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TOSHIBA TMP91C820A

CMOS 16-Bit Microcontrollers
TMPO1C820AF

1. OUTLINE AND FEATURES

TMP91C820AF is a high-speed 16-bit microcontroller designed for the control of various mid- to large-scale
equipment.
TMP91C820AF comesin a 144-pin flat package.
Listed below are the features.
(1) High-speed 16-bit CPU (900/L1 CPU)
 Instruction mnemonics are upward-compatible with TLCS-90/900
e 16 Mbytes of linear address space
« General-purpose registers and register banks
e 16-bit multiplication and division instructions; bit transfer and arithmetic instructions
e Micro DMA: Four-channels (1.0 us/2 bytes at 16 MHz)

(2) Minimum instruction execution time: 111ns (at 36 MHz)
(3) Built-in RAM: 8 Kbytes
Built-in ROM: 8 Kbytes
(4) External memory expansion
* Expandable up to 136M 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) 16-bit timer/event counter : 1 channel

(7) Genera-purpose serial interface: 3 channels
¢ UART/Synchronous mode
* IrDA

(8) Seria businterface: 1 channel
« 1%C bus mode/clock synchronous select mode

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.

¢ 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.

« 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.

= Purchase of TOSHIBA 1C components conveys a license under the Philips I°C Patent Rights to use these componentsin an
|l| [@ I2C system, provided that the system conforms to the I°C Standard Specification as defined by Philips.
BUS
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TMP91C820A

(9) LCD controller
e Shift register/built-in RAM LCD driver
e Supported 16,8 and 4 Gray-levels and Black and White
e Hardware Blinking Cursor
(10) SDRAM Controller
¢ Supported 16M,64M and 128Mbit-SDRAM with 16bit Data-bus

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

(12) Key-on wake up (Interrupt key input)
(13) 10-bit A/D converter: 8 channels
(14) Watch dog timer
(15) Melody/alarm generator
« Melody: Output of clock 4 to 5461Hz

e Alarm: Output of the 8 kinds of alarm pattern
e Output of the 5 kinds of interval interrupt

(16) Chip select/Wait controller: 4 channels
27y MMU
« Expandable up to 136M bytes (4 local area/8bank method)
(18) Interrupts: 43 interrupts
e 9 CPU interrupts: Software interrupt instruction and illegal instruction
« 28internd interrupts: Seven selectable priority levels
* 6 externa interrupts: Seven selectable priority level s(4-edge selectable)

(29) Input/output ports: 77 pins ( a External 16-bit data bus memory)
(20) Stand-by function
Three Halt modes: 1dle2 (programmable), Idlel, Stop
(21) Triple-clock controller
¢ Clock doubler (DFM)
e Clock gear function: Select a High-frequency clock fc to fc/16
* RTC (fs=32.768kHz)
(22) Operating voltage
e VCC=27V 1036V (fc max =27 MH2z)
e VCC=3.0V1to3.6V (fc max =36 MHz)
(23) Package
e 144-pin QFP: LQFP144 - P-1616 - 0.40
e 144-pad Dice form
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TOSHIBA TMP91C820A
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Figure 1.1 TMP91C820A Block Diagram

Initial Function After Reset
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TMP91C820A

2. PIN ASSIGNMENT AND PIN FUNCTIONS

The assignment of input/output pins for the TMP91C820AF, their names and functions are as follows:

2.1 Pin Assignment Diagram

Figure 2.1 shows the pin assignment of the TMP91C820AF.

P81/AN 1]

P82/AN 2]
P83/AN3/ADTRG —]
P84/AN4IT—]
P85/ANS [IT—]
P86/AN6 IE—]
Pg7/AN7 I—]
AVSSITI—

AvCOm—]
KI2/P92t—
K13/P93—]
KI4/P9ATT—]
KI5/P95I—]
KI6/P96EHE—]
KI7/P97r—]
KOO/PAQ O]
KO1/PA1 I—]
KO2/PA2 —]
KO3/PA3 TE—]
KO4/PA4 OT—]
Kos/PAs T

KO6/PA6

KO7/PAT
TXD2/TAOIN/PBO IT—]
RXD2/TA10UT/PB1 ]
INTO/PB3 —]
INT /PB4 TE—]
DVSS1 IE—]
TA3OUT/INT2/PB5 ]
TBOOUTO/INT3/PB6 ]
TXDO/PCOmT—]
RXDO/PC100T—]
SCLKO/CT S0/PC2m—]
TXD1/PC3T—]
RXD1/PC4 m—}
SCLK1/CTS1/PC5 o]

Figure 2.1 Pin assignment diagram (144-pin QFP)
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TOSHIBA TMP91C820A
PAD layout
(Chip size 5.75mm x 5.63mm) Unit: gy m
PIN Name X Y PIN Name X Y PIN Name X Y
No point | point No point | point No point | point
1 P81 -2742 | 2128 49 PC7 -485 | -2682 97 P37 2736 758
2 P82 -2742 | 2004 50 EMUO -370 | -2682 98 VDD 2736 872
3 P83 -2742 | 1888 51 EMU1 -256 | -2682 99 P20 2736 986
4 P84 -2742 | 1774 52 PD1 -142 | -2682 | 100 VSS 2736 | 1202
5 P85 -2742 | 1660 53 PD2 -28 -2682 | 101 P21 2736 | 1318
6 P86 -2742 | 1546 54 PD3 86 -2682 | 102 P22 2736 | 1432
7 P87 -2742 | 1432 55 PD4 200 -2682 | 103 P23 2736 | 1546
8 AVSS -2742 | 1318 56 PEO 314 | -2682 | 104 P24 2736 | 1660
9 AVDD -2742 | 1204 57 PE1 428 -2682 | 105 P25 2736 | 1774
10 P92 -2742 892 58 PE2 542 -2682 | 106 P26 2736 | 1888
11 P93 -2742 778 59 PE3 656 -2682 | 107 P27 2736 | 2004
12 P94 -2742 664 60 PE4 770 -2682 | 108 P50 2736 | 2128
13 P95 -2742 550 61 PE5S 884 -2682 | 109 P51 2188 | 2676
14 P96 -2742 | 436 62 PE6 998 -2682 | 110 P52 2062 | 2676
15 P97 -2742 322 63 PE7 1112 | -2682 | 111 P53 1948 | 2676
16 PAO -2742 208 64 VSS 1246 | -2682 | 112 P56 1834 | 2676
17 PAL -2742 94 65 P00 1378 | -2682 | 113 P60 1720 | 2676
18 PA2 -2742 -20 66 PO1 1492 | -2682 | 114 P61 1606 | 2676
19 PA3 -2742 | -134 67 P02 1606 | -2682 | 115 P62 1492 | 2676
20 PA4 -2742 | -248 68 P03 1720 | -2682 | 116 VSS 1378 | 2676
21 PAS -2742 | -362 69 P04 1834 | -2682 | 117 P63 1264 | 2676
22 PAG -2742 | -476 70 P05 1948 | -2682 | 118 P64 1150 | 2676
23 PA7 -2742 | -590 71 P06 2062 | -2682 | 119 P65 1036 | 2676
24 PBO -2742 | -704 72 P07 2188 | -2682 | 120 P66 922 2676
25 PB1 -2742 | -818 73 P10 2736 | -2134 | 121 P67 808 2676
26 PB3 -2742 | -932 74 P11 2736 | -2010 | 122 P70 694 2676
27 PB4 -2742 | -1046 75 P12 2736 | -1894 | 123 P71 580 2676
28 VSS -2742 | -1210 76 P13 2736 | -1780 | 124 P72 382 2676
29 PB5 -2742 | -1324 77 P14 2736 | -1666 | 125 VDD 268 2676
30 PB6 -2742 | -1438 78 P15 2736 | -1552 | 126 P73 68 2676
31 PCO -2742 | -1552 79 P16 2736 | -1438 | 127 P74 -46 2676
32 PC1 -2742 | -1666 80 VSS 2736 | -1318 | 128 P75 -160 | 2676
33 PC2 -2742 | -1780 81 P17 2736 | -1066 | 129 P76 -274 | 2676
34 PC3 -2742 | -1894 82 P40 2736 -952 130 P77 -388 2676
35 PC4 -2742 | -2010 83 P41 2736 -838 131 PD6 -520 | 2676
36 PC5 -2742 | -2134 84 P42 2736 -724 132 PD7 -634 2676
37 PFO -2194 | -2682 85 P43 2736 -610 133 PF3 -748 2676
38 PF1 -2068 | -2682 86 P44 2736 -496 134 PF4 -862 2676
39 PF2 -1954 | -2682 87 P45 2736 -382 135 PF5 -976 2676
40 PDO -1840 | -2682 88 P46 2736 -268 136 VSS -1090 | 2676
41 AMO -1726 | -2682 89 P47 2736 -154 137 PF6 -1204 | 2676
42 VDD -1612 | -2682 90 P30 2736 -40 138 PF7 -1318 | 2676
43 X2 -1410 | -2682 91 P31 2736 74 139 P90 -1432 | 2676
44 VSS -1244 | -2682 92 P32 2736 188 140 Po1 -1546 | 2676
45 X1 -1079 | -2682 93 P33 2736 302 141 NMIV -1660 | 2676
46 AM1 -963 | -2682 94 P34 2736 416 142 VREFL | -1954 | 2676
47 RESETV | -849 | -2682 95 P35 2736 530 143 | VREFH | -2068 | 2676
48 PC6 -734 | -2682 96 P36 2736 644 144 P80 -2194 | 2676
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TOSHIBA TMP91C820A

2.2 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 1/0 Functions
of Pins
P00 to PO7 8 110 Port 0: I/O port that allows 1/0 to be selected at the bit level
DOto D7 110 Data (lower): bits 0 to 7 of data bus
P10 to 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 /10 Data (upper): bits 8 tol5 of data bus
P20 to P27 8 Output Port 2: 1/O port
A16 to A23 Output Address: bits 16 to 23 of address bus
P30 to P37 8 Output Port 3: 1/O port
A81to Al15 Output Address: bits 8 to 15 of address bus
P40 o P47 8 Output Port 4: 1/0 port
AOto A7 Output Address: bits 0 to 7 of address bus
PZ0 1 Output Port Z0:Output port
/RD Output Read: strobe signal for reading external memory
Pz1 1 Output Port Z1:Output port
/WR Output Write: strobe signal for writing data to pins DO to D7
pPz2 1 110 Port Z2: 1/O 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/O port (with pull-up resistor)
R/IW Output Read/Write: 1 represents Read or Dummy cycle; O represents write cycle.
/SRWR Output Write for SRAM: strobe signal for writing data .
P56 1 110 Port 56: 1/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 addressis within specified address area
/SDCS Output Chip Select for SDRAM: outputs “0” when address is within SDRAM address area
P62 1 Output Port 62: Output port
/CS2 Output Chip Select 2: outputs “0” when addressis within specified address area
/CS2A Output Expand Chip Select: 2A: outputs 0 when address is within specified address area
P63 1 Output Port 63:Output port
/CS3 Output Chip Select 3: outputs “0” when addressis within specified address area
P64 1 Output Port 64: Output port
EA24 Output Chip Select 24: outputs “0” when address is within specified address area
/CS2B Output Expand Chip Select: 2B: outputs “0” when addressis within specified address area
P65 1 Output Port 65: Output port
EA25 Output Chip Select 25: outputs “0” when address is within specified address area
/CS2C Output Expand Chip Select: 2C: outputs “0” when address is within specified address area
P66 1 Output Port 66: Output port
/CS2D Output Expand Chip Select: 2D: outputs “0” when address is within specified address area
/SRLB Output Lower Byte enable for SRAM: outputs “0” when lower-data is enable.
P67 1 Output Port 67: Output port
ICS2E Output Expand Chip Select: 2E: outputs “0” when address is within specified address area
/SRUB Output Upper Byte enable for SRAM: outputs “0” when upper-datais enable.

91C820A-6



TOSHIBA TMP91C820A

Pin Name Number I/O Functions
of Pins
P70 1 110 Port 70: 1/O port
SCK 110 Serial businterface clock 1/0O dataat SIO mode
OPTRXO0 Input Serial-0 recive data
P71 1 110 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
OPTRXO0 Output | Serial-0 send data
P72 1 110 Port 72: 1/O port
Sl Output Serial businterface recive data at SIO mode
SCL Output Serial businterface clock I/O data at 12C mode
Open drain output mode by programmable
P73 1 110 Port 73: 1/O port
/CS2F Output Expond Chip Select 2F: outputs outputs “0” when address is within specified address area
P74 1 110 Port 74: 1/0 port
/CS2G Output Expond Chip Select 2G: outputs outputs“0” when addressiswithin specified address area
P75 1 110 Port 75: 1/0 port
/CSEXA Output Expand Chip Select EXA: outputs outputs “0” when address is within specified address
area
P76 1 110 Port 76: 1/0 port
MSK Input Mask : Usefor disable to output VEECLK for LCD-driver
P77 1 110 Port 77: 1/0 port
VEECLK Output Output 32.768KHz clock to LCD-driver. (can be disabled by M SK-pin)
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)
P90 to P97 8 Input Port: 90 to 97 port: Pin used to input ports
K10 to K17 Input Key input 0 to 7: Pin used of Key on wake-up Oto 7
(schmitt input, with pull-up register)
PAOto PA7 8 Output Port: AO to A7 port: Pin used to output ports
KOO to KO7 Output Key output 0 to 7: Pin used of Key-scan strobe 0 to 7
PBO 1 110 Port BO: I/O port
TAOIN Input 8hit timer O input: Timer 0 input
TXD2 Output Serial 2 send data: Open drain output pin by programmable
PB1 1 110 Port B1: 1/0 port
TA10OUT Output 8hit timer 1 output: Timer 1 output
RXD2 Input Serial 2 recelve data
PB3 1 110 Port B3: 1/0 port
INTO input Interrupt request pinO: Interrupt request pin with programmable level / rising /
Falling edge
PB4 1 110 Port B4: 1/0 port
INT1 input Interrupt request pinl: Interrupt request pin with programmablerising /
Falling edge

91C820A-7



TOSHIBA TMP91C820A
Pin Name Number 1/10 Functions
of Pins

PB5 1 110 Port B5: 1/0 port

INT2 Input Interrupt request pin2 : Interrupt request pin with programmablerising /falling edge
8hit timer 3 output: Timer 3 output

TA30UT Output 8hit timer 3 output: Timer 2 output or Timer 3 output

PB6 1 110 Port B6 : 1/0 port

INT3 Input Interrupt request pin3: Interrupt request pin with programmable rising /falling edge
Timer BO output

TBOOUTO Outout 8hit timer 0 output: Timer 0 output or Timer 1 output

PCO 1 110 Port CO: 1/0O port

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

PC1 1 110 Port C1: 1/0O port

RXDO Input Serial O recelve data

PC2 1 110 Port C2: 1/0O port

SCLKO 110 Serial 0 clock I/O

CTSO Input Serial 0 data send enable (Clear to Send)

PC3 1 110 Port C3: 1/0 port

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

PC4 1 110 Port C4: 1/0O port

RXD1 Input Serial 1 receive data

PC5 1 110 Port C5: 1/0 port

SCLK1 110 Serial 1 clock I1/0

CTSL Input Serial 1 data send enable (Clear to Send)

PDO 1 Output Port DO: Output port

D1BSCP Output LCD driver output pin

PD1 1 Output Port D1: Output port

D2BLP Output LCD driver output pin

PD2 1 Output Port D2: Output port

D3BFR Output LCD driver output pin

PD3 1 Output Port D3: Output port

DLEBCD Output LCD driver output pin

PD4 1 Output Port D4: Output port

DOFFB Output LCD driver output pin

PD6 1 Output Port D6: Output port

/ALARM Output RTC alarm output pin

/MLDALM Output Melody / Alarm output pin (inverted)

PD7 1 Output Port D7: Output port

MLDALM Output Melody / Alarm output pin

PEQ to PE7 8 110 Port EO to E7: 1/O port

LDOto LD7 Output Data Bus for LCD-driver

PFO 1 110 Port FO: Output port

/SDRAS Output Row Address Storobe for SDRAM: outputs “0” when address is within SDRAM
address area

PF1 1 110 Port F1: Output port

/SDCAS Output Column Address Storobe for SDRAM: outputs “0” when address is within SDRAM
address area
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Pin Name Number 1/O Functions
of Pins

PF2 1 Output Port F2: Output port

/SDWE Output Write Enable for SDRAM

PF3 1 Output Port F3: Output port

SDLDQM Output Lower Data enable for SDRAM

PF4 1 Output Port F4: Output port

SDUDQM Output Upper Data enable for SDRAM

PF5 1 Output Port F5: Output port

SDCKE Output Clock Enable for SODRAM

PF6 1 Output Port F6: Output port

SDCLK Output Clock for SDRAM

PF7 Output Port F7: Output port

IPS Input Power Save mode setting terminal

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

AMOto1 2 Input Operation mode:
Fixed to AM1="1" ,AM0="1" when using internal-ROM.
Fixed to AM1="0",AM0="1" when using external-ROM

by 16-bit external bus.
Fixed to AM1="0",AM0="0" when using external-ROM
by 8-bit external bus.

EMUO 1 Output Open pin

EMU1 1 Output Open pin

RESET 1 Input Reset: initializes TMPI1C820AF. (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)

XUX2 2 1/10 High-frequency oscillator connection pins

XTLUXT2 2 1/10 Low-frequency oscillator connection pins

AVCC 1 Power supply pin for AD converter

AVSS 1 GND pin for AD converter (0 V)

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

DVSS 7 GND pins (All pins shuold be connected with GND(OV).
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3. OPERATION

Thisfollowing describes block by block the functions and operation of the TMP91C820A.
Notes and restrictionsfor eatch book are outlined in“ 6, Precautions and Restrictions*  at the end of thismanual.

3.1 CPU

The TMP91C820A 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 TMP91C820A; these functions are not
covered in the TLCS-900/L 1 CPU section.

3.1.1 Reset

When resetting the TMP91C820A 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 for at least 10 system clocks (ten states: 80 ns at 4 MHz).

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<7to0> - valueat FFFFOOH address
PC<15t0 8> - value at FFFFO1H address
PC<23to 16>~ value at FFFFO2H address

Sets the stack pointer (XSP) to 100H.

Setshits<IFF2:0> of thestatusregister (SR) to 111 (setstheinterrupt level mark register tolevel
7).

Setsthe <M AX> hit of the status register to 1 (MAX mode).

(Note: Asthis product does not support MIN mode, do not write a0 to the <MAX>))

Clears bits <RFP2:0> of the status register to 000 (sets the register bank to 0 ).

When reset isrel eased,the CPU starts executing instructionsin accordance with the program counter
settings. CPU internal registers not mentioned above do not change when the reset isreleased.
When the reset is accepted, the CPU setsinternal /O, ports, and other pins asfollows.

Initializesthe internal 1/0 registers.

Sets the port pins, including the pins that also act as internal /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 isareset timing of the TMP91C820A.
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Figure 3.1.1 TMP91C820A Reset Timing Example (the case of using externa-ROM)
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3.2 Memory Map
Figure 3.2.1is amemory map of the TMP91C820A.

000000H ) - A

Internal 1/0 Direct

(4KByte) area(n)
000100H v
000FEQH [
001000H [

Internal RAM 64Kbyte area
(nn)

(8K Byte)
003000H
010000H \4

External memory

16Mbyte area
(R)
(R)

(R+)
(R + R8/16)
(R + d8/16)
(nnn)
FFEOOOH
Mask ROM
(8K Byte)
FFFFOOH
FFFFFFH Vector table (256 Bvte)

(|:| =Internal area)

Figure 3.2.1 Memory Map

(note) : Address 000FEOH — O00OFEFH is assigned for the external memory area of Built-in RAM type LCD
driver.
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3.3 Triple Clock Function and Standby Function

TMP9O1C820A contains (1) a clock gear, (2) clock doubler (DFM), (3) standby controller and (4)
noise-reducing circuit. It is used for low-power, low-noise systems.
This chapter isorganized asfollows:

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 Noisereducing circuit

3.3.7 Standby controller
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The clock operating modes are as follows: (a) Single Clock Mode (X1, X2 pins only), (b) Dual Clock Mode
(X1, X2, XT1and XT2 pins) and (c) Triple Clock Mode (the X1, X2, XT1 and XT2 pins and DFM).

Figure 3.3.1 shows atransition figure.

Reset
(foscH/32)

SE ods % , release Reset
i instruction

(/O operate) %} NORMAL mode ! " u It STOP mode

IDLE1 mode e nstiuction ——= (iogcpygear valuer2) <R (Stops all circuits)

- interru
(Operate only oscillator) _———"‘D‘L/‘)

(@) Single clock mode transition figure

Reset
(foscH/32)
IDLE2 mode % lrelease Reset
(I/O operate) interrupt
instr'\) NORMAL mode instruction
IDLE1 mode ﬁnﬂ—/ (foscH/gear value/2)
(Operate only oscillator) /,,,_Dl/" .
interrupt STOP mode
; ; Stops all circuits
IDLE2 mode % \ (Stop )
(/O operate) % SLOW mode
IDLEL mode 4—:2—:5&?@’ (fs/2)
(Operate only oscillator) _,-———‘D‘L""/—)
(b) Dual clock mode transition fiigure
Reset
(foscH/32)
IDLE2 mode % ,Lrelease Reset
(/O operate) %) NORMAL mode
instructi
IDLE1 mode W (foscH/gear valuel2)
(Operate only oscillator) 3 X
‘ . .
instruction STOP mode Instruction
*NOT (Stops all circuits)
. . interrupt
IDLE2 mode instruction IDLE2 mode
(/O operate) ‘Q) NORMAL mode P instruction SLOW mode (é) (/O operate)
IDLEL mode ﬁ (4 foscHgear [ o (fsl2) Q IDLE1 mode
(Operate oscillator and DFM) value/2) (Operate only oscillator)
Using DFM

() Triple clock mode trasision Figure

*NOTE)
I1t's prohibited to control DFM in SLOW mode when shifting from SLOW mode to NORMAL mode with use of
DFM. DFM Start up/Stop/Change Writeto DFMCRO<ACT1:0> resister
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
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.('Y ou 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 pinsis called fc and the clock frequency input from the XT1 and XT2 pinsis called fs. The
clock frequency selected by SY SCR1<SY SCK> is cdlled the system clock fppy. The system clock fsy sis defined as the divided clock of
fEpH, and one cycle of f sy sis defined 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> ——»fT

r—> oscillator), Lock up timer (DFM)

A

SYSCRO
<XTEN, RXTEN>

xT1lH Low-Frequency fs
XT2[}H  oscillator fc

A

fc/2

N Sy I
Z SYJCR1<SYSCK>

fDFM=foscH /4

SYSCRO

<XEN, RXTEN> fc/1
Clock Doubler

(DEM)

Y Y Y

>

X1 [HHigh-Frequency]
x2 [H oscillator ey

SYSCR1<GEAR2to GEARO>

Clock gear

DFMCRO<ACT1, ACT 0>

fsys CPU
TMRAO to 3,TMRBO
RAM
fTO ~ ,l prescaler
I v Interrupt
[ controller
SIOO0 to2
ADC
,I prescaler
WDT
I T
SBI 1/O ports
fT »| prescaler
> SDRAMC
RTC ’| ROM
fs >
LCDC
MLD/ALM
—>
>

Figure 3.3.2 Block Diagram of System clock
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332 SFR
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00EOH) | Read/write R/IW
After reset 1 1 1 0 0 0 o | o
High-frequen [Low-frequen |High-frequen | Low-frequen |Selects clock|Warm-up Select prescaler clock
cy oscillator |cy oscillator |cy oscillator |cy oscillator |after release |Timer 00: fEPH (Notel)
(fc) (fs) (fc) after (fs) after of Stop 0: Write 01: reserved
0: Stop 0: Stop release of release of  [Mode Don'tcare |10:fc/16
1: Oscillation |1: Oscillation |Stop Mode | Stop Mode  |o: fc 1: Write 11: reserved
Function (Note2) 0: Stop 0: Stop 1fs start timer
1: Oscillation | 1: Oscillation 0: Read
end warm-up
1: Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1
(00E1H) bit Symbol SYSCK GEAR?2 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 7 5 4 3 2 1 0
(O0E2H) bit Symbol PSENV WUPTM1 | WUPTMO | HALTM1 HALTMO SELDRV DRVE
ReadMrite RW R/W RW R/W R/W RW R/W
After reset 0 1 0 1 1 0 0
1:Disable Warm-Up Timer HALT mode <DRVE> |Pin state
0:power 00: reserved 00: reserved mode control in
’ 01: 28/inputted frequency |01: STOP mode | STOP mode
Func save 10:24 10: IDLE1 mode select  o: 1o off
unction 1 mode 11:2* 11: IDLE2 mode 1: STOP  |1: Remains
enable 0: IDLE1 the state
(Note3) before
HALT

(notel): By reset, low-frequency oscilltor is enabled.

(note2): 1t’s prohibit to use to fc/16 prescaler clock when SBI block use.(12C bus & clock synchronous)
(note3): When you use I\M/Epin as NMI function, set <PSETV>1t0“1" .

Figure 3.3.3 SFR for system clock
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Symbol | Name | Address 7 : 6 1 5 : 4 : 3 : 2 : 1 : 0
ACT1 , ACTO , DLUPFG , DLUPTM , . . '
RW | RW , R . RW : : :
CHN T T S S
DEMCRO | Control ESH DFM _ LUP SdethFﬂ-i:Lock up :Lock—up'ﬁme : : : :
Register 0 00 ISTOP STOP fosc SausFlag  |0:2%osoH | : : :
01 IRUN RUN foscH Oend :1: 2°f OscH ! ! ! !
10 [RUN sToP  fppv jlootend ! ! ! : !
11 'RUN  sTOP  foscH ! ! ! ! ' '
DFM DFM revision
DFMCR1 |Control E9H Input frequency 4~9MHz(@2.7V~3.6V) : write“0BH”
Register 0

Figure 3.3.4 SFR for DFM

Limitation point on the use of DEM

1. It'sprohibited to execute DFM enable/disable control in the SLOW mode(fs)
(write to DFMCRO<ACT1:0>="10"). Y ou should control DFM in the NORMAL mode.

2. If you stop DFM operation during using DFM(DFMCRO<ACT1:0>="10") , you shouldn’t execute that
changethe clock fppm to fosch and stop the DFM at the same time. Therefore the above executions should be
separated into two procedures as showing below.

LD (DFM CRO),COH ) Change the clock fpgm to fOSCH
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.

Please refer to 3.3.5 Clock Doubler (DFM) for the details.
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7 6 5 4 3 2 1 0
EMCCRO| pit Symbol | PROTECT | TASLCDE | AHOLD | TASMLDE EXTIN | DRVOSCH | DRvOSCL
(00E3H) | Readivvrite R RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 1 1
Protect flag LCDC Address hold | Melody/Alarm | Always fixed | 1: External fc oscillator fs oscillator
X 0: OFF Source clock | (*Note) Source clock | to“0" clock driver ability driver ability
Function
1: ON 0:32KHz 0;normal 0:32KHz 1: NORMAL 1: NORMAL
1. TA3OUT 1:enable 1:TASOUT 0: WEAK 0: WEAK
EMCCR1 | pit Symbol
(0OE4H) .
Read/Write < d
After reset Switching the protect ON/OFF by write to following 1 -KEY,2 "-KEY
Function 1"-KEY: EMCCR1=5AH,EMCCR2=A5H in succession write
U |
- 2"™-KEY: EMCCR1=A5H,EMCCR2=5AH in succession write
EMCCR2 | _bit Symbol |
(0OESH) Read/Write
After reset
Function
bit Symbol ENFROM | ENDROM | ENPROM EELAG DFLAG PFLAG
(E(J'\ggg? Read/Write RIW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0
CS1A area CS2B-2G CS2A area CS1A write CS2B-2G CS2A write
detect control | area detect detect control Operation flag | write peration | Operation
0: disable control 0: disable Flag Flag
X 1: enable 0: disable 1: enable When reading
Function
1: enable “0” : not written
“1" : written
When writing
“0" : clear flag

previous address.

Figure 3.3.5 SFR for noisereducing
Note : When getting access to the logic address 000000H to 003000H and FFEQOOH to FFFFFFH , AO to A23 holds the
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3.3.3 System clock controller

The system clock controller generates the system clock signal (fsys) for the CPU core and internal 1/0.
It contains two oscillation circuits and a clock gear circuit for high-frequency (fc) operation. The register
SY SCR1<SY SCK> changes the system clock to either fc or fs, SY SCRO<XEN> and SY SCRO<XTEN>
control enabling and disabling of each oscillator, and SYSCR1<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 isinstalled.

The combination of settings <XEN> =1, <XTEN> = 0, <SY SCK> = 0 and <GEARO~GEAR2> = 100

will causethe system clock (fgy 9 to be set to fc/32 (fc/16x 1/2) after a Reset.

For example, f gy gis set to 0.5 MHz when the 16-MHz oscillator is connected to the X1 and X2 pins.
(1) Switching from Normal Modeto Slow Mode

When theresonator isconnected to the X1 and X2 pins,or tothe X T1 and X T2 pins, thewarm-up
timer can be used to change the operation frequency after stable oscillation has been attained.

The warm-up time can be selected using SY SCR2<WUPTMO,WUPTM 1>.

Thiswarmrup 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 aresonator) with stable oscillation, awarmup 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

Warrg? ggg 2T 'me Changeto Changeto
<WUPTMLWUPTMO> Normal Mode Slow Mode
01 (28/ frequency) 16 (ny) 7.8 (m9)
10 (2** / frequency) 1.024 (ms) 500 (ms)
11 (2 / frequency) 4,096 (ms) 2000 (ms)

at foscH = 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 EQU 00EOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H
LD (SYSCR2), X-11- -X-B  ; Setswarmuptimeto 2°/fs.
SET 6, (SY SCRO) ; Enables low-frequency oscillation.
SET 2, (SYSCRO) ; Clearsand starts warm-up timer.
WUP: BIT 2, (SYSCRO) ; . .
Detects stopping of warm-uptimer.
R NZ, WUP ;
SET 3, (SYSCR1) ;. Changesfgysfromfctofs.
RES 7, (SY SCRO) ;  Disables high-frequency oscillation.
(Note) “xX' meansdon’'t care
“-* means no change
//
<XEN> ~—
X1, X2 pins —
<XTEN> //
XTL, XT2 pins I\ VAVAVAVAVAVA 7AVAVAVAVAVS \/\J
Warming Up Timer Counts up by fgyg \ / Counts up by fs\\
End of Warming Up Timer /
<SYSCK> fc ( ( : fs
A\Y s
System Clock fsys NN ANANNANNANNANNNNNG NS N N /N
\4 v ' \4 \4
Enables Clears and starts §Chages fsys Disabiles
low Frequency  warming-up timer éfrom fctofs  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
SYSCR1
SYSCR2

WUP:

EQU  OOEOH
EQU  OOEIH

EQU  O0E2H

LD (SYSCR2), X-10- -X-B ;
ST 7,(SYSCRO) :
SET 2, (SYSCRO) :
BIT 2, (SYSCRO)

R NZ, WUP ;
RES  3,(SYSCRY) :
RES  6,(SYSCRO) :

(Note) “xX' meansdon’'t care

<XEN>
X1, X2 pins
<XTEN>

XT1, XT2 pins

Warming Up Timer

End of Warming Up Timer

<SYSCK>

System Clock fsys

means no change

Sets warm-up time to 2/fc.
Enables high-frequency oscillation.
Clears and starts warm-up timer.

; } Detects stopping of warm-up timer.

Changes fsysfromfstofc.
Disables low-frequency oscillation.

VAVAVA \/\/\/\/\/\/\/\&WVY

___Counts up by fgys \ /Counts up by fc\\

/i
fs u \ fc
\/\/\/\/\/\\\/\E\/ NN NNNN
Enables \ Cle;rs and Starts Chagtes fsys

High Frequency Warming Up Timer

End of warming

up timer

ifrom fs to fc
4 \4
Disables

low-frequency
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(2) Clock gear controller

When the high-frequency clock fc is selected by setting SY SCR1<SY SCK> = 0, fgpy is set
according to the contents of the Clock Gear Select Register SY SCR1<GEARO0to GEAR2> to either
fc, fc/2, fc/4, fc/8 or fc/16. Using the clock gear to select alower value of fpy reduces power
consumption.

Example 3
Changing to a high-frequency gear
SYSCR1 EQU  O0OE1H
LD (SYSCR1), XXXX0000B ; Changesfsystofc/2.
LD (SYSCR1), XXXX0100B ; Changesfsystofc/32.
X: Don't care

(High-speed clock gear changing)
To change the clock gear, write the register value to the SY SCR1<GEAR2-0> register.lt 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 (SYSCR1), XXXX0001B ; Changesfsystofc/4.
LD (DUMMY), 00H ;  Dummy instruction

| Instruction to be executed after clock gear has changed
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3.34 Prescder clock controller

For theinternal I/O (TMRAO1to 23, SIOO0 to 1,SBI) thereis a prescal er which can divide the clock.

The fT clock input to the prescaler is either the clock fgpy divided by 2 or the clock fc/16 divided by 2.
The setting of the SY SCR0O <PRCKO0 to PRCK 1> register determines which clock signal isinput.

The fTO clock input to the prescaler is either the clock frp divided by 4 or the clock fc/16 divided by
4. The setting of the SY SCRO <PRCK0to PRCK 1> register determines which clock signal isinput.

3.3.5 Clock doubler (DFM)

DFM outputs the fpry clock signal, whichis four times asfast 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. Thisis called the lock-up time.

The following example shows how DFM is used.

DFMCRO EQU 00E8H
DFMCR1 EQU 00E9H
LD (DFMCR1),0BH ;  Parameter setting
LD (DFMCRQO), 01X0XXXXB ; Setlock-up timeto 2%/4 MHz
Enables DFM operation and starts lock-up.

LUP: BIT 5 (DFMCRO) ;} Detects end of lock-up
R NZ,LUP ;
LD (DFMCRO0), 10X0OXXXXB ;  Changesfcfrom4 MHzto16 MHz.
X: Don't care
//
ACT1:.0 X 01 (( X 10
DFM output: oy VAVAWAVAVAVAVAVAVAYAVAYAVAV
Lockup timer / Counts up by fogcy //
] //
<DLUPFG> /i During lock-up After lock-up
System clock fsys NN /NT NN T NNV VNV
v / v
Starts DFM operation. Changes from 4 MHz to 16 MHz.
Starts lock-up. v

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 0BH to DFMCR1
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Limitation point on the use of DEM

1

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

(write to DFMCRO<ACT1:0>="10"). Y ou 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 foscn 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 fpeym to fosch
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) Sart Up/ Change Control

(OK) Low frequency oscillator operation mode(fs) (high frequency oscillator STOP)
- High frequency oscillator start up — High frequency oscillator operation mode(foscn ) - DFM

start up — DFM use mode (form )

LD (SYSCRO0), 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 fstofosch

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

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

LD (DFMCRO0),10-0----B ; Change the system clock fosch to form

(OK) Low frequency oscillator operation mode(fs) (high frequency oscillator Operate)
- High frequency oscillator operation mode(foscq ) »~ DFM start up » DFM use mode (fppwm )

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

(NG) Low frequency oscillator operation mode(fs) (high frequency oscillator STOP)

- High frequency oscillator start up -~ DFM start up -~ DFM use mode (fprm )

LD (SY SCRO0),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 (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 ; Changetheinternal clock foscr tofprm

LD (SYSCR1), ----- 0--B ; Change the system clock fsto fpry
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Change/ Stop Control

(OK)

LD
LD
LD
LD

(NG)
LD
LD

LD
LD

(OK)

DFM use mode (fprym ) —» High frequency oscillator operation mode(foscq ) -~ DFM Stop
- Low frequency oscillator operation mode(fs) - High frequency oscillator stop

(DFMCRO0),11------ B ; Change the system clock fpgm to fosch
(DFMCRO0),00------B ; DFM stop

(SYSCR1), ----1---B ; Change the system clock fosch to fs
(SYSCRO0), 0------- B ; High frequency oscillator stop

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

(SYSCRY), ----1---B ; Change the system clock fppy to fs
(DFMCRO0),11------ B ; Change the internal clock (fc) form tofosoh
(DFMCRO0),00------B ; DFM stop

(SYSCRO0), 0------- B ; High frequency oscillator stop

DFM use mode (fppm ) - Set the STOP mode

- High frequency oscillator operation mode (fosch)— 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 fpgm to foscn
LD (DFMCRO0),00------B ; DFM stop
HALT ; Shift to STOP mode

(NG) DFM use mode (fppm) — 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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3.3.6 Noise reduction circuits

Noise reduction circuits are built in, allowing implementation of the following features.
(1) Reduced drivability for high-frequency oscillator
(2) Reduced drivability for low-frequency oscillator
(3) Singledrive for high-frequency oscillator
(4) SFR protection of register contents
(5) ROM protection of register contents

The above functions are performed by making the appropriate settings in the EMCCRO
to EMCCRS3 registers.
(1) Reduced drivahility for high-frequency oscillator
(Purpose)

Reduces noise and power for oscillator when aresonator is used.

(Block diagram)

I t[)"_l>°_’ foscH

X1 pin
c1
| = 1 [ — Enable oscillation (STOP+EMCCRO<EXTIN>)
resonator
- <«—— EMCCRO<DRVOSCH>
c2
777 X2 pin

(Setting method)

The drivability of the oscillator is reduced by writing”0” to EM CCRO<DRV OSCH> register. By
reset, <DRVOSCH> isinitialized to “1" and the oscillator starts oscillation by normal-drivability
when the power-supply ison.
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(2) Reduced drivability for low-frequency oscillator
(Purpose)

Reduces noise and power for oscillator when aresonator is used,

(Block diagram)

XT1 pin

C1
Enable oscillation
Resonato =
EMCCRO<DRVOSCL>
C2

XT? pin

(Setting method)

The drivability of the oscillator is reduced by writing 0 to the EMCCRO<DRV OSCL > register.
By Reset, <DRVOSCL> isinitializedto “1”.

(3) Singledrive 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)

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.X 2-pin is always outputted” 1.

By reset <EXTIN> isinitialized 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 SFRisprohibited so that provision programin runaway preventsthat

it is it in the state which is fetch impossibility by stopping of clock, memory control register
(CSIWAIT controller, MMU) is changed.

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list
1. CS/WAIT controller

BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS,
MAMRO, MAMR1, MAMR2, MAMR3

2. MMU
LOCALO0/1/2/3
3. Clock gear

SYSCRO, SYSCR1, SYSCR2, EMCCRO,EMCCR3
4. DFM
DFMCRO/1

(Operation explanation)

Execute and release of protection (write operation to specified SFR) become possible by setting
up adouble key to EMCCRL1 and EMCCR2 register.

Double key)
1st-KEY Succession writesin 5AH at EMCCR1 and A5H at EMCCR2
2nd-KEY Succession writesin A5H at EMCCR1 and 5AH at EMCCR2

A state of protection can be confirmed by reading EM CCRO<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 writes operation was executed for external three kinds of ROM by runaway of program,
INTP1 isoccurred and detects runaway function.

Three kinds of ROM is fixed as for Flash-ROM(Option-Program ROM), Data-ROM,
Program-ROM are as follows on the logical address memory map.

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

For these address, admission / prohibition of detection of write operation sets it up with
EMCCR3<ENFROM, ENDROM, ENPROM >. And INTPL interruption occurred with which ROM

area in the case that occurred can confirm each with EMCCR3<FFLAG DFLAG, and PFLAG>.
Thisflag is cleared when writein "0".
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3.3.7 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 SY SCR2<HALTM1,HALTMO> register.
The subsequent actions performed in each mode are as follows:

® IDLE2: Only the CPU halts.

Theinternal 1/0 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.

Table3.3.2 SFR seting operation during IDLE2 mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAQL>
TMRA23 TA23RUN<I2TA23>
TMRBO TBORUN<I2TBO>
SI00 SCOMOD1<12S0>
SI01 SCIMOD1<I251>
A/D converter ADMODI1<I2AD>
WDT WDMOD<I2WDT>
Bl 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 Modesis described in Table 3.3.3.

Table 3.3.3 1/O operation during Halt Modes

Halt Mode IDLE2 IDLE1 STOP
SYSCR2 <HALTM1:0> 11 10 01
CPU Stop
1/0 ports Keep the state when the HAL T instruction Seetable3.3.6
was executed
TMRA, TMRBO
SIO, SBI Available to select
Block | A/D converter operation block
Stop
WDT
LCDC,SDRAMC
Interrupt controller
Operate -
RTC,MLD Operational
available
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(2) How torelease the Halt mode

These HALT statescan be released by resetting or requesting an interrupt. The halt release
sources are determined by the combination between the states of interrupt mask register <IFF2-0>
and the halt modes. The detailsfor releasing the HALT statusare shownin 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-maskabl e 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 isless than the value of the interrupt mask register, releasing the the halt modeis
executed. In this case,interrupt processing, and CPU starts executing the instruction next to the
HALT instruction,but the interrupt request flagisheld at “1”.

Releasing by resetting
Releasing al halt status is executed by resetting.

When the Stop mode isreleased 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 areinitialized. (Releasing due
to interrupts keeps the state before the “HALT” instruction is executed.)
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Table3.3.4 Source of Halt state clearance and Halt clearance operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt . . . .

(interrupt level) 3 (interrupt mask) | (interrupt level) < (interrupt mask)

Halt mode Idle2 Idlel | Stop Idle2 Idlel | Stop
Y o ___Je el | . S D
g| [wwor e | IR S B -
© | INTOto3(Notel) _ __________|_______ © _ ____j.,e | @ | _____. O |- ° .. °__
§| [InTAtmotos L o ____|.e | |l ... <IN o ...
S| 8 INTTAOW3INTTBOO0OL | . . @ ______| | Tl ||l .
8 | 2| INTRXOt02TXO0t02 | . @ _____ | |l
S [ Nrssowz LTI e T
T| [INTAD |l | I PR R e
s [aNTkey [ o e [ el ] . o .. o _|..ol.
8| [iNtrTe o ____|.e | ... o | o |l
gl fwre L e | o 4 ool

INTLCD
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.
" It can not be used to releasethe halt mode.

- : The priority level (interrupt request level) of non-maskable interruptsisfixed 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 deviceisin Idlel Mode.

Address i

8203H LD (IIMC), 00H ; Selects INTO interrupt rising edge.
8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets interrupt level to 5 for CPU.
820BH LD (SYSCR2), 28H ; Sets Halt mode to Idlel Mode.

820EH HALT ¢ ; Halts CPU.

INTO / \ ”INTO interrupt routine
MTI
820FH LD XX, XX
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(3) Operation
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 6illustrates an example of the timing for clearance of the Idle2 Mode Halt state by an
interrupt.
AW AW R U AW AW WY AW W AW W AW
po~23 X NExt B Nekt+?2
] N
DO ~15 --- (Data 4 (Data )
RD I -
\ / 4 \ [
WR <
Interrupt for < f
release Y

AN AW AN RV AV T AL YAT AW AW AW RW AW
A0-23 K N & x t 2:: Nekt+2
DO~ 15 - +-( Data ) §fmem s ( Data )
RD \ / i <;, : \ -
WR ; &)
o 7|

« IDLE2
i mode j

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

Idlel Mode

In Idlel Mode, only the internal oscillator and the RTCMLD continue to operate. The system
clock in the MCU stops. The pin status in the IDLE1 mode is depended on setting the register
SYSCR2<SELDRV,DRVE>. Table 3.3 6 summarizes the state of these pinsin the IDLE model.

Inthe Halt state, theinterrupt 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.

i€— IDLEL 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 SY SCR2<DRV E> register. Table 3.3.6 summarizesthe
state of these pinsin Stop Mode.

After Stop M ode hasbeen cleared system clock output startswhen thewarm-up time has el apsed,
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<RSY SCK> register. Therefore, <RSY SCK>,
<RXEN> and <RXTEN> must be set See the sample warm-up timesin Table 3.3.5.

Figure 3.3.8illustrates the timing for clearance of the Stop Mode Halt state by an interrupt.

) Warming up
{ time
: > B
S W W W R W AU R WA AW RW RW AW AW
A0~23 _[X Ngxt Yend {mene \(‘. Nekt+2 X_
{ )
o0-15- ~(oas) e (o)
RD i S %
\ / \ /
- : HYe &
WR ! \.-%.---./;_” 7
Interrupt for l)l}_,f_$ S_\
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 =26 MHz, fs =32.768 kHz

SYSCRO SYSCR2<WUPTM1,WUPTMO0>
<RSYSCK> 01 (%) 10 (2% 11 (2'9)
0 (fc) 16p s 1.024 ms 4.096 ms
1 (f9) 7.8ms 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

dueto 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
(SYSCRO), 011000 - -B

; fsys = fs/2
; Sets Warming Up Time to 2“/foscpy
; Operates High Frequency after released.

- : no change

Clears and starts hit

warm-up timer
(high-frequency)

end

v

NMI Interrupt Routine

Tl

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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Table3.3.6 Pin statesin IDLEL/Stop Mode

Pin name input/output <DRVE>=0 | <DRVE>=1
P00 to PO7(D0to7) Input mode - -
Output mode - Output
1/0 - -
P10to 17(D8to 15) Input mode - -
Output mode - Output
1/10 - -
P20 to 27(A16 to 23), Output pin Output
P30to 37(A8to15),
P40to 47(A0to7)
PZO(RD ),PZ1(WR) Output pin - *1' output
Pz2,PZ3,P56 Input mode - Input
Output mode - Output
P60 to P67 Output pin - Output
P70to P77 Input mode - Input
Output mode - Output
P80to P87 Input pin - -
P90 to P97 Input pin Input Input
PAOto PA7 Output pin - Output
PBO,PB1,PCO~PC5 Input mode - Input
QOutput mode - Output
PB3toPB6 Input mode Input Input
Qutput mode - Output
PDOto PD4,PD6,PD7 output pin - Output
PEOto PE7 Input mode - Input
Output mode - Output
PFOto PF7 output pin - Output
NMI Input pin Input Input
RESET Input Input Input
AMO, AM1 Input Input Input
X1,XT2 Input IDLE1 Input Input
STOP - -
X2,XT2 Output IDLE1 Output Output
STOP “H” Level output “H” Level output

- : Input for input mode/input pinisinvalid; output mode/output pinis at high impedance.

Input:  Input gatein operation. Fix input voltageto “L” or “H” so that input pin stays constant.

Output: Output state

PU*: Programmable pull-up pin. Input gate disabled state. No through-current even if the pin
is set to high impedance.

Note:  Incaseof, PF5to SDCKE setting and it shift to IDLEL/STOP mode during Self Refresh
mode, SDCKE output maintain even anything <DRVE> bhit data.
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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 TMP91C820A has atotal of 43 interrupts divided into the following five types:

. Interrupts generated by CPU: 9 sources

(Software interrupts,I1legal Instruction interrupt)
. Internal interrupts: 28 sources

. Interrupts on external pins (NMI and INTO to INT3,INTKEY): 6 sources

A (fixed) individual interrupt vector number is assigned to each interrupt.
One of seven (variable) priority levels can be assigned to each maskable interrupt.
The priority level of ono-maskable interruptsis fixed at 7,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 possible islevel 7,used for non-maskable interrupts.)

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

However, software interrupts and illegal instruction interrupts generated by the CPU are processed without
comparison with the <IFF2:0> value.

The interrupt mask register <IFF2:0> value can be updated using the value of the El instruction(executing
El num setsthe content of <IFF2:0>to num). For example, specifying EI 3 enables the acceptance of maskable
interrupts whose priority level set in the interrupt controller is 3 or higher, and enables the acceptance of
non-maskable interrupts.However, if El or EIO is specified, maskable interrupts with a priority level of 1 or
higher and non-maskable interrupts are accepted (operationally identical to “EI"1).

Operationally,the DI instruction ( <IFF2:IFF0>is 7) is identical to the El 7 instruction,but as the priority
level of maskableinterruptsis0to 6,the DI instruction is used to dasable maskableinterrupt. The El instruction
is vaild immediately after execution begins.(With TLCS-90,the El instruction is vaild after execution of the
instruction following the El insutruction.)

In addition to the general-purpose interrupt processing mode described above, TLCS-900/L1 interrupts
have a micro DMA processing mode as well.

Because the CPU transfers (byte transfer,or 4-byte transfer) automatically in micro DMA mode, this mode
can be used for speeding up interrupt processing, such as transferring data to 1/0.TMP91CO 20Also has a
micro DMA soft start function for requesting micro DMA processing by software not by interrupt.

