Upper 8-bit Lower 8-bit Upper 8-bit Lower 8-bit i
' (TBORGOH) (TBORGOL) (TBORG1H) (TBORGIL) !
1
H 000189H 000188H 00018BH 00018AH i
! 1
1

____________________________________________________________________

The TBORGO to TBORG1 are write-only registers and thus cannot be read.
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(4) Capture registers (TBOCPOH/L, TBOCP1H/L)
These 16-bit registers are used to latch the values of the up counters.

Data in the capture register should be read all 16 bits. For example, using 2-byte
data load instruction or using 1-byte date load instruction twice for lower 8 bits and
upper 8 bits in order.

The addresses of the capture registers are as follows:

Q- TMRBO B b
i TBOCPO TBOCP1 i
i Upper 8-bit Lower 8-bit Upper 8-bit Lower 8-bit H
' (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) '
1

H 00018DH 00018CH 00018FH 00018EH i
1 1
)

The TBOCPO to TBOCP1 are read-only registers and thus cannot be read.
(5) Capture, external interrupt control

This circuit controls the timing to latch the value of up counter UCO into TBOCPO,
TBOCP1 and control generation of external interrupt. The latch timing of capture
register and selection of edge for external interrupt is set in TBOMOD<TBOCPM1:0>.

The edge of external interrupt INT6 is fixed to rising edge.

Besides, the value of up counter can be loaded into a capture registers by software.
Whenever 0 is written to TBOMOD<TBOCPOI>, the current value in the up counter is

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

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

Notice
[ D l
1 1
. “0"WR “0"WR 1M1I"WR Ot 1"WR
Write to TBOMOD ! !
register 1 M. rt. 1
1 1
TBOMOD —I i I
<TBOCPOI> i i
1 1
1 1
CAPTURE Capture Capture | Capture | NOP
operation ! !
| i
1 1
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(6)

(7

Comparators (CP0O and CP1)

CP0 and CP1 are 16-bit comparators which compare the value in the up counter UCO
value with the value set of TBORGO or TBORG1 respectively, in order to detect a match.
If a match is detected, the comparators generate an interrupt INTTB0O or INTTBO1
respectively).

Timer flip-flops (TBOFF0 and TBOFF1)

These flip-flops are inverted by the match detect signals from the comparators and
the latch signals to the capture registers. Inversion can be enabled and disabled for
each element using TBOFFCR<TBOC1T1, TBOCOT1, TBOE1T1, TBOEOT1>.

After a reset, the value of TBOFFO and TBOFF1 is undefined. If “00” is written to
TBOFFCR<TBOFF0C1:0> or <TBOFF1C1:0>, TBOFFO or TBOFF1 will be inverted. If
“01” is written to the flip-flops control registers, the value of TBOFF0 and TBOFF1 will
be set to “1”. If “10” is written to the flip-flops control registers, the value of TBOFFO0
and TBOFF1 will be cleared to “0”.

The values of TBOFFO and TBOFF1 can be output to the timer output pins TBOOUTO
(which is shared with P82), TBOOUT1 (which is shared with P83). Timer output should

be specified by using the port 8 function register PSFC and port 8 control register
P8CR.
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3.9.3 SFR
TMRBO RUN Register
7 6 5 4 3 2 1 0
TBORUN Bit symbol TBORDE - 12TBO TBOPRUN TBORUN
(0180H) Read/Write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Double Write “0”. IDLE2 16-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operation | 1: Run (Count up)
1: Enable

Note: The values of bits 1, 4 and 5 of TBORUN are undefined when read.

Figure 3.9.2 Register for TMRB

12TBO:

operation

|—> Count
0

Stop and clear

1

Count

Operation of IDLE2 mode
TBOPRUN: Operation of prescaler
TBORUN: Operation of TMRBO
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TMRBO Mode Register
7 6 5 4 3 2 1 0
TBOMOD | Bit symbol TBOCT1 TBOET1 TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE TBOCLK1 | TBOCLKO
(0182H) | Read/Write R/W W RIW
After reset o | o 1 o | o 0 o | o
Read-Modify | Function TBOFF1 Invertion Software | Capture timing Up counter | TMRBO source clock
-write trigger capture 00: Disable control select
instruction is 0: Trigger disable control INT5 is rising edge 0: Clear 00: TBOINO pin input
prohibited 1: Trigger enable 01: TBOINO 1 TBOINL 1 disable | O1: ¢T1
Invert Invert INT5 is rising edge 1: Clear 10: ¢T4
when when 0: Software | 10: TBOINO T TBOINO ¢ enable [11: ¢T16
capture to | match capture INT5 is falling edge
capture UCO with [1: Undefined | 11: TATOUT T
register 1 |timer TAlOUT !
register 1 INTS5 is rising edge
]
|—> TMRBO source closk
00 | External input clock (TBOINO pin input)
01 |¢T1
10 |¢T4
11 |¢T16
— Clear of up counter 0 (UCO)
0 Disable clear of up counter
1 | Clear by match with TBORG1
—>

Capture/Interrupt timing

Capture control

INT5 control

00

Capture disable

01 | TBOCPO by rising TBOINO
TBOCP1 by rising TBOIN1

INT5 generate by rising TBOINO

A

10 | TBOCPO by rising TBOINO
TBOCP1 by falling TBOINO

INT5 generate by falling TBOINO

11 | TBOCPO by rising TAIOUT
TBOCP1 by falling TALOUT

INT5 generate by rising TBOINO

Software capture

0 Capture value of up counter to TBOCPO.

1 Undefined (Note)

Note: Whenever programming “0” to TBOMOD<TBOCPOI> bit, present value of up counter is received to capture register

TBOCPO. But, write “1” to TBOMOD<TBOCPOI> in condition of written “0” to TBOMOD<TBOCPOI> bit, present value

of up counter is received to capture register TBOCPO. Therefore you must to regard.

Figure 3.9.3 Register for TMRB
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TMRBO Flip-Flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR | Bit symbol TBOFF1C1 | TBOFF1CO TBOC1T1 TBOCOT1 TBOE1T1 TBOEOT1 TBOFFOC1 | TBOFFOCO
(0183H) | Read/Write W RIW W
After reset 1 | 2 o | o | o | o 1 | 1
Ref‘d'MOdify Function TBOFF1 control TBOFFO inversion trigger TBOFFO Control
_'W“te L 00: Invert 0: Trigger disable 00: Invert
instruction is .
prohibited 01: Set 1: Trigger enable 01: Set
10: Clear 10: Clear
) ) Invert when | Invert when [Invertwhen |Invert when ) )
11: Don't care the UC the UC the UC the UC 11: Don't care
* Always read as “11”, value is value is matches match with | « Always read as “11”.
loaded into |loaded into |[with TBORGO.
TBOCP1. TBOCPO. TBORGL.

I—) Timer

Flip-Flop (TBOFFO) control

00 |[Invertto TBOFFO (Software inversion).
01 |Set TBOFFO to “1".
10 |Clear TBOFFO to “0".
11 | Don't care
——> Inversion trigger of TBOFFO when the UC match with
TBORGO
0 Trigger disable (Disable inversion)

1

Trigger enable (Enable inversion)

Inversion trigger of TBOFFO when the UC match with
TBORG1

0

Trigger disable (Disable inversion)

1

Trigger enable (Enable inversion)

Inversion trigger of TBOFFO When the UC value is
loaded

in to TBOCPO

0

Trigger disable (Disable inversion)

1

Trigger enable (Enable inversion)

Inversion trigger of TBOFFO When the UC value is
loaded

into TBOCP1

0

Trigger disable (Disable inversion)

1

Trigger enable (Enable inversion)

Figure 3.9.4 Register for TMRB
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3.9.4  Operation in Each Mode

(1) 16-bit interval timer mode

Generating interrupts at fixed intervals
In this example,the interval time is set the timer register TBORG1 to generate the

interrupt INTTBO1.

B 7 6 5 4
TBORUN « 0 0 X X
INTETBO « X 1 0 O
TBOFFCR «< 1 1 0 O
TBOMOD «< 0 0 1 O
TBORG1 « * ok FF
* * * *

TBORUN « 0 0 X X

X: Don't care, —: No change

0
1

X

1

*

1

*

=01, 10, 11)

*

(2) 16-bit event counter mode

*

*

Stop TMRBO.

Enable INTTBO1 and set interrupt level 4. Disable

INTTBOO.

Disable the trigger.

Select source clock and
Disable the capture function.
Set the interval time (16 bits).

Start TMRBO.

In 16-bit timer mode as described in above, the timer can be used as an event counter

by selecting the external clock (TBOINO pin input) as the input clock.

Up counter counting up by rising edge of TBOINO pin input. And execution software

capture and reading capture value enable reading count value.

[ TBORUN
PSCR
P8FC
INTETBO

TBOFFCR
TBOMOD
TBORG1

|_TBORUN

Tt

Tt

“«—

X X X o~

[y

0

P X X oo

O X X X u

X: Don't care, —: No change

O X X X b

X

o »r O O O

[y

Stop TMRBO.

Set P80 to TBOINO input mode.

Enable INTTBO1 and set interrupt level 4. Disable

INTTBOO.
Disable trigger.
Set input clock to TBOINO pin input.

Set number of count. (16 bits)

Start TMRBO.

When used as an event counter, set the prescaler to “RUN”.

(TBORUN<TBOPRUN> = “1”)
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(3) 16-bit programmable pulse generation (PPG) output mode

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

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

(Set value of TBORGO) < (Set value of TBORG1)

Match with TBORGO )+—| |-| I—l |-| |—|
(INTTBOO inerrupt)
Match with TBORG1 ( /ﬂ |‘| |‘| |‘|
(INTTBO1 interrupt) d
I
TBOOUTO pin ﬁ >4+_| |_| |_| |_|

Figure 3.9.5 Programmable Pulse Generation (PPG) Output Waveforms

| —

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

Match with TBORGO I_I |_|
Up counter = Q1 Up counter = Q2

Match with TBORG1

( Shift from register buffer

TBORGO N
(Value to be compared) Q1 X Q2
y/a

Register buffer Q2 X Q3
Write into the TBORGO

Figure 3.9.6 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBORUN<TBORUN>
TBOOUTO (PPG output)
Selector A

TBOJ#[{ 16-bit up counter E/E
T4 uco clear
$T16 < (TBOFFO)

N\Z \Z

16-bit comparator MEtCh 16-bit comparator
VAN PAN

Selector TBORGO
AN
TBORGO-WR->|
Register buffer 0 TBORG1
TBORUN<TBORDE> ﬁ ﬁ
¢ Internal data bus q

Figure 3.9.7 Block Diagram of 16-Bit PPG Mode

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

TBORUN «< 0 0 X X - 0 X 0 Disable the TBORGO double buffer and stop TMRBO.
TBORGO « FF Rk kR kX Set the duty ratio (16 bits).
TBORG1 « KRR xRk kX Set the frequency (16 bits).
TBORUN «~ 1 0 X X - 0 X O Enable the TBORGO double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR « X X 0 0 1 1 1 O© Set the mode to invert TBOFFO at the match with

TBORGO/TBORGL. Clear TBOFFO to 0.

TBOMOD o o1 0 0 1 * *
< Select the source clock and disable the capture function.

P8CR «~ X X X X - 1 - - .
Set P82 to function as TBOOUTO.
P8FC «~ X X X X - 1 - -
| TBORUN «~ 1 0 X X - 1 X 1 Start TMRBO.

X: Don't care, —: No change
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(4) Capture function examples
Used capture function, they can be applicabled in many ways, for example:
a. One-shot pulse output from external trigger pulse
b. For frequency measurement

For pulse width measurement

a o

For time difference measurement

a. One-shot pulse output from external trigger pulse

Set the up counter UCO in free-running mode with the internal input clock,
input the external trigger pulse from TBOINO pin, and load the value of
up-counter into capture register TBOCPO at the rise edge of the TBOINO pin.

When the interrupt INT5 is generated at the rise edge of TBOINO input, set the
TBOCPO value (c) plus a delay time (d) to TBORGO (= ¢ + d), and set the above set
value (¢ + d) plus a one-shot width (p) to TBORG1 (= ¢ + d + p). And, set “11” to
timer flip-flop control register TBOFFCR<TBOE1T1, TBOEOT1>. Set to trigger
enable for be inverted timer flip-flop TBOFFO by UCO0 matching with TBORGO and
with TBORG1. When interrupt INTTBO1 occurs, this inversion will be disabled
after one-shot pulse is output.

The (¢), (d) and (p) correspond to ¢, d and p figure 3.9.8.

(y Set the counter in free-running mode.

Count cIockJﬂﬂ_ﬂ_ﬂ_ﬂ_
(rescater oot ooy — 0 LU UL Lo 0 0

c+d c+d+p

TBOINO pin input
(External trigger pulse) :\k Load the up counter value into capture
| Register 0 (TBOCPO0) and INT5 occurred

Match with TBORGO

J

(INTTBOl occujred
enable /ﬂ
Disables inversion \ 1Inversion i
I
[}

Match with TBORG1

1enable

I

[}

]

1

]

! 1

i , !

1 Inversion '

: 1
]

]

I

[}

[}

I

caused by loading of
! Fhe up counter value
Timer output pin TBOOUTO :A( into TBOCPO.

Pulse width
(9]

! Delay time
™~ L)

(d)

—_ 2N

Figure 3.9.8 One-shot Pulse Output (with delay)
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Example: To output a 2-ms one-shot pulse with a 3-ms delay to the external trigger
pulse via the TBOINO pin.

Main setting

_TBOMOD « X X

TBOFFCR « X X

P8CR « X X
P8FC « X X
INTE56 «— X -
INTETBO «~ X 0
_TBORUN «~ - 0

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

Set free running.
,_n_|—> Count using ¢T1.

1 0 1 0 0 1
- » Load the up counter value into TBOCPO at the rising edge

of TBOINO pin input.

0 0 0 01 O
“—_____, Clear TBOFFOt0 0.
» Disable inversion of TBOFFO.

X X - - 0 } Set P82 to function as the TBOOUTO pin.
X X - -1 Set P80 to TBOINO input mode.
- - X 1 0 O .

Enable INT5. Disable INTTBOO and INTTBO1.
0 0 X 0 0 }
X X -1 1 Start TMRBO.

X: Don't care, —: No change

Setting in INT5

TBORGO < TBOCPO + 3 ms/¢T1
TBORG1 < TBORGO + 2 ms/¢T1

TBOFFCR « X X

INTETBO « X 1

- -1 1

'_l_'—) Enable inversion of TBOFFO when the up counter value

0 0 X -

X: Don't care, —: No change

Setting in INTTBO1

TBOFFCR « X X

INTETBO « X 0

- - 0 0

match with value of TBORGO or TBORG1.
- - Enable INTTBO1.

L—  , Disableinversion of TBOFFO when the up counter value

0 0 X -

X: Don't care, —: No change

match with value of TBORGO or TBORG1.
- - Disable INTTBO1.
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When delay time is unnecessary, invert timer flip-flop TBOFF0O when up-counter
value is loaded into capture register (TBOCPO), and set the TBOCPO value (c) plus the
one-shot pulse width (p) to TBORG1 when the interrupt INT5 occurs. The TBOFF0
inversion should be enable when the up counter (UC0) value matches TBORG1, and
disabled when generating the interrupt INTTBO1.

Count clock
(Prescaler output clock) jl_l_l_l_l_l_H_UL ______ _I_U_I_I_U_U_L ........... _J_I_I_I_l_l_l_l_l_l_ ........

c c+p
(Exterzglotlrli\lo s:n E};S)g; _JI Loa}d the up counter value into capture
ggere :k’ Ir;flgr'gtg;gugs dOCPO). Load the up counter value into
2 INTTBOL capture register 1 (TBOCP1)
Match with TBORG1 /ﬂ occurred.

Inversion enable(

I
]
|
I
[}
[}
I
]
|
Timer output TBOOUTO '
]

K]

/

Disables inversion caused by loading
of the up counter value into TBOCP1.

' Pulse width
]
I

>3 3
< ra

(®)

Enables inversion caused by loading
of the up counter value into TBOCPO.

Figure 3.9.9 One-shot Pulse Output of External Trigger Pulse (without delay)
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Count clock
(TBOINO pin input)

TAL1FF

Load to TBOCPO

Load to TBOCP1

INTTAO/INTTAL

Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TBOINO pin, and its frequency is measured by the 8-bit timers
TMRAO1 and the 16-bit timer/event counter (TMRBO0). (TMRAO1 is used to setting
of measurement time by inversion TA1FF.)

The TBOINO pin input should be for the input clock of TMRBO. Set to TBOMOD
<TBOCPM1:0> = “11”. The value of the up counter (UCO) is loaded into the capture
register TBOCPO at the rise edge of the timer flip-flop TA1FF of 8-bit timers
(TMRAO1), and into TBOCP1 at its fall edge.

The frequency is calculated by difference between the loaded values in TBOCPO
and TBOCP1 when the interrupt INTTAO or INTTA1) is generates by either 8-bit
timer.

S 1)1 R 11—

-

C1

\
N

Figure 3.9.10 Frequency Measurement

— 1 T —3 1"~
Q
N

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

Pulse width measurement

This mode allows to measure the high-level width of an external pulse. While
keeping the 16-bit timer/event counter counting (Free running) with the internal
clock input, external pulse is input through the TBOINO pin. Then the capture
function is used to load the UCO values into TBOCPO and TBOCP1 at the rising
edge and falling edge of the external trigger pulse respectively. The interrupt
INTS5 occurs at the falling edge of TBOINO.

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

For example, if the internal clock is 0.8 ps and the difference between TBOCPO
and TBOCP1 is 100, the pulse width will be 100 x 0.8 ps = 80 us.

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

_ i [T

(Prescaler output clock) C1 c2

TBOINO pin input
(External pulse)

Load to TBOCPO
Load to TBOCP1

INTS

. S
‘iwu e 1

| e

>

—1 T — """~
Q
N

Figure 3.9.11 Pulse Width Measurement

Note: Pulse width measure by setting “10” to TBOMOD<TBOCPM1:0>. The external
interrupt INT5 is generated in timing of falling edge of TBOINO input. In other
modes, it is generated in timing of rising edge of TBOINO input.

The width of low-level can be measured from the difference between the first C2 and
the second C1 at the second INT5 interrupt.
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d. Measurement of difference time

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

Keep the 16-bit timer/event counter (TMRBO) counting (Free running) with the
internal clock, and load the UCO value into TBOCPO at the rising edge of the input
pulse to TBOINO. Then the interrupt INT5 is generated.

Similarly, the UCO value is loaded into TBOCP1 at the rising edge of the input
pulse to TBOIN1, generating the interrupt INT6.

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

Count clock _ﬂ_ﬂﬂﬂ_ﬂ_ _______________ ﬂ_|-|_|-|_|-|_|-|_ __________

(Prescaler output clock) C1
TBOINO pin input A

1
[}
[}
TBOIN1 pin input /( : /
I

Load to TBOCPO

el

Load to TBOCP1

INTS

INT6

Differnce time

Figure 3.9.12 Measurement of Difference Time
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3.10 Serial Channels

TMP91CP27 includes 2 serial I/O channels. Each channel is called SIO0 and SIO1. For both
channels either UART mode (Asynchronous transmission) or I/O interface mode (Synchronous
transmission) can be selected.

¢ I/0 interface mode Mode 0: For transmitting and receiving I/O data using the

synchronizing signal SCLK for extending I/0.
Mode 1: 7-bit data
¢ UART mode Mode 2: 8-bit data
Mode 3: 9-bit data

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

Figure 3.10.2 and Figure 3.10.3 are block diagrams for each channel. Each channel is
structured in prescaler, serial clock generation circuit, receiving buffer and control circuit,
transfer buffer and control circuit.

Serial channels 0 and 1 can be used independently.

Both channels operate in the same fashion except for the following points; hence only the

operation of channel 0 is explained below.

Table 3.10.1 Differences Between Channels 0 to 1

SI00 SIO1
Pin name TXDO (P90) TXD1 (P93)
RXDO (P91) RXD1 (P94)
CTS0 /SCLKO (P92) CTS1/SCLK1 (P95)
IrDA mode Yes No
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e Mode 0 (I/O interface mode)

ADOOO0O00A

<«—Transfer direction

e Mode 1 7 bit UART mode)

No parity \Start/<B|t0X 1 X 2
Parity \Start BltOX 1

When bit8 = 1, address (Select code) is denoted.
When bit8 = 0, data is denoted.

Figure 3.10.1 Data Format
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3.10.1 Block Diagram of Each Channels
Prescaler
Ul [2]4]8]16[32]64
¢T2  ¢T8 ¢T32
:"-Serial clock generation circuit == =---=---=----=----=--------5
1
| BROCR TAOTRG !
H <BROCK1:0> (from TMRAO) !
L Sy
! ! BROCR BROADD | i
! ! <BR0S3:0> <BROK3:0> | i
| 1 ! !
1 1 1 e 1
LoT0 Pl 5 5 ; _|UART| |
T2 | 8 kS i—> § | mode | 8| ISIOCLK
! ! 0] 7] | < < 1
18 ) 8 g ik AN
' pT32+> - : .
1 1 ! H
! ! BROCR : !
| i <BROADDE> '| | scoMoDo | SCoOMODO!
| R Baudrate __i_____ ! <SC1:0> | <SM1:0>!
! =A%
foys 1> generator i i
1 -— 1
1 - 5] | \
: {2 S :
SCLKO [H—>» 5| @ |Vo :
input i i interface mode !
Shared n_____________________________________j______________'
with P92 SCOCR
<loC>
1/O interface mode INT request
SCLKO[] < 'NTRX?)
ouptut :iNTTXO
Shared Y
with P92 Receive SCOMODO Serial channel Transmision
counter <WuUs—> interrupt counter
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Figure 3.10.2 Block Diagram of SIO0
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Figure 3.10.3 Block Diagram of SIO1
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(1) Prescaler

3.10.2 Operation of Each Circuit

There is a 6-bit prescaler for generating a clock to SIO0. The clock selected using
SYSCRO<PRCK1:0> is divided by 4 and input to the prescaler as ¢T0. The prescaler
can be run only case of selecting the baud rate generator as the serial transfer clock.

Table 3.10.2 shows prescaler clock resolution into the baud rate generator.

Table 3.10.2 Prescaler Clock Resolution to Baud Rate Generator

Select Select Prescaler Clock Gear Prescaler Input Clock
System Clock Clock Value Resolution
<SYSCK> <PRCK1:0> <GEAR2:0> 6TO oT2 oT8 | ¢T32
1 (fs) XXX fs/2? fs/2* fs/2° fs/2?
000 (fc) fc/2? fc/2* fc/2° fc/2®
00 001 (fc/2) fc/2® fc/2° fc/2’ fc/2°
(frPH) 010 (fc/4) fc/2* fc/2° fc/2° fc/2'
0 (fc) 011 (fc/8) fc/2® fc/2’ fcr2® | fo2"
100 (fc/16) fc/2° fc/2® fc/2'° fc/2'?
19 XXX - fc/2? fcl2 | fe/2”
(fc/16 Clock)

XXX: Don’t care, —: Can not be used

The serial interface baud rate generator selects between 4 clock inputs: ¢T0, ¢T2,

0T8, and ¢T32 among the prescaler outputs.
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(2) Baud rate generator

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

The input clock to the baud rate generator, $T0, ¢T2, T8 or ¢T32, is generated by
the 6-bit prescaler which is shared by the timers. One of these input clocks is selected
using the BROCR<BROCK1:0> field in the baud rate generator control register.

