TOSHIBA

Data Book

16bit Micro controller
TLCS-900/L1 series

TMP91C824F

REV 2.3 October. 26, 2001

Rev. 2.3 26/October/2001




TOSHIBA

contents

TLCS-900/L1 Devices
TMP91C824F
1. OUTLINE AND DEVICE CHARACTERISTICS

2.PIN ASSIGNMENT AND PIN FUNCTIONS
3. OPERATION

3.1 CPU

32 MemoryMap

3.3 Tripleclock, Stand- byfunctlon N0|sereduct|on

B4 INEEITUPLS oo e e e e e e e e e e e et e e e e e e
3.5 FUNCLIONSOf POIS ...t e e e e e e e e e e e e e e e e e e e e
0
POrt 2 e e e e e e e e e
0]
POt B e e e e e e s
POt 7 e e e e e e s
POt B ot e e e e e e e e e s
POt B e e e e e e e e e
POrt C o e e e e e e e

351
35.2
353
354
355
3.5.6
35.7
3.5.8
3.5.9

3.6 ChlpSeIect/WaltControIIer
3.7 8-bit TIMEr S TMRA) oot s et et e e e e e e et e e e e e een e ees
3.8 Memory Management UNit ..ot iie i e e e e e e e
3.9 Serial Channel ... ... e e
3.10Serial BUSTNEErface ... .....ooooi it et i e s e e et e e e e e e e
3.11 Analog/ Digital CONVEITEr ... ..oit it et e e e e e e e e e e e e e
312 Watch DOg TIMEN ..o e et et et e e e et e e s e et e et e e e

3.13RTC .

314Me|ody/AIarmGenerator
4. ELECTRICALCHARACTERISTICS(TENTATIVE)

PortD .

5. TABLEOF SFR

Data Book modification history

Table of Contents

91C824-1
91C824-4
91C824-9
91C824-9
91C824-11
91C824-12
91C824-36
91C824-51
91C824-55
91C824-56
91C824-58
91C824-61
91C824-62
91C824-66
91C824-67
91C824-70
91C824-73
91C824-78
91C824-88
91C824-108
91C824-119
91C824-151
91C824-179
91C824-189
91C824-195
91C824-209
91C824-215
91C824-227
PKG-1



TOSHIBA

Rev./Date page Modification item Reason

109 Bank Operation S/W Example in MMU
Rev12/Mar-15-2001 218 Recommended Crystal oscillation Circuit

165 Stop condition generation

166 Timing diagram for TMP91C824 Restart
Rev14/July-16-2001 12-24 DFM(triple cock modify)
Rev14/July-26-2001 17,240 EMCCRS3

159,168 | Add ed the sentence and diagram at SBI

155 Modify bit6(TRX)

114 Added the diagram and sentence of MMU
Rev21/August-21-2001 14 CPU: modify the figure
Rev22/September-21-2001 | 222 Electric Specification
Rev22/September-7-2001 226 Murata factory URL added
Rev23/October-26-2001 217 33MHZ AC added




TOSHIBA TMP91C824

CMOS 16-Bit Microcontrollers
TMPO1C824F

1. OUTLINE AND FEATURES

TMP91C824F 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 and a 100-pad Dice form.
Listed below are the features.

(1) High-speed 16-bit CPU (900/L1 CPU)
 Instruction mnemonics are upward-compatible with TLCS-90
e 16 Mbytes of linear address space
« General-purpose registers and register banks
» 16-bit multiplication and division instructions; bit transfer and arithmetic instructions
e Micro DMA: 4 channels (1.0 us/2 bytes at 16 MHz)

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

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

(4) External memory expansion
* Expandable up to 106M bytes (shared program/data area)

¢ Can simultaneously support 8-/16-bit width external data bus
... Dynamic data bus syzing

e Separate bus system
(5) 8-bit timers: 4 channels

(6) Genera-purpose serial interface: 2 channels
¢ UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2kbps) mode selectable: 1 channel

(7) Serial businterface: 1 channel
¢ 12C bus mode/clock synchronous mode selectable

980508TBAL

« For adiscussion 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.

e TOSHIBA is continually working to improve the quality and the reliability of its products. Neverthel ess, semiconductor devicesin 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 observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product
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 products specifications. Also, please keep in mind the precautions and conditions
set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

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

« Theinformation contained herein is subject to change without notice.

f | Purchase of TOSHIBA 12C components conveys a license under the Philips 1°C Patent Rights to use these components in an
IEI @ I2C system, provided that the system conforms to the 12C Standard Specification as defined by Philips.
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TOSHIBA TMP91C824

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

(9) 10-bit A/D converter : 8 channels

(10) Watch dog timer

(11) Melody/Alarm generator
e Melody: Output of clock 4 to 5461Hz
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
* Expandable up to 106M bytes (4 local area/8bank method)
(14) Interrupts: 37 interrupts
¢ 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 23internal interrupts: 7 priority levels are selectable
e 5Sexterna interrupts. 7 priority levels are selectable (among 4 interrupts are selectable
edge mode)
(15) Input/output ports: 35 pins (@External 16-bit data bus memory)
(16) Stand-by function
Three Halt modes: 1dle2 (programmable), Idlel and Stop
(17) Triple-clock controller
» Clock doubler (DFM) circuit isinside
» Clock gear function: Select a High-frequency clock fc/1 to fc/16
e RTC (fs=32.768kHz)
(18) Operating voltage
e VCC=27V1t03.6V (fc max = 33 MHz)
e VCC=18V1t03.6V (fc max = 10 MHz)
(19) Package
e 100-pin QFP: LQFP100 - P-1414 - 0.5D
e 100-pad Dice form

91C824-2



TOSHIBA TMP91C824
<«1—DVCC [3]
<|—DVSS [3]
ADTRG(P83)—> H-0SC X
S0t po 7| 10-BIT 8CH XWA WIA Clock Gear 5
(P80 to P87) XBC 51c + P> EMUO
AD Clock Doubler L 15 EMU1
AVCC, AVSS—»/CONVERTER §EE a E | 1
VREFH, VREFL—> X L L-OSC S X12
<5 XIY Y —
TXDO (PCO) <> o 0 uarTirDA| [Xi2 7 SCOUT(PDS)
RXDO (PCL) <™ 5100) XSP SP <—RESET
SCLKO/CTSO (PC2)<> . <T—AMO
TXD1 (PC3) <— 32 bit > << am1
RXD1 (PC4)<f» SIO/UART srR[__TF]
AL <> DOtoD7
SCLK1/ CTS1(PC5)<«t>  (SIO1) [ 1 —1> A0 to A7
—>
OPTRX0,SCK (P70) <> A8 to A15
OPTTX0,S0/SDA(P71) «l»| SERIAL BUS 5T PORT 1 |«}> P10 to P17(D8 to D15)
siscL (P72)«t>» I/F(SBI)
(Watch PORT 2 > P20to P27
_|.| 8BIT TIMER DogTimer) (A16toA23)
TAQIN (PBO) T (TMRAO0) > RD
8BIT TIMER Z:VH%(PSZ)
TALOUT (PB1) <> (TMRA1
8BIT TIMER > BUSRQ (P54)
(TMRA2) > BUSAK(P55)
8BIT TIMER > RV
TA3OUT (PB2) <P 1yRA3) RW  (P56)
CSIWAIT
<« PORTS CONTROLLER |—-» CSO10CS3
(4-BLOCK) ,CS2A0 CS2E
8KB RAM MMU
—p|_PORTS (P60 to P67)
INTERRUPT [€T—NMI
CONTROLLER [ kggg %g IIDNBT63;
<>| PORTB
<s|[ PORTC
<«}| PORTD
MELODY/ 115 MLDALM(PD7)
ALARM-OUT
RTC > ALARM,MLDALM(PD6)

@):

Figure 1.1 TMP91C824F Block Diagram

Initial Function After Reset
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TMP91C824

2. PINASSIGNMENT AND PIN FUNCTIONS

The assignment of input/output pins for the TMP91C824F, their names and functions are as follows:

2.1 Pin Assignment Diagram

Figure 2.1.1 shows the pin assignment of the TMP91C824F.

VREFLIT—]

AVSSm—]
AvCCm—
P80/ANO™T—]
P81/AN1mT—}
P82/AN2 mI—}
P83/AN3/ADTRG I—]
P84/AN4 m—}
P85/AN5IIT—]
P86/ANG6II—]
P87/AN7 m—}
P70/SCK/OPTRX0 M)
P71/SO/SDA/OPTTXO or—j
P72/SI/SCL1—

TAOIN/PBO m—|
TA1OUT/PB1 o=
TA30UT/PB2or—]

INTO/PB3 m—|
INT1/PB4 m—]
INT2/PB5 m—)
INT3/PB6m—]
P54/BUSRQ I
P55/BUSAK I—
AMO I

bvcclim—

10

15

20

—
n
n
>
o

VREFH
P67/CS2E
P66/CS2D
P65/EA25/CS2C
P64/EA24/CS2B
P63/CS3

X1
AM1
RESET

XT1
XT2
EMUO

P62/CS2/CS2A

P61/CS1
P60/CS0O
P56/WAIT
PZ3/R/W

EMU1
TXDO/PCO
RXDO/PC1

SCLKO/CTS0/PC2

PZ2/HWR

TMP91C824
QFP100

TOPVIEW

TXD1/PC3C
RXD1/PC4
SCLK1/CTS1/PC5
PD5/SCOUT
PD6/ALARM/MLDALM

PD7/MLDALM

70

65

60

55

Figure 2.1.1 Pin assignment diagram (100-pin QFP)

—m A1l
—mAl12
—mAl13
—m Al14
—m A15
—1m P20/A16
—m P21/A17
—m P22/A18
—mP23/A19
—mP24/A20
—mP25/A21
—mDVCC2
—mNMI
—mpDVSS2
O P26/A22
—mP27/A23
—mP17/D15
—mP16/D14
—mP15/D13
—mpP14/D12
—mP13/D11
—1mpP12/D10
—mP11/D9
—1mP10/D8

—1mpD7
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TOSHIBA TMP91C824

2.2 Pad Layout

(Chip size 4.37mm x 4.37mm) unit (u m)

PIN Name X Y PIN Name X Y PIN Name X Y

no point | point No point | point No point | point
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 AvVCC -2050 | 1470 37 PC2 112 | -2050 | 71 Al5 2045 | 1207
4 P80 -2050 | 1337 38 PC3 238 | -2050 | 72 Al4 2045 | 1337
5 P81 -2050 | 1209 39 PC4 365 | -2050 | 73 Al3 2045 | 1464
6 P82 -2050 | 1076 40 PC5 491 | -2050 | 74 Al2 2045 | 1592
7 P83 -2050 | 943 41 PD5 618 | -2050 | 75 All 2045 | 1721
8 P84 -2050 | 810 42 PD6 744 | -2050 | 76 Al10 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 A0 359 2045
19 PB4 -2050 | -783 53 P11 2045 | -1478 | 87 /IRD 219 2045
20 PB5 -2050 | -916 54 P12 2045 | -1341 | 88 IWR 80 2045
21 PB6 -2050 | -1049 | 55 P13 2045 | -1205 | 89 pPz2 -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 VCC -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 INMI 2045 -80 97 P65 -1176 | 2045
30 | /RESET | -948 | -2050 | 64 VCC 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 2.2 Pin names and functions.

Pin Name Num_ber /0 Functions
of Pins
DO to D7 8 110 Data (lower): bits 0 to 7 of data bus
P10to P17 8 110 Port 1: 1/0 port that allows 1/0 to be selected at the bit level
(When used to the external 8bit bus)
D8to D15 110 Data (upper): bits 8 to15 of data bus
P20 to P27 8 Output Port 2: Output port
A16to A23 Output Address: bits 16 to 23 of address bus
A8to Al5 8 Output Address: bits 8 to 15 of address bus
AOto A7 8 Output Address: bits 0 to 7 of address bus
/RD 1 Output Read: strobe signal for reading external memory
/WR 1 Output Write: strobe signal for writing data to pins DO to D7
Pz2 1 110 Port Z2: 1/0 port (with pull-up resistor)
/HWR Output High Write: strobe signal for writing data to pins D8 to D15
PZ3 1 110 Port Z3: 1/0 port (with pull-up resistor)
E/w Output
P54 1 110 Port 54: 1/O port (with pull-up resistor)
/BUSRQ Input Bus Request: High-Impedance used to request Bus Release
Read/Write: 1 represents Read or Dummy cycle; O represents write cycle.
P55 1 110 Port 55: 1/O port (with pull-up resistor)
/BUSAK Output Bus Acknowledge: signal used to acknowledge Bus Release
P56 1 110 Port 56: /O port (with pull-up resistor)
/WAIT Input Wait: pin used to request CPU bus wait
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
/CS1 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 O when address is within specified address area
P63 1 Output Port 63:Output port
/CS3 Output Chip Select 3: outputs “0” when address is within specified address area
P64 1 Output Port 64: Output port
EA24 Output (Address 24: Expand address)
/CS2B Output (Expand Chip Select: 2B: outputs“0” when addressis within specified address area)
P65 1 Output Port 65: Output port
EA25 Output (Address 25: Expand address)
/CS2C Output (Expand Chip Select: 2B: 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: Output port
/CS2E Output (Expand Chip Select: 2E: outputs “0” when address is within specified address area)

91C824-6



TOSHIBA TMP91C824
Pin Name Number 1/10 Functions
of Pins
P70 1 110 Port 70: 1/O port
SCK 110 Serial businterface clock I/O data at SIO mode
OPTRXO0 Input Serial recive data“0”
P71 1 1/0 Port 71: 1/0 port
0 Output Serial businterface send data at SIO mode
SDA 110 Serial businterface send/recive data at 12C mode
Open drain output mode by programmable (with pull up)
OPTTXO0 QOutput Serial send data“0”
P72 1 110 Port 721/0 port
Sl Input Serial businterface recive dataat SIO mode
SCL 1/0 Serial businterface clock I/O data at 12C 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 A/D conveter
/ADTRG Input A/D trigger: Signal used to request A/D start (with used to P83)
PBO 1 110 Port BO: 1/0 port
TAOIN Input 8hit timer O input: Timer 0 input
PB1 1 110 Port B1: 1/0 port
TA10UT Output 8hit timer 1 output: Timer O input or Timer 1 output
PB2 1 110 Port B2: 1/0 port
TA30UT QOutput 8hit timer 3 output: Timer 2 input or Timer 3 output
PB3 1 110 Port BO: 1/0 port
INTO input Interrupt request pinO: Interrupt request pin with programmable level / rising /
falling edge
PB4 to PB6 3 110 Port B4 to B6: 1/O port
INT1to INT3 input Interrupt request pinl to 3: Interrupt request pin with programmable level / rising
/falling edge
PCO 1 110 Port CO: 1/0 port
TXDO QOutput Serial 0 send data: Open drain output pin by programmable
PC1 1 110 Port C1: 1/0 port
RXDO Input Serial 0 recive data

91C824-7



TOSHIBA TMP91C824

Pin Name Number I/O Functions
of Pins

PC2 1 110 Port C2: 1/0 port

SCLKO 110 Serial clock 1100

/CTSO Input Serial data send enable O (Clear to Send)

PC3 1 110 Port C3: 1/0 port

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

PC4 1 110 Port C4: 1/0 port

RXD1 Input Serial recive data 1

PC5 1 110 Port C5: 1/0 port

SCLK1 110 Serial clock I/0 1

/CTS1 Input Serial data send enable 1 (Clear to Send)

XT1 1 Input Low Freguency Oscillator connecting pin

XT2 1 Output Low Freguency Oscillator connecting pin

PD5 1 Output Port D5: Output port

SCOUT Output System clock output: fsys or fs output

PD6 1 Output Port D6: Output port

/ALARM Output RTC aarm output pin

/MLDALM Output

PD7 1 Output Port D7: Output port

MLDALM Output Melody / Alarm output pin

INMI 1 Input Non-Maskable Interrupt Request Pin: interrupt request pin with programmable
falling edge level or with both edge levels programmable

AMOto1 2 Input Operation mode:
Fixed to AM1="0",AM0="1" 16-hit external bus or 8/16-bit dynamic sizing.
Fixed to AM1="0",AM0="0" 8-hit external bus fixed.

EMUO 1 Output Open pin

EMU1 1 Output 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 1/10 High-frequency oscillator connection pins

AVSS 1 Power supply pin for AD converter

XUX2 2 GND pin for AD converter (0 V)

DVCC 3 Power supply pins (All Vcc pins should be connecyed with the power
Supply pin).

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

91C824-8



TOSHIBA TMP91C824

3.  OPERATION

This following describes block by block the functions and operation of the TMP91C824F.
Notes and restrictions for eatch book are outlined in ““ 7, 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/L1 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 hold the
/RESET input to Low level at least for 10 system clocks (ten states: 80 Us at 4 MHz).

After Reset, Clock doubler circuit is set to x1 mode, and also Clock gear is set to x1/16 mode. It means
that the initial clock mode starts x1/64 speed mode against the maximum speed of TMP91C824.

When the reset is accept, the CPU:

* Sets as follows the program counter (PC) in accordance with the reset vector stored at address
FFFFOOH to FFFFO2H:

PC<0to 7> « value at FFFFOOH address
PC<15 to 8> « value at FFFFO1H address
PC<23 to 16> — value at FFFF02H address

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

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

¢ 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 1/0, ports, and other pins as follows.

¢ Initializes the internal I/O registers.

« Sets the port pins, including the pins that also act as internal 1/O, to general-purpose input or
output port mode.

(Notel) 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.

91C824-9
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3.2 Memory Map

Figure 3.2.1 is a memory map of the TMP91C824.

000000H

000100H

00OFEQOH
001000H

003000H

010000H

FFFFOOH
FFFFFFH

* A A
Internal I/O Direct

(4KByte) area(n)

\2
4K
Internal RAM ° b(yte) e
nn
(8K Byte)

External memory

Vector table (256 Byte)

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

(q:l =Internal area)

Figure 3.2 1 Memory Map

Note : Address 000FEOH — O0FFFH 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) a clock gear, (2) clock doubler (DFM), (3) stand-by controller and (4)
noise-reduction circuit. It is used for low-power, low-noise systems.
This chapter is organized as follows:

3.3.1 Block diagram of system clock
3.3.2 SFRs

3.3.3  System clock controller

3.3.4 Prescaler clock controller
3.3.5 Clock doubler (DFM)

3.3.6 Noise-reducing circuit

3.3.7 Stand-by controller

91C824-12
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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 XT?2 pins) and (c) Triple Clock Mode (the X1, X2, XT1 and XT2 pins and DFM).

Figure 3.3.1 shows a transition figure.

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

Reset
(fosch/32)
instruction l release Reset
(W instruction
\ NORMAL mode pr——
(_!W‘ (foscH/gear value/2) p
(a) Single clock mode transition figure
Reset
(fosch/32)
instruction i release Reset
(W NORMAL mode
) instruction
(_!W‘ (foscH/gear value/2)
W A
interrup
elstucton ¥
—NeTUPl_ ) SLOW mode
?nstructio (fsl2)
(b) Dual clock mode transition fiigure
Reset
(fosch/32)
% i release Reset
%} NORMAL mode
(—!W‘ (foscH/gear value/2)

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate oscillator and

*NOTE)

§)
p—

STOP mode
(Stops all circuits)

STOP mode
(Stops all circuits)

instruction

IDLE2 mode
(I/O operate)

instructi STOP mode
Instructio (Stops all circuits)
*NOT .
) ) interrupt
|nstruct|‘oNA
NORMAL mode instruction SLOW mode
(4 x foscH/gear *NOTE (fs/2)
value/2)
Using DFM
(c) Triple clock mode trasision Figure

I\

IDLE1 mode
(Operate only oscillator)

0  It’s prohibited to control DFM in SLOW mode when shifting from SLOW mode to NORMAL mode with use of
DFM.O DFM Start up/Stop/Change Write to DFMCRO<ACT1:0> resister[]

O  If you shift from NORMAL mode with use of DFM to NORMAL mode, the instruction should be separated into
two procedures as below. Change CPU clock ->Stop DFM circuit

O  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

The clock frequency input from the X1 and X2 pins is called fc 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 fgyg is defined as the divided clock of

frpH, and one cycle of fgyg is regred to as one state.
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3.3.1 Block diagram of system clock

SYSCRO<WUEF>
SYSCR2<WUPTM1, WUPTM 0>
DFMCRO<ACT1, ACT 0, DLUPTM>
SYSCRO
Warming up timer (High/Low frequency <PRCK1, PRCK 0>
—>{ oscillator), Lock up timer (DFM)

SYSCRO
<XTEN, RXTEN>

i >fs
xT1[H Low-Frequency fs
XT2[ oscillator

i
fc/2
form = foscH x 4 cl4
SYSCRO fc/8 SYSCR1<SYSCK>
fc/16

+2|+4|+8|+

<XEN, RXTEN>

*«—

Clock Doubler
(DFM)

X1 [CJHigh-Frequencyj
X2 D_ oscillator foscH

q
SYSCR1<GEARZ2, GEAR 0>

Clock gear

DFMCRO<ACT1, ACT 0>

or prescaler

fsys CPU
TMRAO to 3
| RAM
@10 q prescaler
Interrupt
I controller
SIO0 tol
ADC
I prescaler
WDT
[
SBI 1/O ports

RTC

fs >

MLD/ALM

Figure 3.3.2 Block Diagram of System clock
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3.3.2 SFR
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00EOH) | Read/write R/W
After reset 1 1 1 0 0 0 0 | 0
High- Low- High- Low- Selects clock|Warm-up Select prescaler clock
frequency  |frequency frequency frequency after release [Timer 00: fepy
oscillator (fc) [oscillator (fs) | oscillator (fc) |oscillator (fs) | of Stop 0: Write 01: reserved
0: Stop 0: Stop after release |after release |Mode Dontcare |10: fc/16
1: Oscillation | 1: Oscillation |Of Stop of Stop 0: fc 1: Write 11: reserved
Function Mode Mode Lifs start timer
0: Stop 0: Stop 0: Read
1: Oscillation [1: Oscillation e.nd warm-up
1: Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 =
(00E1H) bit Symbol SYSCK GEAR2 GEAR1 GEARO
Read/Write R/W
After reset 0 1 0 0
Select Select gear value of high frequency (fc)
system clock [000: fc
0: fc 001: fc/2
1:fs 010: fc/4
Function 011: fc/8
100: fc/16
101: (reserved)
110: (reserved)
111: (reserved)
SYSCR2 I 6 5 4 3 2 1 0
(00E2H) | bit Symbol SCOSEL | WUPTM1 | WUPTMO | HALTM1 | HALTMO | SELDRV DRVE
Read/Write RIW RIW R/W R/W R/W R/W R/W
After reset 0 1 0 1 1 0 0
0: fs Warm-Up Timer HALT mode <DRVE> |Pin state
1: fsys 00: reserved 00: reserved mode control in
01: 2%inputted frequency |01: STOP mode | STOP mode
Funci 10:2% 10: IDLE1 mode select 0: IO off
unction 11:2% 11: IDLE2 mode 0:STOP  |1: Remains
1: IDLE1 the state
before
HALT

(notel) By Reset, low-frequency oscillator is enable.

(note2) In case of using built-in SBI circuit, it must set SYSCRO<PRCK1:0> to <00°.

Figure 3.3.3 SFR for system clock
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Figure 3.3.4 SFR for DFM
Symbol Name Address 7 T T N T T )
ACT1 ACTO + DLUPFG | DLUPTM § ~~—~_ 1 ~~_ 1 ~_ |
R/W v R'W R . R/W \ , , :
0 + o \ o 4 0
DFM H H H H
DEMCRO | Control ESH DFM__ LUP__select fipy jLock up Lock-up Time | H H H
Register 0 00 {STOP STOP foscp :Status Flag i0: 2%foscH
0l {RUN RUN foscu 10:end 11:2"0sCH
10 |RUN sTOP  fppy :l:notend
11 {RON  STOP  foscH &
DFM R/W R/W R/W R/W R/W R/W R/W R/W
DFMCR1 (Control E9H 0 0 0 1 0 0 1 1
Register 1 DFM revision
Input frequency 4~6.75SMHz(@2.7V~3.6V) : write “0BH”
Input frequency 1~2.5MHz(@?2.0+ 10%) : write “1BH”

1.

Limitation point on the use of DEM

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 fppy to foscy and stop the DFM at the same time. Therefore the above executions should be
separated into two procedures as showing below.

change the clock fpgy to foscn
DFM stop

LD
LD

(DFMCRO),COH ~ ;
(DFMCR0),00H  ;

. 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
bit Symbol PROTECT | TASLCDE — — — EXTIN DRVOSCH | DRVOSCL
EMCCRO Read/Write R R/W R/W R/W R/W R/W R/W R/W
(0OE3H) | After reset 0 0 1 0 0 0 1 1
Protect flag LCDC source | Write “1” Write “0” Write “0” 1: External fc oscillator fs oscillator
Function 0: OFF CLK clock driver ability driver ability
1:ON 0: 32KHz 1: NORMAL 1: NORMAL
1: TA3OUT 0: WEAK 0: WEAK
bit Symbol
(Eol\ggj_%l ig:?lr\lr:te Switching the protect ON/OFF by write to following 15-KEY,2"-KEY
Function 1°-KEY: EMCCR1=5AH,EMCCR2=A5H in succession write
2".KEY: EMCCR1=A5H,EMCCR2=5AH in succession write
bit Symbol
EMCCR2 Read/Write
(00E5H) After reset
Function
bit Symbol ENFROM | ENDROM | ENPROM FFLAG DFLAG PFLAG
Read/Write R/IW R/IW R/IW R/IW R/IW R/IW
EMCCRS3 | After reset 0 0 0 0 0 0
(OOE6H) CS1A area CS2B-2G CS2A area CS1A write CS2B-2G CS2A write
detect control | area detect detect control Operation flag | write Operation
0: disable control 0: disable operation Flag
1: enable 0: disable 1: enable Flag
Function 1: enable When reading
“0” : not written
“1": written
When writing
‘0" : clear flag

(note) In case of Vcc=2V+ 10% use, fixed to EMCCRO<DRVOSCH>="1".

Figure 3.3.5 SFR for noise-reduction

91C824-17



TOSHIBA

TMP91C824

3.3.3  System clock controller

The system clock controller generates the system clock signal (fsys) for the CPU core and internal 1/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 SYSCRI<GEARO to GEAR2> 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 <GEARO~GEAR2>= 100

will cause the system clock (fgyg) to be set to fc/32 (fc/16x 1/2) after a Reset.

For example, fgyg is set to 0.5 MHz when the 16-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,WUPTM1>.

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 Warming-up times

Warming-up Time Change to Change to
SYSCR2 Normal Mode Slow Mode
<WUPTMI1,WUPTMO>
01 (2% / frequency) 16 (Us) 7.8 (ms)
10 (2'*/ frequency) 1.024 (ms) 500 (ms)
11 (2'°/ frequency) 4.096 (ms) 2000 (ms)

at foscy = 16 MHz,
fs =32.768 kHz
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Example 1-Setting the clock

Changing from high frequency (fc) to low frequency (fs).

SYSCRO
SYSCRI1
SYSCR2

WUP:

EQU
EQU
EQU
LD
SET
SET
BIT
JR
SET
RES

00EOH
00EIH
00E2H

(SYSCR2), X-11- -X-B

6, (SYSCRO)
2, (SYSCRO)
2, (SYSCRO)
NZ, WUP

3, (SYSCRI)
7, (SYSCRO)

(note) “x” means don’t care

m\mz

— T \/\/\/\/\/Y\/\/\/\/\/\/\/ A\VAVAV/

17313

<XEN>
X1, X2 pins
<XTEN>

XT1, XT2 pins

Warming Up Timer

means no change

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

f }Detects stopping of warm-up timer.

Changes fgyg from fc to fs.

>

Disables high-frequency oscillation.

>

Counts up byfsys \  / Counts up by fs\\

End of Warming Up Timer

<SYSCK>

System Clock fgyg

)

fc

. E

\VAVAVAVAVAVA

VAVAVAVAVAVAVAVAVA VANV N/

v
Enables

low Frequency

v v v
Clears and starts Chages fsys Disabiles
warming-up timer fromfctofs  high-frequency

v
End of warming up timer
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Example 2-Setting the clock

Changing from low frequency (fs) to high frequency (fc).

SYSCRO
SYSCRI1
SYSCR2

WUP:

(note) “x” means don’t care

:fme;

/ \/\/\/\/\/\/\f\

17313

<XEN>
X1, X2 pins
<XTEN>

XT1, XT2 pins

Warming Up Timer

<SYSCK>

System Clock fgys

means no change

EQU
EQU
EQU
LD
SET
SET
BIT
JR
RES
RES

00EOH
00EIH
00E2H

(SYSCR2), X-10- -X-B

7, (SYSCRO)
2, (SYSCRO)
2, (SYSCRO)
NZ, WUP

3, (SYSCRI)
6, (SYSCRO)

Sets warm-up time to 2"/fc.

;  Enables high-frequency oscillation.
; Clears and starts warm-up timer.

f }Detects stopping of warm-up timer.

; Changes fsys from fs to fc.
Disables low-frequency oscillation.

5

A/ \/\

__ Counts up by fsys \ /Counts up by fc\\
End of Warming Up Timer

fs

fc

AWANYVAWAAWAWA\VIANIVAVAVAVAVAVAVAVAV/
Enables‘ CIles and Starts Chag‘;s fsys
High Frequency Warming Up Timer from fs to fc

v A
End of warming Disables
up timer low-frequency
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(2) Clock gear controller

When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = 0, frpy is set
according to the contents of the Clock Gear Select Register SYSCR1<GEARO to GEAR2> to either
fc, fc/2, fc/4, fc/8 or fc/16. Using the clock gear to select a lower value of frpy reduces power
consumption.

Example 3
Changing to a high-frequency gear
SYSCR1 EQU 00EIH
LD (SYSCR1), XXXX0000B ; Changes fgyg to fc/2.
LD (SYSCRI1), XXXX0100B ; Changes fgyg to fc/32.

X: Don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEAR2-0> register.It is necessary the
warmming 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 (SYSCRI1), XXXX0001B ;  Changes fgyg to fc/4.
LD (DUMMY), 00H ;  Dummy instruction

| 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.
PDS5 pin function is set to SCOUT output by the following bit setting.
: PDFC<PD5F>="1"
Output clock select
:Refer to SYSCR2<SCOSEL> bit setting

LT mode NORMAL HALT mode
SCOUT select SLOW IDLE2 | IDELI STOP
<SCOSEL>="0’ fs clock out
<SCOSEL>="1" fsys clock out | ‘0’ or ‘1’ fix out
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3.3.4 Prescaler clock controller

For the internal I/O (TMRAO1 to 23, SIOO to 1) there is a prescaler which can divide the clock.

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

335

Clock doubler (DFM)

DFM outputs the fpry clock signal, which is four times as fast as foscy. 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 lock-up time.

The following example shows how DFM is used.

DFMCRO
DFMCRI1

EQU
EQU
LD
LD
LUP: BIT
JR
LD

X: Don't care

00ESH

00E9H
(DFMCR1),00001011B
(DFMCRO), 01 X0XXXXB

DFM parameter setting
Set lock-up time to 2'%/4 MHz

Enables DFM operation and starts lock-up.

5, (DFMCRO)
NZ, LUP
(DFMCRO), 10X0XXXXB

>

/L

’} Detects end of lock-up

; Changes fc from 4 MHz to 16 MHz.

ACT1:0

01

(|

X

10

DFM output: fppm

—— O,

VANANANNAANY

Lockup timer Counts up by fosch /F
<DLUPFG> During lock-up i After lock-up
System clock fsys N/ N/ N/ N/ N/ AN\ NN NNNNNNN

Starts DFM operation.

Starts lock-up. \

4

Changes from 4 MHz to 16 MHz.

Ends of lock-up

(note) Input frequency limitation and correction for DFM

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

fosch = 4 ~ 6.75MHz (Vcc = 2.7~ 3.6V) : write OBH to DFMCR1

fosch = 2 ~ 2.5MHz (Vcc = 2.0V +10%) : write 1BH to DFMCR1
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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.

2. If you stop DFM operation during using DFM (DFMCRO<ACT1:0>="10") , you shouldn’t execute the
commands that change the clock fpry to foscy 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 fpry to foscn
LD (DFMCRO0),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.

Examples of settings are below.

(1) Start Up / Change Control

(OK) Low frequency oscillator operation mode(f;) (high frequency oscillator STOP)

— High frequency oscillator start up — High frequency oscillator operation mode(foscy ) -~ DFM
start up — DFM use mode (fpry )

LD (SYSCRO), 11---1--B ; High frequency oscillator start up/ Warming up start
WUP:  BIT 2,(SYSCRO) ; .

R NZ.WUP : Check for the flag of warming up end

LD (SYSCR1), ----0---B ; Change the system clock fs to foscy

LD (DFMCRO0),01-0----B ; DFM start up / lock up start
LUP:  BIT 5, (DFMCRO) :

R NZ.LUP : Check for the flag of lock up end

LD (DFMCRO0),10-0----B ; Change the system clock foscy to fprm

(OK) Low frequency oscillator operation mode(f;) (high frequency oscillator Operate)
— High frequency oscillator operation mode(foscy ) — DFM start up — DFM use mode (fppy )

LD (SYSCR1), ----0---B ; Change the system clock fs to foscy
LD (DFMCRO), 01-0---B ; DFM start up / lock up start
LUP: BIT 5, (DFMCRO) ;
JR NZ.LUP . - Check for the flag of lock up end
LD (DFMCRO0),10-0----B ; Change the system clock foscy to fprm

(NG) Low frequency oscillator operation mode(f;) (high frequency oscillator STOP)
— High frequency oscillator start up — DFM start up — DFM use mode (fppy )

LD (SYSCRO0),11---1--B ; High frequency oscillator start up/ Warming up start
WUP:  BIT 2,(SYSCRO) ; )

JR NZ,WUP : Check for the flag of warming up end

LD (DFMCRO0),01-0----B ; DFM start up / lock up start
LUp:  BIT 5, (DFMCRO) > L Check for the flag of lock up end

JR NZ,LUP ;

LD (DFMCRO0),10-0----B ; Change the internal clock foscy to fppum

LD (SYSCR1), ----- 0---B ; Change the system clock fs to fppy
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00O Change/ Stop Control

(OK)

LD
LD
LD
LD

(NG)
LD
LD

LD
LD

(OK)

DFM use mode (fpry ) » High frequency oscillator operation mode(foscy ) -~ DFM Stop

- Low frequency oscillator operation mode(f;) — High frequency oscillator stop

(DFMCRO),11------ B ; Change the system clock fppy to foscn
(DFMCRO0),00------ B ; DFM stop

(SYSCR1), ----1---B ; Change the system clock fogcy to fs
(SYSCRO), 0------- B ; High frequency oscillator stop

DFM use mode (fprv ) » Low frequency oscillator operation mode(f;) » DFM stop

- High frequency oscillator stop

(SYSCR1), ----1---B ; Change the system clock fppy to fs
(DFMCRO),11------ B ; Change the internal clock (fc) fppm o foscn
(DFMCRO0),00------ B ; DFM stop

(SYSCRO), 0------- B ; High frequency oscillator stop

DFM use mode (fppy ) — Set the STOP mode
- High frequency oscillator operation mode (foscy) = DFM stop - HALT(High frequency

oscillator stop)

LD (SYSCR2), ----01--B ; Set the STOP mode

(This command can execute before use of DFM)
LD (DFMCRO0),11------ B ; Change the system clock fppy to foscn
LD (DFMCRO0),00------ B ; DFM stop
HALT ; Shift to STOP mode

(NG) DFM use mode (fpry) — Set the STOP mode — HALT(High frequency oscillator stop)

LD (SYSCR2), ----01--B ; Set the STOP mode

(This command can execute before use of DFM)
HALT ; Shift to STOP mode
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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
(6) Release from hard protection
The above functions are performed by making the appropriate settings in the EMCCRO
to EMCCR3 registers.
(1) Reduced drivability for high-frequency oscillator
(Purpose)

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

(Block diagram)

| tDO—l>°—> fosch

X1 pin

c1
—| T Enable oscillation (STOP+EMCCRO<EXTIN>)
resonator

1 EMCCRO<DRVOSCH>
C2 | |
1 ’ L] ¢

[
77 X2 pin
I

(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=2Vx 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)

C1 o
Enable oscillation

Resonato
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)

foscH

Enable oscillation (STOP+EMCCRO<EXTIN>)

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 “0”.
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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, BICS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSAR3,
MAMRO, MAMR1, MAMR2, MAMR3

2. MMU

LOCALO0/1/2/3
3. Clock gear

SYSCRO, SYSCR1, SYSCR2, EMCCRO,EMCCR3
4. DFM

DFMCRO, DFMCRI1

(Operation explanation)
Execute and release of protection (write operation to specified SFR) become possible by setting

up a double key to EMCCR1 and EMCCR?2 register.
U Double key)
I*-KEY [

2“KEY O

Succession writes in SAH at EMCCRI1 and ASH at EMCCR2
Succession writes in ASH at EMCCR1 and SAH 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,
INTPI 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-7FFFFFH

2. Data-ROM : Address 800000H-BFFFFFH

3. Program-ROM : Address CO0000H-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<FFLAGDFLAG,PFLAG>. This flag is cleared when write
in HOH.
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3.3.6  Standby controller

(1) Halt Modes
When the HALT instruction is executed, the operating mode switches to Idle2, Idlel or Stop

Mode, depending on the contents of the SYSCR2<HALTM1,HALTMO> register.

The subsequent actions performed in each mode are as follows:
® IDLE2: Only the CPU halts.

The internal /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 I/0 SFR
TMRAO1 TAOIRUN<I2TAO1>
TMRA23 TA23RUN<I2TA23>
SIO0 SCOMODI1<12S0>
SIO1 SCIMODI<I2S1>
A/D converter ADMODI1<I2AD>
WDT WDMOD<I2WDT>
SBI SBIOBR1<I2SBI0>

@ Idlel: Only the oscillator and the RTC (real-time clock) continue to operate.

® 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
/O ports Keep the state when the HALT instruction See table 3.3.6
was executed.
TMRA
Block
SIO, SBI .
Available to select Stop
A/D 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 <[FF2-0>
and the halt modes. The details for releasing the HALT status are shown in Table 3.3 4.

* 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~INT4 and RTC interrupts,even if the interrupt request level set before executing the
HALT instruction is less than the value of the interrupt mask register, releasing the the halt mode is
executed. In this case,interrupt processing, and CPU starts executing the instruction next to the
HALT instruction,but the interrupt request flag is held at “1”’.

* 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 . pt Bl . pt
(interrupt level) = (interrupt mask) | (interrupt level) < (interrupt mask)
Halt mode Idle2 Idlel | Stop Idle2 Idlel Stop
8 LNM: o e ol | - IS I O I
= INTWDT x x - - _
o I i ininiabnitoininleii ittt ittt it Mt I Sl ittt Rttty Il =
B | INTO L3 (Notel) | _____.©_ _____|. ©_ |_ e .9 ____|_ o__|..°_ __
O | g | INTALMOt4 | e | e | _ x |\ o | o__|__x_|
| E|INITAOw3 | © x| X S S .
o | 2 LINTRXOt0 1TX0001 | © x| 3 . S x__ X,
£ | — | INTAD x x x x x
_________________________________________________ XXX
S| ey [ e [ e | ol | o | o _| ol ]
S |INTRTC___ | e | . ® | _ LS IR A I I
2 INTSBI x x x x x
7 RESET

@: After clearing the Halt mode, CPU starts interrupt processing. (RESET initializes the microcont.)

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 warmming-up time.

Note 1: 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 Idlel Mode)

An INTO interrupt clears the Halt state when the device is in Idle] Mode.

Address
8203H
8206H
8209H
820BH
820EH

nto __/" \

820FH

LD
LD

El

LD
HALT

: (IIMC), 00H

(INTEOAD), 06H
5
(SYSCR?2), 28H

; Selects INTO interrupt rising edge.
; Sets INTO interrupt level to 6.

; Sets interrupt level to 5 for CPU.

; Sets Halt mode to Idlel Mode.

; Halts CPU.

wﬂ
LD XX, XX

> INTO interrupt routine
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(3) Operation

O 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.

x1 _/_\_/_\_/_\_/_\_/_\_/_\_/_\_/?:\_/’\_/_\_/_\_/_\_/_\_/_\_/_\
A0 023 —X NE xt 4 Nekt+2
] »
DO 015 {Data ) 4 (Pata )
RD \ / ¥ \ 1
WR §
Interrupt for { f
release —— |DLI)E)2
mode

Figure 3.3.6 Timing chart for Idle2 Mode Halt state cleared by interrupt

O Idlel Mode

In Idlel Mode, only the internal oscillator and the RTC,MLD continue to operate. The system
clock in the MCU stops. The pin status in the IDLE] mode is depended on setting the register
SYSCR2<SELDRV,DRVE>. Table 3.3 6 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 (i.e. restart of operation) is synchronous with it.