Figure 3.4.1 shows the overall interrupt processing flow.
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(: 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

!

RET]I instruction

POP SR
POP PC
INTNEST — INTNEST - 1

A

channels of micro DMA start

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

Clear interrupt requenst flag

H

Data transfer by micro
DMA

4

Count « Countd 1

Micro DMA processing

Count=0

Clear vector register
Yes

No

A

generating micro DMA
trasfer and interrupt
— (INTTCO to3)

(= )

Figure 3.4.1 Interrupt and micro DMA processing sequence
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3.4.1 General-purpose interrupt processing

When the CPU acceptsan interrupt, it usually performsthe following sequence of operations. However,
in the case of software interrupts and Illegal Instruction interrupts generated by the CPU, the CPU skips
steps @ and @ and executes only steps @, @ and ©.

® The CPU reads the interrupt vector from the interrupt controller.
If there are simultaneous interrupts set to same level, the interrupt controller generates an interrupt
vector in accordance with the default priority and clears the interrupt request.
(The default priority is already fixed for each interrupt: the smaller the vector value, the higher the
priority level.)

@ The CPU pushes the Program Counter (PC) and Status Register (SR) onto the top of the stack
(pointed to by XSP).

® The CPU setsthe value of the CPU’s Interrupt Mask Register <IFF2:1FF0> to the priority level for
the accepted interrupt plus 1. However, if the priority level for the accepted interrupt is 7, the
register’'svalueissetto 7.

The CPU increments the interrupt nesting counter INTNEST by 1.

® The CPU jumps to the address indicated by the data at address FFFFOOH + interrupt vector, and
starts the interrupt processing routine.

®

When the CPU completed the interrupt processing, use the RETI instruction to return to the main
routine. RETI restores the contents of the Program Counter and the Status Register from the stack
and decrements the Interrupt Nesting counter INTNEST by 1.

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

If an interrupt regquest is received for an interrupt with a priority level equal to or greater than the
value set in the CPU Interrupt Mask Register <IFF2:IFF0>, the CPU will accept the interrupt. The
CPU Interrupt Mask Register <IFF2:IFFO> is then set to the value of the priority level for the
accepted interrupt plus 1.

If, during interrupt processing, an interrupt is generated with a higher level than the interrupt begin
currently processed, or if, during non-maskable interrupt processing, a non-maskable interrupt
request is generated from another source, the CPU suspends the currently processing routine and
accepts the later interrupt. Then, after the CPU finished processing the later interrupt, the CPU
returns to the interrupt it previously suspended and resumes processing.

If the CPU receives a request for another interrupt while performing processing steps @ to ®, the
second interrupt is sampled immediately after execution of the first instruction for its interrupt
processing routine. Specifying DI asthe start instruction disables maskable interrupt nesting. (Note:
In the 900 and 900/L, sampling is performed before execution of the start instruction.)

A Reset initializes the Interrupt Mask Register <IFF2:IFFO> to 111, disabling all maskable
interrupts.

Table 3.4.1 shows the TMP91C820A interrupt vectors and micro DMA start vectors. FFFFOOH to
FFFFFFH (256 bytes) is designated as the interrupt vector area.
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Table 3.4.1 TMP91C820A interrupt vectors and micro DMA start vectors
Default Vector Micro
Priority Type Interrupt source and source of micro DMA request v\al/icg(o\;) reference DMA
Address | gart vector
1 "Reset" or ISWI 00 instruction 0000H FFFFOOH 0
2 0 SWI 10 instruction 0004H FFFFO4H O
3 INTUNDEF: illegal instruction or ISWI 200 instruction 0008H FFFFO8H ]
4 [0 SWI 30 instruction 000CH FFFFOCH O
5 Non- [0 SWI 40 instruction 0010H FFFF10H [
6 Maskable [0 SWI 500 instruction 0014H FFFF14H [
7 [0 SWI 600 instruction 0018H FFFF18H [
8 0 SWI 70 instruction 001CH FFFF1CH O
9 NMI pin 0020H FFFF20H 0
10 INTWD: Watchdog timer 0024H FFFF24H 0
— (Micro DMA) 0 0 ]
11 INTO pin 0028H FFFF28H 0AH
12 INT1 pin 002CH FFFF2CH 0BH
13 INT2 pin 0030H FFFF30H OCH
14 INT3 pin 0034H FFFF34H ODH
15 INTALMO:  ALMO(8KHZ2) 0038H FFFF38H OEH
16 INTALM1: ALM1(512H2) 003CH FFFF3CH OFH
17 INTALM2:  ALM2(64Hz) 0040H FFFF40H 10H
18 INTALM3:  ALM3(2Hz) 0044H FFFF44H 11H
19 INTALM4:  ALM4(1Hz) 0048H FFFF48H 12H
20 INTTAO : 8 bit timer0 004CH FFFFACH 13H
21 INTTAL . 8hittimerl 0050H FFFF50H 14H
22 INTTA2 . 8 bit rimer2 0054H FFFF54H 15H
23 INTTA3 : 8 bit timer3 0058H FFFF58H 16H
24 INTRXO0 . serial receives (channel. 0) 005CH FFFF5CH 17H
25 INTTXO0 : serial transmission (channel. 0) 0060H FFFF60H 18H
26 INTRX1 . serial receives (channel. 1) 0064H FFFF64H 19H
27 Maskable INTTX1 . serial transmission (channdl. 1) 0068H FFFF68H 1AH
28 INTAD : A/D conversion end 006CH FFFF6CH 1BH
29 INTKEY . Key wake up 0070H FFFF70H 1CH
30 INTRTC . RTC (alarm interrupt) 0074H FFFF74H 1DH
31 INTSBI . SBl interrupt 0078H FFFF78H 1EH
32 INTLCD . LCDC/LPpin 007CH FFFF7CH 1FH
33 INTPO . ProtectO (WR to specia SFR) 0080H FFFF80H 20H
34 INTP1 . Protectl (WR to ROM) 0084H FFFF84H 21H
35 INTTCO : Micro DMA end (channel. 0) 0088H FFFF88H -
36 INTTC1 : Micro DMA end (channel. 1) 008CH FFFF8CH --
37 INTTC2 : Micro DMA end (channel. 2) 0090H FFFFO0H --
38 INTTC3 : Micro DMA end (channel. 3) 0094H FFFF94H --
39 INTRX2 O serial receive (channd. 2) 00A4H FFFFA4H 29H
40 INTTX2 [ serial transmission (channel. 2) 00A8H FFFFA8H 2AH
41 INTTBOO [ 16bit timer0 (TBORGO) 00ACH FFFFACH 2BH
42 INTTBO1 0 16bit timerl (TBORG1) 00BOH FFFFBOH 2CH
(Reserved) 00B4H FFFFB4H O
(Reserved) 00FCH FFFFFCH O
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3.4.2 Micro DMA processing

In addition to general-purpose interrupt processing, the TMP91C820A supprots a micro DMA
function. Interrupt requests set by micro DMA perform micro DMA processing at the highest priority
level for maskable interrupts (level 6), regardless of the priority level of the particular interrupt source.
Because the micro DMA function has been implemented with the cooperative operation of CPU, when
CPU is a dtate of stand-by by HALT instruction, the requirement of micro DMA will be ignored
(pending).

(1) Micro DMA operation

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

When micro DMA is accepted, the interrupt request flip-flop assigned to that channel is cleared.
The data are automatically transferred from the transfer source address to the transfer destination
address set in the control register, and the transfer counter is decremented by 1. If the decremented
counter reads other than 0, DMA processing ends with no change in the value of the micro DMA
start vector register. If the decremented reading 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 is cleared to 0, the next micro DMA is disabled and micro DMA processing compl etes.

If amicro DMA request is set for more than one channel at atime, the priority is not based on the
interrupt priority level but on the channel number: the smaller the channel number the higher the
priority (Channel 0 (high)=> channel 3 (Ilow)).

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 genera -purpose interrupt), first set the interrupts level to O (interrupt
requests disabled).

If using micro DMA and general-purpose interrupts together as described above, 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 genera interrupt is limited to the edge interrupt.

Example: When using external interrupt INTO-3 to start micro DMAO-3 set:
Interrupt level for external interrupts INTO to INT3 DOUCDOOCOOOCDD 1
Interrupt levelsfor other interrupts ! UCO0O0OOCOCO0OOCOCO0OOCOCOD 2t0 6

As with other maskable interrupts, the priority of the micro DMA transfer end interrupts is
determined by the interrupt level and by the default priority.
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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).

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
incremented, decremented, or remain unchanged.

Thissimplifiesthetransfer of datafrom I/O to memory, from memory to I/O, and from /O to 1/0.
For details of the transfer modes, see 3.4.2 (4) ,Transfer Mode Register. Asthe transfer counter isa
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 31 interrupts shown in the micro DMA start vectors
of Table 3.4(1) and by the micro DMA soft start, making atotal of 32 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
source/transfer destination addresses both even-numberd val ues).

O Word transfer

One state (N Otf 1) (N Otf 2)
pM1 | pm2 | DM3 1 DM4 | DM5 | DMeé T DM7 | DMS8 )
SNAVAVAVAVAVAVAVAV AVAVAVAVAVAV AVAV AVAV AVAVAVAW AW
AO to 23 Next Trasfgr source address Trasgg&jdfﬁsstisnation Next + 2
"o e
WR /HWR T
DO to 15 X Putput
Figure 3.4.2 Timing for micro DMA cycle
States 1 to 3: Instruction fetch cycle (gets next address code).

If three or more instruction codes are inserted in the instruction
gueue buffer,this cycle becomes a dummy cycle.

States 4 to 5: Micro DMA Read cycle
State 6: Dummy cycle (the address bus remains unchanged from state 5)
States 7 to 8: Micro DMA Write cycle

Note 1: If the source address areais an 8-bit bus, it isincremented by two states.

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

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

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

In addition to starting the micro DMA function by interrupts, TMP91C820A 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 bit of
the DMAR register which support the end channel are automatically cleared to “0”.

Only one-channel can be set for DMA request at once. (Do not write “1” to more than one hit.)
When writing again “1” to the DMAR register, check whether the bit is“0” before writing “1”.
When aburst is specified by DMAB register, datais continuously transferred until the value in the
micro DMA transfer counter is“0” after start up of the micro DMA.

Symbol | NAME | Address 7 6 5 4 3 2 1 0
DMA Reguest
DMA
89h DMAR3 | DMAR2 | DMARL | DMARO
DMAR | Request
Register RIW
(no RMW) o | o | o | o

(3) Transfer control registers

The transfer source address and the transfer destination address are set in the following registers.

An instruction of the form “LDC cr,r” can be used to set these registers.

Channel 0
DMASO DMA Source address register 0
DMADO DMA Destination address register 0
DMACO DMA Counter register 0
DMAMO | DMA Mode register 0
Channel 3
DMAS3 DMA Source address register 3
DMAD3 DMA Destination address register 3
DMAC3 DMA Counter register 3
DMAM3 | DMA Mode register 3
8 bits
16 bits
b 32 hits
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(4) Detailed description of the Transfer Mode Register

< 8 bits >
DMAMO t . . . . .
DMAM3 | O 0 Mode Note: When setting a value in this register, write 0 to the upper
L1 | three bits.
Number of Minimum
Number of o . . .
Transfer Bytes Mode Description Execution States| Execution Time
@) @ fc = 16 MHz
000 000 Transfer Destination Address INC Mode
(fixed) 00 | Byte transfer 000000000000000000000000000 1/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 Transfer Destination Address DEC Mode
00 |Byte transfer
0000000000000000000000000001/O to memory 8 states 1000 ns
DMADN-)  (DMASN
01 |Word transfer ( ) )
DMACn - DMACn-1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
010 Transfer Source Address INC Mode
00 |Byte transfer
000000000000000000000000000Memory to /O 8 states 1000 ns
DMADnN)  (DMASnh+
01 |Word transfer ( ) - )
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 /O 8 states 1000 ns
DMADnN) ~ (DMASh-
01 |Word transfer ( R )
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) ~ (DMASh-
01 |Word transfer ( R )
DMACn - DMACn-1 12 sates 1500 ns
10 | 4-byte transfer If DMACn = 0, then INTTCn is generated.
101 00 | Counter Mode
000000000000 For counting number of times interrupt is generated
DMASn  DMASn + 1 5 sates 625 ns
DMACn -~ DMACn-1
If DMACn = 0, then INTTCn is generated.

(O For external 16-bit bus, 0 waits, word /4-byte transfer mode, transfer source/transfer destination addresses
both have even-numbered values.

Note: n Corresponding micro DMA channels0to 3
DMADnN +/DMASnh+: Post-increment (increments register value after transfer)
DMADnN -/DMASNh-: Post-decrement (decrements register value after transfer)
The I/Osin the table mean fixed address; memory means increment and decrement addresses.

Do not use undefined code, that is, codes other than those listed above for the transfer mode register.
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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 of an interrupt it has received, when the CPU receives a
micro DMA reguest (when micro DMA is set), when the micro DMA burst transfer is terminated, and
when an instruction that clears the interrupt for that channel is executed (by writing “0” to the clear bit in
the interrupt priority setting register).

An interrupt priority can be set independently for each interrupt source by writing the priority to the
interrupt priority setting register (e.g. INTEOAD or INTE12). Six interrupt priorities levels (1 to 6) are
provided. Setting an interrupt source’ spriority level to O (or 7) disablesinterrupt requests from that source.
The priority of non-maskableinterrupts (NMI pin interrupts and Watchdog 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 <IFF2to 0> et in the
Status Register by the interrupt request signal with the priority value set;if the latter is higher, the interrupt
is accepted. Then the CPU sets a value higher than the priority value by 1 in the CPU SR <IFF2 to
0>.Interrupt request where the priority value equals or is higher than the set value are accepted
simultaneously during the previousinterrupt routine.

When interrupt processing is completed (after execution of the RETI instruction), the CPU restoresthe
priority value saved in the stack before the interrupt was generated to the CPU SR<IFF2 to 0> . The
interrupt controller also has four registers used to store the micro DMA start vector. Writing the start
vector of the interrupt source for the micro DMA processing (see Table 3.4.1), enables the corresponding
interrupt to be processed by micro DMA processing. The values must be set in the micro DMA parameter
register (e.g. DMAS and DMAD) prior to the micro DMA processing.
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(1) Interrupt level setting registers
Symbol | NAME Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO & T T
IADC IADM2 | IADM1 | IADMO 10C I0M2 IOM1 IOMO
INTEOAD | INTAD 90h ; >
Engble R : RIW : R : W :
0 o { 0 | o0 0 0o | 0 | 0
INT2 INTL
INT1 & 12C 12M2 12M1 12M0 11C 11M2 1M1 11IMO
INTE12 | INT2 91h R W = iy
Enable T T T T
0 o | o | o 0 o { o | o
INTALM4 INT3
INT3&
INTE3 IAdC | 1AaM2 | 1aam1 | 1Aa4m0 13C i3M2 | 1sm1 | 13m0
INTALM 92h o v o e
ALMa 4Enable
0 o | o | o 0 o | o | o
INTALM INTALM1 INTALMO
v | O iaic | 1amm2 | iamr | o1amvo | 1aoc | 1aom2 | 1aom1 | 1aomo
INTALM 93h R RIW R RIW
o1
1 0 0 0 0 0 0 0 0
Enable
INTALM INTALM3 INTALM2
reai | 28 IA3C IA3M2 IA3M1 IA3MO IA2C IA2M2 IA2M1 IA2MO
, INTALM 94h R RIW R RIW
3
3 0 0 0 0 0 0 0 0
Enable
INTTAO INTTAL(TMRAL) INTTAO(TMRAO)
& iTaic | 1itaM2 | imamm1 | iTaivo | itaoc | iTaom2 | imAom1 | 1TAomo
INTETAOL 95h
INTTAL R RIW R RIW
Enable 0 o | o | o 0 o | o | o
INTTA2 INTTA3(TMRA3) INTTA2(TMRA?2)
& iTasc | 1tasm2 | imasm1 | itasmo | itacc | itasm2 | imaami | iTAazmo
INTETA23 96h
INTTA3 R RIW R RIW
Enable 0 o | o | o 0 o | o | o
INTRTC INTKEY INTRTC
INTERTC | & o7h IKC IKM2 IKM1 IKMO IRC IRM2 IRM1 IRMO
KEY INTKEY R R/W R R/IW
Enable 0 o i o0 | o0 0 0 { o | o
INTTXO INTRXO
Interrupt H H H H
ITXOC | ITXOM2 | ITXOM1 | ITXOMO | IRXOC | IRXOM2 { IRXOM1 { IRXOMO
INTESO | Enable 98H R vy R BIW
Serial 0 I I I I
0 o { o | o 0 o { o | o
Interrupt request flag < l
A\ 4
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 reguests
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Symbol | NAME Address 7 6 5 4 3 2 1 0
INTTX1 INTRX1
INTRX1 &
ITXTIC | Imxam2 | imxam1 | imxamo | IRxac | IRxaM2 | IRXaM1 | IRXIMO
INTESL INTTX1 99H
R RIW R RIW
Enable
0 o | o | o 0 o | o | o
INTLCD INTS2
INTES2 INTES2 &
ILCDIC ILCDM2| ILCDM1 | ILCDMO 1S2C IS2M2 | IS2M1 | 1S2MO
LCD INTLCD 9AH
R RIW R RIW
Enable
0 0 | 0 | 0 0 0 | 0 | 0
INTTC1 INTTCO
INTTCO &
INTET itcic | ircam2 | ireamt | ircamo | imcoc | itcom2 | imcomt | imcomo
INTTCL 9BH
co1 R R/W R R/W
Enable
0 o | o | o 0 o | o | o
INTTC3 INTTC2
INTTC2 &
INTET ITC3C | ITCaM2 | ITcaM1 | ITcaMo | ITcc | ITcam2 | ITcam1 | ITcamo
INTTC3 9CH
c23 R RIW R RIW
Enable
0 o | o | o 0 o | o | o
INTPL INTPO
INTFO & IP1C piM2 | ipM1 | 1piMo IPOC ipoM2 | 1PoM1 | 1PoMo
NTE | NTRL 9DH R RIW R RIW
PO1
Enable 0 0 | 0 | 0 0 0 | 0 | 0
INTSS1 INTSSO
INTSSO & ISSIC issiM2 | issiM1 | Issimo 1SS0C issoM2 | 1ssom1 | 1ssomo
NTE L INTsst 9EH R RIW R R/W
SS01
Enable 0 0 | 0 | 0 0 0 | 0 | 0
INTSS2
| | 1SS2C 1ss2m2 | i1ssem1 | 1ss2mo
INTSS2
INTE 9FH R RIW
Ss2 Enable T T
i 0 o i o i o
INTTX2 INTRX2
INTRX2 & ITX2C | ITX2M2 | ITX2M1 | ITX2MO | IRX2C | IRX2M2 i IRX2M1 | IRX2MO
INTESS 1 N AOH R RIW R RIW
Enable 0 0 | 0 | 0 0 0 | 0 | 0
INTTBO1 INTTBOO
INTTBOO & iTB1C | 1TB1M2 | 1TBIM1 | 1TBIMO | (TBOC | ITBOM2 | ITBOML | ITBOMO
INTETBO | INTTBO1 AlH
R RIW R RIW
Enable
0 o | o | o 0 o | o | o
Interrupt request flag < l
A
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) Externa interrupt control
Symbol | NAME | Address 7 6 5 4 3 2 1 0
I3EDGE I2EDGE | I1EDGE IOEDGE IOLE NMIREE
W
8CH 0 0 0 0 0 0 0 0
Interrupt
Input Write' 0’ INT3EDGE {INT2EDGE {INT1EDGE {INTOEDGE i0: 1: Operates
IIMC 0:Rising  i{0:Rising {0:Rising {0:Rising {INTOEdge ievenon
Mode
control (no RMW) 1 Fdling il Fdling il Faling il Fdling iMode rising /
1 falling edge
INTOLevel {of NMI
Mode
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 reguest generation at rising/falling edge -
(3) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA start vector, as given
inTable 3.4 1, to theregister 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
Contra o | o | o 0 0 0 0 0
(no RMW) Interrupt Vector

(4) Micro DMA start vector registers

This register assigns micro DMA processing to an interrupt source. The interrupt source with a
micro DMA start vector that matches the vector set in this register_is assigned as the micro DMA
start source. When the micro DMA transfer counter value reaches zero, the micro DMA transfer end
interrupt corresponding to the channel is sent to the interrupt controller, the micro DMA start vector
register is cleared, and the micro DMA start source for the channel is cleared. Therefore, to continue
micro DMA processing, set the micro DMA start vector register again during the processing of the
micro DMA transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one channel; the
channel with the lowest number has a higher priority.
Accordingly, if the same vector is set in the micro DMA start vector registers of two channels, the
interrupt generated in the channel with the lower number is executed until micro DMA transfer is
complete. If the micro DMA start vector for this channel is not set again, the next micro DMA is
started for the channel with the higher number. (Micro DMA chaining)
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Symbol | NAME | Address 7 6 5 4 3 2 1 0
DMAQO Start Vector
MAGY g'rrtAo 80H DMAOV5 | DMAOV4 | DMAOV3 | DMAOv2 | DMAov1 | DMAOVO
Vector RW
(no RMW) o | o | o | o | o | o
DMA1 Start Vector
VALY 3';/'““ 81H DMA1V5 | DMA1V4 | DMA1V3 | DMAOV2 | DMA1VI | DMALVO
Vector RW
(no RMW) o f o { o | o { o | o
DMAZ2 Start Vector
OMAZY g:rtAz 82H DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2vo
Vector RW
(no RMW) 0 | 0 | 0 | 0 | 0 | 0
DMAR3 Start Vector
OMASY 3’:?3 83H DMA3V5 | DMA3v4 | DMA3V3 | DMA3vV2 | DMA3VL | DMA3VO
Vector RW
(no RMW) 0 | 0 | 0 | 0 | 0 | 0

(5) Micro DMA burst specification

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

Symbol NAME Address 7 6 5 4 3 2 1 0
DMA DMARS3 DMAR2 DMAR1L DMARO
Software 89H R/W R/W R/IW R/IW
DMAR
Request 0 0 0 0
Register (no RMW) 1: DMA Software request
DMA 8AH DMAB3 DMAB2 DMAB1 DMABO
DMAB | Burst RIW
Register (no RMW) 0 0 0 0
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(6) Notes

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 between accepting and reading theinterrupt 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 request 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 (1IMC), 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 changes from High to Low after an interrupt request has been generated in Level Mode.
H-1L)

INTRX: Instructions which read the Receive Buffer
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3.5 Port Functions
The TMP91C820A features 126 bit settings which relate to the various I/O ports.

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

and their specifications.

Table 3.5.1 Port functions (1/2) (R:PU= with programmable pull-up resistor)
(U= with pull-up resistor)

. Number of o Direction Pin name for built-in
Port name Pin name Direction R
pins Setting unit function
Port 0 P00 to PO7 8 1/0 - Bit DO to D7
Port 1 P10 to P17 8 1/0 - Bit D8 to D15
Port 2 P20 to P27 8 1/0 - Bit Al6 to A23
Port 3 P30 to P37 8 1/0 - Bit A8 to AlS
Port 4 P40 to P47 8 1/0 - Bit A0 to A7
Port Z PZ0 1 Output - Bit /RD
PZ1 1 Output - Bit /WR
Pz2 1 /0 PU Bit /HWR
PZ3 1 1/0 PU Bit R/W,/SRWE
Port 5 P56 1 1/0 PU Bit /WAIT
Port 6 P60 1 Output - (Fixed) /CSO
P61 1 Output - (Fixed) /CS1,/SDCS
P62 1 Output - (Fixed) /CS2,/CS2A
P63 1 Output - (Fixed) /CS3
P64 1 Output - (Fixed) EA24,/CS2B
P65 1 Output - (Fixed) EA25,/CS2C
P66 1 Output - (Fixed) /CS2D,/SRLB
P67 1 Output - (Fixed) /CS2E,/SRUB
Port 7 P70 1 /0 - Bit SCK,OPTRX0
P71 1 /0 - Bit SO/SDA,OPTTX0
P72 1 /0 - Bit SI/SCL
P73 1 /0 - Bit /CS2F
P74 1 /0 - Bit /CS2G
P75 1 /0 - Bit /CSEXA
P76 1 /0 - Bit MSK
P77 1 1/0 - Bit VEECLK
Port 8 P80 to P87 8 Input = (Fixed) ANO toAN7. /ADTRG (P83)
Port 9 P90 to P97 8 Input U (Fixed) KIO to KI7
Port A PAO to PA7 8 Output - (Fixed) KOO0 to KO7
Port B PBO 1 /0 - Bit TAOIN.TXD2
PB1 1 /0 - Bit TA1OUT,RXD2
PB3 1 /0 - Bit INTO
PB4 1 /0 - Bit INT1
PBS 1 /0 - Bit INT2,TA30OUT
PB6 1 1/0 - Bit INT3,TBOOUTO
Port C PCO 1 /0 - Bit TXDO
PC1 1 /0 - Bit RXDO
PC2 1 /0 - Bit SCLKO,/CTSO
PC3 1 /0 - Bit TXD1
PC4 1 /0 - Bit RXD1
PC5 1 1/0 - Bit SCLK1,/CTS0
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Table 3.5.1 Port functions (1/2) (R: PU= with programmable pull-up resistor)
(U= with pull-up resistor)

) Number of o Direction Pin name for built-in
Port name Pin name Direction R
pins Setting unit function

Port D PDO 1 Output - (Fixed) DIBSCP

PD1 1 Output - (Fixed) D2BLP

PD2 1 Output - (Fixed) D3BFR

PD3 1 Output - (Fixed) DLEBCD

PD4 1 Output - (Fixed) DOFFB

PD6 1 Output - (Fixed) /ALARM,/MLDALM

PD7 1 Output - (Fixed) MLDALM
Port E PDO to PD7 8 /O - Bit LDO to LD7
Port F PFO 1 Output - (Fixed) /SDRAS

PF1 1 Output - (Fixed) /SDCAS

PF2 1 Output - (Fixed) /SDWE

PF3 1 Output - (Fixed) SDLDQM

PF4 1 Output - (Fixed) SDUDQM

PF5 1 Output - (Fixed) SDCKE

PF6 1 Output - (Fixed) SDCLK

PF7 1 Output - (Fixed)
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Table 3.5.2 I/O Registers and Specifications (1/3)

X: Don’t care

Port Pin name Specification VO register
Pn PnCR PnFC | PnFC2
Port 0 P00 to PO7 Input port X 0
Output port X 1 None None
DO to D7 bus X X
Port 1 P10 to P17 Input port X 0 0
Output port X 1 0 None
D8 to D15 bus X 0 1
Port 2 P20 to P27 Input port X 0 X
Output port X 1 0 None
A16 to A23 Output X 1 1
Port 3 P30 to P47 Input port X 0 X
Output port X 1 0 None
A8 to A15 Output X 1 1
Port 4 P30 to P47 Input port X 0 X
Output port X 1 0 None
A0 to A7 Output X 1 1
Port Z PZ0 Output port X 0
/RD output X 1
PZ1 Output ;)ort X None 0
/WR output X 1
PZ2,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 None
PZ3 R/W output X 0 1
/SRWE output X 1 1
Port 5 P56 Input port (Without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
/WAIT input (Without PU) 0 0 None
/WAIT input (With PU) 1 0
Port 6 P60 to P67 Output Port X 0 0
P60 CS0 output X
— None
P61 CS1 output X !
/SDCS output X 1 0
P62 Ccs2 output X 1 0
/CS2A output X X 1
P63 Ccs3 output X 1 0
P64 EA24 output X None 1 0
/CS2B output X X 1
P65 EA25 output X 1 0
/CS2C output X X 1
P66 /SRLB output X 1 0
/CS2D output X 0 1
P67 /SRUB output X 1 0
/CS2E output X 0 1
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Table 3.5.2 I/O Registers and Specifications (2/3) X: Don’t care
Port Pin name Specification VO register
Pn PnCR PnFC | PnFC2
Port 7 P70 to P77 Input port 0 0 0 0
Output port X 1 0 0
P70 SCK input X 0 0 0
SCK output X 1 1 0
OPTRXO input (Notel) 1 0 X 1
P71 SDA input X 0 0 0
SDA output (Note2) X 1 1 0
So output X 1 1 0
OPTTXO output (Notel) 1 1 X 1
P72 ST input X 0 0
SCL input X 0 0 None
SCL output (Note2) X 1 1
P73 /CS2F output X 1 X 1
P74 /CS2G output X 1 X 1
P75 /CSEXA output X 1 X 1
P76 MSK input (Note3) X 0 0 0
P77 VEECLK output X 1 1 0
Port 8 P80 to P87 Input port X
ANO to AN7 input (Note4) X None
P83 /ADTRG input (NoteS) X
Port 9 P90 to P97 Input port X None 0 None
KI0 to KI7 input X 1
Port A PAO to PA7 Output port X 0
KOO to 7 output (CMOS) X None 0
KOO to 7 output (Open drain) X 1
Port B PBO to PB6 Input port X 0 0
Output port X 1 0
PBO TAOIN input X 0 0
TXD?2 output (Notel) X 1 1
PB1 TA1OUT output X 1 1
RXD?2 input (Notel) X 0 0 None
PB3 INTO input X 0 1
PB4 INT1 input X 0 1
PB5 INT2 input 0 0 1
TA30UT 1 1 1
PB6 INT3 input 0 0 1
TBOOUTO 1 1 1
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Table 3.5.2 I/O Registers and Specifications (3/3)

X: Don’t care

Port Pin name Specification VO register
Pn PnCR PnFC | PnFC2
Port C PCO to PC5 Input port X 0 0
Output port X 1 0
PCO TXDO output (Notel) 1 1 1
PCl1 RXDO input (Notel) (Note6) 1 0 None
PC2 SCLKO input (Notel) 1 0 0
SCLKO output (Notel) 1 1 1
CTSO input (Notel) 1 0 0
PC3 TXD1 output (Notel) 1 1 1
PC4 RXDI input (Notel) 1 0 None
PC5 SCLKI input (Notel) 1 0 0
SCLK1 output (Notel) 1 1 1
CTs1 input (Notel) 1 0 0
Port D PDO to PD7 Output port X 0
PDO D1BSCP output X 1
PD1 D2BLP output X 1
PD2 D3BFR output X 1 None
PD3 DLEBCD output X None 1
PD4 DOFFB output X 1
PD6 /ALARM output 1 1
/MLDALM output 0 1
PD7 MLDALM output X 1
Port E PEO to PE7 Input Port X 0 0
Output Port X 1 0
LDO to LD7 output X 1 1
Port F PFO to PF7 Output Port X 0
PFO /SDRAS output X 1
PF1 /SDCAS output X 1
PF2 /SDWE output X 1
PF3 SDLDQM output X None 1
PF4 SDUDQM output X 1
PF5 SDCKE output X 1
PF6 SDCLK output X 1

Notel: As for input ports of SIO1 to SIO3: (OPTTX0,0PTRX0,TXD0,TRX0,SCCLKO0,/CTS0, TXD1,TRX1,SCCLK1,/CTSI,
TXD2,RXD2), logical selection for output data or input data is determined by the output latch register Pn of each port.

Note2: When P71/72 are used as SDA/SCL open drain outputs, P7ODE<ODEP72: 71> is used to set the open drain output

mode.

Note3: In case using P76 for MSK port, set to P7FC<P76F>.

Note4: When P80 to P87 are used as AD converter input channels, ADMOD1<ADCH2: 0> is used to select the channel.

Note5: When P83 is used as /ADTRG input, ADMOD1<ADTRGE> is used to enable External-trigger-input.

Note6: In case using PC1 for RXDO port, set “1” to P7FC2<P70FC>.

After a Reset the port pins listed below function as general-purpose 1/O port pins.

A Reset sets /0 pins, which can be programmed for either input, or output to be input ports pins. Setting the

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

91C820A-56



TOSHIBA

TMP91C820A

3.5.1

PO
(0000H)

POCR
(0002H)

Port 0 (P00 to PO7)

Port 0 is an 8-bit general-purpose 1/O port. Each bit can be set individually for input or output using the
control register POCR. Resetting resets all bits of the output latch PO, the control register POCR to 0 and
sets Port 0 to Input Mode.In addition to functioning as a general-purpose I/O port, Port 0 can also function
as an data bus (DO to 7).

When external memory is accesed ,the port automatically functions as the data bus (DO to D7) and all bits
of POCR are cleared to 0.

Reset

i
~ ?
|Direction control
(on bit basis)
POCR write <— External acces
\ External acces (data write)
9 Output Latch | A S
o]
% PO write Selector > D ,;(,88 Eg gg;
o
= DOto D7 - Output buffer
c > B
5]
E 1
e
1:]—{]2—4—4——% Read
< 1
\I\I—<—Externa| acces (data read)
N
Figure3.5.1 Port 0
Port 0 Register
7 6 5 4 3 2 1 0
bit Symbol P07 P06 P05 P04 P03 P02 P01 P00
Read/Write RW
After Reset Input mode (Output latch register is cleared to 0.)
Port 0 Control Register
7 6 5 4 3 2 1 0
bit Symbol PO7C PO6C PO5C P04C P03C P02C P01C PO0C
Read/Write W
i i i i i i i
After Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Port O Input/Output settings
O:Input  1:Output

Notel: Read-modify-write is prohibited for and POCR.and POFC
Note2: When functioning as a data bus(DO to D7), POCR is cleared to 0.

Figure3.5.2 Registers for Port 0
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3.52  Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose 1/O port. Each bit can be set individually for input or output using the
control register PICR and the function register P1FC. Resetting resets all bits of the output latch P1, the
control register P1CR and the function register P1FC to 0 and sets Port 1 to Input Mode.

In addition to functioning as a general-purpose I/O port, Port 1 can also function as an data bus (DS to 15).

AM1| AMO| PI1xF Function Setting after reset is released
0 0 0 Input Port
0 1 1 Data bus (D8 to D15)
1 0 O Don't use this setting
1 1 0 Input port
Reset
oV ﬂ
Direction control
(on bit basis)
P1CR write
"ﬁ
Function control
(on bit basis) ~—External acces (data write)
0
" P1FC write
2 3
<
3 Output Latch I A S
g P1 write Selector 1> Port 1
2 Output buffer P10 to P17
£| D8toDI5 > B (D8 to D15)
A\IiG_
e
ECP—H— P1 Read
< 1
1\‘_cj—(—External acces (data read

Figure3.5.3 Port 1
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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 RW
After Reset Input mode (Output latch register is cleared to 0.)

Port 1 Control Register

7 6 5 4 3 2 1 0
PICR [ bt Symbol P17C P16C P15C p14C P13C p12C P11C P10C
(0004H) ;
Read/Write W
After Reset o { o { o { o f o }{ o i1 o | o
Function Port 1 function settings
| o
M
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC bit Symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) Read/Write W
AfterReset | o1 | o1 | o1 | o1 | o1 | o1 | o1 | on
Function Port 1 function settings
|

—> Port 1 fuction settings

Note: Read-modify-write is prohibited
for and P1CR.and P1FC P1FC<P1xF>
0 1
P1CR<P1xC>

data bus
0 Input port

(D15-D8)
1 Output port Don't set

Note: <P1XF> is bit X in register P1LFC; <P1XC>, in register P1CR.

Figure3.5.4 Registers for Port 1
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3.5.3 Port2 (P20 to P27)
Port 2 is an 8-bit general-purpose 1/O port. Each bit can be set individually for input or output using the
control register P2CR and the function register P2FC. In addition to functioning as a general-purpose I/O
port, Port 2 can also function as an address bus (A16 to A23).
Setting the AM1 and AMO pins as shown below and resetting the device initialize port2 to the

following function pins.

AM1 [ AMO | P2xC | P2xF | Function Setting after reset is released
0 0 1 1 Address bus (A16 to A23)
0 1 1 1 Address bus (A16 to A23)
1 0 O O Don't use this setting
1 1 0 0 Input port
™\ Reset S Internal address bus S
[
; A16 to A23
Direction control .
(On bit basis)
T
P2CR write
—3
Function control
_ ”1 (on bits basis)
= S
o
S ; B
o P2FC write 2
g v ) —[ | P20top27
® Output Al 2 | output buffer (A16 to A23)
g latch
(7]
*
P2 write
§ 1
« 1
I~ \ECL4—<— P2 read

Figure3.5.5 Port 2
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Port 2 Register
7 6 5 4 3 2 1 0
P2 bit Symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) Read/Write R/W
After Reset Input mode (Output latch register is cleared to 0.)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR " | pit Symbol P27C P26C P25C P24C P23C P22C P21C P20C
(0008H) .
Read/Write W
After Reset /1 0/1 o1 | o1 | o1 ! on I o1 | on
Function Port 2 function settings
?
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC bit Symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) Read/Write W
After Reset /1 0/1 o1 | o1 | o1 | o1 | o1 | on
Function Port 2 function settings
° |
. I - L’ Port 2 fuction settings
Note: Read-modify-write is prohibited
for and P2CR.and P2FC P2FC<P2xF>
0 1
P2CR<P2xC>
0 Input port
Address bus
1 Output port
(A16 to A23)

Note: <P2XF> is bit X in register P2FC; <P2XC>, in register P2CR.

Figure3.5.6 Port Registers for Port 2
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3.54 Port3 (P30 to P37)

Port 3 is an 8-bit general-purpose I/O port. Each bit can be set individually for input or output using the
control register P3CR and the function register P3FC. In addition to functioning as a general-purpose /O
port, Port 3 can also function as an address bus (A8 to A15).

Setting the AM1 and AMO pins as shown below and resetting the device initialize Port 3 to the

following function pins.

AM1 [ AMO | P3XC | P3xF | Function Setting after reset is released
0 0 1 1 Address bus (A8 to A15)
0 0 1 1 Address bus (A8 to A15)
1 0 O O Don't use this setting
1 1 0 0 Input port
™\ Reset S Internal address bus S
[
; A8to A15
Direction control .
(On bit basis)
T
P3CR write
—3
Function control
_ ”1 (on bits basis)
= S
o
S ; B
o P3FC write 2
g v ) —{ | P3otoPa7
® Output Al € | output buffer (A8 to A15)
g latch
(7]
*
P3 write
y A
y A
N \ECL‘_(_ P3 read

Figure3.5.7 Port 3
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Port 3 Register
7 6 5 4 3 2 1 0
P3 bit Symbol P37 P36 P35 P34 P33 P32 P31 P30
(0007H) Read/Write R/W
After Reset Input mode (Output latch register is cleared to 0.)
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR | pit Symbol P37C P36C P35C P34C P33C P32C P31C P30C
(000AH) .
Read/Write W
After Reset /1 0/1 o1 | o1 | o1 ! on I o1 | on
Function Port 3 function settings
?
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC bit Symbol P37F P36F P35F P34F P33F P32F P31F P30F
(000BH) Read/Write W
After Reset /1 0/1 o1 | o1 | o1 | o1 | o1 | on
Function Port 3 function settings
° |
. I - L’ Port 3 fuction settings
Note: Read-modify-write is prohibited
for and P3CR.and P3FC P3FC<P3xF>
0 1
P3CR<P3xC>
0 Input port
Address bus
1 Output port
(A8 to A15)

Note: <P3XF> is bit X in register P3FC; <P3XC>, in register P3CR.

Figure3.5.8 Port Registers for Port 3
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3.5.5 Port4 (P40 to P47)
Port 4 is an 8-bit general-purpose 1/O port. Each bit can be set individually for input or output using the
control register P4CR and the function register PAFC. In addition to functioning as a general-purpose /O
port, Port 4 can also function as an address bus (A0 to A7).
Setting the AM1 and AMO pins as shown below and resetting the device initialize Port 4 to the

following function pins.

AM1 [ AMO | P4XC | P4xF | Function Setting after reset is released
0 0 1 1 Address bus (A0 to A7)
0 1 1 1 Address bus (A0 to A7)
1 0 O O Don't use this setting
1 1 0 0 Input port
™\ Reset S Internal address bus S
[
; A0 to A7
Direction control .
(On bit basis)
T
PACR write
—3
Function control
_ ”1 (on bits basis)
= S
o
S ; B
o P4FC write 2
g v o) —[ | Paotopaz
® Output Al & | output buffer (A0 to A7)
g latch
(7]
*
P4 write
y A
y A
N \ECL‘_(_ P4 read

Figure3.5.9 Port 4
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Port 4 Register
7 6 5 4 3 2 1 0
P4 bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
(000CH) Read/Write RW
After Reset Input mode (Output latch register is cleared to 0.)
Port 4 Control Register
7 6 5 4 3 2 1 0
PACR | bit Symbol P47C P46C P45C P44C P43C P42C P41C P40C
(O00EH) .
Read/Write W
After Reset /1 0/1 o1 | o1 | o1 ! on I o1 | on
Function Port 4 function settings
?
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC bit Symbol P47F P46F P45F P44F P43F P42F P41F P40F
(000FH) Read/Write W
After Reset /1 0/1 o1 | o1 | o1 | o1 | o1 | on
Function Port 4 function settings
° |
. oo - L’ Port 4 fuction settings
Note: Read-modify-write is prohibited
for and PACR.and P4FC PAFC<PAXF>
0 1
P4CR<P4xC>
0 Input port
Address bus
1 Output port
(AO to A7)

Note: <P4XF> is bit X in register P4FC; <P4XC>, in register PACR.

Figure3.5.10 Port Registers for Port 4

91C820A-65



TOSHIBA

TMP91C820A

3.5.6 Port Z (PZ0 to PZ3)

Port Z is an 4-bit general-purpose I/O port(P50 and P51 are used for output only). I/O is set using
control register PZCR and PZFC. Resetting resets all bits of the output latch PZ to “1”.

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

/ status signal.

When PZ0 pin is defined as /RD strobe signal output mode (<PZOF>="1"), clearing the output latch

register <PZ0> to "0" outputs the /RD strobe (used for the peused static RAM) from the PZ0 pin even
when the internal addressed. If the output latch register <PZ0> remains “1”, the /RD strobe signal is
output only when the external address are is accessed.

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

Setting the AM1 and AMO pins as shown below and resetting the device initialize PZ0 and PZ1 pins to the
following function pins.

Jeusaiu|

snq erep

PZOF | Function Setting after reset is released
AM1 | AMO 0 :
PZ1F PZ0 function PZ1 function
0 0 1 /RD pin /WR pin
0 1 1 /RD pin /WR pin
1 0 O Don't use this setting|Don't use this setting
1 1 0 Output port Output port
Reset
——3
R Function control
(on bits basis)
PZFC write
Output A
> %]
latch @
atc 5| @ __[>____|:| PZ0(/RD)
F 8
PZ write Output buffer

?

PZ read

/IRD

Internal address area

Figure3.5.11 Port Z (PZ0)
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SN4d ereq [eulaiu]

Reset

3

Function control

[eusaiy|

” (on bits basis)

o
PZFC write

-

Output

snq eep

V>

latch

PZ write
1

T

PZ read

101999S

/WR

Internal address area

Reset

P

N Direction control

(on bit basis)

T

PZCR Write

Function conrtol

(on bit basis)

PZFC Write

3

S
Output

<&
<

N

latch

T

PZ Write

!

101939]3S

Output buffer

]

—{>T]

Output buffer

P-ch

Lo |

A

PZ Read

Figure3.5.12 Port Z (PZ1, PZ2)

PZ1(/WR

(Programmable
Pull-up)

’—DPZZ(/HWR)
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M\ Reset
.| Direction control
(on bit basis)
PZCR Write
L
| Function conrtol
(on bit basis)
=1
% PZFC Write >0 B p.eh (';rjﬁ[;r;‘mab'e
o ¥ wS
g’ S A N
g > Output > @ P— ]st(R/W,/SRWE)
S latch Bl o
T S Output buffer
. c| 8
PZ Write |->
RW
/ISRWE
-1
EC'—"
-1
I~ G *

A
P5 Read

Figure3.5.13 Port Z (PZ3)
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Port Z Register

7 6 5 4 3 2 1 0
Pz bit Symbol PZ3 Pz2 PZ1 PZ0
(007DH) Read/Write R/W
Input mode (pulled-up) Output mode
After reset
| 1 1 1 1

Port Z Control Register

7 6 5 4 3 2 1 0
PZCR bit Symbol PZz3C pPz2C
(007EH) Read/Write W
| | | | o | o
After reset
0: IN 1. OUT

Port Z Function Register

7 6 5 4 3 2 1 0
PZFC Bit Symbol PZ3F PZ2F PZ1F PZOF
(007FH) | Read/Write W
After reset 0 0 0 0
(Note) 0: PORT {0: PORT |{0:PORT }{0:PORT
Function | Always 1: R/W, 1:/HWR 1:/WR 1:/RD
fixed to “0” /SRWE
]
RMW, ISRWE setting «—— l_’ PZ0 (/RD) function setting
Note 1: Read-Modify-write is prohibited for <PZ3C> <Pz0>
registers PZCR and PZFC. 0 1 0 1
Note 2: When Port Z is used in Input Mode, ~ |=223F= <PZOF
the PZ register controls the built-in 0 Input output 0 "0" output "1" output
pull-up resistor. Read-Modify-Write R/W /SRWR Prohibit this | /RD is only
is prohibite_d in Input _M(_Jde or /0 L setting output during
Mode. Setting the built-in pull-up 1 external
resistor may be depended on the
states of the input pin. accesses.

> pz1 /WR) function setting

<PzZ1>
0 1
<PZ1F
0 "0" output "1" output

1 /WR is only output during
external accesses.

—>/HWR setting

PZFC<PZ2F> |1
PZCR<Pz2C> |1

Figure3.5.14 Port Register for Port Z
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3.5.7 Port5 (P56)
Port 5 is an 1-bit general-purpose I/O port. I/O is set using control register PSCR and P5FC. Resetting
resets all bits of the output latch P5 to “1”.
In addition to functioning as a general-purpose I/O port, Port 5 also functions as I/O for the CPU’s control
/ status signal.

Resetting initializes P56 pins to input mode with pull-up register.

(\
Reset
Direction control
(on bit basis) J
(Programmable
P5CR Write >0 Pull-up)
2 S
3 _
3 Output ™ p——{ | P56 (WAIT
QJ—’ Latgh (WAIT)
o Output buffer
2
> P5 Write
c
[
< bd
T o
< b
o= ¥
A
Internal P5 Read
WAIT €
N\

Figure3.5.15 Port 5 (P56)
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Port 5 Register
7 6 5 4 3 0
P5 bit Symbol P56
(000DH) Read/Write RW
After reset Input mode (pulled-up)
1 |
Port 5 Control Register
7 6 5 4 3 0
P5CR bit Symbol P56C
(0010H) Read/Write W
o | | |
er reset
0: IN 1: OUT

Note 1: When the P53/WAIT
pin is to be use as
the WAIT pin,
P5CR<P53C> must
be setto 0 and <Bn
W2 to BhWO0> in the
chip select/wait
control register must
be set 010.

Figure3.5.16 Port Register for Port 5
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3.5.8 Port6 (P60 to P67)
Port60 to 67 are 8bit output ports. Resetting sets output latch of P62 to “0” and output latches of P60 to
P61, P63 to P67 to “1”.

Port6 also function as chip-select output (/CS0 to /CS3), extend address output (EA24, EA25), extend
chip-select output (/CS2A, /ICS2B, /CS2C, /CS2D, /CS2E), SRAM byte control output (/SRUB, /SRLB),
and SDRAM chip-select output (/SDCS).