The baud rate generator includes a frequency divider, which divides the frequency by 1
or N + (16 — K)/16 to 16 values, determining the transfer rate.

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

e In UART mode
(1) When BROCR<BROADDE> =0
The settings BROADD<BROK3:0> are ignored. The baud rate generator divides

the selected prescaler clock by N, which is set in BROCR<BR0S3:0>. (N=1, 2, 3 -
16)

(2) When BROCR<BROADDE> =1

The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 using the value of N set in
BROCR<BRO0S3:0> and the value of K set in BROADD<BROK3:0>. (N =2, 3 - 15,
K=1,2,3-15)

Note: If N=1o0orN =16, the N + (16 — K)/16 division function is disabled.
Clear BROCR<BROADDE> register to “0”.

e In I/O interface mode

The N + (16 — K)/16 division function is not available in I/O Interface Mode. Set
BROCR<BROADDE?> to 0 before dividing by N.

The method for calculating the transfer rate when the baud rate generator is used is
explained below.

e |In UART mode

Input clock of baud rate generator
Frequency divider for baud rate generator

Baud rate = +16

e In /O interface mode

Baud rate — Input clock of baud rate generator i
" Frequency divider for baud rate generator
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e Integer divider (N divider)

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

* Clock state

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

Baud rate = fd% +16

= 12.288x 10°+ 16 = 5+ 16 = 9600 (bps)
Note: The N + (16 — K)/16 division function is disabled and setting BROADD<BROK3:0> is invalid.

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

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock
frequency = ¢T0, the frequency dividler N (BROCR<BR0S3:0>) = 7, K
(BROADD<BRO0K3:0>) = 3, and BROCR<BROADDE> = 1, the baud rate in UART Mode
is as follows:

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

fc/4
Baud rate = 7+ (16-3)/16 +16

4.8x10%+4 + (7 + 13/16) + 16 = 9600 (bps)

Table 3.10.3, Table 3.10.4 show examples of UART mode transfer rates.

Additionally, the external clock input is available in the serial clock. (Serial channels
0 and 1). The method for calculating the baud rate is explained below:

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

It is necessary to satisfy (external clock input cycle) > 4/fc

e In /O interface mode
Baud rate = External clock input frequency

It is necessary to satisfy (external clock input cycle) > 16/fc
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Table 3.10.3 Transfer Rate Selection
(when baud rate generator is used and BROCR<BROADDE> = 0.) Unit (kbps)
Input Clock
fc[MHz] | Divider N ¢TO P ¢T8 $T32
(Set to BROCR<BRO0S3:0>)

9.830400 2 76.800 19.200 4.800 1.200

T 4 38.400 9.600 2.400 0.600

T 8 19.200 4.800 1.200 0.300

T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600

T A 19.200 4.800 1.200 0.300
14.745600 2 115.200

T 3 76.800 19.200 4.800 1.200

T 6 38.400 9.600 2.400 0.600

T o] 19.200 4.800 1.200 0.300

Note 1: Transfer rates in 1/O interface mode are eight times faster than the values given above.

Note 2: The values in this table are calculated for when fc is selected as the system clock, fc/1 is
selected as the clock gear and fepy is selected as the clock for prescaler.

Table 3.10.4 UART Baud Rate Selection

(when TMRAO with input clock ¢T1 is used and trigger output of TMRAO is used.)

Unit (kbps)
fc| 12.288 12 9.8304 8 6.144
TAOREG MHz MHz MHz MHz MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4

Method for calculating the transfer rate (when TMRAO is used):

Transfer rate =

Clock frequency determined by SYSCRO<PRCK1:0>

TAOREG x 8 x 16

(When TMRAO with input clock ¢T1 is used)

Note 1: The TMRAO match detect signal cannot be used as the transfer clock in I/O interface

mode.

Note 2: The values in this table are calculated for when fc is selected as the system clock, fc/1 is

selected as the clock gear, and fgpp is selected as the clock for prescaler.
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(3) Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
¢ In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the basic clock is
generated by dividing the output of the baud rate generator by 2, as described
previously.
In SCLK input mode with the setting SCOCR<IOC> = 1, the rising edge or falling
edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

e In UART mode

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

(4) Receiving counter

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

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

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

(5) Receiving control
¢ In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the RXDO signal is
sampled on the rising edge of the shift clock which is output on the SCLKO pin.

In SCLK input mode with the setting SCOCR<IOC> = 1, the RXDO signal is
sampled on the rising or falling edge of the SCLK input, according to the
SCOCR<SCLKS> setting.

e In UART mode
The receiving control block has a circuit that detects a start bit using the
majority rule. Received bits are sampled three times; when two or more out of

three samples are 0, the bit is recognized as the start bit and the receiving
operation commences.

The values of the data bits that are received are also determined using the
majority rule.
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(6)

(7

SIOCLK

TXDCLK

®

The receiving buffers

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

Received data is stored one bit at a time in receiving buffer 1 (which is a shift
register). When 7 or 8 bits of data have been stored in receiving buffer 1, the stored
data is transferred to receiving buffer 2 (SCOBUF); this causes an INTRXO interrupt to
be generated.

The CPU only reads receiving buffer 2 (SCOBUF). Even before the CPU reads
receiving buffer 2 (SCOBUF), the received data can be stored in receiving buffer 1.
However, unless receiving buffer 2 (SCOBUF) is read before all bits of the next data are
received by receiving buffer 1, an overrun error occurs. If an overrun error occurs, the

contents of receiving buffer 1 will be lost, although the contents of receiving buffer 2
and SCOCR<RB8> will be preserved.

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

In 9-bit UART mode the wake-up function for the slave controller is enabled by
setting SCOMODO<WU> to 1; in this mode INTRXO0 interrupts occur only when the
value of SCOCR<RB8>is 1.

Transmission counter

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

| ) | ) )

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

[ [

Figure 3.10.4 Generation of Transmission Clock

Transmission controller
e In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the data in the

transmission buffer is output one bit at a time to the TXDO pin on the rising edge of
the shift clock which is output on the SCLKO pin.

In SCLK input mode with the setting SCOCR<IOC> = 1, the data in the
transmission buffer is output one bit at a time on the TXDO pin on the rising or
falling edge of the SCLKO input, according to the SCOCR<SCLKS> setting.

e In UART mode

When transmission data sent from the CPU is written to the transmission buffer,
transmission starts on the rising edge of the next TXDCLK, generating a
transmission shift clock TXDSF'T.
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Handshake function

Serial channels 0 and 1 each has a CTS pin. Use of this pin allows data can be
sent in units of one data format; thus, overrun errors can be avoided. The
handshake functions is enabled or disabled by the SCOMODO<CTSE> setting.

When the CTS0 pin condition is High level, after completed the current data
send, data transmission is halted until the CTSO pin condition is low again.
However, the INTTXO Interrupt is generated, it requests the next send data to the
CPU. The next data is written in the transmission buffer and data sending is
halted.

Though there is no RTS pin, a handshake function can be easily configured by
setting any port assigned to be the RTS function. The RTS should be output
“High” to request send data halt after data receive is completed.

TMP91CP27 TMP91CP27
TXD > |RXD
CTS |e RTS (any port)
Transmission side Receiving side

Figure 3.10.5 Hand Shake Function

£« K«
[ )

transmission buffer X
>Send is suspendea \ «

CTs Tduring this period »
13 14 15 16 1 2 3 14 15 16 1 2 3

Timing to writing to the

a

SIOCLK _% g
_S() [_I i [_I

»

TXDCLK

<

)

TXD \ Start bit « A Bit0
)

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

transmission.

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

Figure 3.10.6 CTS (Clear to send) Timing
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(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU form the least significant bit (LSB) in order. When all the bits
are shifted out, the transmission buffer becomes empty and generates an INTTX0
interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to 1, it is possible to

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

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO<TB8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and the parity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), and then compared
with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RBS8> in 8-bit UART mode.
If they are not equal, a parity error is generated and the SCOCR<PERR> flag is set.

(11) Error flags
Three error flags are provided to increase the reliability of data reception.
1. Overrun error<OERR>

If all the bits of the next data item have been received in receiving buffer 1 while
valid data still remains stored in receiving buffer 2 (SCOBUF), an overrun error is
generated.

The below is a recommended flow when the overrun error is generated.
(INTRX interrupt routine)

1) Read receiving buffer

2) Read error flag

3) If<OERR>=1
then

a. Set to disable receiving (write 0 to SCOMODO<RXE>)
b. Wait to terminate current frame
¢. Read receiving buffer
d. Read error flag
e. Set to enable receiving (write 1 to SCOMODO<RXE>)
f. Request to transmit again

4) Other
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2. Parity error<PERR>

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

parity error is generated.

3. Framing error<FERR>

The stop bit for the received data is sampled three times around the center. If

the majority of the samples are 0, a framing error is generated.

(12) Timing generation

a. In UART mode

Receiving
Mode 9 bits 8 bits + Parity |8 bits, 7 bits + Parity, 7 bits
Interrupt generation Center of last bit Center of last bit .
timing (Bit8) (Parity bit) Center of stop bit

Framing error
generation timing

Center of stop bit

Center of stop bit

Center of stop bit

Parity error

Center of last bit

Center of last bit

generation timing (Parity bit) (Parity bit)
Overryn e.rro.r Center gf last bit Center pf Ia;t bit Center of stop bit
generation timing (Bit8) (Parity bit)

Note: In 9 bits and 8 bits + Parity modes, 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.

Transmitting

Mode

9 bits

8 bits + Parity

8 bits, 7 bits + Parity, 7 bits

Interrupt timing

Just before stop bit is
transmitted

Just before stop bit is

transmitted

Just before stop bit is

transmitted

b. I/O interface

Transmission SCLK output mode I(g;egilgltjerg;f:%r;g? of last SCLK signal.
interrupt —
timin . Immediately after rise of last SCLK signal rising mode, or
9 SCLK input mode immediately after fall in falling mode. (See Figure 3.10.20.)
Receivi SCLK output mod Timing used to transfer received to data receive buffer 2 (SCOBUF)
inf:r‘ja”;’t‘g oulputmode | ¢ 9., immediately after last SCLK). (See Figure 3.10.21.)
- . Timing used to transfer received data to receive buffer 2 (SCOBUF)
timin
9 SCLK input mode (e.g., immediately after last SCLK). (See Figure 3.10.22.)
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3.10.3 SFR
7 6 5 4 3 2 1 0
SCOMODO| Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(0202H) | Read/Write RIW
After reset 0 0 0 0 o | o o | o
Function Transfer Hand shake | Receive Wakeup |Serial transmission Serial transmission clock
data bit8 function control function  [mode (UART)
control 0: Receive | 0: Disable |00: I/O interface mode [00: TMRAO trigger
0: CTS disable 1: Enable [01: 7-bit UART mode [01: Baud rate generator
disable 1: Receive 10: 8-bit UART mode  [10: Internal clock fsys
1: CTS enable 11: 9-bit UART mode  [11: External clcok
enable (SCLKO input)

I

L

Serial transmission clock source (UART)

00 | Timer TMRAQO trigger output signal

01 | Baud rate generator

10 | Internal clock fsys

11 | External clock (SCLKO input)

Note: The clock selection for

the 1/0

interface mode is controlled by the
serial control register (SCOCR).

Serial transmission mode
00 | I/O Interface mode
01 7-bit mode
10 UART mode 8-bit mode
11 9-bit mode
> Wakeup function

9-bit UART Other modes
0 Interrupt generated

when data is received

Don'’t care

1 Interrupt generated

only when RB8 = 1

Y

Receiving function

0 | Receive disabled

1 | Receive enabled

Y

Handshake function (CTS pin)

0 | Disabled (Always transferable)

1 | Enabled

% Transmission data bit8

Figure 3.10.7 Serial Mode Control Register 0 (for SIO0 and SCOMODO)
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7 6 5 4 3 2 1 0
sc1mMoDo | Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(020AH) | Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Handshake |Receive Wakeup Serial transmission Serial transmission
data bit8 function control function mode clock
0: CTS 0: Receive | 0: Disable (00: I/O interface mode [(UART)
disable disable |[1: Enable |01: 7-bit UART mode |00: TMRAO trigger
1: CTS 1: Receive 10: 8-bit UART mode  |01: Baud rate generator
enable enable 11: 9-bit UART mode  [10: Internal clock fsys
11: External clcok
(SCLK1 input)
1]
|—> Serial transmission clock source (for UART)

00 | Timer TMRAO trigger output signal

01 | Baud rate generator

10 | Internal clock fgys

11 | External clock (SCLK1 input)

Note: The clock selection for the 1/0
interface mode is controlled by the
serial control register (SC1CR).

—> Serial transmission mode

00 | I/Ointerface mode

01 7-bit mode

10 UART mode 8-bit mode

11 9-bit mode
—> Wakeup function

9-bit UART Other modes

Interrupt generated
0 . .

when data is received ,

Don’t care

1 Interrupt generated

only when RB8 = 1

> Receiving function

0 | Receive disabled

1 | Receive enabled

> Handshake function (CTS pin)

0 | Disabled (Always transferable)

1 | Enabled

? Transmission data bit8

Figure 3.10.8 Serial Mode Control Register 0 (for SIO1 and SC1MODO0)
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7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0201H) | Read/Write R RW R (Cleared to 0 when read) R/W
Afterreset | Undefined 0 0 o | o | o 0 0
Function Received | Parity Parity 0: SCLKO |0:Baud rate
data bit8 0: Odd addition 1: Error [ r] generator
1: Even 0: Disable 1:SCLKO
1: Enable 1: SCLKO pin input
Overrun Parity Framing [ L]

—— | | |

L 1/0 interface input clock selection

0 [ Baud rate generator
1 | SCLKO pin input
—> Edge selection for SCLKO pin (I/O mode)

0 | Transmits and receivers [ r]
data on rising edge of SCLKO

1 | Transmits and receivers [_L]
data on falling edge SCLKO.
——> Framing error flag }

Cleared to 0
when read

L 3 Parity error flag
3 Overrun error flag

Parity addition enables
0 [ Disabled
1 | Enabled

\ 4

A\

Even parity addition/check
0 [ Odd parity
1 | Even parity

» Received data 8

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

Figure 3.10.9 Serial Control Register (for SIO0 and SCOCR)
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7 6 5 4 3 2 1 0
scicr |Bitsymbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) | Read/Write R R/W R (Cleared to 0 when read) R/W

After reset | Undefined 0 0 o | o | o 0 0
Function Received | Parity Parity 0: SCLK1 [0:Baud rate
data bit8 | 0: Odd addition 1: Error [ r] generator
1: Even 0: Disable 1:SCLK1 pin
1: Enable 1: SCLK1 input
Overrun Parity Framing [ﬂ! ]

— I | |

L> /0 interface input clock selection

0 [Baud rate generator

1 [SCLK1 pin input

—> Edge selection for SCLK1 pin (I/O mode)

0 Transmits and receivers [ ]
data on rising edge of SCLK1.
1 Transmits and receivers [—{,_]

data on falling edge SCLK1.
—> Framing error flag }

Cleared to 0

when read

——> Parity error flag

» Overrun error flag

Parity addition enables
0 [Disabled
1 |Enabled
Even parity addition/check
0 [Odd parity
1 |Even parity
Received data bit8

\4

A\

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

Figure 3.10.10 Serial Control Register (for SIO1 and SC1CR)
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7 6 5 4 3 2 1 0
BROCR | Bit symbol - BROADDE | BROCK1 | BROCKO | BR0S3 | BR0S2 | BROS1 | BROSO
(0203H) | Read/Write R/W
After reset 0 0 o | o o | o | o | o

Function Always +(16 — K)/16| 00: ¢TO
write “0”.  [division 01: ¢T2
0: Disable | 10: ¢T8 Setting of the divided frequency
1: Enable 11: ¢T32

+ (16 — K)/16 divisions enable Setting the input clock of baud rate generator
0 | Disable 00 | Internal clock ¢TO
Enable 01 | Internal clock $T2

10 | Internal clock ¢T8
11 | Internal clock ¢T32

7 6 5 4 3 2 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(0204H) | Read/Write R/W
After reset 0 | 0 | 0 | 0

Function

Sets frequency divisor “K”
(divided by N + (16 — K)/16)

Sets baud rate generator frequency divisor seting <

BROCR<BROADDE> = 1 BROCR<BROADDE> =0
<BR0S3:0> or to to
BROADD 0001 (N =1) {1111 (N = 15) 1111 (N=15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K =1) _ Divided by ,
to Disable N+ (16— K)/16 Divided by N
1111 (K= 15)

Note: When N + (16 — K)/16 division function is used or not

N UART Mode 1/0 Mode
2to0o15 [©) X
1,16 X x

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

function is used.

Figure 3.10.11 Baud Rate Generator Control (for SIO0, BROCR and BROADD)
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7 6 5 4 3 2 1 0
BR1CR | Bit symbol - BR1ADDE | BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/Write R/W
After reset 0 0 o | o o | o | o 0
Function Always  [+(16 — K)/16 [ 00: ¢TO
write “0”. |division 01: ¢T2
0: Disable | 10: ¢T8 o .
1: Enable 11:4T32 Divided frequency setting
+ (16 — K)/16 divisions enable Input clock selection for baud rate generator
0 | Disabled 00 | Internal clock ¢TO
1 | Enabled 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BR1ADD | Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(020CH) | Read/Write R/W
After reset 0 | 0 | 0 0
Function
Set frequency divisor K
(Divided by N + (16 — K)/16)
Baud rate generator frequency divisor setting < |
BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE> =0
<BR1S83:0> to
or to
BR1ADD 0001 (N=1) | 1111 (N = 15) 1111 (N = 15)
<BR1K3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K=1) ) Divided by B
to Disable N + (16 _ K)/16 Divided by N
1111 (K=15)
Note: When N + (16 — K)/16 division function is used or not
N UART Mode 1/0 Mode
2to 15 ] x
1,16 x x

Set BR1CR<BR1ADDE> to 1 after setting K (K = 1 to 15) to BR1ADD<BR1K3:0> when + (16 — K)/16 division

function is used.

Figure 3.10.12 Baud Rate Generator Control (for SIO1, BR1CR and BR1ADD)
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7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 |TB3 | B2 | TB1 | TBO |(Transmission)

SCOBUF
(0200H) 7 6 5 4 3 2 1 0

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

Note: Prohibit read modify write for SCOBUF.

Figure 3.10.13 Serial Transmission/Receiving Buffer Register (for SIO0 and SCOBUF)

7 6 5 4 3 2 1 0
SCoMOD1 |Bit symbol 12S0 FDPX0
(0205H) | Read/Write R/W R/W
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.10.14 Serial Mode Control Register1 (for SIO0 and SCOMOD1)

7 6 5 4 3 2 1 0

| 87 | 86 | 85 | B4 |TB3 | B2 | TB1 | TBO |(Transmission)

SC1BUF

(0208H) 7 6 5 4 3 2 1 0

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

Note: Prohibit read modify write for SC1BUF.

Figure 3.10.15 Serial Transmission/Receiving Buffer Register (for SIO1 and SC1BUF)

7 6 5 4 3 2 1 0
SC1MOD1 |Bit symbol 1281 FDPX1
(020DH) | Read/Write R/W RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.10.16 Serial Mode Control Register1 (for SIO1 and SC1MOD1)
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3.10.4 Operation of Each Mode

(1) Mode 0 (I/O interface mode)

This mode allows an increase in the number of I/O pins available for transmitting
data to or receiving data from an external shift register.

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

SCLK input mode to input external synchronous clock SCLK.

Output extension

Output extension

Input extension

Figure 3.10.17 Example of SCLK Output Mode Connection

Input extension

TMP91CP27 Shift Al —> TMP91CP27 Shift Al <
register Bl — register B| <«
TXD »| Sl C|l > RXD ¢ QH C| «—
D| — D| <«
SCLK SCK El— SCLK CLOCK E| <
F| — F| <«
Port RCK G| > Port S/IL G| «—
Hl — H| <«
TC74HC595 or equivalent TC74HC165 or equivalent

TMP91CP27 Shift Al ™ TMP91CP27 Shift Al «—
register B| —» register B| «_
TXD > Si c|— RXD | QH ¢l <
D| —> D| <«
ﬁ &
SCLK |« SCK E SCLK |« CLOCK E
Fl — Fl «—
Port »| RCK Gl — Port > SIT G| «
H| — H| <
TC74HC595 or equivalent TC74HC165 or equivalent
External clock External clock
Figure 3.10.18 Example of SCLK Input Mode Connection
91CP27-148 2003-11-05



TOSHIBA

TMP91CP27

Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the TXDO
and SCLKO pins respectively each time the CPU writes the data to the transmission
buffer. When all data is outputted, INTESO<ITX0C> will be set to generate the

INTTXO interrupt.

Timing to write

[~

transmission data \ 4

SCLKO output ~—e F 1 [_%é\ Lt 1

TXDO ix Bit0 ix Bit1 M ix Bit6 ix B:it7 X
<ITX0C> | | | | |

(INTTXO interrupt request)

Figure 3.10.19 Transmission Operation in 1/O Interface Mode (SCLKO output mode)

In SCLK Input Mode, 8-bit data is output from the TXDO pin when the SCLKO input
becomes active after the data has been written to the transmission buffer by the CPU.

When all data is outputted, INTESO<ITX0C> will be set to generate INTTXO

interrupt.
(S<%LCKL0K2|[>)Ut 0: Rising mode) | £ 1 £ l_%_f L+ L7
(S<CSLCKI_0KI£F>)u:t 1: Falling mode) i ¢ i ¢ i—%_i i ¢ i i
[} [} [} [} I
TXDO E)( Bit0 E)( Bit1 : Z’:’ Bit5 E)( Bit6 :X I Bit7
. | | i | ]

(INTTXO intterrupt reqgest)

Figure 3.10.20 Transmission Operation in I/O Interface Mode (SCLKO input mode)

91CP27-149

2003-11-05



TOSHIBA TMP91CP27

b. Receiving

In SCLK output mode, the synchronous clock is outputted from SCLKO pin and the
data is shifted to receiving buffer 1. This starts when the receive interrupt flag
INTESO<IRXO0C> is cleared by reading the received data. When 8-bit data are received,
the data will be transferred to receiving buffer 2 (SCOBUF according to the timing
shown below) and INTESO<IRXO0C> will be set to generate INTRXO interrupt.

The outputting for the first SCLKO starts by setting SCOMODO<RXE> to 1.

<IRX0C> — « |
(INTRXO interrupt request) \ )’ i
scoompr b F L L §T 114
RXDO N B0 X B X Qﬂ X Bs X Bz X
[} [} 1 77 [} [}

Figure 3.10.21 Receiving Operation in 1/O Interface Mode (SCLKO output mode)

In SCLK input mode, the data is shifted to receiving buffer 1 when the SCLK input
becomes active after the receive interrupt flag INTESO<IRXO0C> is cleared by reading
the received data. When 8-bit data is received, the data will be shifted to receiving
buffer 2 (SCOBUF according to the timing shown below) and INTESO<IRX0C> will be
set again to be generate INTRXO interrupt.

SCLKO input

(<SCLKS>=0:Risingedgemode) | f |1 l_% I i N
SCLKO input ! ' ' ! ' !
(<SCLKIgF>)u: 1: Falling edge mdoe) | 1) [ 1) I—"; [ 1 [ v

[} [} [} [} [} I

I I I ( I I I
RXD1 X Bito X Bit1 DQ(’ Bt X Bit6 X Bit7

| | (R | |

I I I I

<IRX0C> I

(INTRXO interrupt request)

Figure 3.10.22 Receiving Operation in I/O Interface Mode (SCLKO input mode)

Note: If receiving, set to the receive enable state (SCOMODO<RXE> = 1) in both SCLK input mode
and output mode.
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Transmission and receiving (Full duplex mode)

When the full duplex mode is used, set the level of receive interrupt to “0” and set

enable the interrupt level (1 to 6) to the Transfer interrupts. In the transfer interrupt

program, the receiving operation should be done like the below example before setting

the next transfer data.