Figure 3.3 7 illustrates the timing for clearance of the Idlel Mode Halt state by an interrupt.

S VAW AN AW AW AT AWV A T AW AW AW AW AW A
A0023 X Ngxt 2:; Nekt+2
DO (115 ((paa ) 4 =
RD | ’ T
WR 4
Interrupt « fa_-\
for release ”
“€— IDLE1 mode —»

Figure 3.3.7 Timing chart for Idlel Mode Halt state cleared by interrup
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Stop Mode

When Stop Mode is selected, all internal circuits stop, including the internal oscillator Pin status
in Stop Mode depends on the settings in the SYSCR2<DRVE> register. Table 3.3.6 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.

Warming up
time
N e aWal alaW i INe WaWal W aWaWal
Y o
o2z X X S ()\ Ne k2
§ §

DOC1L5 (Data ) R % (Data )
— « «

R0 / LA I /
— « «

WR \'“SS'“' W /4

Interrupt for (;):7 r()()_\
release ’
STOP™
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
@fosch =16 MHz, fs =32.768 kHz
SYSCRO SYSCR2<WUPTM1,WUPTMO>
<RSYSCK> 01 (2% 10 (2" 11 (2'%)
0 (fc) 16 (s 1.024 ms 4.096 ms
1 (fs) 7.8 ms 500 ms 2000 ms
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(Setting Example)

The Stop mode is entered when the low frequency operates, and high frequency operates after releasing

due to NMI.

Address

8FFDH
9000H
9002H

9005H

9006H

SYSCRO
SYSCR1
SYSCR2

NMI

EQU
EQU
EQU
LD
LD
LD

HALT

LD,

00EOH

00E1H

00E2H

(SYSCR1), 08H
(SYSCR2), X-1001X1B
(SYSCRO0), 011000 - -B

; fsyg = fs/2

; Sets Warming Up Time to 2"/fogcn

; Operates High Frequency after released.
—: no change

Clears and starts hit

> warm-up timer
(high-frequency)

end

NMI Interrupt Routine

RETI

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 8 state).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 Pin states in IDLE1/Stop Mode
Pin name Input/Output <DRVE>=0 | <DRVE>=1
DOLY /0 - -
P10 7(D8LNS Input mode - -
Output mode - Output
/O - -
P20[R7(A16[23),A0C15,P | Output pin O Output
DOCPD7
RD , WR Output pin - ‘1’ output
P52056 Input mode - Input
Output mode - Output
P60CP64 Output pin - Output
P70-71 Input mode - Input
Output mode - Output
P72 Input mode Input Input
Output mode - Output
P8OLPE7 Input pin - -
PBOCPB2,PCOLPCS Input mode - Input
Output mode - Output
PB3[PB6 Input mode Input Input
Output mode - Output
NMI Input pin Input Input
RESET Input Input Input
AMO, AM1 Input Input Input
X1,XT1 Input IDLEI Input Input
STOP - -
X2,XT2 Output IDLE1 Output Output
STOP “H” Level output “H” Level output
XT2 is Hi-Z XT2 is Hi-Z
- : Input for input mode/input pin is invalid; output mode/output pin is at high impedance.
Input : Input gate in operation. Fix input voltage to “L” or “H” so that input pin stays constant.

Output: Output state
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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 atotal of 37 interrupts divided into the following five types:

. Interrupts generated by CPU: 9 sources

(Software interrupts,I1legal Instruction interrupt)
. Internal interrupts: 23 sources

. Interrupts on external pins (NMI and INTO to INT3): 5 sources

A (fixed) individual interrupt vector number is assigned to each interrupt.
One of seven (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 islevel 7 using for non-maskable interrupts.)

The CPU compares the priority level of the interrupt with the value of the CPU interrupt mask register
<IFF[2:0]>. If the priority level of the interrupt is higher than the value of the interrupt mask register, the CPU
accepts the interrupt.

Theinterrupt mask register <IFF[2:0]> val ue can be updated using the value of the El instruction (“El num”
sets <IFF2:0]> datato num).

For example, specifying “El 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 (<IFF[2:0]> ="7") isidentical to the “El 7" instruction. DI instruction is
used to disable maskable interrupts because of the priority level of maskable interrupts is O to 6. The El
instruction is vaild immediately after execution.

In addition to the above genera-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 astransferring datato the internal or
external peripheral 1/0. 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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C Interrupt processing )

Interrupt specified

Yes
— by micro DMA

Micro DMA soft start
request

start vector?

No

Interrupt vector value “V”
read

Interrupt request F/F clear

General-purpose

interrupt PUSH PC
processing PUSH SR
SR<IFF2:0> - Level of
accepted

interrupt + 1
INTNEST ~ INTNEST +1

A

— PC . (FFFFOOH +V)

7

Interrupt processing
program

A
RETI instruction

POP SR
POP PC
INTNEST « INTNEST -1

Clear interrupt requenst flag

k—

Data transfer by micro
DMA

)

Count — Countd 1

Count=0

channels of micro DMA start

(Presupposes that one of four )
vector register is set to FCH.

Micro DMA processing

Clear vector register

No

— | (NTTCO-3)

generating micro DMA
trasfer and interrupt

Figure 3.4.1 Overal 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.

(1) The CPU reads the interrupt vector from the interrupt controller.

2

3

(4)
()

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 aready 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 <IFF[2:0]>. However, if the priority level of the accepted interrupt is 7, the
register’'svalueis setto 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(2.25usec. at 16MHz) as the best case(16bits data-bus width
and O-wait).

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 <IFF[2:0]> comes out, the CPU accepts its interrupt. Then, the CPU
Interrupt Mask Register <IFF[2:0]> 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 acceptsthe 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 <IFF[2:0]> to “111", disabling &l 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
Default Vector Micro
o ) Vector reference
Priority Type Interrupt source and source of micro DMA request value(V) DMA
Address | gart vector
1 "Reset" or ISWI 00 instruction 0000H FFFFOOH ]
2 0 SWI 10 instruction 0004H FFFFO4H O
3 INTUNDEF: illegal instruction or ISWI 200 instruction 0008H FFFFO8H 0
4 [ SWI 30 instruction 000CH FFFFOCH ]
5 Non- [0 SWI 40 instruction 0010H FFFF10H ]
6 Maskable [ SWI 50 instruction 0014H FFFF14H ]
7 0 SWI 60 instruction 0018H FFFF18H O
8 [0 SWI 70 instruction 001CH FFFF1CH 0
9 NMI pin 0020H FFFF20H O
10 INTWD: Watchdog timer 0024H FFFF24H ]
- Micro DMA (MDMA) 0 0 0
11 INTO pin 0028H FFFF28H 0AH
12 INT1 pin 002CH FFFF2CH 0BH
13 INT2 pin 0030H FFFF30H 0CH
14 INT3 pin 0034H FFFF34H ODH
15 INTALMO:  ALMO(8KHZ2) 0038H FFFF38H OEH
16 INTALM1: ALM1(512H2) 003CH FFFF3CH OFH
17 INTALM2:  ALM2(64H2) 0040H FFFFA0H 10H
18 INTALM3: ALMS3(2H2) 0044H FFFF44H 11H
19 INTALM4:  ALM4(1H2) 0048H FFFFA8H 12H
20 INTTAO : 8 hit timer0 004CH FFFFACH 13H
21 INTTAL . 8bittimerl 0050H FFFF50H 14H
22 INTTA2 . 8 bit rimer2 0054H FFFF54H 15H
23 INTTA3 : 8 bittimer3 0058H FFFF58H 16H
24 Maskable INTRXO . serial reception (channel. 0) 005CH FFFF5CH 17H
25 INTTXO : 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 : A/D conversion end 006CH FFFF6CH 1BH
29 INTRTC RTC (alarm interrupt) 0074H FFFF74H 1DH
30 INTSBI . SBI interrupt 0078H FFFF78H 1EH
31 INTPO : ProtectO (WR to special SFR) 0080H FFFF80H 20H
32 INTP1 : Protectl (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 FFFFO0H --
36 INTTC3 : Micro DMA end (channel. 3) 0094H FFFF94H --
(Reserved) 0098H FFFFO8H O
(Reserved) O0OFCH FFFFFCH 0
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3.4.2 Micro DMA processing

In addition to general-purpose interrupt processing, the TMP91C824 supprotsamicro 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 stand-by 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
<IFF[2:0]>="7".

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

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 O, the next micro DMA is disabled and micro DMA processing completes. If the
decreased result is other than “0”, the micro DMA processing completesif 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 1to 6), first set theinterruptslevel to 0
(interrupt requests disabled).

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

The priority of the micro DMA transfer end interrupt (INTTCO to INTTC3) is defined by the
interrupt level and the default priority as the same as the other maskabl e interrupt.

If amicro DMA request is set for more than one channel at the same time, the priority is not based
ontheinterrupt priority level but on the channel number. The smaller channel number hasthe 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 16M bytes (the upper eight bits of the 32 bits are not valid).
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Three micro DMA transfer modes are supported: 1-byte transfer, 2-byte (one-word) transfer, and
4-byte transfer. After a transfer in any mode, the transfer source / destination addresses are
increased, decreased, or remain unchanged.

Thissimplifiesthetransfer of datafrom I/O to memory, from memory to I/O, and from /O to I/0.
For details of the transfer modes, see 3.4.2 (4) “Transfer Mode Register”. Asthe 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 valueis 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 atotal 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 externa 16-bit bus, 0 waits, trandfer
sourcef/transfer destination addresses both even-numberd val ues).

1 state (notel) (note2)

r v N

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8

X1 AVAY AVAYAVAVAVAVAVAVAVAVAVAVAVAV AW
A0 to 23 Next Trasger df—‘été”aﬂon Next + 2
B e
WR /HWR /T
DO to 15 X Dutput
Figure 3.4.2 Timing for micro DMA cycle
States 1~3: Instruction fetch cycle (gets next address code).
If 3 bytes and more instruction codes are inserted in the instruction queue
buffer, this cycle becomes a dummy cycle.
States 4~5: Micro DMA read cycle
State 6: Dummy cycle (the address bus remains unchanged from state 5)
States 7~8: Micro DMA write cycle

(notel): If the source address areais an 8-bit bus, it isincreased by two states.
If the source address areais a 16-bit bus and the address starts from an odd number, it isincreased by
two states.

(note2): If the destination address areais an 8-bit bus, it isincreased 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. At the end of transfer, the

corresponding bit of the DMAR register is automatically cleared to “0".

Only one-channel can be set once for micro DMA. (Do not write “1” to plural bits.)
When writing again “1” to the DMAR register, check whether the bit is“0” before writing “1”.
When aburst is specified by DMAB register, data is continuously transferred until the value in the

micro DMA transfer counter is“0Q" after start up of the micro DMA.

Symbol NAME Address 7 6 5 4 3 2 1
DMA Reguest
DMA
89h DMAR3 | DMAR2 | DMAR1 | DMARO
DMAR | Request
Register RIW

(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 registersis done by an “LDC cr,r” instruction.

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 3
DMAS3
DMAD3
DMAC3
DMAM3
8 bits
16 bits
- 32 hits

DMA Source address register 0
DMA Destination address register O
DMA Counter register 0

DMA Mode register 0

DMA Source address register 3
DMA Destination address register 3
DMA Counter register 3

DMA Mode register 3

: only use LSB 24bits
: only use LSB 24bits

:1to 65536
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(4) Detailed description of the Transfer Mode Register

< 8 bits >
DMAMO t . . . . .
DMAM3 | 0 O Mode (note): When setting a value in this register, write O to the upper 3
L | | bits.
Number of Minimum
Number of o . : .
Transfer Bvtes Mode Description Execution States| Execution Time
y @ fc = 16 MHz
000 000 Transfer Destination Address INC Mode
(fixed) 00 |Byte transfer 000000000000000000000000001/O to memory 8 states 1000 ns
(DMADN+) « (DMASN)
01 | Word transfer DMACn - DMACn -1
If DMACN = 0, then INTTCn is generated. 12 sates 1500 ns
10 [4-byte transfer
001 00 |Byte transfer Transfer Destination Address DEC Mode
0000000000000000000000000001O to memory 8 states 1000 ns
DMADN-) — (DMA
01 [Word transfer ( n-) sn)
DMACn - DMACn -1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
010 00 |Byte transfer Transfer Source Address INC Mode
000000000000000000000000000Memory to 1/O 8 states 1000 ns
DMADnN) —~ (DMASNh+
01 [Word transfer ( n - ( sn+)
DMACn -~ DMACn -1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
011 00 |Byte transfer Transfer Source Address DEC Mode
000000000000000000000000000Memory to 1/O 8 states 1000 ns
DMADnN) — (DMASNh-
01 [Word transfer ( n - ( Sn-)
DMACn -~ DMACn -1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
100 00 |Byte transfer Fixed Address Mode
0000000000000000000000000000000 /O to 110 8 states 1000 ns
DMADnN) ~ (DMASNh-
01 | Word transfer ( n - ( n-)
DMACn -~ DMACn -1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
101 00 | Counter Mode
00000000000 For counting number of times interrupt is generated
DMASn — DMASh + 1 5 sates 625 ns
DMACn - DMACn -1
If DMACn = 0, then INTTCn is generated.

(notel): “n” isthe corresponding micro DMA channels 0 to 3
DMADnN +/DMASh+ : Post-increment (increment register value after transfer)
DMADN -/DMASNh-: Post-decrement (decrement register value after transfer)
The 1/Osin the table mean fixed address and the memory means increment(INC) or
decrement(DEC) addresses.

(note2): Execution time is under the condition of:
16bit bus width(both trandlation and destination address area) / 0 wait /
fc = 16MHz / selected high frequency mode (fc x 1)
(note3): Do not use an undefined code for the transfer mode register except for the defined codeslisted in the

above table.
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3.4.3 Interrupt controller operation

The block diagram in Figure 3.4.3 showsthe 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 amicro DMA start vector register. The interrupt request flag latches
interrupt requests from the peripherals. The flag is cleared to zero in the following cases.

® when reset occurs
® when the CPU reads the channel vector after accepted its interrupt

® when executing an instruction that clears the interrupt (write DMA start vector to INTCLR
register)

® when the CPU receives amicro DMA request (when micro DMA is set)

® 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 O (or 7) disablesinterrupt requests from that source.
The priority of non-maskable interrupts (NMI pin interrupts and Watch dog Timer interrupts) isfixed 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 <IFF[2:0]> 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 avalue higher than the priority value by 1(+1) in the CPU SR <IFF[2:0]>.
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<IFF[2:0]>.

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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TOSHIBA TMP91C824
(1) Interrupt level setting registers
Symbol | NAME Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO & T T
IADC IADM2 IADM1 IADMO 10C 10M2 I0M1 10MO
INTEOAD | INTAD 90h R oW R Yy
Enable T T I T
0 o { o | o 0 o { o { o0
INT2 INT1
INT1& 12C 12M2 12M1 12M0 11C 11IM2 11IM1 11IMO
INTEZ2 | INT2 91h R RIVY R W
Enable T T T T
0 0 H 0 H 0 0 0 H 0 H 0
INTALM4 INT3
INT3&
INTE3 I1A4C I1A4AM2 | IAAM1 | IA4AMO 13C 13M2 | I3M1 | 13MO0
INTALM 92h R W R RIW
AME ) 4Enable
0 o | o | o 0 o | o | o
INTALM INTALM1 INTALMO
INTEALM 0& IA1C IAIM2 | IAIM1 | IAIMO IAOC IAOM2 | IAOM1 | IAOMO
INTALM 93h R RIW R RIW
o1
! 0 0 0 0 0 0 0 0
Enable
INTALM INTALM3 INTALM2
2& IA3C IA3M2 IASM1 IASMO I1A2C 1A2M2 IA2M 1 I1A2MO
INTEALM
INTALM 94h R RIW R RIW
23
3 0 0 0 0 0 0 0 0
Enable
INTTAO INTTAL(TMRAL) INTTAO(TMRAOQ)
& ITA1C ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL 95h
INTTAL R R/W R R/W
Enable 0 o | o | o 0 o | o | o
INTTA2 INTTA3(TMRA3) INTTA2(TMRA2)
& ITA3C ITA3M2 | ITASM1 | ITA3MO ITA2C ITA2M2 | ITA2M1 | ITA2MO
INTETA23 96h
INTTA3 R R/W R R/W
Enable 0 o | o | o 0 o | o | o
INTRTC
INTRTC 97h IRC IRM2 IRM1 IRMO
INTERTC enable R RIW
0 0 0 0
Interrupt request flag < l
v
IXxM2 | IxxM1 [ IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Setsinterrupt priority level to 1
0 1 0 Setsinterrupt priority level to 2
0 1 1 Setsinterrupt priority level to 3
1 0 0 Setsinterrupt priority level to 4
1 0 1 Setsinterrupt priority level to 5
1 1 0 Setsinterrupt 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
INTTXO INTRXO
Interrupt
ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM 1 | IRXOMO
INTESO | Enable 98H R W R W
Serial 0
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 &
ITXT1C ITXIM2 | ITXIM1 | ITX1IMO IRX1C IRX1IM2 | IRXIM1 | IRX1IMO
INTESL INTTX1 99H
R R/W R R/W
Enable
0 o | o | o 0 o | o | o
INTS2
INTES2 | | 1S2C isomM2 | 1som1 | isomo
INTES2 9AH
Enable R R/W
| | 0 o | o | o
INTTC1 INTTCO
INTTCO &
INTET itcic | imcam2 | ireami | oircamo | imcoc | itcom2 | itcom1 | imcomo
INTTCL 9BH
Co1 R R/W R R/W
Enable
0 o | o | o 0 o | o | o
INTTC3 INTTC2
INTTC2 &
INTET iTcac | imcam2 | imeami | imeamo | imeec | imcamz | imcami | imcamo
INTTC3 9CH
c23 R R/W R R/W
Enable
0 o | o | o 0 o | o | o
INTP1 INTPO
e | VTR & IP1C IPIM2 | IPIM1 | IPIMO IPOC IPOM2 | IPOM1 | IPOMO
ot INTPL 9DH R RIW R RIW
Enable
0 0 0 0 0 0 0 0
Interrupt request flag ¢
v
IXxM2 | IxxM1 [ IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Setsinterrupt priority level to 1
0 1 0 Setsinterrupt priority level to 2
0 1 1 Setsinterrupt priority level to 3
1 0 0 Setsinterrupt priority level to 4
1 0 1 Setsinterrupt priority level to 5
1 1 0 Setsinterrupt 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
I3EDGE I2EDGE I1EDGE IOEDGE IOLE NMIREE
w
Interrupt 8CH 0 0 0 0 0 0 0 0
IIMC Input Always INT3EDGE iINT2EDGE {INT1EDGE {INTOEDGE {INTOmode {1: Operates
Mode write’ 0" 0: Rising 0: Rising 0: Rising 0: Rising 0: Edge even on
control (no RMW) 1:Faling il:Faling il:Faling il:Faling il: Level rising /
falling edge
of NMI
INTO level Enable
0 Rising edge detect INT P
1 |“H level INT A
NMI rising edge Enable
0 INT reguest generation at falling edge P
1 INT request generation at rising/falling edge M
(3) Interrupt request flag clear register
Theinterrupt 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 ~ OAH : Clearsinterrupt 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 T ] ] H H H H
Control 0 i 0 i 0 i 0 i 0 i 0
(no RMW) Interrupt Vector

(4) Micro DMA start vector registers

Thisregister assigns micro DMA processing to which interrupt source. The interrupt source with
amicro 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 val ue reaches zero, the micro DMA transfer end interrupt
corresponding to the channel is sent to the interrupt controller, the micro DMA start vector register
iscleared, 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)
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Symbol NAME Address 7 6 5 4 3 2 1 0
DMAO Start Vector
DMAO
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAOV | Start 80H
R/W
Vector
o | o | o | o | o | o
DMA1 Start Vector
DMA1
DMA1V5 | DMA1V4 | DMA1V3 | DMAOV2 | DMA1V1 | DMA1VO
DMALV | Start 81H
R/IW
Vector
o | o | o | o | o | o
DMAZ2 Start Vector
DMA2
DMA2V5 | DMA2V4 | DMA2V3 | DMA2V?2 | DMA2V1 | DMA2VO
DMA2V | Start 82H
R/IW
Vector
o | o | o | o | o | o
DMA3 Start Vector
DMA3
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3V | Start 83H -y
Vector
o | o | o | o | o | o

(5) Micro DMA burst specification

Specifying the micro DMA burst continues the micro DMA transfer until the transfer counter
register reaches zero after micro DMA start. Setting a bit which corresponds to the micro DMA
channel of the DMAB registers mentioned below to “1” specifies aburst.

Symbol NAME Address 7 6 5 4 3 2 1 0
DMA DMARS3 DMAR2 DMAR1 DMARO
Software RIW RIW R/W R/IW
DMAR 89H
Request 0 0 0 0
Register 1: DMA Software request
DMA DMAB3 DMAB?2 DMAB1 DMABO
DMAB | Burst 8AH R/W
Register o i o 1 o I o
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(6) Attention point

The instruction execution unit and the bus interface unit of this CPU operate independently.
Therefore, immediately before an interrupt is generated, if the CPU fetches an instruction that clears
the corresponding interrupt request flag, the CPU may execute the instruction that clears the
interrupt request flag(* 1) between accepting and reading the interrupt vector. In this case, the CPU
reads the default vector 0008H and reads the interrupt vector address FFFFO8H.
To avoid the avobe plogram, place instructions that clear interrupt request flags after a DI
instruction.
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
Modeto Level Mode, the interrupt reguest flag is cleared automatically.

If the CPU enters the interrupt response sequence as a result of INTO going
fromOto 1, INTO must then be held at 1 until theinterrupt response sequence
has been completed. If INTOisset to Level Mode so asto release aHalt state,
INTO must be held at 1 from thetime 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 a0, causing INTO to revert to O before the Halt state has been
released.)
When the mode changes from Level Mode to Edge Mode, interrupt request
flags which were set in Level Mode will not be cleared. Interrupt request
flags must be cleared using the following sequence.

DI

LD (IIMC), 00H; Switchesinterrupt input mode from Level Modeto

Edge Mode.

LD (INTCLR), OAH; Clearsinterrupt request flag.

El
INTRX Theinterrupt request flip-flop can only be cleared by aReset or by reading
the Serial Channel Receive Buffer. It cannot be cleared by an instruction.

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

INTO: Instructions which switch to Level Mode after an interrupt request has been
generated in Edge Mode.
The pininput change from High to Low after interrupt request has been generated
inLevel Mode. (H - L)

INTRX: Instruction which read the Receive Buffer
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3.5 Port Functions
The TMP91C824 features 56 hit settings which relate to the various I/O ports.

As well as general-purpose 1/0 port functionality, the port pins also have 1/0O functions which relate to the
built-in CPU and internal I/Os. Table 3.5.1 lists the functions of each port pin. Table 3.5.2lists1/O registersand
their specifications.

Table 3.5.1 Port functions
(R: PU= with programmable pull-up resistor / U= with pull-up resistor)
) Number of . Direction Pin name for built-in function
Port name Pin name . Direction R . .
pins Setting unit
Port 1 P1INtn P17 g 1/0 — Rit NRtn N1K
Port 2 P20 to P27 8 Output - (Fixed) A16 to A23
Port 5 P54 1 10 PU Bit BUSRO
P55 1 110 PU Bit BUSAK
P56 1 /0 PU Bit WAIT
Port 6 P60 1 Output - (Fixed) /CS0
P61 1 Output - (Fixed) /CS1
P62 1 Output - (Fixed) ICS2,/CS2A
P63 1 Output - (Fixed) /CS3
P64 1 Output - (Fixed) EA24,/CS2B
P65 1 Output (Fixed) EA25,/CS2C
P66 1 Output - (Fixed) ICS2D
P67 1 Output - (Fixed) /ICS2E
Port 7 P70 1 110 - Bit SCK,0OPTRX0
P71 1 110 PU Bit SO/SDA,OPTTX0
p72 1 110 PU Bit SI/SCL
Port 8 P80 to P87 8 Input - (Fixed) ANOto AN7, ADTRG (P83)
Port B PRO 1 10 - Rit TAQIN
PB1 1 110 - Bit TA10UT
PB2 1 110 - Bit TA30UT
PB3 1 110 - Bit INTO
PB4 1 110 - Bit INT1
PB5 1 110 - Bit INT2
PB6 1 1/ - Bit INT3
Port C PCO 1 10 - Rit TXDO
PC1 1 110 - Bit RXDO
PC2 1 /O - Bit SCLKO/ CTSO
PC3 1 110 - Bit TXD1
PC4 1 110 - Bit RXD1
PC5 1 /0 - Bit SCLK1/CTS1
PortD = ploY 1 Ottt - (Fixer) SCouT
PD6 1 Output - (Fixed) ALARM,/MLDALM
PD7 1 Output - (Fixed) MLDALM
Port Z PZ2 1 o) PU Bit HWR
Pz3 1 /0 PU Bit RIW
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Table 3.5.2 1/O Registers and Specifications (1/2)

X: Don't care

Port Pin name Specification VO register
Pn PnCR PnFC | PnFC2
Port 1 P10 to P17 Input port X 0 None None
(notel) Output port X 1
D8 to D15 bus X X
Port 2 P20 to P27 Output port X None 0
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
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
To000 . - None
WAIT input (With PU) 1 0
Port 6 P60 to P64 Output port X 0 0
P60 /CS0 output X 1 None
P61 /CS1 output X 1
P62 /CS2 output X 1 0
/CS2A output X X 1
P63 /CS3 output X 1 None
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 P70to 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
OPTRXO0 input (note2) 1 0 X 1
P71 SDA input X 0 0 0
SDA output (note3) X 1 1 0
SO output X 1 1 0
OPTTXO0 output  (note2) 1 1 X 1
P72 Sl input X 0 0 0
SCL input X 0 0 0
SCL output (note3) X 1 1 0
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Table 3.5.3 1/0 Registers and Specifications (2/2)  X: Don’t care
Port Pin name Specification VO register
Pn PnCR | PnFC | PnFC2
Port 8 P80 to P87 Input port X
ANO to 7 input (noted) X None
P83 ,&]DE'IE&EG input (noteb) X
Port B PBO to PB6 Input port X 0 0
Output port X 1 0
PBO TAOIN input X 0 None
PB1 TA1OUT output X 1 1
PB2 TA30UT 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 (Note2) 1 1 1
PC1 RXDO input (Note2) (Note6) 1 0 None
PC2 SCLKO input (Note2) 1 0 0
SCLKO output  (Note2) 1 1 1 None
CTSOinput  (Note2) 1 0 0
PC3 TXD1 output (Note2) 1 1 1
PC4 RXD1 input (Note2) 1 0 None
PC5 SCLK1 input (Note2) 1 0 0
SCLK1 output ~ (Note2) 1 1 1
CTSLinput  (Note2) 1 0 0
Port D PD5 to PD7 QOutput 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

(notel): PORT1 is only use for PORT or DATA bus(D8 to D15) by setting AM1 and AMO pins.

(note2): Asfor input ports of SIO1 and SIO2: (OPTRX0,0PTTX0,TXD0,TRX0,SCCLKO0,/CTS0, TXD1,TRX1,SCCLK1,/CTS1),
logical selection for output data or input datais determined by the output latch register Pn of each port.

(note3): In case using P71 and P72 for SDA and SCL as open-drain ports, set to PTODE<ODEP71:0DEP72>.

(noted): In case using P80 to P87 for analog input ports of A/D converter, set to ADMOD1<ADCH2:ADCH1:ADCHO>.

(note5): In case using P83 for ADTRG input port, set to ADMOD1<ADTRGE>.

(noteb): In case using PC1 for RXDO port, set “1” to P7TFC2<P70FC>.
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After Reset, the port pins listed below function as general-purpose I/O port pins.
Resetting sets /0O pins, which can be programmed for either input or output to be input ports pins. Setting the
port pinsfor internal function use must be done in software.

Note about bus release and programmable pull-up I/O port pins

When the bus is released (i.e. when BUSAK = 0), the output buffers for DO to D15, A0 to A23, and the
control signals (?D, WR, HWR, R/W and CS0O to CS3, EA24, 25/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 rel eased.

Table 3.5.4 Pin states (after bus release)

i The pin state (when the bus is released)
Pin name
Port mode Function mode
DO-D7 Become high-impedance(Hz).
D8-D15(P10-P17) The state is not changed.
(do not become to high impedance
(Hz).)
AO0-A15 First sets all bitsto high, then setsthem to
High-impedance(Hz).
A16-23(P20-P27) The stateis not changed.
(do not become to high impedance
(Hz).)
/RD.
/WR
PZ2 (/HWR), The state is not changed. First sets all bitsto high, then the output buffer is
PZ3 (R/W), (do nat become to high impedance OFF. The programmable pull up resistor is ON
(Hz).) irrespective of the output latch.
P60 (/CS0),P61 (/CS1),
P62 (/CS2,/CS2A), First setsall bitsto high, then setsthem to
P63 (/CS3), T high-impedance(Hz).
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351 Port 1 (P10to P17)

Port 1 isan 8-bit general-purpose I/O port. Each bit can be set individually for input or output using the
control register P1ICR. Resetting , the control register PLCR to “0” and sets Port 1 to input mode.
In addition to functioning as a general-purpose 1/O port, Port 1 can also function as an address data bus

(D8 to 15).
Reset
M\
Direction
> control
(on bit basis)
P1CR write
»{ Output Latch > Port 1
%) P10 to P17
3 K Output buffer (ADS to AD15/A8 to A15)
% P1 write
©
©
£
Q
E
< 1
EG—D
< 1
T‘—Cpﬂ
A
N
P1 Read
Figure 3.5.1 Port 1
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352 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 setsall bits
of the function register P2FC to 1 and sets Port 2 to address bus.

Reset
/\/
"ﬁ S
N Function control‘
5 (on bits basis)
@
3 T
o P2FC write
S
5
o Output A
> [%2]
g latch o}
] B| 3 ——[>—|:| Port 2
_ g o buft P20 to P27
P2 wiite utput bufter (AL6 to A23)
< x/‘r,
P2 read
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 Input mode (Output latch register is cleared to 0.)
Port 1 Control Register
7 4 2 1
P1CR 6 > 3 0
(0004H) bit Symbol P17C P16C P15C P14C P13C P12C P11C P10C
Read/Write W
After Reset o { o { o t o fi o I o i o 0
Function 0:IN 1:0UT
> Port 1 1/0 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 R/W
After Reset Output latch register is set to “1”
Port 2 Function Register
7 6 5 4 3 2 1 0
(PO%T)(;H) bit Symbol P27F P26F P25SF P24F P23F P22F P21F P20F
Read/Write W
After Reset 1 | 1 | 1 | 1 | 1 | 1 | 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 Registersfor Ports 1 and 2
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353 Port5 (P54 to P56)

Port 5 is an 5-bit general-purpose I/O port. 1/0 is set using control register PSCR and P5FC. Resetting
resetsall bits of the output latch P5to “1”, the control register PSCR and the function register PSFC to “0”
and sets P54 to P56 to input mode with pull-up register.

In addition to functioning as a general-purpose /O port, Port 5 also functions as 1/0 for the CPU’s
control / status signal.

M\ Reset

-

Direction control

(on bit basis)

P5CR Write
' 1

Function conrtol

(on bit basis)

P5FC Write {>o_| b-ch (Programmable

Pull-up)
— s
S
Output
latch

1

P5 Write

>

SNg ereq [eusaiu)

'\
L~ hd D P55(BUSAK)
Output buffer

]

101929195 |«

— o

os)
C
"
>
-~

< 1

[

4
A

P5 Read

]

Figure 3.5.4 Port 5 (P55)
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Reset

[

N Direction control
(on bit basis)

P5CR Write

3

S
Output

Y

sng eleq [euaiu|

Latch

N

>

(Programmable

P-ch
Pull-up)

. ] P56 (WAIT)

P5 Write

1

A

o

1

I/
Output buffer

A

¢ ¢

Lo |

Internal

WAIT

Reset

-

A
P5 Read

<
<

N Direction control
(on bit basis)

¥

P5CR Write

sng eleq [euaiu|

(on bit basi

Function contorol
N

s)

R’

P5FC Write

S
Output

Y

Latch

P-ch (Programmable

>

Pull-up)

[ ] P54 (BUSRQ)

P5 Write

A

A

Internal

BUSRQ<

P5 Read

Figure 3.5.5 Port 5 (P56,P54)
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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 Input mode (With Pull-up)
1 1 | o1 ] |
Port 5 Control Register
7 6 5 4 3 2 1 0
P5CR bit Symbol P56C P55C P54C
(000AH) Read/Write W
0 | 0 | 0
After reset
0:INO O 1: OUT
> 1I/O setting
Input
1 | Output
Port 5 function register
7 6 5 4 3 2 1 0
P5FEC bit Symbol P55F P54F
(000BH) | Read/MWrite W
After reset 0 0
0: PORT 0: PORT
Function 1: BUSAK |1:BUSRQ

(notel): Read-modify-write is prohibited for register P5CR,P5FC.
(note2): When port5 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
1/0 mode. Setting the built-in pull-up resistor may be depended on the
States of the input pin.
(note3): When P56 pin is used as a /WAIT pin ,set PSCR<P56C> to “0” and Chip
Select/WAIT control register <BnW2:0> to “010”

Figure 3.5.6 Registers for Port 5
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3.5.4 Port6 (P60 to P67)
Port60 to 67 are 8bit output ports. Resetting sets output latch of P62 to “0” and output latchs of P60 to
P61,P63 to P67 to “1".
Port6 also function as chip-select output (/CS0 to /CS3), extend address output(EA24).
Writing “1” in the corresponding bit of PEFC, P6FC2 enabl es the respective functions.
Resetting resets the P6FC, P6FC2 to “0”, and sets al bitsto output ports.

Reset

v Function
control 2
(on bit basis)

P6FC2 write
Funtion
control

(on bit basis)

P6FC write
vS
P60 (/CS0),
A P61 (/CS1)
Output R N '
ot e {1 pe2 gcs2/cs2)
Selector P63 (/CS3),
) P64 (EA24,/CS2B)
P6 write P65 (EA25,/CS2C)
P66 (/CS2D)
"17717,/CS2A,"1", ICS2B P67 (ICS2E)
P6 read
oV /CS0,/CS1,/CS2,/CS3,EA24,EA25
Figure 3.5.7 Port 6
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 | 1 | 1 | 1 | 1 | 0 | 1 | 1
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC bit Symbol P65F P64F P63F P62F P61F P60F
(0015H) Read/Write
After reset 0
Function 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: /CSO
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
After reset 0 0
Function 0: <P67F> {0: <P66F> } 0: <P65F> } 0: <P64F> Always }{0: <P62F> Always write “0”
uncti
1:/CS2E {1:/CS2D {1:/CS2C {1:/CS2B write “0” {1: /CS2A

(note): Read-modify-write is prohibited for P6FC and P6FC2 .

Figure 3.5.8 Register for Port 6
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355 Port7 (P70 to P77)

Port 7 is an 8-bit general-purpose 1/0 port. 1/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 1/0 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 (OPTRX0,0PTTXO0)

Writing “1” in the corresponding bit of P7FC, P7FC2 enables the respective functions.
Resetting resets the P7FC, P7TFC2 to “0”, and sets al bitsto input ports.

(1) Port70 (SCK, OPTRXO0)

Port70 is a general-purpose 1/O port. It is also used as SCK(clock signal for SIO mode)and
OPTRXO (receive input for IrDA mode of SIO0).

Used as OPTRXO, it is possible to logical-invert by P7<P70>="0".
For PortC1, RXDO or OPTRXO is used P7FC2<P70F2>.

Reset

P

Direction
control
(on bit basis)

Y

P7CR write
—
Function
control
(on bit basis)

Y

P7FC write

Internal data bus

Y.
A S P70 (SCK,OPTRX0)

Selector N

S
Output latch

Y

Y

T
P7 write B

SCK output _| v

S Ble

! Selector
~
P7 read

A

A

M SCK input «——+¢
Function

~ co_ntrol2 ) S logical invert
(on bit basis) B
0 Selector |

P7FC2 write

RXDO ] Al  RXDOPC1
0O to SilooO O from PORTC10

Figure 3.5.9 Port 70
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(2) Port71 (SO/SDA/OPTTXO)

Port71 is a general-purpose 1/O port. It is also used as SDA (data input for 1°C mode), SO (data
output for SIO mode) for serial bus interface and OPTTXO (transmit output for IrDA mode of
SI00).

Used as OPTTXQ0, it is possible to logical-invert by P7<P71>="0".

™ Reset
Function
control 2
(on bit basis)

P7FC2 write

7 )

Direction
control
(on bit basis)

A
P7CR write
1 l

Function
control
(on bit basis)

A
P7FC write

—DO——Ig quogramable >

S v ull-up

7 Output latch A S

T Selector |I>——|:|

P7 write B
Open drain possible|:  p71
SO output

_l_ﬁ c
P70ODE<ODEP71> (SO/SDA,OPTTXO0)
TXDO output

logical invert S B

Internal data bus

” Selector

A

A

P7 read A

SDA input <_<}

Figure 3.5.10 Port 71
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(3) Port 72 (SI/SCL /HRESET)

Port72 is a general-purpose |/O port. It is also used as Sl (data input for SIO mode), SCL (clock
input/output for 1°C mode) for serial businterface and input for release hard-protect.

Reset
Direction
control

(on bit basis)

A
P7CR write
. l

Function

control

(on bit basis)

P7FC write

S

Internal data bus

Output latch —|—>

P7 write
SCL output >

N
A S

Programable >

ST

Selector

B

—

I|>—‘>—|:|P72 (Sl/ScL)

Open drain possible|:
P7ODE<ODEP72>

S Ble :7
e Selector
Ly
P7 read A |e
Sl input(_<} °
SCL inpu
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
Input mode
After reset
| | I 1
Port 7 Control Register
5 4 3 2 1 0
P7CR bit Symbol p72C p71C P70C
(0016H) Read/Write W
| | | o | o 0
After reset
O:INODOOOODODOL OUT
Port 7 Function Register
5 4 3 2 1 0
P7FC bit Symbol P72F P71F P70F
(0017H) | ReadMWrite W
After reset 0
0: PORT 0: PORT 0: PORT
Function 1: SCL 1: SDA/SO |{1: SCK
output output output
Port 7 Function Register 2
5 4 3 2 1 0
P7EC2 bit Symbol P72F2 P71F2 P70F2
(001CH) | ReadMWrite
After reset 0
Always write | 0: <P71F> |SIO0 RXD
to ‘0’ 1: OPTTXO | Pin select
Function 0: RXDO(PC1)
1:0PTRX0
(P70)
Port 7 ODE Register
5 4 3 2 1 0
P70DE | bit Symbol ODEP72 | ODEP71
(001FH) Read/Write
After reset | | 0 | 0
) 0: 3-STATE
Function ]
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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35.6 Port 8 (P80 to P87)

P8
(0018H)

Port 8 isan 8-bit input port and can also be used as the analog input pinsfor theinternal A/D converter.
P83 can also be used as ADTRG pin for the A/D converter.

(N~
ﬂ DPort 8

a P80 to P87

>

ﬁ Port 8 read (ANO to AN7)

I

o

IS

£

[J]

£

Conversion
A/ID Channel
Reé““ Il Converter Selector
Register
AD Read
~
ADTRG <]
(for P83 only)
Figure 3.5.13 Port 8
Port 8 Register
7 6 5 4 3 2 1 0

Bit Symbol P87 P86 P85 P84 P83 P82 P81 P80
Read/Write R
After reset Input mode

mode register ADMOD1.

Figure 3.5.14 Register for Port 8

(note): The input channel selection of A/D Converter and the permission of ADTRG input are set by A/D Converter
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Port B (PBO to PB6)

Port BO to PB6 is a 7-bit general-purpose |/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
bits timer 0, and port B1, B2 each has facility of 8 bits timer listing TALIOUT, TA30OUT terminal. And,
port B3 to B6 has each external interruption input facility of INTO to INT3. Edge selection of external
interruption is establishes by 1IMC 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 al bitsto be input ports.