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

oV Function
control 2
(on bit basis)

P6FC2 write
Funtion
control

(on bit basis)

P6FC write P60 (/CS0)
1 S P61 (/CS1./SDCS)
A P62 (/CS2,/CS2A)
»|  Output . ll> [7] P63 (Cs3)
lacth Selector PB4(EA24,/CS2B)
PB5(EA25,/CS2C)
P6 write P66(/SRLB,/CS2D)

P67(/SRUB,/CS2E)

“1”,/SDCS,/CS2A,"1",/CS2B,/CS2C,/CS2D,/CS2E

P6 read
~ /CS0,/CS1,/CS2,/CS3,EA24,EA25,/SRLB,/SRUB
Figure 3.5.17 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 P67F P66F P65F P64F P63F P62F P61F P60F
(0015H) Read/Write
After reset 0
Function 0: PORT |0: PORT 0: PORT | 0: PORT |0: PORT |0: PORT |0:PORT |O: PORT
1:/SRUB |1:/SRLB 1: EA25 1: EA24 |1:/CS3 1:/CS2 1:/CS1 1:/CS0O
Port 6 Function Register 2
7 6 5 4 3 2 1 0
P6FC2 | bit Symbol P67F2 P66F2 P65F2 P64F2 P62F2 P61F2
(001BH) Read/Write W W
After reset 0 0
Function 0: <P67F> }0: <P66F> |0: <P65F>} 0: <P64F> Always {0: <P62F> | 0: <P61F>} Always
1:/CS2E {1:/CS2D {1:/CS2C }1:/CS2B fixed to “0” } 1: /CS2A {1:/SDCS | fixed to “0”

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

Figure 3.5.18 Register for Port 6
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359 Port7 (P70to P77)
Port 7 is an 8-bit general-purpose 1/0 port. 1/0O can be set on bit basis using the control register.
Resetting sets Port 7 to input port and al 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)
3. Extend chip-select output (/CS2F,/CS2G,/CSEXA)
4. Clock control function for voltage booster of external LCD driver (MSK,VEECLK)

Writing “1” in the corresponding bit of P7FC, P7FC2 enabl es 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 1/0 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>.
For PortC1, RXDO or OPTRXO is used P7TFC2<P70F2>.

Reset

3

Direction
control
(on bit basis)

A
P7CR write

Function
> control
(on bit basis)

P7FC write

Y
A S P70 (SCK,OPTRX0)

S
Output latch

Internal data bus

Selector N

P7 write B

SCK output_l v

S Bl

! Selector
™~
P7 read A

¥ SCKinput €«————s¢
Function

> control 2 ) Logical-invert
I~ . :
(on bit basis) SBpl—
A

P7FC2 write Selector

RXDO —«—— N RXDOPC1
(to SI00) (from PORTC1)

A

Figure 3.5.19 P70
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(2) Port71 (SO/SDA/OPTTXO0)

Port71 is a general-purpose 1/0 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>.

N Reset
Function

control 2
(on bit basis)

P7FC2 write
7 ¥

Direction
control
(on bit basis)

A
P7CR write
Function
control
(on bit basis)

A
P7FC write

S N
Output latch A S

P47\ write Selector ! 4 |I>—<>—|:|

SO output B Open drain possible[:  p71

>|cC
P70DE<ODEP71> (SO/SDA,OPTTXO0)
TXDO

output Logical- S B
invert

Y

Y

Internal data bus

Selector

A

<«
I

P7 read A

SDA input (_<}

A

Figure 3.5.20 Port 71
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(3) Port 72 (SI/SCL)

Port72 is a general-purpose /O port. It isalso used as Sl (datainput for SIO mode), SCL (clock
input/output for 1°C mode) for serial bus interface.

Reset
~ —
Direction
control
(on bit basis)

A
P7CR write
—

Function
control
(on bit basis)

Y

P7FC write
3
S A

” Output latch —|—>A S
Selector I|>—<>—|:|P72 (Sl/scL)

Open drain possible|:
SCL output > B P7ODE<ODEP72>

v \V,

S B

Internal data bus

P7 write

A

Selector

< <«
T
P7 read A

Sl input(_<} .

SCL input

A

Figure 3.5.21 Port 72
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(4) Port 73 (/CS2F), 74(/CS2G),75(/CSEXA)

Port73 to 75 are general-purpose 1/O ports. These are also used as control signal for extend
chip-select output.

Reset

b —

Function

control 2
(on bit basis)

P7FC2 write

' )

Direction

control
(on bit basis)

A
P7CR write

T

Funtcion

control
(on bit basis)

P7FC write

Internal data bus

Y

Output latch

S

A

A

A .
P7 write
ICS2F,/CS2G,/ICSEXA—> | B

Y

Selector

S

SB

Selector

A

<«
I

P7 read

Figure 3.5.22(4) Port 73,74,75

P73(/CS2F),
P74(/CS2G),
P75(/CSEXA)

II>—<>—|:|

A

A
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(5) Port 76(MSK),77(VEECLK)

Port76 and 77 are general-purpose 1/O ports. These are also used as clock control function for
voltage booster of external LCD driver.
MSK pin (P76) is an input pin from external LCD driver, clock output from VEECLK pin is
controlled by state of this pin. Logic of this pin is controlled with PTFC<P76F>.
VEECLK pin outputs clock of 32KHz for voltage booster or "0" level according to request from
MSK pin. VEECLK output is controlled with P7TFC<P77F>.

Reset

Direction
control
(on bit basis)

A
P7CR write
q P76 (MSK)

S
Output latch
T A

P7 write SB

<Je
I

P7 read A

R’

Function
> control
(on bit basis)

A

Selector

A

A

Internal data bus

P7FC write
fs clock

~NC VEECLK

Reset

Direction
control
(on bit basis)

A
P7CR write

Function
control
(on bit basis)

P7FC write

S Y
Output latch | L—s/A S P77 (VEECLK)

Selector

Internal data bus

P7 write
> B

y

S Bl

Selector

e
T
P7 read A e

Figure 3.5.22 Port 76,77
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Port 7 Register
7 6 5 4 3 2 1 0
P7 bit Symbol P77 P76 P75 P74 P73 P72 P71 P70
(0013H) Read/Write R/W
After reset Input mode
1 1 1 | 1 | 1 | 1 | 1 1
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR bit Symbol p77C P76C P75C pP74C pP73C p72C pP71C pP70C
(0016H) Read/Write W
0 0 o { o | o | o | o 0
After reset
0: IN 1. OUT
Port 7 Function Register
7 6 5 4 3 2 1 0
P7FC bit Symbol P77F P76F P75F P74F P73F P72F P71F P70F
(0017H) | Read/Write W
After reset 0
0:PORT MSK 0: PORT {0: PORT 0: PORT {0: PORT {0:PORT {0: PORT
Function 1:VEECLK i select 1: SCL 1: SDA/SO |{1: SCK
0: "1" enable
1:"0" ena_ble
Port 7 Function Register 2
7 6 5 4 3 1 0
P7FC2 bit Symbol P75F2 P74F2 P73F2 O P71F2 P70F2
(001CH) | Read/Write
After reset 0
0: <P75F> |0: <P74F> 0: <P73F> Always 0: <P71F> |SIO0 RXD
1:/CSEXA |1:/CS2G 1: /CS2F Write to ‘0" { 1: OPTTXO | Pin select
Function 0: RXDO(PC1)
1: OPTRX0
(P70)
Port 7 ODE Register
7 6 5 4 3 2 1 0
P70DE | bit Symbol ODEP72 | ODEP71
(001FH) Read/Write W
After reset 0 | 0
Function o 3—STATE_
1: Open Drain

(Note) Read-modify-write is prohibited for P7CR,P7FC, P7FC2 and P7ODE.

Figure 3.5.23 Register for Port 7
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3.5.10 Port 8 (P80 to P87)

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

(N
1 DPorIB
1]
2 Port 8 read (PABSOI (:OPEKW)
ol
©
o
I
=
[J]
E
Conversion
A/D Channel
Re§ult [l Converter [] Selector
Register
AD Read
I~

ADTRG < o<}

(for P83 only)

Figure 3.5.25 Port 8

Port 8 Register

7 6 5 4 3 2 1 0
P8 Bit Symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H) Read/Write R
After reset Input mode

Note: The input channel selection of A/D Converter and the permission of ADTRG input are set by A/D Converter
mode register ADMOD1.

Figure 3.5.26 Register for Port 8
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3.5.11 Port 9 (P90 to P97)

Port 90 to 97 are 8-bit input ports with pull-up resistor. In addition to functioning as general-purpose
1/O port, port 90 to 97 can also Key-on wake-up function as Key board interface. The various functions
can each be enabled by writing a“1” to the corresponding bit of the Port 9 Function Register (POFC).
Resetting resets all bits of the register POFC to “0” and sets all pinsto be input port.

(N1
INTKEY
P90 to P97
I Rising 8OR

53 Edge
@ detection
3
a Reset
)
Q
g KEY-ON Pull-up register
o >»( ENABLE

(on bit basis)

) 5
PIOFC write
P90 to P97

P9 read (K10 to KI7)

_/
Figure 3.5.27 Port 9

When POFC="1", if either of input of KIO-KI7 pins falls down, INTKEY interrupt is generated.
INTKEY interrupt can be used to release all HALT mode.

Port 9 Register

7 6 5 4 3 2 1 0
P9 bit Symbol P97 P96 P95 P94 P93 P92 P91 P90
(0013H) Read/Write R
After reset Input Mode

Port 9 Function Register

7 6 5 4 3 2 1 0
POFC bit Symbol P97 P96 P95 P94 P93 P92 P91 P90
(001DH) | Read/MWrite w
After reset o { o { o { o { o }{ o | o | o
0: KEY IN disable 1: KEY IN enable

KEY-IN of Port9

disable 0
enable

%

Note 1: Read-Modify-Write is prohibited for the registers POFC.

Figure 3.5.28 Port 9 register
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3.5.12 PortA (PAOto PA7)

PA
(001EH)

PAFC
(0021H)

(Note) Read-modify-write is prohibited for PAFC.

Port AO to PA7 are 8-bit output ports, and al so used key-board interface pin KOO to KO7 which can set

open drain output buffer.

Writing “1” in the corresponding bit of the port A function register (PAFC) enable the open drain

outpui.

Resetting reset bits of the registers PA to “1” and PAFC to “0”, and all pin outputs“1”.

Reset
output
buffer set
A
. PAFC write programmgble
2 ﬁ open drain
-% S D 0
= Output latch L PAO to PAT
c (KOO to KO7)
Q
€ PA write
1
W
PA read
-/
Figure3.5.29 Port A
Port A Register
7 6 5 4 3 2 1 0
bit Symbol PA7 PA6 PA5 PA4 PA3 PA2 PAl PAOQ
Read/Write R/W
After reset 1
Port A Function Register
7 6 5 4 3 2 1 0
bit Symbol PAT7F PAGF PASF PA4F PA3F PA2F PALF PAOF
Read/Write W
After reset o | o o { o | o | o 0 0
0: CMOS output  1: open drain

Figure3.5.30 Register for Port A
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3.5.13 Port B (PBO to PB6)

Port B isa 6-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 1/0 port, Port B can also function as 1/O pin for timers
(TAOIN, TAL1OUT, TA30OUT, TBOOUTO), input pin for external interruption (INTO to INT3), and I/O for
serial channels 2 (TXD2,RXD2). Above setting is used the function register PBFC and PBFC2. Edge
select of external interruption establishesit with [IMC register, which thereisin interruption controller.

(1) PBO (TAOIN, TXD2)

As well as functioning as 1/0 port pins, port BO can also function as serial channel TXD output

pins. In case of use TXD?2, it is possible to logical invert by setting the register PB<PBO>.

And port BO has a programmable open drain function which can be control the register

PBODE<ODEPBO>.

Res
[

et

[

Direction Control

(on bits basis)

PBCR write

¥

(On bit basis)

Function control

o
PBFC write

A

Internal data bus

S

A

I

> , >A S
Output latch >
Selecter Open-drain set
PB write B possible
PBODE<ODEPBO0>
TXD2 S B
< M Selecter
N »a
PB read A €
TAOIN <
Figure 3.5.31 Port BO

[ ]PBO (TAOIN,TXD2)
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(2) PB1 (TA1OUT, RXD2)
Port B1is /O port pins and can also isused as RXD input for the serial channels. In case of use
RXD2, itis possibleto logical invert by setting the register PB<PB1>.
Reset

P’

Direction Control

~— <

(on bits basis)

A
PBCR write
[
¥
Function control
(On bit basis)

o
PBFC write

Y
S Y I\
> A S
Output latch | > [ ]|PB1 (TA1OUT,RXD2)
A Selecter
PB write B

A
Y

Internal data bus

TA1OUT

S B

ﬂ Selecter

PB read A

rx02 «— ([

A

A

Figure 3.5.32 Port B1

(3) PB3 (INTO)

"~ Refet

Direction Control

(on bits basis)

A
PBCR write

Function control

A4

(on bits basis) ||

A
PBFC write

¥
S

Output latch

Internal data bus

> PB3 (INTO)

o
PB write
e
S B |¢

1
< Selecter
N PB read A

A

Level / edge select

INTO «——( || & e

Raising/Falling select

IIMC<IOLE, IOEDGE>

Figure 3.5.33 Port B3
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(4) PB4 (INT1), PB5 (INT2, TA3OUT), PB6 (INT3, TBOOUTO)
Reset

~— Iﬁ

Direction Control

3|
>

(on bits basis)

A
PBCR write
[
¥
. |Function control
(On bit basis)

ol PBFC write
3 /
o S . M
| Output latch L D PBA(INTI)
e
g PB write
S
9
= S B

< 1 Selecter

=~ N

PB read A [€

INT]T «——( Raising/Falling

edge-detection

f

IIMC< I1IEDGE>
-/
Reset
~— lﬁ
| Direction Control
(on bits basis)
PBCR write
[
¥
. |Function control
(On bit basis)
A
% PBFC write .
Is! ‘S l,
o SA S . P [ ]PBS(INT2,TA30UT)
g Output latch - PB6(INT3,TBOOUTO)
= Selecter
c PB write B
(&)
= TA30UT S B
- TBOOUTO
< 1 Selecter
= N
PB read A €
INT2 (—C Raising/Falling
to edge-detection
INT3
IIMC< I2EDGE,
| I3EDGE >
Figure 3.5.34 PB4 to PB6
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Port B Register
6 5 4 3 2 1 0
PB bit Symbol PB6 PB5 PB4 PB3 PB1 PBO
(0022H) | Readivrite RIW RIW
After Reset Input Mode Input Mode
1 1 1 | 1 1 1
Port B Control Register
6 5 4 3 2 1 0
PBCR bit Symbol PB6C PB5C PB4C PB3C PB1C PBOC
(0024H) Read/Write W W
After Reset 0 0
0:INODDOOOO00L1 OUT
Port B Function Register
6 5 4 3 2 1 0
PBFC bit Symbol PB6F PB5F PB4F PB3F PB1F PBOF
(0025H) | Read/Write W w
After Reset 0 0
0: PORT {0: PORT {0: PORT |{0:PORT 0: PORT {0:PORT
Function 1:INT3 1:INT2 1:INT1 1:INTO 1: TA10UT {1:TXD2
TBOOUTO TA30UT
> INT2, TA3OUT setting
B5C>
0 1
<PB5F
0 input port output port
1 INT2 TA30UT
> INT3, TBOOUTO setting
B6C>
0 1
<PB6F
0 input port output port
1 INT3 TBOOUTO
Port B ODE Register
6 5 4 3 2 1 0
PBODE | bit Symbol ODEPBO
(002BH) | Read/Write w
After Reset 0
TXD2
Function 0:CMOS
1:0Open
Drain

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

Note 2: PBO/TAOIN pin does not have a register changing PORT/FUNCTION.
For example, when it is used as an input port, the input signal is inputted to 8 bit timer.
Note 3: PB1/RXD1 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 SIO as the

serial receive data.

Figure 3.5.35 Register for Port B
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35.14 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 sets all bits of the output latch register to “1”.

In addition to functioning as general-purpose I/O port pins, PCO to PC5 can also function asthe 1/O for
serial channels 0 and 1. A pin can be enabled for I/0 by writing a“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/TXDL, it is possible to logical invert by setting the register

PC<PCO,PC3>.

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

Reset

Direction control

(On bit basis)

A
PCCR write

Function control

| (On bit basis)

A
PCFC write

A

A

S ¢ > A
Output latch

Internal data bus

T
PC write B

Selecter

S

N

Logical invi
G
TXDO, TXD1

< b
-~ N
PC Read

Selecter

S B

A

A

PCODE<ODEPCO, C3>

> I\>
Open-drain
set possible

— |Pco (TxDo)

PC3 (TXD1)

Figure 3.5.36 Port CO and C3
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(2) Port C1, C4 (RXDO, 1)

Port C1 and C4 are 1/O port pinsand can also isused 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

R’

S

Output latch
* A

) S B

PC write

4 Selecter

A

Internal data bus

PC read A

A

RXDOPC1,
RXD1 < ( z‘

Logical invert

Figure 3.5.37 Port C1 and C4

(3) Port C2 (/CTS0, SCLKO0), C5 (/CST1, SCLK1)

PC1 (RXDO)
PC4 (RXD1)

Port C2 and C4 are I/O port pins and can also isused as /CTS input or SCLK input/output for
the serial channels. In case of use /CTS,SCLK, it ispossible to logical invert by setting the register

PC<PC2,PC5>.
Reset
Y A
Ditection control
(On bit basis)
A
) PCCR write
Function control
3 (On bit basis)
d
o A
9 PCFC write
g \
d
g S X Y
1 Output latch A S
K N
PC write Selecter
Logical B
invert
O .
SCLKO, 2 | $
output S Bk
< Selecter
- PC read A le
/CTS0,1
SCLKO, 1 (IE_
input Logical invert

Figure 3.5.38 Port C2 and C5

PC2 (SCLKO,/CTS0)
PC5 (SCLK1,/CTS1)
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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 R/W
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 f o t o } o I o | o

0:INODOOOOOOL OuUT

Port C Functon Register

7 6 5 4 3 2 1 0
PCFC 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
Output Qut put
Port C ODE Register
7 6 5 4 3 2 1 0
PCODE | bit Symbol ODEPC3 ODEPCO
(0028H) | Read/MWrite W W
After Reset 0 0
TXD1 TXDO
Function 0: CMOS 0: CMOS
1: Open 1: Open
Drain Drain

Note 1: Read-Modify-Write is prohibited for the registers PCCR, PCFC and PCODE.
Note 2: PC1/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 serial receive data.

Figure 3.5.39 Register for Port C
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3.5.15 Port D (PDO to PD7)

Port D isan 8-bit output port. Resetting sets the output latch PD to “1”, and PDO to PD7 pin output “1”.

In addition to functioning as output port, Port D also function as output pin for LCD controller
(D1BSCP, D2BLP, D3BFR, DLEBCD and DOFFB), output pin for RTC alarm (/ALARM) and output pin
for melody/alarm generator (MLDALM, /IMLDALM). Above setting is used the function register PDFC.

Only PD6 has two output function which /ALARM and /MLDALM. This selection isused PD<PD6>.
Resetting resets the function register PDFC to “0”, and sets al ports to output ports.

Y
Reset
Function control
(On bit basis)
0 -
a PDFC write PDO (D1BSCP),
g v vS PD1(D2BLP),
= Al . PD2 (D3BFR),
E Output latch — 2 > PD3 (DLEBCD),
£ Bl & Output buffer PDA4(DOFFB),
= n
B write |—> PD7(MLDALM)
DIBSCP,D2BLP,D3BFR,
DLEBCD,DOFFB,MLDALM
2V PD resd
Figure3.5.40 Port DO to D4, D7
aY
Reset _4.—¢
Function control
(On bit basis)
T
PDFC write
3
S S
»| Output latch A
» Y 'l> [ ] PD6 VALARM,
2 K Selecter /MLDALM)
8 PD write B
©
©
T N
= PD read
o
o
- /MLDALM—>A S v
Selecter
/ALARM —>B
N\
Figure3.5.41 Port D6
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Port D register
7 6 5 4 3 2 1 0
PD bit Symbol PD7 PD6 PD4 PD3 PD2 PD1 PDO
(0029H) Read/Write RW
After Reset 1 1 1 | 1 | 1 1 1 | 1
Port D function register
7 6 5 4 3 2 1 0
PDFC bit Symbol PD7F PD6F PD4F PD3F PD2F PD1F PDOF
(002AH) Read/Write W
After Reset 0
0: PORT |0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT
1: MLDALM | 1: /ALARM 1:DOFFB | 1: DLEBCD | 1:D3BFR | 1:D2BLP | 1:D1BSCP
Function @<PD6>=1
1: /MLDALM
@<PD6>=0

Note 1: Read-Modify-Write is prohibited for the registers PDFC.

Figure3.5.42 Register for Port D
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3.5.16 Port E (PEO to PE7)

Port E is an 8-hit general-purpose 1/0 ports. Each bit can be set individually for input or output using
the control register PECR. Resetting , the control register PECR to “0” and sets Port E to input ports. It
also sets all bits of the output latch register to “1”.

In addition to functioning as a general-purpose 1/0 port, Port E can also function as an data bus for
LCD controller (LDO to LD7). Above setting is used the function register PEFC.

Reset
M\~
Direction
control
(on bit basis)
A
PECR write
Function
> control
9 (on bit basis)
e PEFC write
3 v
g S
[
£ Output latch I A S
PE write Selector I PEO to PE7
(LDO to LD7)
LD7 to LDO —>»B
S B«
< e
Selector
~~ PE read
A le
Figure3.5.43 Port E
Port E register
7 6 5 4 3 2 1 0
PER bit Symbol PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
(002CH) Read/Write R/W
After Reset 1 | 1 | 1 | 1 | 1 | 1 | 1 1
Port E Control Register
7 6 5 4 3 2 1 0
PECR bit Symbol PE7C PE6C PE5C PEAC PE3C PE2C PE1C PEOC
(002DH) Read/Write W
After Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 0
Function 0:IN 1:0UT
Port E Function Register
7 6 5 4 3 2 1 0
PEFC bit Symbol PE7F PE6F PESF PE4F PE3F PE2F PELF PEOF
(002EH) Read/Write W
After Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 0
Function 0: Port 1: data bus for LCDC (LD7 to LDO)

Note 1: Read-Modify-Write is prohibited for PECR and PEFC.

Figure3.5.44 Register for Port E
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3.5.17 Port F (PFO to PF7)
Port F is an 8-bit output port. Resetting sets the output latch PF to “1”, and PFO to PF7 pin output “1”.

In addition to functioning as output port, Port F also function as output pin for SDRAM controller
(SDCKE,SDCLK,SDLDQM,SDUDQM,/SDWE), and output pin for SSIO (SSCLK). Above setting is

PF
(0030H)

PFFC
(0032H)

used the f

unction register PFFC.

Reset

1

Function control

(On bit basis)
é PFFC write E'Eg g:ggﬁg
o S
3 A PF2 (/SDWE)
g 5| Output latch | g PF3 (SDLDQM)
‘g B % Output buffer PF4 (SDUDQM)
- n PF5 (SDCKE)
PF write |_) PF6 (SDCLK)
/SDRAS,/SDCAS,/SDWE,SDLDQM, PE7
SDUDQM,SDCKE,SDCLK
I~ PF read
Figure3.5.45 Port F
Port F register
7 6 5 4 3 2 1 0
bit Symbol PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Read/Write R/W
After Reset 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Port F function register
7 6 5 4 3 2 1 0
bit Symbol PF6F PF5F PFAF PF3F PF2F PF1F PFOF
Read/Write W
After Reset 1 0
Function Always fixed | 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT
to “0” 1: SDCLK | 1: SDCKE |1: SDUDQM |1: SDLDQM | 1:/SDWE |1:/SDCAS |1:/SDRAS

Note 1: Read-Modify-Write is prohibited for the registers PFFC.

Figure3.5.46 Register for Port F
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3.6 Chip Select/Wait Controller

Onthe TMP9O1C820A, four user-specifiable address areas (/CS0 to /CS3) can be set. The databuswidth 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 /CS2G and /CSEXA (CS pin except /CS0 to /CS3) are made by MMU.

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

The areas CS0 to CS3 are defined by the values in the Memory Start Address Registers MSARO to MSAR3
and the Memory Address Mask Registers MAMRO to MAMR3.

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 o1 p o1 11 11 | 1 1
(00CCH)/ (00CEH) Function Determines A23 to A16 of start address.
| ]
L} 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 [0000ODODOD OooH
000000H ¢ 64K bytes
010000H COC0O0ODODOD O1H
020000H 0O0O00O0COOO O2H
030000H 0O0O0000COOO O3H
040000H 000O00O0COOO O4H
050000H 0000000COOO O5H
060000H CO0O00ODODOD o6H
to to
FFOOOOH 00000000000 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 a mask for each
bit of the start address set in memory start address registers MAMRO to MAMRS3. The compare
operation used to determine if an address is in the CS0O 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 V1510 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/IW
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 64-Kbyte-address area starting from 010000H
using the CS0 areas.
Set “01H”" in memory start address register MSAR0<S23: 16>(corresponding to the upper 8 bits of
the start address). Next, calculate the difference between the start address and the anticipated end
address (01FFFFH) based on the size of the CS0 area. 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<V20: 8>sets the area size This example sets 07H in MAMRO to specify a 64K -byte area.

[01010j0j0j0j0 1111211112111 1313141 Memory
end
| 0 | 1 | F | F | F | F |H address
CSO area
size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MsARO |0 ofofofofofo]1] Memory
start
) | 0 | 1 |H address

V20 V19 V18 V17 V16 V15 V14 0V9 V8

msMrofofojojofofofofofaf1 1 1 1 1 1faf1 1 111 11 1{H mgglogg"’i‘gt‘;ess

| 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 MAMRS 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 TMP91C820A. Also, the bus width and number of
waits specified in BEXCS are used for accessing addresses outside the specified CS0 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 [ , set the start address mask register inthe desired steps
starting from O00000H.

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:
® Valid 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 area sizes 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)
cs 256 512 32K 64 K 128 K 256 K 512 K 1M 2M 4M 8M
area
CS0 o o o o 0 0 0 0 0
CS1 o o o O O 0 0 O O
CS2 o o O 0 O O 0 [ [
CS3 o o 0 0 0 0 0 0 0

Note: O Indicates areasthat 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 | o
Modify- 0: Disable Chip Select output Data bus Number of Waits
Write 1: Enable waveform selection width 000: 2 waits 100: reserved
instructions E . 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
(00CIH) | 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 i B20MO { B2BUS B2w2 i B2W1 | B2WO
00C2H :
( ) Read/Write W
Read After Reset 1 0 o | o 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 F . 0: 16-Mbyte { 00: For ROM/SRAM 0: 16 bits 001: 1 wait 101: 3 waits
are unctions area 01: 1: 8 bits 010: 1 wait+N  110: 4 waits
prohibited. 1:CSarea {10 ~Don'tcare 011: 0 waits 111: 8 waits
11:
B3cs | Bit Symbol B3E BoM1 | B3omo | B3BUs | Baw2 | Bawi | B3wo
(00C3H) | Read/Write W W
Read. After Reset 0 o | o 0 o | o | 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 Functions oL L:8bits  |010: Lwait+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 o+ o I 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
8- r )
Master enable bit Chip select output waveform J
- selection Number of address area waits
0 [disable .
""" | 00 | For ROM/SRAM (See 3.6.2, (3) Wait Control.)
1 |enable
01
CS2 area selection 10 | Don't care —> Data bus width selection
11 _bi
0 [16-Mbytearea ] 0_{16-bit data bus
1 | Specified address area 1 |8-bit data bus

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

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

(2) Databuswidth selection

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.
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(3) Wait control

Bits 0 to 2 (<BOWO to BOW2>, <B1WO0 to B1W2>, <B2WO0 to B2W2>, <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.

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

Table 3.6.3 Wait operation settings

<BxW2 ~ 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 WAI_Tpi n 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 a wait, regardless 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 (0O0OFEOH-000FFFH, 003000H-FF7FFFH) as the CS2 area. Setting B2CS<B2M>
to “1” designates the address area specified by the start address register MSAR2 and the address
mask register MAMR2 as CS2 (i.e. if B2CS<B2M> = 1, CS2 is specified in the same manner as
CS0, CS1 and CS3 are).

A Reset clearsthisbit to “0”, specifying CS2 as 16-M bytes address area.

(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registers in the following order:
® Set the Memory Start Address Registers MSARO to MSAR3.
Set the start addresses for CS0O 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
/CS0to /CS3 pins.
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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 0.

MSARO=01H............... Start address: 010000H
MAMRO =0Q7H.............. Address area: 64 Kbytes
BOCS=83H.....cccccueruunen. ROM/SRAM, 16-hit data bus, zero waits, CS0 area settings enabled

3.6.3 Connecting external memory

Figure 3.6.6 shows an example of how to connect external memory to the TMP91C820A.
In this example the ROM is connected using a 16-bit bus. The RAM and I/O are connected using an 8-bit
bus.

TMP91C820A Address bus
T T T
cs cs ]

CS0 p>» Cs

CSl1p>— Upper byte Lower byte 8-bit S;bit
ROM ROM __RAM /10

Cs2 OE OE PE WE DE WE

[®) O > O > O

A0-A23

D8-D15

N
K
D0-D7 5

}

(O]

}

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

A Reset clears al hits 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 TMP91CB820A features 4 built-in 8-bit timers.
Thesetimersare paired into four modules: TMRAO1 and TMRA23. Each module consists of two channelsand
can operate in any of the following four operating modes.

8-Bit Interval Timer Mode
16-Bit Interval Timer Mode

8-Bit Programmable Square Wave Pulse Generation Output Mode (PPG: variable duty cycle with
variable period)

8-Bit Pulse Width Modulation Output Mode (PWM — variable duty cycle with constant period)

Figure 3.7.1 to Figure 3.7.2 Show block diagrams for TMRAOQL 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-flops are controlled by five controls SFR (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 asfollows.

371
372
3.7.3
374

D
2
3
(4)
()

Block diagrams

Operation of each circuit

SFR

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 Registers and pins for each module

register

Module
TMRAO1 TMRA23
Input pin for external TAOIN .
Externa | clock (shared with PBO)
pin Output pin for timer TA1OUT TA30UT
flip-flop (shared with PB1) (shared with PB5)
Timer run register TAOIRUN (0100H) | TA23RUN (0108H)
) ) TAOREG (0102H) TA2REG (010AH)
Timer register
SFR TA1REG (0103H) TA3REG (010BH)
(address) | Timer mode register TAOIMOD (0104H) | TA23MOD (010CH)
Timer flip-flop control
TA1FFCR (0105H) TA3FFCR (010DH)
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Prescaler
Prescaler Run/Clear TAO1RUN
——>| 128|256 512|<—
clock: @TO i | 4 | 8 |16|32|64| | | <TAO1PRUN>
¢T1 (T4 ¢T16 ¢T256
> Timer . .
> Flip-Flop |5 Timer flip-flop
—> TALFF output:
Ext linout Selector ¢ Selector
ernal inpu > > { TALFFCR
clock: TAOIN -
91— | ,| 8-bit up counter ¢T1 —> | ,|8-Bit Up-Counter
GT4—> (UCO) gri6 — (UC1)
T 16 —>| = pr256 —|
? 2-1 —q
Over flow
TA0O1IMOD TA01IMOD TA0O1IMOD
<TAOCLK1, TAOCLK10>| <PWMO1, <TA1CLK1, TA1CLK 0>
PWM0100>
= Match *L Match
8-Bit up counter | detect | TAOTRG 8-Bit comparator [detect
(CPO) [ J (CP1)
TAO1IMOD
TT ZI(_ <TAO01M1,
8-Bit timer register TAO1IM 0>
TAOREG
8-Bit Timer
f? Register TALIREG
TAOIRUN -
<TAORDE>_)| Reg'StTerbTmfer o |
[ 7 v y
Internal bus TMRAO TMRAO Internal bus TMRA1
Interrupt outptu: Match output: Interrupt output:
INTTAO TAOTRG INTTAL
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Prescaler
clock: @TO T

Prescaler

- >[2 [ 4] 8 [16]32 64 [rzeosapiaeclea ITAEE;;'SUW

@gTl  @T4 ¢T16 @T256
> Timer . .
> flip-flop > Timer flip-flop
—>»{ TA3FF output:
TA23RUN<TA2RUN> TA23RUN<TA3RUN> TA30UT
Selector ¢ Selector ¢ ?
T1 < TA3FFCR

$T 8-bit Up-Counter ¢l 8-bit Comparator,

(uc?) gT16 (UC3)
g1 ¢T256

2'-1 —o
TA23MOD TOX;,U,OOWD TA23MOD
<TA2CLK1, TA2CLK 0> <PWM21 )
My <TA3CLK1:0>
s <t
- Match e Match
8-bit Comparator |getect . | TA2TR 8-bittimer  |detect
(CP2) Register (CP3)
7, TA23MOD
<TA23M1,
8-bit Timer TA23M10>
Register TA2REG —
8-bit timer
Register TABREG

TA23RUN -
<TA2RDE> Register Buffer 2

L] v v )

Internal bus TMRA2 TMRA2 Internal bus  TMRA3
Interrupt output: Match output: Interrup outptu:
INTTA2 TA2TRG INTTA3
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3.7.2 Operation of each circuit

(1) Prescaer
A 9-bit prescaler generates the input clock to TMRAOL.
The clock ¢ TOisdivided by 4 and input to this prescaler. ¢ TO can be either frpy or fc/16 and is
selected using the Prescaler Clock Selection Register SY SCRO<PRCK 1,PRCK0>.
The prescaler operation can be controlled using TAOLIRUN<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
S\/::; tCil(l)zck Presscelal eirt if)::]ock Gear Value Prescaler Output Clock Resolution
<sYscK> | <PReK1pRCKos | O GRARD Tl T4 ¢T16 ¢T256

1 (f9) XXX f92° (2449 |[15/2° (977 ps) | fs/2” (3.9ps) | fs/2™ (62,5 ns)

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

00 001 (fcpp) fc/2* (1.0ps) | fc/2°(4.0us) |[fo/2® (16 us) | fe/2' (256 ps)

(frpH) 010 (fcra) fc/2°(2.0ps)  |fc/2”"(80ps) |fc/2°(32ps) | fc/2® (512 ps)
0 (fc) 011 (fc/g) fc/2° (4.0ps)  [fo/2® (16 ps) | fc/2® (64 ps) | fc/2™ (1024 ps)
100 (fcj16) fc/2” (8.0ps) | fc/2° (32 ps) fc/2™ (128 ps) | fe/2™ (2048 ps)

10
XXX fc/2” (8.0ps) | fc/2° (32 ps) fc/2' (128 ps) | 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
TAOIMOD.
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 TAOLIMOD<TAO01CLK1,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
TAOLRUN<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-hit registers, which can be used to set atime interval. 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, data is 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 Mode.

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

1

Comparator (CPO)
VAN

Timer Registers 0 (TAOREG)

AN Matching detection in PPG cycle
‘_Gizn-l overflow of PWM

Shift trigger Selector
< <«— Write to TAOREG
Register Buffers 0
AN
Write
: Yy TAO1RUN<TAORDE>
Internal bus

Figure 3.7.3 Configuration of TAOREG

Note: The same memory address is allocated to the timer register and the register buffer. When <TAORDE>
=0, the same value is written to the register buffer and the timer register; when <TAORDE> =1, only
the register buffer 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 (TAL1FF)

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-flops Control Register A Reset clears the value of TA1FF
to“0”. Writing“01”or” 10" to TAIFFCR<TAFF1C1, TAFF1CO>sets TA1FF to 0 or 1. Writing “00”
to these bits inverts the value of TA1FF (thisis known as software inversion).
The TA1FF signal isoutput viathe TA1OUT pin (which can also be used as PB1). When thispinis
used as the timer output, the timer flip-flop should be set beforehand using the Port B Function
Register PBCR, PBFC.
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373 SFR
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAOLIRUN] Bit symbol TAORDE I2TAOL1 | TAOIPRUN | TALIRUN | TAORUN
(0100H) | Readmwrite | RW 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)

I2TA0L: Operation in IDLE2 Mode
TAO1PRUN: Run prescaler
TA1RUN: Run Timer 1

TAORUN: Run Timer O

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

TMRAZ23 Run Register

7 6 5 4 3 2 1 0
TA23RUN| Bit symbol TA2RDE 12TA23 | TA23PRUN | TASRUN | TA2RUN
(0108H) [ peadwrite | Rw RIW
After Reset 0 0 0 | 0 | 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 I
TA2REG double buffer control |—> Timer Run/Stop control

0 Disable

1 Enable

0 Stop & Clear

1 Run (count up)

I2TA23: Operation in IDLE2 Mode
TA23PRUN: Run prescaler
TA3RUN: Run Timer 3

TA2RUN: Run Timer 2

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

Figure 3.7.3 Register for TMRA

91C820A-109




TOSHIBA TMP91C820A
TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAOIMOD| Bit symbol TAO1IM1 | TAO01MO PWMO01 PWMO00 | TALCLK1 { TA1CLKO { TAOCLK1 } TAOCLKO
(0104H) Read/Write R/W
After Reset 0 I 0 0 0 0 | 0 0 | 0
Operation mode PWM cycle Source clock for TMRAL | Source clock for TMRAO
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 .
10: 8-Bit PPG Mode 10: 27-1 10: @T16 10: @T4
11: 8-Bit PWM Mode 11: 281 11: @T256 11: @T16
O O | I | T
|—> TMRAO source clock selection
00 | TAOIN (external input)
01 | @T1 (prescaler)
10 | @T4 (prescaler)
11 | @T16 (prescaler)
L »TMRAL source clock selection
TAOIMOD TAO1IMOD
<TAO1M1OTAOIMO>201 | <TAO1M1OTAO1IM 0>=01
00 Comparator Overflow output from
output from TMRAO TMRAO
01 |[gT1
10 |@T16
11 | @O 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

»TMRAO1 operation mode selection

00 | Two 8-bit timers

01 | 16-bit timer

10 8-bit PPG

11 | 8-bit PWM (TMRAO) + 8-bit timer (TMRAL)
Figure 3.7.4 TMRA registers
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TA23MOD,
(010CH)

TMRA23 Mode Register

7 6

5 4

3

2 1

0

Bit Symbol

TA23M1 { TA23MO

PWM21 PWM20

TA3CL

K1 { TA3CLKO

TA2CLK1

TA2CLKO

Read/Write

R/W

After Reset

o |

o |

0

I o 0

I 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

TMRAS clock for TMRA3
00: TA2TRG

01: @T1

10: @T16
11: @T256

TMRA2 clock for TMRA2
00: reserved

01: @T1

10: T4

11: @T16

I

|—> TMRAZ2 source clock selection

00

Do not set

01

@T1 (prescaler)

10

@T4 (prescaler)

11

@T16 (prescaler)

—> TMRAS3

source clock selection

TA23MOD
<TA23M10TA23M0>#01

TA23MOD
<TA23M10TA23M0>=01

00

Comparator output
from TMRA2

01

orl

10

gT16

11

o0 256

Overflow output from
TMRA2

(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

Y

TMRAZ23 operation mode selection

00

Two 8-bit timers

01

16-bit timer

10

8-bit PPG

11

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

Figure 3.7.5 TMRA registers
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TMRAL1 Flip-Flop Control Register
5 4 3 2 1 0
TALFFCR] Bit symbol TAFF1C1 | TAFF1CO | TAFF1IE | TAFF1IS
(0105H) | Readiwrite W RIW
After Reset 1 1 0 0
00: Invert TALFF TALFF TALFF
Read- 01: Set TALFF Control for { Inversion
Modify—Write Function 10: Clear TALFF inversion | select
instructions 11: Don't care 0: Disable {0: TMRAO
are 1: Enable {1: TMRA1
prohibited.

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

I

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

0 Inversion by TMRAQ

1 Inversion by TMRA1

Inversion of TALFF

0 Disabled

1 Enabled

L5 Control of TA1IFF

00 | Inverts the value of TA1FF

01 | Sets TAL1FF to “1”

10 | Clears TA1FF to “0”

11 | Don't care

Figure 3.7.6 TMRA registers
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TMRAS3 Flip-Flop Control Register

7 6 5 4 3 2 1 0
TA3FFCR| Bit symbol TAFF3C1 | TAFF3CO | TAFF3IE | TAFF3IS
(010DH) | Read/write w RIW
After Reset 1 | 1 0 0
00: Invert TA3FF TA3FF TA3FF
d 01: Set TA3FF Control for | Inversion
Read- ) . .
Modify-writd  Function 10: Clear TA3FF |nve|.’S|on select
instructions 11: Don't care 0: Disable {0: TMRA2
are 1: Enable }1: TMRA3
prohibited.
Ig I I |
Inverse signal for Timer Flip-Flop 3 (TA3FF)
(Don't care except in 8-Bit Timer Mode)
0 Inversion by TMRA2
1 Inversion by TMRA3
——> Inversion of TA3FF
0 Disabled
1 Enabled
L3 Control of TASFF
00 | Inverts the value of TA3FF
01 |Sets TA3FF to “1”
10 |Clears TA3FF to “0”
Note: The values of bits 4 to 6 of TA3FFCR are undefined when read. 11 | Don't care

Figure 3.7.7 TMRA register
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3.74 Operation in each mode
(1) 8-Bit Timer Mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.

® Generating interrupts at afixed interval (using TMRA1)

To generate interrupts at constant intervals using TMRAL (INTTAZL), first stop TMRA1 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: fppy

MSB LSB

TAOIRUN - - - X X - - 0 - Stop TMRA1 and clear it to 0.
TAOIMOD ~ O O X X 1 0 - - Select 8-Bit Timer Mode and select @T1 (0.5 usat fc = 16 MHz)
asthe input clock.
TAIREG -~ 0 0 1 0 1 0 0 O Set TAIREG to 20 ps+ ¢T1 = 40 = 28H
INTETAOL - X 1 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 Table 3.7 2.

Note: The input clocks for TMRAO and TMRA1 are different from as follows.
TMRAOQO: TAOIN input, @T1, T4 or ¢T16
TMRAZL: Match output of TMRAO,@T1, @T 16, @T256
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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 TAL1OUT 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: fppy

TAO1RUN - - 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) asthe input clock.
TA1REG -~ 0 0 0 0 00 1 1 Set thetimer register to 3.0 us+ @T1+2=3
TALFFCR ~ X X X X 1 0 1 1 Clear TALFF to “0” and set it to invert on the match detects
signal from TMRAL.
PBCR - X - - - - X 1 - _ _
Set PB1 to function as the TALIOUT pin.
PBFC - X - - - - X 1 -
L TAOIRUN - - X X X -1 1 - Start TMRA1 counting.
Note: X = Don't care; “~" = No change
¢TY
PO s Y Y Y Y s Y N
<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 ‘/ "
TA1FF [
TALOUT /_
_ l.5psat @fc =16 MHz

<

Figure 3.7.8 Square wave output timing chart (50% Duty)
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® 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)

TMRAO up-counter 1 X 2 X3X4 X5 X1 X2X3X4X5X1X2X3)
(when TAOREG = 5)

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

TMRA1 match output I_I

Figure 3.7.9 TMRAL1 count up on signal from TMRAO

(2) 16-Bit Timer Mode

Pairing the two 8-bit timers TMRAO and TMRA1 configures a 16-bit interval timer.
To make a 16-bit interval timer in which TMRAO and TMRAL are cascaded together, set
TAO0IMOD <TA01M1, 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 TAOIMOD<TAOLICLK1, TAO1CLKO>. Table 3.7 (2) shows the
relationship between the timer (interrupt) cycle and the input clock selection.

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 s+ 8.0 us= 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.
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 comparator 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 TATIOUT Inversion

Figure 3.7.10 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-L ow or active-High. In this mode TMRA1 cannot be used.
TMRADO outputs pulses on the TALOUT pin (which can also be used as P71).

H I
fe——e—>i
< L >
TAOREG and UCO match A {
(Interrupt INTTAO) / /
TA1REG and UCO match /ﬂ /H
(Interruput INTTAL) \ { \ {
TALOUT \ \‘
_TAOREG
_TAIREG

Figure 3.7.11 8 bit PPG output waveforms
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In this mode a programmable square wave is generated by inverting the timer output each time
the 8-bit up-counter (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 TMRAL (UC1) is not used in this mode, TAOIRUN<TA1RUN>
should be set to “1” so that UC1 is set for counting.
Figure 3.7.12 shows a block diagram representing this mode.

TAL1OUT
Selector TAO1RUN<TAORUN> A
pbie B-bit | TAIFF |[«-TA1FFCR<TAFF1IE>
@T16 —>) up-counter (UC 0) |«
+h [ é Inversion
TAO1MOD<TAOCLK1:0> ll— i > INTTAO
A4
| Comparator | Comparator l; > INTTAL
73 %

TAOREG

Shift trigger

LSeIeCtor

TAOREG-WR-»|

| Register Buffer | | TA1REG |

A
TAOIRUN<TAORDE> ﬁ ﬁ

Internal bus

Figure 3.7.12 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. hl Q
Register buffer Q, )| Q.
A _ TAOREG (register buffer)

write

Figure 3.7.13 Operation of register buffer

91C820A-118



TOSHIBA TMP91C820A

Example: To generate 1/4-duty 50-kHz pulses (at fc = 16 MHZ2):
[T T T1

20ps

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=1/50kHz =20 s
@T1=0.5ps(at 16 MH2);
20 pus+0.5pus=40
Therefore set TALREG to 40 (28H)
Theduty istobesetto 1/4:t x 1/4 =20 usx 1/4=5ps
Spus+05pus=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 0O 0O 0 1 0 1 O Write 0AH
TALIREG -~ 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.
PBCR « X - - - = X 1 - .
Set PB1 asthe TA1OUT pin.
PBFC « X - - - = X 1 - }
L TAOIRUN < 1 X X X - 1 1 1 Start TMRAO and TMRAOL 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 pul se 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 aso 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.

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

TAOREG and A Al 1

UCO0 match ( (
2"-1
overflow /ﬂ /ﬂ

(INTTAO interrupt) \ ( \ (

TALOUT ‘[ 54|_‘| o 34|_|

3

T (PWMcycle) !

Figure 3.7.14 8-bit PWM waveforms

Figure 3.7.15 shows a block diagram representing this mode.

TAOLRUN <TAORUN> TAlf ur
@T 11— 8-bit up counter
T4—>| Selector > Cliar TAFF1 K TALFFCR
(p$16—) (UCO) <: <TAFF1IE>
T T 2"-1 TAOIMOD Invert
TA0IMOD <TAOCLK1:0> :> overflow t<PWM01D
control PWMO0100>
Overflow
| Comparator I >
[

_ . > INTTAO
L | TAOREG |

Selector — -
TAOREG-WR_) Shift trigger ; r

| Register buffer |

TAO1RUN<TAORDE> ar

{ [
Internal bus

Figure 3.7.15 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 5] |
TAOREG {_shift into TAOREG
)
(value to be compared) o1 Xj; Q
Register buffer Q, X Qs
A_ TAOREG (register buffer)

write

Figure 3.7.16 Register buffer operation

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

36.0 s
63.5 us

O Clock state

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

Prescaler clock: fppy

To achieve a 63.5-us PWM cycle by setting ¢T1 to 0.5 ps (at fc = 16 MH2):
63.5us+05pus=127=2"-1
Therefore n should be set to 7.
Since the low-level period is 36.0 puswhen @T1 = 0.5 ps,
set the following value for TAOREG:
36.0 us+ 0.5 pus= 72 =48H

MSB LSB
- 7 6 5 4 3 2 1 0
TAO1RUN e = X X X - - -0 Stop TMRAO and clear it to 0.
TAOIMOD ~ 1 1 1 0 - - 0 1 Select 8-Bit PWM Mode (cycle: 2'00 1) and sdlect ¢ T1 asthe
input clock.
TAOREG -~ 01 0 0 1 0 0 O Write 48H.
TALFFCR ~ X X X X 1 0 1 X Clear TA1FF to O; enable the inversion and double buffer.
PBCR - X - - - - X 1 - .
Set PB1 and the TA1OUT pin.
PBFC - X - - - - X 1 -
| 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 26-1 2'-1 2%-1
<GEAR2[IGEARO>
<SYSCK> | <PRCK1[PRCKO> @T1 oT4 @T16 @T1 oT4 @T16 Tl oT4 @T16
1(fs) XXX 154ms | 61.5ms | 246ms | 31.0ms [ 124ms | 496ms | 62.3ms | 249 ms | 996 ms
000 (fc) 31.5us | 126ps | 504us | 635us | 254m | 1016us | 127.5us | 510pus [ 2040pus
00 001 (%/2) 63.0us | 252us | 1008us | 127ps | 508us | 2032ps | 255us | 1020 us | 4080 us
(frPH) 010 (/4) 126us | 504pus | 2016us | 254pus | 1016ps | 4064 ps | 510us | 2040 s | 8160 ps
0 (fo) 011 (8) 252ps | 1008ps | 4032ps | 508ps | 2032ps | 8128 ps | 1020 ps | 4080 s | 16.32 ps
100 (“/16) 504ps | 2016 ps | 8064 us | 1016 us | 4064 us | 16256 us | 2040 ps | 8160 s | 32.64 us
10
XXX 504 us | 2016 us | 8064 ps | 1016 ps | 4064 ps | 16256 ms | 2040 pus | 8160 s | 32.64 us
(fc/16 clock)
XXX: Don't care
(5) Settingsfor each mode
Table 3.7.4 shows he SFR settings for each mode.
Table 3.7.4 Timer mode setting registers
Register name TAOLMOD TA1FFCR
<Bit Symbol> <TAOIM1.TAOIM 0>| <PWMO01:00> <TA1CLK1:0> <TAOCLK1:0> TAFF1IS
) . Upper timer input Lower timer Timer F/Finvert signal
Function Timer mode PWM cycle ]
clock input clock select
Lower timer match External clock .
8-hit ti 2 channel 00 T1, OT16, pT256 11, oT4, eT16 0: Lower timer output
. x -
Itimer = channes 1L, 9 PILO 9 1: Upper timer output
(00, 01, 10, 11) (00, 01, 10, 11)
External clock
16-bit timer mode 01 - - @T1, T4, ¢T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - @T1, T4, ¢T16 -
(00, 01, 10, 11)
5 . 5 External clock
. 2-1,2'-1,2°-1
8-bit PWM x 1 channel 11 - @T1, @T4, @T16 -
(01, 10, 11)
(00, 01, 10, 11)
T1, T16 , OT256 )
8-bit timer x 1 channel 1 - P15 9175, ¢ - Output disabled
(01, 10, 11)
Note:“—" = Don't care
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(6) LCDC and MELODY/ALARM circuit supply mode

Thisfunction can operate only TMRAS. It can use LCDC or MELODY/ALARM souce clock TA3 clock
generated by TMRA3. But thisfunction is special mode, without low clock (XTIN,XTOUT), so keep the
rule under below.