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fc=14.7456 MHz

* Clock state

System clock:

Clock gear:

High frequency (fs)

1 (fc)

Prescaler clock: frpy

Main routine

7
INTESO 0
POCR -
POFC -
SCOMODO 0
SCOMOD1 1
SCOCR 0
BROCR 0
SCOMODO 0
SCOBUF =

o o o |

o =

o O o

INTTXO interrupt routine

Acc«SCOBUF
SCOBUF *

*

*

*

*

2 10
0 00
1.0 1 }
1 - 1
0 00
000
0 00
1.1 0
0 00
*
* * *

X: Don’t care, —: No change

Set transmission interrupt level, and disable receiving
interrupt.

Set to P90 (TXDO0) and P92 (SCLKO).

Set to I/O interface mode.

Set to full duplex mode.

SCLK out, transmit on negative edge, receive on positive
edge

Set to 9600 bps.

Enable receiving.

Set the transfer data.

Read the receiving data.
Set the next transfer data.
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(2) Mode 1 (7-bit UART mode)

7-bit UART mode 1is selected by setting serial channel mode register
SCOMODO0<SM1:0> to 01.

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

Setting example: When transmitting data of the following format, the control registers

should be set as described below. This explanation applies to channel
0.

ATYO 000000

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

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

PI9CR “— - - - - - - - 1 ) )

POEC - 1 } Set P90 to function as the TXDO pin.

SCOMODO «— X 0 - X 010 1 Select 7-bit UART mode.

SCOCR «~X11XXXO00 Add even parity.

BROCR «~ 00100101 Set the transfer rate to 2400 bps.

INTESO «~ X100 - - - - Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF « * * * * * x % x Set data for transmission.

X: Don'’t care, —: No change
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(3) Mode 2 (8-bit UART mode)
8-bit UART mode is selected by setting SCOMODO<SM1:0> to 10. In this mode, a
parity bit can be added (use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (Enabled).
Setting example: When receiving data of the following format, the control registers
should be set as described below.

AT 00000000

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

* Clock state

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

Main settings

~
»
)]
IS
w
N
N
o

POICR¢ - - - - - - 0 - Set P91 (RXDO) pin to input pin.
SCOMODO«~ - 0 1 X 1001 Enable receiving in 8-bit UART mode.
SCOCR«~ X 01 XX X00 Add odd parity.
BROCR«<~ 00010101 Set to 9600 bps.
INTESO«~ - - - - X100 Enable the INTRXO interrupt and set it to interrupt level 4.

Interrupt processing

Acc < SCOCR AND 00011100
if Acc # 0 then ERROR Check for errors.
Acc <« SCOBUF Read the received data.

X: Don’t care, —: No change
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(4) Mode 3 (9-bit UART mode)

bit cannot be added.
In the case of transmission the MSB (9th bit) is written to SCOMODO<TBS>. In the
case of receiving it is stored in SCOCR<RB8>. When the buffer is written and read, the

MSB is read or written first, before the rest of the SCOBUF data.

Wakeup function

9-bit UART mode is selected by setting SCOMODO0<SM1:0> to 11. In this mode parity

In 9-bit UART mode, the wakeup function for slave controllers is enabled by setting

SCOMODO<WU> to 1. The interrupt INTRXO occurs only when <RB8> = 1.

H

TXD

Master

RXD

TXD

Slave 1

RXD TXD

Slave 2

RXD

TXD

Slave 3

RXD

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

Figure 3.10.23 Serial Link Using Wakeup Function
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a.
b.

C.

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

The master controller transmits one-frame data including the 8-bit select code for the
slave controllers. The MSB (Bit8)<TBS8> is set to “1”.

A oo00000000

Select code of slave controller

Each slave controller receives the above frame. If it matches with own select code,
clears<WU> bit to “0”.

The master controller transmits data to the specified slave controller whose
SCOMODO<WU> bit is cleared to “0”. The MSB (Bit8)<TBS8> is cleared to “0”.

e EOEEEOO0

Data

The other slave controllers (whose<WU> bits remain at 1) ignore the received data
because their MSB (Bit8 or <RB8>) are set to “0”, disabling INTRXO interrupts.

The slave controller (<WU> bit = “0”) can transmit data to the master controller, and it
is possible to indicate the end of data receiving to the master controller by this
transmission.
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Example: To link two slave controllers serially with the master controller using the

system clock fSys as the transfer clock.

Y

TXD RXD

Master

Y

]

TXD RXD TXD RXD
Slave 1 Slave 2
Select code Select code
00000001 00001010

e Master controller setting

Main routine

P9CR — - - - - - = 01 ) .

PoFC -~ < 1 } Set P90 to TXDO pin. Set P91 to RXDO pin.

INTESO «X100X101 Set INTTXO to enable, set interrupts level to level 4.
Set INTRXO to enable, set interrupt level to level 5.

SCOMODO « 10101110 Set to 9-bit UART mode, and set transfer clock to fgys.

SCOBUF « 0000O0O0O01 Set select code of slave 1.

Interrupt routine (INTTXO0)

SCOMODO « 0 - — - -

e Slave setting

Main routine

POCR “— - - - - -
POFC “— - - - - -
ODE « X XXX
INTESO « X101
SCOMODO « 0 0 1 1

Interrupt routine (INTRXO0)

Acc < SCOBUF
if Acc = Select code
Then SCOMODO « —--0

= X |
g
[N
(=Y = I UENEN

- - - Clear<TB8> to “0”".
SCOBUF  « * * * * * x % x Set transmission data.

—— Clear<WU> to “0”.

Set P90 to TXDO (Open-drain output) and P91 to RXDO.

Set INTTXO0 and INTRXO to enable.
Set to<WU> = “1” in 9-bit UART mode, and set transfer clock

fsys.
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3.10.5

Receiving pulse
<RXSEL> ="0"

Receiving pulse
<RXSEL>="1"

Data after modulation

Support for IrDA

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.

Figure 3.10.24 shows the block diagram.

Transmisison data

>

SI0o0

Receive data

------------- TXDO | 1====z-=========------

IR modulator > ! IR transmitter & LED r—F—>
--------------------------------- ! IR output

Modem
------------- RXDO | 1m======-==-=-==-=---~=

IR demodulator < ! IR receiver € —
_____________ ! i | IR input

IR module

TMP91CP27

Figure 3.10.24 Block Diagram of IrDA

(1) Modulation of transmission data

When the transmission data is 0, output “H” level with either 3/16 or 1/16 times for
width of baud rate (Selectable in software). When data is “1”, modem output “L” level.

el |
Transmission Start | 0 1 0 0 1 1 0 0 Stop
data

Output after
modulation

1 1

1

[T

L

Figure 3.10.25 Example of Modulation of Transmission Data

(2) Modulation of receiving data

When the receive data has the effective high level pulse width (Software selectable),
the modem outputs “0” to SIO0. Otherwise modem outputs “1” to SIO0. Receive pulse
logic is selectable by STIRCR<RXSEL>.

it

}

]

—

——

Figure 3.10.26 Example of Modulation of Receiving Data

1 0 Stop
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(3

(4)

Data format

Format of transmission/receiving must set to data length 8 bits, without parity bit,
1-bit of stop bit.

Any other settings don’t guarantee the normal operation.

SFR

Figure 3.10.27 shows the control register SIRCR. If change setting this register,
must set it after set operation of transmission/receiving to disable (Both <TXEN> and
<RXEN> of this register should be cleared to 0).

Any changing for this register during transmission or receiving operation doesn’t
guarantee the normal operation.

The following example describes how to set this register:

1) SIO setting ; Set SIO side.
{

2) LD (SIRCR), 07H ; Set receiving effect pulse width to 8/16.

3) LD (SIRCR), 37H ; Enable transmission/receiving by setting<TXEN>, <RXEN> bit to “1”.
{

4) Start of transmission/receiving ; The modem operates as follows:

e SIOO starts transmitting.
o IR receiver starts receiving.
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(5) Notes

1. Making baud rate when using IrDA
In baud rate during using IrDA, must set “01” to SCOMODO0<SC1:0> in SIO by
using baud rate generator.
TAOTRG, fsys, SCLKO input of except for it can not using.

2.  Output pulse width and baud rate generator during transmission IrDA
As the IrDA 1.0 physical layer specification, the data transfer speed and infra-red
pulse width is specified.

Table 3.10.5 Specification of Transfer Rate and Pulse Width

Transfer Rate| . ,. . Typical of .
. Minimum of . Maximum of
Transfer Rate | Modulation | Tolerance . Pulse Width .
o Pulse Width Pulse Width
(% of Rate) 3/16
2.4 kbps RZI +0.87 1.41 ps 78.13 ps 88.55 s
9.6 kbps RZI +0.87 1.41 ps 19.53 us 2213 ps
19.2 kbps RZI +0.87 1.41 ps 9.77 s 11.07 us
38.4 kbps RZI +0.87 1.41 ps 4.88 s 5.96 us
57.6 kbps RZI +0.87 1.41 ps 3.26 us 4.34 ps
115.2 kbps RZI +0.87 1.41 us 1.63 us 2.23 s

The infra-red pulse width is specified either baud rate T x 3/16 or 1.6 ps (1.6 ps is
equal to T x 3/16 pulse width when baud rate is 115.2 kbps).

The TMP91CP27 has function that selectable the pulse width in during transmitting
to either 3/16 or 1/16. But T x 1/16 pulse width can be selected when the baud rate is
equal or less than 38.4 kbps only. When 57.6 kbps and 115.2 kbps, the output pulse
width should not be set to T x 1/16.

As the same reason, + (16 — K)/16 division function in the baud rate generator of
SIOO0 cannot be used to generate 115.2 kbps baud rate.
Also when the 38.4 kbps and 1/16 pulse width, + (16 — K)/16 division function can not
be used. Table 3.10.6 shows baud rate and pulse width for (16 — K)/16 division function.

Table 3.10.6 Baud Rate and Pulse Width For (16 — K)/16 Division Function

Baud Rate
Pulse Width
115.2 kbps | 57.6 kbps | 38.4 kbps | 19.2 kbps | 9.6 kbps 2.4 kbps
T x 3/16 x o o [} o o
Tx1/16 - - X o ¢} o

0: Can be used (16 — K)/16 division function.
x: Cannot be used (16 — K)/16 division function.
—: Cannot be set to T x 1/16 pulse width.
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7 6 5 4 3 2 1 0
SIRCR | Bit symbol PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
(0207H) | Read/Write R/W
After reset 0 0 0 0 o | o | o | o
Function Selection Receiving |[Transmission | Receiving | Select receiving effective pulse width.
transmission| data logic |operation operation Set effective pulse width for equal or more than
pulse width | 0: “H” pulse| 0: Disable |0: Disable [2x x (Value + 1).
0: 3/16 1:“L" pulse [ 1: Enable |1: Enable |Can be set: 1to14
1:1/16 Cannot be set: 0, 15

Select receiving effective pulse width Formula:
Receiving effective pulse width > 2x x (Setting value + 1)
x = 1/fepH

0000 [ Cannot be set.
0001 Pulse width of equal or more than 4x + 100 ns

is effective.
§
Pulse width of equal or more than 30x + 100 ns
1110 |. .
is effective.

1111 | Cannot be set.

> Enable of receiving operation

0 Disable receiving operation
(Received input is ignored.)
1 Enable receiving operation.

» Enable of transmission operation
0 Disable transmission operation
1 Enable transmission operation

» Select transmission pulse width
0 Pulse width of 3/16
1 Pulse width of 1/16

Note: If baud rate is late and secure of pulse width of IrDA 1.0 standard (Min 1.6 ps) is enable, reducing infrared ray

lighting time and consumption power by setting this bit to “1”are enable.

Figure 3.10.27 IrDA Control Register
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3.11 Serial Bus Interface (SBI)

The TMP91CP27 has a 1-channel serial bus interface which employs a clocked-synchronous
8-bit SIO mode and an 12C bus mode (Multi muster).
The serial bus interface is connected to an external device through P61 (SDA) and P62 (SCL)
in the I2C bus mode; and through P60 (SCK), P61 (SO), and P62 (SD) in the clocked-synchronous

8-bit SIO mode.

Each pin is specified as follows.

ODE <ODEG62, 61>

P6CR <P62C:60C>

P6FC <P62F:60F>

I°C bus mode 11 11X 11X
CIoFk synchronous XX 011 11
8-bit SIO mode 010
X: Don't care
3.11.1 Configuration
—— > INTSBI interrupt request
> SCL
i [ > SCK
SI0 e —_Jre0
clock (SCK)
control
<] 10
T Jr control
¢T —>| Divider —E]Pel
SIO » SO
l Transfer 1 (SO/SDA)
data control S
7C bus control <: —
B clock sync. ' circuit ‘L
Noise + <A AR D
ter [€] Control roz
canceller ) ) IC bus data (swscL)
A4 Shift register Noise
< control | SDA
canceller
) 2 | |
SBIOCR2/
I2COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI control register 2/ 1°C bus SBI data SBI control SBI baud rate
SBI status register address register  buffer register register 1 registers 0 and 1
Figure 3.11.1 Serial Bus Interface (SBI)
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3.11.2 Control

The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface control register 1 (SBIOCR1)

e Serial bus interface control register 2 (SBIOCR2)

e Serial bus interface data buffer register (SBIODBR)
e I2C bus address register (I2COAR)

e Serial bus interface status register (SBIOSR)

e Serial bus interface baud rate register 0 (SBIOBRO)
e Serial bus interface baud rate register 1 (SBIOBR1)

The above registers differ depending on a mode to be used.
Refer to Section, “3.11.4 I2C Bus Mode Control Register” and “3.11.7 Clocked
Synchronous 8-Bit SIO Mode Control.”

3.11.3 Data Format in I°C Bus Mode

Data format in I2C bus mode is shown Figure 3.11.2.

(a) Addressing format

[€—— 8bits —>{1|«— 1to8bits —>» 1 [«— 1to8bits —>{1
FTTTTT R A A A
S| Slave address I'lc Data C Data C|p
wiK K K
< 1 »I€ 1 or more —— >
(b) Addressing format (With restart)
[ «—— 8bhits —>{1|«— 1to8bits —>» 1| [«—— 8bhits —>» 1«— 1to8bits —>1
IF'TTTTT R A A IF'TTTTT]TRr A A
S Slave address I'c Data C|s Slave address I'c Data C(pP
wl K K Wi K K
< 1 < 1 or more < 1 1 or more —>

(c) Free data format (Transfer-format transfer from master device to slave device.)

[ «—— 8 bits —>» 1|«— 1to8bits —>»1[«— 1to8bits —>»1
T T T T A A A
S Data C Data C Data C|P
K K K
3 1 >l 1 or more — >
S: Start condition

R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.11.2 Data Format in 1°C Bus Mode
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3.11.4 1°C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
SBIOCR1]| Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SCKO0/
(0240H) SWRMON
Read/Write W R/W W R/W
After reset 0 0 | 0 0 0 0 0/1 (Note3)
Read- Function Select number of transferred bits Acknowledge Internal serial clock selection and
modify-write (Note 1) [ mode software reset monitor
instruction is . .
prohibited. specification (Note 2)
0: Not generate
1: Generate l
Internal serial clock selection <SCK2:0> @ write
000 n=5 400 kHz
001 n=6 (222 kHz System clock: fc
010 n=7 (118 kHz Clock gear: fc/l1
011 n=8 60.6 kHz fc =16 MHz
100 n=9 ([30.8 kHz (Output to internal SCL)
101 | n=10 |155 kHz Frequency = —C_ [Hz]
110 | n=11 [7.78 kHz 2'+8
111 | Reserved | (Reserved)
Software reset state monitor <SWRMON> @ read
0 During software reset
1 (Default value)
—> Acknowledge mode selection
0 Not generate clock pulse for acknowledge signal
1 Generate clock pulse for acknowledge signal
> Select number of bits transferred
<ACK>=0 <ACK>=1
<BC2:0> | Number Data Number Data
of clock length of clock length
pulses pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
Note 1: Set the <BC2:0> to “000” before switching to a clock-synchronous 8-bit SIO mode.
Note 2: For the frequency of the SCL line clock, see section 3.11.5, (3) “Serial clock”.

Note 3: After reset, default value of <SCKO0> is cleared to “0”". Also, default value of <SWRMON> is set to “1".

Figure 3.11.3 Register for I°C Bus Mode
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0
SBIOCR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(0243H) | Read/Write W W (Note 1) W (Note 1)
After reset 0 0 0 1 o | o o | o
Function Master/ Transmitter/ | Start/stop | Cancel Serial bus interface Software reset control
slave receiver condition [ INTSBI operation mode write “10” and “01” in
Read. selection | selection generation | interrupt selection (Note 2) order, then an internal
modify-write request 00: Port mode reset signal is
instruction is 01: SIO mode generated.
prohibited. 10: I2C bus mode
11: (Reserved)

I: Serial bus interface operating mode selection (Note 2)

00 | Port mode (Serial bus interface output disabled)
01 | Clocked synchronous 8-bit SIO mode

10 | I*)C bus mode

11 | (Reserved)

—> INTSBI interrupt request
0 —
1 | Cancel interrupt request

———> Start/stop condition generation
0 | Generates the stop condition

1 | Generates the start condition

A

Transmitter/receiver selection

0 [Receiver

1 | Transmitter

» Master/slave selection
0 |Slave
1 | Master

Note 1: Reading this register function as SBIOSR register.

Note 2: Switch a mode to port mode after confirming that the bus is free.
Switch a mode between I°C bus mode and clock-synchronous 8-bit SIO mode after confirming that input signals via

port are high level.

Figure 3.11.4 Register for I°C Bus Mode
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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
After reset 0 0 0 1 0 0 0 0
Function Master/ Transmitter/ |1°C bus INTSBI Arbitration [Slave GENERAL [Last
slave receiver status interrupt  [lost laddress CALL received bit
Read- status status monitor request detection  |match detection monitor
modify-write selection |[selection monitor monitor detection monitor 0:0
instruction is monitor monitor 0: - monitor 0: Undetected|1: 1
prohibited. 1: Detected [0: Undetected|1: Detected
1: Detected

— |

L,

Last received bit monitor

0 | Last received bit was 0.

Y

Y

Note: Writing in this register functions as SBIOCR2.

1 |Last received bit was 1.

GENERAL CALL detection monitor

0 | Undetected

1 | GENERAL CALL detected

Slave address match detection monitor

0 | Undetected

1

Slave address match or GENERAL
CALL detected

Arbitration lost detection monitor

0 —

1 | Arbitration lost

INTSBI interrupt request monitor

0 | Interrupt requested

1 |Interrupt canceled

I2C bus status monitor

0 |Free

1 |Busy

Transmitter/receiver status monitor

0 | Receiver

1 | Transmitter

Master/slave status monitor

0 |Slave

1 | Master

Figure 3.11.5 Register for I°C Bus Mode
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Serial Bus Interface Baud Rate Regster 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBI0
(0244H) | Read/Write w R/W
Read- After reset 0 0
modify-write | Function Write “0". [ IDLE2
instrggtion is 0: Stop
prohibited.
1:Run
» Operation during IDLE2 mode
0 | Stop
1 |Run
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 | Bit symbol P4EN -
(0245H) | Read/Write w W
Read- After reset 0 0
modify-write | Function Internal Write “0”.
instruction is clock
prohibited. 0: Stop
1: Run
” Baud rate clock control
0 | Stop
1 |Run
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Rg;ﬁqu) Read/Write R (Receiving)/W (Transmission)
modify-write | After reset Undefined
instruction is
prohibited.
Note 1: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
Note 2: SBIODBR can't be read the written data. Therefore read-modify-write insturction (e.g., “BIT” instruction) is
prohibitted.
Note 3: Written data in SBIODBR is cleared by INTSBI signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
12COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(0242H) | Read/Write w
Read- After reset o | o | o | o [ o | o | o 0
modify-write| Eynction Address
instruction is| ) o ) ) recognition
prohibited. Slave address selection for when device is operating as slave device mode
specification
v

Address recognition mode specification

0 | Slave address recognition

1 | Non slave address recognition

Figure 3.11.6 Register for I°C Bus Mode
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3.11.5 Control in I’C Bus Mode

(1

(2

(3

Acknowledge mode specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The
TMP91CP27 generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge mode, the TMP91CP27
does not generate a clock pulse for the acknowledge signal when operating in the
master mode.

Select number of transfer bits

The SBIOCR1<BC2:0> is used to select a number of bits for next transmission and
receiving data.

Since the <BC2:0> is cleared to 000 as a start condition, a slave address and direction
bit transmission are executed in 8 bits. Other than these, the <BC2:0> retains a
specified value.

Serial clock
a. Clock source

The SBIOCR1<SCK2:0> is used to select a maximum transfer frequency
outputted on the SCL pin in master mode.

l(; tHIGH :)( tLow —¢—1l/fscl————>

SBIOCR1<SCK2:0> n
tLow = 2" s 000 5
tHigH = 2"~ Yfsg + 8/fsp) 001 6
010 7

fscl=1
scl = U(tLow + tHIGH) 011 8
__ fsBl 100 9
2"+ 8 101 10
110 11

Note 1: fgp| shows fgpn.
Note 2: It's prohibit to use fc/16 prescaler clock (SYSCRO<PRCKZ1:0> = “10") when using SBI block.

(1°C bus and clocked synchronous)

Figure 3.11.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock line to low-level, in the first place, invalidate a clock pulse of another
master device which generates a high-level clock pulse. The master device with a
high-level clock pulse needs to detect the situation and implement the following
procedure.

The TMP91CP27 has a clock synchronization function for normal data transfer
even when more than one master exists on the bus.

The example explains the clock synchronization procedures when two masters
simultaneously exist on a bus.

Wait counting high-level
widtlh ofa clocll< pulse
re—Start couting high-level width of a clock pulse

| \

Reset a counter of! [

high-level width of 1
[}
[}
I
]

a clock pulse
Figure 3.11.8 Clock Synchronization

ot ===

As master A pulls down the internal SCL output to the low level at point “a”, the
SCL line of the bus becomes the low level. After detecting this situation, Master B
resets a counter of high-level width of an own clock pulse and sets the internal
SCL output to the low level.

Master A finishes counting low-level width of an own clock pulse at point “b”
and sets the internal SCL output to the high level. Since master B holds the SCL
line of the bus at the low level, master A wait for counting high-level width of an
own clock pulse. After master B finishes counting low-level width of an own clock
pulse at point “c” and master A detects the SCL line of the bus at the high level,
and starts counting high level of an own clock pulse. The clock pulse on the bus is
determined by the master device with the shortest high-level width and the
master device with the longest low-level width from among those master devices
connected to the bus.

(4) Slave address and address recognition mode specification

When the TMP91CP27 is used as a slave device, set the slave address <SA6:0> and

<ALS> to the I2C0AR. Clear the <ALS> to “0” for the address recognition mode.

(5) Master/slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP91CP27 as a master device.