(1) PBO to PB2

Reset

Direction Control

(on bits basis)

PBCR write

S PBO (TAOIN)
Output latch El
r

PB write S B¢
< -1

\'q
PB read

\

Selector

A |e

TAOIN

Reset

Direction Control

(on bits basis)

A
PBCR Write

Internal data bus

Function control

(on bits basis)

PBFC Write

S
Output latch —L
A A S

PB Write
Selector '|>—<>—|:|P51 (TA10UT)

Timer F/F OUT —> B PB2 (TASOUT)

TALOUT : Timer Al
TA30UT : Timer A3 B [€
< <1
< Selector

PB read
~J S A P

r
Figure 3.5.15 Port BO to B2
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(2) PB3(INTO), PB4 (INT1)-PB6 (INT3)

Reset

Y
Direction Control
(on bits basis)
A
PBCR write
4 Function control
o
< (on bits basis)
b
© A
= PBFC write
c N
) S
£ N
- 7| Output latch
0 >
PB write PB3 (INTO)
I
S B
< 1
< <4 Selector
I~ PB read A
Level / edge select
INTO <—(:|: & <
Raising/Falling select
IIMC<IOLE, IOEDGE>
Figure 3.5.16 Port B3
Reset —«»—ﬁ
M\
Direction Control
7] (on bits basis)
PBCR write
S
> Outlatch > [ |PBarPBs
p (INT1ONT3)
o
8 PB write
8 v
- S
g B
3¢ A Selector
=€ Y
= Al€
PB read
N
Raising/Falling
INT1 edge-detection
to
INT3
PAFC< PA4F, IIMC< I1EDGE,
PASF, I2EDGE,
PAGF> I3EDGE >
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 Input Mode
1 1 | 1 | 1 | 1 1 1
Port B Control Register
6 5 4 3 2 1 0
PBCR bit Symbol PB6C PB5C PB4C PB3C PB2C PB1C PBOC
(0024H) Read/Write \W
After Reset 0
O:INOODOOOOOL: OUT
Port B Function Register
6 5 4 3 2 1 0
PBFC bit Symbol PB6F PB5F PB4F PB3F PB2F PB1F
(0025H) | Read/Write
After Reset 0
Function 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT
1. INT3 1. INT2 1. INT1 1. INTO 1: TA3OUT {1: TA1OUT

(notel): Read-Modify-Write is prohibited for the registers PBCR and PBFC.

(note2): 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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3.5.7 Port C (PCOto PC5)

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

to“1".

In addition to functioning as general-purpose 1/0 port pins, PCO to PC5 can also function asthe 1/0
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 pinsto be input ports.

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

Aswell as functioning as 1/0O port pins, port CO and C3 can also function as serial channel TXD
output pins. In case of use TXDO/TXD1, it is possible to logical invert by setting the register

PC<PCO,PC3>.

And port CO to C3 have a programmable open drain function which can be controled by the
register PCODE<ODEPCO, ODEPC3>.

~ Reset

Ditection control

(On bit basis)

A
PCCR write

Function control

—1 ]Pco (TxDo)

PC3 (TXD1)

E ”| (on bit basis)
o A
g PCFC write
T N
5 S * AS
IS Output latch R
r Selector > >
PC write Logical invert | o )
Open-drain
o) ¥ P set possible
TXDO, TXD1 S B
P A PCODE<ODEPCO, C3>
= N Selector
~ PC Read A
Figure 3.5.19 Port CO and C3
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(2) Port C1, C4 (RXDO, 1)

Port C1 and C4 arel/O port pinsand can also is used as RXD input for the serial channels. In case
of use RXDO/RXDJ, it is possible to logical invert by setting the register PC<PC1,PC4>.

And input data of SIO0 can be select from RXD/PC1 pin or OPTRX0/P70 by setting the register
PCFC2<P70F2>.

B Reset

Ditection control
(On bit basis)

A
PCCR write

3

S
PC1 (RXDO
Qutput latch L {7 D ( )

\ PC4 (RXD1)
o S Ble—
PC write

4 Selector

Internal data bus

PC read A

RXDOPC1,
RXD1 < ( E(

Logical invert

A

Figure 3.5.20 Port C1 and C4

(3) Port C2(/CTS0,SCLKO0),C5( /CST1,SCLK 1)

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,PC5>.
Reset
Y
Ditection control
(On bit basis)
A
. PCCR write
N Function control
g (On bit basis)
o
o A
(:; PCFC write
g N PC2 (SCLKO,/CTS0)
g S A4 PC5 (SCLK1,/CTS1)
| Output latch >A S I\
A .
PC write Selector L~ D
Logical B
invert
O |
SCLKO, 12— | \;
output S B«
< Selector
~ PC read A le
/CTS0,1
input Logical invert
Figure 3.5.21 Port C2 and C5
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Port C Register

7 6 5 4 3 2 1 0
PC bit Symbol PC5 PC4 PC3 PC2 PC1 PCO
(0023H) Read/Write RW
After Reset Input mode
1 | 1 | 1 | 1 | 1 | 1
Port C Control Register
7 6 5 4 3 2 1 0
PCCR bit Symbol PC5C PC4C PC3C PC2C PCi1C PCOC
(0026H) Read/Write W
After Reset o | o | o I o I o | o
0:INODOO0O0O0OO1: QUT
Port C Functon Register
7 6 5 4 3 2 1 0
PCFEC bit Symbol PC5F PC3F PC2F PCOF
(0027H) | ReadMWrite W w w w
After Reset 0 0 0 0
0: PORT 0: PORT 0: PORT 0: PORT
Function 1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
Qutput Out put
Port C ODE Register
7 6 5 4 3 2 1 0
PCODE | bit Symbol ODEPC3 ODEPCO
(0028H) | Read/Write W W
After Reset 0 0
TXD1 TXDO
Function 0: CMOS 0: CMOS
1: Open 1: Open
Drain Drain

(notel): Read-Modify-Write is prohibited for the registers PCCR, PCFC and PCODE.
(note2): PC1/RXDO0, 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

91C824-72



TOSHIBA TMP91C824

358 Port D (PDO to PD7)

Port D isan 8-bit output port. Resetting setsthe 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 hastwo output functionswhich/ALARM and /MLDALM. Thisselectionisused PD<PD6>.
Resetting resets the function register PDFC to “0”, and sets all ports to output ports.

Y
Reset
Function control
(On bit basis)
(2] .
a2 PDFC write
3 A N
T N . S
g | Output latch g > [ ] PD7(MLDALM)
2 Bl © Output buffer
PD write |—)
MLDALM
29 PD read
Figure 3.5.23 Port D
M\
Reset ——
Function control
(On bit basis)
PDFC write
3
S S
»| Output latch NN I~ D
% PD5 (SCOUT)
ﬁ r Selector -
. B
8 PD write
g 1
T R
c PD read
Q
fe
= Fs clock—>A v
Selector
fsys clock—>B
S
I~ SYSCR2<SCOSEL>
Figure 3.5.24 Port D
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PD
(0029H)

PDFC
(002AH)

M\
Reset _.—¢
Function control
(On bit basis)
r
PDFC write
N
S S
»| Output latch NN
w Y [ ]PD6 (ALARM,
2 T Selector /MLDALM)
8 PD write
[
© e
T R
c PD read
9
feu
- IMLDALM—>A S v
Selector
/ALARM—>B
B
Figure 3.5.25 Port D
Port D register
7 6 5 4 3 0
bit Symbol PD7 PD6 PD5
Read/Write RIW
After Reset 1 I 1 I 1 I I I
Port D function register
7 6 5 4 3 0
bit Symbol PD7F PD6F PD5F
Read/Write W
After Reset 0
0: PORT |0: PORT 0: PORT
1: MLDALM | 1: /ALARM | 1:SCOUT
Function @<PD6>=1
1: /MLDALM
@<PD6>=0

(note): Read-Modify-Write is prohibited for the registers PDFC.

Figure 3.5.26 Register for Port D
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359 Port Z(PZ2 to PZ3)

Port Z isthe 2-bit general-purpose I/O port. 1/0 is set using control register PZCR and PZFC. Resetting
resets al bits of the output latch PZ to “1”.

In addition to functioning as a general-purpose 1/0 port, Port Z also functions as 1/0O for the CPU’s
control / status signal.

Resetting initializes PZ2 and PZ3 pins to input mode with pull-up register.
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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SN4d ereq |eulaiu]

sSNg ereq [eusaiu)

Reset

[

N Direction control

(on bit basis)

*

PZCR Write

R Function conrtol

(on bit basis)

PZFC Write

3

S
Output

o

&
<

N

latch

T

PZ Write

!

10199195

Output buffer

]

P-ch

Lo |

Reset

-

Direction control

(on bit basis)

A
PZ Read

PZCR Write

) 1

Function conrtol

(on bit basis)

PZFC Write

3

S

<
<

N

>0

P-ch

(Programmable
Pull-up)

(Programmable
Pull-up)

Output

latch

)

PZ Write

I/
Output buffer

10]193]3S

T
g

1

[ 5

L

A

4
N

PZ Read

Figure 3.5.27 Port Z (PZ2,PZ3)

[ ] PZ3(R/W)

'—Dpzz(/HWR)
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Port Z Register
7 5 4 3 2 1 0
Pz bit Symbol Pz3 pPz2 RDE
(007DH) Read/Write RW
Input mod lled-
After reset put mode (pulled-up)
1 1 1
Port Z Control Register
7 5 4 3 2 1 0
PZCR bit Symbol PZ3C pPz2C
(007EH) Read/Write W
0 0
After reset
0: IN 1: OUT
Port Z Function Register
7 5 4 3 2 1 0
PZFC Bit Symbol PZ3F PZ2F
(007FH) | Read/Write W
After reset 0 0
(Note) 0: PORT |{0: PORT
Function | Always 1: RIW 1:/HWR
fixed to “0”

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 I/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

—> /HWR setting

PZFC<PZ2F>

PZCR<PZ2C>
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3.6 Chip Select/Wait Controller

Onthe 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 (CS0 to CS3 and others).

The pins/CS0 to /CS3 (which can a so function as port pins P60 to P63) are the respective output pinsfor the
areas CS0 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 /CS0O to /CS3) are made by MMU.

These pinsis/CS pin that areaand BANK valueis fixed without concern in setting of CSYWAIT controller.

The areas CS0 to CS3 are defined by the valuesin 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.

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

3.6.1 Specifying an AddressArea

The CS0 to CS3 address areas are specified using the start address registers (MSARO to MSAR3) 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, thisindicates an accessto the
corresponding CS area. In this case, the /CS0 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 MSAR3 set the start addresses for the CS0 to CS3 areas. Set the upper eight bits (A23 to
A16) of the start address in <S23: S16>. The lower 16 bits of the start address (A15 to AQ) are
permanently set to 0. Accordingly, the start address can only be set in 64-Kbyte increments, starting
from O00000H. Figure 3.6.2 shows the relationship between the start address and the start address

register value.
Memory Start Address Registers (for areas CSO0 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
MSAR2 / MSARS | After reset 1§ 1 | 1 b1 1 1 1
(00CCH)/" (00CEH) Function Determines A23 to A16 of start address.
l ° |
T—) Sets start addresses for areas CS0 to CS3.
Figure 3.6.1 Memory Start Address Register
Start address Value in start address register (MSARO to MSAR3)
Address
000000H [O0O0ODODOD OoH
000000H $ 64K bytes
010000H CO0ODODODOD O1H
020000H 000000ODODOD O2H
030000H 000000DODOD O3H
040000H 000000DODOD O4H
050000H 000000DODOD O5H
060000H CO0O0ODODOD o6H
to to
FFOOOOH 00000D0OD0OOO FRH
FFFFFFH

Figure 3.6.2 Relationship between Start Address and Start Address Register value
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(2) Memory Address Mask Registers

MAMRO
(00C9H)

MAMR1
(00CBH)

MAMR2 /MAMR3
(00CDH)/ (00CFH)

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 CS0 to CS3 areas by specifying amask for each
bit of the start address set in memory start address registers MAMRO to MAMRS. The compare
operation used to determine if an address is in the CSO 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 MAMR3 differ between CS0 to CS3 areas. Accordingly, the size that can be
each areais different.

Memory address mask register (for CS0 area)

7 6 5 4 3 2 1 0
bit Symbol V20 V19 V18 V17 V16 V15 V14 to 9 V8
Read/Write R/IW
After Reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

Function Sets size of CS0O area 0: used for address compare

Range of possible settings for CSO0 area size: 256 bytes to 2 Mbytes

Memory address mask register (CS1)

7 6 5 4 3 2 1 0
bit Symbol V21 V20 V19 V18 V17 V16 V15to 9 V8
Read/Write R/W
After Reset 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1

Function Sets size of CS1 area  0: Used for address compare

Range of possible settings for CS1 area size: 256 bytes to 4M bytes.

Memory address mask register (CS2, CS3)

7 6 5 4 3 2 1 0
bit Symbol V22 V21 V20 V19 V18 V17 V16 V15
Read/Write R/W
After reset 1 i 1 i 1 i 1 i 1 i 1 i 1 i 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 64K-byte address area starting from 010000H
using the CS0 areas.
Set “01H” in memory start address register MSAR0<S23 to S16>(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 CSO area.
Setting this value in memory address mask register MAMRO<V 20 to V8>sets the area size This
example sets“07H” in MAMRO to specify a 64K-byte area.

|0j0)0)j0j0j0j0j1j2 2} 42 1221121221112 3111 Memory
end
| 0 | 1 | F | F | F | F |H address
CSO area
size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MSARO 1 Memory
lofofofofofofo]1] Men
) | 0 | 1 |H address
V20 V19 V18 V17 V16 V15 V14 OV9 V8

msMro{o{ojofololofofofa]1 1 1 1 1 1f1]1 1 1 1 1 1 1 1}|n Memoyaddess
mask register
| 0 7 [H setting

—> Setting of 07H specifies a 64-Kbyte area.
Figure 3.6.4 Example showing how to set the CS0 area

After a reset, MSARO to MSAR3 and MAMRO to MAMRS3 are set to “FFH”.BOCS<BOE>,
B1CS<B1E> and B3CS<B3E> are reset to “0".this disabling the CS0, CS1 and CS3 areas.
However, as B2CS<B2M> to “0" and B2CS<B2E> to “1", CS2 is enabled from
0OOFEOH-000FFFH to 003000H-FFFFFFH in TMP91C824. Also, the bus width and number of
waits specified in BEXCS are used for accessing addresses outside the specified CSO to CS3 area.
(See 3.6.2, Chip Select/Wait Control Registers.)
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(4) AddressArea Size Specification

Table 3.6.1 shows the relationship between CS area and area size.[] Indicates areas that cannot
be set by memory start address register and address mask register combinations. When setting an
areasize using acombination indicated by [0 , set the start address mask register inthe desired steps
starting from O0O000H.

If the CS2 areaiis set to 16M-bytes or if two or more areas overlap, the smaller CS area number

has the higher priority.

Example: To set the area size for CS0 to 128 Kbytes:
® Vadlid start addresses

000000H ) 128K bytes

020000H

) 128K bytes
040000H

) 128K bytes

060000H

@ Invalid start addresses

000000H ) 64K bytes
010000H
128K bytes
030000H
) 128K bytes

050000H

Table 3.6.1 Valid areasizes for each CS area

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

<— Thisisnot an integer multiple of the desired area size setting.
Hence, none of these addresses can be set as the start address.

Size (bytes)
CSarem 256 512 2K | 64K | 128K | 256K | 512K | 1M 2M 4Mm 8M
CS0 o o o o O 0 0 0 0
CslL o o o 0 0 0 O 0 O
Ccs2 o o O 0 O O 0 O O
CS3 o o O 0 O O 0 O O
(note): O 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 (CS0 to CS3 and others) are set in their respective chip select/wait control registers,

BOCSto B3CS and BEXCS.
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Chip Select/Wait Control Register

7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW?2 BOW1 BOWO
(00COH) Read/Write W W
Read- After Reset 0 o | o 0 o | o I o
Modify- 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
are unction 01: 1: 8 bits 010: 1 wait+ N 110: 4 waits
prohibited. 10: Don't care 011: 0 waits 111: 8 waits
11:
B1CS Bit Symbol B1E B1IOM1 | B1OMO B1BUS BIW2 | BIW1 { BIWO
(00C1H) Read/Write W W
Read- After Reset 0 0 i o0 0 0 i o0 i o0
Modify- 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
are Function o1 1: 8 bits 010: Lwait+ N 110: 4 waits
prohibited. 10: Don't care 011: 0 waits 111: 8 waits
11:
B2CS | Bit symbol B2E B2M B20M1 | B20MO | B2BUS | B2w2 | B2W1 | B2WO
00C2H ;
( ) Read/Write W
Read- After Reset 1 0 0 | 0 0 0 0 0
Modify- 0: Disable CS2 area Chip Select output Data bus Number of waits
Write 1: Enable selection waveform selection width 000: 2 waits 100: reserved
instructions E X 0: 16-Mbyte $00: For ROM/SRAM 0: 16 bits 001: 1 wait 101: 3 waits
are unctions area oL 1:8bits  $010: Lwait+N  110: 4 waits
prohibited. 1:CSarea 1i10: Don't care 011: 0 waits 111: 8 waits
11:
B3CS Bit Symbol B3E B30OM1 | B30OMO B3BUS B3W?2 | B3W1 | B3WO0
(00C3H) | ReadMrite W W
Read. | After Reset 0 o | o 0 o | o 1 o
Modify- 0: Disable Chip Select output Data bus Number of waits
Write 1: Enable waveform selection width 000: 2 waits 100: reserved
i i 00: For ROM/SRAM 0: 16 bits 001: 1 wait 101: 3 waits
instructions| - ¢ ctions , Lo Co e Do
are 01: 1: 8 hits 010: 1 wait+ N 110: 4 waits
prohibited. 10: Don't care 011: 0 waits 111: 8 waits
11:
BEXCS | Bit Symbol BEXBUS | BEXW2 | BEXW1 { BEXWO
(00C7H) Read/Write 0
Read- After Reset 0 0o | o | o
Modify- Data bus Number of Waits
Write width 000: 2 waits 100: reserved
instructions| Functions 0: 16 bits 001: 1 wait 101: 3 waits
are 1: 8 bits 010: 1wait+N  110: 4 waits
prohibited. 011: 0 waits 111: 8 waits
3 Y I
Master enable bit Chip select output waveform I
selection Number of address area waits
0 | Enable )
- 00 | For ROM/SRAM (See 3.6.2, (3) Wait Control.)
1 [Disable
01
CS2 area selection 10 | Don't care —> Data bus width selection
11 _bi
0 |16-Mbyte area 0 |16 .blt 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

“1") <B2E>. This enables area CS2 only.

(2) Databuswidth selection

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

Bit 3(<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS> or <BEXBUS>) of achip 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 busisto be used.

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

Table 3.6.2 Dynamic bus sizing
Operand Data | Operand Start | Memory Data CPU Data
Bus Width Address BusWidth | CPUAddress ——"—
o D8 D7to DO
8 hits 2n+0 8 hits 2n+0 XXXXX b7 ~ b0
(Even number) 16 bits 2n+0 XXXXX b7 ~ b0
2n+1 8 hits n+1 XXXXX b7 ~ b0
(Odd number) 16 bits 2n+1 b7 ~ b0 XXXXX
16 bits 2n+0 8 hits 2n+0 XXXXX b7 ~ b0
(Even number) 2n+1 XXXXX b15 ~ b8
16 bits 2n+0 b15 ~ b8 b7 ~ b0
2n+1 8 hits n+1 XXXXX b7 ~ b0
(Odd number) 2n+2 XXXXX b15 ~ b8
16 bits 2n+1 b7 ~ b0 XXXXX
2n+2 XXXXX b15 ~ b8
32 hits 2n+0 8 hits 2n+0 XXXXX b7 ~b0
(Even number) 2n+1 XXXXX b15 ~ b8
2n+2 XXXXX b23 ~b16
2n+3 XXXXX b31 ~b24
16 hits 2n+0 b15 ~ b8 b7 - b0
2n+2 b31 ~ b24 b23 - b16
2n+1 8 bits 2n+1 XXXXX b7 ~ b0
(Odd number) 2n+2 XXXXX b15 ~ b8
2n+3 XXXXX b23 ~b16
2n+4 XXXXX b31 ~ b24
16 bits 2n+1 b7 ~b0 XXXXX
2n+2 b23 ~ b16 b15 ~ b8
2n+4 XXXXX b31 ~ b24

(note): “xxxxx” indicates that the input data from these bits are ignored during aread. During awrite, indicates
that the bus for these bits goes too high-impedance; also, that the write strobe signal for the bus remainsinactive.
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(3) Wait control

Bits 0 to 2 (<BOWO to BOW2>, <B1WO to B1W2>, <B2WO0 to B2wW2>, <B3WO0 to B3W2>,
<BEXWO0 to BEXW2>) of achip select/wait control register specify the number of waitsthat areto
be inserted when the corresponding memory areais accessed.

Thefollowing 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 ~ BxWO0> | No. of Waits Wait Operation

000 2WAIT Inserts await of 2 states, irrespective of the WAIT pin state.

001 IWAIT Inserts await of 1 state, irrespective of the WAIT pin state.

010 IWAIT +N Samples the state of the Wr'l'pin after inserting a wait of one state. If the
WAIT pinis Low, the waits continue and the bus cycle is extended until the
pin goes high.

011 OWAIT Ends the bus cycle without await, regardiess of the WAIT pin state.

100 Reserved Invalid setting

101 SWAIT Inserts await of 3 state, irrespective of the WAIT pin state.

110 AWAIT Inserts await of 4 state, irrespective of the WAIT pin state.

111 SWAIT Inserts await of 8 state, irrespective of the WAIT pin state.

A Reset setsthese bitsto “000” (2 waits).

(4) Buswidth and wait control for an area other than CS0 to CS3

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

(5) 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 000FEOH-000FFFH, 003000H-FFFFFFH as the CS2 area. Setting B2CS<B2M> to
“1" designates the address area specified by the start address register MSAR?2 and the address mask
register MAMR2 asCS2 (i.e. if B2CS<B2M> =1, CS2 is specified in the same manner as CS0, CS1
and CS3 are).

A Reset clearsthis bit to “0”, specifying CS2 as a 16-M bytes address area.
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(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registersin the following order:

® Set the Memory Start Address Registers MSARO to MSAR3.
Set the start addresses for CS0 to CS3.

@  Set the Memory Address Mask Registers MAMRO to MAMRS.
Set the sizes of CS0 to CS3.

®  Set the chip select/wait control registers BOCS to B3CS.

Set the Chip Select output waveform, data bus width, number of waits and Master
Enable/Disable status for /CS0 to /CS3.

The CS0 to S3 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 aCS0 “to S3 address is specified which is actually an internal 1/0 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 CS0 is set to be the 64-Kbyte area 010000H to 01FFFFH. The bus width is set to 16 bits
and the number of waitsis set to O.

MSARO=01H............... Start address: 010000H
MAMRO = 07H.............. Address area: 64 Kbytes
BOCS=83H.......cccveuu.e. ROM/SRAM, 16-hit data bus, zero waits, CS0 area settings enabled
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3.6.3 Connecting external memory

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

TMP91C824

oooo
CSO
oooo

CSip>—

Address bus
i JLULULULJ
J”c”.% Cs Cs

oo oo oo oo oo ooo

A2}
WE

T O O O O O
0

D15 >

Upper byte Lower byte 8-bit 8-bit
ROM ROM RAM l[e}

VAN

Figure 3.6.6 Example of external memory connection
(ROM uses 16-hit bus; RAM and 1/0 use 8-hit bus.)

A Reset clears al 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”.
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3.7 8-bit Timers (TMRA)

The TMP91C824 features 4 channel (TMRAO to TMRAS) built-in 8-bit timers.
Thesetimersare paired into 2 modules: TMRAO1 and TMRA23. Each module consists of 2 channelsand can
operate in any of the following 4 operating modes.

variable period)

8-Bit Interval Timer Mode
16-Bit Interval Timer Mode
8-Bit Programmable Square Wave Pulse Generation Output Mode (PPG: variable duty cycle with

Figure 3.7.1 to Figure 3.7.2 Show block diagrams for TMRAO01 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 5bytes 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.

371
3.7.2
3.7.3
374

1)
)
©)
(4)
()

Block diagrams

Operation of each circuit

SFRs

Operation in each mode
8-Bit Timer Mode
16-Bit Timer Mode
8-Bit PPG (programmable pulse generation) Output Mode
8-Bit PWM (pulse width modulation) Output Mode

Mode settings

Table 3.7.1 Registersand pins for each module

register

Module
TMRAO1 TMRA23
Input pin for external TAOIN None
External | clock (shared with PB0)
pin Output pin for timer TA10UT TA30UT
flip-flop (shared with PB1) (shared with PB2)
Timer run register TAO1RUN (0100H) TA23RUN (0108H)
. . TAOREG (0102H) TA2REG (010AH)
Timer register
SFR TAIREG (0103H) TA3REG (010BH)
(address) | Timer mode register TA0IMOD (0104H) | TA23MOD (010CH)
Timer flip-flop control
TALFFCR (0105H) | TA3FFCR (010DH)

8-Bit Pulse Width Modulation Output Mode (PWM — variable duty cycle with constant period)
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3.7.2 Operation of each circuit

(1) Prescaers
A 9-bit prescaler generates the input clock to TMRAOL.
The“@ TO" astheinput clock to prescaler isaclock divided by 4 which selected using the Prescaler
Clock Selection Register SY SCRO<PRCK 1,PRCK0>.
The prescaler’ s operation can be controlled using TAOLRUN<TAOPRUN> in the timer control
register. Setting <TAOPRUN> to “1” starts the count; setting <TAOPRUN> to “0" clearsthe
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
@fc =16 MHz, fs= 32.768 kHz
sy::; tf:(l):ck Prez:dal ;rt i(;I:)Ck Gear Value Prescaler Output Clock Resolution
<SYScK> | <PReKipRCKos | <O GRARDY Tl or4 ¢T16 91256

1(fs) XXX f92° (2449 1925 (9779 |[f27(39us) [fs/2M (62.5 )

000 (fc) fc/2® (05us)  |fc/2°(2.0ps)  |[fc/2” (8.0ps) | fc/2™ (128 us)

00 001 (fcpp) fc/2* (L.0ps)  [fc/2°(4.0p9) | fc/2®(16ps) | fc/2' (256 ps)

(frpH) 010 (fc/4) fc/2° (2.0ps)  |fc/2”(8.0ps) |fc/2°(32ps) | fc/2® (512 ps)
0 (fo) 011 (fcsg) fc/2° (4.0ps) |fc/2® (16 us) | fc/2® (B4 ps) | fe/2™ (1024 ps)
100 (fc/16) fc/2 (8.0ps) |[fc/2°(32pus) | fc/2™ (128 us) |fc/2™® (2048 ps)

10
XXX fc/27 (8.0ps) [fc/2°(32pus) | fc/2™ (128 pus) |fc/2™ (2048 ps)
(fc/16 cLOCK)

xxx: Don't care

(2) Up-counters (UCO and UCL)

These are 8-bit binary counters which count up the input clock pulses for the clock specified by
TAO1IMOD.
Theinput clock for UCO is selectable and can be either the external clock input viathe TAOIN pin or
one of thethreeinternal clocks@ T1, @ T4 or @ T16. The clock setting is specified by the value set
in TAOIMOD<TAO1ICLK1,TAO1CLKO>.
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 TMRAO.

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

These are 8-bit registers which can be used to set atimeinterval. When the value set in the timer
register TAOREG or TA1REG 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 TAOLRUN<TAORDE> determines whether TAOREG's double buffer
structureisenabled or disabled. It isdisabled if <TAORDE> ="0" and enabled if <TAORDE>="1".
When the double buffer is enabled, datais transferred from the register buffer to the timer register
when a2"0 1 overflow occursin PWM Mode, or at the start of the PPG cycle in PPG Mode. Hence
the double buffer cannot be used in Timer Maode.

A Reset initializes <TAORDE> to “0”, disabling the double buffer. To use the double buffer, write
datato 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.

Up-counter

!

Comparator (CPO)
VAN

Timer Registers 0 (TAOREG) B
AN (_G:<—(— Matching detection in PPG cycle
Y 2"-1 overflow of PWM

N Selector

Shift trigger

N

< Write to TAOREG

Register Buffers 0 \S A

VAN
_ Write

Y % TAOLRUN<TAORDE>
Internal bus

Figure 3.7.3 Configuration of TAOREG

(note): The same memory addressis 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 iswritten 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) Comparator (CPQ)

The comparator compares the value in an up counter with the value set in atimer 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 isinverted at the same time.

(5) Timer flip-flop (TA1FF)

Thetimer flip-flop (TALFF) isaflip-flop inverted by the match detects signal (8-bit comparator
output) of each interval timer.
Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TAFF1IE> in the Timer Flip-Flop Control Register.

A Reset clearsthe value of TA1FF1 to “0".

Writing “01” or "10” to TA1IFFCR<TAFF1C[1:0]> sets TA1FF to 0 or 1. Writing “00" to these bits
inverts the value of TA1FF (thisis known as software inversion).

The TALFF signal isoutput viathe TALOUT pin (concurrent with PB1). When thispinisused as
the timer output, the timer flip-flop should be set beforehand using the Port B Function Register
PBCR,PBFC.
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3.7.3 SFRs
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1IRUN] Bit symbol TAORDE I2TAOL1 | TAOIPRUN | TAIRUN | TAORUN
(0100H) | Readwrite |  RMW RIW
After Reset 0 0 o { o | o
Double IDLE2 Timer Run/Stop control
) buffer 0: Stop 0: Stop & Clear
Function .
0: Disable 1: Operate } 1: Run (count up)
1: Enable
TAOREG double buffer control |—> Timer Run/Stop control
0 Disable 0 Stop & Clear
1 Enable 1 Run (count up)
12TAOL : Operation in IDLE2 Mode
TAO1PRUN  : Run prescaler
TA1RUN :Run Timer 1
TAORUN :Run Timer O
(note): The values of bits4,5,6 of TAO1IRUN are undefined when read.
TMRAZ23 Run Register
7 6 5 4 3 2 1 0
TA23RUN| Bit symbol TA2RDE 12TA23 | TA23PRUN | TASRUN { TA2RUN
(0108H) [ Readwrite | RwW RIW
After Reset 0 0 0 I 0 I 0
Double IDLE2 Timer Run/Stop control
. buffer 0: Stop 0: Stop & Clear
Function .
0: Disable 1: Operate { 1: Run (count up)
1: Enable
I
TA2REG double buffer control |—> Timer Run/Stop control
0 Disable 0 | Stop & Clear
1 Enable 1 Run (count up)
12TA23 : Operation in IDLE2 Mode
TA23PRUN  : Run prescaler
TA3RUN :Run Timer 3
TA2RUN - Run Timer 2

(note): The values of bits4,5,6 of TA23RUN are undefined when read.

Figure 3.7.4 TMRA Registers
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TMRAOL Mode Register
7 6 5 4 3 2 1 0
TAOIMOD| Bit symbol TAO1IM1 | TAO01MO PWMO01 PWMO00O | TAL1CLK1 { TA1CLKO }| TAOCLK1 } TAOCLKO
(0104H) Read/Write R/W
After Reset 0 | 0 0 | 0 0 | 0 0 | 0
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°-1 01: @T1 01: @T1
Function ) . o7 ) )
10: 8-Bit PPG Mode 10: 2°-1 10: @T16 10: @T4
11: 8-Bit PWM Mode 11: 281 11: @T256 11: @T16

| . | . | T

|—> TMRAO source clock selection

00 | TAOIN (external input)
01 | @T1 (prescaler)

10 | @T4 (prescaler)

11 | @T16 (prescaler)

L 3 TMRALI source clock selection

TA0IMOD TA01IMOD
<TAO1M1OTAOIMO>201 | <TAO1M1OTAOIM 0>=01

00 Comparator Overflow output from
output from TMRAO TMRAO

01 |oll

10 | @T16

11 | @0 256 (16-Bit Timer Mode)

—> PWM cycle selection

00 |reserved

01 | (2°1) x clock source

10 | (2'-1) x clock source

11 | (2%-1) x clock source

»TMRAO1 operation mode selection

00 | Two 8-bit timers

01 | 16-bit timer

10 | 8-bit PPG

11 | 8-bit PWM (TMRAO) + 8-hit timer (TMRAL)
Figure 3.7.5 TMRA registers
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TA23MOD,
(010CH)

TMRA23 Mode Register

7 6

5

3

2 1 0

Bit Symbol

TA23M1 { TA23MO

PWM21

TA3CL

K1 { TA3CLKO i TA2CLK1 i TA2CLKO

Read/Write

R/W

After Reset

o | o

o | o

0

I o o | o

Function

Operation mode

00: 8-Bit Timer Mode
01: 16-Bit Timer Mode
10: 8-Bit PPG Mode
11: 8-Bit PWM Mode

PWM cycle
00: reserved
01: 25-1

10: 27-1

11: 281

01: @T1

TMRAS clock for TMRA3
00: TA2TRG

10: @T16
11: @T256

TMRA2 clock for TMRA2
00: reserved

01: @T1

10: T4

11: @T16

I

Y

|—> TMRAZ source clock selection

00

Do not set

01

@T1 (prescaler)

10

@T4 (prescaler)

11

@T16 (prescaler)

TMRA3

source clock selection

TA23MOD
<TA23M100TA23M0>#01

TA23MOD
<TA23M10TA23M0>=01

00

Comparator output
from TMRA2

Overflow output from
TMRA2

01

Qrl

10

(O] 9]

11

0 256 (16-Bit Timer Mode)

PWM cycle selection

00

reserved

01

(25-1) x clock source

10

(27-1) x clock source

11

(28-1) x clock source

TMRA23 operation mode selection

00

Two 8-bit timers

01

16-bit timer

10

8-bit PPG

11

8-bit PWM (TMRA?2) + 8-bit timer (TMRA3)

Figure 3.7.6 TMRA registers
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TMRAZ1 Flip-Flop Control Register
5 4 3 2 1 0
TALFFCR] Bit symbol TAFF1C1 | TAFF1CO | TAFF1lIE | TAFF1IS
(0105H) Read/Write W R/W
After Reset 1 | 1 0 0
00: Invert TA1FF TAL1FF TALFF
Read- 01: Set TAL1FF Control for | Inversion
Modify-Write . 10: Clear TAL1FF inversion |select
instructions Function 11: Don't care 0: Disable }0: TMRAO
are 1:Enable {1: TMRA1
prohibited.

(note): The values of bits 4 to 7 of TALIFFCR are undefined when read.

]

Inverse signal for Timer Flop-Flop 1 (TA1FF)
(Don'’t care except in 8-Bit Timer Mode)

0 Inversion by TMRAO

1 Inversion by TMRA1

Inversion of TA1FF

0 Disabled

1 Enabled

L 5 Control of TAIFF

00 | lInverts the value of TA1FF

01 |Sets TA1FF to“1”

10 | Clears TA1FF to “0”

11 Don't care

Figure 3.7.7 TMRA registers
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TMRAZ3 Flip-Flop Control Register

5

4

3

2 1 0

TA3FFCR| Bit symbol TAFF3C1 | TAFF3CO | TAFF3IE | TAFF3IS
(010DH) {' Readmwrite w RIW
After Reset 1 | 1 0 0
00: Invert TA3FF TA3FF TA3FF
01: Set TA3FF Control for |Inversion
;i?j?f;/-wme Function 10: Clear TA3FF inversion | select
instructions 11: Don't care 0: Disable |0: TMRA2
are 1: Enable |1: TMRA3
prohibited.

(note): The values of bits 4 to 7 of TA3FFCR are undefined when read.

Figure 3.7.8 TMRA registers

]

Inverse signal for Timer Flip-Flop 3 (TA3FF)
(Don't care except in 8-Bit Timer Mode)

0 Inversion by TMRA2
1 Inversion by TMRA3

——> Inversion of TA3FF

0 Disabled
1 Enabled

L Control of TA3FF

00 [ Inverts the value of TA3FF
01 | Sets TA3FFto“l”

10 | Clears TA3FF to “0”

11 |Don't care
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3.74 Operation in each mode
(1) 8-Bit Timer Mode
Both TMRAO and TMRAL can be used independently as 8-bit interval timers.
Setting its function or counter datafor TMRAO and TMRAL after stop these registers.

® Generating interrupts at afixed interval (using TMRA1)

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

Example: To generate an INTTAL interrupt every 20 pseconds at fc = 16 MHz, set each register as follows:
O Clock state
[system clock: High frequency (fc)
Prescaler clock: frpy

MSB LSB
- 7 6 5 4 3 2 10
TAOIRUN - - = X X - - 0 - Stop TMRA1 and clear it to O.
TAOMIMOD -~ 0 O X X 1 0 X X Select 8-Bit Timer Mode and select ¢T1 (0.5 psat fc = 16 MHz)
astheinput clock.
TA1REG -~ 0 0 1 0 1 0 O O Set TAIREG to 20 ps+ @T1 = 40 = 28H
INTETAOL ~ X 1 0 1 - - - - Enable INTTAL and set it to Level 5.
| TAOIRUN - - X X X - 1 1 - Start TMRA1 counting.
(note): X =Don't care; “~" = No change

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
TMRAL: Match output of TMRAO,@T 1, ¢T 16, ¢T 256
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@ Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TAL1FF) isinverted at constant intervals and its status output via
the timer output pin (TA10UT).

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

O Clock state

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

Prescaler clock: frpy

TAO1IRUN - - X X - - 0 - Stop TMRA1 and clear it to 0.
TAOIMOD ~ O O X X 0 1 - - Select 8-Bit Timer Mode and select @ T1 (0.5 ps at fc = 16
MHz) astheinput clock.
TA1REG -~ 0 0O 0O 0 0 0 1 1 Set thetimer register to 3.0 us+ @r1+2=3
TAL1FFCR ~ X X X X 1 0 1 1 Clear TALFF to “0” and set it to invert on the match detects
signal from TMRAL.
P7CR - X - - - - - 1 - ) )
Set PB1 to function asthe TA1IOUT pin.
P7FC - X = - - - - 1 X
L TAOIRUN e = X X X - 1 1 - Start TMRAL counting.
(note): X =Don't care; “~" = No change
QT
PO s s Y Y Y Y Y Y
<TA1RUN>
Bit7(2 °
Up- Bit 1
counter
Bit 0
Comparator I—l I_l
timing &
Comparator output /+—| I—l I_l
(match detect) &
INTTAL |—| |_|
UC1 Clear ‘/ "
TALFF [_'
TALOUT /_
_ L5psat @fc =16 MHz

<

Figure 3.7.9 Square wave output timing chart (50% Duty)

91C824-100



TOSHIBA TMP91C824

® 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 |'| |'|
(TMRAO match)

TMRAOQ up-counter 1 X 2 X3 X4 X5 X1 X2X3X4X5X1X2X3)
(when TAOREG = 5)

TMRAL up-counter 1 X 2 X 1
(when TA1IREG = 2)

TMRA1 match output I_l

Figure 3.7.10 TMRA1 count up on signal from TMRAO

(2) 16-Bit Timer Mode

A 16-bit interval timer is configured by pairing the two 8-bit timers TMRAO and TMRAL.
To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded together, set
TA0IMOD <TA01IM1,TAOIMO> to O1.
In 16-Bit Timer Mode, the overflow output from TMRAO is used as the input clock for TMRAL,
regardless of the value set in TAOLMOD<TAO1CLK1,TAOLICLKO>. Table 3.7.2 shows the
relationship between the timer (interrupt) cycle and the input clock selection.

LSB 8-hit set to TAOREG and MSB 8-bit is for TA1IREG. Please keep setting TAOREG first
because setting data for TAOREG inhibit its compare function and setting data for TA1REG permit
it.

Setting example: To generate an INTTAL interrupt every 0.5 seconds at fc = 16 MHz, set the timer registers
TAOREG and TA1REG as follows:
O Clock state
System clock: High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

If @T16 (8.0 usat 16 MHz) isused asthe input clock for counting, set the following value in the registers:
0.5 sec /8.0 psec = 62500 = F424H; i.e. set TA1REG to F4H and TAOREG to 24H.
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The comparator match signal is output from TMRAO each time the up-counter UCO matches
TAOREG, though the up-counter UCO is not be cleared and also INTTAO is not generated.
In the case of the TMRA1 comparator, the match detect signal is output on each comparator pulse
on which the values in the up-counter UC1 and TA1REG match. When the match detect signal is
output simultaneously from both the comparators TMRAO and TMRA1, the up-counters UCO and
UC1 arecleared to 0 and theinterrupt INTTAL is generated. Also, if inversion is enabled, the value
of the timer flip-flop TA1FF isinverted.