OPERATE

1. clock genelate by timer 3 (32KHz,50% duty)

2. clock supply start (KTA3LCDE>=1 or <TA3MLD>=1)
3. need set-up time (more 100p S :32KHz 3clk)

4. LCDC or MELODY/ALARM start to operate

STOP
1. LCDC or MELODY/ALARM stop to operate
2. clock supply cut off (<TA3LCDE>=0 or <TA3MLD>=0)

7 6 5 4 3 2 1 0
EMCCRO| bit Symbol | PROTECT | TASLCDE | AHOLD | TASMLDE EXTIN | bRVOSCH | DRvOscL
(00E3H) | Readiwrite R RIW RIW RIW RIW RIW RIW RIW
After reset 0 0 1 0 0 0 1 1
Protect flag LCDC Address hold | Melody/Alarm | Always fixed | 1: External fc oscillator Fc oscillator
Function 0: OFF Source clock | O;normal Source clock | to “0” clock driver ability driver ability
1: ON 0:32KHz l:enable 0:32KHz 1: NORMAL 1: NORMAL
1:TA3OUT 1:TA3OUT 0: WEAK 0: WEAK
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3.8 External memory extension function (MMU)

ThisisMMU function which can expand program / dataareato 136M 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 /CS2G and /CSEXA) in addition to 24 address bus pins (A0 A23) which are
common specification of TLCS-900 and 4 chip select pins (/CSO /CS3) output from CS/WAIT
controller.

The feature and the recommendation setting method of two types are shown below.
In addition, AH in the tableis the value which numb er address 23-16 displayed as hex.

Purpose Item For many kinds class extended memory
M aximum memory size 2MB:common2+14MB:bank (16MBx 1pcs)
Program-ROM Used loca area, BANK number LOCAL2(AH=CO-DF: 2MB x 7BANK)
Setting CSWAIT Set up AH=80-FFto CX2
Used /CS pin /CS2A
M aximum memory size 96MB(16MBx 6pcs)
Date ROM Used local area, BANK number LOCAL3(AH=80-BF:4MBx 24BANK)
Setting CSWAIT Set up AH=80-FFto CS2
Used /CS pins /CS2B,/CS2C,/CS2D,/CS2E,/CS2F,/CS2G
Maximum memory size 2M B:common1+14MB:bank (16MBx 1pcs)
Data SDRAM* Used local area, BANK number LOCAL1(AH=405F: 2MB x 7BANK))
Setting CSWAIT Set up AH=40-7F to CS1
Used /CS pin /CSL
M aximum memory size 1MB:common0+7MB:bank (8MBx 1pcs)
DataRAM Used locd area, BANK number LOCALO(AH=10-1F: IMB x 7BANK))
Setting CSWAIT Set up AH=00-1F to CS3
Used /CS pin /CS3
M aximum memory size 1IMB(1IMBx 1pcs)
Extended memory -1 Used loca area, BANK number None
Setting CSWAIT Set up AH=20-2F to CS0
Used /CS pin /CD
Maximum memory size 256K B(256KBx 1pcs)
Extended memory-2 Used local area, BANK number None
Setting CSWAIT Set up AH=30-3F to /CSEX
Used /CS pin J/CSEXA
Extended memory-3 Maximum memory size 256K B(64KBx 4pcs)
(Direct address assigned built-in {——o0 1008 area BANK number None
type LCD driver Setting CSWAIT Set up AH=30-3F to /CSEX
Used /CS pin D1BSCP,D2BLP,D3BFR,DLEBCD
Maximum memory size 512KB
Extended memory-4 Used local area, BANK number None
Setting CSWAIT Set up AH=30-3F to /CSEX
Used /CS pin None

*Note: SDRAM must be mapped in LOCAL1 area. It can’t use othe ar eal
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3.8.1 Recommendable memory map

The recommendation logic address memory map at the time of variety extension memory
correspondenceisshownin Fig. 3.8.1 (1). And, aphysical-address map is shown inFig. 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 isbeing fixed, the address of alocal-area cannot be changed.
When SDRAM is used, must locateto LOCAL1 area

CS/WAIT /CS Pin

CS3

CSO0
SEX
SEX

CSEX

CSEX
SEX
SEX

cs1

>cs2

>CS2A

/CS3

/CSO0
/CSEXA
D1BSC
D2BLP
D3BFR
DLEBCD

/Cs1

/CS2B(BANKO to 3)
/CS2C(BANK4 to 7)
/CS2D(BANKS to 11)
/CS2E(BANK12 to 15)
/CS2F(BANK16 to 19)
/CS2G(BANK20 to 23)

/ICS2A

- : Internal Area

I:I : Overlapped with COMMON-Area

Address Size Memory map Bank
000000 = |
ol IR s PP AIED
100000H oli]l213]4ls]s6]7
200000H * LOCALO
300000H__* e eeeeeee oo oo eeeeee e eeoeee
512KB
380000H__ -
3C0000H R
3p00ooH OHKE oot oo e e e
30000+ OKE et e oo e e
64KB
3F0000H - et emreres e e e e e e e e
64KB
olz]2]3]4s]6]7
2MB LOCAL1
600000H
2MB|  commoON1
800000H et s e veoes e e i
ol1]2 2223
4MB LOCAL3
c00000H oo el . L1/
of1]213l4]s[s6[7
2MB LOCAL2
E00000H
2MB|  coMMON2 |
FFFFOO0
256B Vector Area
FFFFFF - - e e - - -J
Figure 3.8.1(1) Logical address map
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91CM20 LOCALO LOCAL1 LOCALZ2 LOCAL3
/CS3 /CS1 /ICS2A /CS2B /ICS2E
for Data-RAM for Option for Program-ROM  for Data-ROM
(SDRAM Program-ROM
non-support)  (SDRAM support)
(8MB) (16MB) (16MB) (16MBx 6)
000000H . BANKO..
'BANK1 BANKO BANKO |

............. BANKI ........BANK12

Internal-1/0 & RAM BANK2 BANK2
BANK3 BANK3 | BANK1f [ . BANK13,

800000H

BANK4 BANK4
BANKS I | .. . BANKS | | Bankz2] |.... BANK14

BANKG6

BANK7
BANK? BANK?3 BANK15

1000000H
/CS2C /ICS2F
000000H
Reset & Interrupt

Vector Area BANK4 BANK16

: Internal Area

]
]

: Overlapped with COMMON-Area

. BANKS,

.. BANKIT7

............. BANKS.. | oo e BANKIS,
1000000H BANKY BANK19

/CS2D /CS2G
000000H

.............. BANKS.. e e BANKZ0,

.............. BANK.. e BANKZL,

............. BANK10) oo e BANKZZ,
1000000k BANK11 BANK23

Figure 3.8.1(2) Physical address map
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3.8.2 Block diagram

CPU out A2 to A16
Address . PDecoder

A23 to A8 > Tllwz

A23 to A20

LOCALO register |LOE| | EA22 to EA20 |—>

LOCAL1 register ||_1|5| | EA23 to EA21 |—>

LOCAL2 register |L2E | | EA23t0 EA2] |t

LOCALS register |L3E| | EA26 to EA22 |—>

Belector

LOCAL3 Area
detect signal

Physical address
VA26 to VA20

\ A 4

I

Internal data bus

CPU out Address A19 to A7

CPU out Address A23 t0 A16 =———p|

LOCAL3 area detect signal ——»
LOCALS register —_—

Decoder

—>/Cs2A
——>/Cs28
——————»/CS2C
———————»/CS2D
__ ,ICS2E

———»/CS2F
—»/CS2G

Figure 3.8.2(1)

Block diagram of MMU

Physical
Address
WA26 to WA7

(To external
address bus pins)

——»/CSEXA
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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) | Read/write |  RW RIW
After reset 0 0 0 0
Use BANK Setting BANK number for LOCALO
for
Function LOCALO
0: not use
1: use
LOCALL1 register
7 5 4 3 2 1 0
LOCALL | bit Symbol L1E L1IEA23 _ L1EA22 | L1EA21
(0351H) | Read/write | RW RIW
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) | Readmwrite | R RIW
After reset 0 0 i 0 0
Use BANK
for Setting BANK ber for LOCAL2
Function |LOCAL2 ettina number for
0: disable
1: enable
LOCALS register
7 5 4 3 2 1 0
LOCAL3 | bit Symbol L3E L3EA26 | L3EA25 I3EA24 | L3EA23 | L3EA22
(0353H) | Readmrite |  RW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0
Use BANK 01000 to 01011 /CS2D 01100 to 01111 : /CS2E
for 00000 to 00011 /CS2B 10000 to 10011 : /CS2F
Function LOCAL3 00100 to 00111 /CS2C 10100 to 10111 : /CS2G
0: disable 11000 to 11111 : Set prohibition
1: enable
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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, acombination pinisset up and the CS/WAIT controller simultaneously setsup
mapping. When CPU outputs logical address of the local area, MMU outputs physical address to the
outside 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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Data/Stack RAM
SRAM 1CSO
8Mbyte | 000000H 1FFFFFH (logical)
8pit 000000H  7FFFFFH (physical)
/CS0
Optional ROM
[cS1 FLASH | /cs1
16Mbyte 400000H 7FFFFFH (logical)
; 000000H FFFFFFH (physical)
Data : 16bit
Address
TMP91C815
/RD.(WR/HWR:SRAM) Program ROM
MROM /CS2
16Mbyte | CO0000H FFFFFFH (logical)
® 16hit 000000H FFFFFFH (physical)
/ICS2
EA24.EA25 DataROM
P MROM | /CS3
64Mbyte 800000H BFFFFFH (logical)
. 0000000H 3FFFFFFH (physical)
16hit
*In case of 16bit Bus memory *In case of 8bit Bus memory
Control signals Control signals Control signals Control signals
D[0:15] D[0:15] D[0:7] D[0:7]
A0 open A0 AQ
Al AQ Al AL
A2 Al A2 : A2
Al6 A15 A7 : A7

Figure 3.8.4.1 H/W Setting Example

At Figure 3.8.4.1, it shows example of connection TMP91C820A and some memor ies:
Program ROM:MROM,16Mbyte, Data ROM:MROM,64Mbyte, Data RAM:SRAM,8Mbyte,

8bit bus, Display RAM:SDRAM, 16Mbyte.

In case of 16bit bus memory connection, it need to shift 1lbit address bus from
TMP91C820A and 8bit bus case, direct connection address bus from TMP91C820A.

In that figure, Logical address and physical address are shown. And each memory allot
each chip select signal, RAM:/CS0, SDRAM:/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 TMP91C820A access from CS2 area, CS2 area allots
to Program ROM. It can set free setting except Program ROM.
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;Initial Setting
;CS0
LD (MSARO0),00H ; Logical address area: 000000H  1FFFFFH
LD (MAMRO),FFH ; Logical address size: 2Mbyte
LD (BOCS),89H ; Condition: 8bit,1wait (BMB, SRAM)
;CS1
LD (MSAR1),40H ; Logical address area: 400000H 5FFFFFH
LD (MAMRLY),FFH ; Logical address size: 4AMbyte
LD (B1CS),83H ; Condition: 16bit,0wait (16Mbyte, SDRAM)
;CS2
LD (MSAR2),COH ; Logical address area: COO000H FFFFFFH
LD (MAMR?2),7FH ; Logical address size: 4AMbyte
LD (B2CS),C3H ; Condition: 16bit,0wait (16Mbyte, MROM)
;CS3
LD (MSAR3),80H ; Logical address area: 800000H BFFFFFH
LD (MAMRS3),7FH ; Logical address size: 4AMbyte
LD (B3CS),85H ; Condition: 16bit,3wait (64Mbyte, MROM)
;CSX
LD (BEXCS),00H ; Other : 16hit,2wait (don't care)
;Port
LD (P6FC),3FH ; ICSO  /CS3,EA24,EA25 :port6 setting
LD (P6FC2),02H ; ICS1 - /SDCS setting
LDW (PZCR),0707h ; IHWR,/WR,/RD
LD (PFFC),7Fh ; PF[6:0]1=SDRAM Control
LD (SDACR),0ADh  ;Add-MUX Enable, 128M select
; SDRAM setup-time
LD (SDACR),06Dh ;Add-MUX Enable, 128M select
LD (SDRCR),01h ; interval reflesh

Figure 3.8.4.2 Bank Operation S/W Examplel

Secondly, it shows example of initial setting at Figure 3.8.4.2

Because /CSO0 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 0-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 CS0O CS3's setting. This program
example isn’t used CSEX setting.

Finally pin condition is set. PORT60 65 setto/CS0,1,2,3,EA24,EA25 and SDRAM
condition.
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kkkkk *kkkk
; /CS2

I10RG
10RG
jORG
jORG
IORG

ORG

: ORG

1oRG
10RG
I0RG
IORG
10RG
jORG

lorc
10RG
10RG
[
[
10RG
JORG
jORG
ORG
lorc
lorG
1oRrG

LDW HL,(800000H) —
LD (LOCALS3),88H
LDW BC,(800000H) —

B

l ;***** /C% *kkk%x

0000000H ; Data ROM:;
0400000H ; DataROM:
0800000H ; Data ROM:;
0CO0000H ; Data ROM:;
1000000H ; DataROM:
1400000H ; DataROM:
aw 5555H «
1800000H ; DataROM:
1C0O0000H ; DataROM:
2000000H ; Data ROM:;
aw AAAAH<—
2400000H ; DataROM:
2800000H ; Data ROM:
2C00000H ; Data ROM:
3000000H ; Data ROM:
3400000H ; DataROM:
3800000H ; Data ROM:
3C00000H ; Data ROM:
3FFFFFFH ; DataROM:

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

E000OOH

LD (LOCAL3),85H

; 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 Bank?2 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 EOOOOOH FFFFFFH
; Physical address OEOOOOOH OFFFFFFH
; Local3 Bank5 set 14xxxxH

; Load data (5555H) form Bank5 (140000H: Physical address)

of Local3 (/CS3)

; Local3 Bank8 set 20xxxxH

; Load data (AAAAH) form Bank8 (200000H: Physical address)

of Local3 (/CS3)

|
|
|
|
|
|
|
|
|
Start address at Bank7(=Common?2) of Local2 |
|
|
|
|
|
|
|
|

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 Local3
Start address at Bank7 of Local3
Start address at Bank8 of Local3

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 Local3
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 3.8.4.3is
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 EO0000OH address,
firstly, write to BANK register of LOCALS area upper 5-bit address of access point.

In case of this example, because most upper address bit of physical address is EA25, most
upper address bit of BANK register is meaningless. 4bits of upper 5bits address means
16-BANKSs. After setting BANKS5, accessing 800000 BFFFFFH address: logical local3
address, actually access to physical 1400000 1700000H address.
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I ;Bank Operation 1
1 KKKk JCS2 ****x I
1 ORG 000000H ; Program ROM: Start address at BankO of Local2 I
| ORG 200000H ; Program ROM: Start address at Bank1 of Local2 «——— I
I NOP ; Operation at Bank1of Local2 I
: JP E00100H ; Jump to Bank7(=Common?2) of L ocal2 1
ORG  400000H ; Program ROM: Start address at Bank2 of Local2 1
! ORG 600000H ; Program ROM: Start address at Bank3 of Local2 4 1
1 NOP ; Operation at Bank3 of Local2 1
|
| JP E00200H ; Jump to Bank7(=Common?2) of L ocal2 :
] ORG 800000H ; Program ROM: Start address at Bank4 of Local2 I
| ORG a00000H ; Program ROM: Start address at Bank5 of Local2 I
| ORG  c00000H ; Program ROM: Start address at Bank6 of Local2 :
Y\l Program Start 1111 I
1 ORG EOOOOOH ; Program ROM: Start address at Bank7(=Common2) of Loca2 |
1 : Logical address EO0000H FFFFFFH I
1 ; Physical address O0EOOO0OH OFFFFFFH I
| LD (LOCAL2),81H : Local2 Bank1 set 20xxxxH I
| JP COO0000H ; Jump to Bank1 (200000H: Physical address) of Local2 I
|
j ORG  E00100H < !
I LD (LOCAL2),83H ; Local2 Bank3 set 60xxxxH I
: P CO0000H ; Jump to Bank3 (600000H: Physical address) of Local2 I
|
1 ORG  E00200H < 1
1 LD (LOCAL1),00H ; Disable Bank! I
1 : LCD display set I
1 LD (LSARCH),60h ; C_areastart address I
| LD (LSARCM),00h ; C_area start address I
I LD (LSARCL),00h ; C_areastart address I
I SET 0,(LCTCTL) : LCD Display start
I ORG FFFFFFH ; Program ROM: End address at Bank7(=Common2) of Local2 :

;***** /CSl *k k%%
ORG  000000H
I ORG 200000H
| ORG  400000H
| ORG 600000H

I d 01234567h

ORG  800000H
ORG  a00000H
I oRG  c00000H
I ORG E00000H
I ORG FFFFFFH

; SDRAM: Start address at BankO of Locall
; SDRAM: Start address at Bank1 of Locall
: SDRAM: Start address at Bank2 of Locall

; SDRAM: Start address at Bank3(=Commonl) of Locall «———1

; display data

; SDRAM: Start address at Bank4 of Locall
; SDRAM: Start address at Bank5 of Locall
; SDRAM: Start address at Bank6 of Locall
: SDRAM: Start address at Bank7 of Local1
; SDRAM: End address at Bank7 of Local 1

Figure 3.8.4.4 Bank Operation S/W Exapmle3
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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(SDCS) SDRAM. Program start from EOO000H common address, firstly,
write to BANK register of LOCALZ2 area upper 3-bit address of jumping point.

After setting BANK1, jumping C00000 DFFFFFH address: logical local2 address,
actually jump to physical 2000000 3FFFFFH address. When return to common area, it can
only jump to EO0000 FFFFFFH without writing to BANK register of LOCAL2 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 using LCD display data for SDRAM, we recommend setting display area to common
area in SDRAM. Because of, LCD displays DMA occeur at sycronousless. If SDRAM bank is
changed, you don’t need to care only common area.

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 prohibits writing the BANK registers in BANK area. If it modify the
BANK register’'s data in BANK area, program run-away.
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3.9 Serid Channels

TMP91C820A includes three serial 1/0 channels. For each channels either UART Mode (asynchronous
transmission) or 1/O Interface Mode (synchronous transmission) can be selected.

(Channel 2 can be selected only UART mode.)

* |/O Interface Mode — Mode 0:

Mode 1:
—E Mode 2:
Mode 3:

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, 4 are block diagrams for each channel.
Each Channel can be used independently.
Each channel operatesin the same fashion except for the following points; hence only the operation of Channel
0 isexplained below.

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

« UART Mode

Table 3.9.1 Differences between Channels 0 to 2

Channel 0 Channel 1 Channel 2
Pin Name TXDO (PCO) TXD1 (PC3) TXD2 (PBO)
RXDO (PC1) RXD1 (PC4) RXD2 (PB1)
CTS0 /SCLKO (PC2) CTS1/SCLK1 (PC5)
IrDA Mode Yes No No

This chapter contains the following sections:

3.9.1 Block diagram

3.9.2 Operation of each circuit
393 SFR

394 Operation in each mode

3.95 Support for IrDA Mode
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Mode 0 (I/O Interface Mode)

Do 000000,

<—Transfer direction

Mode 1 (7-Bit UART Mode)

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

Mode 2 (8-Bit UART Mode)

00,
D006

s e o Y NN
8000
a00,

3 4 5

6 >Istop

2 3 4 5

6 arlty)lstop

X

X 7 )son

6 X 7 X parityy stop
A
X

2 3 4 5

Parity \start /<bit OX 1

Mode 3 (9-Bit UART Mode)

\on o) )
\em DG

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

3 4 5 6 7 8 stop

X
"\

bit 8>/stop (Wake-up)

Figure 3.9.1 Data formats
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391 Block diagrams
Figure 3.9.2 isablock diagram representing Serial Channel O.

prescaler
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"""""" Serial clock generation circuit
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<BR0OS3 to 0> <BROK3 to 0>
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generator
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o
—|+2 § —
B o
SCLKO [[H+—> .
interface mode
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with PC t
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1/O Interface Mode
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Receive SCOMODO (Serial channel Transmision
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RXDCLK | 4 ‘ ‘ xpcik % |}
SCOMODO|  Receive Transmission |€
<RXE> | control |/t N control =
—{ ] CcTSo
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<PE> <EVEN> SCOMODO with PC
- <CTSE>
” Parity control
RXDO D ’! Receive Bufferl (shift register) |
shared
with PC y y y
| RBS | Receive Buffer2 (SCOBUF) || Error flag | | TB8 |Transmission Buffer (SCOBUF)I——>|:ITXDO
T 1T 1
SCOCR N = O~ Shared
<OERR><PERR><FERR> with PCO
~_~ vy
S Internal bus S

Figure 3.9.2 Block diagram of the Serial Channel O
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prescaler
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"""""" Serial clock generation circuit
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1/0 Interface Mode
INT request
SCLK1[] < - >INTRX1
shared | ::NTTX1
with PC5, y [ ” >
Receive SC1IMODO (Serial Channel Transmision
Counter <WU> —» |Interrupt counter
(UART only + 16) Control (UART only + 16)
RXoCLK [ 4 A 1 TxoCLK 4 i
SC1MODO Receive Transmission <
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—{ ] cTs1
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Parity Control
RXD1[] ’! Receive Bufferl (shift register) |
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with PC4, ) \
| RB8 | Receive buffer2 (SCLBUF) || Error flag | | TB8 |Transmission Buffer (SCLBUF) I——>|:|TXD1
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S Internal bus S

Figure 3.9.3 Block diagram of the Serial Channel 1
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prescaler
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Figure 3.9.4 Block diagram of the Serial Channel 2
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3.9.2 Operation of each circuit

(1) Prescaer, Prescaler clock selects

There is a 6-bit prescaler for waking seria clock. 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 waking serial clock.

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

Table 3.9.2 Prescaler Clock Resolution to Baud Rate Generator

Select System Select Prescaler Gear Value Prescaler Output Clock Resolution
Clock Clock <GEAR? to
<SYSCK> <PRCK1to CEARDS grO0 | QT2 | ¢T8 | @32
PRCKO0>
1(fs) XXX 150 S 'S8
000 (f0) i 102 rclz4 i o6 rc/28
00 001 (Tclz) T(:/23 TC/25 TC/27 TC/29
(frPH) 010 (Tc/4) T(:/24 TC/26 TC/28 T(:/210
0 (fo) 011 (%g) Cos | 0 | e | Ton
100 (Tc/ 16) TC/ZG TC/28 TC/210 T(:/212
10 fc fc fc
(fc 116 clock) XXX _ 128 /210 /212
Note: X = Don't care; “~" = Cannot be used

The Baud Rate Generator selects between 4 clock inputs: @TO, T2, @T8, and ¢T 32 among the
prescaler outputs.
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(2) Baud rate generator

The baud rate generator is a circuit, which generates transmission and receiving clocks that
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 afrequency divider, which dividesthe frequency by 1 or N + (16 —
K) /16 or 16 values, determining the transfer rate.
The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3 to BR0OS0> and
BROADD<BROK3 to BROK0>.

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

The settings BROADD<BROK 3 to BROKO> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3to BROS0>. (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
BROS0> (N =2, 3 -:- 15) and the value of K setin BROADD<BROK 3 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 as follows:

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, theinput clock frequency =@ TO,
the frequency divider N (BROCR<BR0S3 to BROS0>) = 7, K (BROADD<BROK 3 to BROK0>) = 3,
and BROCR <BROADDE> = 1, the baud ratein 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 (external clock input cycle) >=16/ fc
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Table 3.9.3 Transfer rate selection
(when baud rate generator Is used and BROCR <BROADDE> = 0)
Unit (kbps)
Input Clock
fc [MHZ] 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
3 76.800 19.200 4.800 1.200
14.745600 6 38.400 9.600 2.400 0.600
C 19.200 4.800 1.200 0.300

Note 1: Transfer ratesin I/O Interface Mode are eight times faster than the values given above.

Note 2: Thevauesinthistable are calculated for when fc is selected asthe system clock, the clock gear is set
for fc and the system clock is the prescaler clock input.

Table 3.9.4 Selection of Transfer Rate
(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 2.4

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

Clock frequency determined by SYSCRO<PRCK1, PRCKO0>

Transfer rate =
ransfer rate TAOREG % 8 x 16

T— (when TMRAQO (input clock ¢ T1) is used)

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

Note 2: Thevaluesinthistable are calculated for when fc is selected as the system clock, the clock gear is set
for fc and the system clock is the prescaler clock input.
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(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 previoudly.
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 SCOMODO <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 is a 4-bit binary counter used in UART Mode, which counts up the pulses
of the SIOCLK clock. It takes 16 SIOCLK pulsesto receive 1 bit of data; each data bit is sampled
three times — on the 7th, 8th and 9th clock cycles.

The value of the data bit is determined from these three samples using the mgjority 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 RXDO signal is sampled on the
rising edge of the shift clock which is output on the SCLKO pin.

In SCLK Input Mode with the setting SCOCR<IOC> = 1, the RXDO0 signal is sampled on therising
or falling edge of the SCLKO input, according to the SCOCR<SCLK S> setting.

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

recognized as the start bit and the receiving operation commences.
The values of the data bits that are received are also determined using the majority rule.
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(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<RB8> is used to store either the parity bit — added in 8-Bit UART Mode — or the most
significant bit (MSB) —in 9-Bit UART Mode.

In 9-Bit UART Mode the 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.

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

M

Figure 3.9.5 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 SCLK0 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 RTS function. The RTS should be output "High" to request send data halt after
datareceive is completed by_software inthe Rxmerrupt routine.

91C820A 91C820A
TXD » RXD
CTS}|e RTS (any port)
Sender Receiver

Figure 3.9.6 Handshake function

Timing to writing to the | | ( «
Transmission Buffer ’ "

:)fend is suspendea \ I
fi

n

CTS rom (1) and (2). @
0 13 14 15 16 1 2 3 14 15 16 1 2 3
oo — LN N N T Tn
—5 1 5 1

TXDCLK

<
TXD ’ \ start bit « /< bit 0

n

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

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

Figure 3.9.7 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, it ispossibleto transmit and
receive data with parity. However, parity can be added only in 7-Bit UART Mode or 8-Bit UART
Mode. The SCOCR<EVEN> field in the Serial Channel Control Register allows either even or odd
parity to be selected.
In the case of transmission, parity is automatically generated when data is written to the
Transmission Buffer SCOBUF. The data is transmitted after the parity bit has been stored in
SCOBUF<TB7>in 7-Bit UART Mode or in SCOMODO0<TB8> in 8-Bit UART Mode. SCOCR<PE>
and SCOCR<EVEN> must be set before the transmission dataiis 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 all 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.

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 Benter of stop bit Center of stop it
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)

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

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
@ /O interface
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. (See figure 3.9 20.)
Recelving 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
Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
Sc(:gx)gﬁ)o 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 hit 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 | 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)

— 1

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

10 | Internal clock fsyg

11 | External clock (SCLKO input)

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

—————> Serial Transmission Mode

00 | 1/O Interface Mode

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

L— 3 Wake-up function
9-Bit UART Other Modes
Interrupt generated when
data is received
Interrupt generated only
when RB8 = 1
Receiving Function

0 | Receive disabled

1 | Receive enabled

> Handshake function (CTS pin) Enable

Don’t care

Y

0 | Disabled (always transferable)
1 | Enabled

> Transmission data bit 8

Figure 3.9.8 Serial Mode Control Register (channel 0, SCOMODO)
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7 6 5 4 3 2 1 0
Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCOo
S((:olz'\gigf Read/Write R/W
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: TMRAO 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)

I

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

10 | Internal clock fgy s

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

00 | 1/O Interface Mode

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

L3 Wake-up function
9-Bit UART Other Modes
Interrupt generated when
data is received

Interrupt generated only
when RB8 = 1

Receiving function

0 | Receive disabled

1 | Receive enabled

Don’t care

Y

> Handshake function (CTS pin) enable

0 | Disabled (always transferable)
1 | Enabled

» Transmission data bit 8

Figure 3.9.9 Serial Mode Control Register (channel 1, SCIMODO)
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7 6 5 4 3 2 1 0
Bit symbol TB8 O RXE wu SM1 SMO SC1 SCO
S((:(?ZNSHD)O Read/Write R/W
After Reset 0 0 0 0 o | o o | o
Transfer (Note) Receive Wake up | Serial Transmission Serial transmission clock
data bit 8 always function function Mode (UART)
fixed to "0"  {0: Receive |0: disable 00: reserved 00: TMRAO trigger
Function disable 1: enable 01: 7-b-it UART Mode | 01: Baud rate
1: Receive 10: 8-bit UART Mode generator
enable 11: 9-bit UART Mode 10: Internal clock fsys
11: reserved
1

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

01 | Baud rate generator

10 | Internal clock fsys

11 | reserved

————> Serial Transmission Mode

00 | reserved
[ 01 | 7-bit mode
10 | UART mode i 8-bit mode
11 9-bit mode

L5 Wake-up function
9-Bit UART Other Modes
Interrupt generated when
data is received

Interrupt generated only
when RB8 = 1

Don't care
1

\ 4

Receiving function

0 | Receive disabled
1 | Receive enabled

Transmission data bit 8

\ 4

Figure 3.9.10 Serial Mode Control Register (channel 2, SC2MODO)
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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 [ r] generator
1: even 0: disable 1: SCLKO
Function 1: enable |- in input
Overrun Parity Framing | 1: SCLKO pin inp
)
|

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

0 | Baud rate generator
1 | SCLKO pin input

L—— Edge selection for SCLK pin (Input / Output Mode )

0 Transmits and receivers [ r]

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 O

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 3.9.11 Serial Control Register (channel 0, SCOCR)
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7 6 5 4 3 2 1 0
SCICR bit symbol BR8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) Read/Write R R/W R (cleared to O when) R/W
After Reset 0 0 0 0 o | o 0 0
Received |Parity Parity 0: SCLK1 }0: baud rate
data bit8 {0: odd addition 1: error [ FJ generator
1: even 0: disable 1: SCLK1 pin
Function 1: enable {———— input
Overrun Parity Framing {1: SCLK1 ey
)

— |

|—> 1/0 interface input clock select

0 | Baud rate generator
1 | SCLK1 pin input

—> Edge selection for SCLK pin (input / output mode)

Transmits and receives [ J
0

data on rising edge of SCLK1. —r
1 Transmits and receives { }

data on falling edge of SCLK1.

————>Framing Error flag
. cleared to Zero
————>Parity Error flag

when read

>Overrun Error flag

> Parity addition enable

0 | Disabled
1 | Enabled

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

> Received data bit 8

Note: Asall error flags are cleared after reading do not test only a single bit with a bit-testing instruction.
Figure 3.9.12 Serial Control Register (channel 1, SC1CR)
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7 6 5 4 3 2 1 0
bit symbol BR8 EVEN PE OERR PERR FERR
Zgif:; Read/Write R R/W R (cleared to O when) R/W
After Reset 0 0 0 0 o | o 0 0
Received |Parity Parity
data bit8 {0: odd addition 1: error
1: even 0: disable (Note) (Note)
Function 1: enable - Overrun Parity Framing |2Ways always
fixed to "0" [fixed to "0"

— |

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

>Overrun Error flag

cleared to Zero

when read

> Parity addition enable

0 | Disabled

1 | Enabled

> Even parity addition/check

0 | Odd parity

1 | Even parity

> 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 3.9.13 Serial Control Register (channel 2, SC2CR)
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7 6 5 4 3 2 1 0
BROCR Bit symbol BROADDE | BROCK1 | BROCKO BR0OS3 BR0OS2 BROS1 BR0OSO0
(0203H) |_Read/Write R/IW
After Reset 0 0 o | o o | o | o | o
Always +(16-K)/16 {00: @TO
fixed to “0” {division 01: ¢T2
. 0: Disable {10: ¢T8 Setting of the Divided frequency
Function . .
1: Enable {11: ¢I'32
+(16-K)/16 division enable Setting the input clock of baud rate generator
0 | Disable 00 Internal clock ¢TO
1 | Enable 01 Internal clock ¢T2
10  Internal clock ¢T8
11  Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD| bit Symbol BROK3 BROK2 BROK1 BROKO
(0204H) | 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
- Divided by N
0001(K =1) _ Divided by y
to Disable
N + (16-K) /16
1111(K = 15)

Note 1: Set BROCR <BROADDE> to “1” after setting K (K = 1 to 15) to BROADD<BROK 3 to 0> when + (16
- K)/16 division function is used.

Note 2: + (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 3.9.14 Baud rate generator control (channel 0, 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/IW
After reset 0 0 o | o o | o | o | o
(Note) +(16-K)/16 }00: @TO
Always division 01: ¢T2
Function fixed to “0” 0 Disable 10f or8 Divided Frequency setting
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 ¢T32
7 6 5 4 3 2 1 0
BR1ADD| Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(020CH) | Readwrite RIW
After Reset 0 | 0 | 0 | 0
. Set frequency divisor K
Function (divided by N = (16 - K)/16)

Baud rate generator frequency divisor setting<

BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE> =0
BR1CR <BR1S3 =
0000(N = 16) | 0010(N = 2) 0001(N = 1) (UART only)
to BR1S0> or o to
BR1ADD 0001(N =1) 1111(N = 15) 1111(N = 15)
<BR1K3 to BR1K0O> 0000(N = 16)
0000 Disable Disable
0001(K = 1) . Disabled by Divided by N
to Disable 1\ 4 (16 - k) / 16
1111(K = 15)

Note 1: Set BR1ICR <BR1ADDE> to “1" after setting K (K = 1 to 15) to BRIADD <BR1K3 to 0> when +
(16 - K) / 16 division function is used.

Note 2: + (16 — K) / 16 division functionsis possible to use in only UART mode.
Set BR1ICR <BR1ADDE> to “0” and disable + (16 — K) / 16 division in I/O interface mode.

Figure 3.9.15 Baud rate generator control (channel 1, BR1CR, BR1ADD)
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6 5 4 3 2 1 0
BR2CR bit Symbol O BR2ADDE | BR2CK1 | BR2CKO BR2S3 BR2S2 BR2S1 BR2S0
(0213H) |_Read/Write R/IW
After reset 0 0 o | o o | o | o | o
(Note) +(16-K)/16 }00: @TO
Always division 01: ¢T2
Function fixed to “0” 0 Disable 10f or8 Divided Frequency setting
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 ¢T32
7 6 5 4 3 2 1 0
BR2ADD| Bit symbol BR2K3 BR2K2 BR2K1 BR2KO
(0214H) | ReadMrite RIW
After Reset 0 | 0 | 0 | 0
. Set frequency divisor K
Function (divided by N = (16 - K)/16)

Baud rate generator frequency divisor setting<

BR2CR<BR2ADDE> = 1 BR2CR<BR2ADDE> = 0
BR2CR <BR2S3 -
0000(N = 16) | 0010(N = 2) 0001(N = 1) (UART only)
to BR2S0> or o to
BR2ADD 0001(N =1) 1111(N = 15) 1111(N = 15)
<BR2K3 to BR2K0> 0000(N = 16)
0000 Disable Disable
0001(K = 1) . Disabled by Divided by N
to Disable 1\ 4 (16 - k) / 16
1111(K = 15)

Note 1: Set BR2CR <BR2ADDE> to “1” after setting K (K = 1 to 15) to BR2ADD <BR2K3 to 0> when +
(16 - K) / 16 division function is used.

Note 2: + (16 — K) / 16 division functionsis possible to use in only UART mode.
Set BR2CR <BR2ADDE> to “0” and disable + (16 — K) / 16 division in I/O interface mode.

Figure 3.9.16 Baud rate generator control (channel 2, BR2CR, BR2ADD)
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7 6 5 4 3 2 1 0
TB7 | TB6 | TB5 | TB4 : TB3 | TB2 : TB1 : TBO [(Transmission)
SCOBUF
(0200H)
6 5 4 3 2 1 0
RB7 { RB6 | RB5 { RB4 i RB3 i RB2 i RB1 i RBO |[(Reveiving)
Note: Prohibit read modify write for SCOBUF.
Figure 3.9.17 Serial Transmission/Receiving Buffer Registers (channel 0, SCOBUF)
7 6 5 4 3 2 1 0
scomoD1 | Bit symbol 1280 FDPX0
(0205H) Read/Write RIW RIW
After Reset 0 0
IDLE2 duplex
Function 0: Stop 0: half
1: Run 1: full
Figure 3.9.18 Serial Mode Control Register 1 (channel 0, SCOMOD1)
7 6 5 4 3 2 1 0
TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO | (Transmission)
SC1BUF
(0208H)
7 6 5 4 3 2 1 0
RB7 | RB6 : RB5 | RB4 : RB3 : RB2 ;| RB1 : RBO [ (Receiving)
Note: Prohibit read modify write for SCIBUF.
Figure 3.9.19 Serial Transmission/Receiving Buffer Registers (channel 1, SC1BUF)
7 6 5 4 3 2 1 0
scimMoD1 | bit Symbol 1280 FDPX0
(020DH) | Read/Write RIW RIW
After Reset 0 0
IDLE2 duplex
Function 0: Stop 0: half
1: Run 1: full

Figure 3.9.20 Serial Mode Control Register 1 (channel 1, SCIMOD1)

91C820A-158



TOSHIBA TMP91C820A

7 6 5 4 3 2 1 0
TB7 | TB6 | TB5 : TB4  TB3 | TB2 : TBL i TBO | (Transmission)
SC2BUF
(0210H)
6 5 4 3 2 1 0

(Receiving)

RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

Note: Prohibit read modify write for SC2BUF.
Figure 3.9.21 Serial Transmission/Receiving Buffer Registers (channel 2, SC2BUF)

7 6 5 4 3 2 1 0
sc2moD1 | bit Symbol 1280 FDPXO0
(0215H) Read/Write RIW RIW
After Reset 0 0

IDLE2 duplex
Function | o: gi0p 0: half

1: Run 1: full
Figure 3.9.22 Serial Mode Control Register 1 (channel 2, SC2MOD1)

91C820A-159



TOSHIBA TMP91C820A

394 Operation in each mode

(1) ModeO (1/0 Interface Mode)

This mode alows an increase in the number of 1/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

TMP91C820A Shift register Al — TMP91C820A Shift register Al <
B|— B| «—

TXD > Sl c|— RxD [€ QH C| <

D|— D| <«

SCLK > SCK E|— SCLK > CLOCK E| <

F|l — F| <

Port > RCK G| —™ Port > S/L G| <

H|— H| <

TC74HC595 or equivalent TC74HC165 or equivalent

Figure 3.9.23 SCLK Output M ode connection example

Output extension Input extension

TMP91C820A Shift register Al — TMP91C820A Shift register Al <
B|— B| <«

TXD Sl c|— RxD [€ QH CcC| <

D|— D| «

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

F|l — F| <

Port > RCK G| — Port > SIL G| <

H|— H| <

TC74HC595 or equivalent TC74HC165 or equivalent

External clock External clock

Figure 3.9.24 Example of SCLK Input Mode Connection
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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) i) _%é\ 0
(4
TXDO bit 0 bit 1 \ bit 6 bit7 X
77

ITXOC (INTTXO «
interrupt request) )

Figure 3.9.25 Transmitting Operation in /O Interface Mode (SCLKO Output Mode)
(Channel 0)

In SCLK Input Mode, 8-hit data is output on the TXDO pin when the SCLKO input becomes
active after the data has been written to the Transmission Buffer by the CPU.

When all datais output, INTESO <ITX0C> will be set to generate INTTXO interrupt.

SCLKO input

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

SCLKO input —

(<SCLKS>=1: Falling edge mode) v v ) ‘], v
«

TXDO bit 0 bit 1 . bit5 bit 6 bit 7
»

ITXOC (INTTXO

intterrupt regest) )

Figure 3.9.26 Transmitting Operation in /O Interface Mode (SCLKO Input Mode)
(channel 0)
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@ 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 SCOM ODO<RXE>to 1.

IRXOC(INTRXO }\

intterrupt request) \ /”
s S B N N
(4
RXDO bit 0 bit 1 \ bit 6 bit7 X
/7
Figure 3.9.27 Receiving operation in I/O Interface Mode (SCLKO Output Mode)
(Channel 0)
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 INTRXO0 interrupt.
SCLKO input
(<SCLKSE = 0: Rising Edge Mode) T T L | T
SCLKO input
(<SCLKISEU: 1: Rising Edge Mdoe) ¢ l, ; ,L ¢
(4
RXD1 bit 0 bit 1 | bit5 bit 6 bit 7

i

IRXOC (INTRXO
interrupt request)

)

Figure 3.9.28 Receiving Operation in 1/O interface Mode (SCLKO Input Mode)

(Channel 0)

Note: The system must be put in the Receive Enable state (SCMODO<RXE> = 1) before data can be

received.
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® Transmission and Receiving (Full Duplex Mode)

When the full duplex mode is used, set the level of Receive Interrupt to "0" and set enable the
level of Transmit interrupt. In the transmit interrupt program, read the receiving buffer before

setting the next transmit data.
The exampleis following.

Example: Channel 0, SCLK output
Baud rate = 9600 bps

fc=14.7456 M

System clock
Clock gear
Prescaler clock

Main routine

7 6 5 4 3
INTESO 0 0 0 1 0
PCCR - - - - -

PCFC - - - - -
sCcoMoOb 0 0 0 0 O
0
sCcomob 1 1 0 0 O
1
SCOCR 0 0 0 0 O

BROCR 0 0 1 1 0
SCOMOD 0 0 1 0
0

SCOBUF * * * =

INTTXO interrupt routine
Acc SCOBUF
SCOBUF * * * *

Note: X = Don't care; “-”

Hz

: High frequency (fc)

11 (fc)

=

* * *

= No change

Set the INTTXO level to 1.

Set the INTRXO level to 0.

Set PCO, PC1 and PC2 to function asthe TXDO, RXDO0 and
SCLKO pins respectively.

Select 1/0O Interface Mode.

Select Full Duplex Mode.

Sclk_out, transmit on negative edge, receive on positive
edge

Baud rate = 9600 bps

Enable receiving

Set the transmit data and start.

Read the receiving buffer.
Set the next transmit data.
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(2) Mode1 (7-bit UART Mode)

7-Bit UART Mode is selected by setting the Serial Channel Mode Register SCOMODO0<SM 1,
SMO> field to 01.
In this mode a parity bit can be added. Use of a parity bit is enabled or disabled by the setting of the
Serial Channel Control Register SCOCR<PE> 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 applies to Channel 0.

o000 00 s

«——— 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

POCR - - - - =-=-=-- 1 } i )
Set PCO to function as the TXDO pin.
POFC - - =-=-=-=--- 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 Mode is 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 D0 6000005

«——— 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

~
o
o
N
w
N
[E
o

POCR - - === == 0 - Set PC1 to function as the TXDO 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

if Acc # 0then ERROR } Check for erors

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 SCOMODO0O<SM1, SMO0> to 11. In this mode parity bit
cannot be added.
In the case of transmission the MSB (9th 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
SCOMODO0<WU> to 1. Theinterrupt 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 3.9.29 Serial Link using Wake-up function

91C820A-165



TOSHIBA

TMP91C820A

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.

280000005

Select code of slave controller

Each slave controller receives the above frame. Each controller checks the above select code against
its own select code. The controller whose code matches clearsits WU bit to O.

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

Data

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

The slave controller (WU bit = 0) can transmit data to the master controller, and it is possible to
indicate the end of data receiving to the master controller by this transmission.
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Setting example: To link two dave controllers serially with the master controller using the
internal clock fgy s asthe transfer clock.

i

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

POCR - - - == - - 01
POFC - - === - - X 1
INTESO ~11001101
sCOMODO0O -~ 1 01 0111
SCOBUF ~000O0O0OO0O01

INTTXO interrupt

SCOMODO ~ O
$OBUF - * % * * * *x * %

Setting the dave controller

Main

POCR - - =-=-=--- 01
POFC - - =-=-=--- X1
ODE e XXX XXX -1
INTESO 11011110
SsCoMOD0 ~ 00111110

INTRXO interrupt

Acc — SCOBUF
if Acc = select code

Set PCO and PC1 to function as the TXDO and RXDO pins

respectively.

Enable the INTTXO interrupt and set it to Interrupt Level 4.
Enable the INTRXO interrupt and set it to Interrupt Level 5.
Set fgy s as the transmission clock for 9-Bit UART Mode.
Set the select code for slave controller 1.

Set TB81to 0.
Set data for transmission.

Select PC1 and PCO to function as the RXDO0 and TXDO pins

respectively (open-drain output).

Enable INTRX0 and INTTXO.

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

transfer clock.

Then SCOMODO « ---0--- - Clear <WU> 10 0.
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395 Support for IrDA

SIO0 includes support for the IrDA 1.0 infrared data communi cation specification.
Figure 3.9.30 shows the block diagram.

TI’anSmISISOn data ....... I R ......... dl ................ TXDO IR : & LED
> | moduater T ransmer [ Routput
SIO0 Modem
Receive data romm——— “w,"." H i
< : IR demodulator : <RXD0 i IR receiver T -
PSR } i j IR input
TMP91C820A

Figure 3.9.30 Block Diagram

(1) Modulation of the transmission data

When the transmit datais 0, the modem outputs 1 to TXDO pin with either 3/16 or 1/16 timesfor
width of baud-rate. The pulse width is selected by the SIRCR<PLSEL>. When the transmit datais 1,
the modem outputs O.

Transmission data| start 0 1 0 0 1 1 0 0 Stop

X0 pin [ [ [L_]]

Figure 3.9.31 Transmission example

(2) Modulation of the receive data

When the receive data is the effective width of pulse “1”, the modem outputs “0” to SIOO.
Otherwise the modem outputs “1" to SIO0. The effective pulse width is selected by
SIRCR<SIRWD3 to SIRWDO>.

RXDO pin

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

Figure 3.9.32 Receiving example

(3) Dataformat
The dataformat is fixed as follows:
< Datalength: 8-bit
e Parity bits: none
e Stop bits: 1
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(4) SFR
Figure 3.9.33 showsthe control register SIRCR. Set the data SIRCR during SIO0 is stopping. The

following example describes how to set thisregister:

1) SIO setting

2) LD (SIRCR), O7H
3) LD (SIRCR), 37H

4) Start transmission
and receiving for SIO0

(5) Notes

i

!

; Set the SIO to UART Mode.

; Set the receive data pulse width to 16x.
; TXEN, RXEN Enable the Transmission and receiving.

; The modem operates as follows:
* SIO0 starts transmitting.

* IR receiver startsreceiving.

The IrDA 1.0 specification is defined in Table 3.9.5.

