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Preface

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

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO to INT3, INTRTC, INTALMO to INTALM4), 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 fgpy) with IDLE1 or STOP mode (IDLE2
is not applicable to this case). (In this case, an interrupt request is kept on hold
internally.)

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




TOSHIBA TMP91C824

CMOS 16-Bit Microcontrollers
TMP91C824F/JTMP91C824-S

1. Outline and Features
TMP91C824 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.
TMP91C824F comes in a 100-pin flat package. JTMP91C824-S is a chip form product.

Listed below are the features.

(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction mnemonics are upward-compatible with TLCS-90
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 (485 ns/2 bytes at 33 MHz)

(2) Minimum instruction execution time: 121 ns (at 33 MHz)

(3) Built-in RAM: 8 Kbytes
Built-in ROM: None

RESTRICTIONS ON PRODUCT USE

030619EEP

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

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

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

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

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

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

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

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions.
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TOSHIBA TMP91C824

(4) External memory expansion
e Expandable up to 106 Mbytes (shared program/data area)

e Can simultaneously support 8-/16-bit width external data bus
Dynamic data bus sizing

e  Separate bus system
(5) 8-bit timers: 4 channels
(6) General-purpose serial interface: 2 channels

e UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2 kbps) mode selectable: 1 channel

(7) Serial bus interface: 1 channel
o  I2C bus mode/clock synchronous mode selectable

(8) Timer for real-time clock (RTC)
e Based on TC8521A

(9) 10-bit AD converter: 8 channels

(10) Watchdog timer

(11) Melody/alarm generator
e  Melody: Output of clock 4 to 5461 Hz
e Alarm: Output of the 8 kinds of alarm pattern
¢  Output of the 5 kinds of interval interrupt

(12) Chip select/wait controller: 4 channels

(13) Memory management unit
e Expandable up to 106 Mbytes (4 local areas/8-bank method)
(14) Interrupts: 37 interrupts
¢ 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 23 internal interrupts: 7 priority levels are selectable
e 5 external interrupts: 7 priority levels are selectable
(among 4 interrupts are selectable edge mode)

(15) Input/output ports: 35 pins (at external 16-bit data bus memory)

(16) Standby function
Three HALT modes: IDLE2 (Programmable), IDLE1 and STOP
(17) Triple-clock controller
e Clock doubler (DFM) circuit is inside
e  Clock gear function: Select a high-frequency clock fc/1 to fc/16
e Slow mode (fs = 32.768 kHz)
(18) Operating voltage
e Vcc=2.7Vt03.6V (fc max = 33 MHz)
e Vcc=1.8Vto3.6V (fc max =10 MHz)
(19) Package
e 100-pin QFP: P-LQFP100-1414-0.50F

e  Chip form supply also available. For details, contact your local Toshiba sales
representative.
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Figure 1.1 TMP91C824 Block Diagram

(' ): Initial function after reset
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TOSHIBA TMP91C824

2. Pin Assignment and Functions

The assignment of input/output pins for the TMP91C824, their names and functions are as
follows:

2.1 Pin Assignment Diagram
Figure 2.1 shows the pin assignment of the TMP91C824F.
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Figure 2.1 Pin Assignment Diagram (100-pin QFP)
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2.2 Pad Layout

(Chip size 4.37 mm x 4.37 mm) Unit: um
Pin . . | Pin . . | Pin . .

Name X Point|Y Point Name X Point|Y Point Name X Point|Y Point

No. No. No.
1 | VREFL —2050 1721 | 35| PCO -140 | -2050| 69 | P21 2045 939
2 | Avss —2050 1596 | 36| PC1 -14| 2050 70| P20 2045 1075
3 [ Avce —-2050 1470 | 37| PC2 112 | -2050| 71| A15 2045 1207
4 | P80 —-2050 1337 | 38| PC3 238 | -2050| 72| A14 2045 1337
5| P81 —-2050 1209 | 39| PC4 365| -2050| 73|A13 2045 1464
6 | P82 —-2050 1076 | 40 | PC5 491 | 2050 | 74| A12 2045 1592
7 | P83 —2050 943 | 41| PD5 618 | -2050 | 75| Al11 2045 1721
8 | P84 —2050 810 | 42| PD6 744 | -2050| 76| A10 1720 2045
9| P85 —2050 677 | 43| PD7 871 | —2050| 77|A9 1591 2045
10 | P86 —2050 544 | 44| DO 998 | -2050| 78| A8 1464 2045
11 | P87 —-2050 416 | 45| D1 1124 | 2050 | 79| A7 1337 2045
12 | P70 —-2050 148 | 46| D2 1251 | —2050| 80| A6 1197 2045
13 | P71 —-2050 15| 47| D3 1377 | —2050| 81| A5 1058 2045
14 | P72 —-2050 -118| 48| D4 1504 | —2050 | 82| A4 918 2045
15 | PBO —2050 —251 | 49 (D5 1630 | —2050 | 83| A3 778 2045
16 | PB1 —2050 -384| 50 D6 1757 | —2050 | 84| A2 639 2045
17 | PB2 —2050 -517| 51 (D7 2045 | -1750| 85| Al 499 2045
18 | PB3 —2050 -650 [ 52| P10 2045 | -1614| 86| AO 359 2045
19 | PB4 —-2050 -783| 53| P11 2045 | -1478| 87| RD 219 2045
20 | PB5 —-2050 —916 | 54| P12 2045 | -1341| 88| WR 80 2045
21 | PB6 —2050 [ -1049 | 55| P13 2045 | -1205| 89| Pz2 -59 2045
22 | P54 —2050 | -1182| 56| P14 2045 | -1069 | 90 | PZ3 -199 2045
23 | P55 —2050 [ -1315| 57| P15 2045 -933 [ 91 [ P56 -338 2045
24 | AMO —2050 [ -1448 | 58| P16 2045 -796 | 92 | P60 478 2045
25 | vce —2050 | -1581| 59 | P17 2045 -660 [ 93| P61 —618 2045
26 | X2 -1551 | -2050| 60 [ P27 2045 524 | 94| P62 —757 2045
27 | VSS -1330 | -2050| 61| P26 2045 -388 | 95| P63 —-897 2045
28 | X1 -1205 | -2050| 62| Vss 2045 —234 | 96| P64 -1037 2045
29 | AM1 -1075| -2050 | 63| Nmi 2045 -80 | 97| P65 -1176 2045
30 | RESET -948 | -2050| 64 |vce 2045 240 | 98| P66 -1316 2045
31 | XT1 -822 | -2050| 65| P25 2045 394 | 99 | P67 -1456 2045
32 | XT2 -520 | -2050| 66| P24 2045 530 | 100 | VREFH -1725 2045
33 | EMUO -394 | -2050| 67(P23 2045 666

34 | EMU1 267 | -2050| 68| P22 2045 803
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2.3 Pin Names and Functions
The names of the input/output pins and their functions are described below.

Table 2.3.1 Pin Names and Functions (1/3)

) Number ,
Pin Name ] 110 Functions
of Pins

DO to D7 8 1/0 Data (Lower): Bits 0 to 7 of data bus

P10 to P17 8 1/0 Port 1: 1/0O port that allows 1/O to be selected at the bit level
(when used to the external 8-bit bus)

D8 to D15 1/0 Data (Upper): bits 8 t015 of data bus

P20 to P27 8 Output Port 2: Output port

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

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

A0 to A7 8 Output Address: Bits 0 to 7 of address bus

RD 1 Output Read: Strobe signal for reading external memory
RD is outputted by setting PZ<RDE> to “0” even when read internal
memory.

WR 1 Qutput Write: Strobe signal for writing data to pins DO to D7

pPz2 1 1/0 Port Z2: 1/0 port (with pull-up resistor)

HWR Qutput High write: Strobe signal for writing data to pins D8 to D15

Pz3 1 1/0 Port Z3: 1/0 port (with pull-up resistor)

R/IW Output Read/write: 1 represents read or dummy cycle; O represents write cycle.

P54 1 1/0 Port 54: 1/0 port (with pull-up resistor)

BUSRQ Qutput Bus request: High-impedance used to request bus release

P55 1 I/O Port 55: /0O port (with pull-up resistor)

BUSAK Output Bus acknowledge: Signal used to acknowledge bus release

P56 1 I/0 Port 56: /0O port (with pull-up resistor)

WAIT Input Wait: Pin used to request CPU bus wait ((1 + N) wait states)

P60 1 Output Port 60: Output port

CSo Output Chip select 0: Outputs 0 when address is within specified address area.

P61 1 Output Port 61: Output port

Csi Output Chip select 1: Outputs 0 when address is within specified address area

P62 1 Output Port 62: Output port

cs2 Output Chip select 2: Outputs 0 when address is within specified address area

CS2A Output Expand chip select 2A: Outputs 0 when address is within specified address
area

P63 1 Output Port 63: Output port

CS3 Qutput Chip select 3: Outputs 0 when address is within specified address area

P64 1 Output Port 64: Output port

EA24 Qutput Address 24: Expand address

Cs2B Qutput Expand chip select 2B: Outputs 0 when address is within specified address
area

P65 1 Output Port 65: Output port

EA25 Qutput Address 25: Expand address

cs2C Qutput Expand chip select 2C: Outputs 0 when address is within specified address
area

P66 1 Output Port 66: Output port

Cs2D Output Expand chip select 2D: Outputs 0 when address is within specified address
area

P67 1 Output Port 67: Outpt port

CS2E Output Expand chip select 2E: Outputs 0 when address is within specified address
area
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Table 2.3.2 Pin Names and Functions (2/3)

. Number _
Pin Name . /0 Functions
of Pins

P70 1 I/0 Port 70: I/0 port

SCK I/0 Serial bus interface clock 1/0 data at SIO mode

OPTRXO0 Input Serial 0 receive data

P71 1 110 Port 71: I/O port

SO Output Serial bus interface send data at SIO mode

SDA 110 Serial bus interface send/receive data at I°C bus mode
Open-drain output mode by programmable (with pull up)

OPTTX0 Qutput Serial 0 send data

P72 1 110 Port 72: 1/0 port

Sl Input Serial bus interface recive data at SIO mode

SCL 110 Serial bus interface clock I/O data at I°C bus mode
Open-drain output mode by programmable (with pull up)

P80 to P87 8 Input Port 80 to 87 port: Pin used to input ports

ANO to AN7 Input Analog input 0 to 7: Pin used to input to AD conveter

ADTRG Input AD trigger: Signal used to request AD start (with used to P83)

PBO 1 1/0 Port BO: I/O port

TAOIN Input 8-bit timer 0 input: Timer 0 input

PB1 1 I/O Port B1: I/O port

TA10UT Output 8-bit timer 1 output: Timer O output or timer 1 output

PB2 1 I/O Port B2: I/O port

TA30UT Output 8-bit timer 3 output: Timer 2 output or timer 3 output

PB3 1 I/O Port BO: I/O port

INTO Input Interrupt request pinO: Interrupt request pin with programmable rising
/falling edge

PB4 to PB6 3 I/O Port B4 to B6: I/0 port

INT1 to INT3 Input Interrupt request pinl to 3: Interrupt request pin with programmable rising
/falling edge

PCO 1 1/0 Port CO: I/O port

TXDO Qutput Serial 0 send data: Open-drain output pin by programmable

PC1 1 1/0 Port C1: 1/O port

RXDO Input Serial 0 receive data

91C824-7
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Table 2.3.3 Pin Names and Functions (3/3)

) Number _
Pin Name ) /0 Functions
of Pins

PC2 1 I/0 Port C2: 1/0O port

SCLKO 110 Serial 0 clock

CTS0 Input Serial data send enable 0 (Clear to send)

PC3 1 1/0 Port C3: 1/0 port

TXD1 Output Serial 1 send data
Open-drain output pin by programmable

PC4 1 1/0 Port C4: 1/0 port

RXD1 Input Serial 1 receive data

PC5 1 1/0 Port C5: 1/0O port

SCLK1 110 Serial clock 1/0 1

CTs1 Input Serial 1 data send enable (Clear to send)

XT1 Input Low-frequency oscillator connecting pin

XT2 Output Low-frequency oscillator connecting pin

PD5 Output Port D5: Output port

SCOUT Output System clock output: fsyg or fs output

PD6 1 Output Port D6: Output port

ALARM Output RTC alarm output pin

MLDALM Output

PD7 1 Output Port D7: Output port

MLDALM Output Melody/alarm output pin

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

AMO to AM1 2 Input Operation mode:
Fixed to AM1 = 0, AMO = 1 16-bit external bus or 8-/16-bit dynamic sizing.
Fixed to AM1 = 0, AMO = 0 8-bit external bus fixed.

EMUO 1 Qutput Open pin

EMU1 1 Qutput Open pin

RESET 1 Input Reset: Initializes TMP91C824 (with pull-up resistor).

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

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

AVCC 1 Power supply pin for AD converter

AVSS 1 GND pin for AD converter (0 V)

X1/X2 2 High-frequency oscillator connection pins

DvCC 2 Power supply pins (All VCC pins should be connecyed with the power
Supply pin.)

DVSS 2 GND pins (0 V) (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 TMP91C824.
Notes and restrictions for eatch book are outlined in 6 “Precautions and Restrictions” at the end
of this manual.

3.1 CPU
The TMP91C824 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 TMP91C824; these
functions are not covered in the TLCS-900/L.1 CPU section.

3.1.1 Reset

When resetting the TMP91C824 microcontroller, ensure that the power supply voltage
is within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then set the RESET input to low level at least for 10 system clocks (10 ps at 33
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<0:7> < Value at FFFFOOH address

PC<15:8> < Value at FFFFO1H 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).
(Note: As this product does not support MIN mode, do not write a 0 to the
<MAX>)

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 I/0O, ports, and other pins as
follows.

e Initializes the internal I/0 registers.

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

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

Figure 3.1.1 is a reset timing chart of the TMP91C824.
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3.2 Memory

Map

Figure 3.2.1 is a memory map of the TMP91C824.

000000H

000100H

OOOFEOH
001000H

003000H

010000H

FFFFOOH

FFFFFFH

Internal I/O
(4 Kbytes)

Internal RAM
(8 Kbytes)

External memory

Vector table (256 bytes)

T

Direct
area (n)

L

64-Kbyte

area (nn)

16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)

Figure 3.2.1 Memory Map

= Internal area)

Note: Address O00FEOH to OOFFFH is assigned for the TOSHIBA reserve area, user can't use.
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3.3 Triple Clock Function and Standby Function
TMP91C824 contains (1) clock gear, (2) clock doubler (DFM), (3) standby controller and (4)
noise-reduction circuit. It is used for low-power and low-noise systems.
This chapter is organized as follows:
3.3.1 Block Diagram of System Clock
3.3.2 SFR
3.3.3 System Clock Controller
3.3.4 Prescaler Clock Controller
3.3.5 Clock Doubler (DFM)
3.3.6 Noise Reduction Circuits
3.3.7 Standby Controller
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The clock operating modes are as follows: (a) Single clock mode (X1, X2 pins only), (b) Dual
clock mode (X1, X2, XT1 and XT2 pins) and (c¢) Triple clock mode (The X1, X2, XT1 and XT2

pins and DFM).

Figure 3.3.1 shows a transition figure.

Reset
(fosch/32)
i Release reset
IDLEZ mode % | —_
nstruction
(/O operate) % NORMAL mode Tr—— STOP mode
IDLE1 mode Instruct (foscH/gear value/2) nlerrup (Stops all circuits)
(Operate only oscillator)

(a) Single clock mode transition figure

Reset
(fosch/32)
IDLE2 mode % l Release reset
Int t
(VO operate) %) NORMAL mode Instruction
(AD__— f /gear value/2
(Oper'a?é%#yggg”amf) | Interupt ——— e : Interrupt STOP mode
S % (Stops all circuits)
(/O operate) Interrupt SLOW mode
Instruction fs/2
IDLE1 mode_ Interrupt (ts2)
(Operate only oscillator) /M

(b) Dual clock mode transition fiigure

Reset
(fosch/32)

IDLEZ mode % l Release reset

(/O operate) Interrupt NORMAL mode

IDLEL mode W (foscH/gear value/2)
(Operate only oscillator) /p,/ R

(Note) STOP mode Instruction
(Stops all circuits)
. ; ) Interrupt
IDLE2 mode nsiructon /nsiruction '”s"“c‘t'N Instructio IDLE2 mode
(/O operate) Interrupt T ( ORMAL mode Instruction SLOW mode | Interrupt (/O operate)
IDLEL mode nstruction] (4 * foscH/gear Note (fs/2) instruction IDLEL mode
(Operate oscillator and DFM) value/2) (Operate only oscillator)
Interrupt ~ Using DMF

(c) Triple clock mode trasision Figure

Note 1:It's prohiibited to control DFM in SLOW mode when shifting from SLOW mode to NORMAL mode
with use of DFM. (DFM start up/stop/change write to DFMCRO<ACT1:0> register)

Note 2: If you shift from NORMAL mode with use of DFM to NORMAL mode, the instructions should be
separated into two procedures as below. Change CPU clock — Stop DFM circuit.

Note 3:It's prohibited to shift from NORMAL mode with use of DFM to STOP mode directly. You should
set NORMAL mode once, and then shift to STOP mode. (You should stop high-frequency
oscillator after you stop DFM.)

Figure 3.3.1 System Clock Block Diagram

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 the system clock frpy. The system clock fgys is defined as the divided clock of fgppy, and

one cycle of fgyg is called one state.
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3.3.1 Block Diagram of System Clock

SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
DFMCRO<ACT1:0, DLUPTM>

SYSCRO
Warm-up timer (High-/low-frequency <PRCK1:0>

—>{ oscillator), Lockup timer (DFM)

SYSCRO
<XTEN, RXTEN>

X711 Low-frequency fs
XT2[H oscillator

fo fsys
fc/2 :

form = foscH x 4 cl4
SYSCRO fc/s SYSCR1<SYSCK>
<XEN, RXEN> fc/16
Clock doubler
1 1
X1 [} High-frequency ( 2 | - | 8 |+16| SYSCR1<GEAR2, 0>
X2 [+ oscillator foscH Clock gear

DFMCRO<ACT1:0>

fsys CPU
TMRAO to TMRAS3
¢TO [ Prescaler ] RAM
I Interrupt
controller
SIOO0 to SI01
ADC
I Prescaler ]
WDT
[
SBI 1/0O ports
oT CS/WAIT
Controller
RTC
fs
MLD/ALM
O

Figure 3.3.2 Block Diagram of System Clock
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3.32 SFR
7 6 5 4 3 2 1 0
SYSCRO |Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(0OEOH) Read/Write R/W
After reset 1 1 1 0 0 0 0 | 0
Function | igh. Low- High- Low- Selects clock [Warm-up timer| select prescaler clock
frequency frequency frequency frequency after release |0: Write 00: fepy (Note 2)
oscillator (fc) | oscillator (fs) | oscillator (fc) | oscillator (fs) | of STOP Dor\'t care | o1: Reserved
0: Stop 0: Stop after release | after release | mode 1: Write . 10: fc/16
1: Oscillation | 1: Oscillation | of STOP of STOP 0: fc o: th:;tdtlmer 11: Reserved
(Note 1) mode mode 1:fs end warm up
0: Stop 0: Stop 1: Read
1: Oscillation | 1: Oscillation 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 (fc)
system 000: fc
clock 001: fc/2
0: fc 010: fc/4
1:fs 011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 6 5 4 3 2 1 0
SYSCR2 |Bit symbol SCOSEL WUPTM1 WUPTMO HALTM1 HALTMO SELDRV DRVE
(00E2H) |Read/Write RIW RIW RIW RIW RIW RIW RIW
After reset 0 1 0 1 1 0 0
Function 0:fs Warm-up timer HALT mode <DRVE> Pin state
1: fgys 00: Reserved 00: Reserved mode control in
01: 2% inputted frequency | 01: STOP mode select STOP/IDLE1
10: 2™ 10: IDLE1 mode 0: STOP  |mode
11: 2 11: IDLE2 mode 1:IDLE1  |0: /O off
1: Remains
the state
before
halt

Note 1: By reset, low-frequency oscillator is enable.

Note 2: In case of using built-in SBI circuit, it must set SYSCR0O<PRCK1:0> to 00.

Figure 3.3.3 SFR for System Clock
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7 6 5 4 3 2 1 0
DFMCRO | Bit symbol ACT1 ACTO DLUPFG DLUPTM
(OOE8H) Read/Write R/IW RIW R R/IW
After reset 0 0 0 0
Function DFM LUP  select frpH | Lockup Lockup time
00 |STOP STOP foscH status flag  [0: 2"%foscH
01|RUN RUN foscH 0:LUPend |1: 210/fOSCH
10|RUN STOP fpgm 1:LUP not
11|RUN STOP foscH end
DFMCR1 | Bit symbol D7 D6 D5 D4 D3 D2 D1 DO
(00E9H) | Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 0 1 0 0 1 1
Function DFM revision

Input frequency 4 to 8.25 MHz (at 2.7 V to 3.6 V): write “OBH”
Input frequency 2 to 2.5 MHz (at 2.0 V + 10%): write “1BH”"

Figure 3.3.4 SFR for DFM

Limitation point on the use of DFM

1. It’s prohibited to execute DFM enable/disable control in the SLOW mode (fs).

(Write to DFMCRO<ACT1:0> = “10”).
You should control DFM in the NORMAL mode.

. If you stop DFM operation during using DFM (DFMCRO<ACT1:0> = “10”), you
shouldn’t execute that change the clock fDFM to fosCcH and stop the DFM at the
same time. Therefore the above execution should be separated into two procedures
as showing below.

LD (DFMCRO0), COH Change the clock fpgm to foscH
LD (DFMCRO), 00H DFM stop
. If you stop high-frequency oscillator during using DFM (DFMCRO<ACT1:0> =

“10”), you should stop DFM before you stop high-frequency oscillator.

Please refer to 3.3.5 “Clock Doubler (DFM)” for the details.
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7 6 5 4 3 2 1 0
EMCCRO |Bitsymbol | pROTECT - - - - EXTIN DRVOSCH | DRvoscL
(00E3H) |Read/Write R RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 1 0 0 0 1 1
Function | protect flag | Always Always Always Always 1: External | fc oscillator | fs oscillator
0: OFF write 0 write 1 write 0 write 0 clock driver ability | driver ability
1: ON 1: Normal 1: Normal
0: Weak 0: Weak
EMCCR1 |Bit symbol
(00E4H) |Read/Write
After reset
Function Switching the protect ON/OFF by write to following 1st-KEY,2nd-KEY
- 1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H in succession write
EMCCR?  [Bit symbol 2nd-KEY: EMCCRL = ASH, EMCCR2 = 5AH in succession write
(00E5H) |Read/Write
After reset
Function
EMCCR3 |Bit symbol ENFROM | ENDROM | ENPROM FFLAG DFLAG PFLAG
(00E6H) |Read/Write RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0
Function CSlAarea |CS2B-2G CS2A area CS1Awrite  [CS2B-2G write| CS2A write
detect control | area detect detect control operation flag |operation flag |operation flag
0: Disable control 0: Disable When reading
1: Enable 0: Disable 1: Enable 0: Not written
1: Written
1: Enable When writing
0: Clear flag

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

Note2: In case of Vcc =2 V + 10% use, fixed to EMCCRO<DRVOSCH> = 1.

Figure 3.3.5 SFR for Noise Reduction
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3.3.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core
and internal I/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<GEAROQ:2> sets the high-frequency clock gear to either 1, 2,
4, 8 or 16 (fc, fc/2, fc/4, fc/8 or fc/16). These functions can reduce the power consumption of
the equipment in which the device is installed.

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

For example, fsys is set to 1.03 MHz when the 33-MHz oscillator is connected to the X1
and X2 pins.
(1) Switching from NORMAL mode to SLOW mode

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

The warm-up time can be selected using SYSCR2<WUPTMO:1>.

This warm-up timer can be programmed to start and stop as shown in the following
examples 1 and 2.

Table 3.3.1 shows the warm-up time.

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

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

Table 3.3.1 Warm-up Times

Wagr\r;-stjggzlme Change to Change to

<WUPTML:0> NORMAL Mode SLOW Mode

01 (2%frequency) 8 (us) 7.8 (ms) at fOSiH_::: xS';ZI;H
10 (2"ffrequency) 0.496 (ms) 500 (ms) S=e z
11 (2*%/frequency) 1.986 (ms) 2000 (ms)
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Example 1: Setting the clock
Changing from high frequency (fc) to low frequency (fs).
SYSCRO EQU 00EOH
SYSCR1 EQU 00OE1H
SYSCR2 EQU 00E2H
WDMOD EQU 005CH
LD (SYSCR2), X-11- ——-B ; Sets warm-up time to 2'/s.
SET 6, (SYSCRO) ; Enables low-frequency oscillation.
SET 2, (SYSCRO) ; Clears and starts warm-up timer.
WUP: BIT 2, (SYSCRO) : o _
IR NZ, WUP : Detects stopping of warm-up timer.
SET 3, (SYSCR1) ; Changes fsys from fc to fs.
RES 7, (SYSCRO0) ; Disables high-frequency oscillation.
X: Don't care, —: No change
//
<XEN> -
X1, X2 pins S
<XTEN> //
XT1, XT2 pins \N/\/\/J

———————<Y7\uf\/“m/\uf\/w&f\j”\/\uf\/\u/

Warm-up timer

Counts up:

byfsys \ / Counts up by fs\\

End of warm-up timer

<SYSCK>

e .

fs

System clock fgys

\VAVAVA

VAVAVAVAVAVAVAVAVAVAVAY

[N NN

Enables
low frequ

Clears and starts
ency warm-up timer

Chages fgys Disabiles

fromfctofs  high frequency

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- - - -B ; Sets warm-up time to 214/fc.

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

SET 2, (SYSCRO0) ; Clears and starts warm-up timer.
WUP: BIT 2, (SYSCRO) ;} Detects stopping of warm-up timer.

JR NZ, WUP ;

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

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

X: Don't care, —: No change

<XEN>
X1, X2 pins

<XTEN>
XT1, XT2 pins \/\/\/ \/\/\/\/\/\/\/ )
Warm-up timer Counts upiby fsys \ / Counts up by\\‘osCH

End of warm-up timer

<SYSCK> fs fc

systemclockfsys N / Nt/ N /N /N /£ AN\ NNANNNNNNN

Enables Clears and starts Chages fsyd

high frequency ~ warm-up timer from fs to fc
End of warm-up  Disables
timer low frequency
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(2) Clock gear controller

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

Example 3:
Changing to a high-frequency gear

SYSCR1 EQU 00OE1H
LD (SYSCR1),XXXX0000B ; Changes fgys to fc/2.
X: Don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEARZ2:0>
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 (SYSCR1),XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ; Dummy instruction

I Instruction to be executed after clock gear has changed |

(3) Internal clock terminal out function

It can out internal clock (fsys or fs) from PD5/SCOUT.

PD5 pin function is set to SCOUT output by the following bit setting.
! PDFC<PD5F>=1

Output clock select
: Refer to SYSCR2<SCOSEL> bit setting

ALT Mode NORMAL HALT Mode
SCOUT Select sLow IDLE2 | IDLEL STOP
<SCOSEL>=0 fs clock out
<SCOSEL>=1 fsys clock out | 0 or 1 fix out
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3.34

3.3.5

Prescaler Clock Controller
For the internal I/O (TMRAO1 to TMRA23, SIOO0 to SIO1) there is a prescaler which can
divide the clock.

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

Clock Doubler (DFM)

DFM outputs the fDFM clock signal, which is four times as fast as foSCH. It can use the
low-frequency oscillator, even though the internal clock is high frequency.

A reset initializes DFM to stop status, setting to DFMCRO register is needed before use.
Like an oscillator, this circuit requires time to stabilize. This is called the lockup time.

The following example shows how DFM is used.

DFMCRO EQU O0OE8H
DFMCR1 EQU O0O0E9H

LD (DFMCR1), 00001011B DFM parameter setting
LD (DFMCRO), 01-0XXXXB  ;  Set lockup time to 2'%/4 MHz
Enables DFM operation and starts lockup
LUP: BIT 5, (DFMCRO0) ;
Detects end of lockup
JR Nz, LUP ;
LD (DFMCRO), 10-0XXXXB ;  Changes fc from 4 MHz to 16 MHz

Changes fgys from 2 MHz to 8 MHz
X: Don't care

ACT1:0 01 [?/ X 10

DFM output: fory VAVAVAVAVAVAYAVAVAVAVAVAVAVAV

Lockup timer Counts up by foscH //

<DLUPFG> During lockup After lockup

Systemclockfsys  \ / Ni/ N /N / N\ / AN\ N NNNNNNNNN
Starts DFM operation. Changes from 4 MHz to 16 MHz.
Starts lockup.

Ends of lockup

Note: Input frequency limitation and correction for DFM

Recommend to use input frequency (High-speed oscillation) for DFM in the following
condition.

foscH =4 t0 8.25 MHz (Vcc = 2.7 V to 3.6 V): Write OBH to DFMCR1

foscH =2 t0 2.5 MHz (Vcc = 2.0 V + 10%): Write 1BH to DFMCR1
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WUP:

LUP:

LUP:

WUP:

LUP:

Limitation point on the use of DFM

1. it’s prohibited to execute DFM enable/disable control in the SLOW mode (fs). You
should control DFM in the NORMAL mode.

2. If you stop DFM operation during using DFM (DFMCRO<ACT1:0> = “10”), you
shouldn’t execute the commands that change the clock fDFM to fOSCH and stop the
DFM at the same time. Therefore the above execution should be separated into
two procedures as showing below.

LD (DFMCRO0), COH ; Change the clock fpgm to foscH
LD (DFMCRO), 00H . DFM stop
3. If you stop high-frequency oscillator during using DFM (DFMCRO<ACT1:0> =

“10”), you should stop DFM before you stop high-frequency oscillator.

4. More than 1 ms of interval time is required from stop of DFM to the next start up
of DFM.

Examples of settings are below.

(1)  Start up control

(OK) Low-frequency oscillator operation mode (fs) (High-frequency oscillator STOP)

— High-frequency oscillator start up — High-frequency oscillator operation mode
(foscH) » DFM start up - DFM use mode (fDFM)

LD (SYSCRO), 11---1--B ;. High-frequency oscillator start up/warm-up start
BIT 2, (SYSCRO ;
( ) Check for the flag of warm-up end
JR NZ, WUP ;
LD (SYSCR1), ----0---B ; Change the system clock fs to foscH
LD (DFMCRO0), 01-0----B ;  DFM start up/lockup start
BIT 5, (DFMCRO ;
( ) Check for the flag of lockup end
JR Nz, LUP ;
LD (DFMCRO0), 10-0----B ; Change the system clock foscH to fpEm

(OK) Low-frequency oscillator operation mode (fs) (High-frequency oscillator operate)

— High-frequency oscillator operation mode (foscH) — DFM start up — DFM use
mode (fpDFM)

LD (SYSCR1), ----0---B ; Change the system clock fs to foscH
LD (DFMCRO0), 01-0----B ;_ DFM start up/lockup start
BIT 5, (DFMCRO) ;
Check for the flag of lockup end
JR NZ, LUP ;
LD (DFMCRO0), 10-0----B ; Change the system clock foscH to fpEm

(Error) Low-frequency oscillator operation mode (fs) (High-frequency oscillator STOP)
— High-frequency oscillator start up — DFM start up — DFM use mode (fDFM)

LD (SYSCRO), 11---1--B ;. High-frequency oscillator start up/warm-up start
BIT 2, (SYSCRO ;
( ) Check for the flag of warm-up end
JR NZ, WUP ;
LD (DFMCRO0), 01-0----B ; DFM start up/lockup start
BIT 5, (DFMCRO ;
( ) Check for the flag of lockup end
JR NZ, LUP ;
LD (DFMCRO0), 10-0----B ; Change the clock foscH to fppm
LD (SYSCR1), ----0---B ; Change the internal clock fs to fpgm
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(2)  Change/stop control

(OK) DFM use mode (fbrFrM) — High-frequency oscillator operation mode (foscH) —

DFM stop — Low-frequency oscillator operation mode (fs) — High-frequency

oscillator stop

LD (DFMCRO), 11-----B
LD (DFMCRO0), 00-----B
LD (SYSCR1), -—-1--B
LD (SYSCRO), 0------B

Change the system clock fpgm to foscH
DFM stop

Change the system clock foscH to fs
High-frequency oscillator stop

(Exror) DFM use mode (fDFm) — Low-frequency oscillator operation mode (fs) —

DFM stop — High-frequency oscillator stop

LD (SYSCR1), ---1---B
LD (DFMCRO), 11-----B
LD (DFMCRO), 00------B
LD (SYSCRO), 0------B

Change the system clock fpgm to fs

Change the internal clock (fc) fpgm to foscH
DFM stop

High-frequency oscillator stop

(OK) DFM use mode (fprm) — Set the STOP mode — High-frequency oscillator
operation mode (foscH) - DFM stop — HALT (High-frequency oscillator stop)

LD (SYSCR2), ---01--B
LD (DFMCRO), 11-----B
LD (DFMCRO0), 00-----B
HALT

Set the STOP mode

(This command can execute before use of DFM)
Change the system clock fpgm to foscH

DFM stop

Shift to STOP mode

(Error) DFM use mode (fDFrM) — Set the STOP mode — HALT (High-frequency

oscillator stop)
LD (SYSCR2), ----01--B

HALT

Set the STOP mode
(This command can execute before use of DFM)
Shift to STOP mode
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3.3.6 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) SFR protection of register contents
(5) ROM protection of register contents

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

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

(Block diagram)
I :' )° {>°_’ foscH

c1 X1 pin

‘ Enable oscillation (STOP + EMCCRO<EXTIN>)

Resonator

1 < EMCCRO<DRVOSCH>

2 | }L
Vdd X2| pin
(Setting method)

The drivability of the oscillator is reduced by writing 0 to EMCCRO<DRVOSCH>
register. By reset, <DRVOSCH?> is initialized to 1 and the oscillator starts oscillation
by normal-drivability when the power supply is on.

Don’t set <DRVOSCH>to 0 at Vec =2V + 10%.
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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)

I
XT1 pin

C1

Enable oscillation

Resonator
EMCCRO<DRVOSCL>

C2

XT2 pin
I

(Setting method)

The drivability of the oscillator is reduced by writing 0 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)
B
X1 pin
Enable oscillation (STOP + EMCCRO<EXTIN>)
z EMCCRO<DRVOSCH>
X2 pin

|
(Setting method)

The oscillator is disabled and starts operation as buffer by writing 1 to
EMCCRO<EXTIN> register. X2 pin is always outputted 1.

By reset, <EXTIN> is initialized to O.

Note: Do not write EMCCRO<EXTIN> = “1" when using external resonator.
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(4) 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, MMU) is changed.

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list

1. CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSAR3,
MAMRO, MAMR1, MAMR2, MAMR3
2. MMU
LOCALO0/1/2/3
3. Clock gear (only EMCCR1, EMCCR2 can be written to)
SYSCRO, SYSCR1, SYSCR2, EMCCRO, EMCCR3
4. DFM
DFMCRO, DFMCR1

(Operation explanation)

Execute and release of protection (write operation to specified SFR) become possible
by setting up a double key to EMCCR1 and EMCCR2 register.

(Double key)
1st-KEY: Succession writes in 5AH at EMCCR1 and A5H at EMCCR2
2nd-KEY: Succession writes in ASGH at EMCCR1 and 5AH at EMCCR2

A state of protection can be confirmed by reading EMCCRO<PROTECT>.
By reset, protection becomes OFF.

And INTPO interruption occurs when write operation to specified SFR was executed
with protection ON state.
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(5) Runaway provision with ROM protection register

(Purpose)

Provision in runaway of program by noise mixing.

(Operation explanation)

When write operation was executed for external three kinds of ROM by runaway of
program, INTP1 is occurred and detects runaway function.

Three kinds of ROM is fixed as for flash ROM (Option program ROM), data ROM,
program ROM are as follows on the logical address memory map.

1. Flash ROM: Address 400000H to 7FFFFFH
2. Data ROM: Address 800000H to BFFFFFH
3. Program ROM: Address CO0000H to FFFFFFH

For these address, admission/prohibition of detection of write operation sets it up
with EMCCR3<ENFROM, ENDROM, ENPROM>. And INTP1 interruption occurred
within which ROM can confirm each with EMCCR3<FFLAG, DFLAG, PFLAG>. This

flag is cleared when write in 0.
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3.3.7  Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLEZ2,
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.
Table 3.3.2 shows the registers of setting operation during IDLE2 mode.

Table 3.3.2 SFR Seting Operation during IDLE2 Mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
SI00 SCOMOD1<I12S0>
SIo1 SC1MOD1<I2S1>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>
SBI SBIOBRO<I2SBI0>

b. IDLEIL: Only the oscillator and the RTC (Real time clock) and MLD continue to
operate.

c. STOP: All internal circuits stop operating.
The operation of each of the different HALT modes is described in Table 3.3.3.

Table 3.3.3 1/O Operation during HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01

CPU Stop
1/O ports Keep the state when the HALT

) . See Table 3.3.6, Table 3.3.7

instruction was executed.
TMRA

Block
SIO, SBI .
Available to select Stop
AD converter .
operation block

WDT
RTC, MLD Possible to 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 3.3.4.

e 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 to INT3 and INTRTC and INTALM 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

to INT3, INTRTC, INTALMO to INTALM4) 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 fgpy) 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.

o 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 3.3.5) 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 3.3.4 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask) | (Interrupt level) < (Interrupt mask)

HALT Mode IDLE2 IDLE1|STOP IDLE2 IDLE1| STOP
@ NMI . * o*l - - -
g INTWDT ¢ x x - - -
S| |INTOto INT3 (Note 1) . . ot o o ot
g & INTALMO to INTALM4 . . % o o x
g § INTTAO to INTTA3 . x x x x y
= | £|INTRXO to INTRX1, TXO0 to TX1 * x x x x x
I INTAD . x x x x v
| |wTRTC . . y x
g INTSBI * X x X X X
@ RESET Reset initializes the 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.

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: When the HALT mode is cleared by an INTO interrupt of the level mode in the interrupt enabled
status, hold level “H" until starting interrupt processing. If level “L" is set before holding level “L”,
interrupt processing is correctly started.

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

Address

8200H LD (PBFC), 08H ; Sets PB3 to INTO.

8203H LD (IMC), 00H ; Selects INTO interrupt rising edge.

8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to 6.

8209H El 5 ; Sets interrupt level to 5 for CPU.

820BH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
; Halts CPU.