Example: When TA1REG = 04H and TAOREG = 80H

Value of up-counter

(UCL1, UCO) 0000H 0080H 0180H 0280H 0380H 0480H
TMRAO comparator
match detect signal " " " "

Interrupt INTTAL

Timer output TAIOUT Inversion

Figure 3.7.11 Timer output by 16-Bit Timer Mode

(3) 8-Bit PPG (Programmable Pulse Generation) Output Mode

Square wave pulses can be generated at any frequency and duty ratio by TMRAO. The output
pulses may be active-Low or active-High. In this mode TMRA1 cannot be used.
TMRAO outputs pulses on the TALOUT pin (concurrent with P71).

ty i
[e——c——>]
le t N
TAOREG and UCO match )H ﬂ
(Interrupt INTTAO) / /
TA1REG and UCO match )ﬂ )ﬂ
(Interruput INTTAL) \ (\ \ (\
TA10OUT
_TAOREG
~ TAIREG

Figure 3.7.12 8 hit 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 (UCQ) matches the value in one of the timer registers TAOREG or TA1REG.
The value set in TAOREG must be smaller than the value set in TA1REG.

Although the up-counter for TMRA1 (UC1) is not used in this mode, TAOIRUN<TA1RUN>
should be set to “1”, so that UCL is set for counting.
Figure 3.7.13 shows a block diagram representing this mode.

TA1OUT
Selector TAO1RUN<TAORUN> T
g}l — _[8-bit | TALFF |[«TALFFCR<TAFF1IE>
oT16 —>, “lup-counter (UC 0) [«
[T é Inversion

TAO1MOD<TAOCLK1:0> ! 5> INTTAO
AV

| Comparator | Comparator l: » INTTAL
73 i

TAOREG

Shift trigger

LSeIeCtor

TAOREG-WR->»

| Register Buffer | | TA1REG |

A
TAOLRUN<TAORDE> ﬂ ﬁ

Internal bus

Figure 3.7.13 Block diagram of 8-Bit PPG Output Mode

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

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

Match with TAOREG
and up-Counter

(Up-counter = Q,) (Up-countner = Q,)
Match with TAIREG
TAOREG ( Shift from register buffer
(Value to be compared) Q ~\ Q
Register buffer Q, )| Qs
A _TAOREG (register buffer)

write

Figure 3.7.14 Operation of register buffer
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Example: To generate 1/4-duty 50-kHz pulses (at fc = 16 MHZ2):

[T T I1

20us

O 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 cyclet should be: t = 1/50 kHz =20 u sec
¢T1=0.5 psec (at 16 MH2z);
20 psec/ 0.5 psec = 40
Therefore set TALREG to 40 (28H)
Theduty isto be set to 1/4: t x 1/4 = 20 psec x 1/4 = 5 ysec
5psec/ 0.5 psec = 10
Therefore, set TAOREG = 10 = OAH.

- 7 6 5 4 3 2 1 0
TAOIRUN -« 0 X X X - 0 0 O Stop TMRAO and TMRAO1 and clear it to “0”.
TAOIMOD ~ 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 asinput clock.
TAOREG -~ 0 0 0O 0 1 0 1 O Write 0AH
TA1REG -~ 0 01 0 1 0 0 O Write 28H
TA1FFCR -« X X X X 0 1 1 X Set TALFF, enabling both inversion and the double buffer.

I_'_I—> Writing “10” provides negative logic pulse.
P7CR - X = = - - -1 - .
Set PB1 asthe TA1OUT pin.

P7FC « X - - - - -1 X }

L TAOIRUN < 1 X X X - 1 1 1 Start TMRAO and TMRAO1 counting.

(note): X = Don’t care; “~" = No change
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(4)

8-Bit PWM Output Mode

Thismodeisonly valid for TMRAO. In this mode, aPWM pulse with the maximum resol ution of
8 hits can be outpuit.
When TMRAO is used the PWM pulse is output on the TA1OUT pin (which is also used as P71).
TMRAL1 can aso be used as an 8-bit timer.
The timer output is inverted when the up-counter (UC0) matches the value set in the timer register
TAOREG or when 2"0 1 counter overflow occurs (n = 6, 7 or 8 as specified by
TA0IMOD<PWMOL1 to PWMO00>). The up-counter UCO is cleared when 2"00 1 counter overflow
OCCurs.
The following conditions must be satisfied before this PWM mode can be used.

Value set in TAOREG < value set for 2"0 1 counter overflow
Vauesetin TAOREG # 0

TAOREG and )ﬂ /ﬂ ﬂ
UCO0 match ( (
2"-1
overflow. /ﬂ )ﬂ

(INTTAO interrupt) \ ( \ (

TALOUT ‘[ 54|_‘| o 34|_|

= (PWMcycle)

Figure 3.7.15 8-bit PWM waveforms

Figure 3.7.16 shows a block diagram representing this mode.

TAOLRUN <TAORUN> TAlf Ut
@T1—> 8-bit up counter
i TALFFCR
@T4—> Selector —> (uc 0) Cliar TAFF1 C
—> <—| TAFF1IE>
@T16 1 ) <
T T o1 TAOLMOD Tnvert
TAO1MOD <TAOCLK1:0> ___I_l/‘ overflow t<PWMOlIZI
control PWMO0100>
Overflow
| Comparator I >
[

_ —> INTTAO
L | TAOREG |

Selector f—"n—
TAOREG-WR_,| Shift trigger ;r

TAO1

| Register buffer |

RUN<TAORDE> s

{ [}
Internal bus

Figure 3.7.16 Block diagram of 8-Bit PWM Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2" - 1 overflow is
detected when the TAOREG double buffer is enabled.
Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG 1 1
Up-counter = Q, Up-counter = Q,
2"-1 overflow 1
TAOREG { shiftinto TAOREG
Q X Q,
(value to be compared) L 5
Register buffer Q, X Qs
R_ TAOREG (register buffer)

write

Figure 3.7.17 Register buffer operation

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

N S I R

36.0 usec

63.5 usec

O Clock state

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

Prescaler clock: frpy

To achieve a 63.5-us PWM cycle by setting ¢T1 to 0.5 psec (at fc = 16 MH2z):
63.5 usec/ 0.5 psec = 127=2"- 1
Therefore n should be set to 7.
Since the low-level period is 36.0 psec when @T1 = 0.5 psec,
set the following value for TAOREG:
36.0 psec/ 0.5 pusec = 72 = 48H

MSB LSB
- 7 6 5 4 3 2 1 0
TAO1IRUN - = X X X - - -0 Stop TMRAO and clear it to O.
TAOMMOD -~ 1 1 1 0 - - 0 1 Select 8-Bit PWM Mode (cycle: 2'00 1) and sdect ¢ T1 asthe
input clock.
TAOREG -~ 0 1 0 0 12 0 0 O Write 48H.

TAIFFCR - X X X X 1 0 1

x

Clear TA1FF to 0, enable the inversion and double buffer.

P7CR e X - - - - - 1 - _
Set PB1 and the TA1OUT pin.
P7FC - X - - — - - 1 X
| TAOIRUN ~ 1 X X X - 1 1 } Start TMRAO counting.
(note): X =Don't care; “~" = No change
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Table 3.7.3 PWM cycle
@fc = 16 MHz, fs = 32.768 kHz

Select System | Select Prescaler PWM cycle
Clock Clock Gear Value -1 2-1 -1
<GEAR2[GEARO>
<SYSCK> | <PRCKI1[PRCKO> QT1 oT4 | ¢T16 [ g@T1 gT4 | @T16 | Tl | @T4 | @T16
1(fs) XXX 154ms | 61.5ms | 246ms | 31.0ms [ 124ms | 496 ms | 623ms | 249ms | 996 ms
000 (fc) 31.5ps | 126ps | 504us | 635us | 254m | 1016ps | 127.5pus | 510us | 2040 us
00 001 (/2) 63.0us | 252us | 1008us | 127ps | 508ps | 2032ps | 255us | 1020 us | 4080 us
(frPH) 010 (/4) 126us | 504ps | 2016pus | 254us | 1016 us | 4064 ps | 510us | 2040us | 8160 us
0 (fc) 011 (/8) 252 us | 1008 us | 4032us | 508 pus | 2032 ps | 8128 us | 1020 us | 4080 us | 16.32 s
100 (*/16) 504 ps | 2016 ps | 8064 us | 1016 us | 4064 us | 16256 us | 2040 ps | 8160 ps | 32.64 us
10
XXX 504 us | 2016 ps | 8064 ps | 1016 ps | 4064 ps | 16256 ms | 2040 pus | 8160 ps | 32.64 ps
(fc/16 clock)

XXX: Don't care

(5) Settings for each mode
Table 3.7.4 shows he SFR settings for each mode.

Table 3.7.4 Timer mode setting registers

Register name TA0IMOD TA1FFCR
<Bit Symbol> <TAOIM1.TAOIM 0> <PWMO01:00> <TA1CLK1:.0> <TAOCLK1:0> TAFF1IS
) ) Upper timer input Lower timer Timer F/F invert signa
Function Timer mode PWM cycle ]
clock input clock select
Lower timer match | External clock .
8-hit ti 2 channel 00 T1, @T16, ¢T256 T1, T4, ¢T16 0: Liower timer output
. x _
Itimer = channes ¢Le1. 9 P59 1: Upper timer output
(00, 01, 10, 11) (00, 01, 10, 11)
External clock
16-bit timer mode 01 - - oT1, @T4, @T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - oT1, @T4, ¢T16 -
(00, 01, 10, 11)
External clock

) $-12"-1,2-1
8-bit PWM x 1 channel 11 - oT1, @T4, ¢T16 -

01, 10, 11
( ) (00, 01, 10, 11)

T1, T16 , eT256 "
8-bit timer x 1 channel 11 - ¢Le M - Output disabled
(01, 10, 11)

(note): “=" = Don't care
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3.8 External memory extension function (MMU)

Thisis MMU function which can expand program / data areato 106M byte by having 4 local area.

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 (A0OO A23) which are common
specification of TLCS-900 and 4 chip select pins (/CS0 O /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 23-16 displayed as hex .

(A): For standard extended

(B): For many pieces

Purpose Item
P memory extended memory
M ayimiim memnrv <76 COMMON? 2MR+14MR (16MBX 1ncs)
Program-ROM llced lncal area RANK niimher | OCAI 2(AH=CO0-DF 2MR x 7RANK)
Sattinn CSANVAIT Sat 1in AH=CN-FF tn OS2 Sat 1in AH=RN-FF tn OS2
| leed /CS nin 102 ICSDA
M aximiim memaorv <ize AAMR(64AMRBX _1ncs) 6AMR(16MRBX 4ncs)
LOCAL3(AH=80-BF: 4MB x LOCAL3(AH=80-BF:4MBx
| BANK
Used local ares, number 16BANK) 24BANK)
Data-ROM -
Setting CS/WAIT Set up AH=80-BF to CS3 Set up AH=80-FF to CS2
Used /CS pins /ICS3,EA24,EA25 /CS2B,/CS2C,/CS2D,/CS2E

Option Program-ROM

Maximiim memanrv size

COMMON1 2MR+14MR(16MRBx 1ncs)

Used local area, BANK number

LOCAL1(AH=40-5F: 2MB x 7BANK))

Setting CSY'WAIT

Set up AH=40-7F to CS1

Used /CSpin

/CS1

M ayimiim memnrv <ize

COMMONO 1MR+7MR(8MRx_1nes)

Used local area, BANK number

LOCALO(AH=10-1F: IMB x 7BANK))

Data-RAM
Setting CS'WAIT Set up AH=00-3F to CS0 Set up AH=00-1F to CS3
Used /CSpin /CS0 /CS3
M aximiim memanrv i 7e COMMONON 2MR(?MRx 1ncs)
Extended memory -1 Used local area, BANK number Overlapped Data-RAM None
Setting CS/WAIT Set up AH=00-3F to CS0 Set up AH=20-3F to CS0
Used /CSpin /CS0 /CSO

Total Memory Size

16M+64M+16M+8M=104Mbyte

16M+(16M+16M+16M+16M)
+16M+8M+2M=106M byte
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3.8.1 Recommendable memory map

The recommendation logic address memory map at the time of varieties extension memory
correspondenceis shown in Figure 3.8.1.1. And, a physical-address map is shown in Figure 3.8.1.2.

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

Sinceit is being fixed, the address of alocal-area cannot be changed.

Address
000000H

100000H
200000H

400000H

600000H

800000H

CO00000H

EO0000H

FFFFO0

FFFFFF

Sizel Memory map I

Bank

(CS/WAIT)
Pin set A

(CS0)
I3|4|5|6|7|})/CSO

COMMONO ‘
1MB LOCALO 0 1[2
omB| (commonoa [
Pin set A case)
0]1]2[3]4]5]6]7
2MB LOCAL1
2MBl  coMMON1
ol1]2 14[15
4MB LOCALS3
0l1]2]3]4[5]6][7
2MB LOCAL?2
2MB|  COMMON2
256B Vector Area

(CS0)
/CS0

(Cs1)
/cs1

(CS3)
/CS3

EA24
EA25

(CS2)
ICS2

- : Internal Area

D : Overlapped with COMMON-Area

Figure 3.8.1.1 Logica address map

(CS/WAIT)
Pin set B

(CS3)
/cS3

(CS0)
1CS0

(Cs1)
ics1

(CS2)
/CS2B(BANKO to 3)
/CS2C(BANK4 to 7)
/CS2D(BANKS to 11)
/CS2E(BANK12 to 15)

(CS2)
ICS2A
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01C824 LOCALO LOCAL1 LOCAL2 LOCAL3
/CS1
/CS3 for Oofi ICS2A for Data-ROM
for Data-RAM or &ption for Program-ROM  (16MBx 6)
(8MB) Program-ROM (16MB) /CS2B ICS2E
(16 MB)
000000H
BANKO BANKO
BANK1 BANK1 BANKO | | BANK12
Internal-I/O & RAM BANK2 BANK2
BANK3 BANK3 BANK1 BANK13
800000H
BANK4 BANK4
BANKS5 BANK5 BANK2 BANK14
BANKG6 BANKG6
BANK? BANKY BANK3 BANK15
1000000H
/CS2C
000000H
Reset & Interrupt
Vector Area . BANKA
... BANKS
............... BANK6 |
1000000H BANKY
/CS2D
000000H
o BANKS
..BANK9

%//////////% : Internal Area
I:I : Overlapped with COMMON-Area

BANK11

1000000t

Figure 3.8.1.2 Physical address map (Type B)
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3.8.2 Block diagram

CPU out A2t0Al6

Address @ kDecoder ‘ LOCAL3 Area

A23 to A8 d __¢l HZ detect signal

A23 to A20
LOCALO register |LOE | | EA22 to EAZ0 l_> Physical address
R VA26 to VA20 Physical
LOCALL register |1 | | EA23 10 EAZL |—>>e'e°t°r > Address
— WA26 to WA7
LOCAL2 register |L2E | | EA23 to EA21 |—>
LOCALS register |L3E | | EA26 to EA22 |—> (To external
address bus pins)

11

Internaldata bus

CPU out Address A19 to A7

CPU out Address A23 t0 A16 =
—>
. Decoder ICS2A
LOCALS area detect signal ——» L »/cS2B
LOCAL3 register — 1CS2C
—>
———»/CS2D
| ,/CS2E

Figure 3.8.2.1 Block diagram of MMU
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3.8.3 Control registers

LOCALDO register
7 5 4 3 2 1 0
LOCALO | bit Symbol LOE LOEA22 LOEA21 LOEA20
(0350H) | Readmwrite | RW RIW
After reset 0 0 | 0 | 0
Use BANK Setting BANK number for LOCALO
for
Function LOCALO
0: not use
1: use
LOCAL1 register
7 5 4 3 2 1 0
LOCAL1 | bit Symbol L1E L1EA23 L1EA22 L1EA21
(0351H) Read/Write R/W R/W
After reset 0 0 0 0
Use BANK Setting BANK number for LOCAL1
for
Function LOCAL1
0: not use
1: use
LOCAL2 register
7 5 4 3 2 1 0
LOCAL2 bit Symbol L2E L2EA23 L2EA22 L2EA21
(0352H) Read/Write R/W RW
After reset 0 0 i o0 i o
Use BANK
for .
. Setting BANK number for LOCAL2
Function LOCAL2
0: disable
1: enable
LOCALS register
7 5 4 3 2 1 0
LOCAL3 | bit Symbol L3E *L3EA26 L3EA25 L3EA24 L3EA23 L3EA22
(0353H) | Readmwrite | RMW ORW  {ORW {ORW {ORW  {ORW
After reset 0 0 0 0 0 0
Use BANK 01000 to 01011 /CS2D 01100to 01111 :/CS2E
for 00000 to 00011 /CS2B
Function |LOCAL3 00100 to 00111 /CS2C
0: disable 10000 to 11111 : Set prohibition
1: enable

(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-bits address
means 16-BANKSs.
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3.8.4 Operational description

Set up 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 set up 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.

Please do not use as bank that overlaps with another bank since this common area overlaps with either of
eight banks of local area on the physical map.

Example program is as next page follows
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At Figure 3.8.4.1, it shows example of connection TMP91C824 and some memories:
Program ROM:MROM,16Mbyte, Data ROM:MROM,64Mbyte, Data RAM:SRAM,8Mbyte,

TOSHIBA TMP91C824
Data/Stack RAM
SRAM /CSO
8Mbyte | 000000HD 1FFFFFH (logical)
8bit 000000HL 7FFFFFH (physical
1650 (physical)
Optional ROM
/St FLASH /CS1
16Mbyte | 400000HO 7FFFFFH (logical)
: 000000HT FFFFFFH (physical)
Data : 16bit
Address
TMP91C824 _
/RD,(/WR,/HWR:SRAM) Program ROM
MROM /CS2
16Mbyte C00000HO FFFFFFH (logical)
e 16bit 000000H[ FFFFFFH (physical)
/CS2
EA24EA25 Data ROM
/CS3
/CS3 MROM 800000HO BFFFFFH (logical
64M byte (logical)
. 0000000HL] 3FFFFFFH (physical)
16hit
*In case of 16bit Bus memory *In case of 8bit 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 AO Al Al
A2 Al A2 A2
A16 A15 A7 A7

Figure 3.8.4.1 H/W Setting Example

8bit bus, Option ROM:Flash,16Mbyte.

In case of 16bit bus memory connection, it need to shift 1bit address bus from TMP91C824
and 8bit 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 64Mbyte, 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.
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;Initial Setting
;CSO

LD

LD

LD
;CS1

LD

LD

LD
;CS2

LD

LD

LD
;CS3

LD

LD

LD
;CSX

LD
;Port

LD
O

(MSARO0),00H
(MAMRO),FFH
(BOCS),89H

(MSAR1),40H
(MAMR1),7FH
(B1CS),80H

(MSAR2),COH
(MAMR2),7FH
(B2CS),C3H
(MSAR3),80H
(MAMR3),FFH
(B3CS),85H
(BEXCS),00H

(P6FC),3FH

; Logical address area: 000000HO 1FFFFFH
; Logical address size: 2Mbyte
; Condition: 8bit,1wait (8MB, SRAM)

; Logical address area: 400000HO 7FFFFFH
; Logical address size: 4Mbyte
; Condition: 16bit,2wait (16Mbyte, Flash ROM)

; Logical address area: CO0000HO FFFFFFH
; Logical address size: 4Mbyte

; Condition: 16bit,0wait (16Mbyte, MROM)

; Logical address area: 800000H BFFFFFH
; Logical address size: 4Mbyte

; Condition: 16bit,3wait (64Mbyte, MROM)

; Other : 16bit,2wait (don’t care)

; /ICS00 /CS3,EA24,EA25 :port6 setting

Figure 3.8.4.2 Bank Operation S/W Examplel

Secondly, it shows example of initial setting at Figure 3.8.4.2.

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

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.

CSEX setting of CS/WAIT controller is except above CS00O CS3's setting. This program
example isn't used CSEX setting.

Finally pin condition is set. PORT600 65 set to /CS0,1,2,3,EA24,EA25.
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1 ;***** JCSQ *****

1 ORG
| ORG
[ORG
| ORG
I ORG

ORG

: ORG

Jolale
10RG
10RG
IORG
JORG
|ORG
g
ore
lorG
10RrRG
I
10
JORG
|ORG
| ORG
| ORG
ORG
lorG
lorRG

000000H
200000H
400000H
600000H
800000H
a00000H
cO0000H

E00000H

LD (LOCAL3),85H
LDW  HL,(800000H) —

LD (LOCALS3),88H
LDW  BC,(800000H) —

FFFFFFH

0000000H
0400000H
0800000H
0CO0000H
1000000H
1400000H

; Program ROM:
; Program ROM:
; Program ROM:
; Program ROM:
; Program ROM:
; Program ROM:
; Program ROM:

Start address at BankO of Local2
Start address at Bank1 of Local2
Start address at Bank2 of Local2
Start address at Bank3 of Local2
Start address at Bank4 of Local2
Start address at Bank5 of Local2
Start address at Bank6 of Local2

; Program ROM:

; Logical address EOO000HU FFFFFFH

; Physical address OEO000OHO OFFFFFFH
; Local3 Bank5 set 14xxxxH

; Load data (5555H) form Bank5 (140000H: Physica address)
of Local3 (/CS3)

; Local3 Bank8 set 20xxxxH
; Load data (AAAAH) form Bank8 (200000H: Physica address)
of Local3 (/CS3)

|
|
|
|
|
|
|
|
|
Start address at Bank7(=Common2) of Local2 |
|
|
|
|
|
|
|
|

; Program ROM: End address at Bank7(=Common2) of Local2 |

; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:

dw 5555H «

1800000H
1CO0000H
2000000H
dw AAAAHE——

2400000H
2800000H
2C00000H
3000000H
3400000H
3800000H
3CO0000H
3FFFFFFH

; Data ROM:
; Data ROM:
; Data ROM:

; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:
; Data ROM:

Start address at BankO of Local3
Start address at Bank1 of Local3
Start address at Bank2 of Local3
Start address at Bank3 of Local3
Start address at Bank4 of Local3
Start address at Bank5 of Local3

Start address at Bank6 of Loca 3
Start address at Bank7 of Loca 3
Start address at Bank8 of Loca 3

Start address at Bank9 of Local3

Start address at Bank10 of Local3
Start address at Bank11 of Local3
Start address at Bank12 of Local3
Start address at Bank13 of Local3
Start address at Bank14 of Local3
Start address at Bank15 of Loca3
End address at Bank15 of Local3

Figure 3.8.4.3 Bank Operation S/W Example2

Here shows example of data access between one BANK and other BANK. Figure 3.8.4.3 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 EOOO0OH address,
firstly, write to BANK register of LOCALS3 area upper 5-bit address of access point.

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-bits address
means 16-BANKSs. After setting BANKS5, accessing 8000000 BFFFFFH address: logical
local3 address, actually access to physical 140000000 1700000H address.
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| ;***** JCS2 *****
I ORG 000000H
| ORG 200000H

I NOP

I D

| P E00100H
ORG  400000H

I orRG  600000H

| NOP

10

1 P E00200H

| ORG 800000H
| ORG a00000H
| ORG  cO0000H

| M Program Start !!!
| ORG EO00000H

; Program ROM: Start address at BankO of Local2
; Program ROM: Start address at Bank1 of Local2 «——F——
; Operation at Bank1of Local2

; Jump to Bank7(=Common2) of Local2
; Program ROM: Start address at Bank2 of Local2

; Program ROM: Start address at Bank3 of Local2 <
; Operation at Bank3 of Local2

; Jump to Bank7(=Common?2) of Local2
; Program ROM: Start address at Bank4 of Local2
; Program ROM: Start address at Bank5 of Local2
; Program ROM: Start address at Bank6 of Local2

: Program ROM: Start address at Bank7(=Common2) of Local2
- Logical address EOO000HL] FFFFFFH
- Physical address OEO0000HL] OFFFFFFH

; Local2 Bank1 set 20xxxxH

; Jump to Bank1 (200000H: Physical address) of Local2

; Local2 Bank3 set 60xxxxH

; Jump to Bank3 (600000H: Physical address) of Local2

|

| LD (LOCAL?2),81H

| P CO0000H

1 o

| ORG  E00100H <

I LD (LOCAL?2),83H
P CO0000H

g

1 ORG  E00200H <

| LD (LOCAL1),84H

| P 400000H

| ORG FFFFFFH

I ORG 000000H
I ORG 200000H
| ORG 400000H
| ORG  600000H

I LD (LOCAL1),87H
I P 400000H
ORG  800000H
I NOP
I o
| P 600000H

I ORG a00000H
I ORG c00000H
| ORG EOOCOOH

| e LD (LOCAL1),80H ; Locall BankO set 00xxxxH
I JP 400000H ; Jump to BankO (OO0000H: Physical address) of Local1
p e It’s prohibit to set other BANK setting in except common area :

Figure 3.8.4.4 Bank Operation S/W Exapmle3

: Locall Bank4 set 80xxxxH

; Jump to Bank4 (800000H: Physical address) of Locall ————
; Program ROM: End address at Bank7(=Common2) of L ocal 2

; Program ROM: Start address at BankO of Local1 <
; Program ROM: Start address at Bank1 of Local 1

; Program ROM: Start address at Bank2 of Local 1

; Program ROM: Start address at Bank3(=Common1) of Local 1«
; Locall Bank7 set EOxxxxH

; Jump to Bank7 (EOOOOOH: Physical address) of Local 1
; Program ROM: Start address at Bank4 of Local 1 —————
; Operation at Bank4 of Local1

; Jump to Bank3(=Commonl) of Locall
; Program ROM: Start address at Bank5 of Local1
; Program ROM: Start address at Bank6 of Local 1
; Program ROM: Start address at Bank7 of Local 1«

Program run-away
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At Figure 3.8.4.4, 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 EO0OO00OH common address, firstly, write to
BANK register of LOCALZ2 area upper 3-bit address of jumping point.

After setting BANKZ1, jumping C000000 DFFFFFH address: logical local2 address,
actually jump to physical 200000000 3FFFFFH address. When return to common area, it can
only jump to E000000 FFFFFFH without writing to BANK register of LOCAL?Z2 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 recommends not to use The BANK setting,
BANK address and common address conflict with.

When it jump to one memory from other different memory, it can set same as the last time
setting. It needs to write to BANK register of LOCAL1 area upper 3-bit address of jumping
point. After setting BANK4, jumping 4000000 5FFFFFH address: logical locall address,
actually jump to physical 800000000 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 to write 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 1/0O channels. For both channels either UART Mode (asynchronous
transmission) or /O Interface Mode (synchronous transmission) can be selected.

1/0 Interface Mode

UART Mode

— Mode 0:

Mode 1:
—E Mode 2:
Mode 3:

For transmitting and receiving I/O data using the
synchronizing signal SCLK for extending 1/O.

7-bit data
8-bit data
9-bit data

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

Figure 3.9 2, 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 isexplained below.

Table 3.9.1 Differences between Channels0to 1

Channel 0 Channel 1
Pin Name TXDO (PCO) TXD1 (PC3)
RXDO (PC1) RXD1 (PC4)
CTS0 /SCLKO (PC2) CTS1/SCLK1 (PC5)
IrDA Mode Yes No

This chapter contains the following sections:

391 Block diagram

392 Operation of each circuit
393 SFRs

3.94 Operation in each mode
3.95 Support for IrDA Mode
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* Mode 0 (I/O Interface Mode)

Fo X

<—Transfer direction

o

=<
o

=<
~

» Mode 1 (7-Bit UART Mode)

No parity \start/<bit0X 1 X 2
Parity \start /<bit0X 1

* Mode 2 (8-Bit UART Mode)

o)
aa

o e (o YN
o

G

3

D

6 >Istop
6 Xparity)lstop

7 YStop
7 Xparity)lstop

7

2 3

N

2 3

S

Parity \start /<bit OX 1

* Mode 3 (9-Bit UART Mode)

\o o) )
\em ) DN

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

3

N

8 stop

i

o S S > ST
a1

> o] o< > ST
()]

o
> S > S

X
X

bit 8>/stop (Wake-up)

[e2]

7

Figure 3.9.1 Data formats

91C824-120



TOSHIBA TMP91C824

391 Block diagrams
Figure 3.9.2 isablock diagram representing Serial Channel 0.

prescaler
¢T0 ——>—— 2 [ 4 | 8 [16[32]64]
v v v
@r2  @r8 ¢r32
"""""" Serial clock generation circuit
BROCR TAOTRG
<BROCK1, 0> (from TMRADO)
BROCR BROADD
<BROS3 to 0> <BROK3 to 0>
qT0 > _ 5 . |UART | _
o = [=] o
@2 > g § 3 Mode g SIOCLK
g8 > o o I3 13
@r32o ELT
BROCR
<BROADDE> SCOMODO | SCOMODO
........................ Baud rate <SC1, SC0>|<SM1, SM0»>
generator
fsys > -
o
—ZH— &
& |1o
SCLKO [} > .
interface mode
concurrent T
(with PC2 ) t
SCOCR
<loC>
1/0 Interface Mode
b INT request
SCLKO [} < ' INTRXO
concurrent ’:NTTXO
with PC2 -
Receive SCOMODO |Serial channel Transmision
Counter <WU> —» |interrupt counter
(UART only =+ 16) control (UART only =+ 16)
RXCLK | 4 ) ) TxpCcLk 4 )
SCOMODO Receive Transmission
<RXE> " control /1 ,\ Control
—{ ] CTSso
\ SCOCR concurrent
<PE> <EVEN> SCOMODO with PC2
- <CTSE>
Parity control
RXDO D ’! Receive Bufferl (shift register)
concurrent
with PC1
| RB8 | Receive Buffer2 (SCOBUF) || Error flag | | B8 |Transmission Buffer (SCOBUF)I——>|:|TXD0
T T 1
ScOCR N = O~ cgncurrent
<OERR><PERR><FERR> with PCO
~_~ ')
S Internal bus S

Figure 3.9.2 Block diagram of the Serial Channel 0 (SIO0)
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prescaler
gT0 +—>—— 2[4 [ 8 [16[32]64]
v v ¥
@or2  ¢rg8 ¢r3z
"""""" Serial clock generation circuit
BR1CR TAOTRG
<BR1CK1, BR1CKO0> (from TMRAO)
BR1CR BR1ADD
<BR1S3to <BR1K3 to
Y Y BR1SO> l l BR1KO0>
(10 > _ 5 . |VUART | _
o = o o
(prz N g N § E g Mode\ g SIOCLK
s 1 ; 8| 78
Qr32->] &T
BR1CR
<BR1ADDE> SC1MODO | SC1IMODO
........................ Baud rate <SC1, SC0>|<SM1, SMO>
generator
fsvs > =
o
—ZH—{§
@ |10
SCLK1[} > > interface mode
concurrent T
(with PC5 ) t
SC1CR
<loC>
1/0O Interface Mode INT rel
Y quest
SCLK1 [} < | INTRX1
concurrent | S INTTXL
with PC5 \ I Y &
Receive SC1MODO (Serial Channel Transmision
Counter <WU> —» |Interrupt counter
(UART only + 16) Control (UART only + 16)
RXDCLK [ 4 } ) TxpCcLk 4 v
SCOMOD_O) Receive Transmission
<RXE> JR—
Control /1 > Control cTsi
\ SC1CR concurrent
<PE> <EVEN> SC1MODO with PC5
- <CTSE>
Parity Control
RXD1 D >l Receive Bufferl (shift register) |
concurrent
with PC4 A A A
| RB8 | Receive buffer2 (SCLBUF) || Error flag | | TBS rrransmission Buffer (SC1BUF) I——>|:|TXD1
SI.CiCIIQ N = O~ cgncurrent
<OERR><PERR><FERR> with PC3
~_~ vy
S Internal bus 5

Figure 3.9.3 Block diagram of the Serial Channel 1(SIO1)
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3.9.2 Operation of each circuit

(1) Prescaer

There is a 6-bit prescaler for generating a clock to SIO0. The clock selected using
SY SCR<PRCK1:PRCKO0> is divided by 4 and input to the prescaler as @ TO. 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 Gear Value Prescaler Output Clock Resolution
Clock Clock <GEAR? to
<SYSCK> <PRCK1 to CEARDS @T0 | QT2 | QT8 | ¢T32
PRCKO0>
1(fs) XXX B | o | 6 "S08
000 (fc) f(:/22 f(:/24 fc/26 fC/zs
00 001 (%) " ss 108 " 100
(Fepr) 010 (%) i 106 "8 "m0
0 (fc) 011 (fclg) fC/25 f(:/27 fC/29 fc/211
100 (/1) "6 e | o0 | o2
10 fc fc fc
(fc 116 clock) XXX _ /28 /210 /212
(note): 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<BROCK 1 to BROCKO0> 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, BROS3 to BROSO> and
BROADD<BROK3 to BROKO>.

* InUART Mode
(1) When BROCR<BROADDE> =0

The settings BROADD<BROK3 to BROKO> are ignored. The baud rate generator divides
the selected prescaler clock by N, whichis setin BROCK<BR0S3 to BROSO>. (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<BROS3 to

BROSO> (N =2, 3 -+~ 15) and the value of K setin BROADD<BROK3 to ROKO> (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.
* Inl/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.
¢ InUART Mode

Baud Rate = Input clock of baud rate generator

+16
Frequency divider for baud rate generator

¢ Inl/O Interface Mode

Baud Rate = Input clock of baud rate generator

Frequency divider for baud rate generator
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« Integer divider (N divider)

For example, when the source clock frequency (fc) = 12.288 MHz, the input clock frequency =
¢ T2 (fc/16), thefrequency divider N (BROCR<BRO0S3 to BROS0>) = 5, and BROCR<BROADDE>
=0, the baud rate in UART Modeis asfollows:

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

Baud Rate = fc/16

+16
=12.288 x 10° + 16 + 5+ 16 = 9600 (bps)
Note: TheN + (16 —K) / 16 division function is disabled and setting BROADD<BROK 3 to BROK 0>
isinvalid.
¢ 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<BROS3 to BROS0>) = 7, K (BROADD<BROK3 to BROK0>) = 3,
and BROCR <BROADDE> = 1, the baud rate in UART Mode is as follows:

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

fc/4

Baud Rate= —————— =+
7 + (16 — 3)/16

=4.8x 10°+ 4 + (7+13/16) + 16 = 9600 (bps)

Table 3.9.3, Table 3.9.4 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:

¢ InUART Mode

Baud rate = external clock input frequency + 16

It is necessary to satisfy (external clock input cycle)>=fc/ 4
¢ Inl/O Interface Mode

Baud rate = external clock input frequency

It is necessary to satisfy (externa clock input cycle) >=16/ fc
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Table 3.9.3 Transfer rate selection
(when baud rate generator |s used and BROCR <BROADDE> = 0)
Unit (kbps)
Input Clock
fc [MHZ] T @10 QT2 or8 or32
Frequency Divider
2 76.800 19.200 4.800 1.200
4 38.400 9.600 2.400 0.600
9.830400
8 19.200 4.800 1.200 0.300
0 9.600 2.400 0.600 0.150
5 38.400 9.600 2.400 0.600
12.288000
A 19.200 4.800 1.200 0.300
2 115.200
3 76.800 19.200 4.800 1200
14.745600
6 38.400 9.600 2.400 0.600
C 19.200 4.800 1.200 0.300

(notel): Transfer ratesin I/O Interface Mode are eight times faster than the values given above.

(note2): Thevaluesinthistable 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 frpy.

Table 3.9.4 UART baud rate selection
(When TMRAO with input Clock @T1 is used)

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

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

Clock frequency determined by SYSCR0O<PRCK1, PRCKO0>
TAOREG x 8 x 16

Transfer rate =

T— (when TMRAO (input clock @ T1) is used)

(notel): The TMRAO match detect signal cannot be used as the transfer clock in 1/0 Interface Mode.

(note2): Thevaluesinthistable 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 fepy.

91C824-126



TOSHIBA TMP91C824

(3) Seria clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
* Inl/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<SCLK S> register to generate the basic clock.

* InUART Mode

The SCOMODOQ <SC1, SCO> 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) isused to generate the basic clock SIOCLK.

(4) Receiving counter

The receiving counter isa4-bit binary counter used in UART Mode which counts up the pul ses of
the SIOCLK clock. It takes 16 SIOCLK pulsesto receive 1 bit of data; each databit 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 istaken to be 1. A data bit sampled as 0, 0 and 1 istaken to be 0.

(5) Receiving control
* Inl/O Interface Mode
In SCLK Output Mode with the setting SCOCR<IOC> = 0, the RXDO0 signal is sampled on the
rising edge of the shift clock which is output on the SCLKO pin.

In SCLK Input Mode with the setting SCOCR<IOC> = 1, the RXDO signal is sampled on therising
or falling edge of the SCLKO input, according to the SCOCR<SCLK S> setting.
¢ InUART Mode

Thereceiving 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 hit 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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TXDCLK I—l I—l

(6) The Receiving Buffers

To prevent Overrun errors, the Receiving Buffers are arranged in a double-buffer structure.
Received datais stored one bit at atimein Receiving Buffer 1 (which isashift register). When 7 or
8 hits of data have been stored in Receiving Buffer 1, the stored data is transferred to Receiving
Buffer 2 (SCOBUF); this causes an INTRXO interrupt to be generated. The CPU only reads
Receiving Buffer 2 (SCOBUF). Even before the CPU reads receiving Buffer 2 (SCOBUF), the
received data can be stored in Receiving Buffer 1. However, unless Receiving Buffer 2 (SCOBUF)
isread before all bits of the next data are received by Receiving Buffer 1, an overrun error occurs. If
an Overrun error occurs, the contents of Receiving Buffer 1 will be lost, although the contents of
Receiving Buffer 2 and SCOCR<RB8> will be preserved.

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

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

(7) Transmission counter

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

TS | N | | ) ) ) |

15 16 i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 L 2

Figure 3.9.4 Generation of the transmission clock

(8) Transmission controller

¢ Inl/O Interface Mode

In SCLK Output Mode with the setting SCOCR<IOC> = 0, the datain the Transmission Buffer is
output one bit at atime to the TXDO pin on the rising edge of the shift clock which is output on the
SCLKO pin.

In SCLK Input Mode with the setting SCOCR<IOC> = 1, the data in the Transmission Buffer is
output one bit at atime on the TXDO pin on therising or falling edge of the SCLKO input, according
to the SCOCR<SCLK S> setting.

* InUART Mode

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

Serial Channels 0, 1 each has a CTS pin. Use of this pin allows data can be sent in units of one

frame; thus, Overrun errors can be avoided. The handshake functionsis enabled or disabled by the
SCOMOD <CTSE> setting.
When the CTS0 pin foes High on completion of the current data send, data transmission is halted
until the CT S0 pin foes Low again. However, the INTTXO Interrupt is generated, it requests the next
data send to the CPU. The next dataiswritten 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 RTﬁr@n. The RTS should be output "High" to request send data halt after
datareceive is completed by softwarein the Rxmerrupt routine.

91C824 91C824
TXD > RXD
CTS RTS (any port)
Sender Receiver

Figure 3.9.5 Handshake function

Timing to writing to the | | " «
Transmission Buffer ! )
end is suspendea \ «

N

CTS during this period @
6 1 2 3

PO N PO I
_S( |_| Iqd |_|

) )

O

TXDCLK

(¢
TXD — \ startbit (Bt 0

»

(notel): If the CTS signal goes High during transmission, no more data will be sent after completion of the
current transmission.

(note2): Transmission starts on the first falling edge of the TXDCLK clock after the CTS signal has fallen.

Figure3.9.6 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 INTTXO interrupt.

(10) Parity control circuit

When SCOCR<PE> in the Serial Channel Control Register issetto 1, itispossibleto transmit and

receive data with parity. However, parity can be added only in 7-Bit UART Maode 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<TB8>in 8-Bit UART Mode. SCOCR<PE>
and SCOCR<EVEN> must be set before the transmission data is written to the Transmission Buffer.
Inthe case of receiving, datais 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 al the bits of the next dataitem 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 arecommended flow when the overrun-error is generated.
(INTRX interrupt routine)
1) Read receiving buffer
2) Read error flag
3) If <OERR>=1
then
4) Set to disable receiving (write ‘0’ to SCOMODO<RXE>)
5) Wait to terminate current frame
6) Read receiving buffer
7) Read error flag
8) Set to enable receiving (write ‘1’ to SCOMODO<RXE>)
9) Request to transmitt again
10) Other

2. Parity error <PERR>

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

3. Framing error <FERR>

The stop bit for the received datais sampled three times around the center. If the mgjority of
the samples are 0, a Framing error is generated.
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(12) Timing generation

® In UART Mode

Receiving
Mode 9-Bit 8-Bit + Parity (Note) | 8-Bit, 7-Bit + Parity, 7-Bit
(Note)
Interrupt timing Center of last bit Center of last bit Center of stop bit
(bit 8) (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 last bit

(parity bit) (parity bit)
Overrun error timing Center of last bit Center of last bit Center of stop bit
(bit 8) (parity bit)
Transmitting
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Interrupt timing Just before stop bit is Just before stop bit is Just before stop bit is transmitted
transmitted transmitted

@ I/Ointerface

Transmission SCLK Output Mode Immediately after rise of last SCLK signal.