Table 3.9.5 Baud rate and pulse width specifications

. Rate Tolerance Pulse Width | Pulse Width Pulse width
Baud Rate Modulation g : .
(% of rate) (minimum) (typical) (maximum)
2.4 kbps RZ| +0.87 141 ps 78.13 us 88.55 us
9.6 kbps RZI +0.87 1.41us 19.53 s 22.13 s
19.2 kbps RZI +0.87 1.41 s 9.77 us 11.07 ps
38.4 kbps RZ| +0.87 1.41 ps 4.88 us 5.96 us
57.6 kbps RZ| +0.87 1.41 ps 3.26 us 4.34 s
115.2 kbps RZ| +0.87 1.41 ps 1.63 s 2.23 us

The pulse width is defined either baud rate TX 3/16 or 1.6 u s (1.6 p sis equal to 3/16 pulse
width when baud rate is 115.2 kbps).
The TMP91C820A has the function selects the pul se width of 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.
Asthe same reason, + (16-k)/16 division function in the baud rate generator of SIOO0 can not be used
to generate 115.2 kbps baud rate.
Also when the 38.4 kbps and 1/16 pulse width, + (16-k)/16 division function can not be used.

Table 3.9.6 Baud rate and pulse width for (16 — k) / 16 division function

Baud Rate
Pulse Width
115.2kbps | 57.6kbps | 38.4kbps | 19.2 kbps 9.6 kbps 2.4 kbps
T x 3/16 x o O O O O
T x 1/16 — - X O O O

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 L_Bit symbol PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 { SIRWD1 | SIRWDO
(0207H) | Read/Write R/W
After reset 0 0 0 0 0 I 0 I 0 I 0
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

Y

Transmit operation

0 Disabled
1 Enabled
> Select transmit pulse width
0 3/16
1 1/16

Figure 3.9.33 IrDA Control Register
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3.10 Seria Bus Interface (SBI)

The TMP91C820A has a 1-channel serial bus interface which employs a clocked-synchronous 8-bit SIO
mode and an 1°C bus mode.
The serial businterfaceis 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 pin is specified asfollows.

P70ODE <ODE72, ODE71> | P7CR <P72C, P71C, P70C> | P7FC <P72F, P71F, P70F>
1°C Bus Mode 1 11X 11X
Clocked Synchronous 011
) XX 111
8-Bit SIO Mode 010
X: Don't care
3.10.1 Configuration
—> INTSBI Interrupt request
> SCL
i | SCK
slo —Jr70
Clock (SCK)
Control
<] Input/
T Output
L ¢ Control
@I —>{ Divider _DP71
SIO SO
Transfer ] (SO/SDA)
N Control | Data Control S
I°C bus R —
Circuit
Clock Sysn. g \L
Noise + ZNA AR D
canceller [| Control 2 o
anceller ontro Shift > 1°Cbus (SVsCL)
A A Nosie
Register < Data Control |e—| SDA
Canceller
V4 I |
SBIOCR2/
12COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI Control Register 2/ I°C bus SBI Data SBI Control SBI baud rate
Register 1 Ragister 0, 1

SBI Status Register

Address Register  Buffer Register

Figure 3.10.1 Serial Bus Interface (SBI)
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3.10.2 Serid 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 status register (SBIOSR)
e Seriad businterface baud rate register 0 (SBIOBRO)
e Serid 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 TheDataFormatsin the IZC Bus Mode

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

(a) Addressing format

j€—— 8bits —>{1«— 1to8bits —>{1«— 1to8bits —>»1
IF'TTTTT]Rr A A A
S| Slave address I'c Data C Data C|P
wi K K K
<€ 1 <€ 1 or more —— >
(b) Addressing format (with restart)
j«—— 8 bhits —>{1«— 1to 8 bits —>{1 j«—— 8 bhits —>{1{«— 1to8bits —>{ 1
' T T TTT r|A A F'TTTTT]Rr A A
S Slave address /|C Data C|s Slave address I'{c Data C|P
W | K K WK 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€«— 1to8bhbits —>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 IZC Bus Mode
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2
3.104 |1"CBusMaode 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
. SCKO/
sglocr1| Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
(0240H) | Read/Write w RIW w RW
After Reset 0 | 0 | 0 0 0 I 0 0
Number of transferred bits Acknowledge Internal serial clock selection and
(Note 1) mOdf_’-f_ ] software reset monitor
specification
;rohibit Function OF:)Not (Note 2)
ead-
modify-write generate
1: Generate
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 =—q [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
<ACK>=0 <ACK>=1
<BC2 to 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 Registers for the I2C Bus Mode
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0
SBIOCR2 |_Bit symbol MST TRX BB PIN SBIM1 SBIMO | SWRST1 | SWRSTO
(0243H) | Read/Write W W (Note 1) W (Note 1)
After Reset 0 0 0 1 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
Re?j(_j- writ . selection interrupt 00: Port Mode reset signal is generated.
modify-write Function request 01: SIO Mode
10: I"C Bus Mode
11: (reserved)

|—>7Serial bus interface operating mode selection (Note 2)

00 | Port Mode (Serial Bus Interface output disabled)

01 | Clocked Synchronous 8-Bit SIO Mode
10 I2C Bus Mode

11 | (reserved)

———> INTSBI interrupt request
0 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

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 I°C bus mode and clock-synchronous 8-bit SIO mode after
confirming that input signals via port are high-level.

Figure 3.10.4 Registersfor the I2C Bus Mode
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
sBlosR bt 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
;’e";d'?'t Slave Receiver  |status interrupt  {lost address  {CALL received bit
modify-write status status monitor request detection  {match detection  jmonitor
Function |monitor monitor monitor monitor detection  {monitor 0:0
0: 0 monitor 0: 0O 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
CALL detected

Slave address match or GENERAL

L Arbitration lost detection monitor

0 O

1 | Arbitration lost

L INTSBI interrupt request monitor

0 | Interrupt requested

1 [ Interrupt canceled

2

» |~C bus status monitor

0 |Free

1 | Busy

> Transmitter / Receiver status monitor

0 | Receiver

1 | Transmitter

> Master / Slave status monitor

Slave

1 | Master

Figure 3.10.5 Registersfor the I2C Bus Mode
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Serial Bus Interface Baud Rate Regster 0
7 6 5 4 3 2 1 0
sBIoBRO |_bit Symbol 12SBI0
(0244H) | Read/Write R/W
After Reset 0
Write ‘0’ IDLE?2
Function 0: Stop
1: Run
> Operation during IDLE 2 Mode
0 | Stop
1 [Operation
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN
(0245H) | Read/Write R/W
After Reset 0
Internal
Function clock
uhctt 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 LBit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) | Read/Write R (received)/W (transfer)
Prohibit After Reset Undefined
Rea(_j» )
modify-write N ote: When writing transmitted data, start from the MSB (bit 7).
|2C Bus Address Register
7 6 5 4 3 2 | 1 0
12CoAR |_bit Symbol SA6 SA5 SA4 SA3 SA2 SA1 SAO0 ALS
(0242H) | Read/Write W
Prohibit | After Reset o { o | o | o | o | o | o 0
Read- Slave address selection for when device is operating as slave device Address
modify-writ] recogniti
. gnition
Function mode
specification

!

Address recognition mode specification

0 | Slave address recognition

1 | Non slave address recognition

Figure 3.10.6 Registersfor the I2C BusMode
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3105 Control in 1°C Bus Mode

(1) Acknowledge Mode Specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The TMP91C820A 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. In the receiver mode during the clock pulse cycle, the SDA pinissettothe Lowin
order to generate the acknowledge signal.

Clear the <ACK> to O for operation in the Non-Acknowledge Mode, The TMP91C820A 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) Seria clock

0 Clock source

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

P tHIGH :)( tLow € 1/fscl >

SBIOCR1 <SCK2[5CKO0> n

000 5

tLow = 2"ffsg) 001 6
n 010 7

thigH = 2 /fsp) + 8/fsp 011 8
fscl = U(tLow + thicH) 100 9
_ fep 101 10
Mg 110 11

Note: It's prohibit to use to fc/16 prescaler clock when SBI block use.
(12C bus & clock synchronous)

Figure 3.10.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

(4)

©)

Clock synchronization

In the 1°C 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 a high-level clock pulse needs to detect the situation
and implement the following procedure.
The TMP91C820A has a clock synchronization function for normal data transfer even when more
than one master exists on the bus.
The example explains the clock synchronization procedures when two masters simultaneously exist
onabus.

Wait counting high-level
width of a clock pulse
l«——»Start couting high-level width of a clock pulse

I [}
IReset a acounter of:
:high-level width of al
clock pulse

2

S
\_

o
P

|
i
]
]
]
]
:
a b

Figure 3.10.8 Clock Synchronization

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 L ow-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 TMP91C820A is used as aslave device, set the slave address <SA6 to SAO0> 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 TMP91C820A 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 busis detected or arbitration islost.
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(6) Transmitter/Receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP91C820A as atransmitter. 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> isset to “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 maintained.

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 Rw /
o | |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 <MST, TRX, BB, and
PIN> until a stop condition is generated on a bus.

Stop condition

Figure 3.10.10 Stop condition generation

The state of the bus can be ascertained by reading the contents of SBIOSR<BB>. SBIOSR<BB>
will be set to 1 if a start condition has been detected on the bus, and will be cleared to O if a stop
condition has been detected.

And about generation of stop condition in master mode, there are some limitation point. Please
referto* 000!00000OODOOOOANO (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 lineis released takes t, ow.

In the address recognition mode (<ALS> = 0), <PIN> is cleared to “0” when the received slave
addressisthe same asthe value set at the |I2COAR or when a GENERAL CALL isreceived (all 8-bit
dataare“Q” 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”.

Serial 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 bus in 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
dlave device reads the data on the SDA line, that is, data in Master A. A data transmitted from
Master B becomes invaid. 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

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

(
|

i
i
b

Figure 3.10.11 Arbitration Lost
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The TMP91C820A 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 data is
written to SBIOCR2.

Internal
Master <SCL output

Internal \ D7A XD6A\  /D4AXD3A XD2A X D1A X DOA / \D7A’XD6A’ X D5A’ X DAA
SDA output |—> Stop the clock pulse
Internal
Master SCL output 1 2 3 4
B <Interna|

SDA output \ D7B XDGB/ V} Keep Internal SDA output to high-level as losing arbitration

<AL> |

(.
4 \
. |

/

Accessed to |_|
SBIODBR or SBIOCR2

Figure 3.10.12 Example of when TMP91C820A is a Master Device B
(D7A =D78B, 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 a slave address matchesthe
value 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 datais written to or read from the
data buffer register SBIODBR.

(12) GENERAL CALL detection monitor

SBIOSR<ADO> is set to “1” in Slave Mode, when a GENERAL CALL is received (all 8-bit
received datais“0”, after astart 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 isrocked by external

noi ses, etc.
Aninternal Reset signal pulse can be generated by setting SBIOCR2<SWRST 1, SWRST0> to “10”
and “01". Thisinitializes the SBI circuit internally. All command registers and status registers are
initialized as well.
SBIOCR2<SWRST 1, 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) 1°CBUS Address Register (12COAR)

I2COAR<SAG6 to SAO0> is used to set the slave address when the TMP91C820A functions as a
slave device.
The slave address output from the master deviceisrecognized by setting the 2COAR<ALS>1t0“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 beforethe HALT instruction is executed.
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3.10.6 DataTransfer in I°C Bus Mode

(1) Deviceinitialization
Set the SBIOBR1<P4EN>, SBIOCR1<ACK, SCK2 to SCK0>, Set SBIOBR1 to “1” and clear bits
7to5and 3inthe SBIOCR1 to “0".
Set aslave address <SA6 to SA0> and the <ALS> (<ALS> =“0” when an addressing format) to the
12COAR.
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 <SBIM1to SBIM 0>.

(2) Start condition and slave address generation
O Master Mode

In the Master Mode, the start condition and the slave address are generated as follows.
Check abusfree status (when <BB>=“0").
Set the SBIOCR1<ACK> to “1” (Acknowledge Mode) and specify a slave address and a direction
bit to be transmitted to the SBIODBR.
When SBIOCR2<BB> ="“0", the start condition are generated by writing “1111" to SBIOCR2<MST,
TRX, BB, PIN>. Subsequently to the start condition, nine clocks are output from the SCL pin.
While eight clocks are output, the slave address and the direction bit which are set to the SBIODBR.
At the 9th clock, the SDA line is released and the acknowledge signal is received from the 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.

0 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 dave 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 line is pulled down to the Low-level while the <PIN> =*0".

SCL line : 1 2 3 4 5 6 7 8 9
1

SDA line b\ ! / A6 X A5 X A X A3 X A2 X AL X A0 X RWwW {Lack [/
i —'\;—' \ J -\_Acknowledge

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

<PIN> I_

INTS2 (
interrupt request

output of Master
----- output of Slave

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

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

® 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 BC0>, set the <ACK>to “1” and write the transmitted datato SBIODBR. After written the
data, <PIN> becomes “1", a serial clock pulse is generated for transferring a new 1-word of data
from the SCL pin, and then the 1-word data is transmitted. After the data is transmitted, an INTS2
interrupt request occurs. The <PIN> becomes“0” and the SCL lineis pulled down to the Low-level.
If the data to be transferred is more than one word in length, repeat the procedure from the <L RB>
checking above.

— Write to SBIODBR

SCL line 1 2 3 4 5 6 7 8 9
A
SDA line D7 X D6 X D5 X D4 X D3 X D2 X b1 X Do A ACK ,
- _YAcknowledge signal
from a receive
<PIN> I

C

INTS2 |_|
interrupt request

Output from Master
----- Output from Slave

Figure 3.10.14 Example in which <BC2 to BCO> = “000" and <ACK> =*“1" in Transmitter Mode
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When the <TRX> is“0” (Receiver mode)

When the next transmitted data is 8 bits, write the transmitted datato SBIODBR. When the next
transmitted data is other than 8 bits, set <BC2 to BCO> again. Set <ACK> to “1” and read the
received data from SBIODBR to release the SCL line (data which is read immediately after a dave
addressis sent isundefined). After the dataisread, <PIN>becomes“1”. The TMP91C820A outputs
aserial 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 bit.

AnINTS2 interrupt request then occurs and the <PIN> becomes “0”, Then the TMP91C820A pulls
down the SCL pin to the Low-level. The TMP91C820A 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

A R SR SR SR S €

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” beforereading
datawhichis 1-word before thelast datato bereceived. Thelast 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 TMP91C820A generates a clock
pulse for a 1-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 TMP91C820A
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

SDAline | ____ 07 X" D6 X_ D5 w_ D4 W D3 W D2 X DL W D0 " R acknowedge signal

sent to a transmitter

<PIN> _|_| |_| |_
-

M Tl

T—“O" - <ACK> L“001” - <BC2to 0>
Read SBIODBR Read SBIODBR

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

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

In the dave mode, an INTS2 interrupt request occurs when the TMP91C820A 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
TMP91C820A 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 regquest
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 TMP91C820A operates either in normal 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 TMP91C820A 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
dave address for which the value of the| SBIODBR
direction bit sent from another masteris“1”.

0 1 0 In Salve Receiver Mode the TMP91C820A
receives a slave address for which the value
of the direction bit sent from the master is
"1,
0 0 In Salve Transmitter Mode a single word of | Check the <LRB> setting. If <LRB> isset to
istransmitted. “1”, set <PIN>to “1" since the receiver win
Set <BC2 to BCO> to the number of bitsina| no reguest 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
receiver requests next data.

0 1 1 1/0 The TMP91C820A 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>
save address or GENERAL CALL for|to“1".
which the value of the direction bit sent from
another master is“0”.

0 0 The TMP91C820A loses arbitration when
transmitting a slave address or data and
terminates word data transfer.

0 1 1/0 In Slave Receiver Mode the TM P91C820A

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 TMP91C820A | 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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(4) Stop condition generation

When SBIOSR<BB> = 1, the sequence for generating a stop condition can be initiated by
writing “1” to SBIOCR2<MST,TRX,PIN> and “0” to SBIOCR2<BB>. Do not modify the
contents of SBIOCR2<MST,TRX,PIN,BB> until a stop condition has been generated on the
bus. When the bus’s SCL line has been pulled Low by another device, the TMP91C820A
generates a stop condition after the other device has released the SCL line and SDA rises.

<MST>
<TRX>

<BB> /78top condition

Hars
L

<PIN>

SCL pin

Internal SCL [ j

SDA pin T
I
<PIN> |

<BB> (read)

Figure 3.10.17 Stop condition generation ( Single-master)
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SCL line / \
SN/

Internal
output

(5) Restart

SCL

(TMP91CW12)
SDA line

3.10.7

<LRB>

<BB>

<PIN>

_

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction. The following description explains how to restart
when the TMP91CW12 is in Master Mode.

Clear SBIOCR2<MST,TRX,BB> to 0 and set SBIOCR2<PIN> to 1 to release the bus.
The SDA line remains High and the SCL pin is released. Since a stop condition has not
been generated on the bus, other devices assume the bus to be in Busy state. Monitor
the value of SBIOSR<BB> until it becomes 0 so as to ascertain when the
TMP91CW12's SCL pin is released. Check the <LRB> until it becomes 1 to check that
the SCL line on a bus is not pulled down to the low-level by other devices. After
confirming that the bus remains in a free state, generate a start condition using the
procedure described in 3.10.6 (2).

In order to satisfy the set-up time requirements when restarting, take at least 4.7 py 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 - <TRX> 1 5 <TRX>
0 - <BB> 1 - <BB>
1 - <PIN> 1 - <PIN>
[« 4.7[us] (Min.) — Start codnition

— T LA

\
Y )
/

I

Figure 3.10.18 Timing diagram for TMP91C820A Restart

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.
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Serial Bus Interface Control Register 1

6

5

4 3 2 1

0

SBIOCR1

Bit symbol

SIOS

SIOINH

SIOM1

SIOMO

SCK2 | SCK1

SCKO/
SWRMON

(0240H)

Read\Write

W

W

RW

After Reset

0

0

o |

0 o | o

0

Prohibit
Read-
modiify-
wite

Function

Transfer start
0: stop
1: start

Continue/

abort transfer

0: Continue
transfer

1: Abort

transfer

Transfer mode select

00: Transmit Mode
01: (reserved)

10: Transmit/Receive Mode

11: Receive Mode

Serial clock selection and Reset monitor

l

Serial clock selection <SCK2 to 0> @ write

000 1 MHz

001 500 kHz

010 250 kHz

011 125 kHz

100 62.5 kHz

101 3125 kHz

110 1.625 kHz

111 External clock

(inputted from
sck pin)

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

fsdl = ﬂ;‘? [Hz]

(output to SCK pin)

Software Reset state monitor <SWRMON> @ read

0 |Software Reset in progress

1 [Software Reset nat in progress

Transfer mode selection

00 [8-Bit Transmit Mode

01 |(reserved)

10 [8-Bit Transmit / Received Mode

11 |8-Bit Received Mode

Continue/Abort transfer

0 [Continue transfer

1

Abort transfer (automatically cleared after transfer aborted)

Transfer start/stop

0 [Stopped

1 |Started

Note: Set the tranfer mode and the serial clock after setting <SIOS>to “0” and <SIOINH>to “1".
Serial Bus interface Data Buffer Register

SBIODBR 7 6 5 4 3 2 1 0
2414 [
Protiit Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read- | ReadMWrite R (receiver) / W (transfer)
modify-write

After Reset Undefined

Figure 3.10.19 Register for the SIO Mode
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol SBIM1 SBIMO
(0242H) | Read/Write W
After Reset 0 | 0
Prohibit Serial bus interface operation
Read- mode selection
dify-wri . 00: Port mode
modiy-wite Function 01: SIO mode
10: PC 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: Set the SBIOCR1<BC2 to 0> “000” before switching to a clocked-synchronous 8-bit SIO

mode.
Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR |_bit Symbol SIOF SEF
(0243H) | Read/Write R
After reset 0 0
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 3.10.20 Registers for the SIO Mode

91C820A-190



TMP91C820A

TOSHIBA
Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
sBloBRo LBit symbol 12SBI0
(0244H) | Read/Write R/W
After Reset 0
Always Write § IDLE2
Functon |- 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
sBloBR1 | _Bit symbol PAEN
(0245H) | Read/Write R/W
After Reset 0
Internal
. clock
Function 0: Stop
1: Operate

> Baud rate clock control

0

Stop

1

Operate

Figure 3.10.21 Registers for 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 | |1| |2 | |6| |7| |8| |1| |2| |3
sopmouput — \ a0 X o Xez 45X s X0 X(Bo XB: X B X X X e X e Xz

Write
tra%smitted data:X a X b Xc

Figure 3.10.22 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).

scipin iy

& 3 & >3
>

tsckL tsckH

tsckL: tsckn > 8/fc @ prescaler clock = fc

Figure 3.10.23 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 seria 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 D ) ) e

(a) Leading edge

Sl pin \ bito X bit1 X bit2 X bit3 X bit4 X bit5 X bit6 X bit7
Shift register Rl (i XlO******X210*****X3210****X43210***X543210**X6543210*X76543210
(b) Trailing edge Note: * = Don't care

Figure 3.10.24 Shift edge
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(2) Transfer modes

@

The SBIOCR1<SIOM 1 to SIOMO> 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 seria 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 serial clock will stop and automatic-wait function will be
initiated if new data is not loaded to the data buffer register after the specified 8-bit data is
transmitted. When new transmit data is written, automatic-wait function is canceled.
When the externa 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

D
T 1

Write transmitted data

(a) Internal clock

A

Clear <SIOS>

X N 3o Xaa Xz Xas X aa Xas Xas Xaz XNbo X b1

by

b3

by

bs

be

v
b

X=X
Tt

Write transmitted data

(b) External clock

Figure 3.10.25 Transfer Mode

STESTL: BIT SEF, (SBIOSR)
JRNZ, STEST1
STEST2: BIT 0, (P7)
JR Z, 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/fgpy [s]

Figure 3.10.26 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. Datais received 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 pulse isinput. If the
received data is not read, any further data, which is to be received, is canceled. The maximum
transfer speed when an external clock is used is determined by the delay time between the time
when an interrupt request is generated and the time when the received datais read.

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

Note: When the transfer mode is changed, the contents of SBIODBR will 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 3.10.27 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 datais received, 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 bein 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 complete blocks. The transmit/receive mode ends when the transfer is
complete. In order to confirm whether data is being transmitted/received properly by the program;
set SBIOSR to be sensed. <SIOF> is set to “0” when transmitting/receiving has been completed.
When <SIOINH> is set to 1, data transmitting/receiving stops. <SIOF> is then cleared to O.

Note: When the transfer mode is changed, the contents of SBIODBR will be lost. If the mode must
be changed, conclude data transmitting/receiving by clearing <SIOS> to “0”, read the last
data, then change the transfer mode.
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je——— Clear <SIOS> —>»
<SI0S>
<SIOF> g N
<SEF>
SCK pin (output) U | I | I | I | I | | | I | |
SO pln ag ag ay ag ay ag ag ay bo bl b2 b3 b4 b5 b6 b7
SI pm Co Cq Co C3 Cy Cg Cg 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 3.10.28 Transmit/Received Mode (example using internal clock)

SCK pin

SIOF

SO pin

]

bite X

Bit 7 in last transmitted word

tsopH = Min. 4/fgpy [s]

Figure 3.10.29 Transmitted data hold time at end of transmit/receive
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3.11 Anaog/Digital Converter

The TMP91C820A 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, IDLE1 or STOP Mode is selected, so as to reduce the power, with some timings the
system may enter a standby mode even though the internal comparator is still enabled. Therefore be
sure to check that A/D converter operations are halted before a HALT instruction is executed.

Internal data bus

ﬁ

AN

\/

IA/D mode control register 1 ADMOD1
IADMOD1 <ADTRGE>
<ADCH2 to ADCHO><VREFON>

|

A/D mode control register 0 ADMODO

<EOCF><ADBF><ITM0O><REPEAT><SCAN><ADS>

ADTRG

Start

INTAD
interrupt

A/D Conversion Result

K K
N Scan
71 O
> § Repeat
[ 24
a Interrupt
Busy
End
N2 N2
Y VY
Channel select A/D Converter Control
Analog input Circuit
AN7 (P87) 5
ANG (P86) >
ANS(PBS)D—) % Sample and
AN4 (P84) > = > HP g >
AN3/ADTRG (P83) g o
AN2 (PBZ)D_) N
AN1 (P81)
ANO (PBO)D_) Comparator
A
VREFH D > o o > D/A converter
VREFL[ ] > >

Register
ADREGO0A4L to ADREG37L
ADREGO04H to ADREG37H

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

Thetwo A/D Mode Control Registers control the A/D converter: ADMODO and ADMOD1. The eight
A/D Conversion Data Upper and Lower Registers (ADREG04H/L, ADREG15H/L, ADREG26H/L and
ADREGS37H/L) store the results of A/D conversion.

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
ADMODo |L_Bit symbol EOCF ADBF - - ITMO | REPEAT | SCAN ADS
(02BOH) | Read/Write R R/W
After Reset 0 0 0 0 0 0 0 0
A/D A/D Note: Note: Interrupt Repeat mode | Scan mode AID
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
|—> 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
A/D Single Conversion Mode

A/D 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.

> A/D Conversion Busy flag

0 | A/D conversion stopped
1 | A/D conversion in progress

> A/D Conversion End flag

0 | Before or during A/D conversion
1 | A/D conversion complete

Figure 3.11.2 A/D Converter Related Register

91C820-200



TOSHIBA TMP91C820A
A/D Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 | Bitsymbol | VREFON | I2AD ADTRGE | ADCH2 | ADCH1 | ADCHO
(02B1H) | Read/Write RIW RIW RIW
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 )
<ADCH?2, 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 ANS5 AN4 - AN5
110 ANG6 AN4 . AN5 . ANG
111 AN7 AN4 . AN5 . AN6 . AN7

Note: Aspin AN3 also functions asthe ADTRG input pin, do not set < ADCH2: 0> =“011" when using ADTRG

> A/D conversion start control by external trigger

(ADTRG input)

Disabled

Enabled

> IDLE2 control

Stopped

In operation

with < ADTRGE> set to “1”.
Figure 3.11.3 A/D Converter Related Register

A/ID

converter

> Control of application of reference voltage to

OFF

ON

Before starting conversion (before writing “1”
to ADMODO <ADS>), set the <VREFON> bit
t0 1",
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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
ADREGO04H] Bit symbol ADRO09 ADRO08 ADRO7 ADRO6 ADRO5 ADRO0O4 ADRO3 ADRO02
(02A1H) | Read/MWrite R
After Reset Undefined
Function Stores upper eight bits A/D conversion result.
A/D Conversion Data Lower Register 1/5
7 6 5 4 3 2 1 0
ADREG15L Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) Read/Write R R
After Reset Undefined 0
Function stores lower 2 bits of AD
. Conversion
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
ADREG15HL_Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(02A3H) Read/Write R
After Reset Undefined
Function Stores upper eight bits of A/D conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
conversion result
| Il |
ADREGxH i i, ADREGxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
. J
Y

» 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 | _Bit symbol 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 ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
After Reset Undefined
Function Stores upper eight bits of A/D conversion result.
A/D Conversion Data Lower Register 3/7
7 6 5 4 3 2 1 0
ADREG37L Bit symbol ADR31 ADR30 ADR3RF
(02A6H) Read/Write R R
After Reset Undefined 0
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 |_Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(02A7H) Read/Write R
After Reset Undefined
Function Stores upper eight bits of A/D conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x conversion
result
| 1 |
ADREGxH i i, ADREGXxL
7 6 5 4 3 2 1 O 7 6 5 4 3 2 1 0
J
» Bits 5tol are always read as “1". Y

« 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 3.11.5 A/D Converter Related Registers
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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, 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, writea“0” to ADMOD1<VREFON> in A/D
Mode Control Register 1. To start A/D conversion in the OFF state, first write a “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> =*“0Q")
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 eight scan modes.

Table 3.11.1 illustrates analog input channel selection in each operation mode.

On a Reset, ADMODO<SCAN> is set to “0” and ADMOD1<ADCH2 to ADCHO> isinitialized
to “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 flxed 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 . ANG
111 AN7 AN4 _. AN5 . AN6 — AN7
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3

(4)

Starting A/D Conversion

To start A/D conversion, write a 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 a 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 A/D REGXL<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 four 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 completed.

Channel Fixed Single Conversion Mode

Setting ADMODO<REPET> and ADMODO<SCAN> to “00” selects Conversion Channel Fixed
Single Conversion Mode.
In this mode data on one specified channel is converted once only. When the conversion has been
completed, the ADMODO<EOCF> flag is set to “1", ADMODO<ADBF> is cleared to “0”, and an
INTAD interrupt request is generated.

Channel Scan Single Conversion Mode

Setting ADMODO<REPET> and ADMODO<SCAN> to “01” selects Conversion Channel Scan
Single Conversion Mode.
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.
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Channel Fixed Repeat Conversion Mode

Setting ADMODO<REPET> and ADMODO<SCAN> to “10” selects Conversion Channel Fixed
Repeat Conversion Mode.
In this mode data on one specified channel is converted repeatedly. When conversion has been
completed, ADMODO<EOCF> is set to “1" and ADMODO<ADBF> isnot cleared to “0” but held
a “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 compl eted.
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 Conversion Channel Scan
Repeat Conversion Mode.
In this mode data on the specified scan channels is converted repeatedly. When each scan
conversion has been completed, ADMODO<EOCF> isset to “1” and an INTAD interrupt request is
generated. ADMODO<ADBF> isnot cleared to “0” but held at “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> iscleared to “0”.
Switching to a halt state (IDLE2 Mode with ADMOD1<I12AD> cleared to “0”, IDLE1 Mode or
STOP Mode) immediately stops operation of the A/D converter even when A/D conversion is still
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 O),
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 I nterrupt Requests

Mode Interrupt Request ADMODO
Generation <ITMO> | <REPEAT> | <SCAN>
Channel Fixed Single After completion of X 0 0
Conversion Mode conversion
Channel Scan Single After completion of scan X o 1
Conversion Mode conversion
Channel Fixed Repesat Every conversion 0 1 0
Conversion Mode Every forth conversion 1
Channel Scan Repesat 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 = 16 MHZz) are required for the A/D conversion of 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 results of A/D conversion. (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 anal og 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
ANS5 ADREGI5H/L
AN6 ADREG26H/L ADREG37H/L
AN7 ADREG37H/L

<ADRXRF> hit “0” of the A/D conversion data lower register isused asthe A/D conversion data
storage flag. The storage flag indicates whether the A/D conversion result register has been read or
not. When a conversion result is stored in the A/D conversion result register, the flag is set to “1”.
When either of the A/D conversion result registers (ADREGxH or ADREGXL) isread, the flag is
cleared 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 1000H
using the A/D interrupt (INTAD) processing routine.

Main routine:
76543210
[INTEOAD - X 100 - - - - Enable INTAD and set it to Interrupt Level 4.
ADMOD1 - 1 1 X X Set pin AN3 to be the analog input channel.
IADMODO ~ X X 0 0 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.

(1000H) ~ WA Write contents of WA to memory address 1000H.

O This exampl e 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 Watchdog timer (runaway detection timer)

The TMP91C820A features awatchdog timer for detecting runaway.

The watchdog timer (WDT) is used to return the CPU to Normal state when it detects that the CPU has started
to malfunction (runaway) due to causes such as noise. When the watchdog timer detects a malfunction, it
generates a non-maskable interrupt INTWD to notify the CPU of the malfunction.

Connecting the watchdog timer output to the Reset pin internally forces a reset.

3.12.1 Configuration

Figure 3.12.1 isablock diagram of he watchdog timer (WDT).

WDMOD <RESCR> RESET

Y

Reset Control > Internal Reset

_D—l——> WDTI interrupt

Y

A
WDMOD —> Selector
<WDTP1 to WDTPO>
A A A
215 217 219 221
fsys Binary Counter Q
(frpH/2) (22 Stage) R IS
Reset (5
Internal Reset >
A Write Write AWDMOD <WDTE>
4EH B1H

WDT Control register WDCR
i
U

Internal data bus

Figure 3.12.1 Block diagram of watchdog timer
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The watchdog timer consists of a 22-stage binary counter which uses the system clock (fsys) as the
input clock. The binary counter can output fSY §/215, fSY §/217, fSY S/219 and fSY $/221. Selecting one

of the outputs using WDMOD<WDTP1, WDTPO> generates a Watchdog interrupt and outputs watchdog
timer out when an overflow occurs.

B

wor comer N G X
WDT Interrupt J_l <« <

»
Clear write code — VL‘
WDT Clear «
(Soft ware) )]

Figure 3.12.2 Normal Mode

~

The runaway detection result can also be connected to the Reset pininternally.
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 W\ «

1

WDT Interrupt | | «

"N

Internal Reset

22 to 29 states
(44 to 58 us @ fOSCH =16 MHz, fFPH =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 controls registers WDMOD and WDCR.
(1) Watchdog Timer Mode Register (WDMOD)
®  Setting the detection time for the watchdog timer in <WDTP>

This 2-bit register is used for setting the watchdog timer interrupt time used when detecting
runaway. On a Reset thisregister isinitialized to WDMOD<WDTP1, WDTP0> = “00".
The detection times for WDT are shown in Figure 3.12.4.

@ Watchdog Timer Enable/Disable Control Register <WDTE>

On aReset WDMOD<WDTE> isinitialized to “1”, enabling the watchdog timer.
To disable the watchdog timer, it is necessary to set this bit to “0” and to write the disable code
(B1H) to the Watchdog Timer Control Register WDCR. This makes it difficult for the watchdog
timer to be disabled by runaway.

However, it is possible to return the watchdog timer from the disabled state to the enabled state
merely by setting <WDTE>to“1".

® Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the watchdog timer with the RESET terminal
internally. Since WDMOD<RESCR>is initialized to “0” on a Reset, a Reset by the watchdog timer
will not be performed.

(2) Watchdog Timer Control Register (WDCR)
Thisregister is used to disable and clear the binary counter for the watchdog timer.

Disable control The watchdog timer can be disabled by clearing WDMOD<WDTE> to “0” and
then writing the disable code (B1H) to the WDCR register.

WDMOD ~ 0 - - - - - X X Clear WDMOD<WDTE>to “0".
WDCR ~10110001 Write the disable code (B1H).

* Enable control
Set WDMOD<WDTE>to “1”.

e Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code (4EH) to the
WDCR register.

WDCR ~01001110 Write the clear code (4EH).
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7 6 5 4 3 2 1 0
Bit symbol WDTE WDTP1 WDTPO 12WDT RESCR -
wbDMoD |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”
17
Function |L enable 01: Zlglfsys 1. Operate WDL out
10: 2 /fgys tothe
11: 2%V sy s reset pin
\—> Watchdog timer out control
O O
1 Connects WDT out to a reset
— > IDLE2 Control
O | Sop
1 | Operation
> Watchdog timer detection time @ fc =16 MHz, fs = 32.768 kHz
SYSCR1 SYSCR1 Watchdog Timer Detection Time
System Clock Selection Gear Value WDMOD<WDTP1 to WDTPO>
<SYSCK> <GEAR2 to GEARO>
00 01 10 11
1(fs) XXX 2.0s 8.0s 320s 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/a) 16.384 ms 65.536 ms 262.144 ms 1.049s
011 (fc/g) 32.768 ms 131.072 ms 524.288 ms 2.097 s
100 (fc/16) 65.536 ms 262.144 ms 1.049s 4194 s
> Watchdog timer Enable/Disable control
Disbled
1 | Enabled
Figure 3.12.4 Watchdog Timer Mode Register
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 Watchdog Timer Control Register
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3.12.3 Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1, WDTPO> has elapsed. The watchdog timer must be zero-cleared in 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-multifunction program.

The watchdog timer does not operatein IDLEL or STOP Mode,
as the binary counter continues counting during bus release (When BUSAK goes low).

When the deviceisin 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 timeto 27/ fsys.
WDMOD - 1 01 - - - XX

® Disable the watchdog timer.

WDMOD « 0 - - - - - X X Clear WDTE to “0".

WDCR ~ 10110001 Write the 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 . Sivider 16Hz Clock
CLOCK 1Hz Clock
ALARM REGISTER
{} /\ ALARM —/ALARM
| SELECT—»INTRTC
pa i > COMPARATOR
= IALARM
A
ADJUST
CARRY
HOLD
A |
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 is divisible
with 400, is a leap year. But there is not this product for the correspondence to the
above exception. Because there are only with the year which is divisible with 4 as a
leap year, please cope with the system side if this function is problem.
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3.13.3 Control registers
Table 3.13(1) PAGE 0 (Timer function) registers
Symbol | Adies | bit7 | bit6 | bit5 | bit4 | bit3 | b2 | bitl | Bit0 Function Read/Writ
SECR 0320h 40sec. | 20sec. | 10sec. | 8sec. | 4sec. | 2sec. | 1sec Second column RIW
MINR | 032th 0120 1 0 g0 | amin | 2min. | min | Minutecolumn RIW
min. min. min.
HOURR | 0322h 20 10 8 4 2 1 hour Hour column RW
hours | hours | hours | hours | hours
Day of the week
DAYR | 0323n w2 | wi | Wo column RIW
DATER | 0324h ngy ch’(:l)y Day 8| Day 4 |Day 2 | Day 1 Day column RIW
MONTHR | (325h Oct. Aug. Apr. Feb. Jan. Month column RIW
Year | Year Year Year Year column
YEARR 0326h 80 20 20 10 Year 8 | Yeawr4 | Year2 | Yearl (lower two columns) RIW
PAGER | 0327h | N7 aowsT | ENETM | ERAAL PAGE PAGE register WRW
RESTR 0328h | DISIHZ | DISI6HZ | RSTTMR | RSTALM 0 0 0 0 Reset register Write only
(Note) Asfor SECR, MINR, HOURR, DAYR, MONTHR, Y EER of PAGEQ, current state is read when read it.
Table3.13(2) PAGE 1(Alarm function) registers
Symbol | Adiress | bit7 | hbit6 | hits | bit4 | bit3 | bit2 | hbitl | bito Function Read/Write
SECR | 0320h RW
MINR | 0321h 40 20 10 8min. | 4min. | 2min. | 1 min, Minute column for RIW
min. | min. min, Alarm
HOURR | 0322h 20 10 8 4 2 1 Hour column for RIW
hours | hours | hours | hours | hours | hours Alarm
DAYR | 0323h W2 | wil | wo Day of the week RIW
column for Alarm
DATER | 0324h ngy ch’(:l)y Day 8| Day 4 |Day 2| Day 1| Day columnforAlarm RIW
MONTHR | 0325h 24/12 24-hour clock mode RIW
LEAP | LEAP
YEARR | 0326h 1 0 L eap-year mode RIW
PAGER | 0327h | [N ADST | ENATM | ENAAL PAGE |  PAGE register WRW
RESTR | 0328h | oispz | DS | RSTIM | RSTAL | 0 0 0 Reset register Write only

91C820A-215




TOSHIBA TMP91C820A

3.13.4 Detailed explanation of control register

RTC isnot initialized by reset.
Therefore, all registers must be initialized at the beginning of the program.

(1) Second column register (for PAGEO only)

7 6 5 4 3 2 1 0
SECR bit Symbol SE6 SE5 SE4 SE3 SE2 SE1 SEOQ
(0320H) | Read/Write RIW
After reset Undefined
. "0"is 40 sec. 20 sec. 10sec. 8 sec. 4 sec. 2sec. 1sec.
Function
read. column column Column column column column column

I O N 0 | 0 | ¢ L 0 | 0 | Osec.
I O N 0 | 0 | ¢ 0 | . O |1 | Isec
0 ] 0 | . 0 | __ 0| (¢ 0 | . 1 0 | 2sec
I O L 0 | O 1 | 0 | . 0 | 4sec.
0] 0 | . 0 | __ 0| - S . O |1 | Ssec
IS O L N O S 1 0 | 6sec
I O L 0 | O 1 | 1 .1 | 7sec
0 ] 0 | . 0 .1 | ( 0 | . 0 | . 0 | 8sec.
IS O L O .1 | ( L O (.1 | 9sec
0 0 1 0 0 0 0 10 sec
0] 0 | . 11 ¢ 0 | . O |1 | . 19 sec.
0 1 0 0 0 0 20 sec
IS B S - O .1 | ¢ N o |1 | 29 seC.
0 1 1 0 0 0 0 30 sec
0 1 | S IO S L O .1 | 39.sec.
1 0 0 0 0 0 0 40 sec
BN S N O .1 | ¢ L O .1 | 49 sec.
1 0 1 0 0 0 0 50 sec
[ 12 | o | 12 [ 1 | o | o | 1 | 59sc |
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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, 8min. 4min. 2 min, 1min,
Function
read. column column column column column column column

SN A 0 | . 0 .. O 0 | . 0 ... 0 | omin.
0 0 | . U O 0 | . U I S 1min.
B I U 0 | 0 ..« U S - 0 | . 2min.
0 0 | . 0 .. O 0 | . S I S 3min._
B I 0 | .. 0 | .. O S 0 | . 0 | 4mn.
0 0 | . 0 ... O S N I S Smin.
BN A 0 | . 0 ... O S S - 0 | 6min.
B I 0 | .. 0 | L S S I S /mn.
0 0 | . 0 |1 | ( 0 | . 0 ... 0 | gmin.
0 0 | . O |1 | ( 0 | . N I S omn.
0 0 1 0 0 0 0 10 min
0 0 | . S N S N 0 | . 0 |1 | 19min
0 1 0 0 0 0 20 min
BN O S 0 .1 | ¢ U O |1 | 29min.
0 1 1 0 0 0 0 30 min
0 S S N S N U o |1 | 39min.
1 0 0 0 0 0 0 40 min
I S 0 | . O |1 | ¢ 0 | . O I S 49min.
1 0 1 0 0 0 0 50 min
[ 12 | o | 12 [ 1 | o | o | 1 | 59min |
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(3) Hour column register (for PAGEQ/1)

O  Incaseof 24-hour clock mode (MONTHR<MOO0>="1")

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 0O | 0 | ( 0 | 0 | 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
|0 | S N S 0 | O | 1 | 190clock |

1 0 0 0 0 0 20 o'clock
[ 12 | o | o | o | 1 | 1 | 230dock |

O  Incase of 24-hour clock mode (MONTHR<MOO0>="0’)

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 N I N 7Y I
I U O 0 | . o |1 | lo'clock |
I 0 | . 0 [ 0 | . S 0 [ 20'clock |
I O |1 | ¢ 0 | . o |1 | 9oclock |
I S 0 [ 0 | . 0 | . 0 | 100¢clock |
0 1 0 0 0 1 11 o'clock
0 o'clock
_____ e e e e ew |
1 0 0 0 0 1 1 o'clock
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(4) Day of the week column register (for PAGEO/1)

7 6 5 4 3 2 1 0
DAYR bit Symbol WE2 WE1 WEQ
(0323H) | Read/Write RIW
After reset H . , H Undefined
Function "0" isread. W2 w1 WO

L 0 | 0 |Sunday .
0 0. 1 [Monday
L 1 | O |Tuesday
L 1 | 1 | Wednesday
I O | .0 |Thusday
I O | .1 |Fiday .
1 1 0 Saturday
(5) Day column register (for PAGEO/1)
7 6 5 4 3 2 1 0
DATER bit Symbol DAS5 DA4 DA3 DA2 DA1 DAO
(0324H) | Read/write RIW
After reset \ Undefined
Function "0" isread. Day 20 Day 10 Day 8 Day 4 Day 2 Day 1
_____ o /.6 4.0 1.0 | 0 .0 | O
0 | 0 | 0 | ¢ 0o [ 0 | 1 | T"day
0 | 0O | 0 | . 0 | .. 1 .. 0 | 2 day
I . 0 | . 0 | 0 | 1 |1 | 3day
0 0 0 1 0 0 4" day
|0 | 0O | .1 | 0 | . 0 | 1 | 9"day
0 | o] 0| ¢ o [ 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 PAGEO only)
6 4 3 2 1 0
MONTHR]| bit Symbol MO4 MO3 MO2 MO1 MO0
(0325H) | Read/write RIW
After reset Undefined
Function "0" isread. 10 months { 8 months i 4 months i 2 months i 1 month
I A 0 [ 0 [ . O [ 1 [|January
N 0 | 0 | . 1 | 0 |Feoruary
I 0 [ 0 [ . 1 | 1 [Mach
I 0 [ i 0 | .0 [April
0 0 | . 1 1. O | 1 |[May
I 0 [ i 1 1.0 [|Jdue
0L 0 [ i 1 [ 1 Jdy
N 1 1. 0 | . 0 | O |August
I A 1 1 0 [ . 0 | 1 |September
I S 0 [ 0 [ 0 | 0 |October
S S 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) | Read/Write RIW
After reset Undefined
, . 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 YE5 YE4 YE3 YE2 YEL YEO
(0326H) | Read/Write RIW
After reset Undefined

Function 80Years : 40 Years | 20 Years i 10 Years i 8 Years 4 Years 2 Years 1Year

S . 0 | ( 0 | L S IO S L 0 | 1 | 9year
L 0 [ ¢ 0 [ 0 | 0 [ ¢ 0 [ 0 [ 0 | OOyear
S 0 | ( N 0 .. 0 | ( L O | 1 | Olyer
S 0 | ( 0 | 0 .. 0 | ( 0 | 1 | 0 | O2year
I 0 [ ¢ 0 [ 0 | 0 [ ¢ 0o [ 1 |1 | O3year
S 0 | ( N 0 .. 0 | .- 1 1. N - 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) | Readwrite E E RIW
After reset 5 5 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
0 0 Current  year is
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) Setting PAGE register(for PAGEQ/1)
7 6 5 4 3 2 1 0
PAGER | ENA
(0327H) bit Symbol INTENA ADJUST MR ENAALM PAGE
Read/Write R/W w RIW R/W
After reset 0 — Undefined Undefined
LINT TIMER ALARM PAGE
Function enable “0" isread. LADJUST | LENABLE | L:ENABLE ot
(note) 0:DISABLE | 0:DISABLE
Prohibit Read Modify Write ‘ ‘
(Note) When INTRTC is used, set following,
Id ( pager ), Och 0 Select Paged
Id ( pager), 8ch 1 Select Pagel

1 Adjust sec. counter.

When set this hit to “1” the sec. counter become to “0" when the value of
sec. counter is0—29. And in case that value of sec. counter is 30-59, min.
counter is carried and become sec. counter to 0",

(11) Setting reset register (for PAGEO/1)

(0328H) | Read/write

7 6 5 4 3 2 1 0
RESTR | bit Symbol DISIHZ | DIS16HZ | RSTTMR | RSTALM RE3 RE2 RE1 REO
w
After reset Undefined

Function 0:1HZ

{

Prohibit Read
Modify Write

LTIMER { ALARM )
0:16HZ Pleasefix to “0”
RESET RESET

Vol

0 —

1 | Reset alarm register

1 | Timer reset

Enable 16Hz clock (/ALARM output , INTRTC)

| O

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 readswrong data when carry of theinside counter happens during the operation which
timer datareads. Therefore please read two times with the following way for reading correct data.

[ START |

'

PAGER<PAO>="0’,
Select PAGEO

!

Read the timer data
(1st)

'

Read the timer data
(2nd)

NO

1st data = 2nd data

Figure 3.13(2) Flowchart of timer data read

END
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00 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>='0’

Enable 1Hz output

NO

YET ¢

YES

NO

Read the timer data

(Note)
This period is within
0.5 second.

'

| exp |

/ALARM

2R

OO0 INTRTC

vy Interrupt routine

— 0.5 second —>

Read /ALARM="1"

The reason why read a timer of RTC after reading PORT in interrupt routine of /ALARM=1 is that carry of

RTC timer occurs with rising edge of pulse period of 1 Hz.
happening, right data (a timer value) can be read.

By reading timer during 0.5second after carry

Figuire3.11(3) Readout of the timer table used /ALARM output
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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 Resetting adivider

In RTC inside, there are 15-stage dividers, which generates 1Hz clock from 32,768KHz. Carry of atimer is not
done for one second when reset thisdivider. So writein data at thisinterval.

| sTART |

'

PAGER<PAO>="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 data write

91C820A-225



TOSHIBA TMP91C820A

O Disabling the timer

Carry of atimer is prohibited when write in '0' at 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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Explanation of the alarm function
Can use alarm function by setting of register of PAGEL and output either of three signal to/ALARM pin
asfollows.
(1) In accordance of alarm register and the timer, output '0'.
(2) Output clock of 1Hz.
(3) Output clock of 16Hz.

Resetting does not initialize RTC. So the case of using INTRTC, clear interrupt request flag
INTERCKEY <IRC> after reset.

(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, always accorded with value of atimer 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 always accord.

The contents, which set it up once, cannot be returned to don't care state in independence. Initialization
of alarm and resetting of alarm register are necessary.