Clear the SBIOCR2<MST> to “0” for operation as a slave device. The <MST> is cleared
to “0” by the hardware after a stop condition on the bus is detected or arbitration is lost.
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(6) Transmitter/receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP91CP27 as a transmitter. Clear
the <TRX> to “0” for operation as a receiver. In slave mode, when transfer data in
addressing format, when received slave address is same value with setting value to
I12COAR, or GENERAL CALL is received (All 8-bit data are “0” after a start condition),
the <TRX> is set to “1” by the hardware if the direction bit (R/ W) sent from the master
device is “1”, and <TRX> is cleared to “0” by the hardware if the bit is “0”. In the Master
Mode, after an Acknowledge signal is returned from the slave device, the <TRX> is
cleared to “0” by the hardware if a transmitted direction bit is “1”, and is set to “1” by
the hardware if it is “0”. When an acknowledge signal is not returned, the current
condition is maintained.

The <TRX> is cleared to “0” by the hardware after a stop condition on the bus is
detected or arbitration is lost.

(7) Start/stop condition generation

When the SBIOSR<BB> is “0”, slave address and direction bit which are set to
SBIODBR are output on a bus after generating a start condition by writing “1” to the
SBIOCR2<MST, TRX, BB, PIN>. It is necessary to set transmitted data to the data
buffer register (SBIODBR) and set “1” to <ACK> beforehand.

1
sCLline ! 1 2 3 4 5 6 7 8 9
, .

1
1
SDAline | /a6 X a5 X A X a3 X a2 X A1 X a0 X rw/
Lo | |Acknowledge
Start condition ke Slave address and direction bit >{signal

Figure 3.11.9 Generation of Start Condition and Slave Address

When the <BB>is “1”, a sequence of generating a stop condition is started by writing
“1” to the <MST, TRX, PIN>, and “0” to the <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until a stop condition is generated on a bus.

Stop condition

Figure 3.11.10 Generation of Stop Condition

The state of the bus can be ascertained by reading the contents of SBIOSR<BB>.
SBIOSR<BB> will be set to 1 if a start condition has been detected on the bus, and will
be cleared to O if a stop condition has been detected (Bus free status).

And about generation of stop condition in master mode, there are some limitation
points. Please refer to section 3.11.6, (4) “Stop condition generation”.
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(®

(9

Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request INTSBI) occurs, the SBIOCR2<PIN>
is cleared to “0”. During the time that the SBIOCR2<PIN> is “0”, the SCL line is pulled
down to the low level.

The <PIN> is cleared to “0” when a 1 word of data is transmitted or received. Either
writing/reading data to/from SBIODBR sets the <PIN> to “1”.

The time from the <PIN> being set to “1” until the SCL line is released takes tLOW.

In the address recognition mode (<ALS> = 0), <PIN> is cleared to “0” when the
received slave address is the same as the value set at the I2COAR or when a GENERAL
CALL is received (All 8-bit data are “0” after a start condition). Although SBIOCR2
<PIN> can be set to “1” by the program, the <PIN> is not clear it to “0” when it is
written “0”.

Serial bus interface operation mode selection

SBIOCR2<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBIOCR2<SBIM1:0> to “10” when the device is to be used in I2C bus mode after
confirming pin condition of serial bus interface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

SCL (line)

Internal SDA output
(Master A)

Internal SDA output
(Master B)

SDA line

Since more than one master device can exist simultaneously on the bus in I12C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I2C bus arbitration.

The following shows an example of a bus arbitration procedure when two master
devices exist simultaneously on the bus. Master A and master B output the same data
until point “a”. After master A outputs “L” and master B, “H”, the SDA line of the bus is
wire-AND and the SDA line is pulled down to the low level by master A. When the SCL
line of the bus is pulled up at point b, the slave device reads the data on the SDA line,
that is, data in master A. A data transmitted from master B becomes invalid. The state
in master B is called “ARBITRATION LOST”. Master B device that loses arbitration
releases the internal SDA output in order not to affect data transmitted from other
masters with arbitration. When more than one master sends the same data at the first
word, arbitration occurs continuously after the second word.

Figure 3.11.11 Arbitration Lost
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The TMP91CP27 compares the levels on the bus’s SDA line with those of the internal
SDA output on the rising edge of the SCL line. If the levels do not match, arbitration is
lost and SBIOSR<AL> is set to “1”.

When SBIOSR<AL> is set to “1”, SBIOSR<MST, TRX> are cleared to “0” and the
mode is switched to slave receiver mode. Thus, clock output is stopped in data transfer
after setting <AL> = “1".

SBIOSR<AL> is cleared to “0” when data is written to or read from SBIODBR or
when data is written to SBIOCR2.

(" Internal
Master | SCL output
A
Internal \, D7A XD6A \ D5A / D4AX D3AX D2AX D1AXDOA / \D7A'XD6A'XD5AXD4A’
. SDA output
|—> Stop the clock pulse
Master| SCL output
B

L SDA output

Internal
D7B AD6B 3 Keep internal SDA output to high-level as losing arbitration

<AL> |
<MST> \ Q
<TRX> —y/ \

SBIODBR or SBIOCR2

Figure 3.11.12 Example of When TMP91CP27 is a Master Device B (D7A = D7B, D6A = D6B)

(11) Slave address match detection monitor
SBIOSR<AAS> is set to “1” in slave mode, in address recognition mode (e.g., when
I2COAR<ALS> = “0”), when a GENERAL CALL is received, or when a slave address
matches the value set in I2COAR. When I2COAR<ALS> = “1”, SBIOSR<AAS> is set to
“1” after the first word of data has been received. SBIOSR<AAS> is cleared to “0” when
data is written to or read from the data buffer register SBIODBR.

(12) General call detection monitor
SBIOSR<ADO> is set to “1” in slave mode, when a GENERAL CALL is received (All
8-bit received data is “0” after a start condition). SBIOSR<ADO> is cleared to “0” when
a start condition or stop condition is detected on the bus.

(13) Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is set to the
SBIOSR<LRB>. In the acknowledge mode, immediately after an INTSBI interrupt
request is generated, an acknowledge signal is read by reading the contents of the
SBIOSR<LRB>.
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(14) Software reset function

The software reset function is used to initialize the SBI circuit, when SBI is rocked
by external noises, etc.

An internal reset signal pulse can be generated by setting SBIOCR2<SWRST1:0> to
“10” and “01”. This initializes the SBI circuit internally. All command (except
SBIOCR2<SBIM1:0>) registers and status registers are initialized as well.

SBIOCR1<SWRMON> is automatically set to “1” after the SBI circuit has been
initialized.

(15) Serial bus interface data buffer register (SBIODBR)

The received data can to read and transmission data can to write by reading or
writing SBIODBR.

In the master mode, after the start condition is generated the slave address and the
direction bit are set in this register.

(16) I2C bus address register (I2C0AR)

I2C0AR<SAG6:0> is used to set the slave address when the TMP91CP27 functions as
a slave device.

The slave address outputted from the master device is recognized by setting the
I2C0AR<ALS> to “0”. The data format is the addressing format. When the slave
address is not recognized at the <ALS> = “1”, the data format is the free data format.

(17) Baud rate register (SBIOBR1)
Write “1” to SBIOBR1<P4EN> before operation commences.

(18) Setting register for IDLE2 mode operation (SBIOBRO)

SBIOBRO<I2SBIO> is the register setting operation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.11.6 Data Transfer In I°C Bus Mode

(1) Device initialization
Set the SBIOBR1<P4EN>, SBIOCR1<ACK, SCK2:0>, set SBIOBR1 to “1” and clear
bits 7 to 5 and 3 in the SBIOCR1 to “0”.
Set a slave address <SA6:0> and the <ALS> (<ALS> = “0” when an addressing
format) to the I2COAR.

For specifying the default setting to a slave receiver mode, clear “0” to the <MST,
TRX, BB> and set “1” to the <PIN>, “10” to the <SBIM1:0>.

(2) Start condition and slave address generation
a. Master mode

In the master mode, the start condition and the slave address are generated as
follows.

Check a bus free status (when <BB> = “0”).

Set the SBIOCR1<ACK> to “1” (Acknowledge mode) and specify a slave address
and a direction bit to be transmitted to the SBIODBR.

When SBIOCR2<BB> = “0”, the start condition are generated by writing “1111”
to SBIOCR2<MST, TRX, BB, PIN>. Subsequently to the start condition, nine
clocks are output from the SCL pin. While eight clocks are output, the slave
address and the direction bit which are set to the SBIODBR. At the 9th clock, the
SDA line is released and the acknowledge signal is received from the slave device.

An INTS2 interrupt request occurs at the falling edge of the 9th clock. The
<PIN> is cleared to “0”. In the master mode, the SCL pin is pulled down to the low
level while <PIN> is “0”. When an interrupt request occurs, the <TRX> is changed
according to the direction bit only when an acknowledge signal is returned from
the slave device.

b. Slave mode

In the slave mode, the start condition and the slave address are received.

After the start condition is received from the master device, while eight clocks
are output from the SCL pin, the slave address and the direction bit that are
output from the master device are received.

When a GENERAL CALL or the same address as the slave address set in
I2C0AR is received, the SDA line is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBI interrupt request generate on the falling edge of the 9th clock. The

<PIN> is cleared to “0”. In slave mode the SCL line is pulled down to the low level
while the <PIN> = “0".

r—==--19

SCLline AW AW AWAAWAWAWOWAWAAWEH
1 1
SDA line "\ /A X a5 XAt X as XAz X At X Ao X rRw XACK /
| N )

R _t_ Acknowledge

) % )
Start condtion Slave address + Direction bit signal from a
slave device

<PIN>

INTSBI Cl L
interrupt request

Output of master

————— Output of slave

Figure 3.11.13 Start Condition and Slave Address Generation
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(3) 1-word data transfer

Check the <MST> by the INTSBI interrupt process after the 1-word data transfer is
completed, and determine whether the mode is a master or slave.

a. If <MST> = “1” (Master mode)

SCL pin

1

Check the <TRX> and determine whether the mode is a transmitter or receiver.
When the <TRX> = “1” (Transmitter mode)

Check the <LRB>. When <LRB> is “1”, a receiver does not request data.
Implement the process to generate a stop condition (Refer to 3.11.6 (4)) and
terminate data transfer.

When the <LRB> is “0”, the receiver requests new data. When the next
transmitted data is 8 bits, write the transmitted data to SBIODBR. When the
next transmitted data is other than 8 bits, set the <BC2:0> <ACK> and write
the transmitted data to SBIODBR. After written the data, <PIN> becomes “1”,
a serial clock pulse is generated for transferring a new 1 word of data from the
SCL pin, and then the 1-word data is transmitted. After the data is
transmitted, an INTSBI interrupt request generates. The <PIN> becomes “0”
and the SCL line is pulled down to the low level. If the data to be transferred
is more than one word in length, repeat the procedure from the <LRB>
checking above.

— Write to SBIODBR

2 3 4 5 6 7 8 9

SDA pin

D7 X D6 X D5 X D4 X D3 X D2 X DI X DO A ACK

YAcknowledge signal

<PIN>

INTSBI

from a receiver

[

interrupt request

Output of master
Output of slave

Figure 3.11.14 Example in Which <BC2:0> = “000” and <ACK> = “1" (Transmitter mode)
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When the <TRX> is “0” (Receiver mode)

When the next transmitted data is other than 8 bits, set <BC2:0> <ACK> and
read the received data from SBIODBR to release the SCL line (Data which is read
immediately after a slave address is sent is undefined). After the data is read,
<PIN> becomes “1”. Serial clock pulse for transferring new 1 word of data is
defined SCL and outputs “L” level from SDA pin with acknowledge timing.

An INTSBI interrupt request then generates and the <PIN> becomes “0”, Then
the TMP91CP27 pulls down the SCL pin to the low level. The TMP91CP27
outputs a clock pulse for 1-word of data transfer and the acknowledge signal each
time that received data is read from the SBIODBR.

Read receiving data

SCL line

SbAline  ______ D7 D6 A_ D5 D4 W D3 W D2 W DI A DO N_ev_v D7
Acknowledge signal
<PIN> to a transmitter

INTSBI M
interrupt request

Output of master
————— Output of slave

Figure 3.11.15 Example of When <BC2:0> = “000” and <ACK> = “1" (Receiver mode)

In order to terminate the transmission of data to a transmitter, clear <ACK> to “0”
before reading data which is 1-word before the last data to be received. The last data
word does not generate a clock pulse as the acknowledge signal. After the data has
been transmitted and an interrupt request has been generated, set <BC2:0> to “001”
and read the data. The TMP91CP27 generates a clock pulse for a 1-bit data transfer.
Since the master device is a receiver, the SDA line on the bus remains high. The
transmitter receives the high signal as an ACK signal. The receiver indicates to the
transmitter that data transfer is complete.

After the one data bit has been received and an interrupt request been generated,
the TMP91CP27 generates a stop condition (See Section 3.11.6 (4)) and terminates
data transfer.

———————— Y aliatioinlin Valefulnin Wallafn U akelollin U akliolaiin ekl W allofninl Zhulh Sl
SDA D7 A D6 A D5 A D4 A D3 A D2 A D A DO \—Acknowledgesignal

<PIN> _<|_! ‘_l ;
il

INTSBI
interrupt request

T—After clear <ACK> to “0”, reading receiving data. T— After set “001” to
<BC2:0>, reading
receiving data.

Output of master
————— Output of slave

Figure 3.11.16 Termination of Data Transfer (Master receiver mode)
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b. If <MST> = 0 (Slave mode)

In the slave mode the TMP91CP27 operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, an INTSBI interrupt request occurs when the TMP91CP27
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete, or after matching
received address. In the master mode, the TMP91CP27 operates in a slave mode if
it losing arbitration. An INTSBI interrupt request generate when a word data
transfer terminates after losing arbitration. When an INTSBI interrupt request
generate the <PIN> is cleared to “0” and the SCL pin is pulled down to the low
level. Either reading/writing from/to the SBIODBR or setting the <PIN> to “1” will
release the SCL pin after taking tL,OW time.

Check the SBIOSR<AL>, <TRX>, <AAS>, and <ADO> and implements
processes according to conditions listed in the next table.

Table 3.11.1 Operation in the Slave Mode

<TRX>| <AL> |<AAS>|<ADO> Conditions Process
1 1 1 0 The TMP91CP27 loses arbitration when | Set the number of bits of single word to
transmitting a slave address, and <BC2:0>, and write the transmit data to

receives a slave address for which the [ SBIODBR
value of the direction bit sent from
another master is “1”.

0 1 0 In slave receiver mode, the TMP91CP27
receives a slave address for which the
value of the direction bit sent from the

master is “1”.
0 0 In slave transmitter mode, transmission | Check the <LRB> setting. If <LRB> is

of data of single word is terminated. set to “1”, set <PIN> to “1” since the
receiver win no request the data which
follows. Then, clear <TRX> to “0” to
release the bus. If <LRB> is cleared to
“0” of and write the transmitted data to
SBIODBR since the receiver requests
next data.

0 1 1 1/0 The TMP91CP27 loses arbitration when | Read the SBIODBR for setting the <PIN>
transmitting a slave address, and to “1” (reading dummy data) or set the

receives a slave address or GENERAL [ <PIN>to “1".
CALL for which the value of the direction
bit sent from another master is “0”.

0 0 The TMP91CP27 loses arbitration when
transmitting a slave address or data, and
terminates word data transfer.

0 1 1/0 In slave receiver mode the TMP91CP27
receives a slave address or GENERAL
CALL for which the value of the direction
bit sent from the master is “0".

0 1/0 In slave receiver mode the TMP91CP27 | Set <BC2:0> to the number of bits in a
terminates receiving word data. word and read the received data from
SBIODBR.
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(4) Stop condition generation

When SBIOSR<BB> = 1, the sequence for generating a stop condition start by
writing “1” to SBIOCR2<MST, TRX, PIN> and “0” to SBIOCR2<BB>. Do not modify the
contents of SBIOCR2<MST, TRX, PIN, BB> until a stop condition has been generated
on the bus. When the bus’s SCL line has been pulled Low by another device, the
TMP91CP27 generates a stop condition when the other device has released the SCL

line and SDA pin rising.

When SBIOCR2<MST, TRX, PIN> are written “1” and <BB> is written “0” (Generate
stop condition in master mode), <BB> changes to “0” by internal SCL changes to “1”,
without waiting stop condition.To check whether SCL and SDA pin are “1” by sensing

their ports is needed to detect bus free condition.

" — <MST>
" — <TRX>
" — <BB>
" — <PIN>

ROoRrR

Internal SCL

SCL pin

SDA pin

fStop condition

<PIN>

<BB> (Read) —I

Figure 3.11.17 Stop Condition Generation (Single master)

" — <MST>
" — <TRX>
" — <BB>
" — <PIN>

Hasg

Stop condition

Internal SCL /

SCL pin

The case of pulled low
by another device

SDA pin

<PIN>

<BB> (Read)

J .

Figure 3.11.18 Stop Condition Generation (Multi master)
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(5) Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP91CP27 is in master
mode.

Clear SBIOCR2<MST, TRX, BB> to 0 and set SBIOCR2<PIN> to 1 to release the bus.
The SDA line remains high and the SCL pin is released. Since a stop condition has not
been generated on the bus, other devices assume the bus to be in busy state.

And confirm SCL pin, that SCL pin is released and become bus-free state by SBIOSR
<BB> = “0” or signal level “1” of SCL pin in port mode. Check the <LRB> until it
becomes 1 to check that the SCL line on a bus is not pulled down to the low level by
other devices. After confirming that the bus remains in a free state, generate a start
condition using the procedure described in 3.11.6 (2).

In order to satisfy the setup time requirements when restarting, take at least 4.7 us
of waiting time by software from the time of restarting to confirm that the bus is free
until the time to generate the start condition.

0" = <MST> “1" > <MST>
“0" — <TRX> “1" — <TRX>
‘0" — <BB> “1" — <BB>
“1" = <P|N> “1" — <PIN>
[€— 4.7 ps (Min) Start condition

=

SCL (Bus) / \ E_ __i < /
! ¥

SCL pin [ 9\ / J
\

)
SDA pin l //\
77 \

Figure 3.11.19 Timing Chart for Generate Restart
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3.11.7 Clocked Synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 | Bit symbol slos SIOINH slom1 SIOMO SCK2 SCK1 SCKO
(0240H) | Read/write w w
After reset 0 0 0 0 0 0 0
Read- Function Transfer Continue/ Transfer mode selection
modify-write start/stop  [abort transfer |0o: Transmission mode
instruction is 0: Stop 0:Continue  |o1: (Reserved) A .
prohibited. 1: Start transfer 10: Transmission/ Selection of serial clock frequency
1:Abort receiving mode
transfer 11: Receiving mode
Serial clock selection <SCK2:0> l
000 n=4 |1 MHz
001 n=5 |[500 kHz System clcok: fc
00| n=6 [250 kHz Clock gear: fc/1
011 | n=7 [125 kHz fe=16MHz
10| nes l625 kiz (Output to SCKprm)
101 | n=9 [31.25kHz frequency =—"—1Hz]
110 [ n=10 [15.625 kHz (Input from SCK Pin)
111 - External clock
L3 Transfer mode selection
00 |8-bit transmission mode
01 [(Reserved)
10 |8-bit transmission/receiving mode
11 |8-bit receiving mode
» Continue/Abort transfer
0 [Continue transfer
1 |Abort transfer (Automatically cleared after transfer aborted)
> Transfer start/stop
0 |Stopped
Note: Set the tranfer mode and the serial clock after setting 1 |sared

<SIOS> to “0” and <SIOINH> to “1".

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
R (OdZMH) Read/Write R (Receiver)/W (Transfer)

ead-
modify-write LAfter reset Undefined
instruction is
prohibited.

Figure 3.11.20 Register for SIO Mode
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SBIOCR2
(0243H)

Read-
modify-
write
instruction
is
prohibited.

SBIOSR
(0243H)

Serial Bus Interface Control Register 2

6

5

4

3

Bit symbol

SBIM1

SBIMO - -

Read/Write

w w W

After reset

0

0 0 0

Function

Serial bu:

operation mode

selection

00: Port mode Write “0”.
01: SIO mode

10: I°C b

11: (Reserved)

s interface

us mode

l

Serial bus interface operation mode selection

00

Port mode (serial bus interface output disabled)

01

Clocke

d-synchronous 8-bit SIO mode

10

I°C bus mode

11

(Reserved)

Note 1: Set the SBIOCR1<BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.

Note 2: Please always write “00” to SBICR2<1:0>.

Serial Bus Interface Status Register

6

5

4

3

Bit symbol

SIOF

SEF

Read/Write

After reset

0

0

Function

Serial
transfer

operation | status

status
monitor

Shift
operation

monitor

'

Shift operation status monitor

0 [ Shift operation terminated

1 | Shift operation in progress

Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in progress

Figure 3.11.21 Register for SIO Mode
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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 R/W
Read- After reset 0 0
modify-write I | ction Write “0". | IDLE2
instruction is
prohibited. 0: Stop
1: Operate
» Operation in IDLE2 mode
0 [Stop
1 | Operate
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
sBloBR1 |_Bit symbol P4EN -
(0245H) | Read/Write W W
Read- After reset 0 0
modify-write | Function Internal Write “0”.
instruction is
prohibited. clock
0: Stop
1: Operate
> Baud rate clock control
0 | Stop
1 | Operate
Figure 3.11.22 Register for SIO Mode
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(1) Serial clock
a. Clock source
SBIOCR1<SCK2:0> is used to select the following functions:
Internal clock
In internal clock mode one of seven frequencies can be selected. The serial clock
signal is output to the outside on the SCK pin. The SCK pin goes high when data
transfer starts. When the device is writing (in transmit mode) or reading (in
receive mode), data cannot follow the serial clock rate, so an automatic wait
function is executed which automatically stops the serial clock and holds the next
shift operation until reading or writing has been completed.

Automatic wait
fe—>

SCK pin output 1] [2] [3 7] [s 1] [2 6] [7]1 8] 2] [2] [3
o pmoupu N\ a0 X(anez XEX@_ Xe)E X B e @@

Writing
t
drgpasmlssmn X 3 X 5 X c

Figure 3.11.23 Automatic Wait Function

External clock (<SCK2:0> = “111”)

An external clock input via the SCK pin is used as the serial clock. In order to
ensure the integrity of shift operations, both the high and low-level serial clock
pulse widths shown below must be maintained. The maximum data transfer
frequency is 1 MHz (when fc = 16 MHz).

sk L[ XL 1

] ] ]
l—>le—>!

tsckL tsckH

tsckLs tsckH > 8/fc

Figure 3.11.24 Maximum Data Transfer Frequency When External Clock Input Used
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b. Shift edge

Data is transmitted on the leading edge of the clock and received on the trailing
edge.

Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of the SCK
pin input/output).

Trailing edge shift

Data is shifted on the trailing edge of the serial clock (on the rising edge of the SCK
pin input/output).

SCK pin % l l l 1 1 l 1

SO pin N_Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bits X Bit6 X _Bit7
[}

[}
1
Shift register X76543210)+ 7654321+ 765432+ 76543 X *+*+7654 X r+++:765 Y rw<x+76 X #xes 7

(a) Leading shift

SCK pin f ji f f ji f f f
|
|

Sl pin \_Bito X Bitt X Bitz2 X Bit3 X Bit4 X Bits X Bits X Bit7
|
|

|
Shift register e (o Xaorwe Y10+ Y3210+ Yaz10 Ysas210Yosaa010-X543210

(b) Trailing shift

*: Don't care

Figure 3.11.25 Shift Edge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive
mode.

a. 8-bit transmit mode

Set a control register to a transmit mode and write transmit data to the
SBIODBR.