820EH HALT
1

INTO _/ \

INTO intgrrupt routine
1

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

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

Figure 3.3.6 illustrates an example of the timing for clearance of the IDLE2 mode
halt state by an interrupt.

| |
SRV AW AW W oW T WL WAT W AW aW W AW g
AotoA23 X ! » !
] 1 n 1
1 1
1 1
I I
DO to D15 (Data y . & r (Data )
= \ / T \ 1
_ 5 (-
WR ! ” |
Interrupt for : « ]!
release '
)
1

Figure 3.3.6 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

b. IDLE1 mode

In IDLE1 mode, only the internal oscillator and the RTC, MLD continue to operate.
The system clock in the MCU stops. The pin status in the IDLE1 mode is depended on
setting the register SYSCR2<SELDRYV, DRVE>. Table 3.3.6, Table 3.3.7 summarizes
the state of these pins in the IDLE model.

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 3.3.7 illustrates the timing for clearance of the IDLE1 mode halt state by an
interrupt.
S AVAW AW AW AW AT aWAWA T AW AW AW AW AW
AOtoA23 X ! % i
T W T
DO to D15 {(oaa ) : Yfpmmmmma (e )
RD \ -/ | s | \ s
WR : —
Interrupt ! « ﬁ_ A
for release | ” |

:(— IDLE1 mode —):

Figure 3.3.7 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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c. STOP mode

When STOP mode is selected, all internal circuits stop, including the internal
oscillator pin status in STOP mode depends on the settings in the SYSCR2<DRVE>
register. Table 3.3.6, Table 3.3.7 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 3.3.5.

Figure 3.3.8 illustrates the timing for clearance of the STOP mode halt state by an

interrupt.
Warm-up
i time
: A — -
S aUalalalal atiEe Wat W aWal el al
p— ! | ) [
AOtoA23 X T 3
i i
1 1
1 1
1 1
DO to D15 < Data ) e & ((Data )
=5 X \ «
RD ,,
\ / e \ /
R 1 1
WR N\epmnt 4 8
1 1
1
Interrupt for X « f._" (’_\
release | |
' STOP !
1
1

mode !

Figure 3.3.8 Timing Chart for STOP Mode Halt State Cleared by Interrupt

Table 3.3.5 Sample Warm-up Times after Clearance of STOP Mode
at foscH = 33 MHz, fs = 32.768 kHz

SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2% 10 (2 11 (2%
0 (fc) 8 us 0.496 ms 1.986 ms
1 (fs) 7.8 ms 500 ms 2000 ms
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Example:
The STOP mode is entered when the low-frequency operates, and high-frequency
operates after releasing due to NMI.
Address
SYSCRO EQU 0OEOH
SYSCR1 EQU 0OE1H
SYSCR2 EQU 00E2H
8FFDH LD (SYSCR1), 08H i fsys = fs/2
9000H LD (SYSCR2), X-1001-1B ; Sets warm-up time to 2*/foscH
9002H LD (SYSCRO0), 011000 — -B  ; Operates high frequency after released
9005H HALT _
i ' Clears and starts hit
_\_ warm-up timer
(High frequency)
End
NMI Interrupt routine
|
9006H LIID XX, XX RETI
1
—: 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 states). In the system which accepts the interrupts during execution HALT
instruction, set the same operation mode before and after the STOP mode.
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Table 3.3.6 Input Buffer State Table

Input Buffer State
When the CPU is In HALT mode(IDLE1/STOP)
) In HALT mode(IDLE2) — —
Port Input operating Condition A (Note) Condition B (Note)
Function During When When
Name N When Used | When When When |WhenUsed| When
ame Reset ) Used as Used as .
as function | Used as . Used as ) Used as | as function | Used as
. function function )
Pin Input Port ] Input Port ] Input Port Pin Input Port
Pin Pin
DO-D7 - ON upon — - — —
OFF OFF OFF
P10-P17 D8-D15 external read OFE OFF OFF
P54(*1) BUSRQ ON ON ON ON ON OFF ON ON
P55(*1) — OFF - - OFF - - OFF
P56(*1) WAIT
SCK
P70 OFF OFF
OPTRXO
ON ON ON ON ON ON ON
P71(*1) SDA
Sl
P72(*1) ON ON
SCL
P80-P82(*2) — — - - -
p— ON upon
P83(*2) ADTRG OFF ON ON OFF ON ON OFF
port read
P84-P87(*2) - - - - -
OFF
PBO TAOIN ON ON OFF ON
PB1 —
ON — — ON — - ON
PB2 —
PB3 INTO ON
PB4 INT1
ON ON ON ON
PB5 INT2 OFF OFF OFF
PB6 INT3
PCO — — - - —
PC1 RXDO ON
SCLKO ON ON OFF ON
PC2
CTSO OFF
ON ON ON
PC3 - — - - -
PC4 RXD1
SCLK1 ON ON OFF ON
PC5
CTS1
PZ2(*1) -
OFF - - OFF - - OFF
PZ3(*1) -
NMI -
RESET - ON - ON -
ON ON — ON -
AMO,AM1 —
X1,XT1 — IDLE1: ON, STOP : OFF
ON: The buffer is always turned on. A current flows the . .
. . . o . *1: Port having a pull-up/pull-down resistor.
input buffer if the input pin is not driven.
OFF: The buffer is always turned off. *2: AIN input does not cause a current to flow through the buffer.
—: No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B .
— Condition A
0 1 Condition A
1 0 . -,
Condition B Condition B
1 1
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Table 3.3.7 Output buffer State Table

Output Buffer State
o When the CPU is In HALT mode(IDLE2) : !n HALT mode (IDLEl/STOP)
Port utp.ut . Operating Condition A (Note) Condition B (Note)
Name Function During When When When When When When When When
Name Reset Usedas | Usedas | Usedas | Usedas | Usedas | Usedas | Usedas | Used as
function Output function Output function Output function Output
Pin Port Pin Port Pin Port Pin Port
D0-D7 — ON upon - - - -
OFF external OFF OFF
P10-P17 D8-15 .
write ON ON OFF ON
P20-P27 A16-23 OFE
AO0-A15 _
= ON ON ON ON
RD _ - - - -
WR _
P54(*1) _ - - - -
P55(*1) BUSAK OFF ON ON OFF ON
P56(*1) — — - - -
P60 CS0
P61 CS1
P62 CS2, CS2A
P63 CS3
EA24
P64 CsoB ON
s | 2
CS2C ON ON OFF ON
P66 CS2D
P67 CS2E
P70 SCK
SDA
P71(*1) SO
OPTTX0 ON ON OFF ON
P72(*1) SCL
PBO — — - - -
PBl TAL0UT ON ON OFF ON
PB2 TA30UT OFF
PB3-PB6 - - - — -
PCO TXDO ON ON OFF ON
PC1 — — - - -
Pc2 SCLKO ON ON OFF ON
PC3 TXD1
PC4 — - - - -
PC5 SCLK1
PD5 SCOUT
ALARM
PD6 MLDALM ON OFF ON
PD7 MLDALM ON ON
PZ2(*1) HWR OFF
PZ3(*1) RIW
X2 — ON 3 _ IDLE1 : ON, STOP : output "H” level
XT2 — IDLE1 : ON, STOP : High-Z

ON: The buffer is always turned on. When the bus is *1:

released, however, output buffers for some pins are

turned off.
OFF: The buffer is always turned off.
-2 No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B .
Condition A
0 1 Condition A
1 0 . .
1 1 Condition B Condition B

Port having a pull-up/pull-down resistor.
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3.4

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-
in interrupt controller.

The TMP91C824 has a total of 37 interrupts divided into the following five types:

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

e Internal interrupts: 23 sources

e Interrupts on external pins (NMI and INTO to INT3): 5 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 EI 3 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 1 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,
TMP91C824 has software start function for micro DMA processing request by the software not
by the hardware interrupt.

Figure 3.4.1 shows the overall interrupt processing flow.
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General-purpose
interrupt
processing

( Interrupt processing )

Interrupt specified Yes

( Micro DMA soft start )

request

by micro DMA
start vector?

No

Interrupt vector value V
read
Interrupt request F/F clear

|

PUSH PC
PUSH SR
SR<IFF2:0> «
Level of
accepted

interrupt + 1
INTNEST « INTNEST + 1

Clear interrupt request flag

l(—

Data transfer by
micro DMA

Count <~ Count — 1

PC « (FFFFOOH + V)

i

Interrupt processing
program

RETI instruction

POP SR
POP PC
INTNEST « INTNEST -

Count=0

Micro DMA processing

Clear vector register

No

generating micro DMA
transfer and interrupt
(INTTCO to INTTC3)

(: End :)

Figure 3.4.1 Overall Interrupt Processing Flow
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3.4.1

General-purpose Interrupt Processing

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

oy

2

(€))

(4)

(5)

(6)

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.)

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

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.

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

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 (1.09 ps at 33 MHz) as the best case (16 bits
data bus width and 0 waits).

When the CPU compled the interrupt processing, use the RETI instruction to
return to the main routine. RETI 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. (A priority level setting of 0 or 7 will
disable an interrupt request.)

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 111, disabling all
maskable interrupts.

Table 3.4.1 shows the TMP91C824 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 3.4.1 TMP91C824 Interrupt Vectors Table
. Vector .
Default Interrupt Source and Source of Micro DMA Vector Micro DMA
Priority Type Request Value (V) Reference Start Vector
Address

1 Reset or “SWI 0” instruction 0000H FFFFOOH —
2 “SWI 1" instruction 0004H FFFFO04H —
3 INTUNDEF: lllegal instruction or “SWI 2" instruction 0008H FFFFO8H —
4 “SWI 3" instruction 000CH FFFFOCH -
5 “SWI 4” instruction 0010H FFFF10H —
6 Non maskable “SWI 5” instruction 0014H FFFF14H —
7 “SWI 6” instruction 0018H FFFF18H —
8 “SWI 7" instruction 001CH FFFF1CH —
9 NMI pin 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H -
- Micro DMA (MDMA) - - -
11 INTO pin 0028H FFFF28H 0AH
12 INT1 pin 002CH FFFF2CH 0BH
13 INT2 pin 0030H FFFF30H OCH
14 INT3 pin 0034H FFFF34H ODH
15 INTALMO: ALMO (8 kHz) 0038H FFFF38H OEH
16 INTALM1: ALM1 (512 Hz) 003CH FFFF3CH OFH
17 INTALM2: ALM2 (64 Hz) 0040H FFFF40H 10H
18 INTALM3: ALM3 (2 Hz) 0044H FFFF44H 11H
19 INTALM4: ALM4 (1 Hz) 0048H FFFF48H 12H
20 INTTAO:  8-bit timer O 004CH FFFF4CH 13H
21 INTTAL: 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 Maskable INTRXO: Serial reception (Channel 0) 005CH FFFF5CH 17H
25 INTTXO0: Serial transmission (Channel 0) 0060H FFFF60H 18H
26 INTRX1: Serial reception (Channel 1) 0064H FFFF64H 19H
27 INTTX1: Serial transmission (Channel 1) 0068H FFFF68H 1AH
28 INTAD:  AD conversion end 006CH FFFF6CH 1BH
29 INTRTC: RTC (Alarm interrupt) 0074H FFFF74H 1DH
30 INTSBI:  SBl interrupt 0078H FFFF78H 1EH
31 INTPO: Protect 0 (WR to special SFR) 0080H FFFF80H 20H
32 INTP1: Protect 1 (WR to ROM) 0084H FFFF84H 21H
33 INTTCO: Micro DMA end (Channel 0) 0088H FFFF88H -
34 INTTC1: Micro DMA end (Channel 1) 008CH FFFF8CH —
35 INTTC2: Micro DMA end (Channel 2) 0090H FFFF90H —
36 INTTC3: Micro DMA end (Channel 3) 0094H FFFF94H —

(Reserved) 0098H FFFF98H -

(Reserved) 00FCH FFFFFCH —

91C824-40 2005-12-16



TOSHIBA

TMP91C824

3.4.2

Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91C824 supprots a micro
DMA function. Interrupt requests set by micro DMA perform micro DMA processing at
the highest priority level (Level 6) among maskable interrupts, regardless of the priority
level of the particular interrupt source. Micro. The micro DMA has 4 channels and is
possible continuous transmission by specifing 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 level 6 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 (INTTCO to
INTTC3) passes from the CPU to the interrupt controller. In addition, the micro DMA
start vector register DMANV 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 INTTCO to INTTC3) 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 interrupt 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.
(Note)

The priority of the micro DMA transfer end interrupt (INTTCO to INTTCS3) is
defined by the interrupt level and the default priority as the same as the other
maskable interrupt.

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

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

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

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

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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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 8 bits of the 32 bits are not
valid).

Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (One word)
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/0, and
from I/O to I/O. For details of the transfer modes, see 3.4.2 (4) “Detailed description of
the transfer mode register”. 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 24 interrupts shown in the micro DMA
start vectors of Table 3.4.1 and by the micro DMA soft start, making a total of 25
interrupts.

Figure 3.4.2 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-numberd values.)

1 state (Note 1) (Note 2)
r - ~ A S\

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8

SN AVAVAVAVAVAY AVAVAVAVAVAVAVAVAW

A0 to A23 Transfer source address Transferidestination

RD

WR /HWR

DO to D15 X Putput

States 1 to 3:

States 4 to 5:
State 6:

States 7 to 8:

bress

]/

(g

Figure 3.4.2 Timing for Micro DMA Cycle

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.

Micro DMA read cycle
Dummy cycle (The address bus remains unchanged from state 5)

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, TMP91C824 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 (If write “0” to
each bit, micro DMA doesn’t operate). At the end of transfer, the corresponding bit of
the DMAR register which support the end channel are automatically cleared to “0”.

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

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

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

Symbol| Name

Address 7 6 5 4 3 2 1 0

DMA
request
register

DMAR

DMAR3 DMAR2 DMAR1 DMARO

89H
(Prohibit |
RMW)

R/W
0 0 | 0
DMA request

3

Transfer control registers

The transfer source address and the transfer destination address are set in the
following registers in CPU. Data setting for these registers is done by an LDC cr, r

instruction.
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 : 1to 65536
, DMAMO | DMA mode register 0
1
1
|
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
I 16 bits
32 bits
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(4) Detailed description of the transfer mode register

DMAMO to[ 0 A bie Mode Note: When setting a value in this register, write 0 to the upper 3 bits.
DMAM3 I I —
Number of _ Number of M|n!mum
Transfer Bytes Mode Description Execution States Execution Time
at fc = 33 MHz
000 000 00 | Byte transfer Transfer destination address INC mode 8 states 485 ns
(Fixed) | | | e 1/0 to memory
(DMADN+) < (DMASN)
01 | Word transfer DMACH < DMACH — 1 12 states 727 ns
If DMACnh = 0, then INTTCn is generated.
10 [ 4-byte transfer
001 00 | Byte transfer Transfer destination address DEC mode 8 states 485 ns
............................................. 1/0 to memory
01 | Word transfer (DMADN-) «<— (DMASN) 12 states 727 ns
DMACn <~ DMACn -1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
010 00 | Byte transfer Transfer source address INC mode 8 states 485 ns
............................................. Memory to /O
01 | Word transfer (DMADnN) «— (DMASN+) 12 states 727 ns
DMACn < DMACn -1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
011 00 | Byte transfer Transfer source address DEC mode 8 states 485 ns
............................................. Memory to I/O
01 |[Word transfer (DMADnN) < (DMASN-) 12 states 727 ns
DMACn <~ DMACn -1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
100 00 | Byte transfer Fixed address mode 8 states 485 ns
...................................................... /0 to 1/0
01 | Word transfer (DMADN) « (DMASN-) 12 states 727 ns
DMACn <« DMACn -1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is generated.
101 00 | Counter mode
................... for counting number of times interrupt is generated
DMASNH <~ DMASNH + 1 5 states 303 ns
DMACn < DMACn -1
If DMACnh = 0, then INTTCn is generated.

Note 1:“n” is the corresponding micro DMA channels 0 to 3
DMADN+/DMASNh+: Post-increment (Increment register value after transfer)
DMADN-/DMASNh-: 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 (Both translation and destination address area)/0 waits/fc = 33 MHz/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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3.4.3

Interrupt Controller Operation

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

For each of the 36 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared
to 0 in the following cases:

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 (Write 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 INTE12). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. The priority of non-maskable interrupts
(NMI pin interrupts and watchdog timer interrupts) is fixed at 7. If 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 simulateous 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 3.4.1), 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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(1) Interrupt level setting registers
Symbol | Name |Address 7 6 5 4 3 2 1 0
INTO & INTAD INTO
IADC IADM2 | IADM1 | IADMO 10C 10M2 | 10M1 | 10MO
INTEOAD | INTAD 90H R RIW R RIW
enable
0 o | o | o 0 o | o | o
INTL & INT2 INT1
12C 12M2 | 12M1 | 12M0 11C 11M2 | 11M1 | 11MO
INTE12 INT2 91H R W R oW
enable
0 o | o | o 0 o | o | o
INT3 & INTALM4 INT3
IA4C I1A4M2 | I1AAM1 | I1A4MO 13C 13M2 | 13M1 | 1I3MO
INTE3ALM4| INTALM4 92H R W R oW
enable
0 o | o | o 0 o | o | o
INTALM1 INTALMO
INTALMO &
IA1C IA1M2 | IAIM1 | IA1MO 1A0C IAOM2 | IAOM1 | IAOMO
INTEALMO1| INTALM1 93H R RV R R
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTALM3 INTALM2
INTALM2 &
IA3C IA3M2 | IA3M1 | IA3MO IA2C IA2M2 | IA2M1 | IA2MO
INTEALM23| INTALM3 94H R RV R R
enable
0 0 | 0 | 0 0 0 | 0 | 0
0g INTTAL (TMRA1) INTTAO (TMRAOQ)
INTTA
ITALC ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL| INTTAL 95H R RIW R RIW
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & ITA3C ITASM2 ITASM1 ITASMO ITA2C ITA2M2 | ITA2M1 | ITA2MO
INTETA23| INTTA3 96H R RIW R RIW
enable
0 0 0 0 0 o | o | o
INTRTC
INTRTC IRC IRM2 | IRM1 | IRMO
INTERTC 97H
enable R R/W
0 o | o | o
Interrupt request flag
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol | Name | Address 7 6 5 4 3 2 1 0
INTTXO0 INTRXO
Interrupt
imxoc | imxom2 | mxom1 | imxomo | irxoc | irxom2 | irxom1 | irxomo
INTESO Enable 98H
. R R/W R R/W
serial 0
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 &
ITX1C ITX1IM2 | ITX1IM1 | ITX1MO IRX1C IRX1M2 | IRX1M1 | IRX1MO
INTES1 | INTTX1 99H
R R/W R R/W
enable
0 0 0 0 0 o | o | o
INTSBI
INTESBI
INTES?2 S 9AH ISBIC ISBIM2 | ISBIM1 | ISBIMO
enable R R/W
0 o | o | o
INTTC1 INTTCO
INTTCO &
ircic | ircamz | ireame | meamo | ircoc | ircomz | ircomt | mcomo
INTETCO1 | INTTC1 9BH
R R/W R R/W
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTTC3 INTTC2
INTTC2 &
ircac | imcam2 | ireamt | imeamo | itcoc | imcomz | ircomt | imeamo
INTETC23 | NTTC3 9CH
R R/W R R/W
enable
0 o | o | o 0 o | o | o
INTP1 INTPO
INTPO & IP1C IP1M2 | IP1IM1 | IP1MO IPOC IPOM2 | IPOM1 | IPOMO
INTEPO1 NTP1 9DH
R R/W R R/W
enable
0 o | o | o 0 o | o | o
Interrupt request flag
IXxxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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(2) External interrupt control
Symbol| Name |Address 7 6 5 4 3 2 1 0
— — I3BEDGE 12EDGE I1IEDGE IOEDGE I0LE NMIREE
w
Interrupt 8CH 0 0 0 0 0 0 0 0
input Always Always INT3EDGE | INT2EDGE | INTLEDGE | INTOEDGE | INTO mode | 1: Operates
IIMC mode (Prohibit write 0 write 0 0: Rising 0: Rising 0: Rising 0: Rising 0: Edge even on
control RMW) 1: Falling |1:Falling [1:Falling |1:Falling |1:Level rising/
falling
edge of
NMI

INTO level enable

0 edge detect INT
1 H level INT
NMI rising edge enable
0 INT request generation at falling edge
INT request generation at rising/falling edge
(3) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA start
vector, as given in Table 3.4.1, to the register INTCLR.
For example, to clear the interrupt flag INTO, perform the following register
operation after execution of the DI instruction.
INTCLR « 0AH: 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
control RMW) 0 0 0 0 0 0
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
channel, the channel with the lowest number has a higher priority.

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).

91C824-49 2005-12-16



TOSHIBA TMP91C824
Symbol| Name | Address 7 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO
R/W
DMAOV start 80H
o | o | o | o | o | o
vector
DMAQ start vector
DMAL DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1V0
R/W
DMA1V start 81H
0 | 0 | 0 | 0 | 0 | 0
vector
DMAL start vector
OMAZ DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2V0
R/W
DMA2V start 82H
0 | 0 | 0 | 0 | 0 | 0
vector
DMA?2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3
R/W
DMA3V start 83H
o | o | o | o | o | o
vector
DMAS start vector
(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 7 5 4 3 2 1 0
DMA 8oH DMAR3 DMAR2 DMAR1 DMARO
software o R/IW R/W R/IW RIW
DMAR request (Prohibit 0 0 0
a RMW) 0
register 1: DMA software request
DMAB3 | DMAB2 | DMAB1 | DMABO
DMA
R/W
DMAB burst 8AH
: o | o | o | o
register
1: DMA burst request
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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 (Note) between
accepting and reading the interrupt vector. In this case, the CPU reads the default
vector 0008H and reads the interrupt vector address FFFFO8H.

To avoid the avobe plogram, place instructions that clear interrupt request flags
after a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 1-instructions (e.g., “NOP” x 1 times).

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 O to 1, INTO must then be held at 1 until the
interrupt response sequence has been completed. If INTO is set to
level mode so as to release a halt state, INTO must be held at 1 from
the time INTO changes from 0 to 1 until the halt state is released.
(Hence, it is necessary to ensure that input noise is not interpreted
as a 0, causing INTO to revert to 0 before the halt state has been
released.)
When the mode changes from level mode to edge mode, interrupt
request flags which were set in level mode will not be cleared.
Interrupt request flags must be cleared using the following
sequence.

DI

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

mode to edge mode.

LD (INTCLR), 0AH; Clears interrupt request flag.

NOP ; Wait El instruction

El

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

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

Note: The following instructions or pin input state changes are equivalent to instructions 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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3.5 Port Functions

The TMP91C824 features 56-bit settings which relate to the various /O ports.

As well as general-purpose I/O port functionality, the port pins also have I/O functions
which relate to the built-in CPU and internal I/Os. Table 3.5.1 lists the functions of each port
pin. Table 3.5.2 lists I/O registers and their specifications.

Table 3.5.1 Port Functions
(R: PU = with programmable pull-up resistor/U = with pull-up resistor)

Port Name | Pin Name Num.ber Direction R Dir_ection. Pin Name fqr Built-in
of Pins Setting Unit Function
Port 1 P10 to P17 8 1/0 — Bit D8 to D15
Port 2 P20 to P27 8 Output — (Fixed) A16 to A23
Port 5 P54 1 I/O PU Bit BUSRQ
P55 1 I/0 PU Bit BUSAK
P56 1 I/0 PU Bit WAIT
Port 6 P60 1 Output - (Fixed) CS0
P61 1 Output - (Fixed) Cs1
P62 1 Output - (Fixed) CS2,CS2A
P63 1 Output - (Fixed) CS3
P64 1 Output - (Fixed) EA24,CS2B
P65 1 Output - (Fixed) EA25, CS2C
P66 1 Output - (Fixed) Ccs2b
P67 1 Output - (Fixed) CS2E
Port 7 P70 1 I/0 - Bit SCK,OPTRXO0
P71 1 I/O PU Bit SO/SDA,OPTTXO0
P72 1 I/0 PU Bit SI/SCL
Port 8 P80 to P87 8 Input - (Fixed) ANO to AN7, ADTRG (P83)
Port B PBO 1 110 - Bit TAOIN
PB1 1 110 - Bit TA1OUT
PB2 1 110 - Bit TA30UT
PB3 1 110 - Bit INTO
PB4 1 110 - Bit INT1
PB5 1 110 - Bit INT2
PB6 1 1/0 — Bit INT3
Port C PCO 1 I/0 - Bit TXDO
PC1 1 110 - Bit RXDO
PC2 1 110 - Bit SCLKO/CTso
PC3 1 110 - Bit TXD1
PC4 1 110 - Bit RXD1
PC5 1 110 - Bit SCLK1/CTsL
Port D PD5 1 Output - (Fixed) SCOuUT
PD6 1 Output - (Fixed) ALARM , MLDALM
PD7 1 Output — (Fixed) MLDALM
Port Z Pz2 1 1/0 PU Bit HWR
PZ3 1 1/O PU Bit R/W
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Table 3.5.2 1/O Registers and Specifications (1/2)
. L I/O Register
Port Pin Name Specification
Pn PnCR | PnFC [PnFC2
Port 1 P10 to P17 Input port X 0
(Note 1) Output port X 1 None
D8 to D15 bus X X
Port 2 P20 to P27 Output port X 0
None
A16 to A23 output X 1
Port 5 P54 to P56 Input port (without PU) 0 0 0
Input port (with PU) 1 0 0 None
Output port X 1 0
P54 BUSRQ input (without PU) 0 0 1
BUSRQ input (with PU) 1 0 1
P55 BUSAK output X 1 1
P56 WAIT input (without PU) 0 0
—— None
WAIT input (with PU) 1 0
Port 6 P60 to P64 Output port X 0 0
P60 CSO0 output X 1
P61 CS1 output X 1 None
P62 CS2 output X 1 0
CS2A output X X 1
P63 CS3 output X None 1 None
P64 EA24 output X 1 0
CS2B output X X 1
P65 EA25 output X 1 0
Cs2C output X X 1
P66 CS2D output X 0 1
P67 CS2E output X 0 1
Port 7 P70 to P72 Input port (without PU) 0 0 0 0
Input port (with PU) 1 0 0 0
Output port X 1 0 0
P70 SCK input X 0 0 0
SCK output X 1 1 0
OPTRXO input (Note 2) 1 0 X 1
P71 SDA input X 0 0 0
SDA output (Note 3) X 1 1 0
SO output X 1 1 0
OPTTXO0 output (Note 2) 1 1 X 1
P72 Slinput X 0 0 0
SCL input X 0 0 0
SCL output (Note 3) X 1 1 0
X: Don't care
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Table 3.5.3 I/O Registers and Specifications (2/2)
Port Pin Name Specification 'O Register
Pn | PnCR |PnFC|PnFC2
Port 8 P80 to P87 Input port X
ANO to 7 input (Note 4) X None
P83 ADTRG input (Note 5) X
Port B PBO to PB6 Input port X 0 0
Output port X 1 0
PBO TAOIN input X 0 None
PB1 TAL1OUT output X 1 1
PB2 TA3OUT output X 1 1
PB3 INTO input X 0 1
PB4 INT1 input X 0 1
PB5 INT2 input X 0 1
PB6 INT3 input X 0 1
Port C PCO to PC5 Input port X 0 0
Output port X 1 0
PCO TXDO output (Note 2) 1 1 1
PC1 RXDO input (Note 2) (Note 6) 1 0 None
PC2 SCLKO input (Note 2) 1 0 0 None
SCLKO output (Note 2) 1 1 1
CTS0 input (Note 2) 1 0 0
PC3 TXD1 output (Note 2) 1 1 1
PC4 RXD1 input (Note 2) 1 0 None
PC5 SCLK1 input (Note 2) 1 0 0
SCLK1 output (Note 2) 1 1 1
CTS1 input (Note 2) 1 0 0
Port D PD5 to PD7 Output port X 0
PD5 SCOUT output X 1
PD6 ALARM output 1 None 1
MLDALM output 0 1
PD7 MLDALM output X 1
Port Z PZ2 to PZ3 Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
Pz2 HWR output X 1 1
Pz3 R/W output X 1 1

X: Don't care

Note 1: Port 1 is only use for Port or DATA bus (D8 to D15) by setting AM1 and AMO pins.

Note 2: As for input ports of SIO0 and SIO1 (OPTRX0, OPTTX0, TXD0O, RXD0O, SCLKO, CTS0, TXD1,
RXD1, SCLK1, CTS1), logical selection for output data or input data is determined by the
output latch register Pn of each port.

Note 3:In case using P71 and P72 for SDA and SCL as open-drain ports, set to P7ODE
<ODEP71:72>.

Note 4: In case using P80 to P87 for analog input ports of AD converter, set to ADMOD1 <ADCH2:0>.

Note 5:In case using P83 for ADTRG input port, set to ADMOD1<ADTRGE>.

Note 6: In case using PC1 for RXDO port, set 0 to P7TFC2<P70F2>.
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Note about bus release and programmable pull-up 1/O port pins

When the bus is released (e.g., when BUSAK = 0), the output buffers for DO to D15, A0 to
A23, and the control signals (RD, WR, HWR, R/W and CSO to CS3, EA24, EA25, CS2A to
2E ) are off and are set to high impedance.

However, the output of built-in programmable pull-up resistors are kept before the bus is
released. These programmable pull-up resistors can be selected ON/OFF by programmable
when they are used as the input ports.

When they are used as output ports, they cannot be turned ON/OFF in software.
Table 3.5.4 shows the pin states after the bus has been released.

Table 3.5.4 Pin States (after bus release)

. The Pin State (when the bus is released)
Pin Name .
Port Mode Function Mode
DO to D7 Become high impedance (High-2).
D8 to D15 (P10 to P17) The state is not changed.
(Do not become to high impedance
(High-2).)
AO to A15 First sets all bits to high, then sets them to
high impedance (High-2).
A16 to 23 (P20 to P27) The state is not changed.
(Do not become to high impedance
(High-2).)
RD
WR
R
PZ3 (RIW), C urrer | . ull-u
(D9 QOt become to high impedance resistor is ON irrespective of the output
(High-2).) latch.
P60 (CS0), P61 (CS1),
P62 (CS2, CS2A ), Fﬁrst _sets all bits to_high, then sets them to
P63 (TS3), high impedance (High-2).
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3.5.1 Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P1CR. Resetting the control register P1CR to 0 and sets
port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1 can also function as an
address data bus (D8 to D15).

When AM1 = 0 and AMO = 1, port 10 to 17 always operate data bus function even if it
changes P1CR setting.

~_, Reset
|

Direction control
(on bit basis)

P1CR write

Output latch Port 1

v P10to P17
0
i Output buffer (D8 to D15)

P1 write

Internal data bus

T
L

P1 read

Figure 3.5.1 Port 1
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3.5.2 Port 2 (P20 to P27)
Port 2 is an 8-bit output port. In addition to functioning as a output port, port 2 can also
function as an address bus (A16 to A23).

Each bit can be set individually for address bus using the function register P2FC.
Resetting sets all bits of the function register P2FC to 1 and sets port 2 to address bus.

Reset

"ﬁ S
Function control
(on bits basis)

P2FC write
—l S
Output A

latch

Internal data bus

—— >——{1 Porz

] P20 to P27

P2 write Output buffer (A16 to A23)
d

\[4

P2 read

w
Selector

Internal A16 to A23

Figure 3.5.2 Port 2
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Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) | Read/Write R/W
After reset Data from external port (Output latch register is cleared to 0.)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/write w
After reset o | o | o | o | o | o [ o 0
Function 0: Input  1: Output
| Port 1 1/0O setting
0 Input
1 Output
Port 2 Register
7 6 5 4 3 2 1 0
P2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) | Read/Write RIW
After reset 1 o1 ]2 ] 1 ] 2 | 1 ] a2 1
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) | Read/Write w
After reset 1 |1 ] 2 | 1 ] 1 ] 2 | 1 1
Function 0: Port  1: Address bus (A23 to A16)
Note: Read-modify-write is prohibited for PLCR and P2FC.
Figure 3.5.3 Registers for Ports 1 and 2
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3.5.3

Port 5 (P54 to P56)

Port 5 is an 3-bit general-purpose I/0 port. I/O is set using control register P5CR and
P5FC. Resetting resets all bits of the output latch P5 to 1, the control register P5SCR and
the function register P5FC to 0 and sets P54 to P56 to input mode with pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 5 also functions as I/0O for

the CPU’s control/status signal.

M\

Internal data bus

Reset

—

Direction control

(on bit basis)

)

P5CR write

Function control

(on bit basis)

i

P5FC write {>o—| P-ch (Programmable pull up)

ﬁ S
S A
Output

™ | PS5(BUSAK )

latch

T B
P5 write r
P BUSAK

Selector

Output buffer

P5 read

Figure 3.5.4 Port 5 (P55)
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Reset

4

Direction control

(on bit basis)

1

P5CR write

R

S

o

>

Output

Internal data bus

latch

P5 write

d

T

d

Output buffer

¢ ¢

Lo |

Internal

P5 read

WAIT

Reset

P

Direction control

(on bit basis)

i

P5CR write

Function control

Internal data bus

(on bit basis)

P5FC write

P

S

>o-

Output
latch

P5 write
pd

T

1

Lo |

Internal

P5 read

BUSRQ

Figure 3.5.5 Port 5 (P56, P54)

P-ch (Programmable pull up)

——1 ] P56 (WAIT)

P-ch (Programmable pull up)

——1 | P54 (BUSRQ)
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Port 5 Register

7 6 5 4 3 2 1 0
P5 Bit symbol P56 P55 P54
(000DH) | Read/write R/W
After reset Data from external port

(Output latch register is set to “1".)

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

Function )
1(Output latch register)
. Pull-up resistor ON
Port 5 Control Register
7 6 5 4 3 2 1 0
P5CR Bit symbol P56C P55C P54C
(000AH) Read/Write w
After reset 0 | 0 | 0
Function O: Input  1: Output
1/O setting
0 | Input
1 [ Output
Port 5 Function Register
7 6 5 4 3 2 1 0
P5FC Bit symbol P55F P54F
(000BH) | Read/Write w
After reset 0 0
Function 0: Port 0: Port
1: BUSAK |1: BUSRQ

Note 1: Read-modify-write is prohibited for register PSCR, P5FC.

Note 2: When port 5 is used in the input mode, P5 register controls the built-in pull-up resistor. Read-
modify-write is prohibited in the input mode or the I/O mode. Setting the built-in pull-up resistor
may be depended on the states of the input pin.

Note 3: When P56 pin is used as a WAIT pin, set PSCR<P56C> to 0 and chip select/WAIT control
register BnCS<BnW2:0> to 010.

Figure 3.5.6 Register for Port 5
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3.54

Port 6 (P60 to P67)

Port 60 to 67 are 8-bit output ports. Resetting sets output latch of P62 to 0 and output
latches of P60 to P61, P63 to P67 to 1.

Port 6 also function as chip-select output (CSO to CS3), extend address output (EA24).

Writing 1 in the corresponding bit of P6FC, P6FC2 enables the respective functions.

Resetting resets the P6FC, P6FC2 to 0, and sets all bits to output ports.

If set port 6, be careful of a setting because of chip select function.

Starting memory connects to CS2 pin, but this signal function as P62 after reset.
Therefore initialized value of output data of P62 is set to “0”. If manage chip select by
connection many memory to outside, after program started, must to change port function

to chip select function in this program. If outputted “1” remain port function, program is
not run. Therefore data setting (P6) must to execute after function changing (P6FC).

Reset

v Function
control 2
(on bit basis)

P6FC2 write
Funtion
” control
2 (on bit basis)
o]
3 P6FC write
© S ___
g P60 (CS0),
< Output * A N [ P61(Csi),
lacth Selector L P62 (Cs2,CS2A)
c P63 (CS3),
P6 write P64 (EA24,CS2B)
P65 (EA25, CS2C )
P66 (CS2D )
1,1, CS2A, 1, Cs28 P67 (Cs2E)
P6 read o _ _
N\ CS0, CS1, CS2, CS3, EA24, EA25

Figure 3.5.7 Port 6
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Port 6 Register
7 6 5 4 3 2 1 0
P6 Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0012H) | Read/Write R/W
After reset 1 | o1 ] 1 ] 1 | 1 o | 1 1
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol - - P65F P64F P63F P62F P61F P60OF
(0015H) | Read/write w
After reset o | o 0 0 0 0 0 0
Function Always write 0 O:Port 0: Port 0: Port 0: Port 0: Port 0: Port
1.EA25 1. EA24 |1: CS3 1: Cs2 1. Cs1 1: Cs0
Port 6 Function Register 2
7 6 5 4 3 2 1 0
P6FC2 Bit symbol P67F2 P66F2 P65F2 P64F2 - P62F2 - -
(001BH) |' Read/write w w w w w
After reset 0 0 0 0 0 0 0 0
Function 0: <P67F> | 0: <P66F> | 0: <P65F> | 0: <P64F> Always |0: <P62F> Always write 0
1: CS2E 1: CS2D 1: Cs2C 1: Cs2B write O 1: CS2A
Note: Read-modify-write is prohibited for P6FC and P6FC2.

Figure 3.5.8 Register for Port 6
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3.5.5 Port 7 (P70 to P72)
Port 7 is a 3-bit general-purpose I/O port. I/O can be set on bit basis using the control
register. Resetting sets port 7 to input port and all bits of output latch to 1.
In addition to functioning as a general-purpose I/O port, port 7 also functions as follows.
1. Input/output function for serial bus interface (SCK, SO/SDA.SI/SCL)
2. Input/output function for IrDA (OPTRX0, OPTTX0)

Writing 1 in the corresponding bit of P7TFC, P7TFC2 enables the respective functions.
Resetting resets the P7FC, P7FC2, and P7CR to 0, and sets all bits to input ports.

(1) Port 70 (SCK, OPTRXO0)

Port 70 is a general-purpose I/O port. It is also used as SCK (Clock signal for SIO
mode) and OPTRXO0 (Receive input for IrDA mode of SIO0).

Used as OPTRXO, it is possible to logical invert by P7<P70> = 0.
For port C1, RXDO0 or OPTRXO is used P7TFC2<P70F2>.

Reset
Direction
control
(on bit basis)

P7CR write

Function
control
(on bit basis)

P7FC write

S
Output latch

A S P70 (SCK, OPTRXO0)
Selector N

Internal data bus

P7 write B

SCK output v
S B

1 Selector

N
P7 read

A
1 SCK input «——»
Function

N cor.ltrol 2. lS logical invert
(on bit basis) B
) Selector ‘

P7FC2 write
RXDO | A RXDOPC1

(to SI00) (from PORTC1)

Figure 3.5.9 Port 70
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(2) Port 71 (SO/SDA/OPTTXO0)
Port 71 is a general-purpose I/O port. It is also used as SDA (Data input for 12C
mode), SO (Data output for SIO mode) for serial bus interface and OPTTXO0 (Transmit
output for IrDA mode of SIO0).

Used as OPTTXO, it is possible to logical invert by P7<P71> = 0.