Follows are example program at outputting alarm in noon (PM12: 00) every day

LD (PAGER), 09H ; Alarm disable, setting PAGE1
LD (RESTR), DOH ; 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<DISIHZ>='0", <DIS16HZ>="1". And RTC generates INTRC interrupt by faling edge of the
clock.

(3) When output clock of 16Hz

RTC outputs clock of 16Hz to /ALARM pin by setting 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  LCD controller (LCDC)

The TMP91C820A incorporates two types liquid crystal display driving circuit for controlling LCD Driver
LSI. Onecircuit handlesa RAM build-in type LCD driver that can store display datain the LCD driver itself,
and the other circuit handles ashift-register type LCD driver that must serially transfer the display datato LCD
driver for each display picture.

Shift-register type LCD driver control mode (SR mode)

Set the mode of operation, start address of source data save memory and LCD size to control register before
setting start register.

After set start register LCDC outputs bus release request to CPU and read data from source memory. After
that LCDC transmits data of volume of LCD sizeto external LCD driver through data bus. At thistime, control
signals connected L CD driver output specified waveform synchronizes with data transmission.

After finish data transmission, LCDC cancels the bus rel ease request and CPU will re-start.
Asthe DISPLAY RAM, SDRAM burst mode can be used in TMP91C820A.

RAM built-in type LCD driver control mode (RAM mode)
Datatransmission to LCD driver isexecuted by move instruction of CPU.
After setting mode of operation to control register, when movesinstruction of CPU is executed
L CDC outputs chip select signal to LCD driver connected to the outside from control pin
(D1BSCPetc.) . Therefore control of data transmission numbers corresponding to LCD size

is controlled by instruction of CPU.

This section isconstituted as follows.

3.14.1 Feature of LCDC of each mode

3.14.2 Block Diagram

3.14.3 SFR

3.14.4 Shift- register type LCD driver control mode (SR mode)
3.14.4.1 Operation
3.14.4.2 Gray-scale mode Indication
3.14.4.3 Memory mapping
3.14.4.4 Hardware cursor
3.14.4.5 Frame Signal Settlement
3.14.4.6 Timing Charts of Interpreting Memory Codes
3.14.4.7 Interface Examples at SR Mode
3.14.4.8 Sample Program

3.14.5 RAM built-in type LCD driver control mode (RAM mode)
3.14.5.1 Operation
3.14.5.2 Interface Examples at Internal RAM Mode
3.14.5.3 Sample Program
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3.141 Feature of LCDC of each mode

Each feature and operation of pinisasfollows.

table 3.14.1Feature of LCDC of each node

Shift- register type LCD driver RAM built-in type LCD driver
control mode control mode
Common(row):128,160,200,240,
The number of picture 320,400,480 Thereis not alimitation
elements can be handled | segment(column):128,160,240,
320,480,560,640
Receive data bus width 16bits fixed Depend on the setting of CS/'WAIT
Transfer data bus width 8hitsfixed Controller.
Transfer rate 55ns/iword at SDRAM/BURST
(at fepy =36[MHZ]) 111ns/1 word at SRAM
LCD Data i . . Exclusive Data bus for LCD;
Bus: Seztr?“neggzri\c/:e?mect with DI pin of Connect with DB pin of
(LD7to LDO) ) segment/common driver.
Bus State not used Bus State; Connect wit_h /WR pin of
segment/common driver.
Address 0; Connect with D/I pin of
. segment driver.
Addr(eAsg)Bus. not used When AO0=1 data bus value means
External dlsplay_ data, vyhen A0=0 data bus
pins . . means instruction data.
Shift Clock S.h'ft (]fl Ock pulstesc; ponneftcvgtz .SCP Chip enable for segment driver 1;
Pulse: pin of segment driver. 2 ANVer ! connect with /CE pin of segment
(D1BSCP) Iatch'es c_iata bus value by falling edge driver 1.
of thispin.
Latch pulses output; Connect with LP
L atch Pulse: pin of segment/common driver. | Chip enablt_efor segment driver 2;
(D2BLP) Display data is latched in output | Connect with /CE pin of segment
register in LCD driver by rising edge | driver 2.
of this pin.
Frame: LCD frame output; Connect with FR ggk&iﬂi;o;gggg?t(ﬁr;gﬁent
(D3BFR) pin of segment/common driver. driver 3
Cascade g?(s)ciade_: pulfses ou;p_ut, Coq_r;]ect W'.th Chip enable for common driver;
Pulse: pin of row driver. €€ PIN | Connect with /LE pin of common
(DLEBCD) qutputs 1 shot pulse by every D3BFR driver.
pin changes.
Display Off: | Display off output; Connect with /DSPOF terminal of segment/common
(/DOFF) driver.® L” meansdisplay off and“ H” means display on.
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3.14.2 Block Diagram

Selector
CPU address bus:
AOt023 External Data
p—), | MMU —[>—[| Bus AO to A23
ROW COLUMN External Data
INCREMENTOR INCREMENTOR <i £ Buspotopis
Internal clear
data bus < Gray scale
Control —

Cursor Control

'Y
System

Clock :fsys  —mmmp{lNNerSCH I -

generate

CPU BUSAK l COLUMN

OUTPUT )
Counter (9bit) COLUMN END

COLUMN Register ~ mmjp| CONVErter L g——pg Q= p BUSRQ

S
r
Internal <START> —

Data Bus

To Internal INT

Rising Edge
Lower Rate ( 9=do <
Clock :fs » Shift Register
TA30OUT i

_P<TA3LCDE> IncremJent(l4b|t)
LP  Output
ROW Register (mmpuuajpy LP Generate —&— cjrcyit {>*‘|:|External D2BLP

Internal
Data Bus = L_
BCD Generator ¢ {>—|:| External DLEBCD

v ROW
Counter

v

FP Register

DVM Registerl
DVM Register2

FR Generate | L |
‘ FR driver {>—‘|:| External D3BFR

e — |
FR driver  [¢ | |
y LCD Exclusive
v v Bus LDO to LD7
fsys —P| 2x 4x 8x clock > 30 Bytes FIFO >'_E|
divider SCP generator

|4| >_|:| D1BSCP

Figure 3.14.1 LCDC Block Diagram

(Note) : Row means common, and column means segment .
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3143 SFR
LCDMODE Register
7 6 5 4 3 2 1 0
LCDMODE] bit Symbol BAE AAE SCPW1 | SCPWO BUSRTW BULK | RAMTYPE  MODE
(04B0H) | Readmwrite | Rw RW RIW RIW RW RIW RIW RIW
After reset 0 0 1 0 0 0 0 0
Used by Used by i00:BaseSCP SDRAM Display Mode
B AREA A AREA 01: 2-clock Always BULK RAM Selection
Function O:Disable  0:Disable i10: 4-clock fixed to “0"  0: 64Mbit i 0: SRAM i0: RAM
1:Enable 1:Enable 11: 8-clock 1:128Mbit i 1: SDRAM i 1: SR
Notel: <BULK> is effective only if “1” is set to <KRAMTYPE> .
Note2: SCPWI[1:0] is introduced in sect. 3.14.4.6.
Divide FRM Register
7 6 5 4 3 2 1 0
LCDDVM | bit Symbol EMN7 FMNG6 EMN5 EMN4 FMN3 EMN2 EMN1 EMNO
(04B1H) Read/Write R/W
After Reset 0
Function Setting DVM bit7-0
LCD Size Setting Register
7 6 5 4 3 2 1 0
LCDSIZE |_bit Symbol com3 Ccom2 comi COoMO0 SEG3 SEG2 SEG1 SEGO
(04B2H) | peadivrite | R RIW RIW RIW RIW RIW RIW RIW
After Reset 0 0 0 0 0 0 0 0
Setting the LCD Common number for SR Mode  Setting the LCD Seament Number for SR Mode
0000 : 128 0101 : 400 0000 : 128 0101 : 480
) 0001 : 160 0110 : 480 0001 : 160 0110 : 560
Function
0010 : 200 0010 : 240 0111 : 640
0011 : 240 0011 : 320
0100 : 320 other : reserved 0100 : 400 other : reserved
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LCD Control Register

7 6 5 4 3 2 1 0
LCDCTL bit Symbol LCDON ALLO FRMON TEST FP9 MMULCD FP8 START
(04B3H) | Readwrite | RIW RIW RIW RIW RIW RIW RIW RIW
After 0 0 0 0 0 0 0 0
Reset
/DOFF Transfer Divided Always Setting | SPecify Setting Start
Pin data of LD FRmode “0” write bit9 for ';dlfjggss bit8 for Control in
bus fFP [9:0] i Driver with { fFP[9:0] SR Mode
Function |0:disp off O:normal  O: disable Built-in
ldispon LAldisplay 1:enable RAM 0:STOP
data ‘0’ Sequential 1:START
1: Random
|—> LCDC start/stop bit

0 [LCDC START

llicpbcsTop

Type select for Internal
RAM LCD Driver

0 |Sequential Access Type

1 [Random Access Type

P Divided Frame Mode

0 |Disable

1 | Enable

P All data of LD bus

0 | Normal
1[All“0”

(Note):This bit forces sending data to
LCD driver to “0” (data off) by writing
“pn

P |.CD Driver pin [DOFF
| O |DriverOFF _____ |
1 [Driver ON
(Note):This bit determines the
status of /DOFF pin
“0": IDOFF pin outputs “0”
“1": /IDOFF pin outputs “1”.
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LCD fFP Register
7 6 5 4 3 2 1 0
LCDFFP | bit Symbol FP7 EP6 FP5 EP4 EP3 EP2 EP1 EPO
(04B4H) Read/Write R/W
After Reset 0
Function Setting bit7-0 for f FP
LCD Gray Level Setting register
7 6 5 4 3 2 1 0
LCDGL | bit Symbol GRAY1 GRAY0
(04B5H) Read/Write R/W
After Reset 0 | 0
00: monochrome
Function 01: 4 levels
10: 8 levels
11: 16 levels
Table 3.14.2 LCD Start/End Address register
Start Address register End Address register
H M L H M L
(bit23-16) | (bit15-8) (bit7-0) 1 (bit23-16) [ (bit15-8) (bit7-0)
LSARAH LSARAM LEARAH LEARAM
A-area (04C1H) (04COH) (04C3H) (04C2H)
40H 00H 40H 00H
LSARBH LSARBM LEARBH LEARBM
B-area (04C5H) (04C4H) (04C7H) (04C6H)
40H 00H 40H 00H
LSARCH LSARCM LSARCL
C-area (04CAH) (04C9H) (04C8H)
40H 00H 00H

(note) All registers are available for R(Read)/W(Write) .
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LCD Cursor Setting Register
7 6 5 4 3 2 1 0
LCDCM bit Symb.ol CDE CCS CBE1 CBEO
(04B6H) Read/Write RW RW R/W R/W
After Reset 0 0 0 0
Cursor Cursor Cursor Blink interval
0:off Color (at XT1:32kHz)
) 1:on 0: White 00: Don't Blink
Function
1:Black 01:2Hz
10:1Hz
11:0.5Hz
(notel) : The function of cursor blink is effective only when low frequency oscillator is input.

(note2) :The function of cursor blink depends on the low frequency oscillator even if you use timer out*“TA30UT"” as LCDCK.

LCD Cursor Width Setting Register
7 6 5 4 3 2 1 0
LCDCW | bit Symbol CWw4 Ccws CW2 cwi CWo
(04B7H) | Read/write RIW RAW RIW RIW RIW
After reset 0 0 0 0 0
Cursor width ( size)
Function 00000: 1 dot (MIN)
11111: 32dots _(MAX)
LCD Cursor Height Setting Register
6 5 4 3 2 1 0
LCDCH bit Symbol CH4 CH3 CH2 CH1 CHO
(04B8H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function

Cursor height (Y size)
00000: 1 dot (MIN)
11111: 32dots__(MAX)
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LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPL | bit Symbol CAP 7 CAP 6 CAP5 CAP4 CAP 3 CAP 2 CAP 1 CAP O
(04BAH) | Read/Write RIW RIW RIW RIW RW RIW RIW RIW
After Reset 0 0 0 0 0 0 0 0
Function Setting bit7-0 for cursor start address
LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPM | bit Symbol CAP 15 CAP 14 CAP 13 CAP 12 CAP 11 CAP 10 CAP 9 CAP 8
(04BBH) | Read/Write R/W RIW R/W R/W RW R/W RIW RIW
After Reset 0 0 0 0 0 0 0 0
Function Setting bit15-8 for cursor start address
LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPH | bit Symbol CAP 23 CAP 22 CAP21 CAP 20 CAP 19 CAP 18 CAP17 | CAP16
(04BCH) | Read/rite R/W RIW R/W R/W RW RIW RIW RIW
After Reset 0 1 0 0 0 0 0 0
Eunction Setting bit21-16 for cursor start address
LCD Cursor Hot Paint pixel number (bit correction) Setting Register
7 6 5 4 3 2 1 0
LCDCP ] bit Symbol APB 3 APB 2 APB1 APB 0
(04B9H) Read/Write R/W
0

After Reset

Function

Setting bit3-0 of pixel for correction of Hot

Point
(for 1-dot correction)
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LCDCI1L,LCDC1H,LCDC2L,LCDC2H,LCDC3L,LCDC3H,LCDCAL,LCDC4H Register

7 6 5 4 3 2 1 0
bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
Read/Write Depend on the specification of external LCD driver
After reset Depend on the specification of external LCD driver

Function Depend on the specification of external LCD driver

These registers do not exist on TMP91C820A. These are image for instruction registers and display
registers of external RAM built-in sequential accesstype LCD driver.

Address as Table 3.14.3is assigned to these registers, and the following chip enable pin becomes active
when accesses corresponding address.

And, theareaof these addressisexternal area, so/RD,/WR terminal becomesactiveby external access.

Table 3.14.4 shows the address map in the case of controlling RAM built-in random accesstype LCD

driver.
The explanation part of MMU circuit also explains this. This setup is performed by LCDCTL
<MMULCD>.
Table 3.14.3 Memory mapping for built-in RAM sequential access type.
Register | Address Purpose Chip enable AO
Sequential access type terminal | terminal

LCDCIL OFEOH RAM built-in type Instruction D1BSCP 0
LCDCIH OFELH driver 1 Display data 1
LCDC2L OFE2H RAM built-in type Instruction D2BLP 0
LCDC2H QFE3H driver 2 Display data 1
LCDC3L OFE4H RAM built-in type Instruction D3BFR 0
LCDC3H OFE5H driver 3 Display data 1
LCDRIL OFE6H RAM built-in type Instruction DLEBCD 0
LCDR1H QFE7H driver 4 Display data 1
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notel.

note2:

Table 3.14.4 Memory mapping for built-in RAM random access type

Address Purpose Chip enable

Random access type terminal

3CO0000H RAM built-in type driver 1 D1BSCP

3CFFFFH

3D0000H RAM built-in type driver 2 D2BLP

3DFFFFH

3E0000H RAM built-in type driver 3 D3BFR

3EFFFFH

3FO000H RAM built-in type driver 4 DLEBCD

3FFFFFH

We call built-in RAM sequential access type LCD driver that use register to access to display-ram
without address.(Ex. T6B65A, T6C84 etc: mar/2000)

We call built-in RAM random access type LCD driver that is same method to access to
SRAM.(Ex.T6C23,T6K01 etc: mar/2000)
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3.14.4  Shift- register type LCD driver control mode (SR mode)

3.14.4.1 Operation
Set the mode of operation, start address of source data save memory, gray-scale level and LCD size to
control registers before setting start register.
After set start register LCDC outputs bus rel ease request to CPU and read data from source memory. After
that LCDC transmits data of volume of LCD size to external LCD driver through LD bus(LCD personal bus).
At this time, control signals (DIBSCP etc.) connected LCD driver output specified waveform synchronizes
with data transmission. After finish data transmission, LCDC cancels the bus release request and CPU will

re-start.

NOTE: SR mode LCDC, during data reading (during DMA operation), CPU is stopped by internal
BUSREQ signal. When using SR mode LCDC, programmer need to care the CPU stop time.
For detail, seethe Table 3.14.8.

91C820A-238



TOSHIBA

TMP91C820A

3.14.4.2

Gray-scale mode Indication

Monochrome, 4, 8and 16 Gray-scale mode can be selected by setting LCDGL<GRAY 1: 0>,
And when SDRAM mode, you can select the size of SDRAM by setting (LCDMODE)<BULK>.

TMPO1C820A redlize gray scale display by thinning out the frame . Gray scale control palette is

defined by 16bit resister (LGnL/H) shown in Table 3.14.5. Palette is selected according to the gray scale

level (monochrome,4,8,16gray) for use.(cf. Table 3.14.6). ON/OFF for dataof each level (i.e. each density ) can
modify by 16bit resister (LGnL/H). However each resister of palette hasainitial value, it is possible to adjust
finely which matchesto LCD driver you use and the characteristic of LCD panel.

Table 3.14.5 Gray scale control palette default setting

D3BFR

Level Code Density

Data setting register
(Address/ After reset)

bitO)

[any

N

w

N

()]

[e]

~

[oe]
©

=
o

[any
[N

=
N

=
w

[any
N

=
[¢)]

16/16

LGFH/L (04EF-E/FFFFH)

14/16

LGEH/L (04ED-C/FDFDH)

1316

LGDH/L (04EB-A/FDDDH)

12/16

LGCHI/L (04E9-8/DDDDH)

11/16

LGBH/L (04E7-6/DDD5H)

10/16

LGAH/L (04E5-4/D5D5H)

9/16

LG9H/L (04E3-2/D555H)

8/16

LG8H/L (04E1-0/AAAAH)

7/16

LG7H/L (04DF-E/8AAAH)

6/16

LG6H/L (04DD-C/8A8AH)

5/16

LG5H/L (04DB-A/8 88AH)

4/16

LG4H/L (04D9-8/8888H)

3/16

LG3H/L (04D7-6/8880H)

2/16

LG2H/L (04D5-4/8080H)

1/16

LG1H/L (04D3-2/8000H)

olrIvw|s|u|lolN|o|olP|m|o|lo|m| T

0/16

LGOH/L (04D1-0/0000H)

OloJo]o|oo]Jo]O|O|e|e|e|e|e e ]e

oOloJo]o|O|e]e]e|e|OJO]JO]|O]|O]O]e

oOloJo]o|oo]Jo]O|O|e|e|e|e|e e ]e

O|JojJojO)|e|e|eje|e |O]JO|OC|e|e e |e

OloJo]oJo|o]Jo]O|O|e|e|e|e|e e ]e

oOloJojo|ojojJo]e|e|OoJOo]O|O|O]|e]e

OloJo]oJo|o]Jo]O|O|e|e|e|e|e e ]e

OjCje e e e |eje|e|O|e|e |0 e e |

oOlojJojo|o|o]e]e|e|Oo]JO]JO|O]|O]O]e

OloJo]oJo|o]Jo]O|O|e|e|e|e|e e ]e

OloJo]oJo|o]Jo]O|O|e|e|e|e|e e ]e

O|JOojJOj|e|e|e|jeje|e OO |e|e|je e |e

OloJo]oJo|o]Jo]O|O|e|e|e|e|e e ]e

oOloJojoJojojJo]Oo|e|oJOo]O|O|e]|e]e

OloJo]o|oo]Jo]O|O|e|e|e|e|e e ]e

O|lejej|je e |eo|eojeo|eo oo |0 |0 oo |

e : Display On, o :

Display Off

Table 3.14.6 Gray scale control palette effective registers for each Gray-level

LGO|LG1|(LG2|LG3|LG4
LH{LH|LH]|LH]LH

LGS
L/H

LG6
LH

LG7
L/H

LG8
L/H

LG9
LH

LGA
L/H

LGB
L/H

LGC
LH

LGD
L/H

LGE
L/H

LGE
LH

16 Gray-leve

8 Gray-level

X ° X L]

X

X

X

X

X

4 Gray-eve

X X X L]

X

X

X

X

X

X

X

X

mono

x :don'tcare, e :effective.
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3.14.4.3 Memory mapping

TMP91C820A

TheLCDC can display the LCD panel imagewhichisdivided horizontally into 3 parts ; upper , middle
and lower. Each areacallsA , B and C areathat has some characteristics showing below.

Start/End address of each area in the physical memory space can be defined in the LCD Start/End
addressregisters( see Table 3.14.2). (C areacan be defined only start address.)

A and B areas are programmabl e visibility and they are set enable or not in LCDMODE register. When
A and B area are disable, the C areatake over all panel space.

When the size of A or B areais greater than LCD panel, the area of the panel isall C area because the
displaying priority isA >B > C. If the A areaset to enablewhilethe panel areaisdefined asall C area (that
iSA and B areaaredisable) , C areaisshifted to under the LCD panel and A areaisinserted fromthetop of
the LCD panel .Similarly if the B area s& to enable while the panel areaisdefined asall C area, B areais
inserted from the bottom of the C area overlapping .

Memory Map LCD PANEL
Image Reserved area for Horizonta pan of C area Image
* Display data cannot input closely when you
. Column address don't use the Pan function.
Logic Address |
L S~ a
400000H  valJA ares It I N X
Vertical pan ~‘+~\~_ =~
< T = . |[Aae ]Ya
B area D ~ -
Y 5 S - C area
i N -
Row . ~——
\ -
address v %+ \'\l’ IS - ¢
Carea i\ ~ S
~ ~
> ~
N ~
v e "< »” |Baea
o
> T
. o ~
Horizontal pan L P
N
X
600000H

Figure 3.14.2 Memory mapping from physical memory to LCD panel
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e Display memory mapping and Panning Function

L CDC can change the panel window if only you change each start address of A, B and C area. A and B areacan be
vertical panned by changing row address. While C area can be vertical and horizontal panned by changing row and
column address.

Animportant thing isthat display datafrom onelineto the next line, cannot beinput continuously evenif youdon’t
use the panning function. One Row address of display RAM correspondsto 1'st line of display panel. Now display
data of 2'nd line cannot be set within the 1’st row address of display RAM even if the necessary datafor the size you
want to display do not fill the capacity of 1'st row address of display RAM. Adding the one line to display panel is
equal to adding one address to row address of display RAM.

And another important thing is, this limitation is also for SRAM as display RAM without address multiplex When
you use SDRAM as display RAM, you can select the size for display RAM capacity of oneline. But in case of using
SRAM, display RAM capacity of onelineisfixed to 512bytes.

16bit Bus Width

> Memory area for display 1'st line
Reserved area for Vertical panning When using SRAM, this area

display 1I'st line is fixed to 512bytes.

Memory area for display 2'nd line
> When using SRAM, this area is

Reserved area for Vertical panning .
fixed to 512bytes.

display 2'nd line

Memory area for display 3 rd line
> When using SRAM, this area is

Reserved area for Vertical panning )
fixed to 512bytes.

display 3'rd line

/

Figure 3.14.3 Memory mapping image for SRAM as display RAM
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TMP91C820A can select four display scale ; monochrome, 4gray , 8gray and 16gray. With theintrinsic
property of gray levels, apixel is decoded in each gray level from different memory size.

A pixel is equal to a bit in memory for monochrome, while a pixel is equal to 2 bits in memory for
4-gray, 3 bitsfor 8-gray and 4 bits for 16-gray. Therefore when the 4gray mode , column addressin the
memory needs twice data capacity as large as dots that is displayed in the LCD panel actually showing
Figure 3.14.4. Placefor display data setting has some differences for each gray scale or sort of memory.

. ggmhm;e) [px0] pxt[px2] pxa] pxa [pxs [px6 [ px7 | px8 | pxo [ pxao] pxi] pxi2[px13]px14]pxis
Monochrome px0|px1 [px2 |px3 [px4 |px5 [px6 [px7
(o RAM Mode) [px0]pxt |p2 px3 |pxa pxs px6 a7 | |
O 4 Gray | px0 | px1 | px2 | px3 | px4 | px5 | pX6 | pX7
8 Gray [ x [ pa [ 2 [7] 3 [ ]
0 16 Gray | px0 | px1 [ px2 [ pX3 |
[ ] Don'tcare

Figure 3.14.4 Memory codes for each gray level in aread cycle (16 bits)

And “px’ in above Figure 3.14.4 corresponds to theimage of LCD panel as below (Figure 3.14.5).But
TMP91C820A outputs data of px0 from PE7(LD7), and data of px7 from PEO(LDO). Therefore PEO(L DO)
should be connected to the MSB of LCD driver (e.g.D17) according to LCD driver you use. Please note that the
way TMP91C820A outputs the data differs from LCD controller built in 900/L1 Series of TOSHIBA (e.g.
TMP91C815,TMP91C016, TMP91C025 etc.) .

LCD Panel | pxq px 1 px2 px3px4|px5]px6| px7[px8|pPxIPpx14px1px13px1Px14 px15
Segment
Driver
LD7 DI7 L
LD6 DI6 ®
LD5 DI5 o
LD4 DI4 o
LD3 DI3 ®
LD2 DI2 e
LD1 DI1 o
LDO DIO ®

Figure 3.14.5 Connection between LCD bus of TMP91C820A and data bus of LCDD

91C820A-242



TOSHIBA

TMP91C820A

31444 Hardware cursor
TMP91C820A has a cursor that is blinking interval, color and size can be specified, and maximum
sizeis32 32.

A programmer can control the cursor attributeseasily by filling those cursor registers, for examplecolor
(white/black) , blinking interval time, size and precise pixel location . Its space location is specified by
left-up hot point. (see the Figure 3.14.6)

The precise location of the hot point is determined by memory address (LCDCPH,M,L) and bit
correction number(LCDCP). For example, however 1 pixel for displaying needs 2 bits of setting data
under 4gray mode, you can correct the location of Hot Point every 1 bit by setting pixel number which
you want to move in the resister (LCDCP).

Cursor image is showed under the setting A,B,C area are enable , 4gray mode ,start address
=410004_hex and correction bit (LCDCP)=3_hex in the following figure.

Memory Map LCD Panel
Image Image
Logic Address
400000H | A area i [\‘~_‘__
{Row Address ‘"“~-~__~~~"~-\
i ~. Te~el_ |Aae
B area ! ~So ‘,"' C area Cursor|Width
: s ~ - T
| SUPELaN o
: 4"\\ N | — W\ @ Cursor height
Caea ' % S < -
410000H ’X/ hRN N < | Corectionbit:3 hex Hot Point
Column Address Cursor Start Address Iy .- Baem
410004H 1>
- ~
- ~
600000H
SDRAM Size |A23|A22|A21|A20|A19 |A18 |A17 |A16|A15 |A14|A13|A12|A]_1 lAlo A9 |A8 |A7 |A6 |A5|A4 |A3|A2|A1 AO|
<BULK>=1 <« > < >
<BULK>=0 <« >| < >
Row Address Column Address !
Cursor Start Address ianore

(Note) : If panning function is set to enable during hardware cursor displaying ,the cursor moves with the data

Figure 3.14.6 Cursor hot point position and size

in the memory. Because TMP91C820A sets the hardware cursor in the memory address .
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LCD Cursor Width Setting Register
7 6 5 4 3 2 1 0
LCDCW bit Symbol CW4 CW3 CW2 Cw1 CWO0
(04B7H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Cursor width ( size)
Function 00000: 1 dot (MIN)
11111: 32dots (MAX)
LCD Cursor Height Setting Register
7 6 5 4 3 2 1 0
LCDCH bit Symbol CH4 CH3 CH2 CH1 CHO
(04B8H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Cursor height (Y size)
Function 00000: 1 dot (MIN)
11111: 32dots (MAX)
LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPL | bit Symbol CAP7 CAP 6 CAP5 CAP 4 CAP 3 CAP?2 CAP 1 CAP 0
(04BAH) | read/Write R/W R/W R/W R/W RW R/W RW RIW
After Reset 0 0 0 0 0 0 0 0
Function Setting bit7-0 for cursor start address
LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPM | bit Symbol CAP 15 CAP 14 CAP 13 CAP 12 CAP 11 CAP 10 CAP 9 CAP 8
(04BBH) | Read/Write R/W R/W R/W R/W RW R/W R/W RIW
After Reset 0 0 0 0 0 0 0 0
Eunction Setting bit15-8 for cursor start address
LCD Cursor Start Address setting register
7 6 5 4 3 2 1 0
LCDCPH | bit Symbol CAP 23 CAP 22 CAP 21 CAP 20 CAP 19 CAP 18 CAP17 | CAP 16
(04BCH) | Rread/Write RIW RIW RIW RIW RW RIW RIW RIW
After Reset 0 1 0 0 0 0 0 0
Function Setting bit21-16 for cursor start address

TOSHIBA

TMP91C820A
LCD Cursor Setting Register
7 6 5 4 3 2 1 0
LCDCM bit Symt?ol CDE CCS CBE1 CBEO
(04B6H) Read/Write RW RW R/W R/W
After Reset 0 0 0 0
Cursor Cursor Cursor Blink interval
0:off Color (at XT1: 32kHz)
) l:on 0: White 00: Don't Blink
Function
1:Black 01:2Hz
10:1Hz
11:0.5Hz
(notel) : The function of cursor blink is effective only when low frequency oscillator is input.

(note2) :The function of cursor blink depends on the low frequency oscillator even if you use timer out“TA30UT” as LCDCK.
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LCD Cursor Hot Point pixel number (bit correction) Setting Register
7 6 5 4 3 2 1 0
LCDCP bit Symbol APB 3 APB 2 APB1 APB 0
(04B9H) | Read/write R/W
After Reset 0

Function

Setting bit3-0 of pixel for correction of Hot

Point
(for 1-dot correction)

In case of monochrome
(SRAM mode)

In case of monochrome
(SDRAM mode) and 4gray

In case of 8 and 16gray

0000: 0 Pixel correct
1111: 15 Pixels correct

x000: 0 Pixel correct
x001: 1 Pixel correct

x010: 2 Pixels corect

x011: 3 Pixels correct

xx00: 0 Pixel correct
xx01: 1 Pixel correct

x100: 4 Pixels correct
x101: 5 Pixels correct
x110: 6 Pixels correct
x111: 7 Pixels correct

xx10: 2 Pixels correct
xx11: 3 Pixels correct
X : don't care

Here, it is possible to correct the cursor per 1bit from the start address set before. Pixel number should be

adjusted in response to the gray mode setting showing above.

For example, When 4gray and 16bit BUS mode, correction should be less than 7 because the smallest pixel
is 8 pixelsthat can set by start address setting. Similarly correction pixel should be lessthan 15 at monochrome
mode, 3 at 8 or 16 gray mode.

(Ex.)When Monochrome mode, correction valueis (LCDCP)=011_hex,and cursor size=(8x8)

3bit move
%_\
Start Address 7|*E _)
(LCDCPH/MI/L) A
CURSOR
Hot Point
LCD Panel T[]
L1111 1T

Figure 3.14.7 Thelocation Hot Point by setting of pixel
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3.14.45

LCDCTL
(04B3H)

LCDFFP
(04B4H)

LCDDVM
(04B1H)

Frame Signal Settlement

TMP91C820A defines so-called frame period (refresh interval for LCD panel) by the value set in fFP[9:0] .

DLEBCD pin outputs pulse every frame period. DLEBFR pin usually outputs the signal inverts polarity every
frame period.

And TMP91C820A has a special function that can set the timing of inverting frame polarity irrelevant to
above frame frequency for the purpose of preventing the patches of display.

LCD Control Register

7 6 5 4 3 2 1 0
bit Symbol LCDON ALLO FRMON TEST FP9 MMULCD FP8 START
Read/Write R/W R/W RW R/W R/W RIW RW R/W
After 0 0 0 0 0 0 0 0
Reset
/DOFF Setting  All Divided Always Setting izgfgs Setting Start
Port column FR mode “0” write bit9 for Of LCD bit8 for Control in
Portsto 0 fFP [9:0] ' Driver with i fFP[9:0] SR Mode
Function |O0: disp off 0: normal 0: disable Built-in
l:dispon 1:Alldisplay 1: enable RAM 0:STOP
data ‘0’ 0: OFF 1:START
1: ON
LCD fFP Register
7 6 5 4 3 2 1 0
bit Symbol EP7 EP6 EP5 EP4 EP3 EP2 FP1 EPO
Read/Write R/W
After Reset 0
Function Setting bit7-0 for f FP
Divide FRM Register
7 6 5 4 3 2 1 0
bit Symbol EMN7 EMN6 EMNS5 EMN4 EMN3 EMN2 EMN1 EMNO
Read/Write R/W
After Reset 0
Function Setting DVM bit7-0
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(1) Settlerrent of Frame frequency function

Basic Frame period ; DLEBCD signal , is made according to the resister frp[9:0] setting mentioned before.
However this fp[9:0] setting is generally equal to common number , frame period can be corrected by
increasing fep[9:0] with ease. This function cannot correct frame frequency higher than that of Table 3.14.7. If
it isnecessary to set frame frequency higher or detailed , please refer to (3) Timer Out LCDCK .

The equation can calculate frame period .
Frame period = LCDCK / ( D x fep) [HZ] D: constant for each common(Table 3.14.7)

fep: setting of fep[9:0] resister
LCDCK: source clock of LCD
(low clock isusually selected )

Please select the value of frp [9:0] asthe frame period you want to set in the Table 3.14.7.

(Note) : Fease make the value set to fep [9:0] into the following range.

COM (common number) FR 1024

(EX.1) : In the case where frame period is set to 72.10Hz by 240coms.
frp =240(COM)+63 = 303 = 12FH ( by Table 3.14.7)
Therefore, LCDCTL<FP8> = 1and LCDFFP<FP7: 0> = 2FH are set up.

(2) Framelnvert Adjustment Function

This mode can prevent the deterioration of display (e.g. patches of display ).(*Notel) If N is set in
(LCDDVM) resister while this function is set to enable in resister (LCDCTL)(<FRMON> “1"), D3BFR pin
outputsthe signal inverted polarity every (D2BLP x N) timing.

If this function isn't necessary , D3BFR pin outputs the signal inverted polarity every frequency of
DLEBCD pin after setting this function disable ((LCDCTL)<FRMON>="0").

And it is no change wave and timing for DLEBCD pin by LCDDVM setting.

(Notel) : Effects of this function have some differences as the LCD driver or LCD panel you use actually.
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(3) Timer Out LCDCK

LCD source clock (LCDCK) can select low frequency (XT1,XT2 :32.768[KHz]) or timer out (TA30OUT)
outputs from internal TMRA23.

(EX.2) : Here indicates the method that frame period is set 70[Hz] by selecting TA30OUT for source clock of
LCD .(fc = 6[MHZz] , 128COM)

The next equation cal culates frame period.

Frame period =1/ (t p X frp) [HZ] t.p : The period of D2BLP
Source clock for LCDC defines as X T[Hz] and then thist_p represents
ttp=D/XT D : thevalueis 3 at 128COM

Therefore if you set the frame period at 70[Hz] under 128 COM,
XT=128x35x70
= 26880[Hz]
XT should be above value.

In order to make XT=26880[HZ under fc= 6[MHz]with¢ T1 of timer3,
1/XT=T3x2x8/fc [g T3: the value of timer resister (TA3REG)
inshort, XT="fc/(T3x2x8) [HZ]
However T3=(TA3REG) is 13.95 after calculate, it’s impossible to set the value under adecimal point.
Soif (TA3REG) isset ODH , XT = 28846[Hz]. And because of D=3,
Frame period = 28846 / (128 x 3)
= 75.12[HZ]
Further if fFP is 136(COM+8) with correction,
Frame period = 28846/ ( 136 x 3)
=70.70...[HZ]

(Reference) : To maintain quality for display , please refer to following value for each gray scale.

(You have to use settlement of frame frequency function , frame invert adjustment function and
timer out LCDCK )

Monochrome : Frame period =70[HZ]
4/8/16 gray : Frame period = 140[HZ]
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Frame period=78.02Hz (@<FP8:0>=120)

< >

D3BFR i |
DLEBCD ]'—| |diSp|ay time for 1 picture (120com)|

1 2 3 120 1 2 3 nZO

D2BLP [ T - I e
D1BSCP I I. IIII IF

1

i) R 1 2 3 :
LD7-LDO _‘_.._._ —60—0 00 —0——

H i A i H

P i

i Data transmission

(240seg=30 byte) of
volume of 1com

Figure 3.14.8 Timing diagram for SR mode

D3BFR : £4 t| p : LP period

N

DLEBCD J : —|
B t STOP:stop time t opr: CPU operating time*
| N

o
»

-
L

D2BLP : B o |
: tLPH=0.5XT :
| : —>
BUSRQ(internal) : tscp=2state |
—>

D1BSCP ]——|
EmEpiE l]_—] ]_|
LD7-LDO —_ ¢E ‘ (Note) XT=1/32768 [sec]

1state=1/f svs[sec]

Figure 3.14.9 Timing diagram for SR mode (detail)

D3BFR waveform (in case of 240-row+63 (FFP) and LCDDVM<FMN7:0>=0B_hex)

D2BLP waveform
LP1 LP2 LP3 LP1I0 LPI11 LP301 _LP302_LP303 LP304

D3BFR waveform

Divided frame disable [

Divided frame enable 1 _______________ J L

Figure 3.14.10 D2BLP and D3BFR waveform
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Table 3.14.7 frp table for each common number.(1/ 2)

D 2.5 2 1.5 1.5 1
COM 128 160 200 240 320 400 480
COM+0 85.33 | 81.92 | 81.92 | 91.02 | 68.27 | 81.92 | 68.27
COM+1 84.67 | 81.41 | 81.51 | 90.64 | 68.05 | 81.72 | 68.12
COM+2 84.02 | 80.91 | 81.11 | 90.27 | 67.84 | 81.51 | 67.98
COM+3 83.38 | 80.41 | 80.71 | 89.90 | 67.63 | 81.31 | 67.84
COM+4 82.75 | 79.92 | 80.31 | 89.53 | 67.42 | 81.11 | 67.70
COM+5 82.13 | 79.44 | 79.92 | 89.16 | 67.22 | 80.91 | 67.56
COM+6 81.51 | 78.96 | 79.53 | 88.80 | 67.01 | 80.71 | 67.42
COM+7 80.91 | 78.49 | 79.15 | 88.44 | 66.81 | 80.51 | 67.29
COM+8 80.31 | 78.02 | 78.77 | 88.09 | 66.60 | 80.31 | 67.15
COM+9 79.73 | 77.56 | 78.39 | 87.73 | 66.40 | 80.12 | 67.01
COM+10 79.15 | 77.10 | 78.02 | 87.38 | 66.20 | 79.92 | 66.87
COM+11 78.58 | 76.65 | 77.65 | 87.03 | 66.00 | 79.73 | 66.74
COM+12 78.02 | 76.20 | 77.28 | 86.69 | 65.80 | 79.53 | 66.60
COM+13 77.47 | 75.76 | 76.92 | 86.35 | 65.60 | 79.34 | 66.47
COM+14 76.92 | 75.33 | 76.56 | 86.01 | 65.41 | 79.15 | 66.33
COM+15 76.38 | 74.90 | 76.20 | 85.67 | 65.21 | 78.96 | 66.20
COM+16 75.85 | 74.47 | 75.85 | 85.33 | 65.02 | 78.77 | 66.06
COM+17 75.33 | 74.05 | 75.50 | 85.00 | 64.82 | 78.58 | 65.93
COM+18 74.81 | 73.64 | 75.16 | 84.67 | 64.63 | 78.39 | 65.80
COM+19 74.30 | 73.22 | 74.81 | 84.34 | 64.44 | 78.21 | 65.67
COM+20 73.80 | 72.82 | 74.47 | 84.02 | 64.25 | 78.02 | 65.54
COM+21 73.31 | 72.42 | 74.14 | 83.70 | 64.06 | 77.83 | 65.41
COM+22 72.82 | 72.02 | 73.80 | 83.38 | 63.88 | 77.65 | 65.27
COM+23 72.34 | 71.62 | 73.47 | 83.06 | 63.69 | 77.47 | 65.15
COM+24 71.86 | 71.23 | 73.14 | 82.75 | 63.50 | 77.28 | 65.02
COM+25 71.39 | 70.85 | 72.82 | 82.44 | 63.32 | 77.10 | 64.89
COM+26 70.93 | 70.47 | 72.50 | 82.13 | 63.14 | 76.92 | 64.76
COM+27 70.47 | 70.09 | 72.18 | 81.82 | 62.95 | 76.74 | 64.63
COM+28 70.02 | 69.72 | 71.86 | 81.51 | 62.77 | 76.56 | 64.50
COM+29 69.57 | 69.35 | 71.55 | 81.21 | 62.59 | 76.38 | 64.38
COM+30 69.13 | 68.99 | 71.23 | 80.91 | 62.42 | 76.20 | 64.25
COM+31 68.70 | 68.62 | 70.93 | 80.61 | 62.24 | 76.03 | 64.13
COM+32 68.27 | 68.27 | 70.62 | 80.31 | 62.06 | 75.85 | 64.00
COM+33 67.84 | 67.91 | 70.32 | 80.02 | 61.88 | 75.68 | 63.88
COM+34 67.42 | 67.56 | 70.02 79.73 | 61.71 | 75.50 | 63.75
COM+35 67.01 | 67.22 | 69.72 79.44 | 61.54 | 75.33 | 63.63
COM+36 66.60 | 66.87 | 69.42 79.15 | 61.36 | 75.16 | 63.50
COM+37 66.20 | 66.53 | 69.13 78.86 | 61.19 | 74.98 | 63.38
COM+38 65.80 | 66.20 | 68.84 78.58 | 61.02 | 74.81 | 63.26
COM+39 65.41 | 65.87 | 68.55 78.30 | 60.85 | 74.64 | 63.14
COM+40 65.02 | 65.54 | 68.27 78.02 | 60.68 | 74.47 | 63.02
COM+41 64.63 | 65.21 | 67.98 77.74 | 60.51 | 74.30 | 62.89
COM+42 64.25 | 64.89 | 67.70 77.47 | 60.35 | 74.14 | 62.77
COM+43 63.88 | 64.57 | 67.42 77.19 | 60.18 | 73.97 | 62.65
COM+44 63.50 | 64.25 | 67.15 76.92 | 60.01 | 73.80 | 62.53
COM+45 63.14 | 63.94 | 66.87 76.65 | 59.85 | 73.64 | 62.42
COM+46 62.77 | 63.63 | 66.60 76.38 | 59.69 | 73.47 | 62.30
COM+47 62.42 | 63.32 | 66.33 76.12 | 59.52 | 73.31 | 62.18
COM+48 62.06 | 63.02 | 66.06 75.85 | 59.36 | 73.14 | 62.06
COM+49 61.71 | 62.71 | 65.80 75.59 [ 59.20 | 72.98 | 61.94
COM+50 61.36 | 62.42 | 65.54 75.33 | 59.04 | 72.82 | 61.83
COM+51 61.02 | 62.12 | 65.27 75.07 | 58.88 | 72.66 | 61.71
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D 2.5 1.5 1.5
COM 128 160 200 240 320 400 480
COM+52 60.68 61.83 65.02 74.81 58.72 72.50 61.59
COM+53 60.35 61.54 64.76 74.56 58.57 72.34 61.48
COM+54 60.01 61.25 64.50 74.30 58.41 72.18 61.36
COM+55 59.69 60.96 64.25 74.05 58.25 72.02 61.25
COM+56 59.36 60.68 64.00 73.80 58.10 71.86 61.13
COM+57 59.04 60.40 63.75 73.55 57.95 71.70 61.02
COM+58 58.72 60.12 63.50 73.31 57.79 71.55 60.91
COM+59 58.41 59.85 63.26 73.06 57.64 71.39 60.79
COM+60 58.10 59.58 63.02 72.82 57.49 71.23 60.68
COM+61 57.79 59.31 62.77 72.58 57.34 71.08 60.57
COM+62 57.49 59.04 62.53 72.34 57.19 70.93 60.46
COM+63 57.19 58.78 62.30 72.10 57.04 70.77 60.35
COM+64 56.89 58.51 62.06 71.86 56.89 70.62 60.24
COM+65 56.59 58.25 61.83 71.62 56.74 70.47 60.12
COM+66 56.30 58.00 61.59 71.39 56.59 70.32 60.01
COM+67 56.01 57.74 61.36 71.16 56.45 70.17 59.90
COM+68 55.73 57.49 61.13 70.93 56.30 70.02 59.80
COM+69 55.45 57.24 60.91 70.70 56.16 69.87 59.69
COM+70 55.16 56.99 60.68 70.47 56.01 69.72 59.58
COM+71 54.89 56.74 60.46 70.24 55.87 69.57 59.47
COM+72 54.61 56.50 60.24 70.02 55.73 69.42 59.36
COM+73 54.34 56.25 60.01 69.79 55.59 69.28 59.25
COM+74 54.07 56.01 59.80 69.57 55.45 69.13 59.15
COM+75 53.81 55.78 59.58 69.35 55.30 68.99 59.04
COM+76 53.54 55.54 59.36 69.13 55.16 68.84 58.94
COM+77 53.28 55.30 59.15 68.91 55.03 68.70 58.83
COM+78 53.02 55.07 58.94 68.70 54 .89 68.55 58.72
COM+79 52.77 54.84 58.72 68.48 54 .75 68.41 58.62
COM+80 52.51 54.61 58.51 68.27 54 .61 68.27 58.51

(note) : The abovevalueisat fs=32[kHz].
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Table 3.14.8Performance listing for each segment and common nunber
64Mbit SORAM/BURST 4GRAY
COM 128 160 200 240 320 400 480

D 3 25 2 15 15 1 1 Unit

SEG tip 91.6 76.3 61.0 45.8 45.8 30.5 30.5 us

128 tsrop 13 13 13 13 13 13 13 us
rate 14 17 22 29 29 43 43

160 tsrop 16 16 16 16 1.6 1.6 1.6 us
rate 17 21 27 35 35 53 53

240 tsrop 21 21 21 21 21 21 21 us
rate 2.3 2.8 35 4.6 4.6 6.9 6.9

320 tsop 26 26 26 26 26 26 26 usS
rate 29 34 43 57 57 83 83

400 tsrop 32 32 32 32 32 32 32 us
rate 35 42 53 70 70 10.5 10.5

480 tsrop 37 37 37 37 37 37 37 us
rate 4.1 49 6.1 8.1 8.1 12.2 12.2

560 tsrop 43 43 43 43 43 43 43 us
rate 47 5.7 7.1 94 94 14.1 14.1

640 tsrop 48 48 48 48 48 48 48 us
rate 53 6.3 79 10.5 10.5 15.8 15.8

64Mbit SDRAM/BURST 8GRAY / 16GRAY

COM 128 160 200 240 320 400 480

D 3 25 2 15 15 1 1 Unit

SEG tip 91.6 76.3 61.0 45.8 45.8 30.5 30.5 us

128 tsrop 22 22 22 22 22 22 22 us
rate 25 29 37 49 49 7.3 7.3

160 tsop 26 26 26 26 26 26 26 us
rate 2.9 35 43 57 57 8.3 8.3

240 tsrop 37 37 37 37 37 37 37 us
rate 41 49 6.1 81 81 12.2 12.2

320 tsrop 48 48 48 48 48 48 48 uS
rate 53 6.3 7.9 10.5 10.5 15.8 15.8

400 tsrop 5.8 5.8 58 5.8 5.8 58 58 us
rate 6.4 7.7 9.6 12.7 12.7 19.1 19.1

480 tsrop 6.9 6.9 6.9 6.9 6.9 6.9 6.9 usS
rate 7.6 91 11.4 15.1 15.1 22.7 22.7

560 tsrop 8.0 8.0 8.0 8.0 8.0 8.0 8.0 us
rate 8.8 10.5 13.2 175 17.5 26.3 26.3

640 tsrop 91 91 9.1 91 91 9.1 9.1 us
rate 10.0 12.0 15.0 20.0 20.0 30.0 30.0
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SRAM  MONOCHROME
COM 128 160 200 240 320 400 480
D 3 2.5 2 15 15 1 1 Unit
SEG tip 91.6 76.3 61.0 45.8 45.8 30.5 30.5 uS
128 tsrop 0.9 0.9 0.9 0.9 0.9 0.9 0.9 uS
rate 0.99 12 15 20 20 3.0 3.0
160 tsrop 11 11 11 11 11 11 11 uS
rate 12 15 19 25 25 3.7 3.7
240 tsrop 17 17 17 17 17 17 17 uS
rate 19 2.3 2.8 3.8 38 5.6 5.6
320 tstop 2.2 22 2.2 2.2 2.2 2.2 2.2 uS
rate 25 29 3.7 4.9 4.9 7.3 7.3
400 tsrop 2.8 2.8 2.8 2.8 2.8 2.8 2.8 uS
rate 31 3.7 4.6 6.2 6.2 9.2 9.2
480 tsrop 3.3 3.3 3.3 3.3 3.3 3.3 33 uS
rate 3.7 44 5.5 7.3 7.3 10.9 10.9
560 tsrop 3.9 3.9 3.9 3.9 39 3.9 39 uS
rate 4.3 5.2 6.4 8.6 8.6 12.8 12.8
640 tstop 4.4 4.4 4.4 4.4 4.4 4.4 4.4 uS
rate 4.9 58 7.3 9.7 9.7 14.5 14.5
SRAM 4GRAY
COM 128 160 200 240 320 400 480
D 3 25 2 15 15 1 1 Unit
SEG tp 91.6 76.3 61.0 45.8 45.8 30.5 30.5 uS
128 tsrop 18 18 18 18 18 18 1.8 uS
rate 2.0 24 3.0 4.0 4.0 6.0 6.0
160 tsrop 2.2 2.2 2.2 2.2 2.2 2.2 2.2 uS
rate 25 29 3.7 49 49 7.3 7.3
240 tsrop 3.3 3.3 3.3 3.3 3.3 3.3 3.3 uS
rate 3.7 44 55 7.3 7.3 10.9 10.9
320 tsrop 44 44 44 44 44 44 4.4 uS
rate 49 5.8 7.3 9.7 9.7 14.5 14.5
400 tsrop 55 55 55 55 55 55 55 uS
rate 6.1 7.3 9.1 12.1 12.1 18.1 18.1
480 tsrop 6.6 6.6 6.6 6.6 6.6 6.6 6.6 uS
rate 7.3 8.7 10.9 14.5 14.5 21.7 21.7
560 tsrop 7.7 7.7 7.7 7.7 7.7 7.7 7.7 uS
rate 85 10.1 12.7 16.9 16.9 25.3 25.3
640 tsrop 8.8 8.8 8.8 8.8 8.8 8.8 8.8 uS
rate 9.7 11.6 14.5 19.3 19.3 28.9 28.9
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SRAM 8GRAY/16GRAY
COM 128 160 200 240 320 400 480
D 3 25 2 15 15 1 1 Unit
SEG tp 91.6 76.3 61.0 45.8 45.8 30.5 30.5 uS
128 tsrop 36 36 36 36 36 36 36 uS
rate 40 438 6.0 7.9 7.9 11.9 110.9
160 tsrop 44 44 44 44 44 44 4.4 uS
rate 49 538 7.3 9.7 9.7 14.5 14.5
240 tsrop 6.6 6.6 6.6 6.6 6.6 6.6 6.6 uS
rate 7.3 8.7 10.9 14.5 14.5 21.7 21.7
320 tsrop 8.8 8.8 8.8 8.8 8.8 8.8 8.8 uS
rate 9.7 11.6 14.5 19.3 19.3 28.9 28.9
400 tsrop 11.0 11.0 11.0 11.0 11.0 11.0 11.0 uS
rate 12.1 145 18.1 24.1 24.1 36.1 36.1
480 tsre 13.2 13.2 13.2 13.2 13.2 13.2 13.2 uS
rate 14.5 174 21.7 28.9 28.9 43.3 43.3
560 tsrop 15.4 15.4 15.4 15.4 15.4 15.4 15.4 us
rate 16.9 20.2 25.3 33.7 33.7 50.1 50.1
640 tsrop 17.6 17.6 17.6 17.6 17.6 17.6 17.6 uS
rate 19.3 23.1 28.9 38.5 38.5 57.8 57.8
over 50%
3.14.9 Possible panel size of panning
64Mbit SDRAM/BURST
horizontal SEG | 128 160 | 240 320 | 400 | 480 560 640
MONOCHROME 160 | 12.8 85 6.2 5.1 43 37 32 panels
4GRAY 16.0 12.8 85 6.4 51 43 37 32 panels
8GRAY 80 6.4 43 32 2.6 21 18 16 panels
16GRAY 8.0 6.4 43 32 2.6 21 18 16 panels
vertical COM 128 160 200 240 320 400 480
320 | 256 | 205 | 171 | 128 | 10.2 85 panels
128Mbit SDRAM/BURST
horizontal SEG | 128 160 240 [ 320 | 400 | 480 560 640
MONOCHROME 320 | 256 | 171 | 128 | 10.2 85 7.3 6.4 panels
4GRAY 320 | 256 | 17.1 | 128 | 10.2 85 7.3 6.4 panels
8GRAY 16.0 [ 12.8 8.5 6.4 51 4.3 3.7 3.2 panels
16GRAY 160 | 12.8 85 6.4 5.1 43 37 32 panels
vertical COM | 128 160 200 [ 240 | 320 | 400 480
320 | 256 | 205 | 171 | 128 | 102 | 85 panels
SRAM
horizontal SEG | 128 160 | 240 320 | 400 | 480 560 640
MONOCHROME 320 | 256 | 171 | 128 | 102 | 85 73 6.4 panels
4GRAY 16.0 12.8 85 6.4 5.1 4.3 3.7 3.2 panels
8GRAY 8.0 6.4 4.3 32 2.6 21 18 16 panels
16GRAY 8.0 6.4 4.3 3.2 2.6 2.1 18 16 panels
COoM [ 128 160 | 200 240 | 320 | 400 | 480
vertical 320 | 256 | 205 | 171 | 128 | 102 | 85 panels
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NOTE1l Thevalueof theTable 3.14.8 isat frpy = 36[MHZ].
NOTE2 CPU stop time ; tstop inthe Figure 3.14.11 is the time which CPU reads the memory of
transferring with O WAIT.
NOTE3 Thefollowing equation can calculatet, p listed below.
t.p =D/ 32768 [sec]
ex If therow is240 and D = 1.5 by the above table
tp = 1.5/ 32768 = 45.8 [us]

D3BFR pin | |—
DLEBCD pin ] | ]

120

T | | T T (A O T I
DIBSCP pin _L% _ il nn
D7-DO pin _i_'_‘_ —000 0

1) ol
—_— e

4

BUS occupation

fime of CPU tgrop BUS occupation rate of CPU = tgrop / tip

Figure 3.14.11 Stop time and BUS occupation rate of CPU
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3.14.4.6

Timing Charts of Interpreting Memory Codes

TMP91C820A  supports different memory accessing. They are SRAM with waits, SDRAM burst modes,
and the size of SDRAM is64 or 128Mbits. The accesssignals for the LCD panel are shownin Figure
3.14.12. Tocatch low speed LCD drivers, 3typesof SCP rates(fsys/2 ,fsys/ 4, and fsys/8) can be selected.
The output data (LD7-LDO0) will be issued from thebuilt-in FIFO at therising edge of DIBSCP when the
FIFO is no-empty. Thework of the FIFO isillustrated in Figure 3.14.13, where the buffer size 80 bytes.
The FIFO latches BaseLD7-LDOsigna at thefalling edge of BaseSCP whichisshowninFigure 3.14.14
and Figure 3.14.15 for SRAM and SDRAM maodes respectively. The FIFO isaways reset to the empty state
by the rising edge of D2BLP. In Base SCP mode (i.e. for SCPW1,0 =00), D1BCPisequal to BaseSCP,
LD7-LDO0 equal to BaseLD7-LDO0 and no FIFO used. Generally , the datainput rate of FIFO should be greater
than the output one.