Interrupt (Seefigure 3.9 19.)

timing SCLK Input Mode Immediately after rise of last SCLK signal Rising Mode, or immediately
after fall in Falling Mode. (Seefigure 3.9 20.)

Receiving SCLK Output Mode Timing used to transfer received to data Receive Buffer 2 (SCOBUF) (i.e.

Interrupt immediately after last SCLK). (Seefigure 3.9 21.)

timing SCLK Input Mode Timing used to transfer received data to Receive Buffer 2 (SCOBUF) (i.e.
immediately after last SCLK). (Seefigure 3.9 22.)
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3.9.3 SFR
7 6 5 4 3 2 1 0
SCOMODO Bit symbol TB8 CTSE RXE Wwu SM1 SMO0 SC1 SCO
(0202H) Read/Write RW
After Reset 0 0 0 0 o | o o | o
Transfer Hand shake | Receive Wake up | Serial Transmission Serial transmission clock
data bit 8 0: CTS function function Mode (UART)
disable 0: Receive  {0: disable 00: I/O interface Mode | 00: TMRAQO trigger
Function 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 fgyg
11: External clcok
(SCLKO input)
]
L——> Serial transmission clock source (UART)

00 | Timer TMRAO match detect signal

01 | Baud rate generator

10 | Internal clock fsys

11 | External clock (SCLKO input)

Note: The clock selection for the /O
interface mode is controlled by the
serial bontrol register (SCOCR).

—> Serial Transmission Mode

00 | I/O Interface Mode

01 7-bit mode

10 | UART mode |8-bit mode

11 9-bit mode

L Wake-up function
9-Bit UART Other Modes
Interrupt generated when
0 . .
data is received
Don't care
1 Interrupt generated only
when RB8 = 1

Y

Receiving Function

0 | Receive disabled
1 | Receive enabled

» Handshake function (CTS pin) Enable
0 | Disabled (always transferable)
1 [ Enabled

> Transmission data bit 8

Figure 3.9.7 Serial Mode Control Register (SI00, SCOMODO)
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7 6 5 4 3 2 1 0
Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCo
Sc(:gz'\ggg)o Read/Write RW
After Reset 0 0 0 0 o 1 o o | o
Transfer Hand shake | Receive Wake up | Serial Transmission Serial transmission clock
data bit 8 0: CTS function function Mode (UART)
disable 0: Receive  |0: disable 00: I/O interface Mode | 00: TMRAO trigger
Function 1:CTS disable 1: enable 01: 7-bit UART Mode | O1: Baud rate
enable 1: Receive 10: 8-bit UART Mode generator
enable 11: 9-bit UART Mode | 10: Internal clock fgyg
11: External clcok
(SCLKO input)

— 1

——> Serial transmission clock source (for UART)
00 | Timer TMRAO match detect signal
01 | Baud rate generator

10 [ Internal clock fgys

11 | External clock (SCLK1 input)
————> Serial Transmission Mode

00 | I/O Interface Mode

[ 01 | 7-bit mode
10 | UART mode {8-bit mode
11 9-bit mode

L— 5 Wake-up function
9-Bit UART Other Modes
Interrupt generated when
data is received

Interrupt generated only
when RB8 =1

Don't care

Y

Receiving function

0 | Receive disabled
1 | Receive enabled

dshake function (CTS pin) enable

A\ 4
I
]
>

0 | Disabled (always transferable)
1 | Enabled

Transmission data bit 8

A

Figure 3.9.8 Serial Mode Control Register (SIO1, SCIMODO0)
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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 0 0 o | o | o 0 0
Received |{Parity Parity 0: SCLKO {0: baud rate
data bit 8 {0: odd addition 1: error [ FJ generator
1: even 0: disable 1: SCLKO
Function 1: enable in input
Overrun Parity Framing | 1: SCLKO pinine
)
|

— |
|—> I/O interface input clock selection

0 | Baud rate generator
1 | SCLKO pin input

——> Edge selection for SCLK pin (1/0 Mode)

0 Transmits and receivers ( rJ

data on rising edge of SCLKO.

1 Transmits and receivers (j_}

data on falling edge SCLKO.

—————>Framing Error flag
—————>Parity Error flag
> Overrun Error flag

cleared to 0

when read

> Parity addition enable

0 | Disabled
1 | Enabled

> Even parity addition/check

0 | Odd parity
1 | Even parity

> Received data 8

(note): Asall 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 (SIO0, SCOCR)

91C824-134



TOSHIBA TMP91C824

7 6 5 4 3 2 1 0
SCICR bit symbol BR8 EVEN PE OERR PERR FERR SCLKS I0C
(0209H) Read/Write R R/W R (cleared to O when) R/W
After Reset 0 0 0 o { o | o 0 0
Received |Parity Parity 0: SCLK1 }0: baud rate
data bit 8 {0: odd addition 1: error { A ] generator
1: even 0: disable 1: SCLK1 pin
Function 1: enable input
Overrun Parity Framing {1: SCLK1 P
)
|

— |
I—) 1/0 interface input clock select

0 | Baud rate generator
1 | SCLK1 pin input

—> Edge selection for SCKL pin (/0 mode)

Transmits and receives [ J
0 f
data on rising edge of SCLK1.
1 | Transmits and receives [ J
data on falling edge of SCLK1.

————>Framing Error flag

. cleared to Zero
————>Parity Error flag N g
when rea

>Overrun Error flag

> Parity addition enable

0 | Disabled
1 | Enabled

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

Y

Received data bit 8

(note): Asall 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 (SIO1, SC1CR)
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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
Always +(16-K)/16 {00: ¢TO
write “0” division 01: T2
) 0: Disable {10: ¢T8 Setting of the Divided frequency
Function . .
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 @T 32
7 6 5 4 3 2 1 0
BROADD | bit Symbol BROK3 BROK2 BROK1 BROKO
(0204H) | ReadMrite R/W
After reset 0 | 0 | 0 | 0
Function Sets frequency divisor “K”
(divided by N + (16-K) / 16)
Sets baud rate generator frequency divisor <
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0000 (N = 16)| 0010 (N = 2) 0001 (N = 1) (UART only)
<BR0S3:0> or to to
BROADD 0001 (N = 1) | 1111 (N = 15) 1111(N = 15)
<BROK3:0> 0000(N = 16)
0000 Disable Disable
0001(K = 1) _ Divided by .
to Disable Divided by N
N + (16-K) /16
1111(K = 15)

(notel): The baud rate generator can be set “1” when 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=1to 15) to BROADD<BROK3 to 0> when + (16
- K)/16 division function is used. However, don't use + (16 - K)/16 division function when
BROCR<BRO0S3 to 0>="0000" or “0001”(N=16 or 1).

(notel): + (16 — K)/16 division function is possible to use in only UART mode.
Set BROCR <BROADDE> to “0” and disable + (16 — K)/16 division function in I/O interface mode.

Figure 3.9.11 Baud rate generator control (SIO0, BROCR, BROADD)
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6 5 4 3 2 1 0
BRICR bit Symbol O BR1ADDE { BR1ICK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/Write R/W
After reset 0 0 o | o o | o | o | o
Always  |+(16-K)/16 j00: ¢TO
write “0”  {division 01: T2
. 0: Disable {10: ¢T8 Divided Frequency setting
Function . .
1: Enable {11:¢T32
+(16 - K) / 16 division enable Input clock selection for baud rate generator
0 | Disabled 00 | Internal clock @TO
1 | Enabled 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 Internal clock @T 32
7 6 5 4 3 2 1 0
BR1ADD| Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(020CH) | Read/write R/IW
After Reset o | o | o | o
. Set frequency divisor K
Function (divided by N + (16 - K)/16)
Baud rate generator frequency divisor setting< |
BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE> =0
BROCR <BR1S3 =
0000(N = 16) 0010(N = 2) 0001(N = 1) (UART only)
to BR1S0> or to to
BRIADD 0001(N=1) | 1111(N=15) 111N = 15)
<BR1K3 to BR1K0> 0000(N = 16)
0000 Disable Disable
0001(K =1) _ Disabled by y
to Disable N + (16 —K) / 16 Divided by N
1111(K = 15)

(notel): The baud rate generator can be set “1” when UART mode and disable + (16 — K)/16 division
function. Don't use in 1/0 interface mode.

(note2): Set BRICR <BR1ADDE> to“1" after setting K (K=1to 15) to BRIADD<BR1K3 to 0> when + (16
- K)/16 division function is used. However, don't use + (16 - K)/16 division function when
BR1CR<BR1S3 to 0>="0000" or “0001”(N=16 or 1).

(notel): + (16 — K)/16 division function is possible to use in only UART mode.
Set BR1ICR <BR1ADDE> to “0” and disable + (16 — K)/16 division function in I/O interface mode.

Figure 3.9.12 Baud rate generator control (SIO1, BR1CR, BR1ADD)
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TOSHIBA
6 5 4 3 2 1 0
TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO |(Transmission)
SCOBUF
(0200H)
6 5 4 3 2 1 0
RB6 | RB5 { RB4 i RB3 | RB2 i RB1 | RBO |[(Reveiving)
(note): Prohibit read modify write for SCOBUF.
Figure 3.9.13 Seria Transmission/Receiving Buffer Registers (SI00, SCOBUF)
7 6 5 4 3 2 0
scomoD1 | Bit symbol 1280 FDPXO0
(0205H) Read/Write RIW RIW
After Reset 0 0
IDLE2 duplex
Function | o: stop 0: half
1: Run 1: full

Figure 3.9.14 Serial Mode Control Register 1 (SIO0, SCOMOD1)
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TOSHIBA
6 5 4 3 2 1 0
TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO | (Transmission)
SC1BUF
(0208H)
6 5 4 3 2 1 0
RB6 | RB5 | RB4 i RB3 | RB2 | RB1 | RBO |[(Receiving)
(note): Prohibit read modify write for SCIBUF.
Figure 3.9.15 Seria Transmission/Receiving Buffer Registers (SI01, SC1BUF)
7 6 5 4 3 2 0
scimMoD1 | bit Symbol 12S0 FDPXO0
(020DH) Read/Write R/W R/W
After Reset 0 0
IDLE2 duplex
Function | o: stop 0: half

1: Run 1: full

Figure 3.9.16 Serial Mode Control Register 1 (SIO1, SCIMOD1)
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394 Operation in each mode

(1) ModeO (1/0 Interface Mode)

This mode alows an increase in the number of I/O pins available for transmitting data to or
receiving data from an external shift register.

This mode includes the SCLK output mode to output synchronous clock SCLK and SCLK input
mode to input external synchronous clock SCLK.

Output extension

Input extension

TMP91C824 Shift register Al — TMP91C824 Shift register Al <
B|— B| €«

TXD > Sl c|— RxD [€ QH C| <

D|— D| «

SCLK > SCK E|— SCLK > CLOCK E| <

F| — F| <

Port > RCK G| Port > S/L G| €<

H| —™ H <«

TC74HC595 or equivalent TC74HC165 or equivalent

Figure 3.9.17 SCLK Output Mode connection example

Output extension Input extension

TMP91C824 Shift register Al — TMP91C824 Shift register Al <
B|— B| €«

TXD > SI c|— RxD [€ QH C| <

D|— D| «

SCLK [€ > SCK E| —> SCLK [€ > CLOCK E| <

F| — F| <

Port > RCK G| —> Port > S/L G| <

H| —™ H <«

TC74HC595 or equivalent TC74HC165 or equivalent

External clock External clock

Figure 3.9.18 SCLK Input Mode Connection example
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® Transmission

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

Timing to write H\ «

transmisison data \ )
SCLKO output ~~— 1) ) L ;\ 1)
(4
TXDO bit 0 bit 1 \ bit 6 bit7 X
77

ITXOC (INTTXO «
interrupt request) )

Figure 3.9.19 Transmitting Operation in I/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 al datais output, INTESO <ITX0C> will be set to generate INTTXO interrupt.

SCLKO input

(<SCLKS>=0: Rising edge mode) A 1 » 1 A

SCLKO input —

(<SCLKS>=1: Falling edge mode) v v 5 ,I, v
«

TXDO bit 0 bit 1 o bit5 bit 6 bit 7
)

ITXOC (INTTXO

intterrupt regest) )

Figure 3.9.20 Transmitting Operation in 1/0 Interface Mode (SCLKO Input Mode)

@ Receiving
In SCLK output mode, the synchronous clock is outputted from SCLKO pin and the datais shifted
to Receiving Buffer 1. This starts when the Receive Interrupt flag INTESO<IRXO0C> is cleared by
reading the received data. When 8-bit data are received, the data will be transferred to Receiving
Buffer 2 (SCOBUF according to the timing shown below) and INTESO<IRXO0C> will be set to
generate INTRXO interrupt.
The outputting for the first SCLKO starts by setting SCOMODO<RXE>to 1.

IRXOC(INTRXO «
intterrupt request) \ ,”
S %
SCLKO output T T v/ T
(4
RXDO bit 0 bit 1 \ bit 6 bit7 X
/7

Figure 3.9.21 Receiving operation in I/O Interface Mode (SCLK 0 Output Mode)
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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> iscleared by reading the received data.
When 8-bit data is received, the data will be shifted to Receiving Buffer 2 (SCOBUF according to
the timing shown below) and INTESO <IRX0C> will be set again to be generate INTRXO interrupt.

SCLKO input

(<SCLKS> = 0: Rising Edge Mode) A A L i) 0

SCLKO input

(<SCLKS> = 1: Falling Edge Mdoe) ¥ ¥ 3 1 v
(¢

RXD1 bit 0 bit 1 ., bit5 bit 6 bit 7
)

IRXOC (INTRXO

interrupt request)

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.

® 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

Systemclock  : High frequency (fc)

Clock gear 1 (fo)
Prescaler clock : fepy
Main routine
7 6 5 4 3 2 1 0 Set the INTTXO level to 1.
INTESO 0 0 0 1 0O O 0 O Set the INTRXO level to 0.
PCCR - - - - -1 0 1 Set PCO, PC1 and PC2 to function asthe TXDO, RXDO and
SCLKO pins respectively.
PCFC - - - - -1 -1
scoMoOb 0 0 0 0O O O O O Select 1/O Interface Mode.
0
scoMob 1 1 0 0O 0 O O O Select Full Duplex Mode.
1
SCOCR 0 0 0 0O OO 0O Sclk_out, transmit on negative edge, receive on positive
edge
BROCR 0 01 1 0 0 1 1 Baud rate = 9600 bps
SCoMOD 0 0 1 0 O Enable receiving
0
SCOBUF * * * x * % % & Set the transmit data and start.

INTTXO interrupt routine

Acc SCOBUF Read the receiving buffer.
SCOBUF * * x *x % *x x % Set the next transmit data.
(note): X = Don't care; “—" = No change
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(2) Mode1 (7-bit UART Mode)
7-Bit UART Mode is selected by setting Serial Channel M ode Register SCOMOD0<SM1, SM0>
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> hit; whether even parity or odd parity will be used is
determined by the SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (enabled).

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

V8.0 .0 .00 0

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

* Clock state

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

Prescaler clock: System clock

76543210

PCCR - - - -=-=-=-- 1 } _ _
Set PCO to function as the TXDO pin.
PCFC - - =-=-=- === 1
SCOMOD - X 0 -X 0101 Select 7-Bit UART Mode.
SCOCR «X11XXXO00 Add even parity.
BROCR ~00100101 Set the transfer rate to 2400 bps.
INTESO -~ 1100 - - - - Enable the INTTXO interrupt and set it to Interrupt Level 4.
SCOBUF ~ * * * * * *x x * Set data for transmission.
(note): X = Don't care; “~" = No change

(3) Mode 2 (8-Bit UART Mode)

8-Bit UART Modeis selected by setting SCOMOD0<SM 1, SM0> to 10. In this mode, a parity bit
can be added (use of aparity bit isenabled or disabled by the setting of SCOCR<PE>); whether even
parity or odd parity will be used isdetermined by the SCOCR<EV EN> setting when SCOCR<PE> is
set to 1 (enabled).

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

AY 000000005

«——— 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 - - === - = 0 - Set PC1 to function as the RXDO pin.
sCOMOD -~ - 01X 1001 Enable receiving in 8-Bit UART Mode.
SCOCR «X01XXXO00 Add even parity.

BROCR ~00010101 Set the transfer rate to 9600 bps.
INTESO - ----1100 Enable the INTTXO interrupt and set it to Interrupt Level 4.
Interrupt processing

Acc ~ SCOCR AND 00011100 }

. Check for errors.

if Acc # 0then ERROR

Acc ~ SCOBUF Read the received data

(note): X = Don't care; “—" = No change

(4) Mode 3 (9-Bit UART Mode)
9-Bit UART Mode is selected by setting SCOMODO0<SM1, SMO0> to 11. In this mode parity bit
cannot be added.
In the case of transmission the MSB (Sth bit) is written to SCOMODO<TB8>. 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.
Wake-up function

In 9-Bit UART Mode, the wake-up function for slave controllers is enabled by setting
SCOMODO<WU> to 1. The interrupt INTRXO 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 dave controller must be in Open-Drain Output Mode.

Figure 3.9.23 Serial Link using Wake-up function
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Select 9-Bit UART Mode on the master and slave controllers.
Set the SCOMOD0O<WU> bit on each slave controller to 1 to enable data receiving.

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

000000000

J
Select code of slave controller “1”

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 O.

The master controller transmits data to the specified slave controller whose SCOMOD<WU> bit is
cleared to 0. The MSB (bit 8) <TB8> is cleared to 0.

0000006

Data “0

The other slave controllers (whose <WU> bits remain at 1) ignore the received data because their
MSBs (bit 8 or <RB8>) are set to 0, disabling INTRXO interrupts.

The dave 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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Setting example: To link two slave controllers serially with the master controller using the
internal clock fgy s asthe transfer clock.

o]

TXD RXD TXD RXD TXD RXD
Master 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
PICR - - - - - -
POFC - - - - -

INTESO ~11001

SCOMODO0 —~ 1 010 1
SCOBUF ~000O00O0

INTTXO interrupt

SCOMODO « 0 - - - -
SCOBUF ~ « * * * * =

Setting the slave controller

Main
PICR - - = - - -
POFC - - = - - -

PCODE - X XXX -
INTESO ~11011
SCOMODO ~ 00 111

INTRXO interrupt

Acc —~ SCOBUF
if Acc = select code

-01 Set PCO and PC1 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.

11 Set fgy s as the transmission clock for 9-Bit UART Mode.

001 Set the select code for slave controller 1.

- - - Set TB810 0.

* k% Set data for transmission.

-01 )

_x 1 Set PC1 to RXD and PCO to TXDO(open-drain output).

X X1

110 Enable INTRX0 and INTTXO.

110 Set <WU>to 1in 9-Bit UART Transmission Mode using fsys asthe

transfer clock.

Then SCOMODO « ---0--- - Clear <WU>t0 0.
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395 Support for IrDA

SIO0 includes support for the IrDA 1.0 infrared data communi cation specification.
Figure 3.9.24 shows the block diagram.

Transm|S|SOn data ....... I R ......... dlt ........... TXDO IR t tt & LED
> SN > it " [1R output
SIO0 Modem
Receive data T . :
< : IR demodulator : RXDO IR receiver T
I ; IR input

TMP91C824

Figure 3.9.24 IrDA block diagram

(1) Modulation of the transmission data

When the transfer datais 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 SSIRCR<PL SEL >. When the transfer datais 1,
the modem outputs 0.

Transmission data] start 0 1 0 0 1 1 0 0 Stop

X0 pin [ [ [L_]]

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 >,

RXDO pin

Receive data Start 1 0 0 1 0 1 1 0 Stop

Figure 3.9.26 Demodulation example of receive data
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(3) Dataformat
The dataformat is fixed as follows:
« Datalength: 8-bit
e Parity bits: none
e Stop bits: 1
Any other setting don’t guarantee the normal operation.

(4 SFR
Figure 3.9.27 shows the control register SIRCR. Set the data SIRCR during SIOO is inhibited
(Both TXEN and RXEN of thisregister 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), O7H ; 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  » SIO0 starts transmitting.
* IR receliver starts receiving.

(5) 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(fsvs and SCLKO-input) are not allowed.

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

specified
Table 3.9.5 Baud rate and pulse width specifications
. Rate Tolerance Pulse Width | PulseWidth | Pulsewidth
Baud Rate Modulation 0 - . i
(% of rate) (minimum) (typical) (maximum)
2.4 kbps RZI +0.87 141 us 78.13 us 88.55 us
9.6 kbps RZI +0.87 1.41 ys 19.53 us 22.13 us
19.2 kbps RZI +0.87 1.41 pys 9.77 ys 11.07 ys
38.4 kbps RZI| +0.87 141 us 4.88 s 5.96 ys
57.6 kbps RZI +0.87 1.41 us 3.26 us 434 ps
115.2 kbps RZI +0.87 1.41 us 1.63 us 2.23 s

The infra-red pulse width is specified either baud rate T x 3/16 or 1.6y sec (1.6 secisequal 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 is equal or less than 38.4 kbps only. When
57.6 kbps and 115.2 kbps, the output pulse width should not be setto T x 1/16.
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As the same reason, + (16-k)/16 division function in the baud rate generator of SIO0 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
3.9.6 shows Baud rate and pulse width for (16 — k) / 16 division function.

Table 3.9.7 Baud rate and pulse width for (16 — k) / 16 division function

) Baud Rate
Pulse Width
115.2kbps | 57.6kbps | 38.4kbps | 19.2kbps 9.6 kbps 2.4 kbps
T x 3/16 X ) ©) ©) ©) ©)
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 LBit symbol PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 SIRWD1 | SIRWDO
(0207H) | Read/Write R/W
After reset 0 0 0 0 o | o | o | o
Select Receive Transmit Receive Select receive pulse width
transmit data 0: disable  }0: disable Set effective pulse width for equal or more than 2x x x
Function pulse width }0: “H” pulse | 1: enable 1: enable (value + 1)
0: 3/16 1: “L” pulse Can be set :1to 4
1: 1/16 Can not be set: 0, 15

|‘> Select receive pulse width
Formula: Effective pulse width > 2x x x (value + 1)

x = 1/fFPH
0000 | Cannot be set
0001 |Equal or more than 4x+100nS
to
1110 | Equal or more than 30x+100nS
1111 | Can not be set
—> Receive operation
0 Disabled
1 Enabled

A

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 1°C bus mode.
The serial businterface is connected to an external device through P71 (SDA) and P72 (SCL) in the I°C bus
mode; and through P70 (SCK), P71 (SO), P72 (Sl) in the clocked-synchronous 8-bit SIO mode.
Each pinis specified asfollows.

P7ODE <ODE72, ODE71> P7CR <P72C, P71C, P70C> P7FC <P72F, P71F, P70F>
1°C Bus Mode 11 11X 11X
Clocked Synchronous 011
. XX X11
8-Bit SIO Mode 010
X: Don't care
3.10.1 Configuration
——> INTSBI Interrupt request
> SCL
i [ > SCK
SI0 | —{Jp7o
Clock (SCK)
Control
Nl Input/
T Output
@I —>| Divider ¢ Control
—I |P7l
SIO > SO
Transfer (SO/SDA)
A Control 1 Data Control |« Sl
I°C bus N —
< Clock Svsn Circuit
— e o _—
oise + KAA D
| canceller ] control 2 i
anceller \on\ro Shift 1°C bus (Sl/sCL)
Nosi
Register Data Control |¢—| osie SDA
Canceller
N\ I 1\
_‘
—* |
V4 I
SBIOCR2/
12COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI Control Register 2/ I2C bus SBI Data SBI Control SBI baud rate
Register 1 Ragister 0, 1

SBI Status Register

Address Register Buffer Register

Figure 3.10.1 Seria Bus Interface (SBI)
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3.10.2 Seria BusInterface (SBI) Control

The following registers are used to control the serial bus interface and monitor the operation status.
e Serid businterface control register 1 (SBIOCRL)
e Serid businterface control register 2 (SBIOCR2)
e Serid businterface data buffer register (SBIODBR)
«  1°Cbusaddressregister (I2COAR)
»  Serid businterface statusregister (SBIOSR)
e Seria businterface baud rate register 0 (SBIOBRO)
*  Seid businterface baud rate register 1 (SBIOBR1)
The above registers differ depending on a mode to be used.

Refer to Section “3.10.4 12C bus Mode Control” and “3.10.7 Clocked-synchronous 8-bit SIO Mode
Control”.

3.10.3 The DataFormatsin the IZC Bus Mode

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

(a) Addressing format

j€«—— 8bhits —>{1«— 1to8bits —>{1j«— 1to8hits —>1
F'TTTTT]Rr A A A
S Slave address I'c Data C Data C(P
wiK K K
<€ 1 <€ 1 or more —— >
(b) Addressing format (with restart)
j€«—— 8bhits —>{1lj«— 1to8bits —>»{1| |«— 8bits —> 1€«— 1to8bits —>» 1
T T T TT r[A A F'TTTTT]Rr A A
S Slave address /{C Data C|S Slave address I'\c Data C|P
LS K WALS K
<€ 1 <€ 1 or more <€ 1 <€ 1 or more —>|

(c) Free data format (data transferred from master device to slave device)

j€«—— 8bits —>{1«— 1to8bits —>{1«— 1t0o8bits —>1
T T T 171 A A A
S Data C Data C Data C|P
K K K
<€ 1 <€ 1 or more —— >
Note: S: Start condition

R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.10.2 Dataformat in the I2C Bus Mode

91C824-152



TOSHIBA TMP91C824

3104 1°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 1°C bus mode.

Seirial Bus Interface Conrol Register 1

7 6 5 4 3 2 1 0
R SCKO/
sgiocri| Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 | SWRMON
(0240H) | Read/Write w RW w RIW
After Reset 0 | 0 | 0 0 0 | 0 0
Number of transferred bits Acknowledge Internal serial clock selection and
(Note 1) modgf_ ) software reset monitor
- . specification (Note 2)
Prohibit Function .
Read- 0: Not
modify-write generate
1. Generate

l

Internal serial clock selection <SCK2 : SCK 0> @ write
000 | n=5 | 400 kHz

001 | n=6 |222 kHz System clock: fc

010 | n=7 | 118 kHz Clock gear: fc/l

011 | n=8| 60.6 kHz fc =16 MHz

100 | n=9 | 30.8 kHz (internal SCL output)
101 |n=10| 155 kHz fscl =—nC— [Hz]
110 |n=11| 7.78 kHz 2 +8

111 (reserved)

Software reset state monitor <SWRMON> @ read
0 During software reset
1 Not during soft ware reset

—> Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal

1 Generate clock pulse for acknowledge signal

Number of bits transferred

Y

<ACK>=0 <ACK>=1
<BC2to | Number of Number of
BCO> clock pulses Bits clock Bits
pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Note 1: Set the <BC2 to 0> to “000” before switching to a clock-synchronous 8-bit SIO mode.
Note 2: For the frequency of the SCL line clock, see 3.10.5 (3) Serial clock.

Figure 3.10.3 Registersfor the I2C Bus Mode

91C824-153



TOSHIBA TMP91C824

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 0 | 0 0 | 0
o Master/Slave | Transmitter/ Start/Stop Cancel Serial bus interface operating | Software reset generate write
Prohibit selection Receiver generation INTSBI mode selection (note 2) “10” and “01”, then an internal
Ewi?j'ijf_y-write . selection interrupt 00: Port Mode reset signal is generated.
Function request 01: SZIO Mode
10: I"C Bus Mode
11: (reserved)

IjSerial bus interface operating mode selection (Note 2)

00 | Port Mode (Serial Bus Interface output disabled)
01 | Clocked Synchronous 8-Bit SIO Mode
10 IZC Bus Mode

11 | (reserved)

——> INTSBI interrupt request
0 O
1 [ Cancel interrupt request

—————> Start/Stop 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

Notel: Reading this register function as SBIOSR register.

Note2: Switch a mode to port mode after confirming that the bus is free.
Switch a mode between 1°C bus mode and clock-synchronous 8-bit SIO mode after
confirming that input signals via port are high-level.

Figure 3.10.4 Registersfor the 1°C BusMode
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR  Lbit Symbol MST TRX BB PIN AL AAS ADO LRB
(0243H) | Read/Write R
After reset 0 0 0 1 0 0 0 0
. Master/ Transmitter/ {I°C bus INTSBI2  {Arbitration {Slave GENERAL |{Last
;go;d”_)'t Slave Receiver  |status interrupt  {lost address  {CALL received bit
modify-write| status status monitor request detection  jmatch detection  jmonitor
Function |monitor monitor monitor monitor detection  jmonitor 0:0
0: 0 monitor 0: 0 11
1: Detected {0: O 1: Detected
1: Detected

Notel: Writing in this register functions as SBIOCR2.

— ]

|—> Last received bit monitor

0

Last received bit was 0

1

Last received bit was 1

L5 GENERAL CALL detection monitor

0

O

1

GENERAL CALL detected

L5 Slave address match detection monitor

0

O

1

Slave address match or GENERAL
CALL detected

L Arbitration lost detection monitor

0

d

1

Arbitration lost

L INTSBI interrupt request monitor

0 | Interrupt requested

1 [ Interrupt canceled
> I2C bus status monitor

0 | Free

1 | Busy

> Transmitter / Receiver status monitor

0

Receiver

1

Transmitter

> Master / Slave status monitor

slave

Master

Figure 3.10.5 Registers for the I2C Bus Mode
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Serial Bus Interface Baud Rate Regster 0
7 6 5 4 3 2 1 0
sBIoBRO LLbit Symbol 12SBI0
(0244H) | Read/Write R/W
After Reset 0
Always ‘0 {IDLE2
Function write 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
sBloBR1 LBit symbol P4EN
(0245H) | Read/Write RW
After Reset 0
Internal
Function clock
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 DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) | Read/Write R (received)/W (transfer)
Prohibit After Reset Undefined
Read-
modify-write  Note: When writing transmitted data, start from the MSB (bit 7).
I2C Bus Address Register
7 6 5 4 3 2 | 1 0
12COAR | bit Symbol SA6 SA5 SA4 SA3 SA2 SAl SA0 ALS
(0242H) | Read/Write
Prohibit | After Reset o | o | o | o I o | o | o 0
Rei‘j‘." i Slave address selection for when device is operating as slave device Address
modify-write] ‘ recognition
Function mode

specification

!

Address recognition mode specification

0 [Slave address recognition

1 [Non slave address recognition

Figure 3.10.6 Registersfor the I2C Bus Mode
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3.10.5 Control in 1°C Bus Mode

(1) Acknowledge Mode Specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The TMPO1C824F generates
an additional clock pulse for an Acknowledge signal when operating in Master Mode, it counts a
clock pulse for an acknowledge signal when operating in the slave mode._In the transmitter mode
during the clock pulse cycle, the SDA pin is released in order to receive the acknowledge signal
fromthereceiver. Inthereceiver mode during the clock pulse cycle, the SDA pinissettotheLowin
order to generate the acknowledge signal.

Clear the <ACK> to O for operation in the Non-Acknowledge Mode, The TMP91C824F does not
generate a clock pulse for the Acknowledge signal when operating in the Master Mode, and it does
not count a clock pulse as an Acknowledge signal when operating in Slave Mode.

(2) Number of transfer bits

The SBIOCR1<BC2 to BCO> is used to select a number of bits for next transmitting and receiving
data.

Since the <BC2 to BCO> 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 to 0> retains a specified value.

(3) Serial clock

O

Clock source

The SBIOCR1 <SCK2 to SCKO0> is used to select a maximum transfer frequency outputted on the
SCL pinin Master Mode.

P tHIGH :)( fLow —>€ 1/fscl >

SBIOCR1 <SCK2[BCKO0> n

000 5

tLow = 2"/fsp 001 6
n 010 7

tHigH = 2 ffgp + 8/fsp 011 8
fscl = U(tLow + thigh) 100 9
_ fspi 101 10
"+8 110 1

Figure 3.10.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

(4)

(5)

Clock synchronization

In the 12C bus mode, in order to wired-AND abus, amaster device which pulls down aclock 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 ahigh-level clock pulse needs to detect the situation
and implement the following procedure.
The TMP91C824F 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 simultaneoudly exist
onabus.

Wait counting high-level
width of a clock pulse
e »iStart couting high-level width of a clock pulse

[} ]
IReset a acounter of:
:high-level width of al

iclock pulse
Q)i
1

Figure 3.10.8 Clock Synchronization
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AsMaster A pullsdown theinternal 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 setsthe internal
SCL output to the High-level. Since Master B holdsthe SCL line of the bus at the Low-level, Master
A wait for counting high-level width of an own clock pulse. After Master B finishes counting
low-level width of an own clock pulse at point “c” and Master A detects the SCL line of the bus at
the High-level, and starts counting High-level of an own clock pulse. The clock pulse on the busis
determined by the master device with the shortest High-level width and the master device with the
longest Low-level width from among those master devices connected to the bus.

Slave address and address recognition mode specification

When the TMP91C824F is used as a dave device, set the dave address <SA6 to SA0> and <ALS>
to the I2COAR. Clear the <ALS> to “0” for the address recognition mode.

Master/Slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP91C824F as a master device. Clear the

SBIOCR2<MST> to “0" for operation as a slave device. The <MST> is cleared to “0” by the
hardware after a stop condition on the bus is detected or arbitration is lost.
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(6) Transmitter/Receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP91C824F as a transmitter. Clear the <TRX>
to“0” for operation asareceiver. When data with an addressing format istransferred in Slave Mode,
when a slave address with the same value that an I2COAR or a GENERAL CALL isreceived (all

8-bit dataare“0” after astart condition), the <TRX>issetto“1” by the hardware if the direction bit
(R /W) sent from the master deviceis“1”, and iscleared to “0” by the hardware if the bitis“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 atransmitted direction bitis“1”, and isset to “1” by the hardware
if itis“0". When an Acknowledge signal is not returned, the current condition is maintai ned.

The <TRX> is cleared to “0” by the hardware after a stop condition on the I°C bus is detected or

arbitration islost.

(7) Start/Stop condition generation

When the SBIOSR<BB> is “0”, 8-bit data which are set to SBIODBR are output on a bus after
generating a start condition by writing “1” to the SBIOCR2 <M ST, TRX,BB,PIN>. It is necessary to
set transmitted data to the data buffer register (SBIODBR) and set “1” to <ACK> beforehand.

SDAline

/ A6 X A5 X A4 X A3 X A2 X AL X A0 X RrRw /
. | |Acknow|edge
Start condition Slave address and the direction bit > 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 <M ST, TRX,BB,PIN> until
astop 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 0 if a stop
condition has been detected.

And about generation of stop condition in master mode, there are some limitation point. Please
refer to “ 3.10.6(4) Stop condition generation “.
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(8)

(9)

Interrupt service requests and interrupt cancellation

When a seria bus interface interrupt request (INTS2) occurs, the SBIOCR2 <PIN> is cleared to
“0". During the time that the SBIOCR2<PIN> is“0", the SCL lineis pulled down to the Low level.
The <PIN> is cleared to “0" when a 1-word of data is transmitted or received. Either writing /
reading datato / from SBIODBR setsthe <PIN>to “1”.

The time from the <PIN> being set to “1” until the SCL line is released takes t ow.

In the address recognition mode (<ALS> = 0), <PIN> is cleared to “0” when the received save
addressisthe same asthe value set at the |I2COAR or when a GENERAL CALL isreceived (all 8-bit
dataare“0” after astart condition). Although SBIOCR2<PIN> can be set to “1” by the program, the
<PIN> isnot clear it to “0” when it iswritten “0”.

Seria bus interface operation mode selection

SBIOCR2<SBIM1 to SBIMO> is used to specify the serial bus interface operation mode. Set
SBIOCR2<SBIM1 to SBIMO> to “10” when the device is to be used in I°C Bus Mode.
Switch a mode to port after confirming abusis free.

(10) Arbitration lost detection monitor

Since more than one master device can exist smultaneously on the busin I°C Bus Mode, a bus

arbitration procedure has been implemented in order to guarantee the integrity of transferred data.
Data on the SDA lineis used for 1°C bus arbitration.
The following shows an example of a bus arbitration procedure when two master devices exist
simultaneoudly 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 busiswire-AND and the SDA lineis
pulled down to the Low-level by Master A. When the SCL line of the busis 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
Internal SDA output
(Master A)

Internal SDA output
(Master A)

SDA line

(
E
|

|
|
:A\Internal SDA output becomes 1 after arbitration has been lost.

i
|
b

[ R T

Figure 3.10.11 Arbitration Lost
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The TMP91C824F 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> issetto“1".

When SBIOSR<AL> is set to “1”, SBIOSR<MST, TRX> are cleared to “00" and the mode is
switched to Slave Receiver Mode.

SBIOSR<AL> is cleared to “0” when data is written to or read from SBIODBR or when datais
written to SBIOCR2.

Internal
Master <SCL output

<TRX>

A
Internal \ D7A XD6A\  /D4AXD3A X D2A X D1A XDOA / \D7A XD6A’ X D5A’X D4A’
SDA output
|—> Stop the clock pulse
Internal
1 2 3 4
Master SCL output
B Internal
SDA output \ D7B XDGB/ Y> Keep Internal SDA output to high-level as losing arbitration
<AL> I/ I
<MST> \

\

/

Accessed to |_|
SBIODBR or SBIOCR2

Figure 3.10.12 Example of when TMP91CW12 isa 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 (i.e. when
I2COAR<ALS>="0"), when aGENERAL CALL isreceived, or when asave address matches the
vaue set in I2COAR. When I2COAR<ALS> =“1", SBIOSR<AAS> isset to “1” after the first word
of data has been received. SBIOSR<AAS> is cleared to “0” when dataiswritten 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 datais“ 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 INTS2 interrupt request is generated, an acknowledge
signal isread by reading the contents of the SBIOSR<LRB>.
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(14) Software Reset function

The software Reset function is used to initialize the SBI circuit, when SBI is rocked by external
Noi ses, etc.
Aninternal Reset signal pulse can be generated by setting SBIOCR2<SWRST1,SWRST0> to “ 10"
and “01". Thisinitializes the SBI circuit internally. All command registers and status registers are
initialized as well.
SBIOCR2<SWRST1, SWRSTO0> isautomatically cleared to “00” after the SBI circuit has been
initialized.
(15) Seria 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 thisregister.
(16) I°CBUS Address Register (I2C0AR)
I2COAR<SAG6 to SAO> is used to set the slave address when the TMP91C824F functions as a
slave device.
The slave address output from the master deviceisrecognized by setting the 2COAR<ALS>t0“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<I2SBI0> is the register setting operation/stop during IDLE2-mode. Therefor, setting
<I2SBI0> is necessary before the HALT instruction is executed.
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3.10.6 DataTransfer in I°C Bus Mode

)

2

Deviceinitialization

Set the SBIOBR1<P4EN>, SBIOCR1<ACK,SCK2 to SCK0>, Set SBIOBR1 to “1” and clear bits
7to5and 3inthe SBIOCR1 to “0".
Set adave address <SA6 to SA0> 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 <M ST, TRX, BB> and
set “1” to the <PIN>, “10” to the <SBIM1 to SBIM 0>.

Start condition and slave address generation
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<M ST, 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 dave device.
AnINTS2 interrupt request occurs at the falling edge of the 9th clock. The <PIN>isclearedto“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.

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 I2COAR is received, the
SDA lineis pulled down to the Low-level at the 9th clock, and the acknowledge signal is output.
AnINTS2 interrupt request occurs on the falling edge of the 9th clock. The <PIN>iscleared to “0".
In Slave Mode the SCL lineis pulled down to the Low-level while the <PIN> =“0".
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SCL line | 1 2 3 4 5 6 7 8 9
1

SDA line P\ / A6 X A5 X A4 X A3 X A2 X AL X A0 X RW (L Ack |/
- -";— \ J -\_Acknowledge

) Y .
Start condtion Slave address + derection bit signal from a
slave device

<PIN>

L
INTS2 (l_l_

interrupt request

output of Master
————— output of Slave
Figure 3.10.13 Start Condition Generation and Slave Address Transfer
(3) 1-word Data Transfer

Check the <MST> by the INTS2 interrupt process after the 1-word data transfer is completed,
and determine whether the mode is a master or dave.