M~ Reset

T

Function
control 2
(on bit basis)

P7FC2 write
"_‘L
Direction

control
(on bit basis)

P7CR write

Function
control
(on bit basis)

P7FC write
1 >o—| P-ch [Programable]

S pull up
Output latch A S

1 Selector — |

P7 write B
Open-drain possible: P71
SO output

_, C
JDJ_) P70ODE<ODEP71> (SO/SDA, OPTTXO0)
TXDO output

Logical invert S g

Internal data bus

[

el Selector
™

P7 read A
!
AN

SDA input

Figure 3.5.10 Port 71

91C824-65 2005-12-16



TOSHIBA TMP91C824

(3) Port 72 (SI/SCL)
Port 72 is a general-purpose I/O port. It is also used as SI (Data input for SIO
mode), SCL (Clock input/output for I12C mode) for serial bus interface and input for
release hard protect.
Reset
Direction

control
(on bit basis)

0
P7CR write

Function
control
(on bit basis)

P7FC write g
>So— Programable
P-ch [pull up ]

S

Output latch _|—>A S
Selector II>—>—|:| P72 (SI/SCL)

Open-drain possible:
SCL output™ gl P7ODE<ODEP72>

P7 write

Internal data bus

S B
bd Selector

‘rl

P7 read A

Sl input <,‘
scL in|out<—<]—I

Figure 3.5.11 Port 72
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Port 7 Register
5 4 3 2 1 0
P7 Bit symbol P72 P71 P70
(0013H) | Read/Write R/W
After reset Data from external port
(Output latch register is set to “1".)
Function 0(Output latch register)
. Pull-up resistor ON
1(Output latch register)
: Pull-up resistor OFF
Port 7 Control Register
5 4 3 2 1 0
P7CR Bit symbol pP72C P71C pP70C
(0016H) | Read/Write w
After reset 0 | 0 0
Function 0: Input  1: Output
Port 7 Function Register
5 4 3 2 1 0
P7FC Bit symbol P72F P71F P70F
(0017H) | Read/Write W
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: SCL 1: SDA/SO [ 1: SCK
output output output
Port 7 Function Register 2
5 4 3 2 1 0
P7FC2 Bit symbol — P71F2 P70F2
(001CH) | Read/write W
After reset 0 0 0
Function Always 0: <P71F> [SIO0 RXD
write 0 1: OPTTXO0 | pin select
output [ o: rxpo (Pc1)
1: OPTRX0
(P70)
Port 7 ODE Register
5 4 3 2 1 0
pP70ODE | Bit symbol ODEP72 | ODEP71
(001FH) | Read/Write W
After reset 0 | 0
Function 0: 3 states
1: Open drain
Note: Read-modify-write is prohibited for P7CR, P7FC, P7FC2 and P7ODE.
Figure 3.5.12 Register for Port 7
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3.5.6  Port 8 (P80 to P87)

Port 8 is an 8-bit input port and can also be used as the analog input pins for the
internal AD converter. P83 can also be used as ADTRG pin for the AD converter.

N\
ﬂ D Port 8
2 P80 to P87
>
ﬁ Port 8 read (ANO to AN7)
©
©
©
c
Q
<
Conversion
AD Channel
result || L
] converter selector
register
AD read
I~
ADTRG <]
(for P83 only)
Figure 3.5.13 Port 8
Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H) Read/Write R
After reset Data from external port

Note: The input channel selection of AD converter and the permission of ADTRG input are set by

AD converter mode register ADMODL1.

Figure 3.5.14 Register for Port 8
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3.5.7 Port B (PBO to PB6)

Port BO to PB6 is a 7-bit general-purpose 1/O port. Each bit can be set individually for
input or output. Resetting sets port B to be an input port.

In addition to functioning as a general-purpose I/O port, port BO has clock input
terminal TAOIN of 8-bit timer 0, and port B1, B2 each has facility of 8-bit timer listing
TA10UT, TA3OUT terminal. And, port B3 to B6 has each external interruption input
facility of INTO to INTS3. Edge selection of external interruption is establishes by IIMC
register in the interrupt controller.

Timer output function and external interrupt function can be enabled by writing 1 to
the corresponding bits in the port B function register (PBFC). Resetting resets all bits of
the registers PBCR and PBFC to 0, and sets all bits to be input ports.

(1) PBO to PB2
Reset
N\
Direction control
(on bits basis)
PBCR write
S PBO (TAOIN)
Output latch v D
T
PB write S B
ﬂ Selector
PB read
A
TAOIN
Reset
2]
a2 Direction Control
8 (on bits basis)
©
o D)
o PBCR write
5
e
- Function control
(on bits basis)
T
PBFC write
S
Output latch ‘L
T A S
PB write
Selector > [IpB1 (TALOUT)
Timer F/F OUT B PB2 (TASOUT)
TALOUT: TMRAL
TA30UT: TMRA3 B
4 Selector
I~ PB read s A
[

Figure 3.5.15 Port BO to B2
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Reset

(2) PB3 (INTO0), PB4 (INT1) to PB6 (INT3)

Y
Direction control
(on bits basis)
T
PBCR write
9 Function control
o (on bits basis) [ |
ol
3 T
§ PBFEC write
5]
= s
Output latch
T P * PB3 (INTO
PB write L D ( )
| —
S B
1
< Selector
I~ PB read A
Level/edge select
Rising/falling select
IIMC<IOLE, IOEDGE>
Figure 3.5.16 Port B3
~, Reset
Direction control
(on bits basis)
T
) PBCR write
9 Function control
Q (on bits basis) [ |
©
o
©
© PBFEC write
£
[J]
£ S
Output latch
D PB4 to PB6
PB write L (INT1 to INT3)
| —
S B
1
<1 Selector
N PB read A

Rising/falling

INTO to INTs——(__ || edg

e detection

IIMC<I1EDGE, I12EDGE, ISBEDGE>

i

Figure 3.5.17 Port B4 to B6
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Port B Register
6 5 4 3 2 1 0
PB Bit symbol PB6 PB5 PB4 PB3 PB2 PB1 PBO
(0022H) | Read/Write R/W
After reset Data from external port (Output latch register is set to “1".)
Port B Control Register
6 5 4 3 2 1 0
PBCR Bit symbol PB6C PB5C PB4C PB3C pPB2C PB1C PBOC
(0024H) I Read/write w
After reset 0 o | o | o [ o 0 0
Function O: Input  1: Output
Port B Function Register
6 5 4 3 2 1 0
PBFC Bit symbol PB6F PB5F PB4F PB3F PB2F PB1F
(0025H) | Read/Write w
After reset 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT3 1: INT2 1:INT1 1: INTO 1: TA30OUT |1: TAlLOUT

Note 1: Read-Modify-Write is prohibited for the registers PBCR and PBFC.

Note 2: PBO/TAOIN 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 3.5.18 Register for Port B
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3.5.8

Port C (PCO to PC5)

Port CO to C5 are 6-bit general-purpose I/0 ports. Each bit can be set individually for
input or output. Resetting sets PCO to PC5 to be an input ports. It also sets all bits of the
output latch register to 1.

In addition to functioning as general-purpose I/O port pins, PCO to PC5 can also
function as the I/0 for serial channels 0 and 1. A pin can be enabled for I/O by writing 1 to
the corresponding bit of the port C function register (PCFC).

Resetting resets all bits of the registers PCCR and PCFC to 0 and sets all pins to be
input ports .

(1) Port CO, C3 (TXDO/TXD1)

As well as functioning as I/O port pins, port CO and C3 can also function as serial
channel TXD output pins. In case of use TXD0/TXD1, it is possible to logical invert by
setting the register PC<PCO, 3>.

And port CO to C3 have a programmable open-drain function which can be
controlled by the register PCODE<ODEPCO, 3>.

~, Reset

Ditection control
(on bit basis)

)
PCCR write

Function control
(on bit basis)

)
PCFC write

Internal data bus

LS| S » A S

Qutput latch
Selector [>——+—1{1 Pco (Txpo)

T
PC write Logical invert
O
!

B T Open-drain PC3 (TXD1)
set possible
TXDO, TXD1 S B

PCODE<ODEPCO, 3>

N Selector
~ PC read A

Figure 3.5.19 Port CO and C3
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(2

(3

Port C1, C4 (RXD0, RXD1)

Port C1 and C4 are I/0O port pins and can also is used as RXD input for the serial

channels. In case of use RXDO0/RXD1, it is possible to logical invert by setting the
register PC<PC1, 4>.

And input data of SIOO can be select from RXDO/PC1 pin or OPTRX0/P70 by
setting the register PCFC2<P70F2>.

N\

Reset

Ditection control

(on bit basis)

A
PCCR write

S

Internal data bus

Output latch
1

PC write
p

Port C2 (CTS0, SCLKO0), C5 (CTS1, SCLK1)

RXDOPC1,

-~
PC read

S Bl«e—

Selector

A

RXD1 ( (E

Logical invert

Figure 3.5.20 Port C1 and C4

PC1 (RXDO)
PC4 (RXD1)

Port C2 and C4 are I/O port pins and can also is used as CTS input or SCLK
input/output for the serial channels. In case of use CTS, SCLK, it is possible to logical

invert by setting the register PC<PC2, 5>.

Reset

Logical B
W
<
SCLKO,— I

A S

Selector

Y
Ditection control
(on bit basis)
[
PCCR write
Function control
17 (on bit basis)
]
2 1
g PCFC write
©
g S
[J)
£ [] Output latch
T
PC write
SCLK1 output

S B

N

PC read

CTs0, CTsl <—<:@_

SCLKO, SCLK1 input

Selector

A

Logical invert

Figure 3.5.21 Port C2 and C5

PC2 (SCLKO, TTS0)
PC5 (SCLK1, CTs1)
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Port C Register
7 5 4 3 2 1 0
PC Bit symbol PC5 PC4 PC3 pPC2 PC1 PCO
(0023H) | Read/Write R/W
After reset Data from external port (Output latch register is set to “1".)
Port C Control Register
7 5 4 3 2 1 0
Bit symbol PC5C pc4ac PC3C pPcC2C PC1C pPcCoC
PCCR Read/Write W
(0026H) | After reset o [ o | o | o 0 0
Function O: Input  1: Output
Port C Functon Register
7 5 4 3 2 1 0
PCFC Bit symbol PC5F PC3F PC2F PCOF
(0027H) | 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
Port C ODE Register
7 5 4 3 2 1 0
Bit symbol ODEPC3 ODEPCO
pcoDE | Read/Write w w
(0028H) | After reset 0 0
Function TXD1 TXDO
0: CMOS 0: CMOS
1: Open 1: Open
drain drain

Note 1: Read-modify-write is prohibited for the registers PCCR, PCFC and PCODE.

Note 2: PC1/RXD0, PC4/RXD1 pins do not have a register changing PORT/FUNCTION. For
example, when it is used as an input port, the input signal is inputted to SIO as the cereal

receive data.

Figure 3.5.22 Register for Port C
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3.5.9

Port D (PDO to PD7)

Port D is an 8-bit output port. Resetting sets the output latch PD to 1, and PD5 to PD7
pin output 1.

In addition to functioning as output port, port D also function as output pin for output
pin for internal clock (SCOUT), output pin for RTC alarm (ALARM) and output pin for
melody/alarm generator (MLDALM, MLDALM ). Above setting is used the function
register PDFC.

Only PD6 has two output functions which ALARM and MLDALM . This selection is used
PD<PD6>. Resetting resets the function register PDFC to 0, and sets all ports to output
ports.

M\
Reset
‘ l
Function control
8 (on bit basis)
o)
g T
§ PDFC write
g ﬁ S
Q
e Al o
= Output latch |—¢ S '|> "] PD7 (MLDALM)
Bl € Output buffer
T (]
PD write |_)
MLDALM
2V PD read

Figure 3.5.23 Port D

Reset —1—1(

Function control
(on bit basis)

PDFC write

I
S S
Output latch A

Y > [ ]PDs (scouT)
1 Selector
PD write B

1

Internal data bus

jd
PD read

Fs clock— A v
Selector
fsys clock—B S

I\ SYSCR2<SCOSEL>

Figure 3.5.24 Port D
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Y
Reset _0—¢
Function control
(on bit basis)
PDFC write
]
8 S S
ﬁ Output latch A
© Y '|> D PD6 (ALARM ,
= 7 Selector MLDALM )
E PD write B
s .
= N
PD read
MLDALM — A S v
Selector
ALARM —>B
N
Figure 3.5.25 Port D
Port D Register
7 6 5 4 3 2 1 0
PD Bit symbol PD7 PD6 PD5
(0029H) | Read/write R/W
After reset 1 1 | 1
Port D Function Register
7 6 5 4 3 2 1 0
PDFC Bit symbol PD7F PD6F PD5F
(002AH) | Read/Write w
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: MLDALM |1: ALARM | 1: SCOUT
at <PD6>=1
1: MLDALM
at <PD6>=0
Note: Read-modify-write is prohibited for the registers PDFC.

Figure 3.5.26 Register for Port D
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3.5.10

Port Z (PZ2 to PZ3)
Port Z is the 2-bit general-purpose I/0 port. I/O is set using control register PZCR and
PZFC. Resetting resets all bits of the output latch PZ to 1.

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

Resetting initializes PZ2 and PZ3 pins to input mode with pull-up resistor.

When the PZ<RDE> register clearing to 0,outputs the RD strobe (used for the peused
static RAM) of the RD pin even when the internal addressed.

If the <RDE> remains 1, the RD strobe signal is output only when the external address
are is accessed.
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Internal data bus

Internal data bus

Reset

4

Direction control
(on bit basis)

)

PZCR write

Function conrtol
(on bit basis)

1

PZFC write

S

latch

Output

>0+

N

I

PZ write

Selector

‘_lm >

I
z
by

d

Output buffer

]

i
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Figure 3.5.27 Port Z (PZ2, PZ3)

P-ch (Programmable pull up)

——— |Pz3 (RIW)

91C824-78

2005-12-16



TOSHIBA TMP91C824

Port Z Register

7 6 5 4 3 2 1 0
Pz Bit symbol Pz3 Pz2 RDE
(007DH) | Read/Write RIW RIW
After reset Data from external port 1
(Output latch register
is setto “1".)
Function 0(Output latch register)

: Pull-up resistor OFF
1(Output latch register)
: Pull-up resistor ON

Port Z Control Register

7 6 5 4 3 2 1 0
PZCR Bit symbol Pz3C Pz2C
(007EH) | Read/Write W
After reset 0 | 0
Function 0: Input  1: Output

Port Z Function Register

7 6 5 4 3 2 1 0
PZFC Bit symbol - PZ3F PZ2F
(007FH) | Read/write w w
After reset 0 0 0
Function Always 0: Port 0: Port
write 0 LRIW |1 AWR

—> HWR setting

PZFC<PZ2F> (1
PZCR<Pz2C> (1

Note 1: Read-modify-write is prohibited for registers PZCR and PZFC.

Note 2: When port Z is used in input mode, the PZ register controls the built-in pull-up resistor. Read-
modify-write is prohibited in input mode or /O mode. Setting the built-in pull-up resistor may be
depended on the states of the input pin.

Figure 3.5.28 Port Register for Port Z
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3.6

Chip Select/Wait Controller

On the TM91C824, four user-specifiable address areas (CS0 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 CS3 (which can also function as port pins P60 to P63) are the respective

output pins for the areas CSO to CS3. When the CPU specifies an address in one of these areas,
the corresponding CS0 to CS3 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 6
function register P6FC must be set.

CS2A To CS2E (CS pin except CSO toCS3) are made by MMU.

These pins are CS pin that area and BANK value is fixed without concern in setting of
CS/WAIT controller.

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/disable status the data bus width and the number of waits for each address
area.

The input pin controlling these states is the bus wait request pin (WAIT ).

3.6.1  Specifying an Address Area

The CSO0 to CS3 address areas are specified using the start address registers (MSARO to
MSARS3) and memory address mask registers (MAMRO to MAMRS3).

At each bus cycle, a compare operation is performed to determine if the address on the
specified a location in the CSO 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 to CS3 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 3.6.2 “Chip Select/Wait Control
Registers”.)
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(1) Memory start address registers

Figure 3.6.1 shows the memory start address registers. The memory start address
registers MSARO to MSARS3 set the start addresses for the CS0O to CS3 areas. Set the
upper 8 bits (A23 to A16) of the start address in <S23:16>. The lower 16 bits of the
start address (A15 to AQO) are permanently set to 0. Accordingly, the start address can
only be set in 64-Kbyte increments, starting from 000000H. Figure 3.6.2 shows the
relationship between the start address and the start address register value.

Memory Start Address Registers (for areas CS0 to CS3)

7 6 5 4 3 2 1 0
MSARO/MSARl Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
(00C8H)/* (00CAH) Read/Write R/W
MSARZ/MSARs After reset 1 | o1 2 1 1 1 ] 12 | 1 ] 1
(00CCH)/" (00CEH) Function Determines A23 to A16 of start address.
[ ° |
T—> Sets start addresses for areas CSO0 to CS3.
Figure 3.6.1 Memory Start Address Register
ogg((j)[)eoslj Start address Value in start address register (MSARO to MSAR3)
loakoyes L onooom .. O0H
e———010000H ......0evveerrrnnnnn 01H
e———020000H ......ccvcurreenenn. 02H
e 030000H .......0eeverrrunnn 03H
———040000H .......c0eeverrrnnnn 04H
e———050000H ......ccrcvrreenenn. 05H
[ 060000H .........cecerrunnnn 06H
to to
FFFFFFH k—— FFOOOOH ........cccvennn FFH

Figure 3.6.2 Relationship between Start Address and Start Address Register Value
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(2) Memory address mask registers
Figure 3.6.3 shows the memory address mask registers. Memory address mask
registers MAMRO to MAMR3 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 MAMRO to MAMR3. 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 CSO to CS3 areas. Accordingly, the size that can be each area
1s different.
Memory Address Mask Register (for CS0 area)
7 6 5 4 3 2 1 0
MAMRO | Bit symbol V20 V19 V18 V17 V16 V15 V14 to V9 V8
(00C9H) | Readwrite R/W
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function Sets size of CS0 area 0: Used for address compare
Range of possible settings for CSO area size: 256 bytes to 2 Mbytes
Memory Address Mask Register (CS1)
7 6 5 4 3 2 1 0
MAMR1 | Bit symbol V21 V20 V19 V18 V17 V16 V15 to V9 V8
(00CBH) Read/Write
After reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function Sets size of CS1 area 0: Used for address compare
Range of possible settings for CS1 area size: 256 bytes to 4 Mbytes.
Memory Address Mask Register (CS2, CS3)
7 6 5 4 3 2 1 0
MAMR2  /MAMR3 | gt symbol V22 v21 V20 V19 V18 V17 V16 V15
(00CDH)/ (00CFH) Read/Write R/W
After reset 1 1 | 1 | 1 | 1 | 1 | 1 1
Function Sets size of CS2 or CS3 area  0: Used for address compare
Range of possible settings for CS2 and CS3 area sizes: 32 Kbytes to 8 Mbytes.
Figure 3.6.3 Memory Address Mask Registers
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(3) Setting memory start addresses and address areas

Figure 3.6.4 show an example of specifying a 64-Kbyte address area starting from
010000H using the CSO0 areas.

Set 01H in memory start address register 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 CS0O 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.

I O O B T B I I I I I I I B I I I T Vo
l 0 | 1 | F | F | F | F | H end
address
CSO area
size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MSARO|0|O|O|O|O|O|O|1| Memory
| 0 | 1 |H start
) address

V20V19V18V17 V16 V15 V14 to V9 v8
- . - . 1
MSMRO:0:0:0:0fofofofof1]1 1 1 1 1 1f1]1 1 1 1 1 1 1 1!  memoryaddress
| 0 | 7 | H mask register
setting

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

Figure 3.6.4 Example Showing How to Set the CS0O Area

After a reset, MSARO to MSAR3 and MAMRO to MAMR3 are set to FFH.
BOCS<BOE>, B1CS<B1E> and B3CS<B3E> are reset to 0. This disabling the CSO,
CS1 and CS3 areas. However, as B2CS<B2M> to 0 and B2CS<B2E> to 1, CS2 is
enabled from 000FEOH to 0O00FFFH to 003000H to FFFFFFH in TMP91C824. Also,
the bus width and number of waits specified in BEXCS are used for accessing
addresses outside the specified CS0O to CS3 area. (See 3.6.2 “Chip Select/Wait Control
Registers”.)
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(4) Address area size specification

Table 3.6.1 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 mask register 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 ) 128 Kbytes
020000H 128 Kbytes
Any of these addresses may be set as the start address.
040000H 128 Kbytes
060000H

b. Invalid start addresses

000000H <«——This is not an integer multiple of the desired area size
setting. Hence, none of these addresses can be set as

010000H 128 Kbytes the start address.

64 Kbytes

030000H 128 Kbytes

| A A

050000H

Table 3.6.1 Valid Area Sizes for Each CS Area

Size (Bytes)
256 512 | 32K | 64K [128K 256 K |512 K| 1M 2M 4 M 8M
CS Area
CS0 o o o o A A A A A
CS1 o A A A A A A
CS2 o A A A A A A A
CS3 o A A A A A A A

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

3.6.2  Chip Select/Wait Control Registers

Figure 3.6.5 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.
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7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
(00COH) Read/Write W W
After reset 0 o | o 0 o | o | o
51%3?&_ Function 0: Disable Chip select output Data bus | Number of waits
write 1: Enable waveform selection width 000: 2 waits 100: Reserved
:;”UC“O”S 00: For ROM/SRAM | 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited. 01: 1: 8 bits 010: (1 + N) waits 110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: }
B1CcS | Bit symbol B1E BIOM1 | B1OMO | B1BUS | Biw2 | Biwl | BIWO
(00C1H) | Read/write W W
After reset 0 o | o 0 o | o | o
2%3?&_ Function 0: Disable Chip select output Data bus | Number of waits
write 1: Enable waveform selection width 000: 2 waits 100: Reserved
rrztfuctions 00: For ROM/SRAM | 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited. 01: 1: 8 bits 010: (1 + N) waits 110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: }
B2CS | Bit symbol B2E Bov | B2om1 | B2oMo | B2BUS | Bow2 | Bowi | Bowo
(00C2H) Read/Write W
After reset 1 0 0 | 0 0 0 | 0 | 0
2%3%_ Functions 0: Disable | CS2 area | Chip select output Data bus | Number of waits
write 1: Enable | selection waveform selection width 000: 2 waits 100: Reserved
Z;UUC“OHS 0: 16-Mbyte| 00: For ROM/SRAM | 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited. area 01: 1: 8 bits 010: (1 + N) waits 110: 4 waits
1: CS area | 10: Don't care 011: 0 waits 111: 8 waits
11: }
B3CS Bit symbol B3E B3OM1 | B3OMO B3BUS B3W2 | B3W1 | B3WO
(00C3H) | Read/Write W W
After reset 0 o | o 0 o | o | o
2%3%_ Functions 0: Disable Chip select output Data bus | Number of waits
write 1: Enable waveform selection width 000: 2 waits 100: Reserved
instructions 00: For ROM/SRAM 0: 16 bits | 001: 1 wait 101: 3 waits
fﬂﬁhibited_ 01: 1: 8 hits 010: (1 + N) waits 110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11: }
BEXCS | Bit symbol BEXBUS | BEXW2 | BEXW1 | BEXWO
(00C7H) Read/Write W
After reset 0 0 | 0 | 0
Eiz?f;/_ Functions Data bus | Number of waits
write width 000: 2 waits 100: Reserved
instructions 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited. 1:8bits | 010: (1 + N) waits 110: 4 waits
011: 0 waits 111: 8 waits
N — !
Master enable bit Chip select output '
waveform selection Number of address area waits
0_|Enable 00 | For ROM/SRAM (See 3.6.2, (3) Wait control.)
1 |Disable o1
cS2 area selection 10 | Don't care L Data bus width selection
0 | 16-Mbyte area 11 16-bit data bus
1 | Specified address area 1 |8-bit data bus

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

Bit 7 (<BOE>, <B1E>, <B2E> or <B3E>) of a chip select/wait control register is the
master bit which is used to enable or disable settings for the corresponding address
area. Writing 1 to this bit enables the settings. Reset disables (Sets to 0) <BOE>,
<B1E> and <B3E>, and enabled (Sets to 1) <B2E>. This enables area CS2 only.

(2) Data bus width selection
Bit 3 (<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 1s known as dynamic bus sizing. For details of this bus operation see Table
3.6.2.

Table 3.6.2 Dynamic Bus Sizing

Operand Data | Operand Start | Memory Data CPU Data
Bus Width Address Bus Width CPU Address D15 t
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 b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to 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

Walit control

Bits 0 to 2 (<BOWO0:2>, <B1W0:2>, <B2W0:2>, <B3W0:2>, <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 3.6.3 Wait Operation Settings

<BxW2:0> | Number of Waits Wait Operation
000 2 Inserts a wait of 2 states, irrespective of the WAIT pin state.
001 1 Inserts a wait of 1 state, irrespective of the WAIT pin state.
010 1 +N) Samples the state of the WAIT pin after inserting a wait of 1 state. If

the WAIT pin is low, the waits continue and the bus cycle is extended
until the pin goes high.

011 0 Ends the bus cycle without a wait, regardless of the WAIT pin state.
100 Reserved Invalid setting

101 3 Inserts a wait of 3 states, irrespective of the WAIT pin state.

110 4 Inserts a wait of 4 states, irrespective of the WAIT pin state.

111 8 Inserts a wait of 8 states, irrespective of the WAIT pin state.

A reset sets these bits to 000 (2 waits).

(4)

(5)

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

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

Selecting 16-Mbyte area/specified address area

Setting B2CS<B2M> (Bit 6 of the chip select/wait control register for CS2) to 0
designates the 16-Mbyte area 0O00FEOH to 000FFFH, 003000H to FFFFFFH as the
CS2 area. Setting B2CS<B2M> to 1 designates the address area specified by the start
address register MSAR2 and the address mask register MAMR2 as CS2 (e.g., if
B2CS<B2M> = 1, CS2 is specified in the same manner as CS0, CS1 and CS3 are).

A reset clears this bit to 0, specifying CS2 as a 16-Mbyte address area.
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(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registers in the following

order:

1. Set the memory start address registers MSARO to MSARS.
Set the start addresses for CS0 to CS3.

2. Set the memory address mask registers MAMRO to MAMRS3.
Set the sizes of CS0 to CS3.

3. 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 CS0O to CS3.

The CSO to CS3 pins can also function as pins P60 to P63. To output a chip
select signal using one of these pins, set the corresponding bit in the port 6
function register P6FC to 1.

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

area address, the CPU accesses the internal address area and no chip select
signal is output on any of the CS0 to CS3 pins.

Setting example:

In this example CSO is set to be the 64-Kbyte area 010000H to O1FFFFH. The bus
width 1s set to 16 bits and the number of waits is set to 0.

MSARO=01H Start address: 010000H
MAMRO =07H  Address area: 64 Kbytes
BOCS = 83H ROM/SRAM, 16-bit data bus, 0 waits, CS0O area settings enabled.
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TMP91C824

Connecting External Memory

Figure 3.6.6 shows an example of how to connect external memory to the TMP91C824.
In this example the ROM is connected using a 16-bit bus. The RAM and I/O are

connected using an 8-bit bus.

CSo

Cs1

cs2
A0

Address bus

U

4

cs

to

A23

D8

Upper byte
ROM

OE OE

Lower byte
ROM

8lP—

8-bit
RAM

U

8-bit
I/

[©] [©]

D15

DO

yial
3

I

Rl
%

LK

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

A reset clears all bits of the port 6 control register P6CR and the port 6 function
register P6FC to 0 and disables output of the CS signal. To output the CS signal, the

appropriate bit must be set to 1.

TMP91C824F 16-bit SRAM

RD OE

I 0—D—) ibs

WR 74AC08

AR L — 1 ) Ups
R/W R/W
CSo CE

D [15:0] /0 [16:1]

A0 |——— Not connect
Al A0
A2 Al
A3 A2

Figure 3.6.7 Example of External Memory Connection (RAM and I/O use 16-bit bus)
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3.7

8-Bit Timers (TMRA)

The TMP91C824 features 4 channel (TMRAO to TMRAS) built-in 8-bit timers.
These timers are paired into 2 modules: TMRAO1 and TMRAZ23. 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  8-bit 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 3.7.1 to Figure 3.7.2 show block diagrams for TMRAO1 and TMRA23.

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-flop condition are controlled by 5-byte registers.

We call control registers SFRs: Special function registers.

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

The contents of this chapter are as follows.

3.7.1 Block Diagrams
3.7.2 Operation of Each Circuit

3.7.3 SFRs

3.7.4 Operation in Each Mode
(1) 8-bit timer mode
(2) 16-bit timer mode

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

(4) 8-bit PWM (Pulse width modulation) output mode

(5) Settings for each mode

Table 3.7.1 Registers and Pins for Each Module

Timer mode register

TA0LMOD (0104H)

Module TMRAOQO1 TMRA23
Input pin for external clock TAOIN None
. (shared with PBO)
External pin
Output pin for timer flip-flop TA10UT TA30UT
(shared with PB1) (shared with PB2)
Timer run register TAO1RUN (0100H) | TA23RUN (0108H)
) . TAOREG (0102H) TA2REG (010AH)
SFR Timer register
TA1REG (0103H) TA3REG (010BH)
(Address)

TA23MOD (010CH)

Timer flip-flop control register

TALFFECR (0105H)

TA3FFCR (010DH)
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Block Diagrams

3.7.1
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Figure 3.7.1 TMRAO1 Block Diagram
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3.7.2
1

Operation of Each Circuit

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<TAO1PRUN> in the
timer control register. Setting <TAO1PRUN> to 1 starts the count; setting
<TAO1PRUN> to O clears the prescaler to zero and stops operation. Table 3.7.2 shows
the various prescaler output clock resolutions.

Table 3.7.2 Prescaler Output Clock Resolution
at fc = 33 MHz, fs = 32.768 kHz

System Clock | Prescaler Clock Prescaler Output Clock Resolution
) ) Gear Value
Selection Selection SYSCR1
SYSCR1 SYSCRO <GEAR2:0> ¢T1 0T4 ¢T16 0T256
<SYSCK> <PRCK1:0>
1 (fs) XXX 2°Mfs (244 ps) | 2°%fs (977 ps) | 27/fs (3.9 ms) [2"/fs (62.5 ms)
000 (fc) 2%fc (0.2 us) | 2°c (1.0 ps) | 27Hc (3.9us) | 2'/c (62.1 ps)
00 001 (fc/2) 2ffc (0.5 us) | 2%fc (1.9 ps) | 2%fc (7.8 ps) [2"fc (248.2 ps)
(frPH) 010 (fc/4) 2%fic (1.0 us) | 27/fc (3.9 us) | 2%fc (15.5 ps) [2"¥/fc (496.5 ps)
0 (fc) 011 (fc/8) 2%c (1.9 ps) | 2%fc (7.8 us) |2"%c (31.0 us)| 2"fc (1024 ps)
100 (fc/16) 2'lfc (3.9 pus) | 2%fc (15.5 us) | 2" fc (62.1 us)| 2"%/fc (993 ps)
10 XXX 27ffic (3.9 us) | 2°fc (15.5 ps) |2 (62.1 ps)| 2"/fc (993 us)
(fc/16 clock)

xxx: Don’t care

(2

Up counters (UCO and UC1)

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

The input clock for UCO is selectable and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4 or ¢T16. The clock setting
is specified by the value set in TAOIMOD<TAOCLK1:0>.

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

For each interval timer the timer operation control register Dbits
TAO1IRUN<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
timers.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers which can be used to set a time interval. When the value
set in the timer register TAOREG or TA1IREG matches the value in the corresponding
up counter, the comparator match detect signal goes active. If the value set in the
timer register is 00H, the signal goes active when the up counter overflows.

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

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

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

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

buffer, write data to the timer register, set <TAORDE> to 1, and write the following
data to the register buffer. Figure 3.7.3 show the configuration of TAOREG.

Timer registers 0 (TAOREG) B
AN (_G:(_(_Matching detection in PPG cycle
Y 2" overflow of PWM
Shift trigger Selector
N Write to TAOREG
Register buffers 0 S
AN
Write
Internal data bus { TAO1RUN<TAORDE>

Figure 3.7.3 Configuration of TAOREG

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

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

The address of each timer register is as follows.

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

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

(5)

Comparator (CP0)

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<TA1FFIE> in the timer flip-flop control register.

A reset clears the value of TA1FF1 to 0.

Writing 01 or 10 to TA1IFFCR<TA1FFC1:0> sets TA1FF to 0 or 1. Writing 00 to
these bits inverts the value of TA1FF. (This is known as software inversion.)

The TA1FF signal is output via the TA1OUT pin (Concurrent with PB1). When this
pin is used as the timer output, the timer flip-flop should be set beforehand using the
port B function register PBCR, PBFC.

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

required as explained below.

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

For this reason, make sure that in PWM mode new data is written to the register buffer
by six cycles (fsys x 6) before the next overflow occurs by using an overflow interrupt.

In the case of using PPG mode, make sure that new data is written to the register buffer
by six cycles before the next cycle compare match occurs by using a cycle compare
match interrupt.

Example when using PWM mode

Match between
TAOREG and up-counter

2" overflow interrupt
(INTTAO)

TA1OUT

A |
/H( Al
AN

tpwm \I_,

(PWM cycle) T

—

:

Desired PWM cycle
change point

[}
!
1
1
1
1
1
1
1
1
1

Write new data to the register buffer
before the next overflow occurs by
using an overflow interrupt
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3.7.3 SFRs
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1RUN | Bit symbol TAORDE 12TAO01 TAO1PRUN| TAIRUN | TAORUN
(0100H) | Read/Write RIW RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
TAOREG double buffer control |—> Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
12TAO01: Operation in IDLE2 mode
TAO1PRUN: Run prescaler
TAIRUN: Run TMRAl1
TAORUN: Run TMRAO
Note: The values of bits 4, 5, 6 of TAOLRUN are undefined when read.
TMRAZ23 Run Register
7 6 5 4 3 2 1 0
TA23RUN | Bit symbol TA2RDE 12TA23 | TA23PRUN [ TASRUN | TA2RUN
(0108H) | Read/write | R/W RIW
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
TA2REG double buffer control L Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
12TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler
TA3RUN: Run TMRA3
TA2RUN:  Run TMRA2
Note: The values of bits 4, 5, 6 of TA23RUN are undefined when read.

Figure 3.7.4 TMRA Registers
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAOLIMOD| Bit symbol TAO1M1 TA01MO PWMO1 PWMO0O | TALCLK1 | TA1CLKO [ TAOCLK1 | TAOCLKO
(0104H) Read/Write R/IW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRAL | Source clock for TMRAQ
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2’ 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: $T256 11: ¢T16

]

|—> TMRAO source clock selection

00 |TAOIN (External input)
01 |¢T1 (Prescaler)
10 [¢T4 (Prescaler)
11 [¢T16 (Prescaler)
—>TMRAL source clock selection
TAO1MOD TA01MOD
<TA01M1:0> = 01 <TA01M1:0> =01
00 Comparator Overflow output from
output from TMRAO TMRAO
01 ¢T1
10 $T16
11 $T256 (16-bit timer mode)
L PWM cycle selection
00 |Reserved
01 [2° x source clock
10 |27 x source clock
11 | 2® x source clock
TMRAO1 operation mode selection
00 | Two 8-bit timers
01 |16-bittimer
10 |8-bit PPG
11 | 8-bit PWM (TMRAOQ) + 8-bit timer (TMRA1)

Figure 3.7.5 TMRA Registers
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TMRAZ23 Mode Register

7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 [ TA23MO0 PWM21 PWM20 | TA3CLK1 [ TASCLKO | TA2CLK1 | TA2CLKO
(010CH) Read/Write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS3 clock for TMRA3 | TMRA2 clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2° 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: ¢T256 11: ¢T16
I .

I

|—> TMRAZ2 source clock selection
00 | Do not set

01 |¢T1 (Prescaler)

10 [¢T4 (Prescaler)

11 [¢T16 (Prescaler)

—> TMRAZ3 source clock selection

TA23MOD TA23MOD
<TA23M1:0> = 01 <TA23M1:0> =01

00 |Comparator output Overflow output from
from TMRA2 TMRA2

01 |[¢T1

10 [¢T16

11 |¢T256 (16-bit timer mode)

—— > PWM cycle selection

00 [Reserved
01 [2° x source clock

10 |2 x source clock

11 |[2® x source clock

TMRAZ23 operation mode selection

00 | Two 8-hit timers

01 |16-bit timer

10 |8-bit PPG

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

Figure 3.7.6 TMRA Registers
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TMRAL Flip-Flop Control Register
6 5 4 3 2 1 0
TALFFCR | Bit symbol TALFFC1 | TALIFFCO | TALFFIE | TALFFIS
(0105H) | Read/write RIW RIW
After reset 1 | 1 0 0
Read- -
modify-write Function 00: Invert TALFF TALFF TALFF
instructions 01: Set TALFF control for |inversion
are 10: Clear TA1FF inversion [select
prohibited. 11: Don't care 0: Disable |0: TMRAO
1. Enable |1: TMRA1

]

Inverse signal for timer flip-flop 1 (TAL1FF)
(Don't care except in 8-bit timer mode)

0 Inversion by TMRAQO
1 Inversion by TMRAL
Inversion of TALFF

0 Disabled
1 Enabled

Control of TALIFF

00 | Inverts the value of TALFF
01 |Sets TAlIFFto 1l

10 |Clears TAIFFto O

11 | Don't care

Figure 3.7.7 TMRA Registers
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TMRAS Flip-Flop Control Register
6 5 4 3 2 1 0
TA3FFCR] Bit symbol TA3FFC1 | TA3FFCO | TA3FFIE | TA3FFIS
(010DH) | Read/write RIW RIW
Read- After reset 1 | 1 0 0
modify-write | Function 00: Invert TA3FF TA3FF TA3FF
instructions 01: Set TA3FF control for |inversion
are . 10: Clear TA3FF inversion [select
prohibited.
11: Don't care 0: Disable |0: TMRA2
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

—> Control of TASFF

00 | Inverts the value of TA3FF
01 |Sets TA3FFto1l

10 |Clears TA3FFto 0

11 |Don't care

Figure 3.7.8 TMRA Registers
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TMRA register
| 5 | 4 [ 3 0
TAOREG | bit Symbol -
(0102H) Read/Write W
After reset Undefined
TALIREG | bit Symbol —
(0103H) Read/Write w
After reset Undefined
TA2REG | bit Symbol -
(010AH) | Read/Write W
After reset Undefined
TA3REG | bit Symbol —
(010BH) Read/Write w
After reset Undefined
Note: The above registers are prohibited read-modify-write instruction.
Figure 3.7.9 TMRA Registers
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3.7.4  Operation in Each Mode

(1) 8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.
Setting its function or counter data for TMRAO and TMRA1 after stop these

registers.