To make FIFO work correctly, thefollowing condition haveto be satisfied by setting SFR properly.

(SegNum/8+1)x tcw + 24x tppy
Here, SegNum is the Segment Number, and tcw D1BSCP Clock cycle width.

tLp- tipn

Referring Figure 3.14.16,

we can know this relation means that the last LD7-L DO data must be generated before the rising edge of
D2BLP.

For example, in case of frpy=36MHz, X T=32kHz, 4 gray, 240 com, 640 seg, and SDRAM burst mode, the
following table can be obtained, which tells user that 8 clock mode isimpossible and base,2,4 clock modes
can be used.

SCPW

D1BSCP Rate (MHz)

tcw (ns)

(SegNum/8+1)xtcw
+24Xtep(NS)

tLe- tpn (NS)

Judgment

Base

18

55.6

5166.1

31250

OK

2dk

9

111.2

9674.4

31250

OK

4dk

4.5

2224

18681.6

31250

OK

8dk

2.25

444.8

36696

31250

NG

(note)

: The speed of BaseSCP mode is equal to 2clk mode in the 8/16GRAY mode.

s (UUUyuuuyuuyuL

D1BSCP

I O

LD7-LDO O@T-1 ar >< OUT+1>< OUT+2 OUT+3 >< OUT+4>

D1BSCP

LD7-LDO

D1BSCP —I—

LD7-LDO

} SCP 2-clock

SCP 4-clock
OUT+1 >}

} SCP 8-clock
ouTt

Figure 3.14.12 Timing diagram for the LCD panel access signals
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BaseSCP >

BaselLD7-LDO > 80 bytes @ ouT
e

fsys > fsys/2,fsys/4, fsys/8 L > —» D1BSCP

» | D7-LDO

D2BLP >

Note: D1BCP=BaseSCP and LD7-LD0=BaseLD7-LDO in Base SCP mode (i.e. for SCPW[1:0] =00)

Figure 3.14.13 Timing diagram for FIFO
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Internal System Clock
(fsvs) I_L
SRAM O-wait A23 A0 X

Mode RD

A=
o
=
.
’_I

D15 DO

) ) () (o)
|

BaseSCP

BaseLD7 LDO

Base BaseSCP
SCP

BaseLD7 LDO

=y AT=NOr=

BaseSCP

\ BaseLD7 LDO

Figure 3.14.14 Timing diagram for SRAM mode with base SCP

SDRAM BURST i
AN (5 s i sl ainiainintainl
A23 A0 @z’]&@ Column
IRD i
015 o | | £ 0 N G2 ) 0 0 ) (0

4 LML
BaseSCP
ase }Monochrome

Ol OuUT+ OUT+2X OUT+3, OUT+4\ OUT+
BaselLD7 LDO .

4Gray

SCP

ouT | ouT+ ouT+X oUT+3{ OUT+4 OUT+EK OUT+

BaseLD7 LDO

BaseSCP |_| |_| |_| }
8/16Gray
\BaseLD7 LDO < out >< ouT+1 X ou7+z>

Figure 3.14.15 Timing diagram for SDRAM BURST mode with base SCP
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SDRAM BURST

L-clockMode foys U UYL
A23 A0 @27 Hou dotum
/RD
oo | 1l | | chehEb @@
BasesCP JERRENRNRERERE
Monochrome
BaseLD7-LDO \ﬂ/
tcw

D1BSCP I_I _I _|
< our >< our >< ouT+1>

LD7-LDO
<+—>
IT_bufdly
D2BLP —
T_basdly (SegNum/8)x tcw+ T_bufdly
< i< >
tLpH
tip <>
¢ »
Note 1. ateen Thufdly tc + 2tren
2. Thbasdly is about 11 times as long as fsvs period (22 teen) .

Figure 3.14.16 Timing diagram for maximum FIFO delay time .
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3.14.4.7 Interface Examples at SR Mode

T6C13B
91C820A (240-row driver selection)
vDbD —»vDD 0001 COMOOL
VSS H
DIR :
vVSs TEST . 240COMx 240SEG
Di7 to Di0 =
DUAL : LCD
scp H
s/C .
VCCLI/R, VOL/R, H
VIL/R, VAL/R, E = Q
V5L/R : 2 8
n 0240 com240 I w
N o 8
Q0 g4
Lw O Y
H 2 asssssssmmssEmEnEs
= *¢ A A T T
DLEBCD
D1BSCP »scp g Q
D2BLP 4—» LP e o
D3BFR L g d )
/DOFF —@ » | /DspoF
LDO to LD7 » D17 to DIO L=
ElO1 S >
open €] EIO2 a whk 2 Eﬂ_f;gg
e 9 33 8% ®
A > 0 |=a] > >

VSS VDD

l
%

T6C13B
(240-column driver selection)

(Notel) : Display memory should be 16bit bus.
(Note2) : Other circuit is necessary for LCD drive power supply for LCD driver display.

Figure 3.14.17 Interface example for shift register type LCD driver

Note Because the connection between the line of display RAM data and output bus:LDO:7 is just the
mirror reverse, please care of connection. The data LSB of display RAM is output from LD7. In
the above figure , LDO should be connected to DI7 of LCD driver , and LD1 to DI6 .
For detail information, please refer to Figure 3.14.5.
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Cursor Blink (Black. 2Hz)
20dot

(_L\
20dot £ 1)

~ 60dot

>~ 60dot

> 240com(dot)

~ 60dot

60dot

—
240sea(dot)

Figure 3.14.18 Display reference below sample program
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3.14.4.8

Sample Program

e Setting example:
In case of use 240SEG x 240COM , 4-level gray scale display, 64Mbit SDRAM.
This sample program operate correctly, LCD panel showsFigure 3.14.18 display.

;***** SDRAM SET *kkk*k

Id
Id

(sdacr),2bh
(sdrcr),01h

;***** GLCDC SET *kkkk*k

loopl:

loop2:

loop3:

Id (Icdmode),17h

Id (Ilcddvm),11

Id (Icdsize),32h

Id (Icdctl), 20h

Id (Icdffp),240

Id (Icdgl),01h

Id (Icdem),0Oclh

Id (Icdew),19

Id (Icdch),19

Id (Icdcp),00h

Id (Icdcpt), 00N

Id (Icdcpm),00h

Id (Icdeph),40h

Id (Isarch),40h

Id (Isarcm),00h

Id (Isarcl),00n
jRxx% /4 datawrite 60 ROW *****

Id Xix,400000h

Id wa,0000h

Id (xix),wa

inc 2,Xix

cp Xix,407800h

jr nz,loopl
jRxxk DA datawrite 60 ROW *****

Id Xix,407800h

Id wa,05555h

Id (xix),wa

inc 2,Xix

cp Xix,40F000h

jr nz,loop2
jexxx% 34 datawrite 60 ROW *****

Id Xix,40F000h

Id wa,0aaaah

Id (xix),wa

inc 2,Xix

cp Xix,416800h

jr nz,loop3

JRrxxx 414 datawrite 60 ROW *****

Id

XiX,416800h

; Add-MUX Enable, 64M bit select
; interval refresh

;A/B area off, SDRAM 64Mbit, SR-type
;SCP width 2-clock

;11-count DVM set
;COM=240,SEG=240

;divide frame ON, display-off
;frame frequency correction (91Hz)
;4-level gray

;Cursor ON, Black, 2Hz blink
;Width = 20 dot

;Height = 20 dot

;Pixel =0

;Cursor position

;Cursor Address

;Cursor Address

;C_areastart address

;C_areastart address

;C_areastart address

;write data O-level data (E(I)OOOOOOOOOOOOOOb)

;400000h-407800h:60 ROW(dot)

;write data 1-level data q0_|101010101010101b)

;407800h-40F000h:60 ROW/(dot)

;write data 2-level data (1|_(|)10101010101010b)
;40F000h -416800h:60 ROW/(dot)
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Id wa, Offffh ;write data 3-level data(u11111111111111h)
loop4: Id (xix),wa

inc 2,Xix ;

cp XiX,41e000h ;416800h-41e000h:60 ROW(dot)

jr nz,loop4
;¥r*xx A level gray palette pattern set *****

Id (Ig0t),00h ;0/4 gray scale palette 0000b

Id (lg1l),05h ;2/4 gray scale palette 0101b

Id (Ig2l),0eh ;3/4 gray scale palette 1110b

Id (1g31),0th ;4/4 gray scale palette 1111b
jexxxx DMA, DISPLAY-ON start *****

Id (Icdctl),0alh ;Display on, divide on
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3145 RAM huilt-in type LCD driver control mode (RAM mode)

31451 Operation

Data transmission to LCD driver is executed by move instruction of CPU.

After setting mode of operationto control register, when moveinstruction of CPU isexecuted LCDC outputs
chip select signal to LCD driver connected to the outside from control pin (D1BSCP etc.). Therefore control of
datatransmission numberscorrespondingto L CD sizeiscontrolled by instruction of CPU. Thereare 2 kinds of
address of LCD driver in this case, and which is chosen determines by LCDCTL <MMULCD> register.

It corresponds to LCD driver which has every 1 byte of instruction register and display dataregister in LCD
driver at the time of <MMULCD> ="0." Please make the transmission place address at thistime into either of
FEOH-FE7F. (SEQUENTIAL ACCESSTYPE: seethe Table 3.14.3)

It corresponds to address direct writing type LCD driver at the time of <MMULCD> ="1."

The transmission place address at this time can also assign the memory area of 3CO000H - 3FFFFF to four
areafor every 64 K bytes. (RANDOM ACCESSTY PE: seethe Table 3.14.4)

[Write Cycle] [Read Cycle]

System clock : f SYS —l ‘

sor k) 1
S SR X X
D1BSCP,D2BLP, L
D3BFR,DLEBCD T\ / T\ [
57 1o DO e Dot Y m

Figure 3.14.19 Example of accesstiming for RAM built-in type LCD driver (Wait=0)
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3.145.2 Interface Examples at Internal RAM Mode
T6B66A _
91C820A (65-row driver)
vbp —»{vDD COM001 -
vss ——pfvss : 65COMx 80SEG
: LCD
—»Jviciviee, :
VLC3,VLC4, H
VLC5 E
1w COMO65 COMO065 g 2
28 3 3
o
428 £ & &
AA A T
DLEBCD
D1BSCP »l/ce g 2
JWR *— ¥ /wr o ®
A0 d [ ® %
/DOFF » | /pspor
DO to D7 |« 2 » |DBO to DB7 o
plEi01 3
open®—] EIO2 )
8 8 9¢
e —
VDD————I T
VSSs

T6B65A

(80-column driver)

(Note) Other circuit is necessary for LCD drive power supply for LCD driver display.

Figure 3.14.20 Interface example for RAM built-in type sequential accesstype LCD DRIVER
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3.1453 Sample Program
e Setting example : In case of use 80SEG X 65COM LCD driver.
Assign external column driver to LCDCL1 and row driver to LCDCA4.

This example used LD instruction in setting of instruction and used burst function of micro DMA by
soft start in setting of display data.

In case of store 650 bytes transfer data to LCD driver.

; ¥***% Satting external terminal *****

Id (pdcr),19h ; ICE for LCDC1:D1BSCP,
; ILE for LCDL1:DLEBCD,
; Setting for /DOFF
; ¥*x%% Setting for LCDC *****

Id (Ilcdmode),00h ; Select RAM mode

Id (Icdctl),00h ; MMULCD=0 (sequential access mode)
; ¥**** Setting for mode of LCDCO/LCDROQ *****

Id (Icdcal),xx ; Setting instruction for LCDC1

Id (Icdcal), xx ; Setting instruction for LCDC4
;xx%x Setting for micro DMA and INTTC(chQ) *****

Id a,08h ; Source address INC mode

Idc dmam0,a ;

Id wa,650 ; count=650

Idc dmacO,wa ;

Id Xwa,1000h ; Source address=1000H

Idc dmasD,xwa ;

Id xwa,0felh ;Destination address=FE1H(L CDCOH)

Idc dmad0,xwa ;

Id (intetc01),06H ; INTTCO level=6

ei 6 ;

Id (dmab),01h ; Burst mode

Id (dmar),01h ; Soft start
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3.15 Melody / Alarm generator(MLD)

TMP91C820A incorporates melody function and alarm function, both of which are output from the
MLDALM pin. Five kind of fixed cyclesINTERRUPT isgenerate by using 15bit counter, which isused 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 the signals from the MLDALM pin.

By connecting aloud speaker outside, Melody tone can easily sound.

® Alarm generator

The Alarm function generates eight 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 easily sound.

Five kind of fixed cycles (1Hz, 2Hz, 64Hz, 512Hz, 8K Hz) INTERRUPT be generated by using a counter
which is used for alarm generator.
®  Special mode

Itisassigned <TA3LCDE> at hit0O and <TASMLDE> at bit1, of EMCCR4 register (O0E7hex). These bits
are used when you want to operate LCDD and MELODY circuit without low frequency clock
(XTIN,XTOUT) . After reset these two bits set to '0’ and low clock is supplied each LCDD and MELODY
circuit. If you writethese bitsto ‘1’, TA30OUT (generate by timer3) is supplied each LCDD and MELODY
circuit. In this case, you should set 32KHz timer3 frequency. For detail, look AC specification
characteristics.

This section is constituted as follows.
3.15.1  Block diagram
3.15.2  Control registers
3.15.3  Actuating exposition 3.10.3.1 melody generator
3.15.3.2 Alarm generator

91C820A-266



TOSHIBA

TMP91C820A
3.15.1 Block Diagram
Internal Data Bus Reset
[Melody Generator]
MELFH,MELFLResistor | ¢— ¢
MELFH i
<MELON>
vy MELOUT
EMCCRO invert
<TA3MLDE> Comparator(CPO) P F/F
[Stop&clear ﬁ
Low-speed —b clear
Clock (32KHz
( ) selector »  12hit counter(UCO)
TA30UT —p»
% ) o] INTALMO(8KHz)
Edge < | INTALM1(512Hz)
) — | INTALM2(64Hz)
ditect|| |[— > INTALM3(2Hz)
| f]j | INTALM4(1Hz)
Lp| 15bit counter(UC1) < ALMINT 5]-» INTALMH
T 2096H2 ¢ <IALME4:0> (HALT release)
MELALMC<AC[1:0]> »|8bit counter(UC2)
5 MLDALM pin
Alarm wave form
generator
TT MELALMC
ALMresistor ¢ <ALMINV>

[Alarm Generator]

Internal data bus reset

Figure 3.15.1 MLD Block Diagram
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3.15.2 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 R/W
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) | ReadMWrite RIW RIW RIW
After reset 0 0 0
Free-run counter control | Ajarm Output
00: Hold W avef
° W avefor Write “0” s ef:;/cet 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 R/W
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) | ReadMWrite |  RMW RIW
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 IALM4E IALM3E IALM2E IALM1E IALMOE
(0334H) Read/Write RW
After reset 0
Function Write “0” 1:Interrupt enable for INTALM40 INTALMO
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3.15.3 Operational Description

3.153.1 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 easily sound.

(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/fmMLD) —2
(notice: N=100 4095(001HO FFFH) O 0 is not acceptable )

(Example program)
In case of outputting “A” 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: Basic musical scale setting table)

scale Frequency Register
[HZ] VaueN
C 264 03CH
D 297 035H
E 330 030H
F 352 02DH
G 396 027H
A 440 023H
B 495 01FH
C 528 01DH
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3.153.2 Alarm generator

The Alarm function generates eight 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 easily sound.

Five kind of fixed cycles (1Hz, 2Hz, 64Hz, 512Hz, 8KHz) INTERRUPT be generate by using a 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 hasto be set on 8-bit register of ALM. Finally “10” be

set on MLDALMC<ACIL: 0> register, and <ALMINV> be set as invert. By setting these values,
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 Alarm waveform
for ALM
register
O0H “0" fixed
O1H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H ALA4 pattern
10H ALS pattern
20H AL 6pattern
40H ALY pattern
80H ALS8 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
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AL1 pattern

Example: Waveform of alarm pattern for each setting value: not invert)

1 1 1 1 1 1 1 11 1
ation frequency(4096Hz) || | | | | | | | | |

(Continuous outpuf) 1

AL2 pattern
(8 times/1sec)

AL3 pattern
(once)

AL4 pattern
(Twice/lsec)

ALS5 pattern
(3 times/1sec)

ALG pattern
(once)

AL7 pattern
(Twice)

ALS pattern
(once)

T
T e T
2 8 1
L L] e [TT1 7]
1’31.2"5ms 1sec R
1
HNREEENRERNNR NN A
< 500ms ;
1 2 1
i 7]
:ﬁgms 1sec R
‘1 5 ; 'Il
L (I [T TT]
;SZ.?ms lsec >
1
1T e
<+—>
52.5ms
1 2
I e
%2.5;3
LLLLONTTTIIN e
250ms %
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3.16 SDRAM Controller(SDRAMC)

TMP91C820A includes SDRAM controller which supports SDRAM access by CPU/LCDC.
The features are as follows.

(1) Support SDRAM
16M/64M/128Mbit SDRAM(x 16bitsx 2/4Banks)

(2) Automatic Initialize Function
All Bank Pre-charge Command Generate
Mode Register Set Generate
8 times Auto Refresh

(3) AccessMode
CPU Access LCDC Access
Burst Length 1word Full Page
Addressing Mode Sequential Sequential
CAS Latency(clock) 2 2
Write Mode Single Write Single Write
(4) AccessCycle
CPU Access (Read/Write)
Read Cycle . 4state(296ns  @27MH2z)
Write Cycle . 3state(222ns  @27MHZz)
Access Data Width: 8hit/16bit
LCDC Burst Access (Read only)
Read Cycle . 1state(74ns @27MHZz)
Over head . 4state(296ns  @27MH2z)

Access Data Width: 16bit only

(5) Refresh Cycle Auto Generate
Auto Refresh is generated during another area access.
Refresh interval is programmable.
Self Refresh is supported

(Notes)
Display data has to set from the head of each page.
Program is not operated on SDRAM.

Condition of SDRAM areaisset by CS1 setting of CHIP SELECT CONTROLLER.
Set CS1's WAIT setting to O-wait.
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3.16.1 Control Registers
Figure 3.16.1(1) shows the SDRAMC control registers. Setting these registers controls the operation of
SDRAMC.
SDACR | bit Symbol SDINI SWRC SBM1 | SBMO SMUXE SMUXW1 | SMUxXwo SMAC
(04FOH) QRead/Write R/W R/W R/W R/W R/W R/W
After reset 0 0 1 | 0 0 0 | 0 0
Write LCDC trans
Auto initialize |Recovery  |always fixed to 10" Address Mux SDRAM Sekect Access
0: 1 clock
Function 0: Disable |1: 2 clock Cycle
1: Enable 0: Disable 00:16M 10:128M 0: Disable
1. Enable 01.64M 11:Reserve | 1. Enable
SDRAM Refresh Contorol Register
SDRCR 7 6 5 4 3 2 1 0
(04F1H) bit Symbol SFRC SRS2 SRS1 SRSO SASFRC - - SRC
Read/Write R/W R/W R/W - - R/W
After reset 0 0 | 0 | 0 0 - - 0
Self refresh Aouto Refresh interval Auto self Auto
000: 78state  100:195state Refresh Refresh
Function | 0: Disable 001: 97state  101:210state 0: Disable 0: Disable
1: Enable 010:124state 110:249state 1. Enable 1. Enable
011:156state 111:312state

Figure 3.16.1(1) SDRAMC control registers
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3.16.2 Operation description

(1) Memory access control

Access control block is enable when SDACR<SMAC>=1. And then DRAM control
Signals (SDCS,SDRAS,SDCAS,SDWE,SDLDQM,SDUDQM,SDCLK and SDCKE)
are output during the time CPU or LCDC accesses CS1 area.

In the access cycle, Address multiplex outputs row/column address through A1 to
A12 pin. The enable/disable setting of address multiplexing is controlled by SDACR
<SMUXE>. And multiplexwidth is decided by setting SDACR<SMUXW 0 and 1> of
use memory size. The relation between multiplex width and memory size is below.

Table 3.16.2 Address mutiplex

<«—— Memory size

SDRAM TMP91C820A Address Output

Address Column Row Address

Pin Name] Address 16M 64M 128M

A0 A0 A0 A0

A0 Al A9 A9 Al10
Al A2 Al10 Al10 All
A2 A3 All All Al2
A3 A4 Al12 Al12 Al3
A4 A5 Al3 Al3 Al4
Ab Ab Al4 Al4 Al5
A6 A7 Al5 Al5 Al6
A7 A8 Al6 Al6 Al7
A8 A9 Al7 Al7 Al8
A9 A10 Al18 Al18 Al19
Al10 All Al19 Al19 A20
All Al2 A20 A21
BSO Al3 A20 A21 A22
BS1 Al4 A22 A23

!

effective column address

TMP91C820A address pin name

SDRAM access by CPU is performed by the 1 Word burst mode. SDRAM access by LCDC s performed by the
1 page burst mode. DRAM access cycleisshownin (6) from Fig. 3.16.2 (1).

Theread cycle by CPU isthe 4 State fixation, and a write cycle is the 3 State fixation.
In the burst read cycle by LCDC, amode setup, a pre-charge cycle, and arefresh cycle are

automatically inserted in aread cycle front and back.

(Note)

In SDRAM access cycle, WAIT setup by the CS/WAIT controller (CS1) is disregarded. The wait setting of CS1
should be 0 wait.
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<4—— 4State ——»

SDCLK[ ] | I I I I
SDCKE

SDLDQW N/

SDUDQM AN /

S6csS |\

SORAS - | N/

SDCAS \ /

SDWE

A1l X / N\

Al-A12 X RA X CA X
D0-D15 Y N

t 1

Bank Read with
Active Auto Precharge

Figure 3.16.2(1) SDRAM Access Timing ( CPU Read)
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spCcLK[ | I I | L

SDCKE

SDLDQM

((

rKK‘ v 3

SDUDQM

SDCS AN

SDRAS | L _/
SDCAS N
N

SDWE

A11 / I

A0-A12 X RA_ X cA [ X
X
X

D0-D7 Out

D8-D15 T X Out
Bank  Write with
Active Auto Precharge

Figure 3.16.2(2) SDRAM Access Timing ( CPU 16bit Write)

D 3 STATE qmrecovery cycle
sbcLK | | I I | |
SDCKE
SDLDQM N _/

SDUDQM AN /

sbcs |\ /

SDRAS N_| /

SDCAS A 4

SDWE N/

A10 / N\

A0-A12 XRA X CA X
D0-D7 Out X
D8-D15 out X

£ 1

Bank Write with
Active Auto Precharge

Figure 3.16.2(3) SDRAM Aggegsohlpvieo (CPU 16bit Write,Write Recovery Zclock)
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socek LML LI L

SDCKE

SDLDQM |/

SDUDQM

SDCS

iy

SDRAS

_/
SDCAS N\
N
/
X
X

SDWE

All

Al1-A12 X _RA

CA X
X

D0-D7

D8-D15 | |m———————— e —

t t

Bank  Write with
Active Auto Precharge

Figure 3.16.2(4) SDRAM Access Timing ( CPU Lower byte Wri

spcLk[ ] |

L=

L

SDCKE

SDLDQM

SDUDQM

(

_/
SDCS N\ /.
SORAS T T N/
AS N__ /|
N/
N

SD

C
SDWE

Al1l /
A1-A12 Y RA X CA ) &
X

po-b7 | |m—————— =

D8-D15 ) 4 out

r 1

Bank Write with
Active Auto Precharge

Figure 3.16.2(5) SDRAM Access Timing ( CPU Uper byte Write)
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SO e
SoLoQu \ /

SoUDQM \ /

o T\ / \ /
sores |\ / | /
oz | N/ \_/ \ /
ot \__/ \ /
W TN T\ / 7\ |/
LA Xz X m X | caom X 20| X
oo | L XX XX ) T

Mie Bak  Rew
Regster  Active
Set (full page)

Bk Mie Al
Prchage  Regster  Refiesh
Set (word)

Foure 3162(6) SDRAM Access Timing (LCDC Burst Read)
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(2) Refresh Control
TMP91C820A can generate automatically an auto refresh cycle required for data maintenance of SDRAM.
Refreshment interval can be set up by SDRCR <SR 0-2> from the 78 State to the 312 State
(5.8us-23.1us @27MHz).
By setting SDRCR <SRC>to "1", arefresh cycleis generated at the interval set up by <SRS 0-2>.
The generating timing of arefresh cycle becomes into access cycles other than SDRAM
area(CS1) after theinterval set up by <SRS 0-2>.
The refresh cycleis shownin Fig. 3.16.2 (7). Moreover, the refreshment interval is shown

in Table 3.16.2 (1).
<*+—2State—*™
SDCLK | |
SDCKE
SDLDQV
SDUDQM

Spcs | N |
SDRAS | oL~ |
SDCAS N T

SDWE

Auto Reflesh
Fig. 3.16.2(7) Refresh Cycle

Table 3.16.2 (1) Auto Refresh Cycle Insertion Interval

Insertion
<SRS2:0>setting interval Frequency (fosc)
SRS2 SRS1 SRSO (state) J1OMHz]12.5MHz{16MHz [20MHZz|25MHz |27MHz
78 156 125 9.8 7.8 6.2 5.8
97 1941 155 12.1 9.7 7.8 72|

124 2481 198 155 | 124 9.9 9.2
156 3121 250 195 | 156 | 125 | 115
195 39.0] 312 244 | 195 | 156 | 144
210 42.0] 336 263 | 210 | 168 | 155
247 4941 395 309 | 247 | 198 | 183
312 6241 499 39.0 | 312 | 250 [ 231
(Unit: us)

[l [l Ll Ll [« (@) (@]} [@n]
[l Lol [ (e |l | (@] [@n)
[l (o] |l (o]l Ll (e [ (@]

It does not generate interval refreshment during the burst access to SDRAM by LCDC.
Theinterval refreshment demand generated in the meantime is held only once. When it
returnsto CPU access cycle, an interval refresh cycleis generated.

Furthermore, TMP91C820A can generate a self refresh cycle. The timing of a self refresh cycle
isshownin Fig. 3.16.2 (8).
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J

SDRAS
SDCAS \

NN
INRR

SDWE /

I < Self Refresh Cycl
Sel

SDCLK| | I I I I
SDCKE \ /
SDLDQM

SDUDQM <

sDCs //

oA T
Refresh THaIt Entry T S;Ij Refresh Auto
Entry Halt Exit Exit Refresh

Fig. 3.16.2(8) Self Refresh Cycle

NOTEL: SDCLK isoutput in the IDLE2 mode . Therefore if you stop SDCLK , change PF6 pin to output port
before the HALT instruction.

NOTEZ2: Pin condition under the IDLEL/ STOP mode depends on the setting of SYSCR2<DRVE> . However
SDCKE doesn’t depend on it but outputsLOW level.

If SDRCR <SFRC> issetto "1", the self-refresh cycle shown in Fig. 3.16.2 (8) will occur.

The self refreshment mode is used when using the standby mode (STOP, IDLEL) which an
internal clock stops. Before HALT command (STOP, IDLE1) of interval refreshment in the
state of enable, please set SDRCR <SFRC>to"1."

Release of aself-refresh cycle is automatically performed by release in the standby mode.
It inserts automatically one interval refreshment after self refreshment release, and returns
to the interval refreshment mode.
(Note: When HALT iscancelled by areset, the |/O registers are initialized, therefore, refresh
isnot performed.) .
Please do not place the command which accesses SDRAM just before the command which sets
"1" to SDRCR <SFRC>. After setting SDRCR<SFRC>1t0"“1" , make sure that the HALT instruction
comes after NOP or some instruction.
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(3) SDRAM Initiaize
TMP91C820A can generate the cycle of the following required at the time of the power-supply
injection to SDRAM. The cycleis shownin Fig. 3.16.2 (9).

1. Pre-charge of all banks
2. Theinitial configuration to a mode register
3. Therefresh cycle of 8 cycles

The above-mentioned cycleis generated by setting "1" to SDACR <SDINI>.
Time after SDACR <SDINI> isset to "1" until an initialization cycle is performed changes with
following commands.
While performing this cycle, operation (an instruction fetch, command execution) of CPU
is stopped.
In addition, even before performing an initialization cycle, a port needs to be set as
SDRAM control signal and an address signal (A1-A12).

spctkl_[] 1 Ny (it
SDCKE
SDLDQM
SDUDQM
sbcs |\ TN\ ST S
SDRAS [ "\ TN/ N\ N[
SDCAS \ STNLY TSNS S
SDWE |\ /
AL | [/ \ /
A1-12 620 X220 X
t 1 U U 4 U
All Bank Mode Auto Auto Auto Auto Auto
Precharge Regis! Refresh Refresh Refresh Refresh Refresh
Set(lworg) >

8 Times Auto Refresh Cycle

Fig. 3.16.2 (9) Initialize Cycle
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(4) Connection Example
The example of connection with SDRAM isshownin f

TMP91C820A

SDCLKF——b
SDCKEf———P

DO-D 15« ==

Al-A12
(A21) A13———p
(A22) Al4——P

SDLDQM————P]
SDUDQM———P]

SDCS——»
SDRAS—P

SDCAS——P
SDWE—P|

igure 3.16.2. (9).

TC59S6416

CLK
CKE

DQO-DQ15

A0-All
BSO
BS1

LDQM
UDQM

(&S]
RAS
CAS
\WE

(IMwordx 4Banksx 16hit)

Fig. 3.16.2 (10) Connection with SDRAM
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3.1716-Bit Timer/Event Counters (TMRB)

The TMP91C820A incorporates one multifunctional 16-bit timer/event counter (TMRBO) which have the
following operation modes:

16-Bit Interval Timer Mode
16-Bit Event Counter Mode

16-Bit Programmable Pulse Generation (PPG) Mode
Can be used following operation modes by capture function:

Frequency Measurement Mode

Pulse Width M easurement Mode

Time Differential Measurement Mode

Timer/event counter consists of a 16-bit up-counter, two 16-bit timer registers (one of them with a

double-buffer structure), a 16-bit capture registers, two comparators, a capture input controller, a timer
flip-flop and a control circuit.

Timer/event counter is controlled by an 11-byte control SFR.
This chapter consists of the following items:

3171
3172
3.17.3
3.17.4
)
)

Block diagram

Operation of each block

SFRs

Operation in each mode
16-Bit Interval Timer Mode
16-Bit Programmable Pulse Generation (PPG) Mode

Table3.17.1 Pinsand SFR of TMRBO

Channel
TMRBO
Spec
Externa clock / Capture trigger
. . None
input pins
External Pins
Timer flip-flop output pins TBOOUTO (also used as PB6)
Timer Run Register TBORUN (0180H)
Timer Mode Register TBOMOD (0182H)
Timer Hip-Fl |
Imer Flip-Flop Contro TBOFFCR (0183H)
Register
TBORGOL (0188H)
SR ) ) TBORGOH (0189H)
Timer Register
(address) TBORGIL (018AH)
TBORG1H (018BH)
TBOCPOL (018CH)
; TBOCPOH (018DH)
Capture Register
TBOCPIL (018EH)
TBOCP1H (018FH)
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3.17.1 Block diagrams
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Figure 3.17.1 Block Diagram of TMRBO
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3.17.2 Operation

(1) Prescaler
The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢ TO) is divided
clock (divided by 4) from selected clock by the register SY SCRO<PRCK 1~PRCK 0> of clock-gear.
This prescaler can be started or stopped using TBORUN<TBORUN>. Counting starts when
<TBORUN> isset to 1; the prescaler is cleared to zero and stops operation when <TBORUN> is set

to 0.
Table3.17.2. Prescaler clock resolution
@fc =16 MHz, fs= 32.768 kHz
W;emtqock Pre;celalei_dock Clock Gear Value Prescaler Clock Resolution
ection ection
<GEAR2~GEARO>
<SYSCK> <PRCK1~PRCK 0> eT1 eT4 @ T16
1(fs) XXX f92° (244 9 |f92° (977 9 [f92" (39 9
000 (fc) fc/2°(05 p ) |fc/2°(20u 9 |fc/2" (80 9
00 001 (fgo) fc/2* (1.0p 9 |[fc/2® (40p 9 |fc/2®(16p 9
(frPH) 010 (fga) fc/2° (20p 9 |fc/2'(80p 9 |fc/2°(32u 9
0 (fc) 011 (fgg) fc/2 (40p 9 [fo/P(16p s |[fcl2°64p 9
100 (foe) fc/2” (80p 9 |[fo/2®(B2u s |[fo2™ (128 9
10 7 9 11
fc/2’ (80 fc/2° (32 fc/2 (128
(el dock) XXX (80p 9 (32u 9 (128p 9

xxx: Don't care

(2) Up-counter (UCO)

UCO is a 16-bit binary counter which counts up pulses input from the clock specified by
TBOMOD <TBOCLK1,TBOCLKO>.
Any one of the prescaler internal clocksg T1, @ TBO and ¢ T16 or an external clock input viathe
TBOINO pin can be selected as the input clock. Counting or stopping & clearing of the counter is
controlled by TBORUN<TBORUN>.
When clearing is enabled, the up-counter UCO will be cleared to zero each time its value matches
the value in the timer register TBORG1H/L. Clearing can be enabled or disabled using
TBOMOD<TBOCLE>.
If clearing is disabled, the counter operates as a free-running counter.
A Timer Overflow interrupt (INTTBOFO) is generated when UCO overflow occurs.
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©)

Timer registers (TBORGO and TBORG1)

Thesetwo 16-bit registersare used to set theinterval time. When theval uein the up-counter UCO
matches the value set in thistimer register, the Comparator Match Detect signal will go Active.
Setting data for timer register is executed using 2 byte datatransfer instruction or using 1 byte date
transfer instruction twice for lower 8 bits and upper 8 bitsin order.

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

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

After aReset, TBORGO and TBORGL1 are undefined. If the 16-bit timer is to be used after a Reset,
data should be written to it beforehand.

On a Reset <TBORDE> is initialized to 0, disabling the double buffer. To use the double buffer,
write data to the timer register, set <TBORDE> to 1, then write data to the register buffer as shown
below.

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

The addresses of the Timer Registers are as follows:

TIMIRBB  -eeee eeeeeeessmeseeeseees eessssee s 225554255555 45585425555 41255425558 415551 555 1 e e e
TBORGO TBORG1
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
000189H 000188H 00018BH 00018AH

The Timer Registers are write-only registers and thus cannot be read.
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(4)

Capture Registers (TBOCPOH/L)

These 16-bit registers are used to latch the valuesin the up-counters.
Datain the Capture Registers should be read using a 2-byte data load instruction or two 1-byte data
load instructions. The least significant byte isread first, followed by the most significant byte.
The addresses of the Capture Registers are as follows:

TIMIRB  eeevt eeeeeeeeseeseesseees eesessseeeseeseee essts 445415518 4258884414841 41258818188 41541 R R e e
TBOCPC
MS 8 bits LS 8 bits
00018DH 00018CH

The Capture Registers are read-only registers and thus cannot be written to.

©)

(6)

()

Capture input control
Thiscircuit controls the timing to latch the value of up-counter UCO into TBOCPO, TBOCP1
The value in the up-counter can be loaded into a capture register by software. Whenever 0 is
written to TBOMOD <TBOCPO0>, the current value in the up-counter is loaded into capture register
TBOCPO. It is necessary to keep the prescaler in Run Mode (i.e. TBORUN<TBOPRUN> must be
held at avalue of 1).
Comparators (CPO & CP1)

CPO and CP1 are 16-bit comparators which compare the value in the up-counter UCO with the
value set in TBORGO or TBORGL1 respectively, in order to detect amatch. If amatch is detected, the
comparator generates an interrupt (INTTBOO or INTTBOL respectively).

Timer flip-flops (TBOFFO & TBOFF1)

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

After a Reset the value of TBOFFO is wundefined. If "00" is written to
TBOFFCR<TBOFFOC1,TBOFFOCO> or <TBOFF1C1,TBOFF1CO>, TBOFFO will be inverted. If
"01" iswrittento the captureregisters, thevalue of TBOFFOwill beset to" 1".1f " 10" iswrittento the
capture registers, the value of TBOFFO will be setto"0".

The values of TBOFFO can be output via the Timer Output pins TBOOUTO (which is shared with
PB6). Timer output should be specified using the Port B Function Register.
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3.17.3 SFR
TMRBO Run Register
7 6 5 4 3 2 1 0
TBORUN | Bit symboal TBORDE I2TBO ___ TBOPRUN TBORUN
(0180H) | Readmrite | Riw RIW RIW RIW
After Reset 0 0 0 0
Double (Note) IDLE2 Timer Run/Stop control
) Buffer always 0: Stop 0: Stop & Clear
Function ) )
0: Disable fixed to "0" 1: Operate 1: Run (count up)
1: Enable
I |
I—> Count operation
0 Stop and Clear
1 Count
12TBO: Operation during IDL E2-mode
TBOPRUN: Operation of prescaler
Note: The 1, 4 and 5 of TBORUN are read as underfined value. TBORUN: Operation of TMRBO
Figure 3.17.2 The Registersfor TMRB
TMRBO Mode Register
7 6 5 4 3 2 1 0
TBOMOD | Bit symbol —IBOET1 TBOCPO1 TBOCLE | TBOCLK1 TBOCLKO
(0182H) | Read/write i RW W RIW
After Reset 0 1 0 0 0
TBOFF1 Execute Control TMRBO source clock
inversion  SOrware up-counter 00: reserved
capture 0: Disable
0: Disable 0: Execute clearing 01: 71
1: Enable . 10:fT4
(Note) 1: Don't care (Note) 1: Enable
Function aways Invert when always fixed to "0" clearing 11:1716
fixed to 0" the UC value
matches the
value in
TBORGL
L>TMRBO source clock
00 | TBOINO pin
01 |fTa
10 |fT4
11 |fT16
—> Up-counter clear control
0 Disable
1 TBORGL1 clearing on match with TBORG1.
—— > Software capture
0 The value in the up-counter is captured to TBOCPO.
1 Don't care

Figure 3.17.3 Theregistersfor TMRB
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TMRBO Flip-Flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR | Bit symbol TBOFF1C1 TBOFF1CO TBOCOT1 TBOE1T1 TBOEOT1 _ TBOFFOC1 _ TBOFFOCO
(0183H) | Read/vrite W 5 RIW W
]
After Reset 1 1 H 0 0 0 1 1
Control TBOFF1 TBOFFO inversion trigger Control TBOFFO
00: Invert 0: Disable trigger 00: Invert
01: Set 1: Enable trigger 01: Set
10: Clear (Note) 10: Clear
Function . , Always . ,
i‘l' Don't care fixed to "0" Invert when [Invertwhen Invert when i‘l' Don’t care
Always read as 11 the UC value {the UC value the UC value * Always read as 11
isloaded in Imatches the matches the
to TBOCPO. |valuein value in
TBORGL. TBORGO.

|

—>

L——> Inverte

|—> TBOFEQ control

00 | Invert

01 |Settoll
10 |Clearto 0
11 | Don'tcare

—> Inverted when the UC value matches the valued in TBORGO.

0 |Disable trigger

1 |Enable trigger

Invertel

when the UC value matches the valued in TBORG1.

0 Disable trigger

1 Enable trigger

d when the UC value is loaded in to TBOCPO.

0 Disable trigger
1 Enable trigger

Figure 3.17.4 The Registersfor TMRB
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3.17.4 Operation in each mode

(1) 16-Bit Timer Mode

Generating interrupts at fixed intervals
In this example, the interrupt INTTBO1 is set to be generated at fixed intervals. Theinterval timeis
set in the timer register TBORG1.

_ 7 6 5 4 3 2 1 0
TBORUN - 0 0 X X - 0 X o0 Stop TMRBO.
INTETBOL - X 1 0 0 X 0 O O Enable INTTBO1 and set Interrupt Level 4. Disable INTTBOO.
TBOFFCR - 1 1 0 0 0 0 1 1 Disablethetrigger.
TBOMOD - 0 0 1 0 0 1 * * Select internal clock for input and
(** =01, 10, 11) disable the capture function.
TBORG1 - K xRk kX Set theinterval time (16 bits).
* * * * * * * *
TBORUN - 0 0 X X - 1 X 1 Start TMRBO.
Note: X = Don't care; “-” = No change

(2) 16-Bit Programmable Pulse Generation (PPG) Output Mode

Square wave pulses can be generated at any frequency and duty ratio. The output pulse may be
either Low-active or High-active.
The PPG mode is obtained by inversion of the timer flip-flop TBOFFO that isto be enabled by the
match of the up-counter UCO with timer register TBORGO or TBORG1 and to be output to
TBOOUTO. In this mode the following conditions must be satisfied.

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

Match with TBORGO —I |_| |_| |_| |_|
(INTTBOO inerrupt) /
Match with TBORG1 ( /ﬂ |_| |_| |_|
(INTTBOZ interrupt) : ( ;
1
TBOOUTO pin \ M‘U |_| |_|

Figure 3.17.5 Programmable Pulse Generation (PPG) Output Waveforms

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

Match with TBORGO |_| |_|
Up-counter = Qy /H Up-counter = Q2

Match with TBORG1

{ shiftinto theTBORG1

TBORGO NX
(value to be compared) Q1 Q2
7/a

Register buffer Q X Qs
Write into the TBORGO

Figure 3.17.6 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBORUN<TBORUN>
TBOOUTO, (PPG output)
14—y, Selector A
fT1 —>) 16-Bit up-counter | FIF
f T4 —> 7 < Clear
16 uco < (TBOFFO)
A
7
16-Bit Comparator MEtCh 16-Bit Comparator
PAN 2\
Selector TBORGO
TBORGO-WR™>|
T Register buffer 0 TBORG1
TBORUN<TBORDE> ﬁ ﬁ
Internal bus

Figure 3.17.7 Block Diagram of 16-BIT Mode

The following example shows how to set 16-Bit PPG Output Mode:

TBORUN - 0 0 X X - 0 X O Disable the TBORGO double buffer and stop TMRBO.