O If <MST>="1" (Master Mode)
Check the <TRX> and determine whether the mode is atransmitter or receiver.
When the <TRX> =*“1" (Transmitter mode)

Check the <LRB>. When <LRB> is“1", areceiver does not request data. |mplement the process
to generate a stop condition (Refer to 3.10.6 (4)) and terminate data transfer.
When the<LRB>is"0", thereceiver is requests new data. When the next transmitted datais 8 bits,
write the transmitted data to SBIODBR. When the next transmitted data is other than 8 bits, set the
<BC2 to BCO> <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 dataistransmitted. After the dataistransmitted, an INTS2 interrupt request
occurs. The <PIN> becomes “0” and the SCL lineis pulled down to the Low-level. If the datato be
transferred is more than one 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 DL X D0 A ACK ,
- _YAcknowledge signal
from a receive
<PIN>___| (
INTS2 [

interrupt request

Output from Master
————— Output from Slave

Figure 3.10.14 Example in which <BC2 to BC0> =“000" and <ACK> ="“1" in Transmitter Mode

91C824-164



TOSHIBA TMP91C824

When the <TRX> is“0” (Receiver mode)

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 <BC2 to BCO> <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”. The TMP91C824F outputs a serial clock
pulseto the SCL to transfer new 1-word of dataand setsthe SDA pinto “0”, When the acknowledge
signal is set to Low-level at the final hit.

An INTS2 interrupt request then occurs and the <PIN> becomes “0”, Then the TMP91C824F pulls
down the SCL pin to the Low-level. The TMP91C824F outputs a clock pulse for 1-word of data
transfer and the acknowledge signal each time that received datais read from the SBIODBR.

Read SBIODBR

SCL line

SDA line A A A A A
Acknowledge signal

<PIN> I | to a transmitter

INTS2 |_|
interrupt request

Output from Master
_____ Output from Slave

Figure 3.10.15 Example of when <BC2 to 0> = “000", <ACK> ="1" in Receiver Mode

In order to terminate the transmission of datato atransmitter, clear <ACK>to “0” before reading
datawhichis1-word beforethelast datato be received. The last dataword does not generate a clock
pulse as the Acknowledge signal. After the data has been transmitted and an interrupt request has
been generated, set <BC2 to BCO>to “001” and read the data. The TMP91C824F generates a clock
pulsefor al-bit datatransfer. Since the master deviceisareceiver, the SDA line on the busremains
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 TMP91C824F
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

. Vel Wi e W e i Wl R Wl Rl kil
SDAline ______ D7 a_D6 a_D5 A D4 A D3 A D2 A DI a_ DO . ’\_ Acknowledge signal

sent to a transmitter

- (i«

T—“O" - <ACK> T—“OOl” - <BC2to 0>
Read SBIODBR Read SBIODBR

interrupt request

———output of Master
----- output of Slave

Figure 3.10.16 Termination of data Transfer in Master Receiver Mode
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@ If <MST> =0 (Slave Mode)

In the slave mode, an INTS2 interrupt request occurs when the TMP91C824F receives a dave
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
TMP91C824F operates in a dave mode if it losing arbitration. An INTS2 interrupt request occurs
when a word data transfer terminates after losing arbitration. When an INTS2 interrupt request
occursthe <PIN> is cleared to “0" and the SCL pinis 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
tLow time.

In the slave mode the TMP91C824F operates either in norma slave mode or in slave mode after
losing arbitration.
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 TMP91C824F loses arbitration when | Set the number of bits a word in <BC2 to
transmitting a slave address and receives a| BCO> and write the transmitted data to
slave address for which the value of the| SBIODBR
direction bit sent from another master is“1”.

0 1 0 In Salve Receiver Mode the TMP91C824F
receives a slave address for which the value
of the direction bit sent from the master is
“17.
0 0 In Salve Transmitter Mode a single word of | Check the<LRB> setting. If <LRB> isset to
is transmitted. “1”, set <PIN>to “1” since the receiver win
Set <BC2 to BCO> to the number of bitsina| no request the data which follows. Then,
word. cleat <TRX> to “0” to release the bus. If
<LRB> is cleared to “0" of and write the
transmitted data to SBIODBR since the
recelver requests next data.

0 1 1 1/0 The TMPO1C824F loses arbitration when | Read the SBIODBR for setting the <PIN> to
transmitting a slave address and receives a| “1” (reading dummy data) or set the <PIN>
dave address or GENERAL CALL for|to“1".
which the value of the direction bit sent from
another master is“0".

0 0 The TMPO1C824F loses arbitration when
transmitting a dlave address or data and
terminates word data transfer.

0 1 1/0 In Slave Receiver Mode the TMP91C824F

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 TMP91C824F | Set <BC2 to BCO> to the number of bitsina
terminates receiving word data. word and read the received data from

SBIODBR.
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(@] 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<M ST, 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 TMP91CW12 generates a stop condition
when the other device has released the SCL line.

When SBIOCR2<M ST, TRX,PIN> are written “1” and <BB> iswritten “0”, <BB> changes
to “0” by internal SCL changesto “1”, without waiting stop condition.

To check whether SCL and SDA-pin are “1” by sensing their portsis needed to detect
bus free condition.
<MST>

<TRX>
<BB> /78top condition

HaH
IR

<PIN>

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (read)

Figure 3.10.17 Stop condition generation ( Single-master)

<MST>
:ggf g | Stop condition

<PIN>

Internal SCL / j
A The case of pulled low ===

SCL pin by another device /

Ll

SDA pin

<PIN> j j
<BB> (read) I

Figure 3.10.18 condition generation ( Multi-master)
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(5) Restart

Restart is used to change the direction of datatransfer between a master device and adlave device

during transferring data. The following explains how to restart when the TMP91C824F is in the
master mode.
Clear “0" to the SBIOCR2<M ST, TRX,BB>, and set “1” to the <PIN> and rel ease the bus. The SDA
line remains the High-level and the SCL pinisreleased. Since a stop condition is not generated on a
bus, a busis assumed to be in a busy state from other devices. Check the SBIOSR<BB> is“0" and
SCL terminal level is “1” to check that the TMP91C824F is released. Check the <LRB> until it
becomes“1” to check that the SCL lineon abusis not pulled down to the low-level by other devices.
After confirming that a bus staysin afree state, generate a start condition with procedure 3.10.6 (2).
In order to meet setup time when restarting, take at least 4.7 p s of waiting time by software from
the time of restarting to confirm that the bus is free until the time to generate the start condition.

0 - <MST> 1 - <MST>

0 o <TRX> 1 5 <TRX>

0 - <BB> 1 - <BB>

1 - <PIN> 1 - <PIN>
o < 4.7[us] (Min.) — Start codnition
1

SCL line / \ 1y : /

I 1

- /
memaiscL o=\ Y ) 3
;

N 1
l :
(TMP91C815) ) i !
SDA line ! ,
)/ =
| O

<LRB> / \

<BB> |' |

/
S R 4

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

sBIocRa1| Bit symbol SI0S | SIOINH | sloM1 | SIOMO SCK2 SCKL | gy

(0240H) | Read/Write w W RW

After Reset 0 0 o | o o | o 0
Transfer start |Continue/ Transfer mode select Serial clock selection and Reset monitor
0: stop abort transfer |00: Transmit Mode
Prohibit Function 1: start 0: Continue  |01: (reserved)
Reecljc_jf»y transfer 10: Transmit/Receive Mode
modify- . . .
write 1: Abort 11: Receive Mode

transfer

!

Serial clock selection <SCK2 to 0> @ write
000 n=4 |1 MHz
001| n=5 [500 kHz
010 n=6 [250 kHz
011| n=7 |125kHz
100 n=8 62.5 kHz .
101] n=o9 31.25 kHz (output to SCK pin)
110| n=10 | 1625kHz J \fscl= —%— [Hz]
111 - External mode 2

System clcok: fc
Clock gear: fc/l
fc = 16 MHz

(Input from SCK terminal)

Software Reset state monitor <SWRMON> @ read
0 |Software Reset in progress

1 |Software Reset not in progress

—> Transfer mode selection

00 |8-Bit Transmit Mode

01 |(reserved)

10 [8-Bit Transmit / Received Mode
11 [8-Bit Received Mode

Y

Continue/Abort transfer

0 |Continue transfer

1 |Abort transfer (automatically cleared after transfer aborted)

Y

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
Pfgfi;tlH) Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read- Read/Write R (receiver) / W (transfer)

modify-write
After Reset Undefined

Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface Control Register 2
5 4 3 2 0
SBIOCR2 |_Bit symbol SBIM1 SBIMO
(0243H) | Read/Write w
After Reset 0 | 0
Prohibit Serial bus interface operation
Read- mode selection
—— X 00: Port mode
mody-ute Function 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: Setthe SBIOCR1<BC2 to 0> “000” before switching to a clocked-synchronous 8-bit SIO

mode.

Serial Bus Interface Status Register

5 4 3 2 0
sBIOSR | _bit Symbol SIOF SEF
(0243H) | Read/Write R
After reset 0 0
Serial transfer § Shift operation
Function operation status monitor
status monitor

!

Shift operation status monitor

0 | Shift operation terminated

1 | Shift operation in progress

—> Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in progress

Figure 3.10.21 Registersfor the SIO Mode
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SBIOBRO |_Bit symbol
(0244H) | Read/Write

SBIOBR1 | _Bit symbol

Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
12SBI0
RW
After Reset 0
Allways ‘0’ IDLE2
Function wnite 0: STOP
1: RUN
> Operation in IDLE 2 Mode
0 | Stop
1 | Operate
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
P4EN
(0245H) | Read/Write RW
After Reset 0
Internal
’ clock
Function 0: Stop
1: Operate

» Baud rate clock control

0

Stop

1

Operate

Figure 3.10.22 Registersfor the SIO Mode
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(1) Serial Clock
® Clock source

SBIOCR1<SCK?2 to SCKO0> is used to select the following functions:
Internal Clock

InInternal Clock Mode one of seven frequencies can be selected. The serial clock signal isoutput
to the outside on the SCK pin. The SCK pin goes High when data transfer starts. When the deviceis
writing (in Transmit Mode) or reading (in Receive Mode), data cannot follow the serial clock rate,
so an automatic wait function is executed which automatically stops the serial clock and holds the
next shift operation until reading or writing has been completed.

Automatic wait function

D —

SCK pin output | |1| |2| |3 | |7| |8 | Ill |2 | |6| |7| |8| Ill |2| |3
sopnoupu N a0 Xa X aeXEe X X B X e X X oo X X

Write
tra;smitted data:X a X b Xc

Figure 3.10.23 Automatic-wait Function

External clock (<SCK2 to SCK0> =*“111")

An external clock input viathe SCK pinisused asthe serial clock. In order to ensure the integrity
of shift operations, both the high and Low-level serial clock pulse widths shown below must be
maintained. The maximum data transfer frequency is 1 MHz (when fc = 16 MHz).

scK pi K ipmil

R 3
< > >

tsckL tsckH

tsckLs tsckH > 8/fc

Figure 3.10.24 Maximum data transfer frequency when external clock input used
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@ Shift edge
Datais transmitted on the leading edge of the clock and received on the trailing edge.
L eading 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).
SO pin output bito X bit1 X bit2 X bit3 X bit4 X bit5 X bit6 X bit7
Shift register T G G T R )

(a) Leading edge

SCK pin |j‘|f|f|f|f|f|f|f

Sl pin \ bito X bit1 X bit2 X bit3 X bit4 X bit5 X bite X bit7
Shift register Fookkok ok O“““*Xlo*“*“leo*“HX3210**mX43210***X543210”X6543210*X76543210
(b) Trailing edge Note: * = Don't care

Figure 3.10.25 Shift edge
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(2) Transfer modes

@

The SBIOCR1<SIOM1 to SIOMO0> is used to select a transmit, receive or transmit / receive mode.
8-Bit Transmit Mode

Set acontrol register to atransmit 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 INTS2
(buffer empty) interrupt request is generated to request new data.
When the internal clock is used, the seria 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 datais shifted. The
transfer speed is determined by the maximum delay time between the time when an interrupt request
is generated and the time when data is written to SBIODBR by the interrupt service program.
When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the SO pin holds final
bit of the last data until falling edge of the SCK.
Transmitting data is ended by clearing the <SIOS> to “0” by the buffer empty interrupt service
program or setting the <SIOINH> to “1”. When the <SIOS> is cleared, the transmitted mode ends
when all data is output. In order to confirm if data is surely transmitted by the program, set the
<SIOF> (hit 3 of SBIOSR) to be sensed. The SBIOSR<SIOF> iscleared to “0” when transmitting is
complete. When the <SIOINH> is set to “1”, transmitting data stops. SBIOSR<SIOF> turns “0".
When an external clock isused, it isalso necessary to clear SBIOSR<SIOS> to “0” before new data
is shifted; otherwise, dummy datais 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

<SIOS>

<SIOF>

<SEF>

SCK pin (input)

SO pin

INTSBI interrupt

request

SBIODBR

<
<

=

v
b

XX
T 1

Write transmitted data

(a) Internal clock

Clear <SIOS>

by

b3

by

bg

be

v
b

X=X
T

Write transmitted data

(b) External clock

Figure 3.10.26 Transfer Mode

STEST1: BIT SEF, (SBIOSR)
JRNZ, STEST1
STEST2: BIT 0, (P6)
JRZ, STEST2
LD (SBIOCR1), 00000111B  ; <SIOS> — 0

; If <SEF> = 1 then loop

; If SCK ]= 0 then loop
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@ 8-Bit Receive Mode

SCK pin |

SIOF

SO pin bite X bit 7

&

tsopH = Min.  3.5/f¢py []

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. Dataisreceived into the Shift Register viathe Sl pin and synchronized with the serial clock,
starting from the least significant bit (LSB). When 8-bit datais received, the dataistransferred from
the Shift Register to SBIODBR. An INTS2 (buffer full) interrupt request is generated to request that
the received data be read. The datais 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 bein
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 seria clock pulseisinput. If the
received dataisnot read, any further datawhichisto bereceived is canceled. The maximum transfer
speed when an external clock is used is determined by the delay time between the time when an
interrupt request is generated and the time when the received data is read.

Receiving of data ends when <SIOS> is cleared to “0” by the buffer full interrupt service program
or when <SIOINH> is set to “1". If <SIOS> is cleared to “0", received data is transferred to
SBIODBR in complete blocks. The received mode ends when the transfer is complete. In order to
confirm whether data is being received properly by the program, set SBIOSR<SIOF> to be sensed.
<SIOF> iscleared 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> iscleared to “0” (the received data becomes invalid, therefore no need to read it).

Note: When the transfer modeis changed, the contents of SBIODBR will belost. 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

INTS2 interrupt

request

SBIODBR

—— Clear <SIOS> —>

X_a X b
v v
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 datais output viathe SO pin, starting from the least significant bit (L SB) and synchronized with
the leading edge of the serial clock signal. When dataisreceived, the dataisinput viathe Sl pin on
the trailing edge of the serial clock signal. 8-bit data is transferred from the Shift Register to
SBIODBR and an INTS2 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
isused 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 isused 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 datais 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 “0” by the INTS2 interrupt service
program or when SBIOCR1<SIOINH> isset to “1”. When <SIOS> is cleared to “0”, received data
istransferred to SBIODBR in compl ete 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> isthen cleared to 0.

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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[e—— Clear <SIOS> —>»
<SI0S>
<SIOF> —>N
<SEF>
SCK pin (output) U | I | I | I | I | | | I | |
SO pln ag ag ay ag a, ag ag ay bo bl b2 b3 b4 b5 b6 b7
S pm Co Cq Co C3 Cy Cg Ce C7 do dl d2 d3 d4 d5 d6 d
INTSBI interrupt ﬂ ﬂ
request
SBIODBR X a )@( b X d
0 v
Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 3.10.29 Transmit/Received Mode (example using internal clock)

SCK pin

SIOF

SO pin

]

bite X

Bit 7 in last transmitted word

tsopn = Min. 4/fgpy [s]

Figure 3.10.30 Transmitted data hold time at end of transmit/receive
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3.11 Anaog/Digital Converter

The TMP91C824 incorporates a 10-bit successive approximation-type analog/digital converter (A/D
converter) with 8-channel analog input.
Figure 3.11.1 is a block diagram of the A/D 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, IDLEL or STOP mode is selected, so as to reduce the power, with some timings the
system may enter a stand-by mode even though the internal comparator is till enabled. Therefore be
sure to check that A/D converter operations are halted before a HALT instruction is executed.

S Internal data bus S

ﬁ AN
\/

WD mode control register 1 ADMOD1 A/D mode control register 0 ADMODO
IADMOD1 <ADTRGE>

<ADCH2 to ADCHO><VREFON>

<EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>

N N
Scan
Y VN R .
epea
Channel P
< Interrupt
Selector Busy ADTRG
End Start
N N
Y VN
A/D Converter Control
Analog input Circuit INTAD i

AN7 (P87)|:| interrupt

AN6 (P86)|:|_,

A/D Conversion Result

AN5 (P85) N N -
ﬂ‘l (p84)|:| % 5 Sample and NN Register
AN3/ADTRG (P83) g Hold ADREGO4L to ADREG37L
AN2 (P82) o ADREGO04H to ADREG37H
AN1 (P81) ”

ANO (P80) ] 3 Comparator

VREFH [] > 6 o

VREFL |:i >

Y VY

D/A converter <

Figure 3.11.1 Block diagram of A/D converter
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3.11.1 Anaog/Digital converter registers

ADMODO
(02BOH)

The A/D converter is controlled by the two A/D mode control registers: ADMODO and ADMOD1. The
A/D conversion results are stored in 8 kinds of A/D conversion data Upper and Lower registers:
ADREGO4H/L, ADREG15H/L, ADREG26H/L and ADREG37H/L.

Figure 3.11.2 shows the registers related to the A/D converter.

A/D Mode Control Register 0

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
Read/Write R R/W
After Reset 0 0 0 0 0 0 0 0
A/ID A/ID Note: Note: Interrupt Repeat mode | Scan mode A/ID
Conversion Conversion Always Always specification specification specification conversion
End flag Busy flag fixed to O fixed to O in conversion } 0: Single 0: Conversion | start
0: conversion | 0: conversion channel fixed Conversion Channel 0: Don't care
Function in progress stopped repeat mode | 1: Repeat Fixed Mode | 1: start
1: conversion § 1: Conversion 0: every Conversion | 1: Conversion conversion
complete in progress conversion Mode Channel Always 0
1: every fourth Scan Mode | when read
conversion

I—) A/D conversion start

0 |Don’t care

1 | Start A/D conversion

(note): Always read as 0.

———— > A/D scan mode setting
0 | A/D Conversion Channel Fixed Mode

1 | A/ID Conversion Channel Scan Mode

—— > A/D repeat mode setting
0 [ A/D Single Conversion Mode

1 | A/ID Repeat Conversion Mode

> Specify A/D conversion interrupt for Channel Fixed
Repeat Conversion Mode

Channel Fixed Repeat Conversion Mode
<SCAN> ="“0", <REPEAT> ="“1"

Generates interrupt every conversion.

Generates interrupt every fourth conversion.

v
z
@)

Conversion Busy flag

0 | A/D conversion stopped

1 [ A/D conversion in progress

v
z
@)

Conversion End flag

0 | Before or during A/D conversion
1 [ A/D conversion complete

Figure 3.11.2 A/D Converter Related Register
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A/D Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 |_Bit symbol VREFON 12AD ADTRGE | ADCH2 ADCH1 ADCHO
(02B1H) | Read/Write R/W R/W R/W
After Reset 0 0 0 0 | 0 | 0
VREF IDLE2 A/D external Analog input channel selection
application 0: Stop trigger start
Function | control 1: Operate control
0: OFF 0: disable
1: ON 1: enable
' !
Analog input channel selection
<SCAN> 0 1
(channel) ( channel )
<ADCH2, fixed scanned
ADCH1, ADCHO>
000 ANO ANO
001 AN1 ANO - AN1
010 AN2 ANO - AN1 -, AN2
011(Note) AN3 ANO - AN1 ., AN2 _, AN3
100 AN4 AN4
101 AN5 AN4 _, AN5
110 AN6 AN4 _, AN5 _, AN6
111 AN7 AN4 . AN5 _, AN6 -, AN7

> A/D conversion start control by external trigger

(ADTRG input)

0

Disabled

1

Enabled

> IDLE2 control

0

Stopped

1

In operation

> Con

A/ID

trol of application of reference voltage to
converter

0

OFF

1

ON

Before starting conversion (before writing “1” to
ADMODO <ADS>), set the <VREFON> bit to

wgn,

(note): As pin AN3 aso functions asthe ADTRG input pin, do not set < ADCH2: 0> =“011" when using ADTRG

with < ADTRGE> ="0".

Figure 3.11.3 A/D Converter related registers
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A/D Conversion Data Low Register 0/4

7 6 5 4 3 2 1 0
ADREGO04L Bit symbol ADRO1 ADROO ADRORF
(02A0H) Read/Write R R
After Reset Undefined 0
Function Stores lower 2-bits of AD
. Conversion
A/D conversion result Data Storage
flag
1: Conversion
result stored

A/D Conversion Data Upper Register 0/4

7 6 5 4 3 2 1 0
ADREG04H | Bit symbol ADRO09 ADROS8 ADRO7 ADRO06 ADRO5 ADRO04 ADRO3 ADRO2
(02A1H) | Read/Write R
After Reset Undefined
Function Stores upper 8-bits A/D conversion result.

A/D Conversion Data Lower Register 1/5

7 6 5 4 3 2 1 0
(02A2H) Read/Write R R
After Reset Undefined 0
Function stores lower 2-bits of AD -
Conversion
A/D conversion result Result flag
1: Conversion
result stored

A/D Conversion Data Upper Register 1/5

7 6 5 4 3 2 1 0
ADREG15H|_Bit symbol ADR19 | ADRIS ADR17 | ADR16 | ADR15 | ADR14 | ADR13 | ADRI2
(02A3H) | Read/Write R
After Reset Undefined
Function Stores upper 8-bits of A/D conversion result.

Channel x
conversion result

| Il |
ADREGxH i, i, ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

v
» Bits 5-1 are always read as “1".

» Bit 0 is the A/D conversion data storage flag <ADRxRF>. When the
A/D 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 A/D Converter related registers
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A/D Conversion Result Lower Register 2/6
7 6 5 4 3 2 1 0
ADREG26L | Bitsymbol | ADR21 | ADR20 ADR2RF
(02A4H) Read/Write R R
After Reset Undefined 0
Stores lower 2-bits of AD-
. conversion
. A/D conversion result. data storage
Function flag
1: Conversion
result stored
A/D Conversion Data upper Register 2/6
7 6 5 4 3 2 1 0
ADREG26H |_Bit symbol ADR?29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
After Reset Undefined
Function Stores upper 8-bits of A/D conversion result.
A/D Conversion Data Lower Register 3/7
7 6 5 4 3 2 1 0
(02A6H) Read/Write R R
After Reset Undefined 0
Stores lower 2-bits of AD
Conversion
. AD conversion result. Data Storage
Function flag
1: conversion
result stored
A/D Conversion Result Upper Register 3/7
7 6 5 4 3 2 1 0
ADREG37H | Bitsymbol | ADR39 | ADR38 | ADR37 | ADR36 | ADR35 | ADR34 | ADR33 | ADR32
(02A7H) Read/Write R
After Reset Undefined
Function Stores upper 8-bits of A/D conversion result.
9 8 6 4 3 1
Channel x conversion
result
| Il
ADREGxH i, i, ADREGxXL
7 6 4 3 2 1 7 5 4 2 1 0
J

Figure 3.11.5 A/D Converter related registers

.
» Bits 5tol are always read as “1".

v

» Bit 0 is the A/D conversion data storage flag <ADRxRF>. When the
A/D 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".
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3.11.2 Description of operation

(1) Analog reference voltage

A High-level analog reference voltageis applied to the VREFH pin; alow-level analog reference
voltage is applied to the VREFL pin. To perform A/D 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 A/D
Mode Control Register 1. To start A/D conversion in the OFF state, first write “1” to
ADMOD1<VREFON>, wait 3 u suntil theinternal reference voltage stabilizes (thisis not related
to fc), then set ADMODO< ADS>to “1”".

(2) Anaog input channel selection
The analog input channel selection varies depends on the operation mode of the A/D converter.

* InAnaog Input Channel Fixed Mode (A/D MODO<SCAN> =“0")
Setting ADMOD1<ADCH2 to ADCHO> selects one of the input pins ANO to AN7 as the input
channel.

¢ InAnaog Input Channel Scan Mode (ADMODO<SCAN> =*"1")
Setting ADMOD1<ADCH2 to ADCHO> 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<ADCH2 to ADCHO> ="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 f|xed 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 AN6 AN4 —. AN5 . AN6
111 AN7 AN4 _, AN5 —. AN6 — AN7
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(3) Starting A/D Conversion

(4)

To start A/D conversion, write “1” to ADMODO<ADS> in A/D Mode Control Register O, or
ADMOD1<ADTRGE> in A/D Mode Control Register 1 and input falling edge on ADTRG pin.
When A/D conversion starts, the A/D Conversion Busy flag ADMODO<ADBF> will besetto“1”,
indicating that A/D conversionisin progress.

Writing “1” to ADMODO<ADS> during A/D conversion restarts conversion. At that time, to
determine whether the A/D conversion results have been preserved, check the value of the
conversion data storage flag ADREGXL<ADRXRF>.
During A/D conversion, afalling edge input on the ADTRG pin will be ignored.
A/D conversion modes and the A/D Conversion End interrupt
The 4 A/D conversion modes are:
» Channel Fixed Single Conversion Mode
* Channel Scan Single Conversion Mode
» Channel Fixed Repeat Conversion Mode
e Channel Scan Repeat Conversion Mode

The ADMODO<REPET> and ADMODO<SCAN> settings in A/D Mode Control Register 0
determine the A/D mode setting.

Completion of A/D conversion triggers an INTAD A/D Conversion End interrupt request. Also,
ADMODO<EOCF> will be set to “1” to indicate that A/D conversion has been compl eted.

Channel Fixed Single Conversion Mode

Setting ADMODO<REPET> 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<ADBF> is cleared to “0”, and an
INTAD interrupt request is generated.
Channel Scan Single Conversion Mode

Setting ADMODO<REPET> and ADMODO<SCAN> to “01” selects Channel Scan Single
Conversion Maode.
In this mode, data on the specified scan channelsis converted once only. When scan conversion has
been completed, ADMODO<EOCF> is set to “1”, ADMODO<ADBF> is cleared to “0”, and an
INTAD interrupt request is generated.

91C824-185



TOSHIBA

TMP91C824

Channel Fixed Repeat Conversion Mode

Setting ADMODO<REPET> and ADMODO<SCAN> to “10" selects Channel Fixed Repeat
Conversion Mode.
In this mode, data on one specified channel is converted repeatedly. When conversion has been
completed, ADMODO<EOCF> is set to “1” and ADMODO<ADBF> is not cleared to “0” but held
“1". INTAD interrupt request generation timing is determined by the setting of ADMODO<ITMO>.
Setting <ITMO> to “0” generates an interrupt request every time an A/D conversion is completed.
Setting <ITMO> to “1” generates an interrupt request on completion of every fourth conversion.

Channel Scan Repeat Conversion Mode

Setting ADMODO<REPET> 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> isset to “1” and an INTAD interrupt request is
generated. ADMODO<ADBF> isnot cleared to “0” but held “1”.
To stop conversion in a repeat conversion mode (i.e. in cases [0 and [0 ), write a “0" to
ADMODO<REPET>. After the current conversion has been completed, the repeat conversion mode
terminates and ADMODO<ADBF> is cleared to “0".
Switching to a halt state (IDLE2 Mode with ADMOD1<I2AD> cleared to “0”, IDLE1 Mode or
STOP Mode) immediately stops operation of the A/D converter even when A/D conversion is till
in progress. In repeat conversion modes (i.e. in cases 0 and O ), when the halt is released,
conversion restarts from the beginning. In single conversion modes (i.e. in cases 0 and 00),
conversion does not restart when the halt is released (the converter remains stopped).

Table 3.11.2 shows the relationship between the A/D conversion modes and interrupt requests .

Table 3.11.2 Relationship between A/D Conversion modes and Interrupt requests

Mode Interrupt Request ADMODO
Generation <ITMO> | <REPEAT> | <SCAN>
Channel Fixed Single After completion of % 0 0
Conversion Mode conversion
Channel Scan Single After completion of scan % 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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(5) A/D conversiontime

84 states (10.5 ps @ fppy = 16MHZ) are required for the A/D conversion for one channel.
(6) Storing and reading the results of A/D conversion

The A/D Conversion Data Upper and Lower Registers (ADREGO04H/L to ADREG37H/L) store
the A/D conversion results. (ADREGO4H/L to ADRG37H/L are read-only registers.)
In Channel Fixed Repeat Conversion Mode, the conversion results are stored successively in
registers ADREGO4H/L to ADRG37H/L. In other modes, the ANO and AN4, AN1 and AN5, AN2
and AN6, and AN3 and AN7 conversion results are stored in ADREGO4H/L, ADREG15H/L,

ADREG26H/L 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 A/D conversion.

Table 3.11.3 Correspondence Between Analog Input Channels and

A/D Conversion Result Registers

A/D Conversion Result Register
Analog input channel . Channel fixed repeat
(Port A) Conversion modes other .
. conversion mode
than at right .
(every 4th conversion)

ANO ADREGO4H/L
AN1 ADREGI5H/L ADREGO4H/L
AN2 ADREG26H/L

ADREG15H/L
AN3 ADREG37H/L
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREGI5H/L
AN6 ADREG26H/L ADREG37HI/L
AN7 ADREG37H/L

<ADRXRF>, hit “0" of the A/D conversion data lower register, is used as the A/D conversion
data storage flag. The storage flag indicates whether the A/D conversion result register has been
read or not. When aconversion result is stored in the A/D conversion result register, theflag is set to
“1”. When either of the A/D conversion result registers (ADREGxH or ADREGxL) isread, the flag

iscleared to “0".

Reading the A/D conversion result also clears the A/D Conversion End flag ADMODO<EOCF> to

“0".
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Setting example:
0 Convert the analog input voltage on the AN3 pin and write the result, to memory address 0800H
using the A/D interrupt (INTAD) processing routine.

Main routine:
76543210

INTEOAD - X100 - - - - Enable INTAD and set it to Interrupt Level 4.

ADMOD1 - 1 1 X X Set pin AN3 to be the analog input channel.
[ADMODO ~ X X 00 Start conversion in Channel Fixed Single Conversion Mode.

o o
o o
o
e

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 timesto right and zero-fill upper bits.

(O800H) ~ WA Write contents of WA to memory address 0800H.

0 This example repeatedly converts the analog input voltages on the three pins ANO, AN1 and AN2,
using Channel Scan Repeat Conversion Mode.

INTEOAD -~ X 000 - - - - Disable INTAD.

ADMOD1 - 1 XXX 0010 Set pins ANO to AN2 to be the analog input channels.
ADMODO -~ X X 000111 Start conversion in Channel Scan Repeat Conversion Mode.
(note): X =Don't care; “—" = No change
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3.12 Watch Dog Timer (runaway detection timer)

The TMP91C824 features a watch dog timer for detecting runaway.
The watch dog timer (WDT) isused 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 watch dog timer detects amalfunction, it generates a non-maskable interrupt INTWD to notify the
CPU. Connecting the watch dog timer output to the Reset pin internally forces a reset.

3.12.1 Configuration
Figure 3.12.1 isablock diagram of he watchdog timer (WDT).

WDMOD <RESCR> | RESET

>»| Reset Control > Internal Reset

> _D—l——> WDTI interrupt

A

WDMOD —> Selector

<WDTP1 to WDTPO>

A A A
215] 517| 519] 521
fsys Binary Counter Q
(frpr/2) (22 Stage) R IS
Reset (5
Internal Reset: >
A Write Write AWDMOD <WDTE>
4EH B1H

WDT Control register WDCR

7S
U

Internal data bus

Figure 3.12.1 Block diagram of watch dog timer
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The watch dog timer consists of a 22-stage binary counter which uses the system clock (fsys) as the
input clock. The binary counter can output fsyg/215, fsy /217, fsyo/219 and (sy/221. Selecting one of the
outputs using WDMOD<WDTP1,WDTPO> generates a Watchdog interrupt and outputs watchdog timer
out when an overflow occurs as shown in Figure 3.12.2.

worcamer 0 W BERIIIIX X
WDT Interrupt J—l « <

o
Write clear code — VL‘
WDT Clear «
(Soft ware) )]

Figure 3.12.2 Norma mode

3

The runaway detection result can also be connected to the Reset pin internaly.
In this case, the reset time will be between 22 and 29 states as shown in Figure 3.12.3.

Over flow

WDT Counter n m «

1

WDT Interrupt | | «

"N

Internal Reset

22 to 29 states
(44 t0 58 ps @ foscH = 16 MHz, fgpy = 1 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) Watch dog timer Mode Register (WDMOD)
®  Setting the detection time for the watch dog timer in <WDTP1,WDTP0>

This 2-bit register is used for setting the watch dog timer interrupt time used when detecting
runaway. After Reset, this register isinitialized to WDMOD<WDTP1,WDTP0> = “00".
The detection times for WDT are shown in Figure 3.12.4.
@ Watch dog timer Enable/Disable Control Register <WDTE>
After Reset, WDMOD<WDTE> isinitialized to “1", enabling the watch dog timer.
To disable the watch dog timer, it is necessary to set this bit to “0” and to write the disable code
(B1H) to the watch dog timer Control Register WDCR. This makes it difficult for the watch dog
timer to be disabled by runaway.
However, it is possible to return the watch dog timer from the disabled state to the enabled state
merely by setting <WDTE> to “1”.
® Watch dog timer out reset connection <RESCR>
This register is used to connect the output of the watch dog timer with the RESET terminal
internally. Since WDMOD<RESCR>is initialized to “0" on Reset, a Reset by the watch dog timer
will not be performed.

(2) Watch dog timer Control Register (WDCR)
Thisregister is used to disable and clear the binary counter for the watch dog timer.

Disable control the watch dog 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).

* Enable control
Set WDMOD<WDTE>to “1”.

e Watch dog 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).

91C824-191



TOSHIBA TMP91C824

7 6 5 4 3 2 1 0
Bit symbol WDTE WDTP1 WDTPO 12WDT RESCR -
WDMOD Read/Write R/W R/W R/W R/W
(0300H) After Reset 1 0 0 0 0 0
WDT Select detecting time IDLE2 1: Internaly i Always
control 00: 215/fsys 0: Stop connects  : write“0”
. L7 .
Function |L- enable 01: 219/fSYS 1. Operate WDL out
10: 2 /fgys tothe
11: 2%V sy s reset pin
\—> Watch dog timer out control
0 | O
1 [ Connects WDT out to areset
— > IDLE2 Control
0 | Stop
1 | Operation
> Watch dog timer detection time @ fc =16 MHz, fs = 32.768 kHz
SYSCR1 SYSCR1 Watch dog timer Detection Time
System Clcok Selection Gear Value WDMOD<WDTP1 to WDTPO>
<SYSCK> <GEAR2 to GEARO>
00 01 10 11
1(fs) XXX 20s 8.0s 32.0s 128.0s
000 (fc) 4.096 ms 16.384 ms 65.536 ms 262.144 ms
001 (fc/p) 8.192 ms 32.768 ms 131.072 ms 524.288 ms
0 (fc) 010 (fc/g) 16.384 ms 65.536 ms 262.144 ms 1.049s
011 (fclg) 32.768 ms 131.072 ms 524,288 ms 2.097 s
100 (fc/1g) 65.536 ms 262.144 ms 1.049's 4194s
» Watch dog timer Enable/Disable control

Disabled
1 Enabled

Figure 3.12.4 Watch dog timer mode register
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7 6 5 4 3 2 1 0
Bit symbol -
WDCR Read/Write W
(0301H) After reset -
. B1H: WDT disable code
Function

4EH: WDT clear code

L Disable/Clear WDT

B1H Disable code

4EH Clear code

Others Don't care

Figure 3.12.5 Watch dog timer control register
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3.12.3 Operation

The watch dog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1,WDTPO> has elapsed. The watch dog timer must be cleared “0” by software before
an INTWD interrupt will be generated. If the CPU malfunctions (i.e. 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 watch dog timer works immediately after reset.

The watch dog timer does not operate in IDLE1 or STOP mode,
as the binary counter continues counting during bus release (When BUSAK goes Low).

Whenthedeviceisin 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: @ Clear the binary counter.

WDCR -~ 01001110 Write the clear code (4EH).
@ Set the watchdog timer detection time to 2/ fgys.
WDMOD « 1 01 - - - X X

® Disable the watchdog timer.

WDMOD « 0 - - - - - X X Clear WDTE t0*0".
WDCR - 10110001 Write disable code (B1H).
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3.13 Real time clock (RTC)

3.13.1 Function description for RTC
1) Clock function (hour , minute , second)
2) Caendar function (month and day , day of the week , and leap year)
3) 24 or 12-hour (AM/PM) clock function
4) + 30 second adjustment function (by software)
5) Alarm function (Alarm output)

6) Alarminterrupt generate

3.13.2 Block diagram

32KHz . Divider 16Hz Clock
CLOCK: fs 1Hz Clock
ALARM REGISTER
{} /\ ALARM —/ALARM
™ SELECT—INTRTC
15 CARRY » COMPARATOR
HOLD
= IALARM
A
ADJUST
CARRY
HOLD
y N |
ADDRESS ¢
BUS DATA BUS
ADJUST
READ/WRITE CONTROL
RD WR DO D7 Address
Figure 3.13.1 RTC block diagram

(notel) 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.