After the transmit data is written, set the SBIOCR1<SIOS> to “1” to start data
transfer. The transmitted data is transferred from SBIODBR to the shift register
and output to the SO pin in synchronized with the serial clock, starting from the
least significant bit (LSB). When the transmission data is transferred to the shift
register, the SBIODBR becomes empty. An INTSBI (Buffer empty) interrupt
request is generated to request new data.

When the internal clock is used, the serial clock will stop and automatic-wait
function will be initiated if new data is not loaded to the data buffer register after
the specified 8-bit data is transmitted. When new transmit data is written,
automatic-wait function is canceled.

When the external clock is used, data should be written to SBIODBR before new
data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to SBIODBR by the interrupt service program.

When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the
SO pin holds final bit of the last data until falling edge of the SCK.

Transmitting data is ended by clearing the <SIOS> to “0” by the buffer empty
interrupt service program or setting the <SIOINH> to “1”. When the <SIOS> is
cleared, the transmitted mode ends when all data is output. In order to confirm if
data is surely transmitted by the program, set the <SIOF> (Bit3 of SBIOSR) to be
sensed. The SBIOSR<SIOF> is cleared to “0” when transmitting is complete.

When the <SIOINH> is set to “1”, transmitting data stops. SBIOSR<SIOF>

turns “0”.

When an external clock is used, it is also necessary to clear SBIOCR1<SIOS> to
“0” before new data is shifted; otherwise, dummy data is transmitted and
operation ends.
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Clear <SIOS>

<SIO0S>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

INTSBI

interrupt request

SBIODBR

(a) Internal clock

Writing Transmission data

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Input)

SO pin

INTSBI

interrupt request

SBIODBR

(o

1

(b) External clock

Writing Transmission data

Example:

STEST1 BIT
JR
BIT
JR

LD

STEST2

SCK pin

<SIOF>

SO pin

Figure 3.11.26 Transmission Mode

Program to stop data transmission (when an external clock is used)

SEF, (SBIOSR)
Nz, STEST1
0, (P6) ;
Z, STEST2
(SBIOCR1), 00000111B

]

;  If<SEF>=1 then loop

If SCK =0 then loop

; <SIOS>«0

/

I I

I( )I

I [
tsopH = 3.5/frpn [s] (Min)

Bits X

Bit7

Figure 3.11.27 Transmission Data Hold Time at End Transmit
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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBI

interrupt request
SBIODBR

8-bit receive mode

Set the control register to receive mode and set SBIOCR1<SIOS> to “1” for
switching to receive mode. Data is received into the shift register via the SI pin
and synchronized with the serial clock, starting from the least significant bit
(LSB). When 8-bit data is received, the data is transferred from the shift register
to SBIODBR. An INTSBI (Buffer full) interrupt request is generated to request
that the received data be read. The data is then read from SBIODBR by the
interrupt service program.

When an internal clock is used, the serial clock will stop and the automatic wait
function will be in effect until the received data has been read from SBIODBR.

When an external clock is used, since shift operation is synchronized with an
external clock pulse, the received data should be read from SBIODBR before the
next serial clock pulse is input. If the received data is not read, any further data
which is to be received is canceled. The maximum transfer speed when an
external clock is used is determined by the delay time between the time when an
interrupt request is generated and the time when the received data is read.

Receiving of data ends when <SIOS> is cleared to “0” by the buffer full interrupt
service program or when <SIOINH> is set to “1”. If <SIOS> is cleared to “0”,
received data is transferred to SBIODBR in complete blocks. The received mode
ends when the transfer is complete. In order to confirm whether data is being
received properly by the program, set SBIOSR<SIOF> to be sensed. <SIOF> is
cleared to “0” when receiving has been completed. When it is confirmed that
receiving has been completed, the last data is read. When <SIOINH> is set to “1”,
data receiving stops. <SIOF> is cleared to “0” (The received data becomes invalid,
therefore no need to read it).

Note: When the transfer mode is changed, the contents of SBIODBR will be lost. If
the mode must be changed, conclude data receiving by clearing <SIOS> to
“0", read the last data, then change the mode.

[e——— Clear <SIOS> —>

Reading receiving data Reading receiving data

Figure 3.11.28 Receiving Mode (when an internal clock is used)
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Note:

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to SBIODBR.
After the data has been written, set SBIOCR1<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the data is output via the SO
pin, starting from the least significant bit (LSB) and synchronized with the
leading edge of the serial clock signal. When data is received, the data is input via
the SI pin on the trailing edge of the serial clock signal. 8-bit data is transferred
from the shift register to SBIODBR and an INTSBI interrupt request is generated.
The interrupt service program reads the received data from the data buffer
register and writes the data that is to be transmitted. SBIODBR is used for both
transmitting and receiving. Transmitted data should always be written after
received data has been read.

When an internal clock is used, the automatic wait function will be in effect
until the received data has been read and the next data has been written.
When an external clock is used, since the shift operation is synchronized with the
external clock, received data is read and transmitted data is written before a new
shift operation is executed. The maximum transfer speed when an external clock
is used is determined by the delay time between the time when an interrupt
request is generated and the time at which received data is read and transmitted
data is written.

When transmission is started, after the SBIOSR<SIOF> goes “1” output from
the SO pin holds final bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when <SIOS> is cleared to “0” by the INTSBI
interrupt service program or when SBIOCR1<SIOINH> is set to “1”. When
<SIOS> is cleared to “0”, received data is transferred to SBIODBR in complete
blocks. The transmit/receive mode ends when the transfer is complete. In order to
confirm whether data is being transmitted/received properly by the program, set
SBIOSR<SIOF> to be sensed. <SIOF> is set to “0” when transmitting/receiving
has been completed. When <SIOINH> is set to 1, data transmitting/receiving
stops. SBIOSR<SIOF> is then cleared to 0.

When the transfer mode is changed, the contents of SBIODBR will be lost. If the mode
must be changed, conclude data transmitting/receiving by clearing <SIOS> to “0”, read
the last data, then change the transfer mode.
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,(— Clear <SIOS> —>»|
<SIOS> ! I

_________

<SIOF> — -

<SEF>

L.
[

SCK pin (Output)

SO pin \Xao X a1 X a2 Xas Xaa Xas Xas Xaz | XboX b1 X b2 X bz X baXbs X be X b7}/
Sl pin {co X e1 X ca X ca X ca X5 X o X7 [ Xdo X d X dz X d3 X da X ds X de X d7]
INTSBI M N

interrupt request

SBIODBR X a X ¢ ?( b X d
0 v

Write transmission data (a) Read receiving data (c) ~ Write transmission data (b)  Read receiving data (d)

Figure 3.11.29 Transmission/Receiving Mode (when an internal clock is used)

SCK pin

<SIOF>

I

SO pin Bit6 X Bit7 in last transmission word i/

I I

I‘ )I

I [
tsopH = 4/fep [s] (Min)

Figure 3.11.30 Transmission Data Hold Time at End of Transmission/Receiving

(Transmission/receiving mode)
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3.12 Analog/Digital Converter

The TMP91CP27 incorporates a 10-bit successive approximation-type analog/digital
converter (AD converter) with 4-channel analog input.

Tigure 3.12.11is a block diagram of the AD converter. The 4-channel analog input pins (ANO to
AN3) are shared with the input-only port 5 and can thus be used as an input port.

Note: When IDLE2, IDLE1 or STOP mode is selected, so as to reduce the power, with some
timing the system may enter a stand-by mode even though the internal comparator is still
enabled. Therefore be sure to check that AD converter operations are halted before a HALT
instruction is executed.

S Internal data bus S
AD mode control register 1 ADMOD]]| .
<ADTRGE>! AD mode control register 0 ADMODO
<ADCH2:0> <VREFON>
<EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>
K A
Scan
Y
Channel Repeat
selection |« Interrupt
control circuit Busy ADTRG
Start
End
Y v
AD converter control Interrupt
Analog input circuit request
INTAD
AN3/ADTRG (P53)[_] N
AN2 (P52)|:|_, .
AN1 (P51)|:| i’ N AD conversion result
ANO (PSO)D_) 2 | Sample and 5l register
% hold ADREGO0A4L to ADREG37L
= ADREGO4H to ADREG37H
Comparator
A\ 4

AVCC D g O/C DA converter <—
Avss[ ] >

Figure 3.12.1 Block Diagram of AD Converter
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3.12.1 Control Register

ADMODO
(02BOH)

Read-
modify-write
instruction is
prohibited.

The AD converter is controlled by the two AD mode control registers: ADMODO and
ADMODI1. The AD conversion results are stored in 8 kinds of AD conversion data upper
and lower registers: ADREGO04H/L, ADREG15H/L, ADREG26H/L and ADREG37H/L.

Figure 3.12.2 to Figure 3.12.5 shows the registers related to the AD converter.

AD Mode Control Register 0

6

5 4 3 2 1 0

Bit symbol

EOCF

ADBF

- - ITMO REPEAT SCAN ADS

Read/Write

RIW

After reset

0

0

0 0 0 0 0 0

Function

AD conversion

end flag

0: Conversion
in progress

1: Conversion

complete

AD conversion | Note:

busy flag Always write | Always write | specification | specification | specification | conversion

0: Conversion | 0.
stopped
1: Conversion

in progress

Note: Interrupt Repeat mode | Scan mode AD

0. in conversion | O: Single 0: Conversion | start

channel fixed conversion channel 0: Don't care

repeat mode | 1: Repeat fixed mode | 1: Start

0: Every conversion | 1: Conversion conversion
conversion mode channel Always 0

1: Every scan mode | When read.

fourth

conversion

L 5 AD conversion start

0 [Don't care

1 | Start AD conversion

Note: Always read as 0.
L AD scan mode setting
0 | AD conversion channel fixed mode

1 | AD conversion channel scan mode

> AD repeat mode setting

0 | AD single conversion mode

1 | AD repeat conversion mode
——— > Specify AD conversion interrupt for cannel fixed
repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> = “0", <REPEAT> ="“1"

Generates interrupt every conversion.

1 | Generates interrupt every fourth conversion.

> AD conversion busy flag

AD conversion stopped
1 [AD conversion in progress

A\

AD conversion end flag

Figure 3.12.2

Before or during AD conversion
1 [AD conversion complete

Register for AD Converter
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 |_Bit symbol VREFON | I2AD ADTRGE | ADCH2 | ADCH1 | ADCHO
(02B1H) | Read/Write R/W R/W R/W
After reset 0 0 0 o | o | o
Function VREF IDLE2 AD external
application | 0: Stop trigger start
control 1: Operate control Analog input channel selection
0: OFF 0: Disable
1: ON 1: Enable
| R
!
Analog input channel selection
<SCAN> 0 1
Channel (Channel )
<ADCH2:0> ( fixed ) scanned

000 ANO ANO

001 AN1 ANO — AN1

010 AN2 ANO — AN1 — AN2

011 (Note) AN3 ANO — AN1 — AN2 — AN3

100

101 Don't select.

110

111

» AD conversion start control by external trigger
(ADTRG input)

0 |Disab

led

1 |Enabl

ed

Y

IDLE2 control

0 | Stopped

1 |In operation

A\

Control of application of reference voltage to
AD converter

0 |OFF

1 |[ON

Before starting conversion (Before writing “1” to
ADMODO<ADS>), set the <VREFON> bit to “1".

Note: As pin AN3 also functions as the ADTRG input pin, do not set <ADCH2:0> = “011" when using ADTRG with
<ADTRGE> ="1".

Figure 3.12.3 Register for AD Converter
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AD Conversion Data Lower Register 0/4

7 6 5 4 3 2 1 0
ADREGO04L | Bit symbol ADRO1 ADRO0O ADRORF
(02A0H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD conversion
AD conversion result data storage
flag
1: Conversion
result stored
AD Conversion Data Upper Register 0/4
7 6 5 4 3 2 1 0
ADREGO04H | Bit symbol ADRO9 ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO2
(02A1H) | Read/Write R
After reset Undefined
Function Stores upper 8 bits AD conversion result.
AD Conversion Data Lower Register 1/5
7 6 5 4 3 2 1 0
ADREG15L |Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) | Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD conversion
AD conversion result result flag
1: Conversion
result stored
AD Conversion Data Upper Register 1/5
7 6 5 4 3 2 1 0
ADREG15HI Bit symbol ADR19 | ADRI18 | ADR17 | ADR16 | ADR15 | ADR14 | ADR13 | ADRI2
(02A3H) | Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
Conversion result n |
ADREGXH l l ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N v J

e Bits5to 1 are always read as “1".

e BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to “1”. When either of
the registers (ADREGxH, ADREGKXL) is read, the flag is cleared to
“0".

Figure 3.12.4 Register for AD Converter
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AD Conversion Result Lower Register 2/6

7 6 5 4 3 2 1 0
ADREG26L Bit symbol ADR21 ADR20 ADR2RF
(02A4H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD conversion
data storage
AD conversion result. flag
1: Conversion
result stored
AD Conversion Data Upper Register 2/6
7 6 5 4 3 2 1 0
ADREG26H | Bitsymbol | ADR29 | ADR28 | ADR27 | ADR26 | ADR25 | ADR24 | ADR23 | ADR22
(02A5H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Data Lower Register 3/7
7 6 5 4 3 2 1 0
ADREG37L Bit symbol ADR31 ADR30 ADR3RF
(02A6H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of SD cnversion
Ad conversion result. ﬂ:;a storage
1: Conversion
result stored
AD Conversion Result Upper Register 3/7
7 6 5 4 3 2 1 0
ADREG37H Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADRS33 ADR32
(02A7H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
Conversion result
]
ADREGxH i i
ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O

e Bits 5to 1 are always read as “1”".

e BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to “1”. When either of
the registers (ADREGxH, ADREGXL) is read, the flag is cleared to
“0”.

Figure 3.12.5 Register for AD Converter
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3.12.2 Operation

(1

(2

Analog reference voltage

Ahigh-level analog reference voltage is applied to the AVCC pin; a low-level analog
reference voltage is applied to the AVSS pin. To perform AD conversion, the reference
voltage as the difference between AVCC and AVSS, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between AVCC and AVSS, write “0” to ADMOD1<VREFON>
in AD mode control register 1. To start AD conversion in the OFF state, first write “1”
to ADMOD1<VREFON>, wait 3 ps until the internal reference voltage stabilizes (this
is not related to fc), then set ADMODO< ADS> to “1”.

Analog input channel selection
The analog input channel selection varies depends on the operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO<SCAN> = “0”)
Setting ADMOD1<ADCH2:0> selects one of the analog input pins ANO to AN3 as
the input channel.
e In analog input channel scan mode (ADMODO<SCAN> = “1”)
Setting ADMOD1<ADCH2:0> selects one of the 4 scan modes.

Table 3.12.1 Illustrates analog input channel selection in each operation mode.

After Reset, ADMODO<SCAN> = “0” and ADMOD1<ADCH2:0> = “000”. Thus pin
ANO is selected as the fixed input channel. Pins not used as analog input channels can
be used as standard input port pins.

Table 3.12.1 Analog Input Channel Selection

Channel Fixed Channel Scan
<ADCH2:0> A wqn

<SCAN>="0 <SCAN>="1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 —> AN2 — AN3
100
101

Don't select.

110
111
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3

(4)

Starting AD conversion

To start AD conversion, write “1” to ADMODO<ADS> in AD mode control register 0,
or ADMOD1<ADTRGE> in AD mode control register 1 and input falling edge on
ADTRG pin. When AD conversion starts, the AD conversion busy flag

ADMODO<ADBEF> will be set to “1”, indicating that AD conversion is in progress.

Writing “1” to ADMODO0<ADS> during AD conversion restarts conversion. At that
time, to determine whether the AD conversion results have been preserved, check the
value of the conversion data storage flag ADREGxL<ADRxRF>.

During AD conversion, a falling edge input on the ADTRG pin will be ignored.

AD conversion modes and the AD conversion end interrupt
The 4 AD conversion modes are:

e Channel fixed single conversion mode

¢ Channel scan single conversion mode

¢ Channel fixed repeat conversion mode

¢ Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in AD mode control
register 0 determine the AD mode setting.

Completion of AD conversion triggers an AD conversion end interrupt request
INTAD. Also, ADMODO<EOCEF> will be set to “1” to indicate that AD conversion has
been completed.

Channel fixed single conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “00” selects channel fixed
single conversion mode.

In this mode, data on one specified channel is converted once only. When the
conversion has been completed, the ADMODO<EOCF> flag is set to “17,
ADMODO<ADBF> is cleared to “0”, and an INTAD interrupt request is generated.

Channel scan single conversion mode

Setting ADMODO<REPEAT> and ADMODO0<SCAN> to “01” selects channel scan
single conversion mode.

In this mode, data on the specified scan channels is converted once only. When scan
conversion has been completed, ADMODO<EOCF> is set to “1”, ADMODO<ADBEF> is
cleared to “0”, and an INTAD interrupt request is generated.
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Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “10” selects channel fixed
repeat conversion mode.

In this mode, data on one specified channel is converted repeatedly. When conversion
has been completed, ADMODO<EOCF> is set to “1” and ADMODO<ADBF> is not
cleared to “0” but held “1”. INTAD interrupt request generation timing is determined
by the setting of ADMODO<ITMO>.

Clearing <ITMO> to “0” generates an interrupt request every time an AD conversion
is completed.

Setting <ITMO> to “1” generates an interrupt request on completion of every fourth
conversion.

Channel scaen repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “11” selects channel scan
repeat conversion mode.

In this mode, data on the specified scan channels is converted repeatedly. When each
scan conversion has been completed, ADMODO<EOCF> is set to “1” and an INTAD
interrupt request is generated. ADMODO<ADBF> is not cleared to “0” but held “1”.

To stop conversion in a repeat conversion mode (e.g., in cases c. and d.), program a “0”
to ADMODO<REPEAT>. After the current conversion has been completed, the repeat
conversion mode terminates and ADMODO<ADBEF> is cleared to “0”.

Switching to a halt state IDLE2 mode with ADMOD1<I2AD> cleared to “0”, IDLE1
mode or STOP mode) immediately stops operation of the AD converter even when AD
conversion is still in progress. In repeat conversion modes (e.g., in cases c. and d.),
when the halt is released, conversion restarts from the beginning. In single conversion
modes (e.g., in cases a. and b.), conversion does not restart when the halt is released
(The converter remains stopped).

Table 3.12.2 shows the relationship between the AD conversion modes and interrupt
requests.

Table 3.12.2 Relationship between the AD Conversion Modes and Interrupt Requests AD

Mode Generation of ADMODO
Interrupt Request <ITMO> <REPEAT> <SCAN>
Channel fixed single After completion of x 0 0
conversion mode conversion
Channel scan single | After completion of scan X 0 1
conversion mode conversion
Channel fixed repeat Every conversion 0
conversion mode Every forth conversion 1 ! 0
Cannel scan repeat After completion of % 1 1
conversion mode every scan conversion
X: Don'’t care
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(5

(6)

AD conversion time

84 states (10.5 ps @ frFrpH = 16MHz) are required for the AD conversion for one
channel.

Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREG04H/L to ADREG37H/L)
store the AD conversion results. (ADREG04H/L to ADREG37H/L are read-only
registers.)

In channel fixed repeat conversion mode with ADMODO<ITMO> = “1”, the
conversion results are stored successively in registers ADREG04H/L to ADREG37H/L.
In other modes, the ANO, AN1, AN2 and AN3 conversion results are stored in
ADREGO04H/L, ADREG15H/L, ADREG26H/L: and ADREG37H/L respectively.

Table 3.12.3 shows the correspondence between the analog input channels and the
registers that are used to hold the results of AD conversion.

Table 3.12.3 Correspondence between Analog Input Channel and AD Conversion Result Register

AD Conversion Result Register

Analog Input Channel ] Channel Fixed Repeat
(Port 5) Conversion Mode Other|  cgnyersion Mode
Than Right )
(Every forth conversion)
ANO ADREGO4H/L ADREGO4H/L
AN1 ADREG15H/L ADREG15H/L
AN2 ADREG26H/L ADREG26H/L
AN3 ADREG37H/L ADREG37HIL

<ADRxRF> “bit0” of the AD conversion data lower register is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a conversion result is stored in the AD

conversion result register, the flag is set to “1”. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to “0”.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF> to “0”.
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Example:

a. Convert the analog input voltage on the AN3 pin and write the result, to memory
address 1800H using the AD interrupt (INTAD) processing routine.

Setting of main routine

_ 76543210

INTEOAD « X100 - - - - Enable INTAD and set it to interrupt level 4.

ADMOD1 «+ 1 1 XX 0011 Set pin AN3 to the analog input channel.

LADMODO0 « XX 000001 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example

WA <« ADREG37 Read value of ADREG37L, ADREG37H to general purpose
register WA (16-bit).
WA >>6 Shift contents read into WA six times to right and zero-fill upper
bits.
| (1800H)  « WA Write contents of WA to memory address 1800H.

b. Converts repeatedly the analog input voltages on the three pins ANO, AN1 and AN2,
using channel scan repeat conversion mode.

INTEOAD « X000 - - - — Disable INTAD.
ADMOD1I « 11 XX 0010 Set pins ANO to AN2 to be the analog input channels.
ADMODO «+ XX 000111 Start conversion in channel scan repeat conversion mode.

X: Don't care, —: No change
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3.13 Watchdog Timer (Runaway detection timer)

The TMP91CP27 features a watchdog timer for detecting runaway.
The watchdog timer (WDT) is used to return the CPU to normal state when it detects that the
CPU has started to malfunction (Runaway) due to causes such as noise.
When the watchdog timer detects a malfunction, it generates a non-maskable interrupt
INTWD to notify the CPU. Connecting the watchdog timer out to the reset pin internally forces

a reset.

3.13.1 Configuration

Figure 3.13.1 is a block diagram of watchdog timer.

WDMOD<RESCR>

|

\ 4

Reset control

WDMOD Selector
<WDTP1:0>
A N N
18] 517 219 221
fsys Binary counter Q
(frpHi2) (22 stages) R IS
Reset (5
Internal reset A

Write Write |WDMOD<WDTE>
4EH B1H

Note:

WDCR

Watchdog timer control register

{}

INTWD

U

Internal data bus

Figure 3.13.1 Block Diagram of Watchdog Timer

It needs to care designing the machine set, because watchdog timer
can’t operate completely by external noise.

RESET pin

Internal reset

—> Interrupt request
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The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output fsys/215, fays/217, fsys/21® and
fsys/22t. Selecting one of the outputs using WDMOD<WDTP1:0> generates a watchdog

interrupt and outputs watchdog timer out when an overflow occurs as shown in Figure
3.12.2.

WDT counter n X Overflow X

) X
WDT interrupt « <
)

?
Write clear code
Clear WDT « \‘{

(Software) D}

Figure 3.13.2 Normal Mode

The runaway detection result can also be connected to RESET pin internally.

In this case, the reset time will be between 22 and 29 states (44 to 58 us at fosCcH = 16
MHz, frpH = 1 MHz) as shown Figure 3.13.3. Also, system clock fsys (1 cycle = 1 state)
which generated clock by dividing it into 2, that clock frFPH divide clock fOSCH
high-frequency oscillator into 16 is used to resetting.

Overflow

WDT counter n X \ «

)

WDT interrupt «

)"

Internal reset

l& |
™ 1

22 to 29 states (44 to 58 us @ foscH = 16MHz, fppy = 1IMHZ)

Figure 3.13.3 Reset Mode
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3.13.2

Control Register

The watchdog timer WDT is controlled by two controls registers WDMOD and WDCR.

(1) Watchdog timer mode register (WDMOD)

a.