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 10 pseconds at fc = 33 MHz, set

* Clock state

MSB

TAO1RUN «— -
TA01MOD «~ 0

TAIREG “—
INTETAO1 <«
TAO1RUN “—

0

0
1
X

1
0
X

X: Don't care, —: No change

x

X R O

each register as follows:

System clock:  High frequency (fc)
Prescaler clock: fepH

LSB

o

Stop TMRA1 and clear it to 0.

Select 8-bit timer mode and select ¢T1

((2%c)s at fc = 33 MHz) as the input clock.

Set TALREG to 10 pus = ¢T1 (2%fc)s = 40 = 28H.
Enable INTTAL and set it to level 5.

Start TMRAL counting.

Select the input clock using in Table 3.7.2.

Note: The input clocks for TMRAO and TMRAL are different from as follows.
TMRAO: TAOIN input, $T1, $T4 or $T16
TMRA1L: Match output of TMRAO, ¢T1, ¢T16, $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 1.5 ps square wave pulse from the TA1OUT pin at fc = 33

[ TAOIRUN
TAO01IMOD

TAIREG
TAL1FFCR

PBCR
PBFC
TAO1RUN

T

T

<«
<«
«—

* Clock state

X X

MHz, use the following procedure to make the appropriate register
settings. This example uses TMRA1; however, either TMRAO or TMRA1

may be used.

X

X

X: Don't care, —: No change

System clock:
Clock gear:
Prescaler clock: fgpy

High frequency (fc)

Stop TMRA1 and clear it to 0.

Select 8-bit timer mode and select ¢T1

((2%fc)s at fc = 33 MHz) as the input clock.

Set the timer register to 1.5 us + ¢T1(2%fc)s + 2 = 3.
Clear TALFF to 0 and set it to invert on the match detects
signal from TMRA1.

Set PB1 to function as the TA1OUT pin.

Start TMRA1 counting.

[

[

10
0 -
11

1
1 -
1x}
1 -
[ L

0T1
TAOIRUN —]

<TALIRUN>
Bit7 to 2

Up Bitl

counter

Bit0

Comparator
timing

Comparator output

(Match detect)
INTTAL

UC1 clear

TALFF

TA1OUT

Figure 3.7.10 Square Wave Output Timing Chart (50% duty)

0.75 us at fc = 33 MHz
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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 TMRAL.

Comparaot output | | J

(TMRAO match)

TMRAO up counter 1 X2 X3 X4 X5 XLX2X3XaX5X1X2X3)

(when TAOREG = 5)

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

TMRA1 match output

Figure 3.7.11 TMRA1 Count up on Signal from TMRAO
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(2) 16-bit timer mode

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

To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded
together, set TAOIMOD<TAO01M1:0> to O1.

In 16-bit timer mode, the overflow output from TMRAO is used as the input clock
for TMRA1, regardless of the value set in TAOIMOD<TAO01CLK1:0>. Table 3.7.2
shows the relationship between the timer (Interrupt) cycle and the input clock
selection.

LSB 8 bits set to TAOREG and MSB 8 bits set to TA1REG. Please keep setting
TAOREG first because setting data for TAOREG inhibit its compare function and
setting data for TA1REG permit it.

Example: To generate an INTTA1 interrupt every 0.24 [s] at fc = 33 MHz, set
the timer registers TAOREG and TA1REG as follows:
* Clock state System clock:  High frequency (fc)

Clock gear: 1 (fc)
Prescaler clock: fppy

If $T16 ((27/fc)s at 33 MHz) is used as the input clock for counting, set the following
value in the registers: 0.24 s + (27/fc)s = 62500 = F424H

(e.g., set TA1IREG to F4H and TAOREG to 24H).

As a result, INTTA1 interrupt can be generated every 0.24 [s].

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 TA1REG 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

INTTA1 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
(uci, uco)

TMRAO comparator match
detect signal n " " " ﬂ "

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

TMRAO comparator match “
detect signal

1
1
INTTAQ E
1

INTTAL I'I
X

TALlOUT Inversion

Figure 3.7.12 Timer Output by 16-Bit Timer Mode
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(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 TA1OUT pin.

tH L

When <TA1FFC1:0>="10"

When <TA1FFC1:0>="01"

Example when <TA1FFC1:0>="01"

TAOREG and UCO match A {l
(Interrupt INTTAQ) / /
TA1REG and UCO match /ﬂ )ﬂ
(Interruput INTTAL) { \ {
TALOUT \ \
TAOREG
TALREG

Figure 3.7.13 8-Bit PPG Output Waveforms
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In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UCO) matches the value in one of the timer
registers TAOREG or TA1IREG.

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

Although the up counter for TMRA1l (UC1) is not used in this mode,
TAO1RUN<TA1RUN> should be set to 1, so that UC1 is set for counting.

Figure 3.7.14 shows a block diagram representing this mode.

TA1OUT
Selector TAO1RUN<TAORUN> T
TAOIN
0Tl — 8-bit <—, TALFF [«<~TA1FFCR<TALFFIE>
¢T4 —> up counter (UC 0)
$T16 —> .
T T [ ¢ Inversion
TAOLMOD<TAOCLK1:0> ! INTTAO
A4
| Comparator | Comparator I INTTA1
¥ ¥

TAOREG

Shift trigger

LSeIector

TAOREG-WR—|

0 |Registerbuffer| | TAIREG |
TAO1IRUN<TAORDE>

Internal data bus

Figure 3.7.14 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 TA1IREG 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 = Q) (Up countner = Q)
Match with TAIREG

( Shift to register buffer

TAOREG

(Value to be compared) Q b Q2
Register buffer Q. \ Qs
A _ TAOREG (Register buffer)
write

Figure 3.7.15 Operation of Register Buffer
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Example: To generate 1/4-duty 50-kHz pulses (at fc = 33 MHz)

ML

20 us

* Clock state

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

Calculate the value which 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 us
¢T1 = (23/fc)s (at 33 MHz);

20 ps + (2%/fc)s ~ 83

Therefore set TAIREG = 83 = 53H
The duty is to be set to 1/4: t x 1/4 =20 us x 1/4 =5 us

5 us + (2%/fc)s = 10

Therefore, set TAOREG = 21 =15H.

TAO1RUN
TA01IMOD
TAOREG
TA1REG
TA1FFCR

PBCR
PBFC

| TAOIRUN

T
X O O Pk |

«—
<«
«—

~

X
X
1

X P OO X O

X

X ©O O X X u

X

X: Don't care, —: No change

X P P X X b

0

0 Stop TMRAO and TMRAO1 and clear it to 0.

1 Set the 8-bit PPG mode, and select ¢T1 as input clock.

1 Write 15H

1 Write 53H

X Set TALFF, enabling both inversion and the double buffer.

P P O O O Bk

I_|_'—> Writing 10 provides negative logic pulse.

L )_( } Set PB1 as the TALIOUT pin.
1

Start TMRAO and TMRAO1 counting.
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(4) 8-bit PWM (Pulse width modulation) output mode

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

When TMRAO is used the PWM pulse is output on the TA1OUT pin. TMRA1 can
also be used as an 8-bit timer.

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

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

Value set in TAOREG < Value set for 20 counter overflow
Value set in TAOREG = 0

TAOREG and £ Al 1
UCO match ( (
2n
overflow /ﬂ /ﬂ
(INTTAQ interrupt) ( (
\

~N N
TAloUT \|u_| o |_|

" (PWM cycle) '

Figure 3.7.16 8-Bit PWM Waveforms

Figure 3.7.17 shows a block diagram representing this mode.

TAOLRUN<TAORUN> TA1$UT

TAOIN 8-bit up counter

$T1— Selector (UCO) Clear TAFF1 TALFFCR

PT4— <TA1FFIE>
oTie T T on Invert

TAOLIMOD<TAOCLK1:0> ———> overflow [ TAOIMOD
control <PWMO01:00>
Overflow

Comparator |
| P ~

{} . INTTAO

[
L | TAOREG |
Selector —
TAOREG-WR_) Shift trigger

| Register buffer |

TAOLIRUN<TAORDE> T
! Internal data bus §

Figure 3.7.17 Block Diagram of 8-Bit PWM Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2n
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 N 1
Up counter = Q1 Up counter = Q2
2" overflow ys
TAOREG \ Shiftinto TAOREG
Q1 X Q2
(Value to be compared) b
Register buffer Q2 X Q3
U TAOREG (Register buffer)

write

Figure 3.7.18 Register Buffer Operation

Example: To output the following PWM waves on the TA1OUT pin at fc = 33MHz:

[ S I

179 us
31.0 us

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

To achieve a 31.0 ps PWM cycle by setting ¢T1 = (23/fc)s (at fc = 33 MHz):
31.0 us + (23/fc)s ~ 128 = 2»
Therefore n should be set to 7.
Since the low-level period is 37.0 us when ¢T1 = (23/fc)s,
set the following value for TAOREG:
17.9 ps = (2%/fc)s =~ 74 = 4AH

MSB LSB
- 7 6 5 4 3 2 1 0
TAO1RUN «~ - X X X - - -0 Stop TMRAO and clear it to 0.
TA01IMOD «<~ 1 1 1 0 - - 0 1 Select 8-bit PWM mode (Cycle: 2) and select ¢T1 as the
input clock.
TAOREG «~ 0 1 0 0 1 O 0 Write 4AH.
TAL1FFCR « X X X 1 0 1 X Clear TAL1FF to 0, enable the inversion and double buffer.
PBCR « X - - - - - 1 - } _
Set PB1 and the TAL1OUT pin.
PBFC « X - - - - -1
| TAOIRUN «~ 1 X X X - 1 -1 Start TMRAO counting.

X: Don't care, —: No change
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Table 3.7.3 PWM Cycle

at fc = 33 MHz, fs = 32.768 kHz

Select Select PWM Cycle
System Prescaler Gear Value 26 o7 28
Clock Clock <GEAR2:0>
<SYSCK> | <PRCK1:0> OT1 | ¢T4 | oT16 | ¢T1 | ¢T4 | ¢T16 | ¢T1 | ¢T4 | ¢T16
1 (fs) XXX 15.6ms [ 62.5ms | 250ms [ 31.3ms | 125ms | 500ms | 62.5ms | 250 ms [ 1000 ms
000 (fc) 155ps | 62.1ps | 248.2pus | 31.0ps | 124.1us | 496.5 s | 62.1pus | 248.2 ps [ 993.0 us
00 001 (fc/2) 31.0ps | 124.1ps [ 4965 s | 62.1us [ 248.2 us | 993.0 us | 124.1 ps | 496.5 s | 1986 us
(feph) 010 (fc/4) 32.1ps [ 248.2us | 993.0 us | 124.1 us | 496.5 us | 1986 s | 248.2 us | 993.0 us | 3972 us
0 (fc) 011 (fc/8) 124.1 ps | 496.5 us | 1986 us | 248.2 us | 993.0 us | 3972 us | 496.5 us | 1986 us | 7944 us
100 (fc/16) | 248.2 us | 993.0 ps | 3972 us | 496.5 us | 1986 us | 7944 us | 993 ps | 3972 us | 15888 us
10
XXX 248.2 993.0 3972 496.5 1986 7944 993 3972 15888
(fc/16 clock) Hs Hs Hs Hs Hs Hs Hs Hs ue
XXX: Don'’t care
(5) Settings for each mode
Table 3.7.4 shows the SFR settings for each mode.
Table 3.7.4 Timer Mode Setting Registers
Register Name TAO01MOD TALFFCR
<Bit Symbol> <TA01M1:0> <PWMO01:00> <TA1CLK1:0> <TAOCLK1:0> TALFFIS
. ) Upper Timer Input Lower Timer Timer F/F Invert Signal
Function Timer Mode PWM Cycle
Clock Input Clock Select
Lower timer match| External clock )
L 0: Lower timer output
8-bit timer x 2 channels 00 - $T1, $T16, $T256 | ¢T1, §T4, $T16 _
1: Upper timer output
(00, 01, 10, 11) | (00, 01, 10, 11)
External clock
16-bit timer mode 01 - - 0T1, ¢T4, $T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - 0T1, ¢T4, ¢T16 -
(00, 01, 10, 11)
6 7 -8 External clock
27,22
8-bit PWM x 1 channel 11 - 0T1, $T4, ¢T16 -
(01, 10, 11)
(00, 01, 10, 11)
o ¢T1, $T16, $T256 )
8-bit Timer x 1 channel 11 - - Output disabled
(01, 10, 11)
—: Don't care
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3.8

External Memory Extension Function (MMU)

This is MMU function which can expand program/data area to 106 Mbytes by having 4 local

areas.

Address pins to external memory are 2 extended address bus pins (EA24, EA25) and 8
extended chip select pins (CS2A to CS2E) in addition to 24 address bus pins (A0 to A23) which
are common specification of TLCS-900 family and 4 chip select pins (CS0 to CS3) output from
CS/WAIT controller.

The feature and the recommendation setting method of two types are shown below.

In addition, AH in the table is the value which number address 23 to 16 displayed as hex.

Purpose

Item

(A): For Standard
Extended Memory

(B): For Many Pieces
Extended Memory

Program ROM

Maximum memory size

2 Mbytes: COMMON?2 + 14 Mbytes: bank (16 Mbytes x 1 pcs)

Used local area, BANK number

LOCAL2 (AH = CO — DF: 2 Mbytes x 7 BANK)

Setting CS/WAIT

Setup AH = C0 — FF to CS2

Setup AH =80 — FF to CS2

Used CS pin

Cs2

CS2A

Data ROM

Maximum memory size

64 Mbytes (64 Mbytes x 1 pcs)

64 Mbytes (16 Mbytes x 4 pcs)

Used local area, BANK number

LOCAL3 (AH =80 - BF:
4 Mbytes x 16 BANK)

LOCAL3 (AH =80 — BF:
4 Mbytes x 16 BANK)

Setting CS/WAIT

Setup AH =80 — BF to CS3

Setup AH =80 — FF to CS2

Used CS pins

CS3, EA24, EA25

Cs2B, CSs2C, Cs2D, CS2E

Option program ROM

Maximum memory size

2 Mbytes: COMMONL1 + 14 Mbytes : bank (16 Mbytes x 1 pcs)

Used local area, BANK number

LOCALL1 (AH =40 - 5F: 2 Mbytes x 7 BANK)

Setting CS/WAIT

Setup AH =40 - 7F to CS1

Used CS pin

CS1

Data RAM

Maximum memory size

1 Mbyte : COMMONDO + 7 Mbytes: bank (8 Mbytes x 1 pcs)

Used local area, BANK number

LOCALO (AH = 10 — 1F: 1 Mbyte x 7 BANK)

Setting CS/WAIT

Setup AH =00 — 3F to CSO

Setup AH =00 — 1F to CS3

Used CS pin

Cso

CSs3

Extended memory 1

Maximum memory size

COMMONOa

2 Mbytes (2 Mbytes x 1 pcs)

Used local area, BANK number

Overlapped data RAM

None

Setting CS/WAIT

Setup AH =00 — 3F to CS0

Setup AH =20 — 3F to CS0

Used CS pin

Cso

Cso

Total memory size

16M + 64M + 16M + 8M = 104
Mbytes

16M + (16M + 16M + 16M +
16M) + 16M + 8M + 2M = 106
Mbytes
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3.8.1

Recommendable Memory Map

The recommendation logic address memory map at the time of varieties extension
memory correspondence is shown in Figure 3.8.1. And, a physical-address map is shown
in Figure 3.8.2.

However, when memory area is less than 16 Mbytes and is not expanded, please refer to
section of CS/WAIT controller. Setting of register in MMU is not necessary.

Since it is being fixed, the address of a local area cannot be changed.

BANK (CSIWAIT) (CSIWAIT)
Pin setA Pin setB
Address  Size Memory map
000000H - -ttt ---------------
IMbyeel  commono | (CS0) (cs3)
100000H1 Mk: 'e l L | J L | J l | CS0 CS3
200000H" VPV LOCALO Bk 4|5|6|7
2 Mbytes|  (COMMONOG (cso) (cso)
Pin set A case) Cso CSo
400000H - S TRy
011]2|3|4]|5(|6]|7
2 Mbytes LOCAL1
(cs1) (cs1)
600000H ~—-— =i =i
2Mbytes|  comMMON1
800000H - - e T
0l1]2 14]15
(cs2)
(CS3) CS2B (BANKO to BANK3)
4 Mbytes LOCAL3 > Cs3 CS2C (BANK4 to BANKY)
EA24 TS2D (BANKS to BANK11)
EA25 CTS2E (BANKL2 to BANKL5)
CO0000H ~—- - _———— /
011]2|3|4]|5(|6]|7
2 Mbytes LOCAL2
EOO00OH ~—-—
\ (cs2) (cs2)
2 Mbytes] COMMON?2 Cs2 CS2A
FFFFOOH =~ [ : Internal area
256 bytes|  Vector area ) [[__]: Overlapped with COMMON area
FFFFFFH - = e——— o oo -

Figure 3.8.1 Logical Address Map
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LOCALO LOCAL1 LOCAL2 LOCAL3
Cs3 Cs1 CS2A for data ROM
for data RAM for option for program ROM (16 Mbytes x 6)
(8 Mbytes) program ROM (16 Mbytes) Cs2B P
CS2E
000000H (16 Mbytes)
_____ BANKQ |
_____ BANKL | | ___ BANKO |} BANKO_
_____ BANK2 |
BANK3 | |-___ BANKL | | ___ BANKL | | ____BANKO| | ____ BANK12
BANK4
Internal /O & RAM |----- B— A—’\]lzg ______ ?6’}'5? ______ ?6’:][(2_
_____ BANKG _ s
BANK7 BANK1 BANK1
800000H i | BANKS I ... Banks | L___ 200 po 2R
_____ BANK4 | | ____BANK4_
BANKS | | ____ BANKS | | ____BANK2| @ BANK14
_____ BANKG | | ___ BANKG |
BANK7 SEhil BANK3 BANK15
1000000H
Ccsz2C
000000H
Reset & interrupt | ‘?’?":”f‘_‘ _
vector area
BANKS5
BANKG6
BANK?7
1000000H
CS2D
000000H
BANKS8
BANK9
- *Internal area 00000
I:I . Overlapped with COMMON area
BANK10
BANK11
1000000H

Figure 3.8.2 Physical Address Map
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3.8.2 Control Registers
Setup bank value and bank use in bank setting register of each local area of LOCAL
register in common area. Moreover, in that case, a combination pin is set up and mapping
is simultaneously setup by the CS/WAIT controller. When CPU outputs logical address of
the local area, MMU outputs physical address to the outside address bus pin according to
value of bank setting register. Access of external memory becomes possible therefore.
LOCALDO Register
7 6 5 4 3 2 1 0
LOCALO Bit symbol LOE LOEA22 LOEA21 LOEA20
(0350H) | Read/Write RIW RIW
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCALO
LOCALO
0: Disable
1: Enable “000” setting is prohibited because
it pretend COMMON 0 area
LOCALL1 Register
7 6 5 4 3 2 1 0
LOCALL | Bit symbol L1E L1EA23 | L1EA22 | L1EA21
(0351H) | Read/write | RW RIW
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCAL1
LOCAL1
0: Disable “001” setting is prohibited because
1: Enable it pretend COMMON 0 area
LOCAL2 Register
7 6 5 4 3 2 1 0
LOCAL2 Bit symbol L2E L2EA23 L2EA22 L2EA21
(0352H) | Read/write | RW RIW
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCAL2
LOCAL2
0: Disable “111” setting is prohibited because
1: Enable it pretend COMMON 0 area
LOCALS3 Register
7 6 5 4 3 2 1 0
LOCAL3 | Bit symbol L3E L3EA26 L3EA25 L3EA24 L3EA23 L3EA22
(0353H) | Read/Write RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0
Function BANK for 01000 to 01011: CS2D 01100 to 01111: CS2E
LOCAL3 00000 to 00011: Cs2B
0: Disable 00100 to 00111: Cs2C
1: Enable 10000 to 11111: Set prohibition

Note: In case of this TMP91C824, because most upper address bit of physical address is EA25,
most upper address bit of BANK register is meaningless. 4 bits of upper 5-bit address
means 16 BANKSs.
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Data/Stack RAM
CS0

RAM .
=55 8SMb 000000H to 1FFFFFH (Logical)
YIS | )00000H to 7FFEFFH (Physical)
8 bits
Cs1
Optional ROM
Cs1
FLASH 400000H to 7FFFFFH (Logical)
Data 16 'V'b_ytes 000000H to FFFFFFH (Physical)
Address 16 bits
TMP91C824 RD, (WR , HWR : SRAM)
MROM Pr_ogram ROM
16 Mbytes cs2
® 16 bits CO0000H to FFFFFFH (Logical)
= 000000H to FFFFFFH (Physical)
EA24, EA25
€S3 MROM
64 Mbytes Data ROM
16 bits Cs3
800000H to BFFFFFH (Logical)
0000000H to 3FFFFFFH (Physical)
* In case of 16-bit bus memory * In case of 8-bit bus memory
TMP91C824 Memory TMP91C824 Memory
Control signals Control signals Control signals Control signals
D [0:15] D [0:15] D [0:7] D [0:7]
A0 Open A0 A0
Al A0 Al Al
A2 Al A2 A2
Al6 Al5 A7 A7

* In case of 16-bit bus memory, address connection is ... : CPU A1 = Memory A0, CPU A2 = Memory Al...
* In case of 8-bit bus memory, address connection is ... : CPU A0 = Memory A0, CPU A1 = Memory Al...

Figure 3.8.3 H/W Setting Example
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At Figure 3.8.3, it shows example of connection TMP91C824 and some memories:
Program ROM: MROM, 16 Mbytes, data ROM: MROM, 64 Mbytes, data RAM: SRAM, 8
Mbytes, 8-bit bus, option ROM: Flash, 16 Mbytes.

In case of 16-bit bus memory connection, it need to shift 1-bit address bus from
TMP91C824 and 8-bit bus case, direct connection address bus from TMP91C824.

In that figure, logical address and physical address are shown. And each memory allot
each chip select signal, RAM: CSO, FLASH ROM: CS1, program MROM: CS2, data
MROM: CS3. In case of this example, as data MROM is 64 Mbytes, this MROM connect to
EA24 and EA25.

Initial condition after reset, because TMP91C824 access from CS2 area, CS2 area allot

to program ROM. It can set free setting except program ROM.

;Initial Setting

;CS0

LD (MSARO0),00H ; Logical address area: 000000H to 1IFFFFFH

LD (MAMRO),FFH ; Logical address size: 2 Mbytes

LD (BoCS),89H ; Condition: 8 bits, 1 wait (8 Mbytes, SRAM)
;CS1

LD (MSAR1),40H ; Logical address area: 400000H to 7FFFFFH

LD (MAMR1),FFH ; Logical address size: 4 Mbytes

LD (B1CS),80H ; Condition: 16 bits, 2 waits (16 Mbytes, Flash ROM)
;CS2

LD (MSAR2),COH  ; Logical address area: CO0000H to FFFFFFH

LD (MAMR2),7FH ; Logical address size: 4 Mbytes

LD (B2CS),C3H ; Condition: 16 bits, 0 waits (16 Mbytes, MROM)
;CS3

LD (MSAR3),80H ; Logical address area: 800000H to BFFFFFH

LD (MAMRS3),7FH ; Logical address size: 4 Mbytes

LD (B3CS),85H ; Condition: 16 bits, 3 waits (64 Mbytes, MROM)
;CSX

LD (BEXCS),00H ; Other : 16 bits, 2 waits (Don’t care)
;Port

LD (P6FC), 3FH ; CSO toCS3, EA24, EA25: Port 6 setting

Figure 3.8.4 BANK Operation S/W Example 1

Secondly, it shows example of initial setting at Figure 3.8.4.

Because CS0 connect to RAM: 8-bit bus, 8 Mbytes, it need to set 8-bit bus. At this
example, it set 1-wait setting. In the same way CS1 set to 16-bit bus and 2 waits, CS2 set
16-bit bus and 0 waits, CS3 set 16-bit bus and 3 waits.

By CS/WAIT controller, each chip selection signal’'s memory size, don’t set actual
connect memory size, need to set that logical address size: fitting to each local area. Actual
physical address is set by each area’s BANK register setting.

CSX setting of CS/WAIT controller is except above CSO to CS3’s setting. This program
example isn’t used CSX setting.

Finally pin condition is set. Port 60 to 65 set to CS0, CS1,CS2,CS3, EA24, EA25.
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[ e T T T T T T = —— 1
;BANK Operation

;***** CSZ *kkkk

ORG 000000H
ORG 200000H
ORG 400000H
ORG 600000H
ORG 800000H
ORG a00000H
ORG ¢00000H

; Program ROM: Start address at BANKO of LOCALZ2
; Program ROM: Start address at BANK1 of LOCALZ2
; Program ROM: Start address at BANK2 of LOCALZ2
; Program ROM: Start address at BANK3 of LOCALZ2
; Program ROM: Start address at BANK4 of LOCALZ2
; Program ROM: Start address at BANKS5 of LOCALZ2
; Program ROM: Start address at BANKG6 of LOCALZ2
ORG EO00000H ; Program ROM: Start address at BANK7 (= COMMONZ2) of LOCAL2
; Logical address EOO0O00H to FFFFFFH
; Physical address OEOOOOOH to OFFFFFFH
LD (LOCAL3),85H ; LOCALS3 BANKS5 set 14xxxxH
LDW HL,(800000H) — ; Load data (5555H) form BANK5

(140000H: Physical address) of LOCAL3 (TS3)
; LOCAL3 BANKS set 20xxxxH
; Load data (AAAAH) form BANKS

(200000H: Physical address) of LOCAL3 (CS3)

LD (LOCAL3),88H
LDW BC,(800000H)~

@)
=
Q

FFFFFFH ; Program ROM: End address at BANK7 (= COMMONZ2) of LOCAL2

;***** CSS *kkkk

ORG 0000000H
ORG 0400000H
ORG 0800000H
ORG 0C00000H
ORG 1000000H
ORG 1400000H

; Data ROM: Start address at BANKO of LOCALS3
; Data ROM: Start address at BANK1 of LOCAL3
; Data ROM: Start address at BANK2 of LOCAL3
; Data ROM: Start address at BANKS3 of LOCAL3
; Data ROM: Start address at BANK4 of LOCAL3
; Data ROM: Start address at BANKS5 of LOCALS3

dw 5555H
ORG 1800000H ; Data ROM: Start address at BANK6 of LOCALS3
ORG 1C00000H ; Data ROM: Start address at BANK7 of LOCALS3
2000000H ; Data ROM: Start address at BANKS of LOCALS3

dw AAAAH «

ORG 2400000H ; Data ROM: Start address at BANK9 of LOCAL3

ORG 2800000H ; Data ROM: Start address at BANK10 of LOCAL3
ORG 2C00000H ; Data ROM: Start address at BANK11 of LOCALS3
ORG 3000000H ; Data ROM: Start address at BANK12 of LOCAL3
ORG 3400000H ; Data ROM: Start address at BANK13 of LOCALS3
ORG 3800000H ; Data ROM: Start address at BANK14 of LOCALS3
ORG 3C00000H ; Data ROM: Start address at BANK15 of LOCALS3

o
=
@

ORG 3FFFFFFH ; Data ROM: End address at BANK15 of LOCALS3

Figure 3.8.5 BANK Operation S/W Example 2

Here shows example of data access between one BANK and other BANK. Figure 3.8.5 is
one software example. A dot line square area shows one memory and each dot line square
shows CS2’s program ROM and CS3’s data ROM. Program start from EO0O000H address,

firstly, write to BANK register of LOCALS3 area upper 5-bit address of access point.

In case of this TMP91(C824, because most upper address bit of physical address is EA25,
most upper address bit of BANK register is meaningless. 4 bits of upper 5-bit address
means 16 BANKSs. After setting BANKS5, accessing 800000H to BFFFFFH address:
Logical LOCALS address, actually access to physical 1400000H to 1700000H address.
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I BANK Operation .~~~ — - =—========7==7=777°+7 I
| jrFxkk (JGQ *rkkk I
I ORG 000000H ; Program ROM: Start address at BANKO of LOCALZ2 I
I ORG 200000H ; Program ROM: Start address at BANK1 of LOCAL2 «—— I
I NOP ; Operation at BANK1of LOCALZ2 I
: JP E00100H ; Jump to BANK7 (= COMMON?2) of LOCAL2 |
I ORG 400000H ; Program ROM: Start address at BANK2 of LOCAL2 |
I ORG 600000H ; Program ROM: Start address at BANKS3 of LOCALZ2 |
| NOP ; Operation at BANK3 of LOCAL2 |
I ~
I JP E00200H ; Jump to BANK7 (= COMMONZ2) of LOCAL2 :
| ORG 800000H ; Program ROM: Start address at BANK4 of LOCALZ2
ORG a00000H ; Program ROM: Start address at BANKS5 of LOCALZ2 |
: ORG c¢00000H ; Program ROM: Start address at BANKG6 of LOCALZ2 |
|
I ! Program Start 1! I
I ORG EO00000H ; Program ROM: Start address at BANK7 (= COMMONZ2) of LOCAL2 |
I ; Logical address EOO0O00H to FFFFFFH I
| ; Physical address OEOOOOOH to OFFFFFFH
LD  (LOCAL2),81H ;LOCAL2 BANKI set 20xxxxH I
: JP C00000H ; Jump to BANK1 (200000H: Physical address) of LOCAL2 —— 1
~ |
I ORG E00100H I
| LD (LOCAL2),83H ; LOCAL2 BANKS set 60xxxxH |
I JP C00000H ; Jump to BANKS3 (600000H: Physical address) of LOCALZ2 I
I orG E00200H I
' LD  (LOCALD),84H ;LOCAL1 BANK4 set 80xxxxH [
I JP  400000H ; Jump to BANK4 (800000H: Physical address) of LOCALL I
I ORG FFFFFFH ; Program ROM: End address at BANK7 (= COMMONZ2) of LOCAL2 I
|- T T T T T T T T e e e e e e e e e e === = = -
I ;***** CSl *kkkk I
ORG 000000H ; Program ROM: Start address at BANKO of LOCAL1 <777 |
I ORG 200000H ; Program ROM: Start address at BANK1 of LOCAL1 %
I ORG 400000H ; Program ROM: Start address at BANK2 of LOCAL1
I ORG 600000H ; Program ROM: Start address at BANK3 (= COMMONT1) of LOCAL1 <
I LD  (LOCAL1),87H ;LOCAL1 BANK? set EOxxxxH I
I JP  400000H ; Jump to BANK?7 (E00000H: Physical address) of LOCAL1 [
| ORG 800000H ; Program ROM: Start address at BANK4 of LOCALL1 |
I NOP ; Operation at BANK4 of LOCAL1 I
I JP 600000H ; Jump to BANK3 (= COMMONT1) of LOCAL1 :
I ORG a00000H ; Program ROM: Start address at BANK5 of LOCALL1
I ORG c00000H ; Program ROM: Start address at BANKG6 of LOCALL1 |
| ORG EO00000H ; Program ROM: Start address at BANK7 of LOCAL1T «— | |
Halule LD (LOCAL1),80H ; LOCALI1 BANKO set 00xxxxH |
I JP 400000H ; Jump to BANKO (000000H: Physical address) of LOCAL1 |
| : : It's prohibit to set other BANK setting in except common area : |
1 " Program run away | |
-/ T T/ T s T T T TTTTETETETTETTETT |
| ORG FFFFFFH ; Program ROM: End address at BANK7 of LOCAL1 |

Figure 3.8.6 BANK Operation S/W Example 3
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At Figure 3.8.6, it shows example of program jump.

In the same way with before example, two dot line squares show each CS2’s program
ROM and CS1’s option ROM. Program start from EO0000H common address, firstly, write
to BANK register of LOCALZ2 area upper 3-bit address of jumping point.

After setting BANKI1, jumping CO0000H to DFFFFFH address: Logical LOCAL2
address, actually jump to physical 2000000H to 3FFFFFH address. When return to
common area, it can only jump to EOOOOOH to FFFFFFH without writing to BANK
register of LOCALZ area.

By a way of setting of BANK register, the setting that BANK address and common
address conflict with is possible. When two kinds or more logical addresses to show

common area exist, management of BANK is confused. We recommend not using The
BANK setting, BANK address and common address conflict with.

When it jumps to one memory from other different memory, it can set same as the last
time setting. It needs to write to BANK register of locall area upper 3-bit address of
jumping point. After setting BANK4, jumping 400000H to 5FFFFFH address: Logical
LOCAL1 address, actually jump to physical 8000000H to 9FFFFFH address.

It is a mark paid attention to here, it needs to go by way of common area by all means
when moves from a bank to a bank. In other words, it must write to BANK register only

in common area and It is prohibit writing the BANK register in BANK area. If it modify

the BANK register’s data in BANK area, program run-away.
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3.9 Serial Channels

TMP91C824 includes 2 serial I/O channels. For both channels either UART mode
(Asynchronous transmission) or I/O interface mode (Synchronous transmission) can be

selected.
¢ |/O interface mode — Mode 0: For transmitting and receiving 1/0 data using the
synchronizing signal SCLK for extending 1/O.
Mode 1: 7-bit data
e UART mode AE Mode 2: 8-bit data
Mode 3: 9-bit data

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

Figure 3.9.2, Figure 3.9.3 are block diagrams for each channel.
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 3.9.1 Differences between Channels 0 to 1

Channel 0 Channel 1
Pin Name TXDO (PCO) TXD1 (PC3)
RXDO (PC1) RXD1 (PC4)
CTSO0 /SCLKO (PC2) CTS1/SCLK1 (PC5)
IrDA Mode Yes No

This chapter contains the following sections:
3.9.1 Block Diagrams
3.9.2  Operation of Each Circuit
3.9.3 SFRs
3.9.4 Operation in Each Mode
3.9.5 Support for IrDA
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e Mode 0 (I/O interface mode)

Eoooan

<—Transfer direction

3
=<
o
=<
~
~ <"
3
1
1

e Mode 1 (7-bit UART mode)

No parity \Start /<Bit0 X 1 X
Parity \Start /< Bit0

e Mode 2 (8-bit UAR

N

=<
=

mode)

e

i -\Start /< Bit0
A
A

No parity Bit0

Parity

e Mode 3 (9-bit UAR
\Start

Wakeup function \Start

mode)

Bit0

Bit0

IS
>
[¢;]
>
[¢]

When Bit8 = 1, address (Select code) is denoted.
When Bit8 = 0, data is denoted.

Figure 3.9.1 Data Formats
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3.9.1 Block Diagrams
Figure 3.9.2 is a block diagram representing serial channel 0.
Prescaler
9T0 ———— 2[4 8 ]16[32[64|
J ¥ J
6T2  ¢T8 ¢T32
- -~ Serial clock generation circuit it
1
! BROCR TAOTRG I
! <BROCK1:0> (from TMRAO) :
' ©7I T[T TBROCR T T BROADD ) |
: : <BROS3:0><BROK3:0> ! |
1 1 1 1
: : L | :
1GTO +> o 5 ! o [UART
T2 > % 3 : % mode § 'SIOCLK
(%]
1078 1 @ 4] | 3 —1 3 i
1§T32 +> & ! |
| | i ! |
! ! BROCR ' !
! ! <BROADDE> ' SCOMODO SCOMODO
. . 1
! o Baud rate -l -/ <SC1:0> <SM1:0> |
foys L generator |
1 5 :
1 -
1 ) 8] |1 1
| —{-2] s |
1 w10 !
SCLKO [ H-~ ) [
j interface mode !
Concurrent\ | I !
With PC2 J|'==============-=---------mmmmmmmm oo oo
SCOCR
<|oC>
I/O interface mode INT request
SCLKOL ] 'NTRX%
Concurrent )
( with PC2 ) INTTXO
Receive SCOMODO | Serial channel Transmision
counter <WU> _ interrupt counter
(UART only + 16) control (UART only + 16)
rRxock | ] txDCLK | I}
SCOMODO o ©
<RXE> —>|Receive control/1 ;\ Transmission
control —{ ] cTSso
N SCOCR I/ Concurrent
<PE> <EVEN> SCOMODO with PC2
<CTSE>
Parity control
RXDO [} !Receive buffer 1 (Shift register)|
Concurrent
with PC1

| RB8 | Receive buffer 2 (SCOBUF) | | Error flag |

| TBS | Transmission buffer (SCOBUF) |—

SCOCR
<OERR><PERR><FERR>

—L]TXD0

(Concurrent)

with PCO

L1

Internal data bus

Figure 3.9.2 Block Diagram of the Serial Channel 0 (SIO0)
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Prescaler
¢To1+—>—1 2 4] 8]16]32[64]
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0T2  ¢T8 ¢T32
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! <BRICKL:0> (from TMRAO) |
| N 1
! ! BRI1ICR BRI1ADD ! '
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1
1 1 1 1
1 1
1TO | 5 ! _ |UART | _ !
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T2 4> g § ! g mode g :SIOCLK
fudul: § etstE
1 §T32+> | i
| 1 I
| : BRICR i i
| : <BR1ADDE> 1| [SCIMODO |SCIMODO !
! [ Baudrate __| ____. <SC1:0> | <SM1.0> ,
1 generator '
fsys . i
! 5 !
\ R 3} 1
: o § :
SCLK1 [+ @ e :
[ j interface mode 1
Concurrent ) |, I !
With PC5 ) |'= === = s oo e e e
SC1CR
<loC>
1/0 interface mode
scua - nr s
Concurrent | INTTXA
with PC5 [
Receive Serial channel Transmision
counter S\(/:vﬂ\io% interrupt counter
(UART only + 16) control (UART only + 16)
rxock | ] TxDpCLK | 1
-
EICQ:)l(II\EASBQ Receive control/1 r\ Transmission
control [ ]cTsi
\1 SC1CR Concurrent
<PE> <EVEN> SC1MODO with PC5
<CTSE>
Parity control
RXD1 D !Receive buffer 1 (Shift register)|
(Concurrent)
with PC4
| RB8 | Receive buffer 2 (SC1BUF) | | Error flag | | TB8 | Transmission buffer (SC1BUF) |——>|:| TXD1
T 1 C t
T (Gomsez™)
<OERR><PERR><FERR>
v
S Internal data bus q

Figure 3.9.3 Block Diagram of the Serial Channel 1 (SIO1)
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3.9.2

(1) Prescaler

Operation of Each Circuit

There is a 6-bit prescaler for generating a clock to SIO0. The clock selected using
SYSCR<PRCK1:0> is divided by 4 and input to the prescaler as ¢T0O. The prescaler
can be run by selecting the baud rate generator as the serial transfer clock.