(note2) Leap year:

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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3.13.1 Control registers
Table 3.13.1 PAGE 0 (Timer function) registers
Symbol Address hit7 hité hit5 bit4 hit3 hit2 hitl hit0 Function Write
SECR 0320h S S s - S I L | second column RIW
MINR 0321h 49 20. 10. 8 . 4 . 2 . 1 . Minute column RIW
min. min. min. min. min. min. min.
HOURR 0322h 2 10 8 4 2 1 Hour column RIW
hours hours hours hours hours hour
DAYR 0323 w2 | wi | wo | Dofthewesk RIW
column
Day | Day | Day | Day | Day | Day
DATER 0324h 20 10 8 4 5 1 Day column RIW
MONTHR | 0325h Oct. Aug. | Apr. Feb. Jan. Month column RIW
Year Year Year Year Year Year Year Year Year column
VEARR 0326h 80 40 20 10 8 4 2 1 (lower two columns) RIW
PAGER | o327h | T ous | A | ENA PAGE | PAGE register W,
ENA TMR ALM RIW
DIS DIS RST RST . . . Write
RESTR 0328h " BT mr | A Always Writeto ‘0 Reset register only
(note): Asfor SECR,MINR,HOURR,DAY R,MONTHR,Y EAR of PAGEQ, current state is read when read it.
Table 3.13.2 PAGE 1(Alarm function) registers
Symbol Address hit7 hit6 hit5 hit4 hit3 hit2 hitl hit0 Function ﬁlve?idte
SECR 0320h RIW
MINR 0321h 49 20. 10. 8 . 4 . 2 . 1 . Minute column R/W
min. min. min. min. min. min. min.
HOURR 0322h 2 10 8 4 2 1 Hour column RIW
hours hours hours hours hours hour
DAYR 0323h w2 | wi | wo | Dofthewesk RIW
column for Alarm
Day | Day | Day | Day | Day | Day
DATER 0324h 20 10 8 4 5 1 Day column RIW
MONTHR 0325h 24/12 | 24-hour clock mode RIW
YEARR | 0326h ieap ;eap Leap —year mode RIW
INT ENA ENA . W,
PAGER 0327h ENA ™R ALM PAGE | PAGE register RIW
DIS DIS RST RST . . . Write
RESTR 0328h 1 B ™R ALM Always Writeto ‘0 Reset register only
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3.13.2 Detailed explanation of control register

RTC isnot initialized by reset.
Therefore, al 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 SEO
(0320H) | Read/write RIW
After reset Undefined
. "0"is 40 sec. 20 sec. 10sec. 8 sec. 4 sec. 2s€ec. 1sec.
Function
read. column Column { Column column column column column

LN 0 | . 0 | __ 0| ( 0 | . 0 | __ 0 _| Osec.
IS O N 0 | 0 | ¢ L O ..l | 1sec
LN 0 | . 0 | __ 0| ( 0 | . 1 . 0 | 2sec.
BN O N N O S 0 | 0 | . 4sec.
I O L 0 | 0 | .- S . o |1 | SSEC.
0] 0 | . 0 | __ 0 _| - 1 1. 1 . 0 | 6sec
I O L 0 | L 1 | 1 |1 | 7seec
BN O N 0 |1 | ¢ L 0 | 0 | . 8sec.
LV 0 | . O .1 | ¢ 0 | . O |1 | 9sec.
0 0 1 0 0 0 0 10 sec
LN 0 | . S IO S 0 | . O |1 | 19sec.
0 1 0 0 0 0 0 20 sec
I O S . O .1 | ¢ L O .1 | 29 seC.
0 1 1 0 0 0 0 30 sec
BN I 1 | S IO S 0 | . O |1 | 39sec.
1 0 0 0 0 0 0 40 sec
BN 0 | . O .1 | (¢ 0 | . O | 1 | 49sec.
1 0 1 0 0 0 0 50 sec
[ 1 | o | 1 | 1 [ o | o | 1 | 59sec |
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(2) Minute column register (for PAGEO/1)
7 6 5 4 3 2 1 0
MINR bit Symbol MI16 MI5 MI14 MI3 MI2 MI1 MI0
(0321H) | Read/Write RIW
After reset Undefined
. "0"is 40 min, 20min, 10min, 8 min. 4 min. 2min, 1min,
Function
read. column column column column column column column
0 0 | .. 0 | _.. L 0 | .. . 0 | . Omin.
0 0 | .. 0 | _.. 0 | ¢ 0 | .. O .1 | _ 1min.
0 0 | . U 0 | ( L 1 0 | 2min.
0 0 | .. O L . 0 | .. o | 3min.
0 0 | . U 0 | - S 0 | 0| 4min.
0! 0 | .. 0 | ... L S O .1 | smin.
0 0 | .. 0 | _.. L S A 0 | . 6min.
0 L U 0 | - 1 | K R SO 7min._
0 0 | .. O |1 | ( 0 | .. 0 | __. 0 | . gmin.
0 0 | .. O .1 | ¢ 0 | .. O .1 | _ 9min.
0 0 1 0 0 0 0 10 min
o T o T 1 1 T o T 0 [ 1 [ 19min
0 1 0 0 0 0 0 20 min
0 S O |1 | ( 0 | . O |1 | 29 min.
0 1 1 0 0 0 0 30 min
o [T 1 T 1 [ o [ o [ 1 T 39mn.
1 0 0 0 0 0 0 40 min
U S . 0 | .. O | _.1 | ¢ 0 | .. O .1 | 49min.
1 0 1 0 0 0 0 50 min
1 | o | 1 | 1 | o0 0 | 1 | 59min. |
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(3) Hour column register (for PAGEQ/1)

O  Incase of 24-hour clock mode (MONTHR<MOO0>="1") 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
. - 20 hour | 10 hour 8 hour 4 hour 2 hour 1 hour
Function 0" isread.
column column column column column column

L 0 | 0 | ( 0 | 0O | 0 | Oo'clock |
|0 | 0 | 0 | 0 | o .1 | loclock |
0 0 0 0 1 0 2 o'clock
|0 | 0O | 1 | 0 | 0 | 0 | 8o'clock |
L O |1 | 0 | o |1 | 9o'clock |

0 1 0 0 0 0 10 o'clock
I S N S 0 | O | 1 | 190clock |
1 0 0 0 0 0 20 o' clock
[ 1 | o | o | o [ 1 | 1 | 230cock |

O Incaseof 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
) ) oo 10 hour 8 hour 4 hour 2 hour 1 hour
Function "0" isread. PM/AM
column column column column column

0 o'clock
_____ S I N B I N 7Y I
I O L 0 | . O .1 | lo'clock |
0| 0 | . 0 | 0 | . 1 ] 0 [ 20'clock |
I O O S 0 | . O |1 | 9oclock |
0| 1] 0 | 0 | . 0 | . 0 | 100°clock |
0 1 0 0 0 1 11 o’clock
0 o'clock
_____ S A N N O I . )
1 0 0 0 0 1 1 o' clock
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(4) Day of the week column register (for PAGEQ/1)

7 6 5 4 3 2 1 0
DAYR bit Symbol WE2 WE1 WEQ
(0323H) | Read/Write RIW
After reset Undefined
Function "0" isread. W2 w1 WO
0 [ 0 ] 0 [snday
0 [0 | 1 [Monday
0 [ 1710 [Tuesday
0 [T Wednesday
1 [0 | 0 [Thursday
B S O O 51 2
1 1 0 Saturday

(5) Day column register (for PAGEQ/1)

7 6 5 4 3 2 1 0
DATER bit Symbol DA5 DA4 DA3 DA2 DA1 DAO
(0324H) | Readiwrite RIW
After reset Undefined
Function "0" isread. Day 20 Day 10 Day 8 Day 4 Day 2 Day 1
_____ o (. 6 . 0 | .0 | .06 1.0 | O
o0 | o | . 0 | ¢ o | 0 | 1 | Tday
0 | 0O | 0 | . 0 | .. 1 | 0 | 2" day
I . 0 | 0 | 0 | 1 |1 | 3day
0 0 0 1 0 0 4" day
0 | O | .1 | 0 | 0 | 1 | 9" day
L N 0 | . 0 | ... 0 | 0 _|.: 10" day
0 1 0 0 0 1 11" day
I . 1 .1 | 0 | o | .1 | 19"day
1 0 0 0 0 0 20" day
1 | O | .1 | 0 | O |1 | 29" day
1| 1] 0 | ¢ o | o | . 0 | 30" day
1 1 0 0 0 1 31% day
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(6) Month column register (for PAGEOQ only)
6 4 3 2 1 0
MONTHR]| bit Symbol MO4 MO3 MO?2 MO1 MOO
(0325H) | Read/Write RIW
After reset Undefined
Function "0" isread. 10 months { 8 months §{ 4 months { 2 months | 1 month
L 0 | 0 | . 0O | 1 [January
N 0 | . 0 | . 1 | 0 |Feoruary
L 0 | 0 | . 1 | 1 [Mach
L 0 | 1 | 0 | O |Apil
N 0 | . 1 1. O | 1 [May
L 0 | 1 | 1 [ .0 |Jdue
L 0 | 1 | 1 [ 1 jdy
I 1 | 0 | . 0 | O |August
I 1 | 0 | . 0 | 1 | September
U S 0 | . 0O | . 0 | 0 |October
I 0 | 0 | . 0 | 1 |[November
1 0 0 1 0 December
(7) Select 24-hour clock or 12-hour clock (for PAGEL only)
6 4 3 2 1 0
MONTHR| bit Symbol MO0
(0325H) | Readiwrite RIW
Undefine
After reset d
_ . 1:24-hour
Function 0" isread. 0:12-hour
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(8) Year column register (for PAGEQ only)

7 6 5 4 3 2 1 0
YEARR | bit Symbol YE7 YE6 YES5 YE4 YE3 YE2 YEL YEO
(0326H) | Read/Write RIW
After reset Undefined

Function 80Years | 40Years | 20 Years | 10 Years | 8 Years 4 Years 2 Years 1Year

S 0 | ( L L S T S L 0 |1 | 9year
0 0 | ¢ 0 | 0 | 0 | ¢ 0 | 0 [ 0 | OOyear
S 0 | [ N 0 .. 0 | ( L O .1 | Olyear
S 0 | ( 0 | 0 .. 0 | f 0 | 1 |1 0 | O2year
I 0 | ¢ 0 | 0 | 0 | ¢ 0 | 1 .1 | O3year
S 0 | ( N 0 .. 0 | - 1 1. 0 .. 0 | Odyear
0 0 0 0 0 1 0 1 05 year

(9) Leap-year register (for PAGEL only)

7 6 5 4 3 2 1 0
YEARR | bit Symbol LEAPL | LEAPO
(0326H) | Readiwrite RIW
After reset Undefined
00:|eap-year
01: one year after
leap-year
Function "0" isread. 10:two years after
leap-year
11:three years after
leap-year
Current  year is
0 0 leap-year
0 1 Present is next year of
aleap year
1 0 Present is two years
after aleap year
Present isthree
1 1
years after leap year
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(10) PAGE register setting (for PAGEQ/1)
7 6 5 4 3 2 1 0
PAGER | hit Symboal INTENA ADJUST | ENATMR | ENAALM PAGE
(0327H) | Readiwrite | RW W RIW RIW
After reset 0 — Undefined Undefined
Tln?te: t TIMER | ALARM "0"is PAGE
Function | o P "0" is read. LADJUST | LENABLE | LENABLE
1.ENABLE read. select
0:DISABLE | 0:DISABLE
0:DISABLE
Prohibit Read Modify Write
(note): Set order below.
EX.) Clock setting/Alarm setting 0 Select Paged
1. Clock/Alarm enable Id (pager),0ch 1 Select Pagel
2. Interrupt enable Id (pager),8ch Peg

1 Adjust sec. counter.

When set the thisbit to “1” the sec. counter becometo “0” when the value
of sec. counter is 0—29. And in case that value of sec. counter is 30-59,
min. counter is carried and become sec. counter to "0".

(PAGEQ only)
(11) Reset register setting (for PAGEQ/1)
7 6 5 4 3 2 1 0
RESTR | bit Symbol | DISIHZ | DIS16HZ | RSTTMR | RSTALM | RE3 RE2 RE1 REO
(0328H) | Read/Write W
After reset Undefined
Function | 0aHZ | o6z | STMER | LALARM Pleasefix to “0”

Prohibit Read Modify Write

RESET RESET

{

0 —

1 | Reset alarm register

0 —
1 | Timer reset
Y
0 | Enable 16Hz clock (/ALARM output , INTRTC)
1 | Disable 16Hz clock (/ALARM output , INTRTC)

o

Enable 1Hz clock (/ALARM output , INTRTC)

Disable 1Hz clock (/ALARM output , INTRTC)
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3.135 Operational description

(1) Reading timer data
[0  Thereisthe case which reads wrong data when carry of the inside counter happens during the operation which
timer datareads. Therefore, please read two times with the following way for reading correct data.

| sTART |

PAGER<PA0>=0’,
Select PAGEO

i<
Read the timer data
(1st)

'

Read the timer data
(2nd)

NO

1'st data = 2'nd data

END

Figure 3.13.2 Flowchart of timer dataread

As shown in Figure 3.13.2, confirm the data by reading twice and compare them in case reading timer data. If it

happen to take up a digit, the comparing result becomes incorrect. Therefore, It should be read data again.
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0 Readout of timer datathat used /ALARM output

Timer data can be read with rising edge of /ALARM output by detecting /ALARM="1" with interrupt routine of

INTRTC of 1 Hz

| sTART |

'

RESTR<DIS1HZ>='0’,
RESTR<DIS16HZ>="1",
PAGER<ENAALM>="(’

Enable 1Hz output

NO

YES| <

YES

NO

Read the timer data

(note):
This period is within
0.5 second.

'

| END |

/ALARM

2R

Internal INTRTC

y Interrupt routine

— 0.5 second —>

Read /ALARM="1"

Figure 3.13.3 Read out of the timer table used /ALARM output

The reason why read atimer of RTC after reading PORT in interrupt routine of /JALARM=1 is that carry of RTC
timer occurs with rising edge of pulse period of 1 Hz. By reading timer during 0.5second after carry happening,

right data (atimer value) can be read.
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(2) Writing timer 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.

0 Resetforadivider

Inside of RTC, there is 15-stage divider which generates 1Hz clock from 32,768KHz. Carry of atimer is not done
for one second when reset this divider. So write in data during thisinterval.

| sTART |

'

PAGER<PAQ>='0’
Select PAGEO

'

RESTR<RSTTMR>="1’
Divider reset

'
(note):

Write the timer data This period is within
0.5 second.

[ ExD |

Figure 3.13.4 Flowchart of datawrite
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0 Disabling the timer

Carry of atimer is prohibited when write '0' to PAGER<ENATMR> and can prevent malfunction by CLOCK HOLD
circuit. During atimer prohibited, CLOCK HOLD circuits holds one sec. carry signal, which is generated from
divider. After becoming timer enable state, output the carry signal to timer and revise time and continue operation.
However, timer is late when timer-disabling state continues for one second or more. During timer disabling, pay
attention with system power is downed. In this case the timer is stopped and time is delayed.

| START |

'

Disable the timer

'

Read the timer data

'

Enable the timer

'

[ exp |

(note):
This period is within
0.5 second.

Figure 3.13.5 Flowchart of timer disable
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3.13.3  Explanation of the alarm function

It can use aarm function by setting of register of PAGEL and output either of three signa from
/ALARM pin asfollows.

INTRTC always output 1-shot pulse detecting falling down edge.

RTC circuit isn't reset by /RESET signal, it need to init interrupt request flag before setting timer and
aarm of RTC.

(1) Inaccordance of alarm register and the timer, output '0'
(2) Output clock of 1Hz
(3) Output clock of 16Hz

(1) In accordance of alarm register and a timer, output '0'.

When value of a timer of PAGEO accorded with alarm register of PAGE1l 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, aways accorded with value of a timer and occur INTRTC interrupt if
PAGER<ENAALM>is'l".

Setting alarm min., alarm hour, alarm day and alarm the day week is done by writing in data at each
register of PAGEL.

When all setting contents accorded, RTC generates INTRTC interrupt, if PAGER<ENAALM> is'1'.
However, contents (don't care state) which does not set it up is considered to aways 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 are necessary.

Follows are example program at outputting alarm in noon (PM12: 00) every day

LD (PAGER), 09H ; Alarm disable, setting PAGE1L
LD (RESTR), 10H ; Alarminitialize

LD (MONTHR), 01H ; 24-hour clock mode

LD (HOURR), 12H ; setting 12 o’clock

LD (MINR), OOH ; setting 00 min.

LD (PAGER), OCH ; Alarm enable

(2) When output clock of 1Hz

RTC outputs clock of 1Hz to /ALARM pin by setting up PAGER<ENAALM>='0,
RESTR<DIS1IHZ>='0', <DIS16HZ>="1".  And RTC generates INTRC interrupt by falling edge of the
clock.

(3) When output clock of 16Hz

RTC outputs clock of 16Hz to /ALARM pin by seting up PAGER<ENAALM>='0,
RESTR<DIS1IHZ>="1", <DIS16HZ>='0". And RTC generates INTRC 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.

® Melody generator

The Melody function generates signals of any frequency (4Hz- 5461Hz) based on low-speed clock
(32.768KHz) and outputs several signals from the MLDALM pin.

By connecting aloud speaker outside, Melody tone can sound easily.

® Alarm generator

The Alarm function generates 8 kinds of alarm waveform having a modulation frequency (4096Hz)
determined by the low-speed clock (32.768KHz). And this waveform is able to invert by setting avalueto
aregister.

By connecting aloud speaker outside, Alarm tone can sound easily.

And also 5 kinds of fixed cycle (1Hz, 2Hz, 64Hz, 512Hz, 8KHz) 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
3.143  Operationa description
3.14.3.1 Melody generator
3.14.3.2 Alarm generator
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3.14.1 Block Diagram
Internal Data Bus Reset
[Melody Generator]
MELFH,MELFLReSIistor | ¢— ¢
EMCCRO MELFH i
<TA3MCDE> <MELON> VELOUT
Low-speed invert
clock Comparator(CPO) FIF
(32.76hKHz) Stop&clear ﬁ
— > clear
sele »  12hit counter(UCO)
—pcter
TA30UT
.1 - | INTALMO(8KHZ)
Edge HF—H INTALM1(512Hz)
: ”| INTALM2(64Hz)
ditect|| 11— > INTALM3(2Hz)
| I']j . | INTALM4(1Hz)
3| 15bit counter(UC1) < ALMINT %:) »| INTALMH
T A096HZ <IALME4:0> (HALT release)
MELALMC<AC[L:0]> »{8hit counter(UC2)
f ”“I MLDALM pin
Alarm wave form |
generator
T T MELALMC MELALMC
AlMresistor (49 <ALMINV> A

[Alarm Generator]

Internal data bus reset

Figure 3.14.1 MLD Block Diagram
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3.14.2 Control registers

ALM R register

7 6 5 4 3 2 1 0
ALM bit Symbol AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
(0330H) Read/Write RIW
After reset 0
Function Setting alarm pattern

MLDALMC register

7 6 5 4 3 2 1 0
MELALMC] bit Symbol FC1 FCO ALMINV MELALM
(0331H) | Read/MWrite RIW RIW RIW
After reset 0 0 0
Free-run counter control | Ajarm Output
00: Hold Wavef
° Wavefor Write “0” selaevci orm
Function 01: Restart .
10: Clear m invert 0: Alarm
' LINVERT 1: Melody
11: Clear & Start

(notel): MELALMEC<FC1> is read always “0".
(note2): When setting MELALMC register except <FC1:0> during the free-run counter is running , <FC1:0> is kept “01".

MELFL register

7 6 5 4 3 2 1 0
MELFL bit Symbol ML7 ML6 ML5 ML4 ML3 ML2 ML1 MLO
(0332H) Read/Write RW
After reset 0
Function Setting melody frequency (lower 8bit)

MELFH register

7 6 5 4 3 2 1 0
MELFH bit Symbol MELON ML11 ML10 ML9 ML8
(0333H) Read/Write R/W R/W
After reset 0 0
Control
melody . .
counter Setting melody frequency(upper 4bit)
Function 0: Stop &
Clear
1: Start
ALMINT register
7 6 5 4 3 2 1 0
ALMINT bit Symbol IALMAE IALM3E IALM2E IALM1E IALMOE
(0334H) Read/Write R/W
After reset 0
Function Write “0” 1:Interrupt enable for INTALMA4[ INTALMO
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3.14.3 Operational Description

31431 Melody generator

The Melody function generates signals of any frequency (4Hz- 5461Hz) based on low-speed clock
(32.768KHz) and outputs the signals from the MLDALM pin.

By connecting aloud speaker outside, Melody tone can sound easily.

(Operation)
At first, MELALMC<MELALM> haveto 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 cal culation of melody output frequency.

(Formulafor calculating of melody waveform frequency)
@fs=32.768[KHz]
melody output waveform  fMLD[HZ] = 32768/ (2x N+4)
setting value for melody N = (16384 /fMLD) —2
(notice: N=1010 4095(001HO FFFH) O 0 is not acceptable )

(Example program)
In case of outputting “La’ musical scale (440Hz)
LD (MELALMC),--XXXXX1B ; 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
Do 264 03CH
Re 297 035H
Mi 330 030H
Fa 352 02DH
Sol 396 027H
La 440 023H
Si 495 O01FH
Do 528 01DH
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3.14.3.2 Alarm generator
The Alarm function generates 8 kinds of alarm waveform having a modulation frequency 4096Hz
determined by the low-speed clock (32.768KHz). And this waveform is reversible by setting avalue to a
register.
By connecting aloud speaker outside, Alarm tone can sound easily.

5 kinds of fixed cycle (1Hz, 2Hz, 64Hz, 512Hz, 8KHz) 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 order to select alarm waveform as output
waveform from MLDALM. Then alarm pattern have to be set on 8 bit register of ALM. Finally “10”
be set on MLDALMC<ACL:0> register, and <ALMINV> be set asinvert. By it is setting these val ues,
counter start to generate alarm waveform.

Followings are example program, setting value of alarm pattern and waveform of each setting
value,

(Setting value of alarm pattern)

Setting value for Alarm waveform
ALM register
00H “0" fixed
O1H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H AL4 pattern
10H ALS pattern
20H ALG6pattern
40H ALY pattern
80H ALS pattern
Other Undefined
(do not set)

(Example program)
In case of outputting AL2 pattern (31.25ms/8 times/1sec)

LD (MELALMC),COH ; set output alarm waveform
; free-run counter start
LD (ALM),02H ; Set AL2 pattern , start

91C824-213



TOSHIBA TMP91C824

Example: Waveform of alarm pattern for each setting value: not invert)

AL1 pattern [T1]1]]
(Continuous output) 1

| S I S S S S S -
|| ] { fuattion eavenevanoor LT LT TTTTTTT LT

2 8 1
AL2 pattern l ‘ | | | I """ | | —|_|—|
(8 times/1sec) 4‘} T2 s lsec R
1

AL3 pattern INNENRRRNANARNANRNNINN
(Once) < 500ms >

1 2 !
AL4 pattern ‘ l | | | I |
(Twice/lsec) 52 Lsec

2 3 .
ALS5 pattern ‘ l | | | I | | | I —|_|—|

(3 times/1sec) —>

4(:‘>2.5'ms lsec >
1
ALG6 pattern ‘ l .....
(once) «—>
52.5ms
1 2
AL7 pattern 11 (171 00 e
(Twice) «—>
62.5ms
AL8 pattern TR
(once) «—250ms .
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4. Electrica Characteristics
4.1 Absolute Maximum Ratings
Symbol Parameter Rating Unit
Vce Power Supply Voltage -0.5t04.0 \
VIN Input Voltage -0.5to Vec+ 0.5 \
10L Output Current 2 mA
10H QOutput Current -2 mA
SIOL Output Current (total) 80 mA
SIOH Output Current (total) -80 mA
PD Power Dissipation (Ta= 85°C) 600 mw
TSOLDER Soldering Temperature (10 ) 260 °C
TSTG Storage Temperature - 65 to 150 °C
TOPR Operating Temperature -40t0 85 °C
4.2 DC Characterigtics (1/2)
Parameter Symbol Condition Min. Typ. Max. Unit
Power Supply Voltage fc=2 33MHz fs=30to 2.7
( AVCC_= DVCCi) VCC P 34kHz e - 36 \Y
(AVSS=DVSS=0V) z -
Vec 2.7V 0.6
DOto 15 VIL -
Vee<2.7V 0.2Vce
— Vec 2.7V 0.3Vce
S P52 to PD7(excep tPB3)| VIL1 -
=1 Vee<2.7V 0.2Vce
-
g /RESET,/N MI, VIL2 Vee 2.7V 03 i 0.25Vce
< PB3(INTO) Vees2.7V ' 0.15Vce
= Vee 2.7V 0.3
& AMO 1 VIL3 -
® Vee<2.7V 0.3
Vec 2.7V 0.2Vce
X1 VIL4 -
Vee<2.7V 0.1Vcc
36V Voo 3.3V 24 v
DO 15 VIH 33v>Vee 2.7V 20 -
5 Vee<2.7V 0.7Vcc
£ P52 to PD7 t PB3)| VIH1 L T AL
T 0 PD7(except PB3) Voe<2.7V o8vec |
«Q
= JRESET/NMI., ViH2 Vee 2.7V 0.75Vce ] Veet03
< PB3(INTO) Vee<2.7V 0.85Vce
] Vee 2.7V Vee-0.3
S AMOto1 VIH3 -
Vee<2.7V Vee-0.3
Vee 2.7V 0.8Vce
X1 VIH4 -
Vee<2.7V 0.9Vce
10L=1.6mA Vee 2.7V 0.45
Output Low Voltage VOL1 - -
10L=0.4mA Vee2.7V 0.15Vce v
. |OH=-400uA Vec 2.7V Vce-0.3
Output High Voltage VOH2 - -
|OH=-200uA Vee2.7V 0.8Vce

(notel): Typical valuesarefor when Ta=25°Cand Vcc =30V uncles otherwisenoted.
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4.2 DC Characterigtics (2/2)
Parameter Symbol Condition Min Typ Max. Unit
Input Leak Current ILI 00 VIN Vcc - 0.02 +5
Output Leak Current ILO 02 VIN Vcc02 - 0.05 +10 A
Power Down Voltage (at VIL2=0.2Vcc,
STOP,RAM Back up) VSTOP | viH2=08Vce 18 ) 36 v
36V Vcc 27V 80 - 400
/RESET Pull Up Resister RRST kQ
Vee=2v 10% 200 1000
Pin Capacitance Clo fc=1MHz - - 10 pF
Schmitt Width Vee 27V 04 0.9 -
1FN2$§)I;‘<FI,Q\I7MI, VIH | Vo2 7v 03 07 v
Programmable Pull Up 36V Vcc 27V 80 - 400
Resister R Voeave 10% 200 o0 | @
NORMAL (Note2) 36V Vo 27V - 14.0 200
IDLE2 f(.:: BMHz ) - 40 6.1 mA
IDLE1 - 12 22
SLOW (Note2) Vee=2V+ 10% - 26 30
IDLE2 fs=10MHz - 0.7 12 pA
IDLEL (Typ.value:Vce=2.0V) - 0.2 04
SLOW (Note2) lcc 36V Vco 27V - 175 305
IDLE2 fs=32.768kHz - 70 135 | pA
IDLEL - 50 10.0
SLOW (Note2) Veoc=2V+ 10% - 105 13.0
IDLE2 fs=32.768kHz - 45 6.5 u A
IDLE1 (Typ. Vaue: Vcc=2.0V) j 30 45
STOP 36V Vcc 18V - 0.2 15 g A

(notel): Typical values are for when Ta=25°C and Vcc = 3.0V unless otherwise noted.

(note2): Icc measurement conditions (NORMAL, SLOW):
All functions are operational; output pins are open and input pins are fixed. Data & address bus CL=30pF

loaded.
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4.3 AC Characterigtics
(1) Vec=30V +10%

Vaiable fFPH =33MHz
No. | Symbol Parameter Unit
Min Max Min Max
1 tEpPH fepy Period ( =X) 30.3 31250 30.3 ns
2 | tac AOto0 23 Vald® RD/WR Fall x- 23 7 ns
3 | tear RD Rise® A0 to A23 Hold 0.5x - 13 2 ns
4 | teaw WR Rise® A0 to A23 Hold x- 13 17 ns
5 tAD AOto A23 vVdid® DO to D15 Input 3.5x - 24 82 ns
6 | tro RD Fall ® DO to D15 Input 2.5x - 24 51 ns
7 | trR RD Low Width 2.5x - 15 60 ns
8 | thr RD Rise® DO to A15 Hold 0 0 ns
9 | tww WR Low Width 2.0x - 15 45 ns
10 | tow DOto D15 Vaid® WR Rise 1.5x - 35 10 ns
11 | twp WR Rise® DO to D15 Hold X - 25 5 ns
12 | taw A0 to A23 Vaid® WAIT InputWAT+) 3.5x - 60 46 ns
13 | tew RD/WR Fal ® WAIT Hold (WAIT+n) 2.5x+0 76 ns
14 | tapH AO0to A23Vdid® PORT Input 3.5x - 89 17 ns
15 | tapnz | AOto A23Vdid® PORT Hold 3.5x 106 ns
16 | taro AOto A23 Vdid® PORT Valid 3.5x + 60 166 ns

AC Measuring Conditions
Output Level : High=0.7Vcc, Low =0.3Vce, CL =50 pF
Input Level :High=09Vcc, Low=0.1Vce

(note): Symbol “ x " in the above table means the period of clock * fepy “, 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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(2 Vec=20V +10%

Variable 10MHz .
No.| Symbol Parameter . . Unit
Min Max Min Max

1] tFPH fepr Period (= X) 100 31250 100 ns
2| AC AOto A15 Vaid® RD /WR Fall X -46 54 ns
3| tCAR RD Rise® A0 to A23 Hold 0.5x- 26 24 ns
4] cAw WR Rise® A0 to A23 Hold x-26 4 ns
5| tAD AOto A23 Vaid® RD /WR Fall 3.5x-48 302 [ ns
6| tRD RD Fall ® DO to D15 Input 2.5x - 48 202 | ns
7| tRR RD Low Width 2.5x - 30 220 ns
8| tHR RD Rise® DO to D15 Hold 0 0 ns
91 tww WR Low Width 2.0x - 30 170 ns
101 ww DOto D15 Vaid® WR Rise 1.5x -0 80 ns
111 wb WR Rise ® DO to D15 Hold x—50 50 ns
121w AOto A23 Valid® WAIT Input omoe) 3:5x - 120 280 | ns
131w RD/WR Fall ® WAIT Hold (WA | 25%+0 250 ns
14| tAPH AO0toA23Valid ® PORT Input 3.5x - 50 300 ns
15| tAPH2 A0 to A23 Vdid® PORT Hold 3.5x 350 ns
16 [ tAPO A0 to A23 Vaid® PORT Valid 3.5x + 60 410 ns

AC Measuring Conditions
e Output Level: High=0.7V,Low =0.3V, CL =50 pF
e InputLevel: High=09V, Low=0.1V

(note): Symbol “ x” in the above table means the period of clock “ frpy “, 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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(1) Read Cycle

<— trPH

frpH

}L s-C
EA24-25, : ;
A23 0 VAN i

ICSn -

K/

waT (¢ \ -

APH >
tAPH2 N
Port Input ~ =~~~ ~~~"~~"~;°7|"- """~~~ "iTTTT77~7777 -

~v

A

tRR >

D0-15 =rTTTTTT T ‘ """"""""""""""" L Do 15 2""
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(2) WriteCycle

fepn | 1
4
EA24-25, >§ A
A23~0 \
RIW \ /_
~
WAIT g S \ /
< tapo '
Port Output
; »
WR,HWR : | tcaw
SS < tww
€ tow < twp
D015 {li DO 15 :}
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44  A/D Converson Characteristics

AVcc=Vcee, AVss=Vss

Symbol Parameter Condition Min Typ. Max Unit
Vee =3V +10% Vee- 0.2V Vce Vcc
VREFH Analog Reference Voltage (+) e o
Vee=2V£10% Vce Vce \Yeo vV
Ve =3V £10% V. Vss Vss+0.2V
VREFL Analog Reference Voltage (-) c¢ =
Vee =2V +10% Vss Vss Vss
VAIN Analog Input Voltage Range VREFL VREFH
Analog Current for Analog Vee =3V +10% 0.94 1.20
IREF Reference Voltage mA
= Vee =2V +10%
(VREFL = OV) <VREFON>=1 cc (d 0.65 0.90
<VREFON>=0 Vcc =18V t03.3V 0.02 5.0 mA
Error Vec=3V+10% +10 +4.0 =
) (not including quantizing errors) | Vee =2 V + 10% +1.0 +4.0

(notel): 1LSB = (VREFH - VREFL)/1024 [V]
(note2): The operation above is guaranteed for frpy 2 4 MHz.

(note3): Thevaluefor I ¢ includes the current which flows through the AVec pin.

91C824-221



TOSHIBA TMP91C824
45  Seid Channd Timing (1/O Internd Mode)
(1) SCLK Input Mode
Symbol Parameter ' Varigble %OMHz ?7MHz Unit
Min Max Min | Max | Min | Max
Tscy SCLK Period 16X 1.6 0.59 s
Output Data
Vee=3V+ 10 | tgey/2- 4X - 110 290 38 ns
® SCLK
Toss . )
Rising/Falling Vee=2v+ 10 /2 - 4X - 180 220
Edge* cc=2V+ tscy/2 - - === ns
T SCLK Rising/Falling Edge* tooy/2+ 2X +0 1000 370 ns
OHS ® Output Data Hold ScY
SCLK Rising/Falling Edge*
T X + 1 1 121
HSR ® Input Data Hold 3 0 810 ns
SCLK Rising/Falling Edge*
T tscy - O 1600 592
SRD ® Valid Data Input Y ne
Valid Data Input ®
T 0 0 0
RDS SCLK Rising/Falling Edge* ns
(2) SCLK Output Mode
Symbol Parameter - Variable }OMHz g?MHz Unit
Min Max Min | Max | Min | Max
Tscy SCLK Period 16X 8192X 1.6 819 | 0.59 | 303 s
Output Data® SCLK Rising
T 2- 4 7 2
0ss JFalling Edge* tscy/2- 40 60 56 ns
T SCLK Rising/Falling Edge* teamv/2 - 40 760 256 ns
OHS ® Output Data Hold ScY
SCLK Risi i
Ths ising/Falling Edge* 0 0 0 ns
® Input Data Hold
T SCLK Rising/Falling Edge” t 1X - 180 1320 375 ns
SRD ® Valid Datalnput ScY
T Valid Data Input ® 1X + 180 280 217 ns
RDS SCLK Rising/Falling Edge*

(note): SCLK Rinsing/Falling Edge : Therising edgeis used in SCLK Rising Mode.
Thefalling edgeisused in SCLK Falling Mode.
27MHz and 10MHz values are calcul ated from tgcy=16X case.

|

o

tscy

SCL
Output Mode/

Input Mode

I

[
I

I
[

SCLK
(Input Mode) toss foHs
UTPUT DATA
XD -~ 0 Il X 2 X 3
trps
II
< tgrp T thsr
INPUT DATA
RxD X_o X 1 X 2 X X 3 X
Valic Valid Valid Valic
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4.6  Event Counter (TAQIN)

Vaiable 10 MHz 27 MHz )
Symbol Parameter - - - Unit
Min Max Min | Max | Min | Max
tvek Clock Period 8X +100 900 396 ns
tvekL Clock Low Level Width 4X + 40 440 188 ns
tvckH Clock High Level Width 4X +40 440 188 ns
47  Interrupt, Capture
(1) NMI,INTOto INT3 Interrupts
Variable 10 MHz 27 MHz .
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tINTAL | NMI, INTO to INT3 Low level width 4X +40 440 188 ns
UNTAH | NMI, INTO to INT3 High level width 4X +40 440 188 ns
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48 SCOUT Pin AC Characterigtics
Variable 4MHz 16 MHz - ]
Symbol Parameter - - - Condition Unit
Min Max Min Max Min Max
tscH Low level Width 0.5T- 10 90 2r Vee 27V ns
0.5T - 30 70 - Vee 27V
teeL High level Width 0.5T - 10 90 27 Vec 27V ns
0.5T - 30 70 - Vee 27V
Note: T = Period of SCOUT
Measuring Conditions
* Output Level: High=0.7V, Low =03V, CL =10 pF
4.9 BusReguest/Bus Acknowledge
BUSRQ
\ L/
BUSAK (Note 1)
teral
t $§
— “— traa
ADO to AD15 BARA (- B L <‘
- 7 N
AQ-to-A23, —
RD WR 4 S ((mmmmmma 02 eas I

R/W HWR

ALE

CS0 4, CS3 7 ——————— S
[\

Varighle frpy=4MHz | 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 foes Low, the buswill not be released while the WAIT signal is Low.

The buswill only be released when BUSRQ goes Low while WAIT isHigh.

Note 2: Thisline shows only that the output buffer isin the off state.

It does not indicate that the signal level isfixed.

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 Crysd 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(C1l and C2) and floating loads of actual
assembleboard. Thereisapossibility of miss-operating using C1 and C2 valuein 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 >|<__T| 1 ﬁ 2
% Rd % Rd
C1 c2_— Cl_|_ C2__
o = > i
High frequency oscillator Low frequency oscillator
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(2) TMPO1C824F recommended ceramic oscillator : MURATA co. LTD; JAPAN

Circuit parameter recommended

MCU Oscillation ' Parameter of elements Running Condition
Frequency Item of Oscillator Cl,: 2 RfQ Rg Vfoll:,toage Tcl |
of Power
[MHZ] [PF1 | [pFI [ [Q] [[Q] o
2.00M CSTLS2M00G56-B0 (47) | (47) | Open | O
CSTLS2M50G56-B0 (47) | (47) | Open | O
2.50M
10.00M CSTS1000MG03 (15) | (15) | Open | O
TMP91C824 *CSTLS10M0G53-B0 1.8t022 | -4010 +85
CSA12.5MTZ093 30 30 Open | O
*CSALA12M5T55093-B0
12.50M CST12.0MTWO093 (30) | (30) | Open | O
* CSTLA12M5T55093-B0
MCU Oscillation ' Parameter of elements Running Condition
Frequency Item of Oscillator Cl,: C2 RfQ Rg Vfoll:,toage Tcl |
of Power
[MHZ] [PFl | [pFl [ [Q1[[Q] o
4.00M CSTS0400M G06 (47) | (47) | Open | O
) *CSTL S4AM00G56-B0
CSTS0675M G06 47 47 Open | O
6.750M (47) | (47) p
*CSTL S6M 75G56-B0
CSA12.5MTZ 30 30 Open | O
*CSALA12M5T55-B0
12.50M -40 to +85
TMPo1CB24 CST12.0MTW (30) | (30) [ open|o 271036
* CSTLA12M5T55-B0
20.00M CSALS20M0X53-B0 5 5 Open | 0
' CSTLS20M0X51-BO (5) (5) Open | 0
27.00M CSALS27M0X51-BO Open | Open | 10K | O
32.00M 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 madein MURATA Co LTD ,JAPAN

*The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are being changed as occasion arises.For details, visit the
company's home page at http://www.murata.co.jp/search/index.html
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5.

Table of SFRs

(SFR; specia function register)

The SFRs include the 1/0 ports and peripheral control registers allocated to the 4K bytes address space from
000000H to OOOFFFH.

1)
2
3)
(4)
()
(6)
(")
(8)
()

1/0O Port

1/O Port Control

Interrupt Control

Chip Select / Wait Control
Clock Gear

DFM (Clock Doubler)
8-bit Timer

UART/Serial Channel
I*CBUS/Serial Channel

(10) A/D Converter

(11) Watchdog Timer

(12) RTC (Real-Time Clock)
(13) Melody/Alarm Generator

(14) MMU
Table layout
Symbol Name Address 7 6 / /
\\
\\
/)
//

—> Bit symbol
—— Read/Write

—> Initial value after Reset
> Remarks

Note: “Prohibit RMW” in the table means that you cannot use RMW instructions on these register.

Example: When setting bit0 only of the registerPOCR, the instruction “SET 0, (0002G)” cannot be
used. The LD (transfer) instruction must be used to write al eight bits.

Read/Write
R/W ; Both read and write are possible.

R; Only read is possible.
W; Only writeis possible.

W+ ; Both read and write are possible (when this bit is read asl)

Prohibit RMW; Read-M odify-Write instructions are prohibited. (The EX, ADD, ADC, BUS, SBC, INC,
DEC, AND, OR, XOR, STCF, RES, SET, CHG, TEST, RLC, RRC, RL, RR, SLA, SRA,
SLL, SRL, RLD and RRD instruction are read-modify-write instructions.)

Prohibit RMW*; 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 | PICR 4H 4H | PBCR
5H 5H | P6FC 5H | PBFC
6H | P2 6H | PTCR 6H | PCCR
7H TH | P7TFC 7H | PCFC
8H 8H | P8 8H | PCODE
9H | P2FC 9H 9H | PD
AH | P5CR AH AH | PDFC
BH | P5SFC BH | PEBFC BH
CH CH | P7CR CH
DH | P5 DH DH
EH EH EH
FH FH | P7TODE FH
3] INTC
Address Name Address Name Address Name
0070H 0080H | DMAOV 0090H | INTEOAD
1H 1H | DMA1V 1H | INTE12
2H 2H | DMA2V 2H | INTE3ALM4
3H 3H| DMA3V 3H | INTEALMO1
4H 4H 4H | INTEALM23
5H 5H 5H | INTETAO1
6H 6H 6H | INTETA23
7H 7H TH | INTERTC
8H 8H | INTCLR 8H | INTESO
9H 9H | DMAR 9H | INTESL
AH AH| DMAB AH [ INTES2
BH BH BH | INTETCO1
CH CH|lIIMC CH | INTETC23
DH | PZ DH DH | INTEPO1
EH | PZCR EH EH
FH | PZFC FH FH
[4] CSWAIT [5], [6] CGEAR,DFM
Address Name Address Name
00COH | BOCS 00EOH | SYSCRO
1H|B1CS 1H| SYSCR1
2H|B2CS 2H [ SYSCR2
3H|B3CS 3H [ SYSCRO
4H 4H | SYSCR1
5H 5H | SYSCR2
6H 6H [ SYSCR3
7H | BEXCS H
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, i.e. addresses to which no register has been allocated.
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Table 5.2 Address map SFRs
[7] TMRA
Address Name
0100H | TAOIRUN
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] 12CBUS/SIO
Address Name Address Name
0200H | SCOBUF 0240H | SBIOCR1
1H | SCOCR 1H | SBIODBR
2H | SCOMODO 2H | 12COAR
3H | BROCR 3H | SBIOCR2/SBIOSR
4H | BROADD 4H | SBIOBRO
5H | SCMOD1 5H | SBIOBR1
6H 6H
7H | SIRCR 7H
8H | SCIBUF 8H
9H | SCICR 9H
AH | SCIMODO AH
BH | BR1CR BH
CH | BR1ADD CH
DH | SCIMOD1 DH
EH EH
FH FH
[10] 10bit ADC
Address Name Address Name
02A0H | ADREGO4L 02BOH | ADMODO
1H | ADREGO4H 1H |ADMOD1
2H | ADREGI15L 2H
3H | ADREGI15H 3H
4H | ADREG26L 4H
5H | ADREG26H 5H
6H | ADREG37L 6H
7H | ADREG37H H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

Note: Do not access to the unnamed addresses, i.e. addresses to which no register has been all ocated.
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Note: Do not access to the unnamed addresses, i.e. addresses to which no register has been allocated.