Setting the detection time for the watchdog timer in <WDTP1:0>

This 2-bit register is used for setting the watchdog timer interrupt time used when
detecting runaway. During resetting, this register is initialized to

WDMOD<WDTP1:0> = “00”.
The detection times for WDT are shown in Figure 3.13.4.

Watchdog timer enable/disable control register <WDTE>
During resetting, WDMOD<WDTE> is initialized to “1”, enabling the watchdog
timer.

To disable the watchdog timer, it is necessary to set this bit to “0” and to write the
disable code (B1H) to the watchdog timer control register WDCR. This makes it
difficult for the watchdog timer to be disabled by runaway.

However, it is possible to return the watchdog timer from the disabled state to the
enabled state merely by setting <WDTE> to “1”.

Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the watchdog timer with the RESET
terminal internally. Since WDMOD<RESCR>is initialized to “0” on Reset, a Reset by
the watchdog timer will not be performed.

(2) Watchdog timer control register (WDCR)

This register is used to disable and clear the binary counter for the watchdog timer.
e Disable control

Disable control the watchdog timer can be disabled by clearing WDMOD<WDTE> to
“0” and then writing the disable code (B1H) to the WDCR register.

WDMOD «~0--00--0 Clear WDMOD<WDTE> to “0".
WDCR «<~10110001 Write the disable code (B1H).

e Enable control
Set WDMOD<WDTE> to “1”.

¢  Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR «<01001110 Write the clear code (4EH).
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WDMOD
(0300H)

TMP91CP27
7 6 5 4 3 2 0
Bit symbol WDTE WDTP1 WDTPO — — 12WDT RESCR —
Read/Write R/W R/W R/W R/W R/W R/W
After reset 1 o | o 0 0 0 0
Function WDT WDT detection time Write “0”. | Write “0”. | IDLE2 1:Internally | Write “0”.
control selection 0: Stop connects
00: 2%/fgys 1: Operate | WDT out
0: Stop 01: 2% /fsys to the
1:Enable |10: 2%/fgyg reset pin
11: 2%Yfsys

!

—> Watchdog timer detection time

|—> Watchdog timer out control

0 —

1 Connect WDT out to reset

IDLE2 control
0 | Stop
1 | Operate

@ fc =16 MHz, fs = 32.768 kHz

System Clock Clock Gear Watchdog Timer Detection Time
Selection Value WDMOD<WDTP1:0>
SYSCR1 SYSCR1
<SYSCK> <GEAR2:0> 00 01 10 1
1 (fs) XXX 20 s 80 s 320 s 1280 s
000 (fc) 4.096 ms 16.384 ms 65.536 ms 262.144ms
001 (fc/2) 8.192 ms 32.768 ms 131.072 ms 524.288 ms
0 (fc) 010 (fc/4) 16.384 ms 65.536 ms 262.144 ms 1.049s
011 (fc/8) 32.768 ms 131.072 ms 524.288 ms 2.097s
100 (fc/16) 65.536 ms 262.144 ms 1.049s 4.194s
> Watchdog timer enable/disable control
Disable
Enable
Figure 3.13.4 Watchdog Timer Mode Register
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7 6 5 4 3 2 1 0
Bit symbol -
WDBCR Read/Write w
(0301H) [ After reset -
Read- | Function
modify-write B1H: WDT disable code
instruction is
prohibited. 4EH: WDT clear code
L Disable/clear WDT
B1H Disable code
4EH Clear code
Others —
Figure 3.13.5 Watchdog Timer Control Register
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3.13.3

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The binary counter for the watchdog timer must be
cleared to “0” by software (Instruction) before an INTWD interrupt will be generated. If the
CPU malfunctions (e.g., if runaway occurs) due to causes such as noise and does not
execute the instruction used to clear the binary counter, the binary counter will overflow
and an INTWD interrupt will be generated. The CPU will detect malfunction (Runaway)
due to the INTWD interrupt and in this case it is possible to return the CPU to normal
operation by means of an anti-malfunction program.

The watchdog timer works immediately after reset.

The watchdog timer does not operate in IDLE1 or STOP mode. When the device is in
IDLE2 mode, the operation of WDT depends on the WDMOD<I2WDT> setting. Ensure
that WDMOD<I2WDT> is set before the device enters IDLE2 mode.

Example:

a. Clear binary counter.
WDCR «+ 01001110 Write the clear code (4EH).

b. Set watchdog timer detection time to 217/fsys.
WDMOD <« 1 0100--0

c. Disable watchdog timer.

WDMOD <~ 0 --00--0 Clear <WDTE> to “0".
WDCR «+ 10110001 Write the disable code (B1H).
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3.14 Timer for Real Time Clock (RTC)

The TMP91CP27 includes a timer that is used for a clock operation.

An interrupt (INTRTC) can be generated each 0.0625 [s] or 0.125 [s] or 0.25 [s] or 0.50 [s] by
using a low frequency clock of 32.768 kHz. A clock function can be easily used.

A timer for real time clock can operate in all modes in which a low-frequency oscillation is

operated.

In addition, INTRTC can return from each standby mode except STOP mode.

fs

RTCCR<RTCSEL1:0>

RTCCR<RTCRUN>

] IClear ol | o12

>| Selector '—
Yy

N A

Run

A

213 214

N

(32.768 kHz)

’l

14-stage binary counter

Figure 3.14.1 Block Diagram for Real Time Clock

—>

Interrupt
request
INTRTC

The timer for real time clock is controlled by the real time clock control register (RTCCR) as
shown in Figure 3.14.2.

7 6 4 3 2 1 0
Bit symbol - RTCSEL1 | RTCSELO [ RTCRUN
RTCCR Read/Write R/W R/IW R/IW
(0310H)
After reset 0 0 I 0 0
Function Write “0”. 00: 2%/fs 0: Stop &
01: 2%/s clear
10: 2*%fs 1: Count
11: 2%fs
— Counting operation
0 Stop & clear
1 Count
Interrupt generation cycle
(fs = 32.768 kHz)
00 | 0.50s
01 | 0.25s
10 | 0.125s
11 | 0.0625s
Figure 3.14.2 Real Time Clock Control Register
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4. Electrical Characteristics

4.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t04.0 Y
Input voltage VIN -0.5to Vcc + 0.5
Output current (1 pin) 1oL 2
Output current (1 pin) IOH -2 mA
Output current (Total) ZIoL 80
Output current (Total) ZIOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG —-65 to 150 °C
Operation temperature TOPR —40 to 85

Note:

The absolute maximum ratings are rated values that must not be exceeded

during operation, even for an instant. Any one of the ratings must not be
exceeded. If any absolute maximum rating is exceeded, a device may break
down or its performance may be degraded, causing it to catch fire or explode
resulting in injury to the user. Thus, when designing products that include
this device, ensure that no absolute maximum rating value will ever be

exceeded.
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4.2  DC Characteristics (1/2)
Parameter Symbol Condition Min Typ.(Note) Max Unit
Power supply voltage f
c=4to0 27 MH = 2.7
AVCC = DVCC ) vce 2 |fs=30t0 36 v
AVSS =DVSS =0V fc =210 10 MHz 34 kHz 1.8
P00 to P17 VIL Vee>2.7V 0.6
(ADO to AD15) Vee<2.7V 0.2 Vcc
) Vee>2.7V 0.3 Vcc
2 | P20to P97 (Except P63) VIL1
2 Vee<2.7V 0.2 Vce
; RESET , NMi VIL2 Vee>2.7V 03 0.25 Vce v
2 | P63 (INTO) Vee <27V ' 0.15 Vce
>
=3 Vee>2.7V 0.3
= | AMO and AM1 VIL3
Vee<2.7V 0.3
Vee>2.7V 0.2 Vcc
X1 VIL4
Vee<2.7V 0.1 Vce
P00 to P17 VIH Vee>2.7V 2.0
(ADO to AD15) Vee<2.7V 0.7 Vcc
g Vee>2.7V 0.7 Vcc
I} P20 to P97 (Except P63) VIH1
5 Vee<2.7V 0.8 Vcc
>
RESET ., NMi Vee>2.7V 0.75 Vce
S | RESET. \MI, VIH2 Vee +0.3 v
< | P63 (INTO) Vee<2.7V 0.85 Vce
>
2 Vee>22.7V Vce - 0.3
= | AMO and AM1 VIH3
Vee<2.7V Vce - 0.3
Vee>2.7V 0.8 Vcc
X1 VIH4
Vee<2.7V 0.9 Vcc
IOL = 1.6mA Vee>2.7V 0.45
Output low voltage VOL
IOL = 0.4mA Vee<2.7V 0.15 Vcc v
) IOH=-400 yA |Vcc22.7V | Vec-0.3
Output high voltage VOH
IOH=-200 yA |Vcc<2.7V | 0.8Vce
Note: Typical values are for when Ta = 25°C and V¢ = 3.0 V uncles otherwise noted.
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4.2 DC Characteristics (2/2)
. . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Notel)
Input leakage current ILI 0.0<V|y<Vcee 0.02 +5
Output leakage current ILO 0.2<V|y<Vee-0.2 0.05 +10 HA
Power down voltage VIL2=0.2 Vcc,
VSTOP 1.8 3.6 \Vi
(@STOP, RAM back up) V IH2=0.8 Vcc
) Vec=2.7Vto 3.6V 100 400
RESET pull-up resistor RRST kQ
Vee=2V +10% 200 1000
Pin capacitance CIO fc=1MHz 10 PF
Schmitt width Vee>2.7V 0.4 1.0
— VTH \%
RESET, NMI, INTO Vee<2.7V 0.3 0.8
. Vece=2.7Vto3.6V 100 400
Programmable pull-up resistor RKH KkQ
Vee=2V +10% 200 1000
NORMAL  (Note 2), (Note 3) 11.5 (10.8) 19.0
IDLE2 Note 3 Vee=27Vi03.6V 5.5 (4.8 8.0 mA
(Note 3) fc = 27 MHz 5(48) :
IDLE1 (Note 3) 2.5(1.8) 4.0
NORMAL  (Note 2), (Note 3) 11.5 (10.8) 16.0
IDLE2 Note 3 Vee =3V 10% 5.5 (4.8 75 mA
(Note 3) fc = 27 MHz 5(4.8) :
IDLE1 (Note 3) 2.5(1.8) 35
NORMAL  (Note 2), (Note 3) Vece=2V+10 % 3.5(3.0) 5.0
IDLE2 (Note 3) | fc =10 MHz 2.0 (1.5) 3.0 mA
IDLE1 (Note 3) ce (Typ. Vec=2.0 V) 0.9 (0.4) 18
SLOW (Note 2) 14.5 30
\DLE2 Vcc=27Vto3.6V 70 19 A
fs = 32.768 kHz : H
IDLE1 5.0 15
SLOW (Note 2) Vec=2V+10 % 10 20
IDLE2 fs = 32.768 kHz 5.0 13
IDLE1 (Typ. Vec=2.0V) 3.0 10
STOP Vcc=18Vto 3.6V 0.1 10

Note 1: Typical values are for when Ta = 25°C and V¢cc = 3.0 V unless otherwise noted.

Note 2: lcc measurement conditions (NORMAL, SLOW):
All functions are operational; output pins are open and input pins are fixed.

Note 3: Power supply cuurent from AVCC pin is included in power supply current of VCC pin. Also, AVCC
pin share with AD reference power supply in TMP91CP27. Therefore, it is included in power supply
current of VCC pin that not only power supply current from AVCC pin but also current to ladder

resitster. Insert of () is current value when VREF is Off.
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4.3  AC Characteristics
(1) Vec=2.7Vto 3.6V

Valiable fepHy =27 MHz .

No. Parameter Symbol Unit
Min Max Min Max

1 fepn period (=Xx) tFpH 37.0 31250 37.0 ns
2 AO to A15 valid — ALE falling taL 0.5x-6 12 ns
3 ALE falling — AO to A15 hold tLa 0.5x - 16 2 ns
4 ALE high pulse width L X —20 17 ns
5 ALE falling — RD / WR falling tLc 0.5x — 14 4 ns
6 RD rising — ALE rising tcLR 0.5x — 10 8 ns
7 WR rising — ALE rising tcLw x—10 27 ns
8 A0 to A15 vlalid — RD / WR falling tacL X —23 14 ns
9 A0 to A21 valid — RD / WR falling tacH 1.5x - 26 29 ns
10 | RD rising — A0 to A21 hold {CAR 0.5x - 13 5 ns
11 WR rising — A0 to A21 hold tcaw x—13 24 ns
12 | AOto Al5 valid — DO to D15 input taDL 3.0x - 38 73 ns
13 | AOto A21 valid — DO to D15 input tADH 3.5x-41 88 ns
14 RD falling — DO to D15 input tRD 2.0x - 30 44 ns
15 | RD low puse width tRR 2.0x-15 59 ns
16 | RD rising — DO to D15 hold tHR 0 0 ns
17 | RD rising — A0 to A15 output tRAE x-15 22 ns
18 | WR low pulse width tww 1.5x - 15 40 ns
19 | DO to D15 valid - WR rising tpw 1.5x-35 20 ns
20 WR rising — DO to D15 hold twp x—-25 12 ns
21 | AOto A21 valid — Port input taPH 3.5x -89 40 ns
22 | AOto A21 valid — Port hold tAPH2 3.5x 129 ns
23 A0 to A21 valid — Port valid tap 3.5x + 80 209 ns

AC measurement conditions

+ Output level: High 0.7 x Vec/Low 0.3 x Ve, CL =50 pF

+ Input level: High 0.9 x Vcc/Low 0.1 x V¢

Note:

Symbol [x] in the above table means the period of clock fppy. It's half period the system clock

fsys for CPU core.

The period of clock fgpy depends on the clock gear setting or the selection of high/low oscillator

frequency.
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(2) Read cycle

frPH

I I
[} [}
[} [}
I I
[} [}
[} I
\ 1 1
| | |
\ 1 1
\ 1 1
H 1 1
| | |
\ 1 1
l ] ]
y | | |
A0 to A21 ! ! ' '
i\ : ; ;
=\ | a a
_ JE— [} [}
CSO0 to CS2 ! ! ' '
:_\ : 1 1
: : | |
1 1 ! !
1 1 ! !
1 1 ! !
1 1 ! !
| | ! !
1 1 ! !
| | ! !
1 1 ! !
1 1 ! !
| | ! !
| | ! !
1 1 ! !
: : i |
[}
| i tAPH ' >
1 1 : !
& 1
Portinput  _ :_‘ __________ | ___tA_Pt|2_____4'_ __________ !
(Note) 1 C ! p
i < ! tADH ; >
< 1 :
— : : \ 1 1 |
RD e tacH —! >N | tRR : > 7l
: (—:—tACL—) ! !
P 1 by,
I ’ D leticof [T tRD
' = | tabL
ADO to AD15 - ! i DO to
I
E <A
:
I

1
1
1
>
o
5
>
[
(6]
}
1
1
1
-4
1
1
1
1
1
1
1
1
1
1
] R PR

Note: 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 cycle
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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  AD Conversion Characteristics

AVCC = VCC, AVSS = VSS

Parameter Symbol Condition Min Typ. Max Unit
Analog intput voltage VAIN AVSS AvVCC \%
Error Vec=27Vt03.6V +1.0 +4.0
(Not including quantization - LSB
errors) Vce = 2V +10% +1.0 +4.0

Note 1:1 LSB = (AVCC — AVSS)/1024 [V]

Note 2: Minimum operation frequency:

The operaion of AD converter is guranteed only using fc (High frequency oscillator).
fs (Low frequency oscillator) is not guranteed. But When frequency of clock selected by
clock gear is more than and eqgaull 4 MHz in using fc, it is guranteed (fppHq = 4 MHZ).

Note 3: The value for Icc (Current of VCC pin) includes the current which flows through the AVCC

pin.
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4.5  Serial Channel Timing (I/O interface mode)
(1) SCLK input mode
Parameter Symbol Valiable 10 MHz 27 MHz Unit
Min Max Min | Max | Min | Max
SCLK period tscy 16X 1.6 0.59 us
t /2 — 4X - 110
scy 290 38
Output data ¢ (Vcc=2.7V103.6V) o
> SCLK rising/falling 055 | goy/2—4X—180 220
(Vee =2V £ 10%) B
SCLK rising/falling
t tscy/2 + 2X +0 1000 370
— Output data hold OHS seviet et ns
SCLK rising/falling
t 3X+10 310 121
— Input data hold HSR * ns
SCLK rising/falling ¢ ¢ 0 1600 592 ns
— Valid data input SRD scY
Valid data input ¢ 0 0 0 ns
- SCLK risingffalling RDS
(2) SCLK ouptut mode
Parameter Symbol Valiable 10 MHz 27 MHz Unit
Min Max Min | Max | Min | Max
SCLK period tscy 16X 8192X 1.6 | 819 [ 059 | 303 | pus
Output data
t t /2 — 40 7 2
s SCLK rising/falling | ©SS scy e % ns
SCLK rising/falling
t t /2 — 40 760 256 ns
— Output data hold OHS SCY
SCLK rising/falling ¢ 0 0 0 ns
— Input data hold HSR
SCLK rising/falling
t t —-1X-180 1320 375 ns
— Valid data input SRD ScY
Valid data input t 1X + 180 280 217 ns
— SCLK rising/falling RDS

Note 1: SCLK rising/falling: The rising edge is used in SCLK rising mode.

The falling edge is used in SCLK falling mode.

Note 2: 27 MHz and 10 MHz values are calculated from tgcy = 16X case.

Note 3: Symbol [X] in the above table means the period of clock fepy. It's half period the system clock

fsys for CPU core.

The period of clock fgpy depends on the clock gear setting or the selection of high/low

oscillator frequency.

SCLK

Output mode/
input rising mode

—

[
L

I

SCLK
(Input falling mode) toss | toHs
Output dat
P X ﬁ_ X 1 X 2 X 3
tSRDtHSR
| t dat
P RXD X o X 1 X 2 X X3 X
Valid Valid Valid Valid
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4.6 Event Counter (TAOIN, TA4IN, TBOINO and TBOIN1)
Parameter Symbol - Valiable 1.0 Mz _27 MHzZ 1 it
Min Max Min [ Max | Min | Max
Clock period tvcK 8X + 100 900 396 ns
Clock low level pulse width tvCKL 4X + 40 440 188 ns
Clock high level pulse width tVCKH 4X + 40 440 188 ns
4.7  Interrupt and Capture
(1) NMI and INTO Interrupts
Parameter Symbol Variable 10 MHz 27 MHz Unit
Min Max Min | Max | Min | Max
NMI and INTO low level pulse width UNTAL 4X + 40 440 188 ns
NMI and INTO high level pulse width| tinNTAH 4X + 40 440 188 ns

(2) INTS5 and INTS6 interrupts, capture

INT5 and INT6 input pulse width depend on the system clock selection and clock

selection for prescaler. Below table show pulse width of each operation clock.

System Clock | Clock Selection tINTBL UNTBH
Selection for Prescaler (INT5 and INT6 low level pulse width) | (INT5 and INT6 high level pulse width ) Unit
SYSCR1 SYSCRO Valiable fEpH = 27 MHZz Valiable fepH = 27MHz
<SYSCK> <PRCK1:0> Min Min Min Min
00 00 (frph) 8X + 100 396 8X + 100 396 ns
10 (fc/16) 128Xc +0.1 4.8 128Xc + 0.1 4.8
1 (fs) 00 (frph) 8X +0.1 244.3 8X + 0.1 244.3 Hs

Note 1: “Xc” shows period of clock fc in high frequency oscillator.

Note 2: Symbol [X] in the above table means the period of clock fppy. It's half period the system clock

fsys for CPU core.

The period of clock fgpy depends on the clock gear setting or the selection of high/low

oscillator frequency.
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4.8 Recommended Oscillation Circuit

TMP91CP27 has been evaluated by murata manufacturing Co., Ltd. Please refer to murata

manufacturing Co., Ltd.

Note 1: Total loads value of oscillator is sum of external loads (C1 and C2) and floating loads of
actual assemble board. There is a possibility of miss-operating. When designing board, it
should design minimum length pattern around oscillator. And we recommend that oscillator
evaluation try on your actual using board.

Note 2: 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

(1) Connection example

LDW% y
3

High-frequency oscillation connection

C1

(2) Recommended ceramic oscillator

C1

LDW% y
3

Low-frequency oscillation connection

Oscillation Parameter of Elements Running Condition
Frequency Item of Oscillator c1 c2 Rf Rd Vclﬂ?v?/eer()f Temperature
(MHz] PFl | DA | @ | [ M [°C]
e Tomeze | wn | wn | own | o
LS | ) | an | owen | o
o | oLeMesst | uy | 4y | owen | o
12.0 C?cﬂs'ﬁg.'vloon;%?\})% @0) | @0) | open 0 2.7-3.6 —40~85
16.0 (New aﬁds IlLdSé 6s'\al/lrcr)1>t§Splr_oBdct)Jct No.) ®) ®) Open 0
00| newamoo@® [ ® | o | o
21.0 (New aﬁc? ﬁbsé Zgrgﬁsplrblii%ct No.) Open Open 10k 0
Osscillation Parameter of Elements Running Condition
Frequency Item of Oscillator c1 c2 Rf Rd Vcﬁtg\vseerof Temperature
[MHZ] [pF] [pF] [ (] V] [°C]
40 (CeTsouoMaoeos) | @7 | @D | Open | o
8.0 égg%%“é’g&g%%%g% @7 | @7 | open 0 1.8-2.2 —40~85
100 CeTsIo0oMaoosy | 49 | G9) | open | o

Note: In CST*** type oscillator, capacitance C1, C2 is builtin.
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5. Table of SFRs

The

SFRs (Special function registers) include the I/O ports and peripheral control registers

allocated to the 4-Kbyte address space from 000000H to 000FFFH.

(1) T/O port

(2) 1/0O port control

(3) Interrupt control

(4) Chip select/wait control

(5) Clock control

(6) 8-bit timer control

(7)  16-bit timer control

(8) UART/serial channel control
(9) I2C bus/serial channel control
(10) AD converter control

(11) Watchdog timer control

(12) RTC (Real time clock) control

Table layout
Symbol Name Address | 7 | 6 ( ( 110
\\ — Bit symbol
\\ — Read/Write
// — Initial value after reset
// — Remarks

Note: “Prohibit RMW?” in the table means that you cannot use RMW instructions on these
registers.

Example: When setting only bitO of the register POCR to “1”, the instruction “SET 0, (0002H)”

cannot be used. The LD (Transfer) instruction must be used to write all eight bits.

Read/Write

R/W:Both read and write are possible.

R:  Only read is possible

W:  Only write is possible

W+: Both read and write are possible (when this bit is read as 1.)

Prohibit RMW: Read-modify-write instructions are prohibited. (The EX, ADD, ADC, BUS,
SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC, RRC,
RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are
read-modify-write instructions.)