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

Table 3.9.2 Prescaler Clock Resolution to Baud Rate Generator

Select System

Select Prescaler

Prescaler Output Clock Resolution

(fc/16 clock)

Clock Clock Gear Value

SYSCR1 SYSCRO SYSCR1<GEAR2:0> (|)TO ¢T2 (|)T8 ¢T32
<SYSCK> <PRCK1:0>

1 (fs) XXX 2°’ls 2'ls 2%s 2%Hs
000 (fc) 2%/fc 2fc 2%/fc 28/fc
00 001 (fc/2) 2%fc 2°lc 2'lc 2°fc
(frPH) 010 (fc/4) 2'fc 2%/c 2%fc 2"%c
0 (fc) 011 (fc/8) 2°lfc 2'lfc 2°%c 2"
100 (fc/16) 2°/c 2%c 2"%%c 2%l
10 XXX - 2%fc 2%%c 2%%ffc

X: Don't care, —: Cannot be used

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

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

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

The baud rate generator includes a frequency divider, which divides the frequency
by 1 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<BROKS3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3:0>. (N = 1, 2,
3..16)
(2) When BROCR<BROADDE> = 1
The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 using the value of N set in

BROCR<BR0S3:0> (N = 2, 3 ... 15) and the value of K set in BROADD<BROK3:0>
K=1,2,3..15)

Note: If N =1 or N = 16, the N + (16 — K)/16 division function is disabled. Set
BROCR<BROADDE> to 0.
¢ 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
Baud rate = Input clock of baud rate generator .16

Frequency divider for baud rate generator

e In I/0 interface mode

Input clock of baud rate generator

Baud rate = — -
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: System clock

fc/16
Baud rate = 5 +16

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

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

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

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock
frequency = ¢TO, the frequency divider N (BROCR<BR0S3:0>) = 7, K
(BROADD<BROK3:0>) = 3, and BROCR <BROADDE> = 1, the baud rate in UART
mode is as follows:

Clock gear: 1 (fc)

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

_ fc/4
T 7+(16-23)16

=4.8x 106+ 4 + (7 + 13/16) + 16 = 9600 (bps)

Baud rate +16

Table 3.9.3 show examples of UART mode transfer rates.

Additionally, the external clock input is available in the serial clock (Serial
channels 0, 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 InI/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 3.9.3 Transfer Rate Selection

(when baud rate generator Is used and BROCR<BROADDE> = 0)

Unit (kbps)
Input Clock
fc [MHz] Frequency Divi ¢TO T2 ¢T8 $T32
(set to BR1ICR<BR1S3:0>)

9.830400 2 76.800 19.200 4.800 1.200
1 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
1 A 19.200 4.800 1.200 0.300
14.745600 2 115.200 28.800 7.200 1.800
1 3 76.800 19.200 4.800 1.200

T 6 38.400 9.600 2.400 0.600

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

1 4 76.800 19.200 4.800 1.200

1 8 38.400 9.600 2.400 0.600

1 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7.200 1.800
24576 1 384.000 96.000 24.000 6.000
1 2 192.000 48.000 12.000 3.000

T 4 96.000 24.000 6.000 1.500

T 5 76.800 19.200 4.800 1.200

1 8 48.000 12.000 3.000 0.750

1 A 38.400 9.600 2.400 0.600

1 10 24.000 6.000 1.500 0.375
27.0336 B 38.400 9.600 2.400 0.600
29.4912 1 460.800 115.200 28.800 7.200
1 3 153.600 38.400 9.600 2.400

T 4 115.200 28.800 7.200 1.800

T 6 76.800 19.200 4.800 1.200

1 9 51.200 12.800 3.200 0.800

1 C 38.400 9.600 2.400 0.600

1 F 30.720 7.680 1.920 0.480

1 10 28.800 7.200 1.800 0.450
31.9488 D 38.400 9.600 2.400 0.600

Note 1: Transfer rates in I/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, the clock
gear is set for fc/1 and the system clock is the prescaler clock input fgpy.

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

Calculation method the frequency of TAOTRG

Frequency of TAOTRG = Baud rate x 16

Note 1:The TMRAO match detects signal cannot be used as the transfer clock in I/O interface mode.
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3

(4)

(5)

Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
e InI/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 clock,
the internal system clock fsys, the match detect signal from timer TMRAO or the
external clock (SCLKO) is used to generate the basic clock SIOCLK.
Receiving counter

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

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

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

Receiving control
¢ In I/O interface mode

In SCLK output mode with the setting SCOCR<IOC> = 0, the RXDO signal is
sampled on the rising edge or falling edge of the shift clock which is output on the
SCLKO pin, according to the SCOCR<SCLKS> setting.

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

e In UART mode

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

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

TXDCLK

(6)

(7

(€)

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 cause 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<RB8> is used to store either the parity bit — added in 8-bit UART mode — or
the most significant bit (MSB) — in 9-bit UART mode.

In 9-bit UART mode the wakeup function for the slave controller is enabled by
setting SCOMODO<WU> to 1; in this mode INTRXO interrupts occur only when the
value of SCOCR<RB8&8>is 1.

Transmission counter

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

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

1l 1

Figure 3.9.4 Generation of the Transmission Clock

Transmission controller
¢ 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 or

falling edge of the shift clock which is output on the SCLKO pin, according to the
SCOCR<SCLKS> setting..

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.
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Handshake function

Use of CTS pin allows data can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake functions 1is enabled or disabled by the
SCOMOD<CTSE> setting.

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

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 by software in the RXD

interrupt routine.

TMP91C824 TMP91C824
TXD RXD
CTS RTS (Any port)
Sender Receiver

Figure 3.9.5 Handshake Function

Timing to writing to the I | 5‘ «
) »

transmission buffer

—
D Send is suspended «

during this period n
cTs gthisp b

=
N
=
5
=
o

13 14 15 16 1 2

sook g JLTI LN LN
—S( |_| « |_|

TXDCLK

—_

TXD \ Start bit « /< 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 3.9.6 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 INTTXO0
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 SCOMODO0<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and the parity is
added after the data has been transferred to receiving buffer 2 (SCOBUF), and then
compared with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RB8> in 8-bit
UART mode. If they are not equal, a parity error is generated and the
SCOCR<PERR> flag is set.

(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
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.
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(12) Timing generation
a. In UART mode

Receiving
Mode . 8 Bits + Parity 8 Bits, 7 Bits + Parity,
9 Bits (Note) (Note) 7 Bits
Interrupt timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Framing error timing

Center of stop bit

Center of stop bit

Center of stop bit

Parity error timing

Center of last bit

Center of stop bit

(Parity bit)
Overrun error timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Note: In 9-Bit and 8-Bit+Parity mode, interrupts coincide with the ninth bit pulse.Thus,
when servicing the interrupt, it is necessary to wait for a 1-bit period (to allow the stop bit to
be transferred) to allow checking for a framing error.

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. 1/0 interface

Transmission
interrupt
timing

SCLK output mode

Immediately after the last bit. (See Figure 3.9.19.)

SCLK input mode

Immediately after rise of last SCLK signal rising mode, or
immediately after fall in falling mode. (See Figure 3.9.20.)

Receiving
interrupt
timing

SCLK output mode

Timing used to transfer received to data receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.9.21.)

SCLK input mode

Timing used to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.9.22.)
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3.93 SFRs
7 6 5 4 3 2 1 0
scoMoDo | Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(0202H) | Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Handshake | Receive Wakeup Serial transmission Serial transmission clock
data bit8 0: CTS function function mode (UART)
disable 0: Receive | 0: Disable 00: I/O interface mode | 00: TMRAO trigger
1:CTS disable 1: Enable 01: 7-bit UART mode | 01: Baud rate
enable 1: Receive 10: 8-bit UART mode generator
enable 11: 9-bit UART mode | 10: Internal clock fgys
11: External clcok
(SCLKO input)
]
——> Serial transmission clock source (UART)

00 | Timer TMRAOQ match detect signal

01 | Baud rate generator

10 | Internal clock fgys

11 [ External clock (SCLKO input)

Note: The clock selection for the I1/0
interface mode is controlled by the
serial control register (SCOCR).

—> Serial transmission mode
00 | I/O Interface mode
101 | 7-bit mode
110 | UART mode | 8-hit mode
11 9-bit mode
L > Wakeup function
9-bit UART Other modes
0 Interrupt generated 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 3.9.7 Serial Mode Control Register (SIO0, SCOMODO)
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7 6 5 4 3 2 1 0
SC1MODO | 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 0: CTS function function mode clock (UART)
disable 0: Receive |0: Disable |00: I/O interface mode [00: TMRAO trigger
1: CTS disable [1: Enable |01: 7-bit UART mode [01: Baud rate
enable 1: Receive 10: 8-bit UART mode generator
enable 11: 9-bit UART mode |10: Internal clock fsys
11: External clcok
(SCLK1 input)

— 1

L Serial transmission clock source (for UART)

00 | Timer TMRAOQ match detect 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).

L Serial transmission mode

00 | I/O Interface mode
01 7-bit mode

10 | UART mode |g hjit mode

11 9-bit mode
L Wakeup function

9-bit UART Other modes
Interrupt generated when
data is received

Interrupt generated only
when RB8 =1

Don't care

Receiving function

0 | Receive disabled
1 | Receive enabled

Handshake function (CTs pin)

0 | Disabled (Always transferable)
1 [ Enabled

Transmission data bit8

Figure 3.9.8 Serial Mode Control Register (SIO1, SC1MODO)
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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 R/W R (Cleared to 0 when read) R/W
After reset Undefined 0 0 0 0 0 0 0
Function Received | Parity Parity 1: Error 0: SCLKO |0: Baud
data bit8 | 0: Odd addition [ r] rate
1: Even 0: Disable generator
1: Enable Overrun Parity Framing 1: SCLKO [1: SCLKO
pin input
)

— |

|—> 1/O interface input clock selection

0

Baud rate generator

1

SCLKO pin input

-———— Edge selection for SCLK pin (/O mode)

0

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

Transmits and receivers [ﬁ ]
data on falling edge SCLKO.

—> Framing error flag
— > Parity error flag Cleared to 0

Overrun error flag when read

Parity addition enable

0

Disabled

1

Enabled

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 3.9.9 Serial Control Register (SI0O0, SCOCR)
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7 6 5 4 3 2 1 0
SCI1CR | Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) | ReadMwrite R R/W R (Cleared to 0 when) RIW
After reset | Undefined 0 0 0 0 0 0 0
Function Received |Parity Parity 1: Error 0: SCLK1 |0: Baud rate
data bit8 0: Odd addition generator
1: Even 0: Disable [J] 1: SCLK1
1: Enable Overrun Parity Framing 1: SCLK1 pin input
)

— |

‘_—> 1/O interface input clock select

0

Baud rate generator

1

SCLK1 pin input

L———— Edge selection for SCKL pin (/0O mode)

0

Transmits and receives
1]

data on rising edge of SCLK1.

Transmits and receives [ ]
data on falling edge of SCLK1.

—> Framing error flag
— > Parity error flag

Cleared to 0
when read

Overrun error flag

Parity addition enable

0

Disabled

1

Enabled

Even parity addition/check

0

QOdd parity

1

Even parity

Received data bit8

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

Figure 3.9.10 Serial Control Register (SI01, SC1CR)
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TOSHIBA TMP91C824
7 6 5 4 3 2 1 0
BROCR Bit symbol — BROADDE | BROCK1 BROCKO BROS3 BR0OS2 BROS1 BROSO
(0203H) | Read/Write R/W
After reset 0 0 o | o o | o [ o [ o
Function Always + (16 — K)/16| 00: ¢TO Setting the divided frequency “N”
write 0 division 01: ¢T2 (OtoF)
0: Disable | 10: ¢T8
1: Enable | 11: ¢T32
+ (16 — K)/16 division enable Setting the input clock of baud rate generator
0 [ Disable 00 | Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(0204H) Read/Write R/W
After reset 0 | 0 | 0 | 0
Function Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
Sets baud rate generator frequency divisor
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0000 (N =16)| 0010 (N=2) | 0001 (N = 1) (UART only)
<BR0S3:0> or to to
BROADD 0001 (N=1) | 1111 (N =15) 1111(N = 15)
<BROK3:0> 0000(N = 16)
0000 Disable Disable
0001(K = 1) Divided b
0 Disable Y Divided by N
N + (16 — K)/16
1111(K = 15)

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

N UART Mode 1/0 Mode
2t0 15 ) X
1,16 X X

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

1/0 interface mode.
Note2: Set BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when +(16-K)/16 division
function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.9.11 Baud Rate Generator Control (SIO0, BROCR, BROADD)
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7 6 5 4 3 2 1 0
BR1CR Bit symbol - BR1IADDE| BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/Write R/W
After reset 0 0 o | o o | o [ o [ o
Function Always + (16 — K)/16( 00: ¢TO Setting the divided frequency “N”
write 0 division 01: ¢T2 (OtoF)
0: Disable | 10: ¢T8
1: Enable | 11: ¢T32
!
+ (16 — K)/16 division enable Input clock selection for baud rate generator
0 [ Disabled 00 | Internal clock ¢TO
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 Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
Baud rate generator frequency divisor setting
BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE> =0
BROCR 0000 (N=16) | 0010 (N=2) 0001 (N = 1) (UART only)
<BR1S3:0> or to to
BR1ADD 0001 (N=1) | 1111 (N=15) 1111 (N =15)
<BR1K3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K=1) Disable Disabled by Divided by N
to N + (16 — K)/16
1111 (K=15)

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

N UART Mode 1/0 Mode
2t0 15 ) X
1,16 X X

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

1/0 interface mode.
Note2: Set BR1ICR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when +(16-K)/16 division
function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is
read from these unused bits.

Figure 3.9.12 Baud Rate Generator Control (SIO1, BR1CR, BR1ADD)
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87 | TB6 ; TBS | TB4 | TB3 | TB2 | 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 3.9.13 Serial Transmission/Receiving Buffer Registers (SIO0, SCOBUF)

7 6 5 4 3 2 1 0
SCOMOD1 Bit symbol 12S0 FDPX0
(0205H) Read/Write RIW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure 3.9.14 Serial Mode Control Register 1 (SIO0, SCOMOD1)
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TB7 ! TB6 ! TB5 ! TB4 ! TB3 ! TB2 ! TBL ! TBO | (Transmission)

SC1BUF
(0208H)

RB7 , RB6 , RB5 , RB4 , RB3 , RB2 , RB1 , RBO | (Receiving)

Note: Prohibit read modify write for SC1BUF.
Figure 3.9.15 Serial Transmission/Receiving Buffer Registers (SIO1, SC1BUF)

7 6 5 4 3 2 1 0
SCIMOD1 | Bit symbol 1251 FDPX1
(020DH) Read/Write R/W R/W
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure 3.9.16 Serial Mode Control Register 1 (SIO1, SC1IMOD1)
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3.9.4  Operation in Each Mode

(1) Mode 0 (I/0O 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.

Qutput extension

TMP91C824 Shift register Al — TMP91C824 Shift register Al <
Bl — B| <—

TXD Sl c|— RXD QH C| <

D| — D| <—

SCLK SCK E| — SCLK CLOCK E| <

El — E| <

Port RCK G| — Port S/t G| <

H > H <«

Input extension

Figure 3.9.17 SCLK Output Mode Connection Example

Output extension

TC74HC595 or equivalent

TMP91C824 Shift register Al — TMP91C824 Shift register Al <
Bl — B| <—

TXD Sl c|— RXD QH C| <

D| — D| <—

SCLK SCK E| — SCLK CLOCK E| <

El — E| <

Port RCK G| — Port S/t G| <

H > H <«

Input extension

TC74HC165 or equivalent

External clock

TC74HC595 or equivalent

External clock

Figure 3.9.18 SCLK Input Mode Connection Example

TC74HC165 or equivalent
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a. Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the
TXDO0O and SCLKO pins respectively each time the CPU writes the data to the
transmission buffer. When all data is output, INTESO<ITX0C> will be set to
generate the INTTXO interrupt.

Timing to write
g H‘\ «

transmission data \ )y
SCLKO output

(<SCLKS>=0 \t | | | L&A | i | | ;_ - _:
Rising edge mode) ! ! Ly ' ! ! (Internal clock
SCLKO output | | = , timing)
(<SCLKS>=1 . ! l ! l ! ! ! l :
F ” ] | ) 1 | 1

alling edge mode) : : oy : ' :

TXDO X Bito X Bitl X X  Bit6 ! Bit7
ITXOC ' '
(INTTXO « |
Interrupt request) »

Figure 3.9.19 Transmitting Operation in 1/O Interface Mode (SCLKO output mode)

In SCLK input mode, 8-bit data is output on 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 output, INTESO<ITX0C> will be set to generate INTTXO
interrupt.

SCLKOinput

(<SCLKS>=0 —
Rising edge mode) ! T ! T . (,_T ! T ! !

SCLKO input (¢

(<SCLKS> =1 I S s A A s

Falling edge mode) ' ' ' « ' ' '

TXDO X Bito X Bitl X7 Bit5 X Bit6 X Bit7

ITXOC |
(INTTXO « |

Interrupt request)

Figure 3.9.20 Transmitting Operation in I/O Interface Mode (SCLKO input mode)
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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<IRX0C> will be set to
generate INTRXO interrupt.

The outputting for the first SCLKO starts by setting SCOMODO<RXE> to 1.
IRX0C

(INTRXO — 3 «

interrupt request) )Y
SCLKO output \

(<SCLKS>=0 "? f | f
|

Rising edge mode)

S0
-,
S N

SCLKO output
(<SCLKS>=1
Fallingf edge mode)

RN G GRS G

1
1
1
X Bit6 D( Bit7 \/\,-

Figure 3.9.21 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<IRX0C> 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.

SCLKOinput

et PN N Iy Py I

SCLKO inpu=t . I_Ss_l

oSty — — L L

RXDO X e X e Xeis X Bi6 X B W77
. ! ! I )

IRX0C . . . | .

(INTRX0)

Figure 3.9.22 Receiving Operation in 1/O Interface Mode (SCLKO input mode)

Note: The system must be put in the receive enable state (SCMODO<RXE> = 1)
before data can be received.
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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 interrupt. In the transfer
interrupt program, The receiving operation should be done like the above
example before setting the next transfer data.

Example: Channel 0, SCLK output

Baud rate = 9600 bps
fc = 14.7456 MHz

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

Main routine
7 6 5 4 3 2 1 0 Set the INTTXO level to 1.

INTESO - 0 01 - 0 0 O Set the INTRXO level to 0.

PCCR - - - - -1 0 1 Set PCO, PC1 and PC2 to function as the TXDO,
RXDO0 and SCLKO pins respectively.

PCFC X X - X - 1 X 1

scomobg0 - - - - 0 0 - - Select I/O interface mode.

SCoOMOD1 1 1 X X X X X X Select full duplex mode.

SCOCR - - - - - - 0 - SCLK output, transmit on negative edge, receive on
positive edge

BROCR 0 011 0 0 1 1 Baud rate = 9600 bps

scoMmobo - - 1 - - - - - Enable receiving

SCOBUF * * * * * % x % Set the transmit data and start.

INTTXO interrupt routine

Acc SCOBUF Read the receiving buffer.

SCOBUF * * * * x * % * Set the next transmit data.

X: Don't care, —: No change
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(2) Mode 1 (7-bit UART mode)

7-bit UART mode is 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).

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

AT O 000000 cN

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

* Clock state System clock:  High frequency (fc)

PCCR  «
PCFC “«
SCOMODO <«
SCOCR  «
«
«
«

xX X N
x

o |
* = O - |

BROCR
INTESO
SCOBUF

*

x

*

Clock gear: 1 (fc)
Prescaler clock: System clock

- - - -1
} Set PCO to function as the TXDO pin.

-0101 Select 7-bit UART mode.

————— Add even parity.

00101 Set the transfer rate to 2400 bps.

0--- - Enable the INTTXO interrupt and set it to interrupt level 4.
xR xR Set data for transmission.

X: Don't care, —: No change

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

8-bit UART mode is selected by setting SCOMOD0<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).

Example: When receiving data of the following format, the control registers should

be set as described below.

AT OO0 00006

«—— Transmission direction (Transmission rate: 9600 bps at fc = 12.288 MHz)
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* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

Main settings

PCCR — X X - - - 0 - Set PC1 to function as the RXDO pin.

SCOMOD0 « - -1 -1001 Enable receiving in 8-bit UART mode.

SCOCR «~-01---- - Add even parity.

BROCR «<~00010101 Set the transfer rate to 9600 bps.

INTESO - - - - - 100 Enable the INTTXO interrupt and set it to interrupt level 4.
Interrupt processing

Acc <« SCOCR AND 00011100

ifAcc  » Othen ERROR } Check for errors.

Acc « SCOBUF Read the received data.

X: Don't care, —: No change

(4) Mode 3 (9-bit UART mode)

9-bit UART mode is selected by setting SCOMODO<SM1:0> to 11. In this mode
parity bit cannot be added.

In the case of transmission the MSB (9th bit) is written to SCOMODO<TBS8>. 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

In 9-bit UART mode, the wakeup function for slave controllers is enabled by setting
SCOMODO<WU> to 1. The interrupt INTRXO0 occurs only when<RB8> = 1.

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

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

Figure 3.9.23 Serial Link Using Wakeup Function
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Protocol

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

(3) The master controller transmits one-frame data including the 8-bit select code
for the slave controllers. The MSB (Bit8) <TB8> is set to 1.

N EOOO0000

Select code of slave controller

(4) Each slave controller receives the above frame. Each controller checks the above
select code against its own select code. The controller whose code matches clears
its WU bit to 0.

(5) The master controller transmits data to the specified slave controller whose
SCOMOD<WU> bit is cleared to 0. The MSB (Bit8) <TB8> is cleared to 0.

e EOOOOOOD/"

Data

(6) The other slave controllers (whose <WU> bits remain at 1) ignore the received
data because their MSBs (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

internal clock fsys as the transfer clock.

i

Master

TXD RXD

TXD RXD TXD RXD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 only is
used for the purposes of this explanation.

Setting the master controller

Main

PCCR «— X
PCFC « X
INTESO “«— -

SCOMODO « 1
SCOBUF « 0

INTTXO interrupt

SCOMODO « 0
SCOBUF  « *

- 01 Set PCO and PCL1 to function as the TXDO and RXDO pins
- X1 respectively.
101 Enable the INTTXO interrupt and set it to interrupt level 4.

Enable the INTRXO interrupt and set it to interrupt level 5.
10 Set fgys as the transmission clock for 9-bit UART mode.
Set the select code for slave controller 1.

Setting the slave controller

Main

PCCR «—
PCFC “—
PCODE «
-
-

xX X X
P oX X X

o X

INTESO
SCOMODO

INTRXO interrupt

Acc < SCOBUF

if Acc = select code
Then SCOMODO < — — -0 — - — — Clear <WU> to 0.

P P X X

Set TB8 to 0.
* ok Set data for transmission.

Enable INTRXO0 and INTTXO.
Set <WU> to 1 in 9-bit UART transmission mode using fsys

as the transfer clock.

Set PC1 to RXDO0 and PCO to TXDO (Open-drain output).

91C824-149

2005-12-16



TOSHIBA TMP91C824

3.9.5  Support for IrDA

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.
Figure 3.9.24 shows the block diagram.

Transmisison data| r------------ TXDO | r=======-=-=-==-------
! IR modulator | I IR transmitter & LED ————>
———————————— : i e e e e IR output

SIo0 Modem
Receivedata | r-----------= RXDO | r======-===----------
! IR demodulator ! IR receiver S
———————————— 1 e e el IR input
TMP91C824

Figure 3.9.24 IrDA Block Diagram

(1) Modulation of the transmission data

When the transfer data is 0, the modem outputs 1 to TXDO pin with either 3/16 or
1/16 times for width of baud rate. The pulse width is selected by the SIRCR<PLSEL>.
When the transfer data is 1, the modem outputs 0.

Transmission data| Start

1

0 Stop

TXDO pin

Figure 3.9.25 Modulation Example of Transfer Data

(2) Modulation of the receive data

When the receive data has the effective high level pulse width (Software selectable),
the modem outputs 0 to SIO0. Otherwise the modem outputs 1 to SIO0. The receive
pulse logic is also selectable by SIRCR<RXSEL>.

) N M| W
]
]

AN
) )

Data after Startl 1 | I 1 | 0 | 1 1 | 0 |St0p

modulation

|
|
1
Receiving pulse '
|
1

<RXSEL =*"1">

&

Figure 3.9.26 Demodulation Example of Receive Data
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3

(4)

(5)

Data format
The data format is fixed as follows:
e Data length: 8-bit
e Parity bits: none
e  Stop bits: 1

Any other settings don’t guarantee the normal operation.

SFR

Figure 3.9.27 shows the control register SIRCR. Set the data SIRCR during SIOO is
inhibited (Both TXEN and RXEN of this register should be set to 0).

Any changing for this register during transmission or receiving operation don’t
guarantee the normal operation.

The following example describes how to set this register:

1) SIO setting ; Set the SIO to UART Mode.
\)
2) LD (SIRCR), 07H ; Set the receive data pulse width to 16x.
3) LD (SIRCR), 37H ; TXEN, RXEN Enable the Transmission and receiving of SIO.
\)
4) Start transmission ; The modem operates as follows:
and receiving for SIO0 * SIOO starts transmitting.

* IR receiver starts receiving.

Notes
1) Baud rate generator for IrDA

To generate baud rate for IrDA, use baud rate generator in SIO0 by setting 01 to
SCOMODO0<SC1:0>. To use another source (TAOTRG, fsys and SCLKO input) are not
allowed.

2) As the IrDA 1.0 physical layer specification, the data transfer speed and infra-red
pulse width is specified.

Table 3.9.4 Baud Rate and Pulse Width Specifications

. Rate Tolerance | Pulse Width | Pulse Width | Pulse Width
Baud Rate Modulation o . .
(% of rate) (Minimum) (Typical) (Maximum)
2.4 kbps RZI +0.87 1.41 ps 78.13 us 88.55 us
9.6 kbps RZ| +0.87 141 ps 19.53 us 22.13 us
19.2 kbps RZI +0.87 1.41 ps 9.77 us 11.07 ps
38.4 kbps RZI +0.87 1.41 us 4.88 us 5.96 ps
57.6 kbps RZI +0.87 1.41 ps 3.26 us 4.34 us
115.2 kbps RZI +0.87 1.41 ps 1.63 us 2.23 us

The infra-red pulse width is specified either baud rate T x 3/16 or 1.6 ps (1.6 us is
equal to 3/16 pulse width when baud rate is 115.2 kbps).

The TMP91C824F has the function selects the pulse width on the transmission
either 3/16 or 1/16. But 1/16 pulse width can be selected when the baud rate i1s 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.
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As the same reason, + (16 — k)/16 division functions in the baud rate generator of
SIOO0 can not 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 3.9.5 shows Baud rate and pulse width for (16 — k)/16 division
function.

Table 3.9.5 Baud Rate and Pulse Width for (16 — k)/16 Division Function

i 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 o
T x 1/16 — — x ) o o

O: Can be used (16 — k)/16 division function
x; Can not be used (16 — k)/16 division function
—: Can not be set to 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 RIW

After reset 0 0 0 0 o | o | o [ o
Function Select Receive Transmit  |Receive Select receive pulse width

transmit data 0: Disable |0O: Disable [Set effective pulse width for equal or more than
pulse width |0: H pulse |1: Enable |1: Enable |2x x (value + 1) + 100ns

0: 3/16 1: L pulse Canbeset:1t04

1:1/16 Can not be set: 0, 15

I., Select receive pulse width
Formula: Effective pulse width > 2x x (Value + 1) + 100ns
X = UfepH

0000 Cannot be set
0001 Equal or more than 4x + 100 ns
to
1110 Equal or more than 30x + 100 ns
1111 Can not be set
Receive operation
0 Disabled
1 Enabled
———— Transmit operation
0 Disabled
1 Enabled
Select transmit pulse width
0 3/16
1 1/16

—>

Figure 3.9.27 IrDA Control Register
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3.10 Serial Bus Interface (SBI)

The TMP91C824F has a 1-channel serial bus interface which employs a clocked-
synchronous 8-bit SIO mode and an I2C bus mode.

The serial bus interface is connected to an external device through P71 (SDA) and P72
(SCL) in the I2C bus mode; and through P70 (SCK), P71 (SO) and P72 (SD in the clocked-
synchronous 8-bit SIO mode.

Each pin is specified as follows.

P70ODE<ODE72:71> P7CR<P72C:70C> P7FC<P72F:70F>
I°C bus mode 11 11X 11X
Clocked synchronous 011
. XX 111
8-bit SIO mode 010
X: Don't care
3.10.1 Configuration
> INTSBI interrupt request
SCL
l | SCK
sio —{Jp70
clock (SCK)
control
N Input/
T l Output
¢T —| Divider control —Dp71
— SIo SO (SO/SDA)
Transfelr data control Sl
|2C bus contro K ]
lock circuit
clock sync | l
Noi
| | Noise + AN —Dp72
canceller control Shift 2C bus (SI/SCL)
. Noise
register data control j«— SDA
canceller
N2 I |
SBIOCR2/
12COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI control register 2/ I°C bus SBI data SBI control SBI baud rate
SBI status register address register buffer register register 1 register 0, 1
Figure 3.10.1 Serial Bus Interface (SBI)
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3.10.2

3.10.3

Serial Bus Interface (SBI) Control
The following registers are used to control the serial bus interface and monitor the

operation status.

e Serial bus interface control register 1 (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 3.10.4 “I2C Bus Mode Control” and 3.10.7 “Clocked Synchronous 8-Bit
SIO Mode Control”.

The Data Formats in the I°C Bus Mode

The data formats in the I2C bus mode is shown below.

(a)  Addressing format

je—— 8bits ——|1j«— 1to8bhits —>{1«<— 1to8bits —1
FrTTTTT]R A A A
S Slave address I'lc Data C Data C|P
V_V K K K
1 1 or more — >
(b)  Addressing format (with restart)
je—— 8bits ——|1lj«— 1to8bhits —>1| [&—— 8bits ——|1j«— 1to8bits —>1
FrTTTTT]R A A FrTTTTTIR A A
S| Slaveaddress [/ |C Data C|s| slaveaddress |/|C Data Clp
WK K wiK K
1 1 or more 1 1 or more —>|

(¢)  Free data format (Data transferred from master device to slave device)

[e—— 8bits ——|1«— 1to8bits —>{1«<— 1to8hits —>1
T T T T1 A A A

S Data C Data C Data C|P
K K K
1 1 or more — >

S: Start condition
R/W : Direction bit
ACK: Acknowledge bit

P: Stop condition

Figure 3.10.2 Data Format in the I°C Bus Mode
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3.10.4 I°C Bus Mode Control
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Seirial Bus Interface Conrol Register 1
7 6 5 4 3 2 1 0
: SCKOo/
(SolzlngF;l Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
Read/Write W R/W W R/W
After reset 0 | 0 | 0 0 0 | 0 0/1 (Note 3)
rpergg_'b't Function Number of transferred bits (Note 1) |Acknowledge Internal serial clock selection and
modify- mode software reset monitor (Note 2)
write specification
0: Not
generate
1. Generate

Note 1:
Note 2:
Note 3:
Note 4:

|

Internal serial clock selection <SCK2:0> at write

000 [ n=5 - Note 4

001 (n=6 [ - Note4d System clock: fc
010 (n=7 [ - Note4 Clock gear: fc/1

011 (n=38 - Note 4 fc =33 MHz

100 | n=9 | 63.5 kHz (internal SCL output)
101 | n=10| 32.0 kHz fscl =—nS— [Hz]
110 [ n=11| 16.1 kHz 2°+8

111 (Reserved)

Software reset state monitor <SWRMON> at read
0 During software reset

1 Initial data

—> Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal
1 Generate clock pulse for acknowledge signal

Number of bits transferred

<ACK>=0

<ACK>=1

<BC2:0>

Number of
clock pulses

Bits

Number of

clock pulses Bits

000
001
010
011
100
101
110
111

~NoO O~ WNE®
~NoO b~ WNE®
oO~NO O~ WN O
~NOoO O WNRE O

Set the <BC2:0> to 000 before switching to a clock-synchronous 8-bit SIO mode.

For the frequency of the SCL line clock, see 3.10.5 (3) Serial clock.

Initial data of SCKO is “0”", SWRMON is “1".

This I°C bus circuit does not support fast mode, it supports standard mode only. Although the I°C bus
circuit itself allows the setting of a baud rate over 100kbps, the compliance with the I1°C specification is not

guraranteed in that case.

Figure 3.10.3 Registers for the 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 0 0
Prohibit Function Master/slave | Transmitter/ | Start/stop Cancel Serial bus interface Software reset generate
:’ﬁggi-fy selection receiver condition INTSBI operating mode selection | write 10 and 01, then an
write selection generation | interrupt (Note2) internal reset signal is
request 00: Port mode generated.
01: SIO mode
10: 1°C bus mode
11: (Reserved)
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)
L 5 INTSBI interrupt request
0 |Don't care
1 | Cancel interrupt request
L Start/stop condition generation
0 | Generates the stop condition
1 [Generates the start condition
Transmitter/receiver selection
0 |Receiver
1 [Transmitter
Master/slave selection
0 |Slave
1 | Master
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 3.10.4 Registers for the 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
ggg_'b't Function Master/ |Transmitter/| I°C bus INTSBI Arbitration |Slave GENERAL [Last
modify- slave receiver status interrupt  |lost address CALL received bit
write status status monitor request [detection |match detection monitor
monitor  |monitor monitor  [monitor detection monitor 0:0
0: - monitor 0: Undetected [1: 1
1: Detected |0: Undetected [1: Detected
1: Detected

— |

|—> Last received bit monitor

0 | Last received bit was 0

1 [Last received bit was 1

-—— GENERAL CALL detection monitor

0 | Undetected

1 | GENERAL CALL detected

L 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

I°C bus status monitor

0 |Free

1 [Busy

Transmitter/receiver status monitor

0 | Receiver

1 | Transmitter

Note: Writing in this register functions as SBIOCR2.

Master/slave status monitor

0 |[Slave

1 | Master

Figure 3.10.5 Registers for the I°C Bus Mode
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Serial Bus Interface Baud Rate Regster O
7 6 5 4 3 2 1 0

SBIOBRO | Bit symbol - 12SBIO0
(0244H) Read/Write W R/W
Prohibit After reset 0 0
read-
modify- Function Always IDLE2
write write 0 0: Stop

1: Run

Operation during IDLE 2 mode

0 | Stop

1 [ Operation

Serial Bus Interface Baud Rate Register 1

7 6 5 4 3 2 1 0
SBIOBR1 | Bit symbol P4EN -
(0245H) Read/Write W W
Prohibit After reset 0 0
read- .
modify- Function Internal Always
write clock write 0
0: Stop
1: Operate
Baud rate clock control
0 | Stop
1 [ Operate
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
(0241H) Read/Write R (Received)/W (Transfer)
Prohibit After reset Undefined
:ﬁggi_fy— Note 1: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
write Note 2: SBIDBR can't be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is

Note 3:

prohibitted.
Written data in SBIODBR is cleared by INTSBI signal.

I°C Bus Address Register

7 6 5 4 3 2 1 0
I2COAR | Bit symbol SA6 SA5 SA4 SA3 SA2 SAL SAO ALS
(0242H) Read/Write W
After reset o | o | o | o | o | o | o 0
Prohibit Function Slave address selection for when device is operating as slave device IAddress
read- recognition
modify-
write mode
specification

Address recognition mode specification

0 | Slave address recognition

1 [Non slave address recognition

Figure 3.10.6 Registers for the I1°C Bus Mode
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3.10.5 Control in I°C Bus Mode

(1) Acknowledge mode specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The
TMP91C824 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 TMP91(C824
does not generate a clock pulse for the acknowledge signal when operating in the
master mode.

(2) Number of transfer bits
The SBIOCR1<BC2:0> is used to select a number of bits for next transmitting 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.

(3) 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. Set a communication baud rate that

meets the I12C bus specification, such as the shortest pulse width of trow, based
on the equations shown below.

P tHIGH t tLow 1/fscl

|

SBIOCR1<SCK2:0> n

000 5

ttow =2"" Yisgi 001 6
thigH = 2" fsp) + 8/fsp 812 ;
fscl = (tLow + tHIGH) 100 9
B fspl 101 10

= 2n .8 110 11

Note 1: fgp is the clock fgpn.
Note 2: It's prohibited to use fc/16 prescaler clock when using SBI block. (I°C bus and clock

synchronous.)

Figure 3.10.7 Clock Source

91C824-160 2005-12-16



TOSHIBA

TMP91C824

b.

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 TMP91C824 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 cIocI|< pulse
r—————Start counting high-level width of a clock pulse

1

1

| .
]

] ] ]

:Reset a counter of ! :\

thigh-level width of 1

,a clock_pulse /i/
S §

. /

@W

NS

1
|
C

o--------|--

Figure 3.10.8 Clock Synchronization

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 ¢ 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 TMP91C824 is used as a slave device, set the slave address <SA6:0> and
<ALS> to the I2COAR. Clear the <ALS> to 0 for the address recognition mode.

(5) Master/slave selection

Set the SBIOCR2<MST> to 1 for operating the TMP91C824 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.

91C824-161 2005-12-16



TOSHIBA TMP91C824

(6) Transmitter/receiver selection

Set the SBIOCR2<TRX> to 1 for operating the TMP91C824 as a transmitter. Clear
the <TRX> to O for operation as a receiver. When data with an addressing format is
transferred in slave mode, when a slave address with the same value that an I2C0AR
or a 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 is cleared to O 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 I2C 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.

r---

SCLline ! 1 2 3 4 5 6 7 8 9

|
spaline ' \! / a6 X a5 X a2 X a3 X a2 X a1 X 20 X riw /
Lo | | Acknowledge

Start conditionl Slave address and the direction bit i signal

Figure 3.10.9 Start Condition Generation and Slave Address Generation

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 3.10.10 Stop Condition Generation

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.

And about generation of stop condition in master mode, there are some limitation
points. Please refer to the 3.10.6 (4) “Stop condition generation”.
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8

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 O 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 tL.OwW.

In the address recognition mode (<SALS> = 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 O 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
1s written O.

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

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 which loses
arbitration releases the internal SDA output in order not to affect data transmitted
from other masters with arbitration. When more than one master sends the same
data at the first word, arbitration occurs continuously after the second word.

SCL line —\_/ \ / \i / \_/—\_/—\_/— _____

Internal SDA output
(Master A)

Internal SDA output
(Master B)

SDA line

~

Figure 3.10.11 Arbitration Lost
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The TMP91C824 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 00 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 O when data is written to or read from SBIODBR or when
data is written to SBIOCR2.

Internal
Master( SCL Output

sé'}ieé”?' . \ D7A XD6A\  /D4AXD3AXD2AXD1AXDOA / \D7A'XD6A XD5A' XD4A’
utpu
P |—> Stop the clock pulse

Internal

< SCL output 1 2 3 4
Master
B

Internal
SDA output \ D7B X D6B / Keep internal SDA output to high level as losing arbitration

<AL> |/

<MST> P\

\
<TRX> |/ \
/
1

Accessed to
SBIODBR or SBIOCR2

Figure 3.10.12 Example of when TMP91CW12 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 I2CO0AR<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 1s 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 locked
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 be read and transferred data can be written by reading or
writing the 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 (I2COAR)

I2C0AR<SAG6:0> is used to set the slave address when the TMP91C824 functions as
a slave device.