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 | YEWRR
7H 7H | PAGER
8H 8H | RESTR
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

[13] MLD [13] MMU
Address Name Address Name

0330H | ALM 0350H | LOCALO
1H | MELALMC 1H | LOCAL1
2H | MELFL 2H | LOCALZ2
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
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(1) 1/O Ports

Symbol Name Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
PL | PORTL | oO1H RIW
o | o | o | o | o | o | o | o
Input Mode
7 | pPe | ps | pa | 3 | P2 | 1 | Peo
RIW
P2 | PorRT2 | o6H T N T
Input Mode
Input Mode
PS6 P55 P54
P5 | PORTS | ODH Rllw
Input Mode (Pull Up)
P67 P66 | Pes | Pea P63 P62 P61 P60
P6 | PORT6 12H RIW
1 1 1 1 1 0 1 1
P72 P71 P70
P7 | PORT? 13H RV
| | | I
Input Mode
P86 | P5 | Pe4a | Pe3 | Ps2 | P8l | Ps0
P8 | PORTS 18H R
Input Mode
PB6 | PB5 | P4 i PB3 | PB2 | PB1 | PBO
PB | PORTB | 22H RIW
1 1 | o1 ] 1 1 ] o1 1
Input Mode
pcs | pca | pca | P2 | pci | poo
Pc | PORTC | 23H RIW
1 | o1 {1 o1 o1 ] 1
Input Mode
PD7 PD6 PD5 |\|\|\|\
PO | PORTD | 20H RIW
1 1 1
Pz3 Pz2 RDE
PZ PORTZ 7DH RIW RIW
1 1 1
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(2) 11O Port Control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
oaH P17C P16C P15C P14C P13C P12C P11C P10C
PORT1 w
RWM) 0 0 0 0 0 0 0 0
0:IN 1:0UT
oon P2TF | P26F | P25F | P24F | P23F | P22F | P2IF | P2OF
PORT2 w
PaFe Function (Prohibit 1 : 1 : 1 ; 1 ; 1 ; 1 ; 1 : 1
RWM) H H H H H H H
0: Port, 1:Address bus (A23to A16)
0AH PS6C § PSSC | PSAC o~ o~ P~
PORT5 o w
P5CR Control (PI'OhI bit | | | | |
RWM) 0 0 0
0:IN 1:0UT
PSSF | Ps4F
OBH W
psec | PORTS
Function | (Prohibit 0 0
RWM) 0: PORT | 0: PORT
1:BUSAK |1:BUSRQ
P65F P64F P63F P62F P61F P6OF
15H
w
perc | PORTS
Function | (Prohibit 0 0 0 0 0 0
RWM) _ 0: PORT | 0:PORT | 0:PORT |{ 0:PORT i 0:PORT i 0:PORT
Always write 0
1.EA25 | 1:EA24 | 1:/CS3 1: /CS2 1:/CS1 1: /CSO
P67F2 P66F2 P65F2 P64F2 P62F2
1BH w w
PORT6
P6FC2 _ o 0 0
Function2 (PthIbIt 0: <P65F> | 0: <P64F> ) 0: <P62F>
RWM) 0:<P67F> | 0: <P66F> Always write )
1:/CS2C | 1:/CS2B 1: /CS2A Always write 0
1L/CS2E | 1:/CS2D 0
p72C pric | Proc
16H
PORT7 . w
P7CR Control (PthI bit | |
RWM) 0 0 0
O:IN 1:0UT
17H P2k | pPuF | PTOF
w
PORT7
P7FC . 0 0 0
Function .
(Prohibit 0: PORT | 0:PORT | 0: PORT
RWM) 1:SCL |1:SDA/SO| 1:SCK
P72F2 P71F2 P70F2
1CH
w
PORT?7
PrFC2 Function2 : : .
u |
(PI’Ohibit 0: <P71F> PIN SELECT
0: RXDO(PC1,
RWM) 1: OPTTXO0 (P
1: PTRXO(P70)

91C824-232



TOSHIBA TMP91C824

1/O Port Control (2/2)

Q/mhnl Name Address 7 A 5 A 2 2 1 n
ODEP72 | ODEP71
1FH
PORT7 W
P7ODE Open
Dr;n (Prohibit o | o
RWM) 0: 3STATE
1: Open Drain
24H PRAC PRGC PRAC PR2C PR2C | PR1C PRNC
PORTB o W
PBCR Control (Prohibit 0 0 0 0 0 | 0 0
RWM)
0: IN 1. OUT
25K PRAF PRGFE PRAF PR2F PR2F PR1F
PORTB W W W W W W
PBFC 0 0 0 0 0 0

Function | (Prohibit
0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT

RWM)
1: INT3 1. INT2 1. INT1 1. INTO {1:TA3OUT {1: TAIOUT
26H PORC pPCAC PCRC PCOC PC1C PCNC
PORTC
PCCR 1 control | (Fronibit 0 0 T 0 0 0 0
RWM)
0: IN 1: OUT
PCRE PCRE PCOE PCNE
2 W W W W
PORTC
PCFC ) - 0 0 0 0
Function | (Prohibit
RWM) 0: PORT 0: PORT 0: PORT 0: PORT
1:SCLK1 1: TXD1 | 1:SCLKO 1: TXDO
ODEPC3 ODEPCO
28H W W
PORTC
PCODE Open . 0 0
Drain (Prohibit 0:CMOS 0:CMOS
RWM) 1:Open 1:Open
Drain Drain
PN7F PNAE PN&E
2AH W W W
PORTD
PDFC ) . 0 0 0
Function | (Prohibit
RWM) 0: PORT 0: PORT | 0: PORT
1:MLDALM |{1: /ALARM | 1. SCOUT
7DH PZ3C pPz2C
PORTZ
PZCR . w
Control | (Prohibit 0 | 0
RMW) 0N  1.0UT
PZ3F | PZ2F
7FH
W
PZFC PORTZ
Function | (Prohibit 0 0
RMW) 0:PORT 0:PORT
1.R/W 1./HWR
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3 Interrupt Control (1/3)
Symbol Name Address 7 | 6 | 5 | 4 3 2 | 1 | 0
INTAD INTO
INTE- Interrupt 90H IADC IADM2 | IADM1 | IADMO 10C I0M2 | I0M1 | I0MO
0AD Enable R R/IW R R/W
0& AID 0 o | o T o 0 o | o | o
1: INTAD Interrupt level 1: INTO Interrupt level
INT2 INTL
INTE12 | Interrupt 91H 12C om2 | 2vi | 12mo 11C M2 | 1iam1 | 1amo
Enable R R/IW R R/W
21 0 o | o | o 0 o | o T o
1: INT2 Interrupt level 1: INT1 Interrupt level
INTALM4 INT3
INTE3-A | Interrupt 92H IA4C IAAM2 | IAAM1 | 1A4MO I3C I3M2 § 13M1 | I13M0
LM4 Enable R R/IW R R/W
3& ALM4 0 o | o T o 0 o | o I o
1:INTALM4 Interrupt level 1. INT3 Interrupt level
INTALM1 INTALMO
INTE-A | Interrupt 93H IA1C IAIM2 | IAIM1 | IAIMO IAOC IAOM2 | IAOM1 | IAOMO
LMO1 Enable R RIW R RIW
ALMO/L 0 o | o | o 0 o | o | o
LINTALM1 Interrupt level LINTALMO Interrupt level
INTALM3 INTALM2
INTE-A | Interrupt 94H IA3C IABM2 | IA3M1 | IA3MO IA2C IA2M2 | IA2M1 | IA2MO
LM23 Enable R RIW R R/IW
ALM2/3 0 o | o | o 0 o | o | o
1 INTALM3 Interrupt level 1 INTALM?2 Interrupt level
nterrunt INTTAL(TMRA1L) INTTAO (TMRAO)
nterru H H H H
INTE- En ablep 95H ITAIC | ITAIM2 { ITAIM1 | ITAIMO | ITAOC | ITAOM2 | ITAOM1 | ITAOMO
R R
TAOL Timer A RIW RIW
o 0 o | o | o 0 o | o | o
1. INTTAL Interrupt level 1: INTTAO Interrupt level
nterrunt INTTA3 (TMRA5) INTTA2 (TMRA4)
nterruy
INTE | g ablep 96H ITAa3c | 1TAsM2 | 1ITasM1 | iTasvo | itaec | imaam2 | imAaomi | iTazvo
R R
TA23 Timer A RIW RIW
2o 0 o | o | o 0 o | o | o
1: INTTA3 Interrupt level 1: INTTA2 Interrupt level
INTRTC
INTE Interrupt | | IRC IRM2 | IRM1 | IRMO
c RT 1 Enable 97H = o
RTC & | | 0 o | o | o
KEY
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
INTESO | Interrupt 98H ITXOC | ITXOM2 | ITXOM1 | ITXOMO | IRX0C | IRXOM2 | IRxoM1 | IRXOMO
Enable R R/IW R R/IW
Serial 0 0 o | o I o 0 o | o I o
1: INTTXO Interrupt level 1: INTRXO0 Interrupt level
INTTX1 INTRX1
INTESL | Interrupt 99H imx1ic | mxam2 | imxamz | imxamo | irxac | irxam2 | iRxam1 | iIRxamo
Enable R R/W R R/W
Serial 1 0 o | o | o 0 o | o T o
1L:INTTX1 Interrupt level 1T INTRX1 Interrupt level
INTS2
Interrupt T T T T
e | Eneble 9AH i i 1S2C IS2M2 | IS2M1 § 1S2MO
Seridl 2 R RIW
1LCD 0 0 0 0
LINTS2 Interrupt level
INTTC1 INTTCO
Interrupt T T I T
INTETC-| oaple 9BH ITCIC | ITCIM2 | ITCIM1 | ITCIMO | ITCOC | ITCOM2 | ITCOM1 { ITCOMO
0 | toon R RIW R RIW
0 o | o | o 0 o | o I o
INTTC3 ITC2MO
Interrupt
INTETC: | Ereple 9CH iTcac | itcam2 | iream1 | iteamo | imcec | itcam2 | imeemi | itcamo
23 TC2I3 R RIW R RIW
0 o | o | o 0 o | o | o
INTPL IPOMO
Interrupt
INTEPOL | Erapie 9DH IP1C PIM2 | IPIM1 | IPIMO IPOC IPOM2 | IPOM1 | IPOMO
PCO/L R __RW R __RW
0 0 H 0 H 0 0 0 H 0 ; 0
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3 Interrupt Control (3/3)
Symbol Name Address 7 6 5 4 3 2 1 0
OMA O DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO RIW
Y Request 80H | | | | |
Vestor 0 0 0 0 0 0
DMAO Start vector
OMA 1 DMA1V5 |DMA1V4 |DMA1V3 | DMA1V?2 |DMA1V1 |DMA1VO
DMA1 RIW
Request 81H 1 ] ] H H
\Y 0 i 0 i 0 i 0 i o0 i 0
Vector
DMA1 Start vector
OMA 2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 { DMA2V1 i DMA2VO
DMA2 RIW
v Request 82H | | | | |
Vector 0 0 0 0 0 0
DMA?2 Start vector
OMA 3 DMA3V5 |DMA3V4 |DMA3V3 | DMA3V?2 |DMA3V1 |DMA3V0
DMA3 RIW
Y Request 83H 0 | 0 | 0 | 0 | o | 0
Vector
DMAZ3 Start vector
CLRV5 | CLRV4 | CLRV3 { CLRV2 | CLRV1 | CLRVO
Interrupt
INTCLR | Cl oo
ear L
Control (Prohibit O O O 0 0 0
ontro
RMW) Clears interrupt request flag by writing to DMA start vector
DMA DMAR3 | DMAR2 | DMARL { DMARO
Software R/IW R/W R/IW R/IW
DMAR 89H
Request 0 0 0 0
Register 1: DMA request in software
DMA DMAB3 | DMAB2 | DMAB1 | DMABO
Burst RIW RIW RIW RIW
DMAB 8AH
Request 0 0 0 0
Register 1: DMA request on Burst Mode
I3EDGE | I2EDGE | I1IEDGE | I0EDGE IOLE NMIREE
W W w W W W W
Interrupt 8CH 0 0 0 0 0 0 0
[IMC | Input Mode Always INT3 INT2 INT1 INTO INTO 1: operation
Control write 0 edge edge edge edge O:edge  jevenon
(Prohibit 0:Rising | O:Rising {0:Rising |O0:Rising | Llevel NMI rising
RMW) 1: Falling | 1:Faling {1:Faling | 1: Falling edge
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(4) Chip Select/Wait Control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
BOE BOOM 1 BOOMO | BOBUS BOW?2 BOW1 BOWO
BOCS |Block 0 COH w w w W W W W
CS/WAIT 0 0 0 0 0 0 0
control : DIS 00: ROM/SRAM Data bus 000: 2WAIT 100: Reserved
Regjister (Prohibit [1: EN 01: width 001: IWAIT  101: 3WAIT
RMW) 10: } Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
11: 1: 8bit |01L: OWAIT  111: SWAIT
B1E B10M1 B1OMO | B1BUS B1W2 BI1W1 B1WO
B1CS |Block 1 C1H w w w w W W W
CSWAIT 0 0 0 0 0 0 0
control - DIS 00: ROM/SRAM Data bus 000: 2WAIT 100: Reserved
Register :EN 01: width 001: IWAIT  101: 3BWAIT
(Prohibit 10: Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
RMW) 11: 1: 8 hit 011: OWAIT 111 8WAIT
B2E B2M B20M1 B20MO | B2BUS B2W?2 B2W1 B2WO
B2CS |Block 2 C2H w w w w w W W W
CS/WAIT 1 0 0 0 0 0 0 0
control 0:DIS 0:16 M 00: ROM/SRAM Databus { 000: 2WAIT 100: Reserved
Regjister :EN Area 01: width 001: IWAIT 101 3WAIT
(Prohibit 1: Area 10: } Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
RMW) set 11: 1: 8 bit 011: OWAIT  111: SWAIT
B3E B30M1 B30MO | B3BUS B3W2 B3W1 B3WO0
B3CS |Block 3 C3H W w w w W W W
CSWAIT 0 0 0 0 0 0 0
control . DIS 00: ROM/SRAM Databus { 000: 2WAIT 100: Reserved
Register :EN 01: width 001: IWAIT  101: 3BWAIT
(Prohibit 10: } Reserved 0:16bit | 010: 1 + NWAIT 110: AWAIT
RMW) 11: 1: 8 bit 011: OWAIT  111: 8WAIT
BEXBUS | BEXW2 | BEXW1 | BEXWO
BEXCS | External C7H w w W W
CS/WAIT 0 0 0 0
control Databus } 000: 2WAIT 100: Reserved
Regjister width 001: IWAIT 101 3WAIT
(Prohibit 0:16bit i 010: 1 + NWAIT 110: 4WAIT
RMW) 1: 8 hit 011: OWAIT 111 BWAIT
Memory 23 S22 21 20 S19 S18 S17 S16
MSARQ | Start C8H , , RIW , , .
Address 1 1 1 1 1 i ! 1 i 1
Reg0 Start address A23 to A16
V20 V19 V18 V17 V16 V15 V14~9 V8
Memory
MAMRO | Address COH i i RIW . . i
Mask Reg0 1 1 1 1 1 1 1 1
CS0 areasize 0: enable to address comparison
Memory 23 s2 | s1 | s0 | slo | si8 | s17 | s16
MSAR1 | Start CAH RIW
Address 1 1 | o1 2 b2 2 1 ]
Regl Start address A23 to A16
v21 V20 | V19 i V18 i V17 i V16 | V159 i V8
Memory
MAMRL | Address CBH RIW
Mask Regl 1 1 1 1 1 1 1
CS0 areasize 0: enable to address comparison
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Chip Select/Wait Control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
Memory 23 S22 21 S20 S19 s18 s17 S16
Start RIW

MSARZ | Address ceH 1 T T
Reg2 Start address A23 to A16

V22 v21 | veo | wvie | wvig | viz | vie | Vvis

Memory RIW

MAMR2 | Address CDH
Mask Reg2 1 1 | o1 | 12 1 ] 1 | 1 | 1

CS0 areasize 0: enable to address comparison

Memory s23 s22 | s1 | so | si9 | si8 | si7 | si6
Start RIW

MSARS | Address CEH 1 N T
Reg3 Start address A23 to A16

V22 vot | v2o | wvie | wvis | viz | wvie | wvis

Memory RIW

MAMRS3 | Address CFH
Mask Regd 1 1 | 1§ 1 7 1 | 1 | 1 | 1

CS0 areasize 0: enable to address comparison
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(5) Clock Gear (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
XEN XTEN RXEN RXTEN RSY SCK WUEF PRCK1 PRCKO
SY SCRO |System Clock EOH R/W
Control Regige 1 0 1 0 0 0 0 0
0 High- Low- High-frequenc {Low-frequenc iSelect clock iWarm-up Select prescaler clock
frequency frequency y oscillator (fc)jy oscillator (fshafter release ofjtimer 00: fepH
oscillator (fc) joscillator (fs) iafter release  iafter release ofiSTOP Mode {0 write: 01: reserved
0: stopped 0: stopped of STOP Modg STOP Mode {0: fc Don't care 10: fc/16
1: oscillation  §1: oscillation  }0: stopped 0: stopped 1:fs 1 write: 11: reserved
1: oscillation {1: oscillation start timer
0 read: end
warm-up
1read:
not end
warm-up
SYSCK GEAR2 GEAR1 | GEARO
SYSCRL1 |System Clock | E1H R/W
Control 0 1 I o I o
Register 1 System High-frequency gear value selection
clock (fc)
selection 000: fc
0: fc 001: fc/2
1:fs 010: fc/4
(Note 2) 011: fc/8
100: fc/16
101: (reserved)
110: (reserved)
111: (reserved)
SCOSEL WUPTM1 | wuPTMO | HALTM1 | HALTMO DRVE
SY SCR2 |System Clock E2H R/W R/W R/W R/W R/W R/W
Control 0 1 0 1 1 0
Register 2 0:fs \Warming-up time 00: reserved <Drive> |1: Drivethe
1: fepH 00: reserved 01: STOP Mode Mode pinin
01: 2%inputt frequency  {10: IDLE1 Mode Select STOP/
10: 2 11: IDLE2 Mode 0:STOP Mode
11: 2'° LIDLE
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(5) Clock Gear (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
PROTECT | TA3LCDE EXTIN DRVOSCH { DRVOSCL
EMCCRO [EMC E3H R R/W RIW RIW R/W R/W R/W R/W
Control 0 0 1 0 0 0 1 1
Register 0 Protection i LCDC Always write § Always e 1:fcis fc oscillator 1§ fs oscillator
flag Source clk 1 write 0 external drivability drivability
0: OFF 0: 32KHz clock. 1: Normal 1: Normal
1: ON 1: TA3OUT 0: Weak 0: Weak
EMC
EMCCRL | Control E4H Follows: 157-KEY and 2"°-KEY needs to lock
Register 1 Continuation writesin 15"-KEY :EMCCR1=5AH,EM CCR2=A5H.
EMC Continuation writes in 2"°-KEY :EMCCR1=A5H, EMCCR2=5AH.
EMCCR2 | Control E5H
Register 2
ENFROM ENDROM ENPROM FFLAG DFLAG PARLAG
EMCCR3 [EMC E6H R/W RIW RIW R/W R/W R/IW
Control 0 0 0 0 0 0
Register 3 CSIA C2B/2G  |CRA CSIA C2B/2G  |CA
areadetect areadetect areadetect Write Write Write
engble Enable enable operationflag | operationflag | operationflag
Odiscble Odiscble Odisdble When reading Whenwriting
Leretle Leretle Lereble “0" : not written “0" : dear flag
“1" :written

Note: EMCCR1
If protection is on, write operations to the following SFRs are not possible.
1. CS/WAIT control
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS,
MAMRO, MAMR1, MAMR2, and MAMR3
2. MMU
LOCALO0/1/2/3
3. Clock Gear (EMCCR1, 2 can be written to)
SYSCRO, SY SCR1, SYSCR2 and EMCCRO
4. DFM
DFMCRO, DFMCR1

(6) DFM (clock doubler)
Symbol Name Address 7 6 5 4 3 2 1 0
ACT1 ACTO DLUPFG | DLUPTM
DFMCRO |DFM ESH RIW RIW R RIW
Control 0 0 0 0
Register 0 DFM [ LUP | frpHq  JLock-upfalg fLock-uptime

00| sToP|sTOP | foscH {0:EndLUP {: 2%foscH
01|RUN |RUN | fosch [l Donotend {I: 2"*foscH

10|RUN |STOP | fDFM LUP
11| RUN | STOP| fosch

DFMCR1 | DRM E9H R/IW R/W R/W R/W R/W RIW RIW RIW
Control 0 0 0 1 0 0 1 1
Regigter 1 DFM correction

Input frequency 4 ~ 6.75MHz (@2.7-3.6V) : write 0BH
Input frequency 1 ~ 2.5MHz (@2.0V +10%) : write 1BH
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@) 8-Bit Timer
(7-1) TMRAOL
Symbol Name Address 7 6 5 4 3 2 1 0
TAORDE I2TAOL {TAOIPRUN{ TAIRUN | TAORUN
TAO1- | Timer 100H RIW RIW RIW RIW RIW
RUN RUN 0 0 0 0 0
Double IDLE2 8-Bit Timer Run/Stop control
Buffer 0: Stop 0: Stop & Clear
0: Disable 1: Operate 1: Run (count up)
1: Enable
8-Bit 102H -
TAOREG| Timer (Prohibit w
Register 0 RMW) Undefined
8-Bit 103H -
TA1REG | Timer (Prohibit w
Register 1 RMW) Undefined
TaoiM1 | TA0mo | Pwmo1r | Pwmoo | TAalcLki [TAaicLko [TAaocLki | TAocLKO
8-Bit RIW
TAO1- | Timer 0 | 0 0 | 0 0 | 0 0 | 0
MOD | Source 104H | 00: 8-Bit Timer 00: Reserved 00: TAOTRG 00: TAOIN pin
CLK & 01: 16-Bit Timer 0L: 2°-1 PWM cycle | 01: ¢T1 0L ¢T1
MODE 10: 8-Bit PPG 10:27-1 10: ¢T16 10: ¢T4
11: 8-Bit PWM 11:22-1 11: ¢T256 11: gT16
TAFFIC1 | TAFFICO | TAFFLIE | TAFFUS
TALFFCR| 8-Bit 105H W RIW
Timer 1 | 1 0 0
Flip-Flop 00: Invert TA1FF 1: TAIFF  |0: TMRAO
Control 01: Set TALFF Invert |1: TMRA1
10: Clear TA1FF Enable inversion
11: Don't care
(7-2) TMRA23
Symbol Name Address 7 6 5 4 3 2 1 0
TA2RDE I2TA23 {TA23PRUN{ TA3RUN | TA2RUN
TA23-R | Timer 108H RIW R/W R/W R/W RIW
UN RUN 0 0 0 0 0
Double IDLE2 8-Bit Timer Run/Stop control
Buffer 0: Stop 0: Stop & Clear
0: Disable 1: Operate 1: Run (count up)
1: Enable
8-Bit -
TA2REG | Timer 10AH w
Register 0 | (RMW D)) Undefined
8-Bit -
TA3REG | Timer 10BH W
Register 1 | (RMW D)) Undefined
TA23M1 | TA23MO | PWM21 | PWM20 | TA3CLK1 |TA3CLKO |TA2CLK1 | TA2CLKO
TA23-M | 8-Bit 10CH R/W
oD Timer o | o o | o o | o o | o
Source 00: 8-Bit Timer 00: Reserved 00: TA2TRG 00: Reserved
CLK & 01: 16-Bit Timer 01: 2°-1 PWM cycle [01: ¢T1 0L gT1
MODE 10: 8-Bit PPG 10:2"-1 10: ¢T16 10: gT4
11: 8-Bit PWM 11: 28 -1 11: ¢T256 11: gT16
8-Bit TAFF3C1 | TAFF3C0 | TAFF3IE | TAFF3IS
TA3FFCR | Timer 10DH W* RIW
Flip-Flop 1 | 1 0 0
Control 00: Invert TA3FF 1: TA3FF |0: TMRA2
01: Set TA3FF Invert 1. TMRA3
10: Clear TA1FF Enable inversion
11: Don’'t care
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(8) UART/Seria Channel (1/2)
(8-1) UART/SIO Channel 0
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 { RB6/TB6 { RB5/TB5 { RB4/TB4 { RB3/TB3 | RB2/TB2 | RB1I/TB1 | RBO/TBO
SCOBUF | Channel 0 200H R (Receiving)/W (Transmission)
Buffer Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS 10C
Serial R R/W R (Cl eflared to 0 by rtlaading) R/W
SCOCR | Channel 0 201H 0 0 0 o | o | o 0 0
Control Receiving garcl)té/d 1: Parity 1: Error 0:SCLKO1 {1: Input
databit8 |1 Eyen Enable | Over Run Parity Framing | 1:SCLKO. {SCLKO pin
TB8 CTSE RXE WU SM1 SMO SC1 SCO
RIW
i 0 0 0 0 o i o o i o
SCO- Channd 0 ooy | Transmisson | 1:CTS 1:Recdive | 1:Wakeup }00: I/O Interface 00: TAOTRG
MODO Modeo databit 8 Enable Enable Ensble |01: UART 7-Bit 01: baud rate generator
10: UART 8-Bit 10: internal clock fgys
11: UART 9-Bit 11: external clock
SCLKO
0 BROADD | BROCK1 | BROCKO | BROS3 | BROS2 | BROSL | BROSD
RIW
Boud Rete 0 0 0 o | o o | o
BROCR Control 203H  [Always  [1: (16-K) /16 | 00: ¢TO Set the dividiing value.
write 0. divided 01: gT2 OtoF
Enable 10: T8
11: ¢T32
Serial BROK3 | BROK2 | BROK1 | BROKO
BRO-AD | Channel - 0 204H 0 | 0 RﬂlN 0 | 0
D K setting
Reg Baud Rate0 K
1toF
1250 FDPXO0
SCO-MO Serial RQN RQN
Channel 0 205H
D1 Model IDLE2 /O interface
0: Stop {1 Full Duplex
1: Operate {: Half Duplex
(8-2) IrDA
Symbol Name Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 SIRWD1 SIRWDO
R/W R/W R/W R/W R/W
DA 0 0 0 0 0 o | o I o
SIRCR | Control 207H | rrasmisson | Receiving | Transmisson | 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 o“H puse |1:Enable {1:Enable |Possible :1to14
1: 1/16 1:“L" pulse Not possible : 0, 15
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UART/Serial Channel (2/2)
(8-3) UART/SIO Channel1
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 { RB6/TB6 { RB5/TB5 { RB4/TB4 { RB3/TB3 | RB2/TB2 | RB1/TB1 { RBO/TBO
SC1BUF| Channel 1 208H R (Receiving)/W (Transmission)
Buffer Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS 10C
Serial R R/W R (Cl ef:ared to 0 by rt:aading) R/W
SCICR |Chamnel 1 | 209H 0 0 0 ©o i+ 0 1 0 0 0
Control Receiving |{Parity 1: Parity 1: Error 0: SCLK11t {1: Input
data bit 8 {0: Odd Enable Over Run Parity Framing |1 SCLK1i |SCLK1 pin
1: Even
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/IW
SC1- Serial 0 0 0 0 0 0 0 0
Mopo | chane 1 20AH Transmission | 1: CTS 1: Receive | 1: Wakeup | 00: I/O Interface 00: TAOTRG
Mode databit 8 Enable Enable Enable | 01: UART 7 bit 01: baud rate generater
10: UART 8 bit 10: internd dock fgy's
11: UART 9 hit 11: externd clock SCLK1
O BR1ADD | BR1CK1 BR1CK BR1S3 BR1S2 BR1S1 BR1S0
R/W . .
Baud Rate 0 0 0 0 0 H 0 0 H 0
BRICR Control 20BH | Always writd 1: (16-K)/16 | 00: ¢TO Dividing value
0. divided | O1: ¢T2 OtoF
Enable 10: T8
11 ¢T32
. BR1K3 BR1K?2 BR1K1 BR1KO
Serial
BR1-AD | Channd 1 20CH 0 0 RIW 0 5
D K setting
Reg Set the frequency divisor K
1toF
12S1 FDPX1
RIW R/W
sc1mo | 14 0 0
D1 Channel 1 20DH IDLE2 1/0 interface
Model 0: Stop mode
1: Operate |1: full Duplex
0: Half Duplex
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(9) 1°CBUS/Serial Interface

Symbol Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO
SBIOCR1 | Serial Bus 240H /SVRMON
Interface (I2CBus W R/W W W R/W
Control Mode) 0 0 0 0 0 0 0
Register 1 Number of transfer bits Acknowledge Setting for the devisor value n
000: 8, 001: 1, 010: 2 Mode 000: 4, 001: 5, 010: 6
o | 018 14 10 poste o7 s o
RMW) : 6, : : : 10, :
240H SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 CKO
(SIo /SVRMON
Mode) W W W W w W R/W
0 0 0 0 0 0 0
Transfer Transfer Transfer mode Setting for the divisor value n
(Prohibit 0: Stop 0: Continue | 00: 8-Bit Transmit Mode 000: 3, 001: 4, 010:5
1: Start 1: Abort 10: 8-Bit Transmit/Receive 011: 6, 100: 7, 101:8
RMW) Mode 110: 9, 111: SCK pin
11: 8-Bit received Mode
SBIO- SBI 241H RB7/TB7 { RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 { RB2/TB2 | RB1/TB1 {PBO/TBO
DBR Buffer (Prohibit R (receiving)/W (transmission)
Register RMW) Undefined
SA6 SA5 SA4 SA3 SA2 SA1l SAO0 ALS
I2COAR | I2CBUS 242H W W W W R/W R/W R/W R/W
Address 0 0 0 0 0 0 0 0
Register Address
(Prohibit Setting slave address rocogren
RMW) 0: Enable
1: Disable
MST TRX BB PIN AL/SBIM1 |AAS/SBIMO ADO/ LRB/
SBIO- Serial Bus 243H SWRST SWRSTO
CR2 Interface (I’Cbus RIW RIW RIW RIW RIW RIW RIW RIW
Control Mode) 0 0 0 1 0 0 0 0
(SBIOSR) | Register 2 0: Slave O:receiver |Busstatus | INTS2  reques Arbitration losfSlave  arddresd GENERAL Lost receive
1: Master 1: transmit | monitor monitor detection match  detectionf CALL  detectiory bit monitor
(Prohibit 0: Free 0: Request monitor monitor monitor 0:0
RMW) 1: Busy 1: Cancel 1: Detect 1: Detect 1: Detect 11
0 0J 0J 0 SIOF SEF ] 0J
243H R R
(slo 0 0
Mode) Transfer  status | Shift operation
monitor status monitor
(Prohibit 0: stopped 0: stopped
RMW) 1: terminated in } 1: terminated in
process process
12SBI0
SBIO- Serial Bus 244H R/W
BRO Interface 0
Baud Rate Always  |IDLE2
Register 0 write 0. 0: Abort
1: Operate
PAEN
SBIO- Serial Bus 245H R/IW
BR1 Interface 0
Baud Rate Internal Clock
Register 1 0: Abort
1: Operate
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(10) A/D Converter
Symbol Name Address 7 6 5 4 3 2 1 0
A/D EOCF ADBF O ITM1 ITMO REPEAT SCAN ADS
ADMOD | MODE 2BOH R R/W R/IW R/IW R/W RIW RIW
0 Reg0 0 0 0 0 0 0 0 0
1: End 1: busy Interrupt in Repeat Mode | 1: Repeat 1: Scan 1 Start
A/D VREFON I2AD ADTRGE { ADCH2 ADCH1 ADCHO
ADMOD | MODE 2B1H R/W R/IW R/W R/W
1 Regl 0 0 0 0 0 0
1: VREF | IDLE2 1: Enable for Input channel
On 0: Abort external 000: ANO ANO
1: Operate start 001: AN1ANO - AN1
010: AN2 ANO - AN1 - AN2
011: AN3ANO - AN1 - AN2 - AN3
100: AN4 AN4
101: AN5 AN4 — AN5
110: AN6 AN4 — AN5 - AN6
111: AN7 AN4 - AN5 - AN6 - AN7
AD AD Result ADRO1 ADROO ADRORF
REGOAL | Reg 0/4 low 2A0H R R
Undefined 0
AD AD Result ADRO09 ADRO08 ADRO7 ADRO06 ADRO05 ADRO4 ADRO3 ADRO2
REGO4H | Reg 0/4 2A1H R
high Undefined
AD AD Result ADR11 ADR10 ADRI1RF
REG15L | Reg 1/5 low 2A2H R R
Undefined 0
AD AD Result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
REG15H | Reg 1/5 2A3H R
high Undefined
AD AD Result ADR21 | ADR20 ADR2RF
REG26L | Reg2/6low| 2A4H R R
Undefined 0
AD AD Result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
REG26H | Reg 2/6 2A5H R
high Undefined
AD AD Result ADR31 | ADR30 0 0 0 0 0 ADR3RF
REG37L | Reg 3/7 low 2A6H R R
Undefined 0
AD AD Result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
REG37H | Reg 3/7 2ATH R
high Undefined
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(11) Watchdog Timer

Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO 12WDT RESCR 0
WDT R/W R/W R/W R/IW R/W R/IW
WDMOD | MODE 300H 1 0 0 0 0 0
Reg 1:WDT 00: 2%/fgys IDLE2 1: RESET  {Always write
Enable | OL 2"/fgs 0: Abort connect  {0.
10: 2fgys 1: Operate internally
11: 2%fgys WDT out
to Reset
pin
O
WDCR | WD 301H W
Control O
B1H: WDT Disable  4EH: WDT Clear
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(12) RTC (Rea-Time Clock)
Symbol Name Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
SECR Second 320H RIW
Reg Undefined
Q" 40 sec. 20 sec. 10 sec. 8sec. | 4sec 2 sec. 1 sec.
MI16 MI5 M4 MI3 MI2 MI1 MIO
MINR Minute 321H R/W
Reg Undefined
‘0 40 min. 20 min. 10 min. 8 min. i 4 min. 2 min. Imin.
HO5 HO4 HO3 HO2 HO1 HOO
HOURR | Hour 322H R/W
Reg Undefined
“o” ‘o 20 hour 10 hour 8 hour 4 hour 2 hour 1 hour
(PM/AM)
WE2 WE1 WEOQO
DAYR | Day 323H RIW
Reg Undefined
Q" “Q 0 “Q “Q I WE2 WEL WEQ
DAS DA4 DA3 DA2 DA1 DAO
DATER | Date 324H R/W
Reg Undefined
“Qr “0 20 day 10 day 8 day | 4 day 2 day 1 day
MO4 MO3 | MO2 MOL MO0
MONTHR | Month 325H R/W
Reg Undefined
PAGEOQ ‘0 ‘0" ‘0" 10 month 8 month 4 month 2 month 1 month
PAGE1 - - - - 0: Indicator
for 12 hours
1: Indicator
for 24 hours
YE7 YE6 YE5 YE4 YE3 YE2 YE1 YEO
YEARR | Year 326H R/W
Reg Undefined
PAGEO 80 year 40 year 20 year 10 year 8 year 4 year 2 year ! 1year
PAGE1 - - - - - - Leap year setting
INTRTC ADJUST | ENATMR | ENAALM PAGE
PAGER | Page 327H R/IW W R/W R/W
Reg(Prohi 0 - Undefined Undefined
bit RMW) INT ADJUST TIMER ALARM PAGE
ENABLE ENABLE | ENABLE setting
DISIHZ DISI6HZ | RSTTMR | RSTALM RE3 RE2 RE1 REO
RESTR | Reset 328H W
Reg(Prohi Undefined
bit RMW) 0: 1HZ 0:16HZ | 1 RESET | LRESET Always write 0.
TIMER ALARM
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(13) Melody/Alarm Generator

Symbol Name Address 7 6 5 4 3 2 1 0
AL8 AL7 AL6 ALS5 AL4 AL3 AL2 ALl
Alarm — R/W
ALM Pattern 330H 0
Reg Alarm —Pattern set
FC1 FCO ALMINV MELALM
MEL-A | Melody/ R/W R/IW R/IW
LMC Alarm 331H 0 0 0
Control Free-run counter Control Alarm Always write 0 Output
Reg 00: Hold Frequency Frequency O:
01: Restart Invert Alarm
10: Clear 1: Invert 1: Melody
11: Clear & Start
ML7 ML6 ML5 ML4 ML3 ML2 ML1 MLO
Melody R/W
MELFL | Frequency 332H 0
L-Reg Meélody Frequency set (low 8bit)
MELON ML11 | ML10 ML9 ML8
Melody R/W R/W
MELFH | Frequency 333H 0 0
H-Reg Melody Melody Frequency set (high 4bit)
counter
Control
0: Stop and
Clear
1. Start
IALM4E | IALM3E IALM2E IALM1E IALMOE
Alarm R/IW
ALMINT | Interrupt 334H 0
Enable Always INTALM4 to INTALMO Alarm Interrupt Enable
Reg write 0
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(a4HMMU
Symbol Name Address 7 6 5 4 3 2 1 0
LOE LOEA2 LOEA21 LOEA20
LOCAL [LOCALO R/W RIW
0 Control 350H 0 0
Reg 0: Disable LOCALO area BANK set
1: Enable
L1E L1EA3 LIEA22 L1EA21
LOCAL |LOCAL1 R/W R/W
1 Control 351H 0 0
Reg 0: Disable LOCAL1 area ANK set
1: Enable
L2E L2EAZ3 | LOFA22 | LOEA2L
LOCAL |[LOCAL2 RIW RIW
2 Control 352H 0 0
Reg 0: Disable LOCAL2 area BANK set
1: Enable
L3E L3EA26 | L3EA25 L3EA24 L3EAZ3 L3EA22
LOCAL |[LOCAL3 RIW RIW
3 Control 353H 0 0
Reg 0: Disable LOCAL3 area BANK set
1: Enable
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6. Points to Note and Restrictions

(1) Notation
1. Thenotation for built-in/ I/O registersis as follows register symbol <bit symbol>
e.g.) TAOIRUN <TAORUN> denotesbit TAORUN of register TAO1IRUN.

2. Read-modify-writeinstructions

Aninstructioninwhichthe CPU reads datafrom memory and writes the datato the same memory location
in oneinstruction.

Example 1) ST 3, (TAOLIRUN) ... Set bit 3 of TAOIRUN.
Example 2) INC 1, (100H) ... Increment the data at 100H.
Examples of read-modify-write instructions on the TLCS-900

Exchange instruction
EX (mem), R

Arithmetic operations

ADD (mem), RA# ADC (mem), R/#
SUB  (mem), Ri# SBC (mem), R/#
INC  #3, (mem) DEC #3, (mem)

Logic operations

AND (mem), Ri# OR  (mem), Ri#
XOR (mem), Ri#

Bit manipulation operations

STCF #3/A, (mem) RES #3, (mem)
ST #3,(mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR  (mem)
A (mem) SRA  (mem)
SL (mem) SRL  (mem)
RLD (mem) RRD (mem)

3. fc, fs, fgph, fgysand one state

The clock frequency input on ins X1 and 2 is called Hgcy. The clock selected by DFMCRO
<ACT1~ACTO> iscdledfc.

The clock selected by SY SCR1 <SY SCK> iscalled fgpy. The clock frequency give by fgpy divided by 2
iscalled fSYS

Onecycleof fgygisreferred to as one state.
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(2) Pointsto note
a AMOandAM1pins
This pinisconnected to the VCC or the VSS pin. Do not ater the level when the pinisactive.
b) EMUOand EMU1
Open pins.
c) Reserved address areas
The TMP91C815 does not have any reserved areas.
d) Warmup counter

The warm-up counter operates when STOP Mode is released, even if the system is using an external
oscillator. Asaresult atime equivalent to the warm-up time elapses between input of the release request
and output of the system clock.

e) Programmable pull-up resistance

The programmabl e pull-up resistor can be turned ON/OFF by a program when the ports are set for use
asinput ports. When the portsare set for useasoutput ports, they cannot beturned ON/OFF by aprogram.

The data registers (e.g. Px) are used to turn the pull-up/-down resistors ON/OFF. Consequently
read-Modify-write instructions are prohibited.

f)  Busreleasefunction
It isdescribed note point in “3.5 Port Function” that pin’s condition at bus rel ease condition.
Please refer that.

g) Watchdog timer

The watchdog timer starts operation immediately after a Reset is released. When the watchdog timer is
not to be used, disableit.

h) AD converter

Thestring resistor between the VREFH and VREFL pinscan be cut by aprogram so asto reduce power
consumption. When STOP Mode is used, disable the resistor using the program before the HALT
instruction is executed.

i) CPU (micro DMA)
Only theLDCcr,rand LDCr, crinstructions can be used to accessthe control registersinthe CPU (e.g.
the Transfer Source Address Register (DMASn)).

i) Undefined SFR

The value of an undefined bit in an SFR is undefined when read.
k) POP SRinstruction

Please execute the POP SR instruction during DI condition.
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8. 100 pin QFP (Flat Package)
PACKAGE NAME: P-LQFP100-P-1414-0.5D
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