*R/W: Read-modify-write instructions are prohibited when controlling the pull-up resistor.
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Table 5.1 Address Map for SFRs
[1] Port
Address Name Address Name Address Name
0000H | PO 0010H 0020H
1H|P1 1H 1H
2H|POCR 2H|P6 2H
3H 3H|P7 3H
4H|P1CR 4H|P6CR 4H
5H|P1FC 5H | P6FC 5H
6H | P2 6H|P7CR 6H
7TH|P3 7H|P7FC 7H
8H|[P2CR 8H|P8 8H
9H [ P2FC 9H | P9 9H
AH|P3CR AH [ P8CR AH
BH|P3FC BH | PSFC BH
CH|P4 CH|P9CR CH
DH|P5 DH | POFC DH
EH|P4CR EH EH
FH| P4FC FH FH| ODE
[2] INTC
Address Name Address Name Address Name
0080H | DMAQV 0090H [ INTEOAD O0AOH [ INTETCO1
1H | DMA1V 1H 1H|INTETC23
2H | DMA2V 2H 2H
3H | DMA3V 3H | INTE56 3H
4H 4H 4H
5H 5H|INTETAO1 5H
6H 6H | INTETA23 6H
7H TH | INTETA45 7H
8H[INTCLR 8H 8H
9H [ DMAR 9H | INTETBO 9H
AH|DMAB AH AH
BH BH [ INTETBO1V BH
CH|IIMC CH|INTESO CH
DH DH | INTES1 DH
EH EH [ INTES2RTC EH
FH FH FH
[3] CS/WAIT
Address Name
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: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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Note:

Table 5.2 Address Map for SFRs

[4] CGEAR
Address Name Address Name
00EOQOH | SYSCRO 00FOH
1H|SYSCR1 1H
2H|SYSCR2 2H
3H|EMCCRO 3H
4H| EMCCR1 4H
5H 5H
6H 6H
7H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
[5] TMRA
Address Name Address Name
0100H | TAO1IRUN 0110H | TA45RUN
1H 1H
2H | TAOREG 2H | TAAREG
3H| TALREG 3H| TASREG
4H | TAO1IMOD 4H | TAA5MOD
5H | TA1IFFCR 5H| TASFFCR
6H 6H
7H 7H
8H | TA23RUN 8H
9H 9H
AH | TA2REG AH
BH | TABREG BH
CH | TA23MOD CH
DH | TASFFCR DH
EH EH
FH FH
[6] TMRB
Address Name Address Name
0180H | TBORUN 0190H
1H 1H
2H | TBOMOD 2H
3H | TBOFFCR 3H
4H 4H
5H 5H
6H 6H
7H 7H
8H | TBORGOL 8H
9H | TBORGOH 9H
AH | TBORGI1L AH
BH | TBORG1H BH
CH | TBOCPOL CH
DH | TBOCPOH DH
EH | TBOCP1L EH
FH | TBOCP1H FH

Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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Table 5.3 Address Map for SFRs

[7] UART/SIO [8] I°C bus/SIO
Address Name Address Name
0200H | SCOBUF 0240H | SBIOCR1
1H| SCOCR 1H | SBIODBR
2H | SCOMODO 2H | I2COAR
3H | BROCR 3H | SBIOCR2/SBIOSR
4H | BROADD 4H | SBIOBRO
5H| SCOMOD1 5H | SBIOBR1
6H 6H
7H | SIRCR 7H
8H | SC1BUF 8H
9H | SCICR 9H
AH | SC1MODO AH
BH | BR1CR BH
CH | BR1ADD CH
DH| SC1MOD1 DH
EH EH
FH FH
[9] 10-bit ADC
Address Name Address Name
02A0H | ADREGO04L 02BOH | ADMODO
1H | ADREGO04H 1H | ADMOD1
2H | ADREGI15L 2H
3H | ADREGI15H 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 [11] RTC
Address Name Address Name
0300H | WDMOD 0310H | RTCCR
1H | WDCR 1H
2H 2H
3H 3H
4H 4H
5H 5H
6H 6H
™ 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

Note: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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(1) T/O port
Symbol | Name Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO Port 0 OOH RIW
Data from external port (Output latch register is undefined)
P17 P16 P15 | P14 | P13 | P12 | P11 | P10
P1 Port 1 01H R/W
Data from external port (Output latch register is cleared to “0")
P25 | P24 P23 | P22 | P21 | P20
P2 Port 2 06H R/W
Data from external port (Output latch register is set to “1")
P32 | P31 | P30
07H “RIW
Data from
external 1 1
P3 Port 3 (Prohibit port Notel
RMW) Pull-up
resistor
0: OFF N N
1: ON
P42 P41 P40
OCH *R/W
P4 Port 4 (Prohibit Data from external port Notel
RMW) Pull-up resistor
0: OFF 1: ON
P53 ps2 | P51 | P50
P5 Port 5 ODH R
Data from external port
P63 | Pe2 | PsL | P60
P6 Port 6 12H RIW
Data from external port
(Output latch register is set to “1")
P74 P73 | P72 P71 I P70
P7 Port 7 13H RIW
Data from external port
(Output latch register is set to “1")
P83 | P82 | P81 | P80
P8 Port 8 18H RIW
Data from external port
(Output latch register is set to “1")
P97 P96 P95 P94 P93 | P92 | P91 | P90
P9 Port 9 19H R/W R/IW R/W
1 1 Data from external port (Output latch register is set to “1")

Note: Output latch is set to “1”, and pull-up resistor is connected.
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(2) T/O port control (1/2)
Symbol | Name [ Address 7 6 5 4 3 2 1 0
Po7C PO6C PO5C P04C P03C P02C P01C Po0C
Port 0 02H W
POCR (Prohibit o | o [ o I o J o J o J o [ o
control
RMW) 0: Input 1: Output
(When access to external, become AD7 to ADO and this register is cleared to “0".)
04H P17C P16C P15C P14C P13C P12C P11C P10C
Port 1 . W
P1CR control (Prohibit 0 | 0 I 0 | 0 I 0 | 0 I 0 | 0
RMW)
<<Refer to column of P1FC>>
o5H P17F | P16F | P15F | P14F | P13F | P12F | P11F | P10F
Port 1 . w
P1FC . (Prohibit
function RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
P1FC/P1CR = 00: Input port, 01: Output port, 10: AD8 to AD15, 11: A8 to A15
08H pP25C pP24C pP23C p22C I p21C pP20C
Port 2 . wW
P2CR control (Prohibit 0 | 0 | 0 | 0 | 0 | 0
RMW)
<<Refer to column of P2FC>>
09H P25F | P24F | P23F P22F | P21F | P20F
Port 2 . W
P2FC . (Prohibit
function RMW) 0 | 0 I 0 | 0 I 0 | 0
P2FC/P2CR = 00: Input port, 01: Output port, 10: A0 to A5, 11: A16 to A2]]
P32C
OAH W
Port 3 -
P3CR (Prohibit 0
control
RMW) 0: Input
1: Output
— P32F P31F P30F
0BH W w
Port 3 -
P3FC . (Prohibit 0 0 0 0
function
RMW) | write “0”. 0: Port 0: Port 0: Port
1. HWR 1. WR 1. RD
P42C P41C P40C
Port 4 OEH w
P4ACR control (Prohibit o | 0 0
RMW)
0: Input 1: Output
P42F | P41F P40F
OFH W
Port 4 -
P4FC . (Prohibit 0 0 0
function
RMW) 0: Port 0: Port 0: Port
1. Cs2 1. Cs1 1. CSO

Note 1: When port 2 is used as address bus A21 to A16 or A5 to A0, set P2FC after set P2CR.

Note 2: “L” level is outputted from P30 pin also during reading internal area by setting P3<P30> to “0”, set

P3FC<P30F>to “1".

Note 3: When port 4 is used as chip select signal CS0 to CS2 set PACR to “1” after set P4FC to “1”.
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1/0 port control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
P63C P62C P61C P60C
Port 6 14H W
P6CR control (Prohibit o | o | 0 | 0
RMW)
0: Input 1: Output
Pe3F | pPe2r | Peir | PeoF
W
Port 6 15|-.| .
P6FC function (Prohibit 0 0 0 0
RMW) 0: Port 0: Port 0: Port 0: Port
1: INTO 1: SCL 1: SDA/SO| 1: SCK out
16H P74C P73C P72C pP71C P70C
W
P7CR Z)?]’ttr; (Prohibit . . 5 5 5
RMW)
0: Input  1: Output
P74F P72F P71F
17H W W W
Port 7
PTFC | :;ttion (Prohibit 0 0 0
Y RMW) 0: Port 0:Port | 0: Port
1: TASOUT 1: TA30OUT | 1: TALOUT
1AH P83C P82C P81C P80C
P L W
PSCR co?:ttr; (Prohibit T o [ o T o
RMW)
0: Input  1: Output
Ps3F | pPs2F | PsiF | PsoF
W
Port 8 1BH 0 0 0 0
PSFC . (Prohibit
function RMW) 0: Port 0: Port 0: Port 0: Port
1: TBOOUT1 | 1: TBOOUTO | 1: INT6/ 1: INT5/
TBOIN1 TBOINO
1CH P97C P96C P95C P94C P93C P92C P91C P90C
P - W W W
POCR co?:ttrgl (Prohibit n n - - 5 - 5 >
RMW)
0: Input 1: Output
P95F P93F P92F P90F
1DH W W W W
Port 9 L
POFC . (Prohibit 0 0 0 0
function
RMW) 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
ODEG62 ODE61 ODE93 ODE90
ODE Open-drain, 2FH R/W R/W R/W R/W
enable 0 0 0 0
1: P620ODE | 1: P61ODE | 1: P930ODE [1: POOODE

Note 1: External interrupt INTO:
Input enable is controlled by P6FC<P63F>. Level/edge selection and rising/falling selection is
controlled by IIMC<IOLE, IOEDGE>.

Note 2: External interrupts INT5 and INT6:
Input enable is set by PBFC<P81F, P80F>. The setting of edge is controlled by TBOMOD.

Note 3: When P70 and P73 is used as an input port, the input signal is inputted to 8bit-timer
(TMRAO and TMRA4) as TAOIN and TA4IN inputs.

Note 4: When P91 and P94 is used as an input port, the input signal is inputted to SIO as serial receiving
data RXDO and RXD1.
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(3) Interrupt control (1/3)
Symbol Name | Address 7 | 6 | 5 | 4 3 2 | 1 | 0
INTEOAD | Interrupt INTAD INTO
enable iapc_ | 1apm2 | 1aDm1 | 1ADMO loc omM2 | om1 | om0
INTO 90H R R/W R R/W
& AD 0 o | o | o 0 o | o | o
1: INTAD Interrupt request level 1: INTO Interrupt request level
INTE56 | Interrupt INT6 INTS
enable 16C 16M2 | 16M1 | 16MO I5C I5M2 | I5M1 | I5MO
INT6/5 93H R R/W R R/W
0 o | o | o 0 o | o | o
1: INT6 Interruput requeset level 1: INT5 Interrupt request level
INTETAOL | Interrupt INTTAL (TMRA1L) INTTAO (TMRAOQ)
enable ITA1C ITAIM2 ITAIM1 ITAIMO ITAOC ITAOM2 ITAOM1 ITAOMO
TMRA 95H R R/W R R/W
1/0 0 o | o | 0 0 o | o | 0
1: INTTAL Interrupt request level 1: INTTAO Interrupt request level
INTETA23 | Interrupt INTTA3 (TMRA3) INTTA2 (TMRA2)
enable ITA3C ITA3M2 ITASM1 | ITASMO ITA2C ITA2M2 ITA2M1 | ITA2MO
TMRA 96H R R/W R R/W
312 0 o | o | o 0 o | o | o
1: INTTA3 Interrupt request level 1: INTTA2 Interrupt request level
INTETAA4S5 | Interrupt INTTAS5 (TMRAS) INTTA4 (TMRA4)
enable ITASC ITASM2 ITASM1 I ITASMO ITA4C ITA4AM2 ITAAM1 I ITAAMO
TMRA 97H R R/W R R/W
5/4 0 0 | o | o 0 o | o | o
1: INTTAS Interrupt request level 1: INTTA4 Interrupt request level
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Interrupt control (2/3)

Symbol Name Address 7 6 | 5 | 4 3 2 | 1 | 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
nterrupt
| ITBO1C ITBO1M2 | ITBO1IM1 | ITBO1MO ITBOOC ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBO |enable 99H R R/W R R/W
TMRBO 0 o | o | o 0 o | o [ o
1. INTTBO1 Interrupt request level 1: INTTBOO Interrupt request level
| INTTBOFO (TMRBO over flow)
me;“pt - - _ - iTroc | itrom2 | itromt | iTFomo
enable
INTETBO1V TMRBO 9BH R R/W R R/W
(Overflow) 0 0 | ‘0 | 0 0 0 | 0 | 0
Write “0". 1: INTTBOFQ Interrupt request level
INTTXO INTRXO
Interrupt ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO [enable 9CH R R/W R R/W
serial 0 0 0 | 0 | 0 0 0 | 0 | 0
1: INTTXO Interrupt request level 1: INTRXO Interrupt request level
INTTX1 INTRX1
Interrupt ITX1C ITX1IM2 | ITX1IM1 | ITX1IMO IRX1C IRX1M2 | IRX1M1 | IRX1MO
INTES1 |enable 9DH R R/W R R/W
serial 1 0 o | o [ o 0 o | o | o
1: INTTX1 Interrupt request level 1: INTRX1 Interrupt request level
INTRTC INTSBI
Interrupt iRTcc | IRTcm2 | IRTemt | IRTemo | i1s2c | isam2 | isami | 1s2mo
INTES2RTC| enable 9EH R R/IW R R/W
SBIRTC 0 o | o | o 0 o [ o | o
1: INTRTC Interrupt request level 1: INTSBI Interrupt request level
INTTC1 INTTCO
Interrupt
P ircic | ircamz | ireame | imeamo | itcoc | itcomz | itcomi | itcomo
INTETCO1 |enable AOH R RIW R RIW
INTTCO/1
0 o | o | o 0 o | o [ o
INTTC3 INTTC2
Int t
nlerrp imcac | meamz | meamr | imeamo | meac | imeamz | imeama [ ireamo
INTETC23 | enable AlH
INTTC2/3 R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
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Interrupt control (3/3)

Symbol Name Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 [ DMAOV1 | DMAQVO
DMAO 80H R/W
DMAOV
start vector 0 I 0 | 0 | 0 I 0 | 0
DMAQO start vector
DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO
DMA1 81H R/W
DMA1V
start vector 0 I 0 | 0 | 0 I 0 | 0
DMAL start vector
DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
DMA2 82H R/IW
DMA2V
start vector 0 | 0 | 0 | 0 | 0 | 0
DMA2 start vector
DMA3V5 I DMA3V4 | DMA3V3 | DMA3V2 I DMA3V1 | DMA3V0
DMA3 83H R/W
DMA3V
start vector 0 | 0 | 0 | 0 | 0 | 0
DMAS3 start vector
CLRV5 | CLRV4 | CLRV3 | CLRV2 | CLRV1 | CLRVO
Interrupt 88H
INTCLR | clear (Prohibit o I 0 | 0 | 0 I 0 | 0
control RMW) - —
Clear interrupt request flag by writing DMA start vector
DMA DMAR3 DMAR2 DMAR1 DMARO
software R/W R/W R/W R/W
DMAR 89H
request 0 0 0 0
register 1: DMA request in software
DMAB3 DMAB2 DMAB1 DMABO
DMA burst
R/W R/W R/W R/W
DMAB | request 8AH
) 0 0 0 0
register
1: DMA requesst on burst mode
- — - - - I0EDGE I0LE NMIREE
w w W W W wW wW
Interrupt 8CH 0 0 0 0 0 0 0 0
IIMC [input mode | (Prohibit INTO INTO 1: Operation
control RMW) . edge 0: Edge even on
Write “0”. L —
0: Rising [ 1: Level NMI rising
1: Falling edge

Note: Only one channel can be set once for DMAR register. (Don't write “1” to plural bits.)
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(4) Chip select/wait control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
BOE BOOM1 BOOMO BOBUS BOW?2 BOW1 BOWO
W W W W W Y W
Block 0 COH 0 0 0 0 0 0 0
BOCS CS/WAIT (Prohibit : Disable 00: ROM/SRAM Data bus | Set number of wait
Con-tml RMW) : Enable 01: } width 000: 2 waits 100: Reserved
register 10: [ Reserved selection | 001: 1 wait 101: 3 waits
11: 0: 16 bits | 010: (1 + N) waits110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
B1E B10OM1 B1OMO B1BUS B1W?2 B1W1 B1WO
W W W W W W '\
Block 1 C1H 0 0 0 0 0 0 0
B1CS CS/WAIT (Prohibit |O: Disable 00: ROM/SRAM Data bus | Set number of wait
control RMW) : Enable 01: } width 000: 2 waits 100: Reserved
register 10: (Reserved selection | 001: 1 wait 101: 3 waits
11: 0: 16 bits | 010: (1 + N) waits110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
B2E B2M B20M1 B20OMO B2BUS B2W2 B2W1 B2WO
W W W W W W '\ W
Block 2 C2H 1 0 0 0 0 0 0 0
B2CS CS/WAIT (Prohibit |©: Disable 0:16-MB 00: ROM/SRAM Dfilta bus [ Set number of wait
con-trol RMW) : Enable area 01: } width 000: 2 waits 100: Reserved
register 10: ( Reserved selection [ 001: 1 wait 101: 3 waits
1:Area . . .
setting 11: 0: 16 -bItS 010: (1 + N) waits110: 4 Wal.tS
1: 8 bits 011: 0 waits 111: 8 waits
B3E B30OM1 B3OMO B3BUS B3W2 B3W1 B3WO0O
W W W W W W W
Block 3 C3H 0 0 0 0 0 0 0
B3CS CS/WAIT (Prohibit |O: Disable 00: ROM/SRAM Data bus | Set number of wait
con_trol RMW) : Enable 01: width 000: 2 waits 100: Reserved
register 10: [ Reserved selection | 001: 1 wait 101: 3 waits
11: 0: 16 bits | 010: (1 + N) waits110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
BEXBUS BEXW2 BEXW1 BEXWO
W W W W
(El)glflr\;zl'l' Cﬂ-.' . Dataobus Set nSmber of Waito >
BEXCS (Prohibit
COH_IFO| RMW) width 000: 2 waits 100: Reserved
register selection | 001: 1 wait 101: 3 waits
0: 16 bits | 010: (1 + N) waits110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
Memory S23 S22 S21 S20 S19 S18 S17 S16
MSARo | St Cc8H RIW
address 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 0 Start address A23 to A16 setting
Memory V20 vig | wvis V17 V16 vis | via9 [ s
MAMRO address COH R/W
mask 1 1 |2 [ 2 [ 1 [ 1 [ 2 [
register 0 CSO0 area size setting 0: Address comparison
Memory s23 s22 | sz S20 S19 s18 | s17z | s16
MsARy | St CAH RIW
address 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 1 Start address A23 to A16 setting
Memory V21 v2o | vio [ wvis [ wviz [ wvie [ viso [ s
MAMRL address CBH R/W
mask 1 1 | 1 [ 1 T T T ]
register 1 CS1 area size setting 0: Address comparison
Note: TMP91CP27 don't include WAIT pin. Therefore, when select “(1 + N) waits”, operation is same

with “1 wait”.
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TOSHIBA TMP91CP27
Chip select/wait control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
Memory S23 S22 S21 S20 S19 S18 S17 S16
start R

MSAR2 CCH W
address 1 1 1 | 1 I 1 I 1 | 1 | 1
register 2 Start address A23 to A16 setting
Memory V22 va1 vo | wvie | wvis | wviz | wvie | wvis
address R/W

MAMR2 CDH
mask 1 1 1 | 1 I 1 I 1 | 1 | 1
register 2 CS2 area size setting 0: Address comparison
Memory s23 S22 so1 | s | s | si8 | siz | sie

tart

MSAR3 star CEH RIW
address 1 1 1 | 1 | 1 | 1 | 1 | 1
register 3 Start address A23 to A16 setting
Memory V22 V21 V20 | V19 | V18 | V17 | V16 | V15
address R/W

MAMR3 CFH
mask 1 1 1 | 1 | 1 | 1 | 1 | 1
register 3 CS3 area size setting 0: Address comparison
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TMP91CP27
(5) Clock control
Symbol Name Address 7 6 5 4 3 2 1 0
XEN XTEN RXEN RXTEN [ RSYSCK WUEF PRCK1 PRCKO
R/W
1 0 1 0 0 0 0 0
High- Low- High- Low- Clock after | Warm-up Select prescaler clock
frequency |frequency |frequency |frequency [release of [(WUP) 00: fEpH
System oscillator oscillator oscillator(fc) | oscillator(fs) [ STOP mode | 0 write: 01: Reserved
clock (fc) (fs) after release | after release Don'tcare |10: fc/16
SYSCRO control EOH 0: Stopped 0: Stopped of stop mode| of stop mode| 1 write: 11: Reserved
register O 1: Oscillation | 1: Oscillation | 0: Stopped | 0: Stopped | 0: fc Warm-up
1: Oscillation| 1: Oscillation| 1: fs start
0 read:
End of WUP
1 read:
Don't end
WUP
SYSCK GEAR2 GEAR1 | GEARO
R/W
0 1 0 | 0
System Clock Select gear of high frequency clock
SYSCRI1 clock E1H selection | 000: fc
control 0: fc 001: fc /2
register 1 1:fs 010: fc /4
011: fc /8
100: fc /16
Others: Reserved
- WUPTM1 | wuPTMO | HALTM1 | HALTMO DRVE
R/W R/W R/W R/W R/W R/W
System 0 1 0 1 1 0
SYSCR2 clock E2H Write “0". | WUP time for oscillator | HALT mode 1: Drive the
control 00: Reserved 00: Reserved pin in the
register 2 01: 2%input frequency [01: STOP mode stop
10: 2%/input frequency | 10: IDLE1 mode mode
11: 2"%/input frequency | 11: IDLE2 mode
PROTECT — — - ALEEN EXTIN DRVOSCH [ DRVOSCL
R R/W R/W R/W R/IW R/W R/W R/IW
EMC 0 0 1 0 0 0 1 1
EMCCRO | control E3H Protect flag | Write “0”. [Write “1”. [ Write “0”. | ALE Output |1: fc fc oscillator |fs oscillator
register 0 0: OFF 0: Disable external |drive ability |drive abillity
1: ON 1: Enable clock 1: Normal 1: Normal
0: Weak 0: Weak
EMC o .
EMCCRL | control Ean Wr!te 1FH": Protect OFF
. Write except “1FH": Protect ON
register 1

Note 1:If protection is on by writing except “1FH” code to EMCCR1 register, write operations to the
following SFRs are not possible.
(1) CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3

Clock gear (EMCCRL1 can be written to)
SYSCRO, SYSCR1, SYSCR2, EMCCRO

()