The slave address output from the master device is recognized by setting the
I2COAR<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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3.10.6 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 SBIOCRI1 to O.
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 INTSBI 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 which are
output from the master device are received.

When a GENERAL CALL or the same address as the slave address set in
I2CO0AR 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 occurs 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.

I
SCL line | 1 2 3 4 5 6 7 8 9
1

SDA line P\ v /a6 X a5 X a4 X Az X A2 X At X A0 X Rw A ACK
- -\: : \ J \—Acknowledge

] Y .
Start condtion Slave address + Derection bit signal from a
slave device

<PIN> (I—
INTSBI | l_
interrupt request

Output of master

= = = = Output of slave

Figure 3.10.13 Start Condition Generation and Slave Address Transfer
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(3) 1-word data transfer

Check the <MST> by the INTSBI interrupt process after the 1-word data transfer
1s completed, and determine whether the mode is a master or slave.
a. If <MST> =1 (Master mode)

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 3.10.6 (4)) and
terminate data transfer.

When the <LRB> is 0, the receiver is 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 BC<2:0> <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 occurs. The <PIN> becomes 0 and the SCL line is
pulled down to the low level. If the data to be transferred is more than 1 word in
length, repeat the procedure from the <LRB> checking above.

— Write to SBIODBR

SCL line 1 2 3 4 5 6 7 8 9

SDA line D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO A ACK ,

. 'Acknowledge signal
from a receive
<PIN> | (

INTSBI rl
interrupt request

Output from master
= === Output from slave

Figure 3.10.14 Example in which BC<2:0> = 000 and <ACK> =1 in 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 occurs and the <PIN> becomes 0, Then the
TMP91C824F pulls down the SCL pin to the low level. The TMP91C824 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 SBIODBR

SCL line

. === i W aniniiasianiie W aniniiasiianiie W aniniiananiie W sl V2t W 2nibniiasiianiie W 2niieniiasionl ===
sDAline | D7_ W D6 w D5 W D4 A D3 A D2 w DI A DO_ New D7

Acknowledge signal

<PIN> I | to a transmitter

INTSBI rl
interrupt request

Output from master
= = = = Output from slave

Figure 3.10.15 Example of when <BC2:0> = 000, <ACK> =1 in Receiver Mode

In order to terminate the transmission of data to a transmitter, clear <ACK>
to 0 before reading data which is 1 word before the last data to be received. The
last data word does not generate a clock pulse as the acknowledge signal. After
the data has been transmitted and an interrupt request has been generated, set
BC<2:0> to 001 and read the data. The TMP91C824 generates a clock pulse for a
1-bit data transfer. Since the master device is a receiver, the SDA line on the bus
remains high. The transmitter interprets the high signal as an ACK signal. The
receiver indicates to the transmitter that data transfer is complete.

After the one data bit has been received and an interrupt request been
generated, the TMP91C824 generates a stop condition (See Section 3.10.6 (4))
and terminates data transfer.

SCL line 1 2 3 4 5 6 7 8 1

. ot Val sl VA "y ¥ it Voot W st -7
SDAline 1 D _7_ N_ _D_ﬁ_ A _D_5_ A _D_4_ A _D_3_ A_ _D_Z_ A_ _D_l_ A_ _D_O_ R \_ Acknowledge signal

sent to a transmitter

<PIN> _Cl_! CI_! <n|_

INTSBI _|_| ! [

interrupt request T—O _ <ACK> T_ 001 — <BC2:0>
Read SBIODBR Read SBIODBR

Output of master
- — — = Output of slave

Figure 3.10.16 Termination of Data Transfer in Master Receiver Mode
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b. If <MST> = 0 (Slave mode)
In the slave mode the TMP91C824 operates either in normal slave mode or in
slave mode after losing arbitration.
In the slave mode, an INTSBI interrupt request occurs when the TMP91(C824
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 TMP91C824 operates in a slave mode
if it losing arbitration. An INTSBI interrupt request occurs when a word data
transfer terminates after losing arbitration. When an INTSBI interrupt request
occurs 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 3.10.1 Operation in the Slave Mode
<TRX>| <AL> |<AAS>|<ADO> Conditions Process
1 1 1 0 The TMP91C824 loses arbitration when |Set the number of bits a word in
transmitting a slave address and <BC2:0> and write the transmitted data
receives a slave address for which the |to SBIODBR
value of the direction bit sent from
another master is 1.
0 1 0 In salve receiver mode the TMP91C824
receives a slave address for which the
value of the direction bit sent from the
master is 1.
0 0 In salve transmitter mode a single word [Check the <LRB> setting. If <LRB> is
of is transmitted. set to 1, set <PIN> to 1 since the
Set BC<2:0> to the number of bits ina |receiver win no request the data which
word. follows. Then, cleat <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 TMP91C824 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 TMP91C824 loses arbitration when
transmitting a slave address or data and
terminates word data transfer.
0 1 1/0 In slave receiver mode the TMP91C824

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 TMP91C824 [Set BC<2:0> 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 can be
initiated 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 TMP91C824 generates a stop condition when the other device has released the
SCL line.

When SBIOCR2<MST, TRX, PIN> are written 1 and <BB> is written 0, <BB>
changes to 0 by internal SCL changes to 1, without waiting stop condition.

To check whether SCL and SDA pin are 1 by sensing their ports is needed to detect
bus free condition.

1 - <MST>
1 - <TRX>
0 —» <BB>
1 — <PIN>

Stop condition

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (Read) |

Figure 3.10.17 Stop Condition Generation (Single master)

1 - <MST>
% :: :EE)><> — Stop condition
1 — <PIN>
Internal SCL /. /
rY-- The case of pulled low ¥,
1 ! i
SCL pin ! ' _b_y ano t_h_e d 9?‘99‘3 } !
T 1 1
L\l v
- 1
1
SDA pin A
1

<PIN> _J // —

<BB> (Read) |

Figure 3.10.18 Stop Condition Generation (Multi master)
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(5)

Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction. The following description explains how to restart
when the TMP91C824 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.
Monitor the value of SBIOSR<BB> until it becomes 0 so as to ascertain when the
TMP91C824’s SCL pin is released. 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 3.10.6 (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
1s free until the time to generate the start condition.

0 —> <MST> 1 - <MST>
0 —» <TRX> 1 - <TRX>
0 — <BB> 1 - <BB>
1 > <PIN> 1 — <PIN>
[ 4.7 [us] (Min) — Start codnition

______,

SCL line J\ / /
Internal SCL 9 --- \ :r““__-i
@:%;10824) ) _) 5 } i
s i —
<BB> | / / J

/
<PIN> I

Figure 3.10.19 Timing Diagram for TMP91C824F Restart
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3.10.7 Clocked Synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
E)ZT(;:HR;l Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
Read/Write w W W
| atter reset 0 0 o | o o | o 0
f;r;)cfj\-lblt Function Transfer start |Continue/ Transfer mode select Serial clock selection and reset monitor
modify- 0: Stop abort transfer [00: Transmit mode
write 1: Start 0: Continue  [01: (Reserved)
transfer 10: Transmit/receive mode
1: Abort 11: Receive mode
transfer
Serial clock selection <SCK2:0> at writle
000| n=4 2.1 MHz
001 =5 1031.3 kHz
010! n=6 515.6 kHz System clock: fc
011| n=7 | 257.8 kHz [ Clockgearfc/l
100| n=8 | 1289 kHz | | fc=38MHz
101| n=9 64.5 kHz (Output to SCK pin)
110 n=10 32.2 kHz fscl = _Zn_ [Hz]
11 - Externalmode (jnpyt from SCK terminal)
—> Transfer mode selection
00 |8-bit transmit mode
01 |(Reserved)
10 [8-bit transmit/received mode
11 |8-bit received mode
Continue/abort transfer
0 [Continue transfer
1 [Abort transfer (Automatically cleared after transfer
aborted)
Transfer start/stop
0 |Stopped
1 |Started
Note: Set the tranfer mode and the serial clock after setting <SIOS> to 0 and <SIOINH> to 1.
Serial Bus Interface Data Buffer Register
SBIODBR 7 6 5 4 3 2 1 0
(0241H)
Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
rPergg_ibit Read/Write R (Receiver)/W (Transfer)
modify- After reset Undefined
write

Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol SBIM1 SBIMO — —
(0243H) | Read/write W W w
After reset 0 | 0 0 0
Prohibit Function Serial bus interface (Note 2) (Note 2)
read- ;
. operation mode
modify- P .
write selection
00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)
Serial bus interface operation mode selection
00 | Port mode (Serial bus interface output disabled)
01 | Clocked synchronous 8-bit SIO mode
10 | 1°C bus mode
11 | (Reserved)
Note 1: Set the SBIOCR1<BC2:0> 000 before switching to a clocked synchronous 8-bit SIO mode.
Note 2: Please always write SBICR2<1:0> to “00".
Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR | Bit symbol SIOF SEF
(0243H) Read/Write R
After reset 0 0
Function Serial transfer | Shift operation
operation status monitor
status monitor

l

Shift operation status monitor

0 | Shift operation terminated

1 | Shift operation in progress

Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in progress

Figure 3.10.21 Registers for the SIO Mode
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol — 12SBIO0
(0244H) | Read/write w RIW
Prohibit After reset 0 0
read- i
moify- Function Always IDLE2
write write O 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
SBIOBR1 | Bit symbol P4EN —
(0245H) | Read/Write W W
After reset 0 0
Prohibit .
read- Function Internal Always
modify- clock write 0
write
0: Stop
1. Operate

Baud rate clock control

0 [Stop

1 | Operate

Figure 3.10.22 Registers for the SIO Mode
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(1) Serial clock
a. Clock source
SBIOCR1<SCKZ2:0> is used to select the following functions:
Internal clock

In internal clock mode one of seven frequencies can be selected. The serial
clock signal is output to the outside on the SCK pin. 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 function
fe—

SCK pin output L 1 [z 5 1.[7] ] 11 277 [e] [7] [8] 1] [2] [3
Somnanm N\ @ XEE BEXE @ B EEEEEE

Write
tra;lsmitted data:X a X b X ¢

Figure 3.10.23 Automatic Wait Function

External clock (<SCK2:0>=111)

An external clock input via the SCK pin is used as the serial clock. In order to
ensure the integrity of shift operations, both the high and low-level serial clock
pulse widths shown below must be maintained. The maximum data transfer
frequency is 2.1 MHz (when fc = 33 MHz).

e pin L L

1 1 1

tscKLISCKH

tsckL, tsckH > 8/fc

Figure 3.10.24 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).

1

. 1

SO pin output N_Bito X Bitt X Bit2 X_Bit3 X_Bit4 X_Bits X_Bits X_Bit7
|

)

X76543210X*7654321 **765432X***76543X****7654X ***** 765X ****** 76X ****** 7

(a) Leading edge

Shift register

Sl pin \ BitoX Bitt X Bit2 X Bit3 X Bit4 X Bits X Bite X Bit7

Shift register Xo XlO X210 ***** X3210****X43210*** 543210+ X 6543210+ X 76543210

*. Don't care (b) Trailing edge

Figure 3.10.25 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 1s 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 SBIOSR<SIOS> to
0 before new data is shifted; otherwise, dummy data is transmitted and
operation ends.
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Example: Program to stop data transmission (when an external clock is used)

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

INTSBI interrupt

request
SBIODBR
T T (a) Internal clock
Write transmitted data
Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Input)
SO pin
INTSBI interrupt

request
SBIODBR

T T (b) External clock
Write transmitted data

Figure 3.10.26 Transfer Mode

STEST1: BIT 2, (SBIOSR) ; If <SEF> =1 then loop
JR NZ, STEST1

STEST2: BIT 0, (P7) ; If SCK = 0 then loop
JR Z,STEST2
LD (SBIOCR1), 00000111B ; <SIOS>« 0
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b. 8-bit receive mode

SCK pin _l
SIOF i I—
? 7

—>
tsopH = 3.5/frpH [S]'

SO pin Bit6 X Bit7

Figure 3.10.27 Transmitted Data Hold Time at End of Transmission

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 O,
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.
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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBI interrupt
request

SBIODBR

fe—— Clear<SI0OS> —

C.

Read receiver data Read receiver data

Figure 3.10.28 Receiver Mode (Example: Internal clock)

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 SBIOCR<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 which 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 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/receiving data ends when <SIOS> is cleared to O by the INTS2
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
to be sensed. <SIOF> is set to 0 when transmitting/receiving has been completed.
When <SIOINH> is set to 1, data transmitting/receiving stops. <SIOF> is then
cleared to O.

Note: 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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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

Sl pin

INTSBI interrupt

Clear <SIOS>

—

(eoX e X ez Xea X eaX es X oo Xez [ XdoXdi X d2 X ds X da X ds X de X d7

l

1

request
SBIODBR X a )@( b X d
1 l
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)
Figure 3.10.29 Transmit/Received Mode (Example using internal clock)
SCK pin | |
SIOF | L
SO pin Bit6 X Bit7 in last transmitted word V
tsopH = Min 4/fepy [s]
Figure 3.10.30 Transmitted Data Hold Time at End of Transmit/Receive
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3.11 Analog/Digital Converter
The TMP91C824 incorporates a 10-bit successive approximation-type analog/digital

converter (AD converter) with 8-channel analog input.
Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO
to AN7) are shared with the input only port 8 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
timings the system may enter a standby mode even though the internal comparator is still
enabled. Therefore be sure to check that AD converter operations are halted before a

HALT instruction is executed.

S Internal data bus S
JAD mode control register 1 ADMOD1 AD mode control register 0 ADMODO

IADMOD1 <ADTRGE>
<ADCH2:0><VREFON>

<EOCF> <ADBF> <ITM0> <REPEAT> <SCAN> <ADS>

Scan

Repeat

Channel

Interrupt
Busy ADTRG

selector

End

AD converter control

Analog input circuit INTAD

AN7 (P87)|:| interrupt

Start

AN6 (P8E) ||
= AD conversion result
. (PSS)D—) 8 register
AN4 (p84)|:|—) g_ Sample and R g
AN3/ ADTRG (P83)|:|__, = hold ADREGO04L to ADREG37L
AN2 (P82)|:|__) = ADREGO04H to ADREG37H

AN1 (P81)|:|_)
ANO (p80)|:| Comparator

VREFH [} o o
DA converter
VREFL [}

Figure 3.11.1 Block Diagram of AD Converter
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3.11.1 Analog/Digital Converter Registers

The AD converter is controlled by the two AD mode control registers: ADMODO and
ADMOD1. The AD conversion results are stored in 8 kinds of AD conversion data upper
and lower registers: ADREG04H/L, ADREG15H/L, ADREG26H/L and ADREG37H/L.

Figure 3.11.2 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO | Bit symbol EOCF ADBF — — ITMO REPEAT SCAN ADS
(02B0H) | Read/write R RIW
After reset 0 0 0 0 0 0 0 0
Function IAD IAD Always Always Interrupt Repeat mode [Scan mode  |AD
conversion  [conversion write 0 write 0 Ispecification [specification [specification [conversion
lend flag busy flag in conversion |0: Single 0: Conversion|start
0: Conversion|0: Conversion channel fixed [ conversion| channel [0: Don't care
in progress| stopped repeat mode |1: Repeat fixed 1: Start
1: Conversion|1: Conversion 0: Every conversion | mode conversion
complete in progress conversion| mode 1: Conversion Always 0
1: Every channel when read
fourth scan
conversion mode

— > AD repeat mode setting

— > Specify AD conversion interrupt for channel fixed

|—> AD conversion start

0 |Don't care

1 [ Start AD conversion

Note: Always read as 0.

——— > AD scan mode setting

0 | AD conversion channel fixed mode

1 [ AD conversion channel scan mode

0 | AD single conversion mode

1 | AD repeat conversion mode

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

AD conversion end flag

Before or during AD conversion

1 | AD conversion complete

Figure 3.11.2 AD Converter Related Register
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ADMOD1
(02B1H)

Note:

AD Mode Control Register 1

7 6

5

4

3 2 1

Bit symbol VREFON 12AD

ADTRGE | ADCH2 ADCH1

ADCHO

Read/Write R/W

R/IW

After reset 0 0

o | o | o |

0

VREF IDLE2
application | 0: Stop
control 1: Operate
0: OFF
1: ON

Function

AD external
trigger start
control

0: Disable
1: Enable

Analog input channel selection

| !

Analog input channel selection

<SCAN> 0 1

<ADCH2:0>

(Channel) (Channel )
fixed scanned

000

ANO ANO

001

AN1 ANO — AN1

010

AN2 ANO — AN1 —» AN2

011 (Note)

AN3

ANO — AN1 —» AN2 — AN3

100

AN4 AN4

101

ANS AN4 — ANS

110

ANG6 AN4 — AN5 — AN6

111

AN7

AN4 — AN5 — AN6 —» AN7

(ADTRG input)

AD conversion start control by external trigger

0 |[Disabled

1 [Enabled

IDLE?2 control

0 |Stopped

1 [In operation

AD converter

Control of application of reference voltage to

0 |OFF

1 |[ON

Before starting conversion (before writing 1 to
ADMODO<ADS>), set the <VREFON> bit to 1.

As pin AN3 also functions as the ADTRG input pin, do not set <ADCH2:0> = 011 when using

ADTRG with <ADTRGE> = 0.

Figure 3.11.3 AD Converter Related Registers
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AD Conversion Data Low Register 0/4
7 6 5 4 3 2 1 0
ADREGOA4L | Bit symbol ADRO1 ADROO ADRORF
(02A0H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD
AD conversion result conversion
data storage
flag
1: Conversion|
result
stored
AD Conversion Data Upper Register 0/4
7 6 5 4 3 2 1 0
ADREGO4H | Bit symbol ADRO09 ADROS8 ADRO7 ADRO06 ADRO05 ADRO04 ADRO3 ADRO02
(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
ADREGIS5L | Bit symbol ADR11 ADR10 ADR1RF
(02A2H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD
AD conversion result conversion
result flag
1: Conversion|
result
stored
AD Conversion Data Upper Register 1/5
7 6 5 4 3 2 1 0
ADREG15H | Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(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
| J 1 ]
ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J

v

e Bits5to 1 are always read as 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 3.11.4 AD Converter Related Registers
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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
AD conversion result. data storage
flag
1: Conversion
result stored
AD Conversion Data upper Register 2/6
7 6 5 4 3 2 1 0
ADREG26H | Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
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 AD Conversion
AD conversion result. Data Storage
flag
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 ADR33 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
I
ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N\ J

Bits 5 tol are always read as 1. Y

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 3.11.5 AD Converter Related Registers
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3.11.2 Description of Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin; a low-level
analog reference voltage is applied to the VREFL pin. To perform AD conversion, the
reference voltage as the difference between VREFH and VREFL, 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 VREFH and VREFL, 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 us until the internal reference voltage
stabilizes (This is not related to fc), then set ADMODO<ADS> to 1.

(2) Analog input channel selection

The analog input channel selection varies depends on the operation mode of the AD
converter.

e In analog input channel fixed mode (ADMODO0<SCAN> = 0)

Setting ADMOD1<ADCH2:0> selects one of the input pins ANO to AN7 as the input
channel.

e In analog input channel scan mode (ADMODO<SCAN> = 1)
Setting ADMOD1<ADCHZ2:0> selects one of the 8 scan modes.
Table 3.11.1 illustrates analog input channel selection in each operation mode.

After reset, ADMODO<SCAN> = 0 and ADMOD1<ADCHZ2:0> = 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 3.11.1 Analog Input Channel Selection

<ADCH2:0> Channel Fixed Channel Scan
<SCAN>=0 <SCAN>=1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 —> AN2
011 AN3 ANO — AN1 —> AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 ANG AN4 —> AN5 —> AN6
111 AN7 AN4 —> AN5 —> AN6 — AN7
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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 ADMODO<ADS> during AD conversion restarts conversion. At that
time, to determine whether the AD conversion results have been preserved, check the
value of the conversion data storage flag ADREGxL<ADRxRF>.

During AD conversion, a falling edge input on the ADTRG pin will be ignored.
AD conversion modes and the AD conversion end interrupt
The 4 AD conversion modes are:
¢ Channel fixed single conversion mode
e  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 O determine the AD mode setting.

Completion of AD conversion triggers an INTAD AD conversion end interrupt
request. Also, ADMODO<EOCF> will be set to 1 to indicate that AD conversion has
been completed.

a. 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 1,
ADMODO<ADBEF> is cleared to 0, and an INTAD interrupt request is generated.

b. Channel scan single conversion mode
Setting ADMODO<REPEAT> and ADMODO<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> 1is set to 1,
ADMODO0<ADBF> is cleared to 0, and an INTAD interrupt request is generated.
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C.

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> 1is set to 1 and
ADMODO<ADBEF> is not cleared to 0 but held 1. INTAD interrupt request
generation timing is determined by the setting of ADMODO<ITMO>.

Setting <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 scan 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.), write a
0 to ADMODO<REPEAT>. After the current conversion has been completed, the
repeat conversion mode terminates and ADMODO<ADBF> is cleared to O.

Switching to a halt state IDLE2 mode with ADMOD1<I2AD> cleared to O,
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 3.11.2 shows the relationship between the AD conversion modes and
interrupt requests.

Table 3.11.2 Relationship between AD Conversion Modes and Interrupt Requests

Mode Interrupt Request ADMODO
Generation <ITMO> |<REPEAT>| <SCAN>
Channel fixed single After completion of X 0 0
conversion mode conversion
Channel scan single After completion of scan X 0 1
conversion mode conversion
Channel fixed repeat Every conversion 0 1 0
conversion mode Every forth conversion 1
Channel scan repeat After completion of every X 1 1
conversion mode scan conversion
X: Don't care
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AD conversion time
84 states (5.1 ps at frpH = 33 MHz) 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 (ADREGO4H/L to
ADREG37H/L) store the AD conversion results. (ADREG04H/L to ADREG37H/L are
read-only registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREG04H/L to ADREG37H/L. In other modes, the ANO
and AN4, AN1 and AN5, AN2 and ANG6, and AN3 and AN7 conversion results are
stored in ADREGO4H/L, ADREG15H/L, ADREG26H/. and ADREG37H/L
respectively.

Table 3.11.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.11.3 Correspondence between Analog Input Channels
and AD Conversion Result Registers

AD Conversion Result Register
Analog Input Conversion Modes | Channel Fixed Repeat
Channel (Port 8) Other than at Right Conversion Mode
9 (<ITMO> = 1)
ANO ADREGO4H/L ADREGO4HI/L
AN1 ADREG15H/L
AND ADREG26H/L ADREGI5HI/L
AN3 ADREG37H/L
g ADREGOAHIL ADREG26HIL
AN5 ADREG15H/L ADREG37HIL
ANG ADREG26H/L
AN7 ADREG37H/L

<ADRxRF>, bitO0 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 0800H using the AD interrupt (INTAD) processing routine.

Main routine:
76543210
[INTEOAD <« - 100 - - — - Enable INTAD and set it to interrupt level 4.
ADMOD1 «+ 11 X X0011 Set pin AN3 to be the analog input channel.
LADMODO0 « - -00 X001 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example:

WA < ADREG37 Read value of ADREG37L and ADREG37H into 16-bit
general-purpose register WA.
WA >>6 Shift contents read into WA six times to right and zero-fill
upper bits.
|_(0800H) <~ WA Write contents of WA to memory address 0800H.

b. This example repeatedly converts the analog input voltages on the three pins
ANO, AN1 and AN2, using channel scan repeat conversion mode.

INTEOAD «~-000 - — - — Disable INTAD.
ADMOD1 «+ 1 -XX0010 Set pins ANO to AN2 to be the analog input channels.
ADMODO0 « - -00X111 Start conversion in channel scan repeat conversion mode.

X: Don't care; —: No change
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3.12 Watchdog Timer (Runaway detection timer)

The TMP91C824 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 output to the reset pin internally
forces a reset. (The level of external RESET pin is not changed)

3.12.1 Configuration
Figure 3.12.1 is a block diagram of he watchdog timer (WDT).

WDMOD<RESCR> RESET

Reset control Internal reset

__D—l——> WDTI interrupt

WDMOD  _ | Selector
<WDTP1:0>

215 217 219 221

fsvys Binary counter Q
(fFPH/2) (22 stages) R s
Reset {5
Internal reset ®
Write Write WDMOD<WDTE>
4EH B1H

WDT control register WDCR

ZAN
U

Internal data bus

Figure 3.12.1 Block Diagram of Watchdog Timer

Note: It needs to care designing the total machine set, because watchdog timer can't
operate completely by external noise.
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The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output fgys/215, foys/217, fgys/21° and
fsys/221,

L

»
WDT counter n X Overflow X «

» X
WDT interrupt | | <
<

124
Write clear code —
WDT clear « { |
?)

(Software)

Figure 3.12.2 NORMAL Mode

The runaway is detected when an overflow occurs, and the watchdog timer can reset
device. In this case, the reset time will be between 22 and 29 states (21.3~28.1 us at fOSCH
=33MHz, frpH =2.2 MHz) is fFPH/2, where fFPH is generated by diving the high-speed
oscillator clock (fogcH) by sixteen through the clock gear function.

Overflow

WDT counter n x \ «

n

WDT interrupt

L
»n

Internal reset

22 to 29 states
(21.3 to 28.1ps at foscH = 33 MHz, fgpy = 2.2 MHz)

Figure 3.12.3 Reset Mode
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3.12.2 Control Registers

The watchdog timer WDT is controlled by two control 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. After reset, this register is initialized to
WDMOD<WDTP1:0> = 00.

The detection times for WDT are shown in Figure 3.12.4.

b. Watchdog timer enable/disable control register <WDTE>

After reset, 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.

c. 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.
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 - - X X - - — Clear WDMOD<WDTE> to 0.
WDCR «<~10110001 Write the disable code (B1H).

e  Enable control
Set WDMOD<WDTE> to 1.

e  Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code
(4EH) to the WDCR register.

WDCR «<~01001110 Write the clear code (4EH).

Notel: If it is used disable control, set the disable code (B1H) to WDCR after write the clear code (4EH) once.
(Please refer to setting example.)

Note2: If it is changed Watchdog timer setting, change setting after set to disable condition once.
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7 6 5 4 3 2 1 0
WDMOD | gjt symbol | WDTE WDTP1 | WDTPO 2WDT RESCR -
(0300H) | Read/Write RIW RIW W R/W
After reset 1 o | o 0 0 0
Function wWDT Select detecting time IDLE2 L: Internally | Always
control 00: 2"%/fsys 0: Stop connects | write 0
1:Enable |01: 2"/fgys 1: Operate | WDL out to
10: 2%/gys the reset
11: 2%ffsys pin

!

—> Watchdog timer detection time

|—> Watchdog timer out control

0 —

1 Connects WDT out to a reset
L IDLE2 control

0 Stop

1 Operation

at fc = 33 MHz, fs = 32.768 kHz

SYSCR1 SYSCR1 Watchdog Timer Detection Time
System Clock Selection Gear Value WDMOD<WDTP1:0>
<SYSCK> <GEAR2:0> 00 01 10 11
1 (fs) XXX 20 s 80 s 320 s 1280 s
000 (fc) 1.99 ms 7.94 ms 31.78 ms 127.10 ms
001 (fc/2) 3.97 ms 15.89 ms 63.55 ms 254.20 ms
0 (fc) 010 (fc/4) 7.94 ms 31.78 ms 127.10 ms 508.40 ms
011 (fc/8) 15.89 ms 63.55 ms 254.20 ms 1016.80 ms
100 (fc/16) 31.78 ms 127.10 ms 508.40 ms 2033.60 ms
Watchdog timer enable/disable control
Disabled
Enabled
Figure 3.12.4 Watchdog Timer Mode Register
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7 6 4 1 0
WDCR Bit symbol —
(0301H) Read/Write W
After reset -
Prohibit K .
read- Function B1H: WDT disable code
modify- 4EH: WDT clear code
write
L Disable/clear WDT
B1H Disable code
4EH Clear code
Others Don't care
Figure 3.12.5 Watchdog Timer Control Register
2005-12-16
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3.12.3

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be cleared 0 by software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instruction used to clear the
binary counter, the binary counter will overflow and an INTWD interrupt will be
generated. The CPU will detect malfunction (Runaway) due to the INTWD interrupt and
in this case it is possible to return to the CPU to normal operation by means of an anti-
malfunction program.

The watchdog timer works immediately after reset.

The watchdog timer does not operate in IDLE1 or STOP mode, as the binary counter
continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, the operation of WDT depends on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

Example:

a. Clear the binary counter.
WDCR « 01001110 Write the clear code (4EH).
b. Set the watchdog timer detection time to 217/fsys.
WDMOD « 1 01 X X — — —
c. Disable the watchdog timer.

WDMOD « 0 — = X X — — — Clear WDTE to 0.
WDCR «+ 10110001 Write disable code (B1H).

91C824-197 2005-12-16



TOSHIBA

TMP91C824

3.13 Real Time Clock (RTC)

3.13.1 Function Description for RTC

(1) Clock function (Second, minute, Hour, day of the week, day, Month and leap year)

(2) Calendar function
(3) 24- or 12-hour (AM/PM) clock function

(4) + 30 second adjustment function (by software)
(5) Alarm output 1Hz/16Hz (from ALARM pin)

(6) Interrupt generate by Alarm output 1Hz/16Hz

3.13.2 Block Diagram

16 Hz clock
32 kHz — Divider
Clock: fs 1 Hz clock
Alarm register
Carry hold Comparator
1s) ALARM
Address
Data bus
Adjust .
Read/Write control
RD WR DO to D7 Address

Figure 3.13.1 RTC Block Diagram

Alarm
select

> ALARM

+——> INTRTC

Note 2: Leap year:

Note 1: The Christian era year column:
This product has year column toward only lower two columns. Therefore the next year in 99
works as 00 years. In system to use it, please manage upper two columns with the system
side when handle year column in the Christian era.

A leap year is the year, which is divisible with 4, but the year, which there is exception, and is
divisible with 100 is not a leap year. However, the year, which is divisible with 400, is a leap
year. But there is not this product for the correspondence to the above exception. Because
there are only with the year which is divisible with 4 as a leap year, please cope with the
system side if this function is problem.
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3.13.3 Control Registers
Table 3.13.1 PAGE 0 (Clock function) Registers
Symbol | Address | Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Function Read/Write
SECR 0320H 40 s 20s 10s 8s 4s 2s 1ls Second column R/W
MINR 0321H 40 min. | 20 min. | 10 min. [ 8 min. | 4 min. | 2min. | 1 min. | Minute column R/W
20
HOURR 0322H 10 hours| 8 hours | 4 hours | 2 hours | 1 hour Hour column R/W
/PM/AM
Day of the week
DAYR 0323H W2 w1 WO R/W
column
DATER 0324H Day 20 | Day10 | Day8 | Day4 | Day2 | Day1 Day column R/W
MONTHR | 0325H Oct. Aug. Apr. Feb. Jan. Month column R/W
Year column
YEARR 0326H |Year80 | Year40 | Year20|Year10| Year8 | Year4 | Year2 | Year1l (Lower two R/W
columns)
Adjust-
Interrupt Clock Alarm PAGE )
PAGER 0327H ment . PAGE register W, RIW
enable . enable enable setting
function
1HZ 16HZ Clock Alarm X . .
RESTR 0328H Always write “0” Reset register | Write only
enable enable reset reset
Note: As for SECR, MINR, HOURR, DAYR, MONTHR, YEARR of PAGEO, current state is read when
read it.
Table 3.13.2 PAGE 1 (Alarm function) Registers
Symbol | Address | Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Function Read/Write
SECR 0320H R/W
. . . ) . . . Minute column
MINR 0321H 40 min. | 20 min. [ 20 min. | 8 min. [ 4 min. | 2min. | 1 min. R/W
for alarm
20 Hour column
HOURR 0322H 10 hours| 8 hours | 4 hours | 2 hours | 1 hour R/W
/PM/AM for alarm
Day of the week
DAYR 0323H W2 w1 WO column for R/W
alarm
Day column for
DATER 0324H Day 20 | Day 10 | Day 8 Day 4 Day 2 Day 1 alarm R/W
24-hour clock
MONTHR | 0325H 24/12 R/W
mode
YEARR 0326H Leap-year setting | Leap-year mode R/W
Int lock Al PAGE
PAGER | o0327H | ™M™ Cloc am °~ | PAGE register | W, R/W
enable enable enable setting
1HZ 16HZ Clock Al
RESTR 0328H o am Always write “0” Reset register | Write only
enable enable reset reset
Note: As for MINR, HOURR, DAYR, MONTHR, YEARR of PAGEL, current state is read when read it.
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3.13.4 Detailed Explanation of Control Register
RTC is not initialized by reset.
Therefore, all registers must be initialized at the beginning of the program.
(1) Second column register (for PAGEO only)
7 6 5 4 3 2 1 0
SECR Bit symbol SE6 SE5 SE4 SE3 SE2 SE1 SEOQ
(0320H) | Read/Write RIW
After reset Undefined
Function "0" is read. 40 sec. 20 sec. 10 sec. 8 sec. 4 sec. 2 sec. 1 sec.
column column column column column column column

0 0 0 0 0 0 0 0s
0 0 0 0 0 0 1 1ls
0 0 0 0 0 1 0 2s
0 0 0 0 0 1 1 3s
0 0 0 0 1 0 0 4s
0 0 0 0 1 0 1 5s
0 0 0 0 1 1 0 6s
0 0 0 0 1 1 1 7s
0 0 0 1 0 0 0 8s
0 0 0 1 0 0 1 9s
0 0 1 0 0 0 0 10s
0 0 1 1 0 0 1 19s
0 1 0 0 0 0 0 20s
0 0 0 1 29s
0 0 0 0 30s
0 0 0 39s
1 0 0 40 s

0 0 0 0 1 49s

0 1 0 0 0 50 s
1 0 1 1 0 0 1 59 s

Note: Do not set the data other than showing above.
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(2) Minute column register (for PAGE0/1)
7 6 5 4 3 2 1 0
MINR Bit symbol MI6 MI5 MI4 MI3 MI2 MI1 MIO
(0321H) Read/Write R/W
After reset Undefined
Function "0" is read. 40 min, 20 min, 10 min, 8 min, 4 min, 2 min, 1 min,
column column column column column column column

0 0 0 0 0 0 0 0 min.
0 0 0 0 0 0 1 1 min.
0 0 0 0 0 1 0 2 min.
0 0 0 0 0 1 1 3 min.
0 0 0 0 1 0 0 4 min.
0 0 0 0 1 0 1 5 min.
0 0 0 0 1 1 0 6 min.
0 0 0 0 1 1 1 7 min.
0 0 0 1 0 0 0 8 min.
0 0 0 1 0 0 1 9 min.
0 0 1 0 0 0 0 10 min.
0 0 1 1 0 0 1 19 min.
0 1 0 0 0 0 0 20 min.
0 0 0 29 min.
0 1 0 30 min.
0 1 1 0 1 39 min.
1 0 0 0 0 40 min.

0 0 1 0 1 49 min.

0 1 0 0 0 50 min.
1 0 1 1 0 0 1 59 min.

Note: Do not set the data other than showing above.
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(3) Hour column register (for PAGE0/1)

In case of 24-hour clock mode (MONTHR<MOO0>=1) of PAGE1

7 6 5 4 3 2 1
HOURR Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(0322H) Read/Write R/W
After reset Undefined
Function "0" is read. 20 hour 10 hour 8 hour 4 hour 2 hour 1 hour
column column column column column column
0 0 0 0 0 o'clock
0 0 0 1 o'clock
0 0 0 1 2 o’'clock
0 0 8 o’clock
0 0 9 o'clock
0 0 10 o’clock
1 1 0 0 19 o’clock
0 0 0 0 20 o'clock
| o | o | o | 1 | | 23 o'clock
Note: Do not set the data other than showing above.
b. In case of 12-hour clock mode (MONTHR<MOO0>=0) of PAGE1
7 6 5 4 3 2 1 0
HOURR | Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(0322H) | Read/Write RIW
After reset Undefined
Function "0" is read. 10 hour 8 hour 4 hour 2 hour 1 hour
PM/AM
column column column column column
0 o’clock
0 0 0 0 0 0
(AM)
0 0 0 0 1 1 o'clock
0 0 0 0 0 2 o’clock
0 0 1 0 0 1 9 o'clock
0 1 0 0 0 0 10 o’clock
0 1 0 0 0 1 11 o’clock
1 0 0 0 0 0 0 o’clock
(PM)
1 0 0 0 0 1 1 o'clock
Note: Do not set the data other than showing above.
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(4) Day of the week column register (for PAGE0/1)
7 6 5 4 3 2 1 0
DAYR Bit symbol WE2 WE1 WEO
(0323H) Read/Write R/W
After reset Undefined
Function "0" is read. W2 W1 WO
0 0 0 Sunday
0 0 1 Monday
0 1 0 Tuesday
0 1 1 Wednesday
1 0 0 Thursday
1 0 1 Friday
1 1 0 Saturday
Note: Do not set the data other than showing above.
(5) Day column register (for PAGE0/1)
7 6 5 4 3 2 1 0
DATER Bit symbol DA5 DA4 DA3 DA2 DA1 DAO
(0324H) | Read/Write RIW
After reset Undefined
Function "0" is read. Day 20 Day 10 Day 8 Day 4 Day 2 Day 1
0 0 0 0 0 0 0
0 0 0 0 0 1 1st day
0 0 0 0 1 0 2nd day
0 0 0 0 1 1 3rd day
0 0 0 1 0 0 4th day
0 0 1 0 0 1 9th day
0 1 0 0 0 0 10th day
0 0 0 1 11th day
0 0 0 19th day
1 0 0 20th day
1 0 1 0 0 1 29th day
1 1 0 0 0 0 30th day
1 1 0 0 0 1 31st day
Notel: Do not set the data other than showing above.
Note2: Do not set the day which is not existed. (ex: 30" Feb)
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(6) Month column register (for PAGEO only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO4 MO4 MO2 MO1 MO0
(0325H) Read/Write R/W
After reset Undefined
Function "0" is read. 10 months | 8 months 4 months 2 months 1 month
0 0 0 0 1 January
0 0 0 1 0 February
0 0 0 1 1 March
0 0 1 0 0 April
0 0 1 0 1 May
0 0 1 1 0 June
0 0 1 1 1 July
0 1 0 0 0 August
0 1 0 0 1 September
1 0 0 0 0 October
1 0 0 0 1 November
1 0 0 1 0 December
Note: Do not set the data other than showing above.
(7) Select 24-hour clock or 12-hour clock (for PAGE1 only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO0
(0325H) | Read/Write RIW
After reset Undefined
Function ) 1: 24-hour
"0" is read.
0: 12-hour
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(8) Year column register (for PAGEO only)

7 6 5 4 3 2 1 0
YEARR Bit symbol YE7 YE6 YES5 YE4 YE3 YE2 YE1 YEO
(0326H) Read/Write R/W
After reset Undefined
Function 80 Years 40 Years 20 Years 10 Years 8 Years 4 Years 2 Years 1 Year
0 0 0 0 0 0 0 0 00 years
0 0 0 0 0 0 0 1 01 years
0 0 0 0 0 0 1 0 02 years
0 0 0 0 0 0 1 1 03 years
0 0 0 0 0 1 0 0 04 years
0 0 0 0 0 1 0 1 05 years
| 1 | 0 | 0 | 1 | 1 | 0 | 0 | 1 | 99 years

Note: Do not set the data other than showing above.

(9) Leap-year register (for PAGE1 only)

7 6 5 4 3 2 1 0

YEARR Bit symbol LEAP1 | LEAPO

(0326H) Read/Write R/W

After reset Undefined

Function 00: Leap year

01: One year after
leap year

0 is read. 10: Two years after
leap year

11: Three years
after leap year

0 0 Current year is leap year
Present is next year of a leap
0 1 year
Present is two years after a
1 0 leap year
Present is three years after
1 1 leap year
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(10) PAGE register setting (for PAGE0/1)
7 6 5 4 3 2 1 0
PAGER Bit symbol INTENA ADJUST ENATMR ENAALM PAGE
(0327H) Read/Write R/W W R/W R/W
Read-modify | After reset 0 Undefined Undefined Undefined
write Function INTRTC 0:Don’t care | Clock ALARM “0"isread. | PAGE
instruction 0: Disable . 1:Adjust 0: Disable 0: Disable selection
“0" is read.
are 1: Enable 1: Enable 1: Enable
prohibited
Note: Pleas keep the setting order below and don’t set same time.
(Set difference time to Clock/Alarm setting and interrupt setting)
(Example) Clock setting/Alarm setting
Id (pager), Och Clock, Alarm enable
Id (pager), 8ch Interrupt enable
0 Select Page0
PAGE
1 Select Pagel
Don't care
Adjust sec. counter.
When set this bit to “1” the sec. counter become to
“0” when the value of sec. counter is 0 — 29. And in
ADJUST case thgt Va|l.Je of sec. counter is 30-59, min.
counter is carried and become sec. counter to "0".
Output Adjust signal during 1 cycle of fgys. After
being adjusted once, Adjust is released
automatically.
(PAGEO only)
(11) Reset register setting (for PAGEO0/1)
7 6 5 4 3 2 1 0
RESTR Bit symbol DIS1Hz DIS16Hz RSTTMR RSTALM RE3 RE2 RE1 REO
(1328H) Read/Write w
Read-modify | After reset Undefined
write Function 1Hz 16Hz 1: Clock 1
instruction 0: Enable |[0: Enable |reset Alarm reset s wr
) ) Always write “0
are 1: Disable | 1: Disable
prohibited
0 Unused
RSTALM -
1 Reset alarm register
Note: When write “1”, reset alarm during 1 cycle of fgys. After that, reset is released automatically.
0 Unused
RSTTMR —
1 Reset divider
Note: When write “1”, reset alarm during 1 cycle of fgys. After that, reset is released automatically.
(PAGER) .
<DIS1HZ> <DIS16HZ> Source signal
<ENAALM>
1 1 1 Alarm
1 0 1Hz
0 0 16Hz
Others Output “0”
91C824-206 2005-12-16



TOSHIBA TMP91C824

3.13.5 Operational Description
(1) Reading Clock data

There is the case which reads wrong data when carry of the inside counter happens
during the operation which Clock data reads. Therefore, please read two times with
the following way for reading correct data.

( Start )

PAGER<PAGE> ="“0",
Select PAGEO

Read the clock data
(1st)

Read the clock data
(2nd)

1st data = 2nd data

End

Figure 3.13.2 Flowchart of Clock Data Read
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(2) Timing of INTRTC and Clock data

When time is read by interrupt, read clock data within 0.5s(s) after generating
interrupt. This is because count up of clock data occurs by rising edge of 1Hz pulse
cycle.

|
INTRTC ]._|

ooy X5 X Xm X XX X2 X X#

ALARM

1s count UP

(Internal signal) l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_I_l_I_

Figure 3.13.3 Timing of INTRTC and Clock data
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(3) Writing Clock data

When there is carry on the way of write operation, expecting data can not be wrote
exactly.

Therefore, in order to write in data exactly please follow the below way.
1. Reset for a divider

Inside of RTC, there is 15-stage divider which generates 1 Hz clock from
32.768 kHz. Carry of a Clock is not done for 0.5 second when reset this divider.
So write in data during this interval.

1 Start )

PAGER<PAGE>="0"
Select PAGEO

RESTR<RSTTMR>="“1"
Divider reset

Write the clock data Note: This period is within 0.5 [s].

End

Figure 3.13.4 Flowchart of Data Write
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2.

Disabling the Clock

Carry of a clock is prohibited when write “0” to PAGER<ENATMR> and can
prevent malfunction by 1s carry hold circuit. During a clock prohibited, 1s carry
hold circuit holds one second carry signal, which is generated from divider. After
becoming clock enable state, output the carry signal to clock and revise time and
continue operation. However, clock is late when clock-disabling state continues
for one second or more.

1 Start )

Disable the clock

Write the clock data

Enable the clock

End

Figure 3.13.5 Flowchart of Clock Disable
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3.13.6  Explanation of the Alarm Function

Can use alarm function by setting of register of PAGE1l and output either of three

signals from ALARM pin as follows by write “1” to PAGER<PAGE>. INTRTC outputs
1shot pulse when the falling edge is detected. RTC is not initializes by RESET. Therefore,
when clock or alarm function is used, clear interrupt request flag in INTC (interrupt

controller).

(1) In accordance of alarm register and the Clock, output 0
(2) Output clock of 1 Hz
(3) Output clock of 16 Hz

(1) In accordance with alarm register and a clock, output “0”

Note:

When value of a clock of PAGEO accorded with alarm register of PAGE1 with a
state of PAGER<ENAALM>= “1”, output “0” to ALARM pin and occur INTRTC.

Follows are ways using alarm.

Initialization of alarm is done by writing in “1” at RESTR<RSTALM>, setting value
of all alarm becomes don’t care. In this case, always accorded with value of a clock
and request INTRTC interrupt if PAGER<ENAALM> is “1”.

Setting alarm min., alarm hour, alarm day and alarm the day week are done by
writing in data at each register of PAGE1.

When all setting contents accorded, RTC generates INTRTC interrupt, if
PAGER<INTENA><ENAALM> is “1”. However, contents (don't care state) which does
not set it up is considered to always accord.

The contents, which set it up once, cannot be returned to don't care state in
independence. Initialization of alarm and resetting of alarm register set to “Don’t
care”.

The following is an example program for outputting alarm from ALARM -pin at
noon (PM12:00) every day.

LD (PAGER), 09H ; Alarm disable, setting PAGE1
LD (RESTR), DOH ;. Alarm initialize
LD (DAYR), 01H ;WO
LD (DATAR),01H 1 day
LD (HOURR), 12H ; Setting 12 o’clock
LD (MINR), OOH ; Setting 00 min
; Setup time 31 pus (Note)
LD (PAGER), OCH ; Alarm enable
( LD (PAGER), 8CH ;. Interrupt enable )

When CPU is operated by high frequency oscillation, it may take a maximum of one
clock at 32 kHz (about 30us) for the time register setting to become valid. In the above
example, it is necessary to set 31us of set up time between setting the time register
and enabling the alarm register.

This set up time is unnecessary when you use only internal interruption.
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(4) When output clock of 1 Hz
RTC outputs clock of 1 Hz to ALARM pin by setting up PAGER<ENAALM> =0,

RESTR<DIS1HZ> =0, <DIS16HZ> =1. And RTC generates INTRTC interrupt by
falling edge of the clock.

(5) When output clock of 16 Hz
RTC outputs clock of 16 Hz to ALARM pin by setting up PAGER<ENAALM> =0,
RESTR<DIS1HZ> =1, <DIS16HZ> =0. And RTC generates INTRTC interrupt by
falling edge of the clock.
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3.14 Melody/Alarm Generator (MLD)

TMP91C824 incorporates melody function and alarm function, both of which are output
from the MLDALM pin. 5 kinds of fixed cycle interrupts are generated by the 15-bit free-run
counter, which is used for alarm generator.

Features are as follows.

e  Melody generator

The melody function generates signals of any frequency (4 Hz to 5461 Hz) based on low-
speed clock (32.768 kHz) and outputs several signals from the MLDALM pin.

By connecting a loud speaker outside, melody tone can sound easily.

e Alarm generator

The alarm function generates 8 kinds of alarm waveform having a modulation frequency
(4096 Hz) determined by the low-speed clock (32.768 kHz). And this waveform is able to invert
by setting a value to a register.

By connecting a loud speaker outside, alarm tone can sound easily.

And also 5 kinds of fixed cycle (1 Hz, 2 Hz, 64 Hz, 512 Hz and 8192 Hz) interrupts are
generated by the free-run counter which is used for alarm generator.

This section is constituted as follows.
3.14.1 Block Diagram
3.14.2 Control Registers
3.14.3 Operational Description
(1) Melody generator

(2) Alarm generator
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3.14.1 Block Diagram

[Melody generator] Internal data bus Reset

MELFH, MELFL register | «<————+¢
MELFH
<MELON> @ MELOUT
Invert
Comparator (CP0) FIF
Stop&clear
Clear
Low-speed 12-bit counter (UCO)
clock
(32.76 kHz)
Q INTALMO (8192 Hz)
Edge — INTALM1 (512 Hz)
detector, — INTALM2 (64 Hz)
7 INTALMS3 (2 Hz)
L | INTALM4 (1 Hz)
15-bit counter (UC1) l ALMINT g:) S| INTALMH
4096 Hz <IALM4E:0E> (Halt release)
MELALMC 8-bit counter (UC2) MELOUT
<FCL:0> Selectorl—| MLDALM pin
Alarm wave form
generator ALMOUT /|\
TT MELALMC i"ﬁéﬁkm)
ALM resistor [<g “ALMINV>
[Alarm generator] Internal data bus Reset

Figure 3.14.1 MLD Block Diagram
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3.14.2 Control Registers
ALM Regjister
7 6 5 4 3 2 1 0
ALM Bit symbol AL8 AL7 AL6 AL5 AL4 AL3 AL2 ALl
(0330H) | Read/write R/W
After reset o | o | o | o | o | o | o | o
Function Setting alarm pattern
MELALMC Register
7 6 5 4 3 2 1 0
MELALMC] Bit symbol FC1 FCO ALMINV - - - - MELALM
(0331H) | Read/write RIW RIW RIW RIW RIW RIW RIW
After reset o | o 0 0 0 0 0 0
Function Free-run counter control | Alarm Always write 0 Output
00: Hold waveform waveform
01: Restart invert select
10: Clear 1: Invert 0: Alarm
11: Clear and start 1: Melody
Note 1: MELALMEC<FC1> is read always 0.
Note 2: When setting MELALMC register except <FC1:0> during the free-run counter is running,
<FC1:0> is kept O1.
MELFL Register
7 6 5 4 3 2 1 0
MELFL Bit symbol ML7 ML6 ML5 ML4 ML3 ML2 ML1 MLO
(0332H) Read/Write R/W
After reset o | o | o | o | o | o | o | o
Function Setting melody frequency (Lower 8 bits)
MELFH Register
7 6 5 4 3 2 1 0
MELFH Bit symbol MELON ML11 ML10 ML9 ML8
(0333H) | Read/Write RIW RIW
After reset 0 0 | 0 | 0 | 0
Function Control Setting melody frequency (Upper 4 bits)
melody
counter
0: Stop &
clear
1: Start
ALMINT Register
7 6 5 4 3 2 1 0
ALMINT Bit symbol — IALM4E IALM3E IALM2E IALM1E IALMOE
(0334H) Read/Write R/W R/W
After reset 0 o | o | o | o [ o
. Always 1: Interrupt enable for INTALM4 to INTALMO
Function .
write 0
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3.14.3 Operational Description

(1) Melody generator

The melody function generates signals of any frequency (4 Hz to 5461 Hz) based on
low-speed clock (32.768 kHz) and outputs the signals from the MLDALM pin.

By connecting a loud speaker outside, melody tone can sound easily.

(Operation)

At first, MELALMC<MELALM> have to be set as 1 in order to select melody
waveform as output waveform from MLDALM. Then melody output frequency has to
be set to 12-bit register MELFH, MELFL.

Followings are setting example and calculation of melody output frequency.

(Formula for calculating of melody waveform frequency)
at fs = 32.768 [kHz]
melody output waveform fMLD [Hz] = 32768/(2 x N + 4)
setting value for melody N = (16384/fMLD) — 2
(notice: N = 1 to 4095(001H to FFFH), 0 is not acceptable)

(Example program)
In case of outputting La musical scale (440 Hz)
LD (MELALMC), ---XXXX1B ; select melody waveform
LD (MELFL), 23H ; N=16384/440 — 2 = 35.2 = 023H
LD (MELFH), 80H ; start to generate waveform

(Refer to Basic musical scale setting table)

Scale Frequency [Hz] Register Value: N
C 264 03CH
D 297 035H
E 330 030H
F 352 02DH
G 396 027H
A 440 023H
B 495 01FH
C 528 01DH
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(2) Alarm generator

The alarm function generates 8 kinds of alarm waveform having a modulation
frequency 4096 Hz determined by the low-speed clock (32.768 kHz). And this
waveform is reversible by setting a value to a register.

By connecting a loud speaker outside, alarm tone can sound easily.

5 kinds of fixed cycle (1 Hz, 2 Hz, 64 Hz, 512 Hz and 8192 Hz) interrupts are
generated by the free-run counter, which is used for alarm generator.

(Operation)

At first, MELALMC<MELALM> have to be set as 0 in orders to select alarm
waveform as output waveform from MLDALM. Then 10 be set on
MELALMC<FC1:0> register, and clear internal counter. Finally alarm pattern has to
be set on 8-bit register of ALM. If it is inverted output-data, set <ALMINV> as invert.

Followings are example program, setting value of alarm pattern and waveform of
each setting value.

(Setting value of alarm pattern)

S:ttlhr;ngei:?s?J?r Alarm Waveform
00H 0 fixed
01H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H AL4 pattern
10H ALS pattern
20H ALG6pattern
40H AL7 pattern
80H AL8 pattern
Other Undefined

(do not set)

(Example program)

In case of outputting AL2 pattern (31.25 ms/8 times/1 s)

LD (MELALMC), COH ; set output alarm waveform
; free-run counter start
LD (ALM), 02H ; set AL2 pattern, start
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Example: Waveform of alarm pattern for each setting value: Not invert

AL patten I||||||||||||| ||||||||||||||||||I
. Modulation frequency (4096 Hz)
(Continuous output) 8

AL2 pattern |||| |||| - - [IT] |

(8 times/1 s)

]
3L 3125 ms 1s :
]
AL3 patiemn |||||||||||||||||||| - -
(once) , 500 ms ]
)
|
C1 2 _|_|_|1
AL4 pattern | | | | | |
(Twice/l s) ~_ I
! 62.5ms ls i
b1 2 3 !_|_|_|1
ALS5 pattern | | | | | | | | | |
(3 times/1s) > i
| 62.5ms 1s !
' ]
1
ALG pattern | | - T
(once) —>
1 '
62.5 ms
1
AL7 pattern | | | | | | -
(Twice) >
1 '
:62.5 ms
ALS pattern LT -
(once) , 250 ms
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4. Electrical Characteristics

4.1 Maximum Ratings
Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t0 4.0 Y
Input voltage VIN —-0.5to Vcc + 0.5
Output current 10L 2
Output current I0H -2
mA
Qutput current (total) ZI0OL 80
Qutput current (total) >IOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG —65 to 150 °C
Operating temperature TOPR —40 to 85
Note: The maximum ratings are rated values which must not be exceeded during operation, even for an
instant. Any one of the ratings must not be exceeded. If any maximum rating is exceeded, a
device may break down or its performance may be degraded, causing it to catch fire or explode
resulting in injury to the user. Thus, when designing products which include this device, ensure
that no maximum rating value will ever be exceeded.
4.2 DC Characteristics (1/2)
- . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Note)
Power supply voltage fc = 2 to 33 MHz fs - 30 to 2.7
(AVCC = DVCC) vCce 34 kH 3.6 Y
(AVSS = DVSS =0 V) fc=2to 10 MHz z 1.8
Vce > 2.7V 0.6
DO to D15 VIL
Vcec <2.7V 0.2 Vcc
® P52 to PD7 Vce > 2.7V 0.3 Vcc
S) VIL1
S (Except PB3) Vee < 2.7V 0.2 Vcc
o
> N
> |RESET, NMi, PB3 (INTO) VIL2 Veez2.7V 03 0.25 Vee
g Vee < 2.7V 0.15 Vce
2 Vee > 2.7V 03
£ | AMOto AM1 VIL3
Vce <2.7V 0.3
Vce > 2.7V 0.2 Vcc
X1 ViL4
Vcec <2.7V 0.1 Vcc
3.6V > Vce > 3.3V 2.4 \
DO to D15 VIH 3.3V > Vee > 2.7V 2.0
Vce < 2.7V 0.7 Vcc
% P52 to PD7 VIHL Ve > 2.7V 0.7 Vcc
'S | (Except PB3) Vee < 2.7V 0.8 Vcc
<
—_— — Vce > 2.7V 0.75 Vcc Vce + 0.3
2 | RESET, NMI, PB3 (INTO) VIH2
5 Vce <2.7V 0.85 Vcc
5 Vee > 2.7V Vee - 0.3
AMO to AM1 VIH3
Vce <2.7V Vce - 0.3
Vcec > 2.7V 0.8 Vcc
X1 VIH4
Vce < 2.7V 0.9 Vcc
IOL=16mA |Vcc>2.7V 0.45
Output low voltage VOL
IOL=04mA |Vcc<2.7V 0.15 Vcc v
. IOH =400 pA [ Vcc > 2.7V Vcec - 0.3
Output high voltage VOH
IOH = -200 pA | Vec < 2.7V 0.8 Vcc

Note:

Typical values are for when Ta = 25°C and Vcc = 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 <VIN < Vcee 0.02 +5 A
0
Output leakage current ILO 0.2 <VIN <Vcc - 0.2 0.05 +10
Power down voltage VIL2 = 0.2 Vcc,
VSTOP 1.8 3.6 \%
(at STOP, RAM back up) VIH2 = 0.8 Vcc
RESET pull-up resistor RRST 36V=Veez2.7V 80 400 KO
Vec=2V+10% 200 1000
Pin capacitance Clo fc=1 MHz 10 pF
Schmitt width RESET , NMI, Vee> 2.7V 0.4 0.9
VTH \
INTO Vee<2.7V 0.3 0.7
. 3.6V>Vec>27V 80 400
Programmable pull-up resistor RKH kQ
Vee=2V+10% 200 1000
NORMAL (Note 2) 14.0 20.0
\DLE2 3.6V>Vcc=>27V 2.0 6.1
fc =33 MHz - -
IDLE1 1.2 2.2 mA
NORMAL (Note 2) Vee=2V +10% 2.6 3.0
IDLE2 fc =10 MHz 0.7 1.2
IDLE1 (Typ.: Vec =2.0V) 0.2 0.4
SLOW (Note 2) Icc 17.5 30.5
IDLE2 3.6V>Vcc>27V _— 135
fs = 32.768 kHz - -
IDLE1 5.0 10.0
SLOW (Note 2) Vee=2V +10% 10.5 13.0 pA
IDLE2 fs = 32.768 kHz 4.5 6.5
IDLE1 (Typ.: Vec=2.0V) 3.0 4.5
STOP 3.6V>Vcc>18V 0.2 15

Note 1: Typical values are for when Ta = 25°C and Vcc = 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. Data and address bus
CL = 30 pF loaded.
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4.3 AC Characteristics
(1) Vee=3.0V+10%
Variable f =33 MHz
No. Parameter Symbol FPH Unit
Min Max Min Max
1 | frpH period (= Xx) tEPH 30.3 31250 30.3 ns
2 | A0 to A23 valid - RD /WR fall tac x—23 7 ns
3 | RDrise - A0 to A23 hold tCAR 0.5x -13 2 ns
4 | WR rise > A0 to A23 hold tcaw x—13 17 ns
5 | AOto A23 valid — DO to D15 input tAD 3.5x - 24 82 ns
6 | RD fall » DO to D15 input tRD 2.5x — 24 51 ns
7 | RD low width tRR 2.5x - 15 60 ns
8 | RD rise - DO to A15 hold tHR 0 0 ns
9 | WR low width tww 2.0x - 15 45 ns
10 | DO to D15 valid - WR rise tow 1.5x - 35 10 ns
11 | WR rise — DO to D15 hold twD X —25 5 ns
12 | A0 to A23 valid — WAIT input [(ni;de'“’ WA'T] taw 3.5x - 60 46 ns
13 | RD/WR fall > WA hold  (LAWWAT ¢, 2.5x+0 76 ns
14 | AO to A23 valid — Port input tAPH 3.5x -89 17 ns
15 | AO to A23 valid — Port hold tAPH2 3.5x 106 ns
16 | AO to A23 valid — Port valid taPO 3.5x + 60 166 ns
AC measuring conditions
e  Output level: High =0.7 Vec, Low = 0.3 Vce, CL = 50 pF
e Inputlevel: High=0.9 Vcc, Low =0.1 Vce
Note: Symbol x in the above table means the period of clock fgpy, it's half period of the system clock

fsyg for CPU core. The period of frpy depends on the clock gear setting or the selection of

high/low oscillator frequency.
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(2) Vee=2.0V +10%
Variable 10 MHz .
No. Parameter Symbol Unit
Min Max Min Max
1| fepH period (= X) tFPH 100 31250 100 ns
2| AO to A15 valid - RD / WR fall tAC X — 46 54 ns
3| RD rise - A0 to A23 hold tCAR 0.5x — 30 20 ns
4| WR rise - A0 to A23 hold tCAW X —26 74 ns
5| AO to A23 valid - RD / WR fall tAD 3.5x — 48 302 ns
6| RD fall - DO to D15 input tRD 2.5x — 48 202 ns
7| RD low width tRR 2.5x — 30 220 ns
8| RD rise —» DO to D15 hold tHR 0 0 ns
9| WR low width tWwW 2.0x — 30 170 ns
10 | DO to D15 valid - WR rise tDW 1.5x - 70 80 ns
11| WR rise -DO0 to D15 Hold twD x —50 50 ns
12 | A0 to A23 valid — WAIT input [ tAW 3.5x - 120 230 ns
13| RD/WR fall > WAIT hold tCW 2.5X+0 250 ns
14 | A0 to A23 valid — Port input tAPH 3.5x - 50 300 ns
15| A0 to A23 valid — Port hold tAPH2 3.5x 350 ns
16 | A0 to A23 valid — Port valid tAPO 3.5x + 60 410 ns

Note:

AC measuring conditions

e  Output level: High=0.7V, Low=0.3V, CL=50pF
e Inputlevel: High=0.9V, Low=0.1V

Symbol x in the above table means the period of clock fgpy, it's half period of the system clock
fsys for CPU core. The period of fepy depends on the clock gear setting or the selection of

high/low oscillator frequency.
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(3) Read cycle

1 1
O tFPH :
1 1
1 1
] 1
] )
frPH m

1
1
1
]
]
]
]
:
EA24, EA25,
A2310A0 __

|
I
!
|
!
!
!
f
!
!
:
|
!

zC
=\ /o
- _/ ™ o \
o SS X 7‘1

[:tCAR—'a-

1
i
| |
| |
I | T
! AP ' ' I
! :
. . tAPH2
Portinput =qpr=-=-=====--=- T=|==—=====- o E --
(Note) : \
' 1
!
|
]
]
|
I
I
!
!
]

1

' )

| 1 .
__ R IRR 1
RD «— taAc — | L : :

1

| : tHR |

! L —

! 1 U

DOtoD15 =-fF-----=-=-=--~- e L e B e T '.< DO to D15 2— ---
~

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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(4) Write cycle

"""'3§">—<""""" DN

frPH

EA24, EA25,
A23 to AO

™

WAIT

PN VAN RPN VRN R IR QP Y H |GG G U |G I U [N U N

! :

! |

! I

' ]

: :

| |
1

! |

! tAPO .

Port output i |

(Note) '

! |

— | tcaw ,

WR, HWR | |

! \ tww = '

! 1

: |

' | I tpw twb o
] | N 1
! h
DOto D15 | j: DOto D155 j>

1

: T '

| |

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 = Vcee, AVss = Vss

Parameter Symbol Condition Min Typ. Max Unit
3.6V>Vcc>227V | Vecc-0.2V Vcce Vcce
Analog reference voltage (+) VREFH
Vec=2V+10% Vce Vcce Vcce
3.6V>Vee=27V Vss Vss Vss+02V| V
Analog reference voltage (-) VREFL
Vec =2V £ 10% Vss Vss Vss
Analog input voltage range VAIN VREFL VREFH
Analog current for analog 3.6V>Vcc227V 0.94 1.35
reference voltage IREF v 2V 1 10% 0.65 0.90 mA
<VREFON> = 1 (VREFL=0V)| ' c¢~ " =77 : '
<VREFON> =0 36V2Vee227V 0.02 5.0 A
Error 36V2Vec227V +1.0 +4.0 <
- LSB
(Not including quantizing errors) Vec=2V+10% +1.0 +4.0

Note 1:1 LSB = (VREFH — VREFL)/1024 [V]
Note 2: The operation above is guaranteed for fppy > 4 MHz.

Note 3: The value for Icc includes the current which flows through the AVCC pin.
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4.5 Serial Channel Timing (I/O Internal Mode)
(1) SCLK input mode
Variable 10 MHz | 27 MHz i
Parameter Symbol - - - Unit
Min Max [ Min | Max | Min |Max
SCLK period tscy 16X 1.6 0.59 us
Output data Vec=3V+10% |loss tscy/2 — 4X — 110 290 38 ns
— SCLK rising/falling edge*
Vee=2V +10% tscy/2 — 4X - 180 220 - ns
SCLK rising/falling edge* — Output data hold toHs tscy/2+2X+0 1000 370 ns
SCLK rising/falling edge* — Input data hold tHSR 3X+10 310 121 ns
SCLK rising/falling edge* — Valid data input tSRD tscy -0 1600 592 | ns
. . - : tRDS
Valid data input — SCLK rising/falling edge* 0 0 0 ns
Note: SCLK rising/falling edge: The rising edge is used in SCLK rising mode.
The falling edge is used in SCLK falling mode.
(2) SCLK output mode
Variable 10 MHz 27 MHz )
Parameter Symbol . - : Unit
Min Max Min | Max | Min | Max
SCLK period tscy 16X 8192X 16 | 819 | 0.59 [ 303 us
Output data — SCLK rising/falling edge* toss tscy/2 — 40 760 256 ns
SCLK rising/falling edge* — Output data hold | toHs tscy/2 — 40 760 256 ns
SCLK rising/falling edge* — Input data hold tHSR 0 0 0 ns
. . . . tscy — 1X —
SCLK rising/falling edge* — Valid data input | tsrp 180 1320 375 ns
Valid data input - SCLK rising/falling edge* |trps 1X + 180 280 217 ns
tscy
SCLK |
(Output mode/) I | | | | |
input mode )
SCLK [ — I — L
(Input mode) toss toHs
Output data n
TXD 3 0 X 1 X 2 X 3
— tSRD —’I_’I_r_ tHSR
Input data
RXD X_o X Xt X X 2 X X3 X
Valid Valid Valid Valid
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4.6 Event Counter (TAOIN)

Variable 10 MHz 27 MHz .
Parameter Symbol - - . Unit
Min Max Min | Max | Min | Max
Clock period tvek 8X + 100 900 396 ns
Clock low level width tvCKL 4X + 40 440 188 ns
Clock high level width tVCKH 4X + 40 440 188 ns
4.7 Interrupt, Capture
(1) NMI, INTO to INT3 interrupts
Variable 10 MHz 27 MHz )
Parameter Symbol Unit
Min Max Min | Max | Min | Max
NMI, INTO to INT3 low level width tINTAL 4X + 40 440 188 ns
NMI, INTO to INT3 high level width tINTAH 4X + 40 440 188 ns
4.8 SCOUT Pin AC Characteristics
Variable 4 MHz 16 MHz . .
Parameter Symbol . . . Condition Unit
Min Max Min Max Min Max
) 0.5T - 10 90 27 Vee > 2.7V
Low level width tscH ns
0.5T - 30 70 - Vec <27V
. ) 0.5T - 10 90 27 Vee > 2.7V
High level width tscL ns
0.5T - 30 70 - Vee<2.7V

Note: T = Period of SCOUT
Measuring conditions

e  Qutput level: High=0.7V, Low=0.3V, CL=10 pF
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4.9 Bus Request/Bus Acknowledge
BUSRQ
\ L/
BUSAK (Note 1)
-\ tcBAL
\ $ %
l— tBAA
ADO to AD15 *'}_tA_Bé (e m e e (Note ) . {"
—_ N———
A0 to A23
, (Note 2) r—
D, WR V4 S A T 4
- = mmmmmmmmmmmmmmmmmmm—— I
CS0 to CS3, / Y
R/W, HWR \—
ALE $ & L \
Variable frpH = 4 MHz | fepy = 16 MHz
Symbol Parameter FPH FPH Unit
Min Max Min Max Min Max
tABA Output buffer off to BUSAK low 0 80 0 80 0 80 ns
tBAA BUSAK high to output buffer on 0 80 0 80 0 80 ns

Note 1: Even if the BUSRQ signal goes low, the bus will not be released while the WAIT signal is low.

The bus will only be released when BUSRQ goes low while WAIT is high.

Note 2: This line shows only that the output buffer is in the off state.

It does not indicate that the signal level is fixed.

Just after the bus is released, the signal level set before the bus was released is maintained
dynamically by the external capacitance. Therefore, to fix the signal level using an external
resister during bus release, careful design is necessary, since fixing of the level is delayed.
The internal programmable pull-up/pull-down resistor is switched between the active and non-
active states by the internal signal.
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4.10 Recommended Crystal Oscillation Circuit

TMP91C824 is evaluated by below oscillator vender. When selecting external parts, make

use of this information.

Note: 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 using C1 and C2 value in
below table. When designing board, it should design minimum length pattern around
oscillator. And we recommend that oscillator evaluation try on your actual using board.

(1) Connection example

X1 X2
0, O
o
0—":"—0
Cl | c2]

High-frequency oscillator

XT1 XT2

e

Low-frequency oscillator
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(2) TMP91C824 recommended ceramic oscillator: Murata Manufacturing Co., Ltd. (JAPAN)

Circuit parameter recommended

Oscillation Parameter of Elements Running Condition
MCU Frequency | Item of Oscillator C1 c2 Rf Rd | Voltage of Te[C)
[MHZ] [pF] | [PF] | [Q] | [©] | Power[V]
2.00 CSTLS2M00G56-B0 (47 (47) | Open 0
2.50 CSTLS2M50G56-B0 (47) (47) | open 0
CSTS1000MGO03
1000« csTiS10M0G53-B0 (15) ] (5 | Open | 0
TMP91C824 - 1.8t02.2 ~40 to +85
CSA12.5MTZ093
30 30 Open 0
12.50 *CSALA12M5T55093-B0
' CST12.0MTW093
(30) (30) Open 0
*CSTLA12M5T55093-B0
Oscillation Parameter of Elements Running Condition
MCU Frequency Item of Oscillator c1 c2 Rf Rd Voltage of Te [°C]
[MHz] [pF] | [PF] | [Q] | [©] | Power[V]
4,00 CSTS0400MG06 @) @n | open 0
' *CSTLSAMOOGS6-BO P
CSTS0675MG06
6.750 . (47) (47) Open 0
CSTLS6M75G56-B0
CSA12.5MTZ
. 30 30 Open 0
CSALA12M5T55-B0
TMP91C824 12.50 2.7t03.6 -40 to +85
CST12.0MTW
N (30) (30) | Open 0
CSTLA12M5T55-B0
20.00 CSALS20M0X53-B0 5 5 Open 0
' CSTLS20M0X51-B0 (5) (5) Open 0
27.00 CSALS27M0X51-B0 Open | Open | 10k 0
32.00 CSALA32M0X51-B0 3 3 Open 0

NOTE: In CST ***type oscillator, Capacitance C1, C2 is built in

* After 2001/06,new products will be made, and the old products (Now in production) will not be made in
Murata Manufacturing Co., Ltd. (JAPAN)

e The product numbers and specifications of the resonators by Murata Manufacturing Co.,
Ltd. are subject to change.
For up-to-date information, please refer to the following URL:
http!//www.murata.co.jp/search/index.html
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5.

Table of SFRs

The SFRs (Special function registers) include the I/0 ports and peripheral control registers
allocated to the 4-Kbyte address space from 000FEOH to 000FFFH.

(1
(2
3
(4)
(5)
(6
(7
®
©)

1/0 port

1/0 port control
Interrupt control

Chip select/wait control
Clock gear

DFM (Clock doubler)
8-bit timer
UART/Serial channel

I2C bus/serial channel

(10) AD converter

(11) Watchdog timer
(12) RTC (Real time clock)

(13) Melody/alarm generator
(149 MMU

Note:

Table layout

Symbol Name Address 7

1

1

1

: > Bit symbol
| . Read/Write
1

1

1

1

——> Initial value after reset

—> Remarks

Prohibit RMW in the table means that you cannot use RMW instructions on these register.

Example: When setting bitO only of the register PxCR, the instruction SET 0, (PxCR) cannot

be used. The LD (Transfer) instruction must be used to write all eight bits.

Read/Write

R/W: Both read and write are possible.

R: Only read is possible.

W: Only write is possible.