Note 2: When using internal SBI, set SYSCRO<PRCK1:0> to “00".
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TMP91CP27
(6) 8-bit timer control (1/2)
(6 - 1) TMRAO1
Symbol 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
0 0 0 0 0
TAO1RUN S\UAEAOl 100H  |Double IDLE2 8-bit timer run/stop control
buffer 0: Stopped | 0: Stop and clear
0: Disable 1: Operation |1: Run (Count up)
1: Enable
102H -
TAOREG ;"ggfe? (Prohibit W
RMW) Undefined
103H =
TALREG :g\glzglr (Prohibit W
RMW) Undefined
TA0IML | TA0IMO | Pwmo1 | Pwmoo | TALCLK1 | TALCLKO | TAOCLK1 | TAOCLKO
R/W
TMRAOL 0 | 0 0 | 0 0 | 0 0 [ o
source Operation mode PWM cycle Source clock for TMRAL| Source clock for
TAOIMOD |~ o 104H | 00: 8-bit timer 00: Reserved 00: TAOTRG TMRAO
mode 01: 16-bit timer 01:2°-1 01: ¢T1 00: TAOIN pin input
10: 8-bit PPG 10:2"-1 10: ¢T16 01: ¢T1
11: 8-bit PWM 11:2°-1 11: ¢T256 10: ¢T4
11: ¢T16
TAFF1C1 | TAFF1CO | TAFFlIE | TAFF1IS
R/W R/W
TMRAO1L 105H 1 | 1 0 0
TAL1FFCR |flip-flop (Prohibit 00: Invert TALFF 1: TALFF [Invertion
control RMW) 01: SET TA1FF invert by
10: Clear TALFF enable |0: TMRAO
11: Don't care 1: TMRA1
(6 - 2) TMRA23
Symbol 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
0 0 0 0 0
TA23RUN ;%EAZS 108H Double IDLE2 8-bit timer run/stop control
buffer 0: Stopped  |0: Stop and clear
0: Disable 1: Operation |1: Run (Count up)
1: Enable
10AH _
TA2REG :e“gizgzr (Prohibit w
RMW) Undefined
10BH =
TA3REG :e'\ggiﬁ (Prohibit W
RMW) Undefined
TA23M1 | TA23M0 | PwM21 | PwM20 [ TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
R/W
TMRA23 o [ o o | o o | o 0 [ o
source Operation mode PWM cycle Source clock for Source clock for
TA23MOD | ~ '\ o 10CH [ 00: 8-bit timer 00: Reserved TMRA3 TMRA2
mode 01: 16-bit timer 01:2°-1 00: TA2TRG 00: Reserved
10: 8-bit PPG 10:2" -1 01: ¢T1 01: ¢T1
11: 8-bit PWM 11:2%-1 10: ¢T16 10: ¢T4
11: $T256 11: ¢T16
TAFF3C1 | TAFF3CO [ TAFF3IE | TAFE3IS
R/W R/W
TMRA23 10DH 1 [ 1 0 0
TA3FFCR | flip-flop (Prohibit 00: Invert TA3FF 1:TA3FF |Invert by
control RMW) 01: SET TA3FF invert | 0: TMRA2
10: Clear TA3FF enable |1: TMRA3
11: Don't care
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8-bit timer control (2/2)
(6 — 3) TMRA45
Symbol Name Address 7 6 5 4 3 2 1 0
TA4ARDE 12TA45 [TA45PRUN| TAS5RUN [ TA4RUN
R/W R/W R/W R/W R/W
TMRA45 0 0 0 0 0
TA45RUN RUN 110H | pouble IDLE2 8-bit timer run/stop control
buffer 0: Stopped | 0: Stop and clear
0: Disable 1: Operation | 1: Run (Count up)
1: Enable
112H -
TMRA4 .
TA4REG . (Prohibit W
register -
RMW) Undefined
113H -
TMRAS5 .
TA5REG i (Prohibit W
register
RMW) Undefined
TA45M1 | TA45M0 PWM41 | PWM40 TA5CLK1 | TAS5CLKO | TAACLK1 | TAACLKO
R/W
TMRA4S 0 | 0 0 | 0 0 | 0 0 | 0
source Operation mode PWM cycle Source clock for TMRAS5| Source clock for
TA45MOD CLK & 114H | 00: 8-bit timer 00 : Reserved 00: TA4ATRG TMRA4
mode 01: 16-bit timer 01:2°-1 01: ¢T1 00: TA4IN Pin input
10: 8-bit PPG 10:2" -1 10: ¢T16 01: ¢T1
11: 8-bit PWM 11: 2°-1 11: ¢T256 10: ¢T4
11: ¢T16
TAFF5C1 | TAFF5CO | TAFF5IE | TAFF5IS
R/W R/W
TMRA45 115H 1 | 1 0 0
TASFFCR | flip-flop (Prohibit 00: Invert TASFF 1:TASEE |Invert by
control RMW) 01: SET TASFF invert |0 TMRA4
10: Clear TASFF enable |1 TMRAS
11: Don't care
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(7)  16-bit timer control
(7 - 1) TMRBO
Symbol Name Address 7 6 5 4 3 2 1 0
TBORDE — 12TB0O TBOPRUN TBORUN
R/W R/W R/W R/W R/W
TMRBO 0 0 0 0 0
TBORUN . 180H  [pouble Wirite “0”. IDLE2 16-bit timer run/stop control
buffer 0: Stopped  |0: Stop and clear
0: Disable 1: Operation |1: Run (Count up)
1: Enable
TBOCT1 TBOET1 TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE I TBOCLK1 | TBOCLKO
R/W W* R/W
TMRBO 182H 0 0 1 0 0 0 o | o
TBOMOD source TBOFF1 Inversion trigger |0: Software [Capture timming 1:UCO clear |Source clock
CLK & (Prohibit |0: Disable capture  [00: Disable enable  [00: TBOINO input
mode RMW)  |1: Enable 1: Undefined |01: 1, T (TBOINO, TBOIN1) 01: ¢T1
Captureto | TBORG1 10: T, | (TBOINO) 10: ¢T4
TBOCP1 matching 11: T, 1 (TA10UT) 11: ¢T16
TBOFF1C1 | TBOFF1CO | TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 | TBOFFOC1 | TBOFFOCO
W* R/W W*
1 1 0 0 | 0 0 1 | 1
TMRBO 183H | 00: Invert TBOFF1 TBOFFO invert trigger 00: Invert TBOFFO
TBOFFCR | flip-flop N 01: Set TBOFF1 0: Disable 1: Enable 01: Set TBOFFO
control (Prohibit | 10: Clear TBOFF1 Invert when| Invert when| Invert when| Invert when| 10: Clear TBOFFO
RMW) | 11: Don't care the UC the UC the UC the UC 11: Don't care
value is value is matches matches
loaded into | loaded into | with with
TBOCP1 TBOCPO TBORG1 TBORGO
TMRBO 188H —
TBORGOL | register 0 (Prohibit w
Low RMW) Undefined
TMRBO 189H -
TBORGOH | register O (Prohibit W
High RMW) Undefined
TMRBO 18AH —
TBORGIL |register 1 (Prohibit W
Low RMW) Undefined
TMRBO 18BH —
TBORGIH [register 1 (Prohibit W
High RMW) Undefined
TMRBO —
capture
TBOCPOL | register 0 18CH R
Low Undefined
TMRBO _
capture
TBOCPOH | register 0 18DH R
High Undefined
TMRBO _
capture
TBOCPIL | (egister 1 18EH R
Low Undefined
TMRBO _
capture
TBOCPIH | egister 1 18FH R
High Undefined
Note: When programming “1” to TBOMOD<TBOCPOI> in condition of programmed “0”", present value of

up-counter is captured to TBOCPO register.
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TOSHIBA TMPO1CP27
(8) UART/serial channel control (1/2)
(8 — 1) UART/SIO channel 0
Symbol Name [ Address 7 6 5 4 3 2 1 0
Serial 200H RB7/TB7 RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
SCOBUF  [channel O | (prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RBS EVEN PE OERR | PERR | FERR [ sciks [ 1oc
Serial R R/W R (Cleared to 0 by reading) R/W
SCOCR |channel 0| 201p | 2ndefined 0 0 o [ o | o 0 0
control Recei\{ing Parity 1: Parity 1: Error 0: SCLKO M 1: SCLKO
data bit8 0: Odd enable ] ] 1: SCLKO | pin input
1: Even Overrun Parity Framing
TB8 CTSE RXE Wu SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
SCOMODO [channel 0| 202H | Transmission |1: CTS 1: Receive [1: Wakeup | 00: I/O interface 00: TAOTRG
mode0 data bit8 enable enable enable | 01: 7-bit UART 01: Baud rate generator
10: 8-hit UART 10: Internal clock fsys
11: 9-bit UART 11: External clock SCLKO
- BROADDE | BROCK1 | BRoCKo | BROS3 | BRos2 | BRosi | BROsO
' RIW
Seial 0 0 0 0 o | o | o [ o
BROCR Egﬁgnr':tg 203H | write “0”. |1: ((j;ffd— I;)/lﬁ 00: ¢TO
control elr:l;b?e (1)(1) il; Set the dividing value “N” (0 to F).
11: T32
Serial BROK3 | BROK2 | BROKL | BROKO
BROADD |SMaMeI 0 5o RIW
K setting 0 I 0 | 0 I 0
register Set the value of “K” (1 to F).
12S0 FDPXO0
R/W R/W
0 0
Serial IDLE2 e
SCOMOD1 [channel 0 205H | Stop interface
mode1 1: Operation | L+ Full
duplex
0: Half
duplex
(8 — 2) IrDA
Symbol| Name [Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
R/W
0 0 0 0 o | o | o 0
SIRCR goDr:_t\rol 207H | Transmission Receiving | Transmission Recei\{ing Select effective pulse width
register pulse width df”“t‘a ’I’OQ'C operation operation | pylse width of more than and equal
0:3/16 o H PUISe | o pisaple | O: Disable | vx x (Setting value + 1)”
1:1/16 1L pulse 1: Enable |[1:Enable | possible: 1 to 14
Not possible: 0, 15
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UART/serial channel control(2/2)
(8 — 3) UART/SIO channel 1

Symbol 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 | channel 1| (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RBS EVEN PE OoERR | PERR | FERR | sciks | 1oc
Serial R R/W R (Cleared to 0 by reading) R/W
SCICR |channel1| 200 [Undefined| 0O 0 o [ o | o 0 0
Receiving |Parity 1: Parity 1: Error 0: SCLK1 T|1:SCLK1
control ; o
data bit 8 |g: 0dd enable 1: SCLK1 {| pininput
Overrun Parity Framing
1: Even
TB8 CTSE RXE wu SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
SC1MODO | channel 1| 20AH |Transmissi [ 1: CTS 1: Receive | 1:Wakeup |00: I/O interface 00: TAOTRG
mode 0 on data bit8|  enable enable enable 01: 7-bit UART 01: Baud rate generator
10: 8-bit UART 10: Internal clock fgys
11: 9-bit UART 11: External clock SCLK1
- BR1ADDE | BR1CK1 BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
_ RIW
Serial 0 0 o | o o | o | o [ o
channel 1
BRICR | paudrate | 20BH |write “0”.  |1: (16 - K)/16| 00: ¢TO
divided 01: T2
control enable 10: $T8 Set the dividing value “N” (0 to F).
11: ¢$T32
Serial BR1k3 | BRi1k2 | BRIKL | BRIKO
BR1ADD channel 1 20CH RIW
Ksetting 0 | 0 | 0 | 0
register Set the value of “K” (1 to F).
1251 FDPX1
R/W RW
Serial 0 0
SCIMODL1 | channel 1| 20DH |!DLE2 !/O
model 0: Stop interface
1: 1: Full duplex|
Operation | 0: Half
duplex

Note 1: As all error flags SCxCR<OERR, PERR,FERR> are cleared after reading, do not test only a single
bit with a bit-testing instruction.

Note 2: The baud rate genetrator can be set N =“1" when UART mode and disable + (16 — K)/16 division
function. Don’t use in 1/O interface mode.

Note 3: Set BRXCR<BRXADDE> to “0” and disable + (16 — K)/16 division function in I/O interface mode.
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(9) I2C bus/serial channel control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO
240H /SWRMON
(|2C bus W R/W W W R/W
mode) 0 0 0 0 0 0 01
Select number of transfer bit Acknowledge Internal serial clock selector (When writing)
(Prohibit | go0: 8 001:1  010: 2 mode 000:5 001:6 010:7
serialbus | TYW) o11:3 10004 1015 2 E:‘:;f 011:8  100:9  101:10
interface 110: 6 111:7 110:11  111: Reserved
SBIOCR1 coqtrol SIOS SIOINH SIOM1 SIOMO SCK2 I SCK1 | SCKO
register 1 240H W W W W W
(slo 0 0 0 0 0 | 0 | 0
mode) Transfer Forcing Select transfer mode Select frequency of serial clock
| control stop of 00: 8-bit transmit 000:4  001:5 010:6
(Prohibit | o: siop  [transfer | ). pegerved 011:7  100:8 101:9
RMW) | 1: start 0: Continue | 1. g ¢ transmit/receiving 110:10  111: External SCK input
1: Stop 11: 8-bit receiving
SBI 41H DB7 DB6 DB5 | DB4 DB3 DB2 | DB1 [ DBO
SBIODBR data (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
register
sr6 | sas | sa4a | sa3 | sa2 [ sa1 | sa0 | ALs
W
I°C bus 242H o [ o J o J o J o T o ] 0 0
I12COAR | address (Prohibit Address
register RMW) ) recognition
Setting slave address 0: Enable
1: Disable

Note 1: When use built-in SBI, set SYSCRO<PRCK1:0> to fepy.

Note 2: Set the SBIOCR1<BC2:0> to “000” before switching to a clock-synchronous 8-bit SIO mode.

Note 3: Switch a mode to Port mode after confirming that the bus is free. And, switch from port mode to 1’c
bus mode or SIO mode after confirming port conditon = “H".

Note 4: Set the transfer mode and the serial clock in SIO mode after clearing SBIOCR1<SIOS> to “0” and

<SIOINH> to “1".

Note 5: After reset, default value of SBIOCR1<SCKO> is cleared “0”, and default value of <SWRMON> is set

wgn
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12C bus/serial channel control (2/2)
Symbol Name |Address 7 6 5 4 3 2 1 0
MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
243H L
(12C bus 0 0 0 1 0 0 0 0
mode) 0: Slave 0: Receiver | 0: Generates |1: Cancel Operation mode selection | Software reset control
1: Master [1: Transmitter | the stop INTSBI 00:Port mode Write “10 “ and “01” in
(Prohibit condition interrupt  |01:Clocked synchronous |order, then an internal
Serial bus | RMW) 1: Generates | request 8-bit SIO mode reset signal is
SBIOCR2 | " o the start 10:12C bus mode generated.
control condition 11:Reserved
(In writing) register 2 SBIM1 | SBIMO — -
243H W W W
(SI0 o | o 0 0
mode) Operation mode selection Write “0”.
00: Port mode
(Prohibit 01:SI0 mode
RMW) 10:1°C bus mode
11:Reserved
MST TRX BB PIN AL AAS ADO LRB
R
0 0 0 1 0 0 0 0
243H 0: Slave 0: Receiver  |0: Bus free |Interrupt 0: Undetected|0: — 0: Undetected| Last
(IC bus 1: Master  [1: Transmitter |1: Bus busy | request 1: Detect 1: Detect 1: Detect received
mode) 0: Requested | arbitration slave general bit monitor
1: Canceled lost address call 0: “0”
Serial bus match or 1: 1"
SBIOSR |interface general
(In reading) |Status call
register SIOF SEF
R
0 0
243H Transfer  |Shift
(Slo status operation
mode) monitor status
0: Terminate |monitor
1: In progress|0: Terminate
1: In progress
— 12SBI0
Serial bus | 244H W R/W
R interface N 0 0
baud rate |(Prohibit{write “0”. | IDLE2
register 0 [ RMW) 0: Stop
1: Operation
P4EN -
Serial bus | 245H V(;/ \g/
SBIOBRY [\l Clock | wite 0
baud rate |(Prohibit '
register 1 | RMw) | contro!
0: Stop
1: Operation
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(10) AD converter control
Symbol Name Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPEAT SCAN ADS
R R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
End flag Busy flag Write “0”. Write “0”. Interrupt 0:Single 0:Channel |1: Start
2BOH 1: Conversion |1: Conversion specification| conversion| fixed conversion
AD complete in progress channel 1:Repeat mode
ADMODO mofje . fixed repeat | conversion 1: Channel
register 0 | (Prohibit mode scan
RMW) 0: Every mode
conversion
1: Every
fourth
conversion;
VREFON 12AD ADTRGE | ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 0 0 0
1: VREF on IDLE2 External Input channel selection
0: Stop trigger start Fixed/Scan
AD 1: Operation 0: Disable | 000: ANO/ANO
ADMODL ( mode 2B1H 1:Enable | 001: ANL/ANO »AN1
register 1 010: AN2/ANO — AN1 — AN2
011: AN3/ANO —> AN1 — AN2 — AN3
100:
ig; Don't select
111
AD result ADRO1 ADROO ADRORF
ADREGOAL | register 0/4 | 2A0H R R
low Undefined 0
AD result ADR09 | ADRO8 ADRO7 | ADRO06 | ADRO5 | ADR04 | ADRO3 | ADR02
ADREGO4H | register 0/4 | 2A1H R
high Undefined
AD result ADR11 I ADR10 ADRI1RF
ADREGISL register 1/5| 2A2H R R
low Undefined 0
AD result ADR19 I ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREGI15H | register 1/5| 2A3H R
high Undefined
AD result ADR21 I ADR20 ADR2RF
ADREG26L | register 2/6 | 2A4H R R
low Undefined 0
AD result ADR29 I ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H | register 2/6 | 2A5H R
high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG3T7L | register 3/7 | 2A6H R R
low Undefined 0
AD result ADR39 I ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H | register 3/7 | 2A7H R
high Undefined
Note 1: ADMODO<ADS> is always read as “0".
Note 2: When using ADTRG with ADMOD1<ADTRGE> = “1", do not set ADMOD1<ADCH2:0> = “011.
Note 3: When set ADMOD1<I2AD> to "0”, operation is different by AD conversion mode after released Halt

mode.
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(11) Watchdog timer control
Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO — — 12WDT RESCR —
R/W R/W R/W R/W R/W R/W R/W R/W
WDT 1 0 0 0 0 0 0 0
wbMOD | mode 3004 | L:WODT 00: 2%/sys Write “0”. | Write “0”. | IDLE2 1:Internaly | Write “0”.
register enable | 01: 2"/fgys 0: Stop connects
10: 2%/gys 1: Operation | WDT out
11: 2%/fsys to the
reset pin
301H _
WDCR WDT W
control (Prohibit -
RMW) B1H: WDT disable 4EH: WDT clear
(12) RTC (Real time clock) control
Symbol Name Address 7 6 5 4 3 2 1 0
— RTCSEL1 | RTCSELO | RTCRUN
R/W R/W R/W
RTC 0 0 0 0
RTCCR | control 310H | write “0". 00: 2%/fs 0: Stop
register 01: 2%%fs and
10: 2%%fs clear
11: 2%fs 1: RUN
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6. Port Section Equivalent Circuit Diagram

e Reading the circuit diagram
Basically, the gate symbols written are the same as those used for the standard CMOS logic IC
“T4HCxx” series.
The dedicated signal is described below.
STOP: This signal becomes active “1” when the halt mode setting register is set to the STOP
mode (SYSCR2<HALTM1:0> = 0, 1) and the CPU executes the HALT instruction. When
the drive enable bit SYSCR2<DRVE> is set to “1”, stop remains at “0”.

e The input protection resistance ranges from several tens of ohms to several hundreds
of ohms.

(] PO (ADO to AD7), P1 (AD8 to AD15, A8 to A15), P2 (A16 to A21, AO to A5), P60, P70 to P74, P80
to P83, P91 to P92 and P94 to P95

VCC
Output data > P-ch
Output enable
sTOP —4 b—‘ E : [«—N-ch
Input data(—OQ—ﬁ Wy 1o

Input enable

m P30(RD) P31 (WR)

Vce
Output data
Output
STOP |
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m P32, P40 to P42

Vcee

Output data !  Do——]

J N

Output enable Programmable
P STOP =] So— [« >0 pull-up resistor
Input data <—o<}—o<:ﬁ‘4/\/v +{]1/0
Input enable
=  P5 (ANO to AN3)
Analog input

channel select

Analog input <

_{>O__L
l_m_l * [ Input
Ly

I
Input data
Input enable
m P63 (INTO)

Vce

Output data
Output enable —d o g:
STOP
Input data < o< o@ AN ] o
schmitt
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m P61 (SO/SDA), P62 (SI/SCL), P90 (TXDO) and P93 (TXD1)
Vce
Output data T |
Open drain output $ Zi
enable ’ T o
STOP
Input data <—o<;_<(:$—4/w J wo
Input enable
m P96 (XT1) and P97 (XT2)
Clock
Input enable A Oscillation
circuit
Input data «——o<}—( ﬁfl—l P L EEE e
Output data — IST: : * i ] P97 (XT2)
Output enable ! !
| | :
Input enabel i A I ? i
Input data <—w<]—o(:(:lo<)—l : i
Output data i —{ ] P96 (XT1)
Outpu?enable =9 Ij:— e E R !
STOP
Low
Frequency
oscillator
enable
m  NMI
NMI <€ o3} W ] Input
Schmitt
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= AMO and AM1

Input data €——o0<—AM——"] Input

m ALE
Vce
Internal ALE P-ch
Output
Output enable N-ch
m RESET
Vce
O
Reset [ ] Input
Schmitt
WDTOUT
Reset enable
(WDMOD<RESCR>)
m  X1and X2
Oscillation circuit
ittty |
! —W {1 x2
' P-ch i
High frequency \ N-ch !
oscillator enableﬂ_DO_H} F [« :
STOP ' |
i —A\W 1 x1
U | 1
Clock
m AVCC and AVSS
VREFON —>o0
¥ p-ch

AVCC

Ladder resistor
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7. Points to Note and Restrictions

(1) Notation
1. The notation for built-in I/O registers is as follows register symbol<Bit symbol>
Example: TAOIRUN<TAORUN> denotes bit TAORUN of register TAOIRUN.

2. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the same
memory location in one instruction.

Example 1: SET 3, (TAOIRUN) ................ Set bit 3 of TAOIRUN.
Example 2: INC 1, (100H).........ccovvevenennnn Increment the data at 100H.

e Examples of read-modify-write instructions on the TLCS-900

Exchange instruction
EX (mem),R

Arithmetic operations
ADD (mem), R# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations

AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem) RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

3. fosch, fe, fs, fFPH, fSYS and one state

The clock frequency input on ins X1 and X2 is called foscH. TMP91CP27 have not DFM.

Therefore, become fc equal foscH. It called fs that clock frequency is inputted from
XT1/XT2 pin.

The clock selected by SYSCR1<SYSCK> is called frPH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fSYS is referred to as one state.
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(2) Points to note
a. AMO and AM1 pins
This pin is connected to the VCC pin. Do not alter the level when the pin is active.
b. Warm-up counter
The warm-up counter operates when STOP Mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.
c. Programmable pull-up resistor
The programmable pull-up resistor can be turned ON/OFF by a program when the ports

are set for use as input ports. When the ports are set for use as output ports, they cannot be
turned ON/OFF by a program.

The data registers (e.g., P4 register) are used to turn the pull-up resistors ON/OFF.
Consequently read-modify-write instructions are prohibited. Therefore, use Transfer
instruction.

d. Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the

watchdog timer is not to be used, disable it.
e. AD converter

TMP91CP27 include function that can cut or connect the string resistor between the
reference pins (Share with AVCC and AVSS pins in TMP91CP27) by program. (ADMOD1
<VREFON>)

When STOP mode is used as reduce consumption power supply, disable the resistor using
the program before the HALT instruction is executed.

f. RTC
If set IDLE1 mode (Operate only oscillator) and execute HALT instruction, built-in RTC

is operation enable condition. If want to stop operation, stop operation by setting control
register RTCCR <RTCRUN> to “0”.

g. CPU (Micro DMA)

Only the LDC cr, r and LDC r, cr instructions can be used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).

h. Undefined SFR
The value of an undefined bit in an SFR (Special function register) is undefined when
read.
i.  POP SR instruction
Please execute the POP SR instruction during DI condition.
j.  Releasing the HALT mode by requesting an interruption
Usually, interrupts can release all halts status. However, the interrupts (NMI, INTO,
INTRTC) which can release the HALT mode may not be able to do so if they are input
during the period CPU is shifting to the HALT mode (for about 5 clocks of frpr) with IDLE1

or STOP mode (IDLE2 is not applicable to this case).(In this case, an interrupt request is
kept on hold internally)

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

P-LQFP64-1010-0.50D
Unit: mm
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