W*:  Both read and write are possible (when this bit is read 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 SFRs
[1], [2] Port
Address Name Address Name Address Name
0000H 0010H 0022H
1H | P1 1H 1H
2H 2H | P6 2H | PB
3H 3H | P7 3H | PC
4H | P1ICR 4H 4H | PBCR
5H 5H | PeFC 5H | PBFC
6H | P2 6H | P7CR 6H | PCCR
7H 7H | P7FC 7H | PCFC
8H 8H | Ps 8H | PcopE
9H | P2FC 9H o9H | PD
AH | P5CR AH AH | PDFC
BH | P5FC BH | P6FC2 BH
CH CH | P7FC2 CH
DH | P5 DH DH
EH EH EH
FH FH | P7ODE FH
[3] INTC
Address Name Address Name Address Name
0070H 0080H | DMAOV 0090H | INTEOAD
1H 1H | bmALv 1H | INTE12
2H 2H | bmA2v 2H | INTE3ALM4
3H 3H | bMA3V 3H | INTEALMO1
4H 4H 4H | INTEALM23
5H 5H 5H | INTETAOL
6H 6H 6H | INTETA23
7H 7H 7H | INTERTC
8H 8H | INTCLR 8H | INTESO
9H 9H | DMAR 9H | INTES1
AH AH | DMAB AH | INTES2
BH BH BH | INTETCO1
CH CH | 1mMC CH | INTETC23
DH | PZ DH DH | INTEPO1
EH | PZCR EH EH
FH | PzFC FH FH
[4] CSIWAIT [5], [6] CGEAR, DFM
Address Name Address Name
00COH | BoCS 00EOH | SYSCRO
1H | B1CS 1H | syscr1
2H | B2Cs 2H | syscrz2
3H | B3cs 3H | EMCCRO
4H 4H | EMCCR1
5H 5H | EMCCR2
6H 6H | EMCCR3
7H | BEXCS 7H
8H | MsARo 8H | DFMCRO
9H | MAMRO 9H | DFMCR1
AH | MSAR1 AH
BH | MAMR1 BH
CH | MSAR2 CH
DH | MAMR2 DH
EH | MSAR3 EH
FH | MAMR3 FH

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 SFRs

[7] TMRA
Address Name
0100H | TAOLIRUN
1H
2H | TAOREG
3H | TAIREG
4H | TAOIMOD
5H | TAOLFFCR
6H
7H
8H | TA23RUN
9H
AH | TA2REG
BH | TASREG
CH | TA23MOD
DH | TA3FFCR
EH
FH
[8] UART/SIO [9] I°C bus/SIO
Address Name Address Name
0200H | scoBUF 0240H | SBIOCR1
1H | ScocRr 1H | SBIODBR
2H | scomoDo 2H | 12C0AR
3H | BROCR 3H | SBIOCR2/SBIOSR
4H | BROADD 4H | SBIOBRO
5H | scomoD1 5H | SBIOBR1
6H 6H
7H | SIRCR 7H
8H | SC1BUF 8H
9H | SC1CR 9H
AH | scimopo AH
BH | BRICR BH
CH | BR1ADD CH
DH | scimobp1 DH
EH EH
FH FH
[10] 10-bit ADC
Address Name Address Name
02A0H | ADREGO4L 02BOH | ADMODO
1H | ADREGO4H 1H | ADMOD1
2H | ADREG15L 2H
3H | ADREG15H 3H
4H | ADREG26L 4H
5H | ADREG26H 5H
6H | ADREG37L 6H
7H | ADREG37H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

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 SFRs

[11] WDT [12] RTC
Address Name Address Name
0300H | WDMOD 0320H | SECR
1H | WDCR 1H | MINR
2H 2H | HOURR
3H 3H | DAYR
4H 4H | DATER
5H 5H | MONTHR
6H 6H | YEARR
7H 7H | PAGER
8H 8H | RESTR

9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
[13] MLD [14] MMU
Address Name Address Name

0330H | ALM 0350H | LOCALO
1H | MELALMC 1H | LocALl
2H | MELFL 2H | LOCAL2
3H | MELFH 3H | LOCAL3
4H | ALMINT 4H
5H 5H
6H 6H
7H 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) /O ports

Symbol| Name |Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 Port 1 01H R/W
Data from external port (Output latch register cleared to “0”.)
P27 P26 P25 | P24 | P23 P22 | P21 | P20
P2 Port 2 06H R/W
1 1 1 1 1 1 1 1
P56 P55 P54
R/W
Data from external port
P5 Port 5 ODH (Output latch register is set to “1”.)
0 (Output latch register)
: Pull-up resistor OFF
1 (Output latch register)
: Pull-up resistor ON
P67 Pe6 | Pes | Pe4 P63 P62 P61 P60
P6 Port 6 12H R/W
1 1 1 1 1 0 1 1
P72 P71 P70
R/IW
Data from external port
p7 Port 7 13H (Output latch register is set to “1".)
0 (Output latch register)
: Pull-up resistor OFF
1 (Output latch register) -
: Pull-up resistor ON
pg7 P86 P85 P84 P83 pg2 | a1 P80
P8 Port 8 18H R
Data from external port
PB6 PB5 | PB4 | PB3 | PB2 | PB1 | PBO
PB Port B 22H R/W
Data from external port (Output latch register is set to “1".)
pcs | pca | pca | pc2 | pc1 | Ppco
PC Port C 23H R/W
Data from external port (Output latch register is set to “1".)
PD7 PD6 PD5
PD Port D 29H R/W
1 1 1
PZ3 PZ2 RDE
R/IW R/IW
Data from external port
(Output latch register 1
Pz Port Z 7DH is set to “1".)
0 (Output latch register)
. Pull-up resistor OFF
1 (Output latch register) -
: Pull-up resistor ON
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(2) 1/0 port control (1/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
04H P17C P16C P15C P14C P13C P12C P11C P10C
Port 1 W
P1CR control (Prohibit | | | | | | |
RMW) 0 0 0 0 0 0 0 0
0: Input 1. Output
09H P27F | P26F | P2sF | P24 | P23F | P22k | P21F | P20F
Port 2 W
P2FC function (Prohibit | | | | | | |
RMW) 1 1 1 1 1 1 1 1
0: Port 1: Address bus (A23 to A16)
psec | pssc | Ppsac
OAH
Port 5 L W
P5CR control (Prohibit | |
RMW) 0 0 0
0: Input  1: Output
PSS | PS4F
0BH
W
PSEC Port 5
function | (Prohibit 0 0
RMW) 0: Port 0: Port
1: BUSAK 1: BUSRQ
- - P65F P64F P63F P62F P61F P60F
15H
W W W
PEEC Port 6
function | (Prohibit 0 0 0 0 0 0 0 0
RMW) Always write 0 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: EA25 1:EA24 |1: CS3 1: Cs2 1: cs1 1: CS0
P67F2 P66F2 P65F2 P64F2 — P62F2 — —
1BH w w w w w
perca | Fon6 . 0 0 0 0 0 0 0 0
function 2| (Prohibit 0: <P67F> | 0: <P66F> |0: <P65F> | 0: <P64F> | Always 0: <P62F> | Always write 0
RMW) 1. GS2E |1: CS2D  |1: CS2¢  [1: CS2B | write O 1: CS2A
P72C P71C | P70C
16H
Port 7 . W
P7CR control (Pronhibit | |
RMW) 0 0 0
0: Input  1: Output
17H P72F P71F P70F
W
Port 7
P7FC . 0 0 0
function .
(Prohibit 0: Port 0: Port 0: Port
RMW) 1: SCL 1: SDA/SO| 1: SCK
- P71F2 P70F2
1CH
W
Port 7
P7FC2 . 0 0 0
function 2 (Prohibit Always 0: <P71F> |pIN SELECT
RMW) write 0 1: OPTTXO0]o0: RXDO (PC1)
1: PTRXO (P70)
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(2) 1/0 port control (2/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
ODEP72 | ODEP71
1FH
Port 7 W
P70DE open
dfa_n (Prohibit o [ o
] .
RMW) 0: 3 states
1: Open drain
2aH PB6C PB5C PB4C PB3C PB2C | PB1C PBOC
Port B L W
PBCR control (Pronhibit |
RMW) 0 0 0 0 0 0 0
0: Input  1: Output
25 PB6F PB5F PB4F PB3F PB2F PB1F
W W W W W W
PBEC Port B
function | (Prohibit 0 0 0 0 0 0
RMW) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT3 1: INT2 1: INT1 1: INTO 1: TA3OUT [1: TALOUT
26H PC5C PC4C PC3C PC2C PC1C PCOC
Port C
PCCR control (Prohibit w
RMW) 0 0 0 0 0 0
0: Input  1: Output
PC5F PC3F PC2F PCOF
21H W W W W
PCEC Port C
function | (Prohibit 0 0 0 0
RMW) 0: Port 0: Port 0: Port 0: Port
1. SCLK1 1: TXD1 1: SCLKO 1: TXDO
ODEPC3 ODEPCO
28H W w
Port C
PCODE open L 2 -
drain (Prohibit 0: CMOS 0: CMOS
RMW) 1: Open 1: Open
drain drain
PD7F PD6F PD5F
W W W
0 0 0
2AH : : -
obEC Port D O: Port O: Port 0: Port
function | (Prohibit 1: MLDALM | 1: 1: SCOUT
RMW) ALARM
@<PD6>=1
MLDALM
@<PD6>:0
7EH PZ3C pz2C
Port Z
PZCR o W
control | (Prohibit 0 | 0
RMW) 0: Input 1: Output
PZ3F | PZ2F
7FH
W
PZFC Port Z
function | (Prohibit 0 0
RMW) 0: Port 0: Port
1.RIW 1. HWR
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(3) Interrupt control (1/3)

Symbol | Name | Address 7 6 5 4 3 2 1 0
INTO INTAD INTO
and IADC IADM2 | IADM1 | IADMO 10C 10M2 | 10M1 | 10MO
INTEOAD 90H
INTAD R | R/IW | R | R/IW |
0 0 0 0 0 0 0 0
enable
1: INTAD Interrupt level 1: INTO Interrupt level
INTL INT2 INT1
and 12C 12M2 | 12M1 | 12MO0 11C 11M2 | 11M1 | 11MO
INTE12 91H
INT2 R | R/W | R | R/W |
0 0 0 0 0 0 0 0
enable
1: INT2 Interrupt level 1:INT1 Interrupt level
INT3 INTALM4 INT3
" aac | 1aam2 | aam1 | 1aamo I3C iBM2 | ism1 | i3mo
INTE3ALM4| 92H
INTALM R | R/W | R | R/W |
0 0 0 0 0 0 0 0
4 enable
1: INTALM4 Interrupt level 1: INT3 Interrupt level
INTALM1 INTALMO
INTALM
0 and iaic | a2 | iamt | iaimo | 1aoc | 1aom2 | 1aomi | 1aomo
INTEALMO1 93H
INTALM R | R/W | R | R/W |
0 0 0 0 0 0 0 0
1 enable
1: INTALM1 Interrupt level 1:INTALMO Interrupt level
INTALM3 INTALM2
INTALM2
and 1A3C 1A3M2 | I1A3M1 | IA3MO IA2C 1A2M2 | 1A2M1 | 1A2MO
INTEALM23 94H
INTALM3 R | RIW | R | RIW |
0 0 0 0 0 0 0 0
enable
1:INTALM3 Interrupt level 1:INTALM2 Interrupt level
INTTAO INTTAL(TMRA1L) INTTAO (TMRAOQ)
and ITA1C ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAO1 95H
INTTAL R | R/W | R | R/W |
0 0 0 0 0 0 0 0
enable
1. INTTAL Interrupt level 1: INTTAO Interrupt level
INTTA2 INTTA3 (TMRA3) INTTA2 (TMRA2)
o imasc | imasm2 | masm1 | masmo | imacc | imaom2 | imaomi | imaomo
INTETA23 96H
INTTA3 R | R/W | R | R/W |
0 0 0 0 0 0 0 0
enable
1: INTTA3 Interrupt level 1: INTTA2 Interrupt level
— INTRTC
_ - | - ] - IRC rRM2 | IRM1 | IRMO
INTRTC
INTERTC 97H — — R R/W
enable | | 0 o | o | 0
Always write “0” 1: INTRTC Interrupt level
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(3) Interrupt control (2/3)
Symbol | Name | Address 7 6 5 4 3 2 1 0
INTTXO INTRXO
INTTXO
and imxoc | mxom2 | mxom1 | imxomo | 1Rxoc | IRxom2 | Irxom1 | 1rRxomo
INTESO 98H
INTTRXO R | RIW | R | RIW |
enable 0 0 0 0 0 0 0 0
1: INTTXO0 Interrupt level 1: INTRXO0 Interrupt level
INTTX1 INTRX1
INTTX1
and xic | mxam2 | mxama | imxamo | rxac | rxamz | irxami | irximo
INTES1 99H
INTTRX1 R | RIW | R | RIW |
enable 0 0 0 0 0 0 0 0
1: INTTX1 Interrupt level 1: INTRX1 Interrupt level
— INTSBI
_ - | - ] - iseic | i1seim2 | iseiM1 | isBiMo
INTESBI
INTES2 9AH - _ R RIW
enable
- - | - [ - 0 o | o | o
Always write “0” 1: INTSBI Interrupt level
INTTCO INTTC1 INTTCO
d
nTETcor| @ 0B ircic | imeam2 | meamr | imeamo | imcoc | ircomz | imcomi | imcomo
INTTC1 R RIW R R/W
enable 0 o | o | o 0 o | o | o
INTTC2 INTTC3 INTTC2
and
INTETC23 ocH iTcac | imeam2 | imeamr | imeamo | imeec | imeamz | imeomi | imcamo
INTTC3 R RIW R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
INTPO INTP1 INTPO
and
INTEPOL 9DH IP1C ipiM2 | ipamt | ipimo IPOC ipomM2 | pom1i | 1Pomo
INTP1 R RIW R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
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(3) Interrupt control (3/3)

Symbol| Name |Address 7 6 5 4 3 2 1 0
BMA 0 DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
R/W
DMAOV request 80H
o T o T o [ o T oI5
DMAO start vector
DMA 1 DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1V0
R/W
DMA1V request 81H
e T T o [ o T o T
DMAL start vector
DMA 2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V?2 | DMA2V1 | DMA2V0
R/IW
DMA2V | request 82H
vector o | o [ o | o | o | o
DMAZ2 start vector
DMA 3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
R/W
DMA3V request 83H
o I o [ o [ o [ o | o
DMAZ3 start vector
ClRvs | cLRv4 | ctrva | clrv2 | cLrvi | cLrvo
Interrupt 88H W
INTCLR clear (Prohibit
control RMW) 0 | 0 | 0 | 0 | 0 | 0
Clears interrupt request flag by writing to DMA start vector
DMA 89H DMAR3 DMAR2 DMAR1 DMARO
software
DMAR request (Prohibit R:)W RQN R:)W RE)W
. RMW)
register 1: DMA request in software
DMA DMAB3 DMAB2 DMAB1 DMABO
burst
DMAB 8AH R/W R/W R/W R/W
request 0 0 0 0
register 1 : DMA request on burst mode
- - I3EDGE | I2EDGE | I11EDGE | I0EDGE I0LE NMIREE
W W W W W W W W
Interrupt 8CH 0 0 0 0 0 0 0 0
IMC input Always Always |[INT3 edge |INT2 edge [INT1 edge [INTO edge [INTO 1: Operation
mode (Prohibit | write 0 write 0 [0: Rising |0: Rising |0: Rising |0: Rising |0: Edge even on
control RMW) 1: Falling |1:Falling |1:Falling |1:Falling |1:Level NMI
rising
edge
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TOSHIBA TMP91C824

(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
COH W W W W W W W
Block 0
CS/WAIT 0 0 0 0 0 0 0
BOCS control 0: Disable 00: ROM/SRAM Data bus | 000: 2 waits 100: Reserved
register (Prohibit |1: Enable 01: width 001: 1 wait 101: 3 waits
RMW) 10: } Reserved 0: 16 bits | 010: (1 + N) waits 110: 4 waits
11: 1: 8 hits 011: 0 waits 111: 8 waits
C1H B1E B1OM1 B1OMO B1BUS B1W2 B1W1 B1WO
Block 1 W W W W W W W
CS/WAIT 0 0 0 0 0 0 0
B1CS control 0: Disable 00: ROM/SRAM Data bus | 000: 2 waits 100: Reserved
register (Prohibit 1: Enable 01: width 001: 1 wait 101: 3 waits
RMW) 10: Reserved 0: 16 bits | 010: (1 + N) waits 110: 4 waits
11: 1: 8 bits 011: 0 waits 111: 8 waits
CoH B2E B2M B20OM1 B20OMO B2BUS B2W?2 B2W1 B2WO0
Block 2 W W W W W W W W
CS/WAIT 1 0 0 0 0 0 0 0
B2CS control 0: Disable | 0:16 M | 00: ROM/SRAM Data bus | 000: 2 waits 100: Reserved
register (Prohibit 1: Enable area 01: width 001: 1 wait 101: 3 waits
RMW) 1: Area 10: Reserved 0: 16 bits | 010: (1 + N) waits 110: 4 waits
set 11: 1. 8 bits 011: 0 waits 111: 8 waits
C3H B3E B3OM1 B3OMO B3BUS B3wW2 B3W1 B3WO0
W W W W W W W
Block 3
CS/WAIT 0 0 0 0 0 0 0
B3CS control 0: Disable 00: ROM/SRAM Data bus | 000: 2 waits 100: Reserved
register (Prohibit 1: Enable 01: width 001: 1 wait 101: 3 waits
RMW) 10: Reserved 0: 16 bits | 010: (1 + N) waits 110: 4 waits
11: 1: 8 hits 011: 0 waits 111: 8 waits
C7H BEXBUS | BEXW2 BEXW1 BEXWO
W W W W
External
CS/WAIT 0 0 0 0
BEXCS control Data bus | 000: 2 waits 100: Reserved
register (Prohibit width ' 001: 1 wait . 101: 3 Waits
RMW) 0: 16 bits | 010: (1 + N) waits 110: 4 waits
1. 8 bits 011: 0 waits 111: 8 waits
Memory 523 522 s21 520 s19 si8 | s17 | si6
start
MSARO C8H RIW
address 1 | 1 | 1 | 1| 1 | 1| 1 | 1
register 0 Start address A23 to A16
Memory V20 | V19 | V18 | V17 | V16 | V15 |v14 to V9 | V8
address
MAMRO C9H RIW
mask 1 R N T T
register 0 CSO0 area size 0: enable to address comparison
Memory s23 | s2 | s | swo | s1o | si8 | s17 | s16
start
MSAR1 CAH RIW
address 1 | 1 | 1 | 1| 1 | 1| 1 | 1
register 1 Start address A23 to A16
Memory v21 | V20 | V19 | V18 | V17 | V16 |v15 to V9 | V8
address R
MAMR1 CBH W
mask T T N T T T
register 1 CS1 area size 0: Enable to address comparison
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TOSHIBA TMP91C824
(4) 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
MSAR2 CCH RIW
address 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 Start address A23 to A16
Memory V22 vor | veo | wvie | wvis | wviz | wvie | wvis
address
MAMR2 CDH RIW
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 2 CS2 area size 0: Enable to address comparison
Memory S23 s22 | sa1 | soo | s19 | si8 | s17 | si6
tart
MsAR3 | > CEH RIW
address 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 3 Start address A23 to A16
Memory V22 vor | veo | wvie | wvis | wviz | wvie | wvis
address
MAMR3 CFH RIW
mask 1 1 | 12 ] [ [ 1 ]
register 3 CS3 area size 0: Enable to address comparison
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TOSHIBA TMP91C824

(5) Clock gear (1/2)

Symbol Name |Address 7 6 5 4 3 2 1 0
XEN XTEN RXEN RXTEN | RSYSCK WUEF PRCK1 PRCKO
R/W
1 1 1 0 0 0 o | o
High- Low- High- Low- Select Warm-up Select prescaler clock
frequency frequency frequency |frequency clock after | timer 00: fEpH
System oscillator (fc) | oscillator (fs) [oscillator (fc) |oscillator (fs) [ release of [0 write: 01: Reserved
clock 0: Stopped | 0: Stopped |after release |after release [ STOP Don't care | 10: fc/16
SYSCRO control EOH 1: Oscillation | 1: Oscillation |of STOP of STOP mode 1 write: 11: Reserved
register 0 mode mode 0: fc Start timer
0: Stopped |0: Stopped | 1:fs 0 read:
1: Oscillation [1: Oscillation End
warm-up
1 read:
Not end
warm-up
SYSCK | GEAR2 | GEARL | GEARO
R/W
0 1 | 0 | 0
System High-frequency gear value
System clock selection (fc)
clock selection [ 000: fc
SYSCRIl nirol E1H 0: fc 001: fc/2
register 1 1:fs 010: fc/4
(Note 2) | 011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
SCOSEL | WUPTM1 | wuPTM0 | HALTM1 | HALTMO | SELDRV DRVE
R/W R/W R/W R/W R/W R/W R/W
System 0 1 0 1 1 0 0
SYSCR2 clock E2H 0: fs Warm-up time 00: Reserved <Drive>  [1: Drive
control 1: fepH 00: Reserved 01: STOP mode mode IDLE1
register 2 01: 2% input frequency | 10: IDLE1 mode select mode
10: 2% 11: IDLE2 mode 0: STOP
11: 2 1: IDLE
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TOSHIBA TMP91C824

(5) Clock gear (2/2)

Symbol| Name |Address 7 6 5 4 3 2 1 0
PROTECT - - - - EXTIN | bRvVOSCH |DRVOSCL
R R/W R/W R/W R/W R/W R/W R/W
EMC 0 1 1 0 0 0 1 1
EMCCRO|  control E3H Protection | Always Always Always Always 1: External | fc oscillator | fs oscillator
register 0 flag write O write 1 write 0 write O drivability driver
0: OFF 1: Normal ability
1: ON 0: Weak 1: Normal
0: Weak
EMC
EMCCR1| control E4H T . .
register 1 Switching the protect ON/OFF by write to foIIowmg : 1st-KEY.and gnd-KEY
1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H in succession write
EMC 2nd-KEY: EMCCR1 = A5H, EMCCR2 = 5AH in succession write
EMCCR2| control E5H
register 2
ENFROM ENDROM ENPROM FFLAG DFLAG PFLAG
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
CS1A CS2B-2G CS2A CS1A CS2B-2G CS2A
EMC area detect | area detect | area detect Write Write Write
EMCCR3| control E6H enable enable enable operation operation operation
register 3 0: Disable | 0: Disable | 0: Disable flag flag flag
1: Enable 1: Enable 1: Enable When read mode
0: No write
1: Write
When write mode
0: Flag area
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TOSHIBA TMP91C824

(6) DFM (Clock doubler)

Symbol| Name [Address 7 6 5 4 3 2 1 0
ACT1 ACTO DLUPFG | DLUPTM
R/W R/W R R/W
DEM 0 0 0 0
DEMCRO control ESH DFM | LUP | fEPH  |Lockup flag Locl;tjp time
register 0 00|STOP[STOP| foscH [0: End LUP |0: leIfOSCH
01| RUN [ RUN | fosch [1: Do not 1: 2% 0scH
10| RUN |STOP| fprm
11| RUN |STOP| foscH
D7 D6 D5 D4 D3 D2 D1 DO
DEM R/W R/W R/W R/W R/W R/W R/W R/W
DFMCR1| control E9H 0 0 0 L 0 0 L L
register 1 DFM correction

Input frequency 4 to 8.25 MHz (at 2.7 to 3.6 V): Write 0BH
Input frequency 2 to 2.5 MHz (at 2.0V + 10%): Write 1BH
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TOSHIBA TMP91C824
(7) 8-bit timer
(7-1) TMRAO1
Symbol | Name | Address 7 6 5 4 3 2 1 0
TAORDE I2TAO1 |[TAOIPRUN| TA1IRUN | TAORUN
- R/W RIW RIW RW [RW
8-bit timer
TAOIRUN| RUN 100H 0 0 0 0 0
register Double buffer IDLE2 8-bit timer run/stop control
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate | 1: Run (Count up)
- 102H _
8-bit timer o
TAOREG ) (Prohibit W
register 0
RMW) Undefined
8-bit timer 103'.-| . —
TALREG ) (Prohibit W
register 1
RMW) Undefined
TA0IM1 | TAOIMO | PWMO1 | PWMO0O | TAICLK1 |TA1CLKO TAOCLK1| TAOCLKO
R/IW
8-bit timer 0 | 0 0 | 0 0 | 0 0 | 0
TAO1IMOD [source CLK]  104H [ 0Q: 8-hit timer 00: Reserved 00: TAOTRG 00: TAOQIN pin
& mode 01: 16-bit timer 01: 2° PWM cycle 01: ¢T1 01: ¢T1
10: 8-bit PPG 10: 2’ 10: ¢T16 10: ¢T4
11: 8-hit PWM 11: 2° 11: $T256 11: ¢T16
TALFFC1 |TA1FFCO TALFFIE | TALFFIS
R/IW R/IW
8-bit timer 105H 1 | 1 0 0
TAIFFCR | flip-flop [ (Prohibit 00: Invert TALFF 1: TALIFF | 0: TMRAO
control RMW) 01: Set TALFF enable |1: TMRAL
10: Clear TALFF inversion
11: Don't care
(7-2) TMRA23
Symbol | Name | Address 7 6 5 4 3 2 1 0
TA2RDE I2TA23 [TA23PRUN| TA3RUN [ TA2RUN
8-bit timer RIW RIW RIW R/IW RIW
TA23RUN| RUN 108H 0 0 0 0 0
register Double buffer IDLE2 8-bit timer run/stop control
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate | 1: Run (Count up)
- 10AH —
TA2REG ?:;'itstt'g:%r (Prohibit W
RMW) Undefined
- 10BH —
TA3REG ?:;'itstt'g:ir (Prohibit w
RMW) Undefined
TA23ML | TA23M0 | Pwm21 | Pwm20 | TAscLKl | TAscLko | TA2CLK1 | TA2CLKO
RIW
8-bit timer 0 | 0 0 [ o 0 | 0 0 | 0
TA23MOD [source CLK}  10CH | 00: 8-bit timer 00: Reserved 00: TA2TRG 00: Reserved
& mode 01: 16-hit timer 01: 2° PWM cycle 01: ¢T1 01: ¢T1
10: 8-hit PPG 10:2' 10: ¢T16 10: ¢T4
11: 8-hit PWM 11: 2° 11: $T256 11: ¢T16
TA3FFC1 | TASFFCO | TASFFIE | TA3FFIS
R/IW RIW
8-bit timer 10DH 1 | 1 0 0
TA3FFCR | flip-flop | (Prohibit 00: Invert TA3FF 1: TA3FF |0: TMRA2
control RMW) 01: Set TA3FF invert | 1: TMRA3
10: Clear TA3FF enable inversion
11: Don't care
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TOSHIBA TMP91C824
(8) UART/serial channel (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 0 | (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RBS EVEN PE OERR | PERR | FERR | sciks | 1oc
. R R/IW R (Cleared to 0 by reading) R/W
Serial
SCOCR | channelo| 2014 [|2ndefined 0 0 0 o [ o 0 0
control Receiving | Parity 1: Parity 1: Error 0: SCLKOT|1: Input
data bit8 0: Odd Enable Overrun Parity Framing 1: SCLKoY SCLKO
1: Even
TB8 CTSE RXE WU SM1 SMO SC1 SCo
R/IW
Serial 0 0 0 0 0 0 0 0
SCOMODO| channel 0 |  202H  [rransmission| 1: CTS 1: Receive |1: Wakeup | 00: I/O interface 00: TAOTRG
mode0 data bit8 enable enable enable [01: UART 7 bits 01: Baud rate
10: UART 8 bits 10: Internal clock fgys
11: UART 9 bits 11: External clock
- BROADDE| BROCK1 | BROCKO | BROS3 | BROS2 BROS1 | BROSO
R/W
Baud rate 0 0 0 0 | 0 | 0 | 0
BROCR |~ nirol 203H [ Always  |1:(16-K)/16| 00: $TO Setting the divided frequency “N”
write 0 divided [O01: ¢T2 (OtoF)
10: ¢T8
11: $T32
. BROK3 | BROK2 | BROK1 | BROKO
Serial
channel 0 RIW
BROADD _ 204H o | o | o | o
K setting
register Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
12S0 FDPX0
Serial RIW RIW
SCOMOD1| channel 0| 205H 0 0
mode1l IDLE2 Duplex
0: Stop 0: Half
1: Operate [1: Full
(8-2) I'DA
Symbol | Name | Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
R/W R/W R/W R/W R/W
DA 0 0 0 0 0 | 0 | 0 | 0
SIRCR control 2074  [Transmission Receiving [Transmission|Receiving |Set the effective SIRRxD pulse width
register pulse width [data 0: Disable |0: Disable |Pulse width more than 2x x (Set value + 1) +
0: 3/16 0: H pulse |1: Enable [1: Enable |100ns
1:1/16 1: L pulse Possible: 1 to 14
Not possible: 0, 15
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TOSHIBA TMP91C824
(8) UART/serial channel (2/2)
(8-3) UART/SIO channell
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
RB8 EVEN PE OERR | PERR | FERR SCLKS | 10C
Serial R R/W R (Cleared to 0 by reading) R/W
SCICR |channel1| 200H [ndefined 0 0 o | o 0 0 0
control Receiving | Parity 1: Parity 1: Error 0: SCLK1™ | 1: Input
data bit8 | 0: Odd Enable | Overrun Parity Framing [L: SCLK1
1: Even
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
SCIMODO| channel 1|  20AH  |rransmission| 1: CTS 1: Receive |1: Wakeup | 00: I/O interface 00: TAOTRG
mode data bit8 enable enable 01: UART 7 bits 01: Baud rate generator
10: UART 8 bits 10: Internal clock fgys
11: UART 9 bits 11: External clock SCLK1]
- BR1ADDE | BR1CK1 | BR1CK BR1S3 | BR1S2 BR1S1 | BR1S0
R/IW
Baud rate 0 0 0 0 o | o | o [ o
BRICR |~ ntrol 20BH Always [1: (16 - K)/16| 00: ¢TO Setting the divided frequency “N”
write O divided |O01: ¢T2 (OtoF)
enable 10: ¢T8
11: $T32
. BR1K3 | BR1K2 | BR1K1 | BR1KO
Serial
R/W
Br1ADD | MM Hoch o | o | o | o
K setting
register Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
12S1 FDPX1
Serial RIW RIVW
SCIMOD1| channel 1| 20DH 0 0
model IDLE2 Duplex
0: Stop 0: Half
1: Operate |1: Full
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TOSHIBA TMP91C824

(9) I2C bus/serial interface

Symbol| Name |Address 7 6 5 4 3 2 1 0
240H BC2 BC1 BCO ACK ScK2 SCKL | ook
(C bus WRMON
R/W W W R/W
mode)
o | o ] o 0 0 0 0/1
Number of transfer bits Acknowledge Setting for the devisor value n
Prohibit 000: 8, 001:1, 010:2 mode 000: 4, 001:5, 010:6
Serial bus ( 011:3, 100:4, 101:5 0: Disable 011:7, 100:8, 101:9
interface |_"MW) | 1106, 112:7 1: Enable 110: 10, 111: (Reserved)
SBIOCRL| . irol 240H SIOS | SIOINH | SIOML1 | SIOMO SCK2 SCK1 SCKO
register 1 (Sio w w w W W W W
mode) 0 0 0 0 0 0 0
Transfer Transfer Transfer mode Setting for the divisor value n
0: Stop 0: Continue | 00: 8-bit transmit mode 000: 3, 001:4, 010:5
1: Start 1:Abort | OliReserved 011:6, 100:7, 101:8
(Prohibit 10: 8—b!t trans.mltlrecelve 110:9, 111: SCK pin
RMW) 11: 8-bit received mode
SBI 241H DB7 DB6 DB5 | DB4 DB3 pB2 | DB1 | DBO
SBIODBR|  buffer (Prohibit R (Receiving)/W (Transmission)
register RMW) Undefined
SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
242H W W W W W W W W
I’C bus 0 0 0 0 0 0 0 0
I2COAR | address Address
register (Prohibit ) iti
RMW) Setting slave address (r)e'c;?:;fn
1: Disable
Serial bus MST TRX BB PIN | AUSBIML [AAS/SBIMO| oo | GhREL
vrver;n interface RIW RIW RIW RIW RIW RIW RIW RIW
status 0 0 0 1 0 0 0 0
SBIOSR ) 243H - — —
register 5 0: Slave 0: Receiver | Bus status INTSBI request| Arbitration lost | Slave address | GENERAL Lost receive bit
(I"C bus 1: Master 1: Transmit | monitor monitor detection match detection| CALL detection [ monitor
mode) 0: Free 0: Request monitor monitor monitor 0:0
1: Busy 1: Cancel 1: Detect 1: Detect 1: Detect 1:1
Start/stop SBI operating mode selection Software reset generate write 10
Serial bus (Prohibit condition 00: Port mode and 01, then an internal reset
When interface RMW) generation 01: SIO mode signal is generated.
write trol 0: Start 10: 12C bus mode
SBIOCR2 an ro condition 11: (Reserved)
register 2 1: Stop
condition
SIOF/SBIM1 | SEF/SBIM2 - -
. R/W R/W W W
When Serlal bus 0 0 0 0
interface - -
read 243H [Transfer status [Shift operation
SBIOSR sta_tus (slo monitor status monitor
register 0: Stopped 0: Stopped
mode) 1: Terminated | 1: Terminated
o in process in process
) (Prohibit Serial bus interface Always Always
When Serial bus [ RMW) operating mode selection write 0 write 0
write interface 00: Port mode
control 01: SIO mode
SBIOCR2 register 2 10: |2C bus mode
11: (Reserved
— 12SBI0
soabes | iy (WL
SBIOBRO (Prohibit 0 0
baudrate | "oy [T Aways  [IDLE2
register 0 write 0 [0: Abort
1: Operate
P4EN —
Serial bus w w
- 245H 0 0
ssioBr1| MeraCe | oo
baud rate (RrI\C/)IV{/ it [internal Always
register 1 ) |Clock write O
0: Abort
1: Operate
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TOSHIBA TMP91C824

(10) AD converter

Symbol | Name |Address 7 6 5 4 3 2 1 0
EOCF ADBF — — ITMO REPEAT SCAN ADS
R R/W R/W R/W R/W R/W R/W
AD 2BOH 0 0 0 0 0 0 0 0
ADMODO | MODE AD AD Always | Always |Interruptin |Repeat Scan mode |AD
register 0 conversion |conversion | write O write 0 |repeat mode specification |conversion
end flag burst flag mode specification |1: Scan Star
1: End 1: Busy 1: Repeat 1: Start
VREFON 12AD ADTRGE | ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
VREF IDLE2 AD control Input channel
AD control 0: Abort 1: Enable for [ 000: ANO ANO
ADMOD1 | MODE oB1H |1 VREFon [ 1:Operate 001: AN1 ANO —AN1
register 1 010: AN2 ANO — AN1 — AN2
011: AN3 ANO — AN1 — AN2 — AN3
100: AN4 AN4
101: AN5 AN4 — AN5
110: AN6 AN4 — AN5 — ANG
111: AN7 AN4 — AN5 — AN6 — AN7
AD result ADRO1 ADROO ADRORF
ADREGOAL [register 0/4[ 2A0H R R
low Undefined 0
AD result ADRO09 | ADRO0O8 ADRO7 ADRO06 ADRO05 ADRO04 ADRO03 ADRO02
ADREGO4H(|register 0/4| 2A1H R
high Undefined
AD result ADR11 | ADR10 ADRI1RF
ADREGI15L [register 1/5[ 2A2H R R
low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG15H(register 1/5[ 2A3H R
high Undefined
AD result ADR21 | ADR20 ADR2RF
ADREG26L [register 2/6( 2A4H R R
low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H(|register 2/6| 2A5H R
high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG37L [register 3/7[ 2A6H R R
low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H|register 3/7| 2A7H R
high Undefined
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TOSHIBA TMP91C824

(11) Watchdog timer
Symbol| Name |Address 7 6 5 4 3 2 1 0
WDTE WDTP1 | WDTPO I2WDT RESCR —
RIW RIW RIW RIW R/IW R/IW
WDT 1 0 0 0 0 0
WDMOD| mode 300H 1. wpT 00: 2%/fsys IDLE2 1: RESET Always
register enable | 01:2'/sys 0: Abort write 0
10: 2%gys 1: Operate
11: 2%fgys
301H —
WDT o W
WDCR (Prohibit
control _
RMW)
B1H: WDT disable 4EH: WDT clear
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TOSHIBA TMP91C824

(12) RTC (Real time clock)

Symbol| Name |Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
Second R
SECR . 320H /W
register Undefined
0 is read 40 s 20's 10s 8s 4s 2s 1ls
MI6 MI5 MIi4 MI3 MI2 MI1l MIO
Minute
MINR ! .u 321H RIW
register Undefined
0 is read 40 min 20 min 10 min 8 min 4 min 2 min 1min
HO5 HO4 HO3 HO2 HO1 HOO
R/W
Hour
HOURR ) 322H Undefined
register
Ois read 20H 10H 8H 4H 2H 1H
(PM/AM)
WE2 WE1 WEO
Da R
DAYR . Y 323H W
register Undefined
0is read w2 | owi WO
DA5 DA4 DA3 DA2 | DAl DAO
Date
DATER . 324H RIW
register Undefined
0is read 20 days 10 days 8 days 4 days 2 days 1 day
MO4 MO3 MO2 MO1 MOO
325H R/W
Month Undefined
MONTHR . -
register Page 0 Ois read 10 month | 8 month | 4 month | 2 month 1 month
Page 1 Ois read 0: Indicator for
1: Indicator for
YE7 | YE6 | YE5 | YE4 | YE3 | YE2 | YE1 YEO
326H R/W
Year -
YEARR ) Undefined
register
Page 0| 80 years | 40 years | 20 years | 10 years | 8 years | 4 years 2 years 1 year
Page 1 0 is read Leap year setting
INTENA Adjust ENATMR | ENAALM PAGE
R W R/W R/W
- 327H w . /f. / i
PAGER .g (Prohibit 0 Undefined Undefined Undefined
register RMW) INTRTC Ois read 0:Don't Clock Alarm Oisread |select
0: Disable care |O0: Disable | 0: Disable PAGE
1: Enable 1: Adjust | 1: Enable [1:Enable
DIS1HZ [ DIS16HZ | RSTTMR | RSTALM RE3 RE2 RE1 REQ
Reset 328H W’
RESTR _ (Prohibit Undefined
register RMW) 1Hz 16 Hz 1: Clock [ 1:Alarm Always write 0
0: Enable |0: Enable |reset reset
1: Disable [ 1: Disable
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TOSHIBA TMP91C824
(13) Melody/alarm generator
Symbol[ Name |Address 7 6 5 4 3 2 1 0
AL8 AL7 AL6 AL5 AL4 AL3 AL2 ALl
Alarm RIW
ALM pattern 330H
) o | o o | o | o | o o | o
register
Alarm pattern set
FC1 | FCO ALMINV — — — — MELALM
R/W R/W R/W R/W R/W R/W R/W
Melody/ 0 0 0 0 0 0 0
ELALMC alarm 331H Free-run counter Alarm Always write 0 Output
control control frequency frequency
register 00: Hold invert 0: Alarm
01: Restart 1: Invert 1: Melody
10: Clear
11: Clear and start
ML7 | ML6 ML5 ML4 | ML3 | ML2 | ML1 MLO
Melody
R/IW
MELFL | frequency 332H
. o | o 0 o | o | o | o | o
register-L
Melody frequency set (Low 8 bhits)
MELON ML11 | ML10 | ML9 | ML8
R/W R/W
0 o | o | o | o
Melody Melody Melody frequency set (High 4 bits)
MELFH | frequency 333H counter
register-H control
0: Stop and
clear
1: Start
N _ IALMAE | IALM3E | IALM2E | IALMIE | IALMOE
arm
) R/W R/W
interrupt
ALMINT " 334H 0 0 o | o o | o
enaple
register Always INTALM4 to INTALMO alarm interrupt enable
write 0
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(149) MMU
Symbol[ Name |Address 7 6 5 4 3 2 1 0
LOE LOEA22 LOEA21 LOEA20
R/W R/W
LOCALO 0 o | o | o
LOCALO | control 350H | BANK for LOCALO area BANK set
register LOCALO
0: Disable “000” setting is prohibited because
1: Enable it pretend COMMON 0 area
LiE LIEA23 | L1IEA2 | L1EA21
R/W R/W
LOCAL1 0 0 | 0 | 0
LOCAL1 | control 351H [ BANK for LOCAL1 area ANK set
register LOCAL1
0: Disable “001” setting is prohibited because
1: Enable it pretend COMMON 0 area
L2E L2EA23 | L2EA22 | L2EA21
R/W R/IW
LOCAL2 0 0 | 0 | 0
LOCAL2 | control 352H | BANK for LOCAL2 area BANK set
register LOCAL?2
0: Disable “111” setting is prohibited because
1: Enable it pretend COMMON 0 area
L3E L3EA26 L3EA25 L3EA24 | L3EA23 | L3EA22
R/W R/W
LOCAL3 0 0 0 0 | 0 | 0
LOCAL3 | control 353H | BANK for 01000 to 01011: CS2D 01100to 01111: CS2E
register LOCAL3 00000 to 00011: CS2B
0: Disable 00100 to 00111: CS2C
1: Enable 10000 to 11111: Set prohibition
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6. Points of Note and Restrictions

(1) Notation
a. The notation for built-in I/O registers is as follows register symbol <Bit symbol>
e.g.) TAO01RUN<TAORUN> denotes bit TAORUN of register TAOIRUN.
b. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAOIRUN) ... Set bit3 of TAO1IRUN.
Example 2: INC 1, (100H) ... Increment the data at 100H.
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), Ri# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations
AND  (mem), Ri# 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)

c. fe, fs, frPH, fSYS and one state

The clock frequency input on pins X1 and 2 is called foscH. The clock selected by
DFMCRO<ACT1:0> is called fc.

The clock selected by SYSCR1<SYSCK> is called fFPH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fsys is referred to as one state.
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(2) Points of note

a.

AMO and AM1 pins

This pin is connected to the VCC or the VSS pin. Do not alter the level when the pin is
active.

EMUO and EMU1

Open pins.
Reserved address areas

The TMP91C824 does not have any reserved areas.
HALT mode (IDLE1)

When IDLE1 mode is used (in which oscillator operation only occurs), set RTCCR
<RTCRUN> to 0 stop the timer for the real-time clock before the HALT instructions is
executed.

Warm-up counter

The warm-up counter operates when STOP mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.

Programmable pull-up resistance

The programmable pull-up resistor can be turned ON/OFF by a program when the ports
are set for use as input ports. When the ports are set for use as output ports, they cannot
be turned on/off by a program.

The data registers (e.g., Px) are used to turn the pull-up/pull-down resistors ON/OFF.
Consequently read-modify-write instructions are prohibited.

Bus release function

It is described note point in 3.5 “Port Function” that pin’s conditions at bus release
condition.

Please refer that.
Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to be used, disable it.

When the bus is released, neither internal memory nor internal I/O can be accessed.
However, the internal I/O continues to operate. Hence the watchdog timer continues to
run. Therefore be careful about the bus releasing time and set the detection timer of
watchdog timer.

AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program so as
to reduce power consumption. When STOP mode is used, disable the resistor using the
program before the HALT instruction is executed.

CPU (Micro DMA)

Only the LDC cr, r and LDC r, cr instructions can be used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).

Undefined SFR
The value of an undefined bit in an SFR is undefined when read.
POP SR instruction

Please execute the POP SR instruction during DI condition.
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m. Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts (NMI, INTO to
INT3, INTRTC, INTALMO to INTALM4) which can release the HALT mode may not be
able to do so if they are input during the period CPU is shifting to the HALT mode (for
about 5 clocks of fFpH) with IDLE1 or STOP mode (IDLE?2 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.
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7. Package Dimensions

P-LQFP100-1414-0.50F

Unit: mm
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