TBORGO T R R A A Set the duty ratio (16 bits).

TBORG1 T R R A A Set the frequency (16 bits).

TBORUN - 1 0 X X - 0 X 0 Enable the TBORGO double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)

TBOFFCR - X X 0 0 1 1 1 O Set the mode to invert TBOFFO a the match with
TBORGO/TBORGL. Set TBOFFOt0 0.

TBOMOD - 0 01 0 O 1 * * Select the internal clock as the input clock and disable

(** =01, 10, 11) the capturefunction.

P8CR - -1 - - - X - - .
Set P82 to function as TBOOUTO.

P8FC - -1 - - - X - -

L TBORUN - 1 0 X X - 1 X 1 Start TMRBO.
Note: X = Don't care; “-” = No change
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3.18 Hardware stand-by function

TMP91C820A have hardware stand-by circuit that is able to save the power consumption and
protect from program runaway by supplying power voltage down. Especially, it's useful in case
of battery using.

It can be shifted to “PS condition” by fixed PS pin to “LOW” level.
Figure 3.18.1 shows timing diagram of transition of PS condition below

PS condition can be released by only external RESET.

< <G4
= >

fSYS
RESET
P_S(Notel)
Shifting time(Note2)¢ P >
Power Save condition P
Release >

Note1: PS pin is effective after RESET because SY SCR2<PSENV> to ‘O’. If you use as NMI pin , please write
SYSCR2<PSENV> to' 1.

Note 2: Shifting time is 2~10-clock times of fsys

Figure 3.18.1 hardware stand-by timing diagram

Table 3.18.1 Power Save conditions of each HALT mode

HALT mode setting IDLE2 IDLE1 STOP
. IDLE1 mode IDLE1 mode
PS condition + High frequency stop + High frequency stop STOP mode

Note:Settings of SY SCR2<DRVE> and <SELDRV> at HALT mode are effective as well as PS condition.
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4. Electrical Characteristics

4.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power Supply Voltage Vcce -0.5t04.0 \
Input Voltage VIN - 0.5to Vcc +0.5 Vv
Output Current I0L 2 mA
Output Current I0H -2 mA
Output Current SIOL 80 mA
Output Current SIOH - 80 mA
Power Dissipation (Ta==85°C) PD 600 mwW
Soldering Temperature (109 TSOLDER 260 °C
Storage Temperature TSTG - 65 to +150 °C
Operating Temperature TOPR - 20 to +70 °C

4.2 DC Characteristics (1/2)

Parameter Symbol Condition Min Typ Max Unit
(Notel)
Power Supply Voltage fc=4 fs =30 to 07
( AVCC = bvCC) VCC 27MHz 34kHz ' 3.6 v
(AVSS=DVSS=0V) fc=4 '
36MHz 3.0
DO tol5 VIL Vcec 2.7V - 0.6
PZ2 to PD7(except
__ PB3,PY) VIL1 | Vcc 2.7V - 0.3Vcc
>
o © | /IRESET,/NMI, -0.3
2 c PB3(INTO),P9 VIL2 | Vcc 2.7V - 0.25Vcce
AMO to 1 VIL3 | Vcc 2.7V - 0.3
X1 ViL4 | Vec 2.7V - 0.2Vcc
\%
DO to 15 VIH 3.6V Vcc 2.7V 2.0 -
PZ2 to PD7(except
- = | PB3,PY) VIH1 | Vcc 2.7V 0.7Vcc veroa
@ 2 | /RESET,/NMI, cc+0.
Sl = PB3(INTO),P9 VIH2 | Vcc 2.7V 0.75Vcc -
AMOto 1 VIH3 | Vcc 2.7V Vce-0.3 -
X1 VIH4 | Vcc 2.7V 0.8Vcc -
Output Low Voltage VOL | IOL=1.6mAiVcc 2.7V - - 0.45
\
Output High Voltage VOH |IOH=-400uAiVcc 2.7V 2.4 - -

Notel: Typical values arefor when Ta = 25°C and Vcc = 3.0 V uncles otherwisenoted.
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4.2 DC Characteristics (2/2)
Parameter Symbol Condition Min Typ Max Unit
(Notel)
Input Leakage Current ILI 0.0 VIN Vcc - 0.02 +5 A
Output L eakage Current ILO | 0.2 VIN Vcc-0.2 - 0.05 +10 H
Power Down Voltage VSTO VIL2 = 0.2Vcc,
(@STOP,RAM Back up) P VIH2 = 0.8Vce 1.8 - 3.6 \Y
. RRS
RESET Pull Up Resister T 3.6V Vcc 2.7V 100 - 400 kQ
Pin Capacitance CIO | fc=1MHz - - 10 pF
Schmitt Width
/RESET/NMI, VTH | Vec 2.7v 0.4 1.0 - Vv
INTOKIO-7
Programmable
Pull Up Resistor RKH | 3.6V Vcc 2.7V 100 - 400 kQ
NORMAL (Note2) Vee = 3.6V - 23.0 35.0
IDLE2 fc = 36MHz - 16.0 23.0 mA
IDLE1 - 1.6 3.0
SLOW (Note2) lce - 23.0 45.0
IDLE2 vee =3.6v 140 | 350 A
fs=32.768kHz : : : H

IDLE1 - 6.0 25.0
STOP Vce = 3.6V - 0.2 15.0 uA

Notel: Typical values are for when Ta = 25°Cand Vcc = 3.0 V unless otherwise noted.

Note2: |cc measurement conditions (NORMAL, SLOW):

All functions are operational; output pins are open and input pins are fixed.
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4.3 AC Characteristics

Vec=2.7 3.6V caseof fgpy =27 MHz
Vec=3.0 3.6V caseof frpy =36 MHz

Variable froy =27 frry =36 )
No. | Symbol Parameter MHz MHz _ nit
Min Max Min | Max| Min | Max
1 4= fepy Period( =x) 27.7 31250 37 27.7 ns
2 | tac A0t023 Vald® RD/WR Fall x-23 14 47 ns
3 | tear RD Rise ® A0toA23 Hold 0.5x-13 55 0.85 ns
4 | tcaw WR Rise ® A0 to A23 Hold x-13 24 14.7 ns
5 tap AO0toA23 Vaid ® DO to D15 Input 35x- 24 105.5 72.95| ns
6 | trD RD Fal ® DO to D15 Input 25x - 24 68.5 4525 ns
7 | trr RD Low Width 25x- 15 775 54.25 ns
8 | thr RD Rise ® DO to D15 Hold 0 0 0 ns
9 | tww WR Low Width 2x- 15 59 40.4 ns
10 | tow DOtoD15Vdid® WR Rise 15x- 35 20.5 5.5 ns
11 | twp WR Rise® DOto D15 Hold x- 25 12 2.7 ns
12 | tssa Data Byte Control Access Timefor SRAM 3x- 39 72 441 | ns
13 tswp Write Pulse Width for SRAM 2x-15 59 40.4 ns
14 | tssw Data Byte Control to End of Write for SRAM 3x-25 86 58.1 ns
15 | tsas Address Setup Timefor SRAM 1.5%-35 20.5 6.55 ns
16 | tswr Write Recovery Time for SRAM 0.5x-13 5.5 0.85 ns
17 | tsps Data Setup Time for SRAM 2x-35 39 20.4 ns
18 | tspH Data Hold Time for SRAM 0.5x-13 5.5 0.85 ns
19 | taw AOtoA23Vaid® WAIT Input ... . 3.5x- 60 69.5 36.95| ns
20 | tew RD/WR Fal ® WAIT Hold yame 25x+0 925 69.25 ns
21 | tapH AOtoA23Vdid® PORT Input 3.5x- 89 40.5 7.95| ns
22 | tapH2 A0toA23 Vaid ® PORT Hold 3.5x 129.5 96.95 ns
23 | tapo A0toA23 Vaid ® PORT Vadid 3.5x +60 189.5 156.9| ns

AC Measuring Conditions
Output Level: High= 0.7 Vcc, Low = 0.3 Vcc, CL =50 pF
Input Level: High=0.9 Vcc, Low = 0.1Vcc
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(1) Read Cycle

EA24-25, _>‘ §<
A23 0 B /
/CSn A A
R/IW i

|
£
Y

VVAI I

Port Input

D0~15

/SRLB
/ISRUB

/ISRWR
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(2) Write Cycle

wo VY Y

W N
EA24-25, X_ ZZ<

A23~0 —

/CSn —\- /

= w1\ /

taPo '
Port Output >%;

- € tcaw
WR, HWR e § : Wi
W y | tswi
= - |‘
€ tbw twb
- I h
D0-15 {T D 15 D
“ISDH
ISRLB L tsew >
/SRUB \f t 4
3 tSAS N SDS N
/SRWR -
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44 SDRAM Controller AC Electrical Characteristics

Vee=27 3.6V case of fepy =27 MHz
Vec=3.0 3.6V case of frpy =36 MHz

No. | symbol Parameter Vaidbld 2/MHZ 36MHz Unit
MIN | MAX | MIN | MAX]MIN  [MAX
1 to« |Ref/Adiveto Ref/Active Command Periq  4X 148 21.7 ns
2 tzas  JAdiveto Precharge Command Period 4X | 12210 148 | ####] 111 | ####] ns
3 tp JAdiveto Reed/Write Command Delay T| 2X 74 55.6 ns
4 t- |Prechargeto Active Command Period 2X 74 55.6 ns
5 terp  JACtiveto Active Command Period 6X 222 167 ns
6 twr  |Write Recovery Time 2X 74 55.6 ns
7 twre  |Write Recovery Time 3X 1m 83
8 t« JCLK CydeTime 2X 74 55.6 ns
9 t, |CLKHighLeve Width 1X-15 22 12.8 ns
10 ty  |CLK Low Levd Width 1X-15 22 12.8 ns
11 t,e  JAccessTimefrom CLK (CL™ =2) 1X-25 12 28| ns
12 toy  |Output DaaHold Time 0 0 0 ns
13 tos  |Daain Set-up Time 2X-35 39 20.6 ns
14| 1t |DaainHdd Time D5X-20 72 49.4 ns
15 t,« JAddressSet-up Time 1.5X-35 20 6.7 ns
16 t,, |AddressHdldTime D5X-13 5 09 ns
17 txs [CKESat-upTime 1X-15 22 12.8 ns
18 taus  |Command Sat-up Time 1X-15 22 12.8 ns
19 tawy  |Commend Hdld Time 1X-15 22 12.8 ns
20 tsc  |Mode Regider Set Cyde Time 2X 74 55.6 ns

* CL isCAS Laency.
AC Mesauring Condiitions
Output Levd: High=0.7 Vcc, Low =03 Vee, CL =50 pF
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SDRAM Read Timing (CPU Access)

SDCS / : A 4 \
CMH
SDRAS / ¥ e \
SDCAS. / N I 4 NG
SDBWe ___ / N_ | /7
tas | tan

<>

Al1-12 ><£ Row Column X
| tAS ) tAH g

A20-23 X X
(BS0,1) Tac ton

PEEEN <>
D0-15 X Data—in$<
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SDRAM Write Timing (CPU Access)

S —— 1l = )
SDCLK_L SN O
ten oL || trp trep twr trp
&,tCMS /
SDxDQM 4 o, < -
RRD’
SDCS 7 ¥ N\ | /
Ly
SDRAS / % o N\ | /
SDCAS / N A N\ /
¢ tras > |
SDWE / N £ N /
tas tan
—le |
Al1-12 X Row }x Column X X
< tas ) taH >
A20-23 X X
(BS0,1) o tps ton R
D0-15 >J( Data-out X

SDRAM Write Timing (CPU Access,Write Recivery enable)

N AVAVAVAVAVAVAVAVAVAVAVAWAWA

soctk__/~ N " o S T
. tyro

SDXDQM / |/

SDCS / \ N

SDRAS / N\ N—

SDCAS / N/ N

SDWE / \ / N\

Al 12 X Row X Column X

A20 23 X X

(BSO,1)

DO 15 >< Data-out ><
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SDRAM Burst Read Timing (Head of Burst Cycle)
trep
SDCS 7T
. tc
SDRAS \ 5 t
toy, |«
SDCAS \ \F&’ ¥
SDWE N
(tﬂH |<£>
A1-12 % Column
A20-23
(BS0O,1) trc
DO-15 ><} Data-in T< Data-in X
tOH
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SDRAM Burst Read Timing (End of Burst Cycle)
| toy
SDCAS k’r‘ > \ /
JE— tCM
SDWE ) ’7‘1 \_ | /
: tas
A1-12 Column X 220 X
A20-23 X
(BS0O,1) tAS | tac
Data-in Data-in H Data-in T<
o T o
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SDRAM Initialize Timing

%tCK _)
SDCLK—i_fF—v\/j_/‘ T N S 1 o
tCH (_tE) P tRSC P tRC
SDxDQM / i
SCMg .
SDCS / L £ x_t £
Lo
SDRAS / AL y \__ 7
tCMC tCM tCM
-S-ms / x’:—‘ (—)f \__ Z_
tow ]
SDWE / AL ,~Z
 tas tAH;| ; tAS;
Al-12 k 220
A20-23 L
(BS0,1)
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SDRAM Refresh Timing

A AVAVAWAVAVAWAVAWAW,

SDCLK‘%_\_/F:\%K__t

tre <

SDXDQM_____ /

SDCS / N '

"SDRAS / N .7

SDCAS / N £

SDWE /

A1-12 X

SDRAM Self Refresh Timing

T =,

)CLK A;JE_ - N/ \ _/ utCK%l_\_tR{j_{
okE T\ 7\‘ I
e

Toi /T
RAS N\ >> /T
CAS X >> /]
e ))
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45

46 A/D Conversion Characteristics

AVcc =Vcee, AVss=Vss

Symbol parameter Condition Min Typ. Max Unit
Vce- 0.2V Vcee Vce
VREFH Analog Reference Voltage (+)
\%
Vss Vss Vss+0.2V
VREFL Anaog Reference Voltage (-)
VAIN Analog Input Voltage Range VREFL VREFH
Analog Current for Analog Vec=27V1036V 0.94 1.20
IREF Reference Voltage mA
(VREAL = 0v) | SVREFON>=1
<VREFON>=0 0.02 50 mA
Error +10 +40

(not including quantizing errors)

Notel: 1LSB = (VREFH- VREFL)/1024 [V]
Note 2: The operation above is guaranteed for fppy 3 4 MHz.

Note 3: The value of | cc includes the current which flows through the AV pin.
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4.7  Seriad Channel Timing (I/O Internal Mode)
Vec=2.7 3.6V caseof fgpy =27 MHz

Vec=3.0 3.6V caseof feppy=36MHz
(1) SCLK Input Mode

Variable 27 MHz 36 MHz ]
Symbo Parameter - - . Unit
| Min Max Min Max | Min Max
tscy SCLK Period 16X 0.59 0.44 ns
¢ Output Data® SCLK Rising tecmy P-AX-110 38 0
0ss IFalling Edgex Y ns
SCLK Rising
t t 2 +2X+0 370 277
OHS Fali ng Edge*® Output DataHold Y ns
t SCLK Rising 3X+10 121 93
+
HSR /Falling Edge*® Input DataHold ns
t SCLK Rising tscy -0 500 443
S0 | Falling Edge ® Valid Datalnput ey ns
¢ SCLK Rising 0 0 0
RDS | Falling Edge* ® Valid Datalnput ns
(2) SCLK Output Mode
Variable 27 MHz 36 MHz )
symbol Parameter - - - Unit
Min Max Min Max | Min Max
tscy SCLK Period 16X 8192X 0.59 303 0.44 227 ns
toss | Output Data® SCLK Risin
P . I tscy /2 - 40 256 181 ns
/Falling Edgex*
tons |[SCLK Risin
. 9 tscy/2 - 40 256 181 ns
/Falling Edge*® Output DataHold
tHsr | SCLK Rising
. 0 0 0 ns
/Falling Edge*® |nput DataHold
tsro [ SCLK Risin tscy 1IX
= . 9 . - 375 235 ns
/Falling Edge* ® Vdid Datalnput 180
tRos | SCLK Rising 1X+180 217 207.7
+ .
[Falling Edge* ® Vaid Datalnput ns

*) SCLK Rising/Falling Edge: Therising edgeis used in SCLK Rising Mode.
The Falling edge is used in SCLK Falling Mode.
Note) Abovetable’s datavalues at 27MHz and 36MHz, are caliculated from tscy =16x base.

¢ tscy N
SCLK
(Rising up Mode) I—I I—I I—I I—Ii

SCLK I—l—

(Falling down Mode) Jloss |  tons
OUTPUT DATA
TXD T o L X 2 X 4

l‘—t t
KD HSR
tros
INPUT DATA
RXD X o X 1 X X 2 X X_3 X
VALID VALID VALID VALID
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4.8 Event Counter (TAOIN)
Variable 27 MHz 36 MHz _
Symbol Parameter (Vec =2.7 3.6V) | (Vec =3.0 3.6v) |Unit
Min Max Min Max [ Min Max
tvek Clock Period 8X +100 39%6 321 ns
tvekL Clock Low Level Width 4X +40 188 151 ns
tvckH Clock High Level Width 4X +40 188 151 ns
4.9  Interrupt, Capture
(1) NMI, INTOto INT3 Interrupts
Variable 27 MHz 36 MHz Urit
ni
Symbol Parameter (Vece=2.7 3.6V)| (Vec=3.0 3.6V)
Min Max Min Max | Min Max
tINTAL | NMI, INTOto INT3Low level width 4X +40 188 151 .
tNTAH | NMI, INTOto INT3 High level width 4X +40 188 151 ns

91C820A-306



TOSHIBA TMP91C820A

410 LCD CONTROLLER SR MODE

tcw N
tcwH
tocwL
- ){){ wiD HE—
D1BSCP / \ _% |
tbsu tDHD

wow7 L oo rou

Vec=27 3.6V caseof fgpy=27MHz
Vece=3.0 3.6V case of feppy =36MHz

Variable fFPH=27 MHz fFPH=36 MHz
No. | Symbol Parameter (Case: tm=0) (Case: tm=0) Unit
Min Max Min Max Min Max
1tDSU data Vaild ->D1BSCP Fall X-20+tm 17 7.7 ns
2tbHD D1BSCP Fall->Data Hold X -5+tm 32 22 ns
3tCWH D1SBCP->Clock high width X -10+tm 27 17.7 ns
4tCWL D1BSCP->Clock low width X -10+tm 27 17.7 ns
5tcw D1BSCP->Clock cycle 2x +2tm 27 55.4 ns

Note: tm=(2"scpw-1)X, ex. If Scpw=3 (8 clock mode) and fFPH=36 MHz, tm=(2"3-1)*27.7=193.9.
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4.11 Recommended Crystal Oscillation Circuit

TMPO1C820A is evaluated by below oscillator vender. When selecting external parts, make use of this
information..

(note): Tota loads value of oscillator is sum of external loads(C1 and C2) and floating loads of actual
assemble board. There is a possibility of miss-operating using C1 and C2 value in below table. When
designing board, it should design minimum length pattern around oscillator. And we recommend that
oscillator evaluation try on your actual using board.

(1) connection example

X1 X2
Ri o T2
Rd % Rd
C1 C2_— Cl_|_ C2T
o » - i
High frequency oscillator Low frequency oscillator
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(2) TMP9O1C820A recommended ceramic oscillator : MURATA co. LTD; JAPAN

Circuit parameter recommended

NOTE: In CST ***type oscillator, Capacitance C1,C2 is built in

MCU Oscillation Parameter of elements Running Condition
Frequency Item of Oscillator Cl 7} R Rd Voltageof | TC[ ]
(MHZ] [oFl | [pF] | 1?1 [[?] | Power[V]
2 00M CSTLS2M00G56-B0 @7 [ @7 [Opn |0
250M CSTLS2M50G56-B0 @7) [(@7) [ Open | O
CSTS1000MGO03 (15) [ (15) | Open | O
Tmpoicezon | 10O0OM | *CSTLS10M0G53-BO -20to +70
CSA12.5MTZ093 30 30 Open | O 1.8t02.2
*CSALA12M5T55093-B0
12.50M
CST12.0MTWO093 (30) [ (30) | Open | O
* CSTLA12M5T55093-B0
MCU Oscillation Parameter of elements Runninc Condition
Frequency ltemof Oscillator ™7 —TC2 [ R | Rd | Voltageof | Tc[ ]
(MHZ] A | PR | 121 | 2] | Power[v]
4.00M CSTS0400MG06 @7) [(@7) [Open [0
) *CSTLSAM00G56-B0
6.750M CSTS0675MG06 @7 [ @7 [Open |0
) *CSTLSE6M75G56-B0
CSA125MTZ 30 30 Open | O
*CSALA12M5T55-B0
TMP91C820
12.50M -20to +70
A CST120MTW (30) [(30) [Open | O
* CSTLA12M5T55-B0 27t036
20.00M CSALS20M0X53-B0 5 5 Open | O
' CSTLS20MOX51-B0 ) ) Open | O
27.00M CSALS27M0OX51- Open | Open | 10K 0
32.00M CSALA32M0X51-BO 3 3 Open | O

* After 2001/06,new products will be made, and the old products(now in production) will not be made in 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 pageat  http://www.murata.co.jp/search/index.html
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5.

Table of SFRs

(SFR; special function register)

The SFRs include the 1/0 ports and peripheral control registers allocated to the 4K bytes address space from

000000H to OOOFFFH.
1/0O Port

@
@)
(©)
4
®)
(6)
()
(©)
€)

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) AD Converter

(11) Watchdog Timer

(12) RTC (Real-Time Clock)
(13) Melody/Alarm Generator

(14) MMU

(15) LCD CONTROLLER

(16) SDRAM Controller

(17) 16-bit Timer

Table layout

Symbol

Name

Address

—> 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 bitO only of the registerPOCR, the instruction “SET 0, (0002G)” cannot be
used. The LD (transfer) instruction must be used to write all eight bits.

Read/Write

R/W ; Both read and write are possible.

R; Only read is possible.

W; Only writeis possible.

W*; Both read and write are possible (when thisbit is read asl)

Prohibit RMW,; Read-Modify -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 is prohibited when controlling the pull-up resistor.
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Table5.1 SFR Address map(1/5)
[1],[2] PORT
Address Name Address Name Address Name
0000H | PO 0010H | P5CR 0020H
1H|P1 1H 1H | PAFC
2H | POCR 2H | P6 2H | PB
3H 3H| P7 3H|PC
4H | PICR 4H 4H | PBCR
5H | P1FC 5H | PEFC 5H | PBFC
6H | P2 6H [ PTCR 6H | PCCR
TH| P3 7H | P7TFC 7H | PCFC
8H | P2CR 8H | P8 8H | PCODE
9H | P2FC 9H | PO 9H | PD
AH | P3CR AH AH| PDFC
BH | P3FC BH | PEBFC2 BH | PBODE
CH| P4 CH| P7FC2 CH| PER
DH| P5 DH | POFC DH | PECR
EH | PACR EH | PA EH | PEFC
FH | P4FC FH | P7ODE FH
Address Name Address Name
0030H | PF 0070H
1H 1H
2H | PFFC 2H
3H 3H
4H 4H
5H 5H
6H 6H
H H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH | PZ
EH EH | PZCR
FH FH| PZFC
[3] INTC
Address Name Address Name Address Name
0080H | DMAQV 0090H | INTEOCAD 00AOH | INTES3
1H | DMA1V 1H [ INTE12 1H | INTETBO
2H | DMA2V 2H [ INTESALM4 2H
3H | DMA3V 3H| INTEALMO1 3H
4H 4H | INTEALM23 4H
5H 5H | INTETAOL 5H
6H 6H [ INTETAZ23 6H
H 7H [ INTERTCKEY H
8H| INTCLR 8H | INTESO 8H
9H [ DMAR 9H | INTESL 9H
AH| DMAB AH | INTES2LCD AH
BH BH | INTETCO1 BH
CH|IIMC CH| INTETC23 CH
DH DH | INTEPOL DH
EH EH [ INTESSO1 EH
FH FH | INTESS2 FH

Note: Do not access to the unnamed addresses, i.e. addresses to which no register has been allocated.
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Table5.2 SFR Address map(2/5)

[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 | EMCCRO
4H 4H | EMCCR1
5H 5H | EMCCR2
6H 6H | EMCCR3
7H| BEXCS 7H
8H | MSARO 8H | DFMCRO
9H | MAMRO 9H | DFMCR1
AH | MSAR1 AH
BH| MAMR1 BH
CH| MSAR2 CH
DH | MAMR2 DH
EH| MSAR3 EH
FH| MAMR3 FH
[7] TMRA
Address Name
0100H | TAOIRUN
1H
2H | TAOREG
3H| TAIREG
4H [ TAOIMOD
5H | TAOIFFCR
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 Address Name
0200H | SCOBUF 0210H | SC2BUF 0240H | SBIOCR1
1H | SCOCR 1H | SC2CR 1H | SBIODBR
2H | SCOMODO 2H | SC2MODO 2H | I2COAR
3H | BROCR 3H [ BR2CR 3H | SBIOCR2/SBIOSR
4H [ BROADD 4H | BR2ADD 4H | SBIOBRO
5H | SCOMOD1 5H | SC2M0OD1 5H | SBIOBR1
6H 6H 6H
7H | SRCR 7H 7H
8H | SC1IBUF 8H 8H
9H | SCICR 9H 9H
AH | SCIMODO AH AH
BH | BRICR BH BH
CH | BR1IADD CH CH
DH [ SCIMOD1 DH DH
EH EH EH
FH FH FH

Note: Do not access to the unnamed addresses, i.e. addresses to which no register has been allocated.
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[10] 10bit ADC

Address

Name

02ACH
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

ADREGO0AL
ADREGO04H
ADREGI15L
ADREGI15H
ADREG26L
ADREG26H
ADREG37L
ADREG37H

[11] WDT

Address

Name

0300H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

WDMOD
WDCR

[13] MLD

Address

Name

0330H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

ALM
MELALMC
MELFL
MELFH
ALMINT

Table5.3 SFR Address map(3/5)

Address

Name

02B0H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

ADMODO
ADMOD1

[12] RTC

Address

Name

0320H
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

SECR
MINR
HOURR
DAYR
DATER
MONTHR
YEWRR
PAGER
RESTR

[14] MMU

Address

Name

0350H
1H
2H
3H
4H
5H
6H
H
8H
9H
AH
BH
CH
DH
EH
FH

LOCALO
LOCAL1
LOCAL2
LOCAL3

Note: Do not access to the unnamed addresses, i.e. addresses to which no register has been allocated.
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Table5.4 SFR Address map(4/5)

Address Name

04COH | LSARAM
1H | LSARAH
2H | LEARAM
3H | LEARAH
4H | LSARBM
5H | LSARBH
6H | LEARBM
7H | LEARBH
8H | LSARCL
9H | LSARCM
AH | LSARCH
BH
CH
DH
EH
FH

Address Name

04E0H LG8L
1H LG8H
2H LGOL
3H LGO9H
4H LGAL
5H LGAH
6H LGBL
7H LGBH
8H LGCL
9H LGCH
AH LGDL
BH LGDH
CH LGEL
DH LGEH
EH LGFL
FH LGFH

[15]LCDC
Address Name
04BOH LCDMODE
1H LCDDVM
2H LCDSIZE
3H LCDCTL
4H LCDFFP
5H LCDGL
6H LCDCM
7H LCDCW
8H LCDCH
9H LCDCP
AH LCDCPL
BH LCDCPM
CH LCDCPH
DH Reserved
EH
FH
Address Name
04DOH LGOL
1H LGOH
2H LGIL
3H LG1H
4H LG2L
5H LG2H
6H LG3L
7H LG3H
8H LGAL
9H LG4H
AH LG5L
BH LG5H
CH LG6L
DH LG6H
EH LG7L
FH LG7H
[16]SDRAMC
Address Name
04FOH SDACR
1H SDRCR
2H
3H
4H
5H
6H
7H
8H Reserved
9H Reserved
AH Reserved
BH Reserved
CH Reserved
DH Reserved
EH Reserved
FH Reserved

Note: If thereserved areas of SDRAMC are written, the output datafrom GLCDC portsLDO-LD7 will change.
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(1) 1/0 Ports (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
FO PORTO OOH , , , RIW , , ,
0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Input Mode
PI7 | P16 | P15 | P14 | P13 | P12 | P11 | P10
= PORT1 OH RIW
o + o { o { 0 i 0 i 0 t 0o i 0
Input Mode
P27 | P26 | P25 | P24 | P23 | P22 | P2l | P20
P2 PORT2 06H : : : RIW : : :
1 4+ o1 f 1 4 1 o1 o1 b1 b1
Input Mode
P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30
P3 PORT3 o7H : : . RIW . . .
1y 1 1 b o1y o1 b 1 b1 b1
Input Mode
PA7 | P46 | PA5 | P44 ! P43 | P42 | P4l | P40
P4 PORT4 | OCH ; : ; RIW . ; ;
1 {1 o1 fb o1 o1 o1 o1 b1 11
Input Mode
i PZ3 | Pz2 | Pzl | Pz0
PZ PORTZ | 7DH RIW ,
1 1 11
Input Mode (Pull Up) Output mode
| P56 i
RIW
5 | PORTs | ODH 1
Input
Mode
(Pull Up)
P67 | P66 P65 P64 P63 P62 P61 | P60
P6 PORT6 12H RIW
1 1 1 1 1 0 1 1
P77 P76 P75 P74 P73 P72 P71 P70
P7 PORT7 13H : . . RIW . . .
1y 1 1 b o1y o1 b 1 b1 b1
Input Mode
P87 | P86 | P85 | P84 ! P83 | P82 ! P8l | P80
P8 PORTS 18H R
Input Mode
PO7 | P9% | P95 | P94 | P93 | P92 | P9l | P90
P9 PORT9 19H R
Input Mode
PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1L | PAO
PA PORTA | 1EH RIW
1
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(1) 1/O Ports (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
PB6 PB5 PB4 PB3 PB1 PBO
PB PORTB 22H ,I , R/YV , ,I R/YV
: 1 i 1 i 1 i 1 : 1 i 1
i Input Mode i Input Mode
=. Pc5 | P4 | P3| PR PCL | PCO
PC PORTC 23H i’ i i R/YV i i
! 1 i 1 ! 1 ! 1 ! 1 i 1
i Input Mode
PD7 | PD6 ! PD4 | PD3 | PD2 | PDL | PDO
PD PORTD 29H RIW
1 1 1 1 1 1 1
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
PER | PORTE 2CH RW
1 1 1 1 1 1 1 1
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
PF PORTF 30H RW
T T T T T
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(2) 1/0 Port Control (1/4)

Symbol Name | Address 7 6 5 4 3 2 1 0
PO7C PO6C PO5C P04C PO3C P02C POLC POOC
POCR |PORTO 02H w
Control | (Prohibit| o | o | o | o | o 1 o 1 o I o
RWM) 0:IN 1 OUT
PI7C | PI16C | PI5C | PI4C | PI3C | P12C | P1IC | PI0C
PICR |PORT1 04H W
Control | (Pronibit| 0o 1 o 1 o 1 o 1 o 1 o 1 o I o
RWM) 0:IN 1 0UT
PIZF | PI6F | PISF | P4F | PI3F | PI2F | PLIF | PIOF
PIFC | PORT1 05H w
Function | (Prohibit R N T T
RWM) 0: Port, 1:databus (D15 to D8)
P27C | P26C | P25C | P24C | P23C | P22C | P21C ! P20C
P2CR |PORT2 08H w
Control | (Prohibit| o | o 1 o 1 o 1 o 1 o 1 o I o
RWM) 0:IN 1 OuUT
P27F | P26F | P25F | P24aF | P23F | P22F | P21F | P20OF
p2FC | PORT2 09H W
Function | (Prohibit | 1 ¢ 1§ 1 ¢ 1 { 1 ¢ 1 { 1 { 1
RWM) 0: Port, 1:Addressbus (A23to A16)
P37C | P36C | P35C | P34C | P33C | P32C | P31C | P30C
P3CR |PORT3 | 0AH w
Control | (Prohibit| o | o | o 1 o | o 1 o 1 o I o
RWM) 0:IN 1 OUT
P37F | P36F | P35F | P34F | P33F | P32F | P31F | P30F
P3FC | PORT3 OBH w
Function (Prohibit 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1
RWM) 0: Port, 1:Addressbus(A15to A8)
PA7C | P46C | PASC | P44C | P43C | P42C | P4I1C | P40C
PACR |PORT4 OEH wW
Control [(Prohibit| o ! o | o + o { o0 { o ! 0o ! 0
RWM) 0:IN 1 OUT
PATF | PA6F | PASE | P44F | PA3F | PA2F | PAIF | PAOF
PaFC | PORT4 | OFH w
Function | (Prohibit 1 E 1 E 1 E 1 ! 1 E 1 | 1 | 1
RWM) 0: Port, 1:Addressbus (A7 to AQ)
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1/O Port Control (2/4)

Pz3C | Pz2C | T~ !
PZCR | PORTZ 7EH W
Control | (prohibit 0 | 0 | i
RWM) 0:IN 1:0UT
P56C
P5CR | PORTS 10H w
Control | (prohibit 0
RWM) 0:IN,1:0UT
PZ3F PZ2F PZ1F PZOF
PZFC | PORTZ | 7FH w w w w
Function 0 0 0 0
(Prohibit 0:PORT !0:PORT !0:PORT !0:PORT
RWM) LRW, {1: HWR |1 /WR 1: /RD
/SRWE
P67F P66F | PBS5F | PBAF P63F P62F P61F P60F
P6FC | PORT6 | 15H w
Function 0
(Prohibit | 0: PORT  10:PORT [0:PORT [0:PORT 1{0:PORT 10:PORT |0:PORT 10:PORT
RWM) |1:/SRUB !1:/SRLB !1:EA25 I1:EA24 !1:/CS3 1. /C 1: /CSL 1. /C0
P67F2 | P62 P65F2 PBAF2 P63F2 P62F2
o porTe | B V(\)/
Fundii (Prohibit | 0:<P67F> |0: <PB6F> |0: <PB5F> | 0: <PB4F> |0: <P63F> | 0: <P62F> .
netion? RWM) |1/CS2E  11:/CS2D 11:/CS2C 11:/CS2B  11:/SDCS 11:/CS2A Alwayswrite
P77C P76C | P75C | P74C P73C P72C P7IC | P70C
P7CR | PORT? 16H w
Control | (Prohibit 0
RWM) 0:IN 1:0UT
Pr7F | P76F | P75F | P74F | P73F | P72F | P7IF | PIOF
P7TFC | PORT7 17H w
Function 0
OPORT  IMSK logici0: PORT 10:PORT {0:PORT 10:PORT [0:PORT |0:PORT
(Prohibit | 1:VEECLK | sdlect 1: SCL 1: SDA/SO 11: SCK
RWM) 0: CLK by" T
1: CLK by” @'
P75F2 P74F2 P73F2 P71F2 P70F2
P7FC2 | PORT7 1CH w w
0 0
Function2 Always |Always |0: <P75F> | 0: <P74F> |0: <P73F> 0: <P71F> | 5100/RXDO
(Prohibit | fixed toifixed to!1:/CSEXAI1:/CS2G 11:/CS2F 1: OPTTXO ! pin sELECTO!
RWM)  |«0”. “0”. RXDO(PCL)
1:
OPTRX0(P70)
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1/O Port Control (3/4)

Symbol | Name Address 7 6 ! 5 4 3 2 1 0
ODEP72 | ODEP71
P7ODE | PORT7 | 1FH l W l
Open 0o ! 0
Dran (Prohibit 0: 3STATE
RWM) 1: Open Drain
P97F P96F | P95F | P94F P93F P92F | POIF P9OF
POFC | PORT9 1DH W
Function | (prohibit 0
RWM) 0: KEY-IN DISABLE , 1:KEY-IN ENABLE
PATF | PABF | PASF | PA4F | PA3F | PA2F | PAIF ! PAOF
PAFC | PORTA 21H w
Function | (prohibit 0
RWM) 0: CMOS OUTPUT , 1: OPEN-DRAIN OUTPUT
i PB6C | PB5C i PB4C | PB3C PBIC | PBOC
pECR | PORTB | 24H | w w
Control | (Prohibit ! 0 0
RWM) i 0. IN 1. OUT 0. IN 1 OUT
PB6F | PBS5F | PB4F | PB3F PB1IF | PBOF
PBFC | PORTB | 25H w w
Function 0 0
(Prohibit 0: PORT 0: PORT
RAM) AN LI N el 2 TAdoUT | 1 X02
TBOOUTO { TA3OUT
ODEPBO
PBODE | PORTB | 2BH | w
Open 0
Drain | (Prohibit 0: CMOS
RWM) 1:0Open
Drain
: PC5C PC4C PC3C PC2C | PCIC ! PCOC
Pccr | PORTC | 26H .i W
Control | (Prohibit i 0
RWM) | 0: IN 1: OUT
PC5F PC3F | PC2F PCOF
PCFC | PORTC | 27H w w w
Fundion 0 0 0
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT
RWM) 1:SCLK1 L:TXD1 |1:SCLKO 1: TXDO
: ODEPC3 ODEPCD
PCODE | PORTC | 28H wod W
Open 0 0
Dran (Prohibit 0: CMOS 0: CMOS
RWM) 1:0pen 1:0pen
Drain Dran
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1/O Port Control (4/4)

Symbol | Name | Address 7 1 6 5 4 3 2 1 i 0
PD7F | PD6F PD4F PD3F PD2F PDIF | PDOF
PDFC | PORTD | 2AH w
Function 0
(Prohibit 0: PORT
Rwm) [OCPORT 1" 0:PORT }0:PORT |0:PORT |0:PORT {0:PORT
1:MLDALM ' 1: DOFFB |1:DLEBCD | 1:D3BFR |{1: D2BLP |1: D1BSCP
/IMLDALM
PE7C | PE6C | PESC PE4C PE3C | PE2C | PEIC | PEOC
PECR | PORTE | 2DH w
Control | (Prohibit 0
RWM) 0:IN 1:0UT
PETF | PE6F | PESF | PE4F | PE3F | PE2F | PEIF | PEOF
PEFC | PORTE | 2EH w
Function | (Prohibit 0
RWM) 0:PORT 1:LD7-Ofor LCD-Driver
| PF6F | PFSF ! PF4F | PF3F | PF2F | PFIF | PFOF
PFFC | PORTF | 32H W
Function 0
Prohibit
(RWM) Always {0:PORT | 0:PORT cl)iPORT giPORT 0:PORT | 0:PORT ! 0:PORT
fixedto*0".{ 1: SDCLK |1: SDCKE 1:/SDWE |1:/SDCAS}1: /SDRAS
SDUDQM | SDLDQM
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(3) Interrupt Control (1/3)
Symbol | Name | Address 7 6 ! 5 ! 3 2 1 1 ! 0
INTAD INTO
INTE- | Interrupt 90H IADC | IADM2 ! IADM1 ! IADMO l0C IoM2 | IOM1 | 10MO
0AD Enable R RIW R RIW
0& AID 0 0 i 0 i 0 o I o i o
1: INTAD Interrupt level 1: INTO Interrupt level
INT2 INT1
INTEL2 | Interrupt 91H 12C 2M2 | 12M1 | I2MO 11C 1IM2 | 1M1 | 11IMO
Enable R RW R RW
21 0 o ! o i 0 [ 0 | 0
1: INT2 Interrupt level 1: INT1 Interrupt level
INTALMA4 INT3
INTE3-A| Interrupt 92H IA4C IAAM2 | IA4M1 | 1A4MO 13C I3M2 | 131 | 13M0
LM4 Enable R R\W R RW
3& ALM4 0 o | o0 | 0 o I o | o
1T INTALM4 Interrupt level 1: INT3 Interrupt level
INTALM1 INTALMO
INTE-A | Interrupt 93H IALC IAIM2 | IAIM1 | IAIMO IAOC IAOM2 | IAOM1 | IAOMO
LMO1 Enable R RW R RW
ALMO1 0 o 1+ 0o i 0 0 i 0 0
1 INTALM1 Interrupt level 1:INTALMO Interrupt level
INTALM3 INTALM2
INTE-A | Interrupt MH IA3C IA3M2 | IA3M1 | IA3V0 IA2C IA2M2 | 1AZM1 | 1A2MO
LM23 Enable R RW R RW
ALM2/3 0 o | o0 | 0 o | 0 | o
1L:INTALM3 Interrupt level LINTALM2 Interrupt level
et INTTAL(TMRAL) INTTAO (TMRAOQ)
nterru T T T T
INTE- En ablep 95H ITAIC | ITAIM2 | ITAIM1 | ITAIMO | ITAOC | ITAOM2 | ITAOM1 | ITAOMO
TAOL : R RIW R RW
Timer A : T T T
0 0 o | o0 | 0 o | o0 1 o0
1: INTTAL Interrupt level 1: INTTAO Interrupt level
e INTTA3 (TMRADS) INTTA2 (TMRA4)
nterry|
INTE- Enablep o6H ITA3C | ITASM2 | ITASM1 | ITA3MO | ITA2C | ITA2M2 | ITA2M1 | ITA2MO
TA23 : R RIW R RW
Timer A
30 0 o | o0 | 0 o | o0 | o0
1: INTTA3 Interrupt level 1: INTTA2 Interrupt level
INTKEY INTRTC
INTE-RT | Interrupt 97H IKC IKM2 | IKM1 | IKMO IRC IRM2 | IRML | IRMO
CKEY Enable R RW R RW
RTC & 0 o ! o | 0 0o | 0o | 0
KEY 1: Interrupt level 1: INTRTC Interrupt level
INTKEY
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(3) Interrupt Control (2/3

Symbol | Name | Address 7 1 6 ! 5 I 4 3 ! 2 ! 1 1 o0
INTTXO INTRXO
T T T T
INTESD | Interrupt 98H ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
Enable R RW R RW
Seria 0 0 0 f 0 1 0 0 0 I 0 | o0
1: INTTXO Interrupt level 1: INTRXO Interrupt level
INTTX1 INTRX1
INTESL | Interrupt 99H ITX1C | ITXIM2 | ITXIM1 ! ITXIMO IRX1C ! IRXIM2 | IRXIM1 ! IRXIMO
Enable R RW R RW
Serial 1 0 o { o 1t o0 0 0o + o i o0
TINTTX1 Interrupt level T:INTRX1 i Interrupt level
INTLCD INTS2
Interrupt T N : :
INTES2 Enable 9AH ILCD2C ! ILCDM2 | ILCDM1 | ILCDMO 1S2C IS2M2 1 IS2M1 | 1S2MO
LCD | suia 2 R RIW R RIW
/LCD 0 0o I 0 | 0 0 o I o0 | 0
LINTLCD Interrupt level LINTS2 Interrupt level
Interrunt INTTC1 INTTCO
INTETG Enablep 9BH ITCIC | ITCIM2 ! ITCIM1 | ITCIMO | ITCOC | ITCOM2 | ITCOM1 | ITCOMO
R R
01 Too . RIW i . R/W .
0 0 | 0 i 0 0 0 | 0 | 0
INTTC3 INTTC2
Interrupt T T T T
INTETC Enable 9CH ITC3C ITC3M2 | ITC3M1 | ITC3MO ITC2C ITC2M2 | ITC2M1 | ITC2MO
R R
23 TC23 : RIW : : R/W :
0 0 ! 0 ! 0 0 0 ! 0 ! 0
INTP1 INTPO
Interrupt i T i i
INTEPOL Enable 9DH 1P1C IPIM2 1 IPIM1 | IPIMO 1POC IPOM2 | IPOM1 | IPOMO
R R
PCO/L _RW _RW
0 0 i 0 i 0 0 0 i 0 i 0
INTSSL INTSO
Interrupt T T T T
INTE-SS Enable 9EH 1SS1C ISSIM2 | ISSIM1 | ISSIMO 1SSOC ISSOM2 | I1SSOM1 | ISSOMO
R R
01 — _RW _RW
0 0 ! 0 ! 0 0 0 ! 0 ! 0
INTSS2
Interrupt T T i i
INTE-SS 9FH ! ! 1SS2C IS2M2 1 ISS2M1 | ISS2MO
Enable L 1 R L !
2 ssI02 RW
! ! 0 o T o [ o
INTTX2 INTRX2
INTES3 | Interrupt AOH ITX2C ITX2M2 | ITX2M1 | ITX2MO0 IRX2C IRX2M2 | IRX2M1 | IRX2MO
Enable R RW R RW
Seria 3 0 o I o0 I o0 0 o ! 0 | 0
1 INTTX2 Interrupt level LINTRX2 | Interrupt level
INTTBO1 INTTBOO
INTE-T Interrupt AlH | TBOIC | ITBOIM2 | I TBOIM1 | ITBOIMO | 1 TBOOC | I TBOOM2 | | TBOOM1 | ITBOOMO
R R
BO | Enable . — R’S’V — - — R/(\)N —
1 1 1 1
TMRBO L L L 1
1:INT Interrupt level TINT Interrupt level
TBO1 TBOO
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(3) Interrupt Control (3/3)

Symbol Name Address 7 6 5 4 3 2 1 0
OMAG DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO
Request 80H H H R/\IN T H
Vo Vector o ( o0 ¢ o { o0 i 0 ¢ 0
DMAOQO Start vector
DMA 1 DMA1V5 i DMA1V4 | DMALV3 | DMA1LV2 | DMALV1 | DMAIVO
DMA1
Request 81H T T R/W T T
v Vedtor o { o ! o ! o ! o i o0
DMA1 Start vector
OMA 2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2VO
DMA2
Rmues[ 82H T T R/\I/v T T
Vo | Vestor o { o { o { o ' o }{ o
DMAZ2 Start vector
VA DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3
Request g+ : : RW : :
v Vector 0 i 0 i 0 i 0 0 0
DMAS3 Start vector
CLRVS | CLRV4 | CLRV3 | CLRV2 | CLRV1 | CLRVO
Interrupt
INTCLR | Clear g w
(Prohibit ] ] ] ] ]
Control L L L ! L
RMW) Clears interrupt request flag by writing to DMA start vector
DMA DMAR3 | DMAR2 ! DMARL ! DMARO
Software
DMAR a9 RIW RIW RIW RIW
Request 0 0 0 0
Register 1: DMA request in software
DMA DMAB3 | DMAB2 | DMABL1 | DMABO
Burst
DMAB BAH RW RW RW RW
Request 0 0 0 0
Register 1: DMA request on Burst Mode
I3EDGE | I2EDGE | I1EDGE | IOEDGE | 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 write0 edge edge edge edge 0: edge evenon
(Prohibit 0: Rising ! 0: Rising | 0: Rising ! O:Rising ! 1:level NMI rising
RMW) 1: Falling | 1: Falling ! 1: Falling | 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 BOOM1 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 0: DIS 00: ROM/SRAM Databus | 000: 2WAIT 100: Reserved
Register (Prohibit [1:EN ok } width 00L: IWAIT  101: 3WAIT
RMW) 10: Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
11 1: 8hit 1 O11:OWAIT  111: 8WAIT
B1E B10M1 BIOMO | BI1BUS | BIW2 BI1W1 BIWO
BICS |Block 1 CIH w w w w w w w
CS/WAIT 0 0 0 0 0 0 0
control 0:DIS 00: ROM/SRAM Databus | 000: 2WAIT 100: Reserved
Register 1:EN oL: width 00L: IWAIT  101: 3WAIT
(Prohibit 10: } Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
RMW) 11: 1: 8 hit 011 OWAIT  111: 8WAIT
B2E B2M | B20M1 B20MO | B2BUS | B2wW2 B2wW1 B2WO
B2CS | Block 2 C2H w w w w w w w w
CYWAIT 1 0 0 0 0 0 0 0
control 0: DIS 0:16 M 00: ROM/SRAM Databus | 000: 2WAIT 100: Reserved
Register 1:EN Area oL: width 00L: IWAIT  101: 3WAIT
(Prohibit 1: Area 10: } Reserved 0:16bit | 010: 1 + NWAIT 110: 4WAIT
RMW) st 11: 1: 8 hit O11: OWAIT  111: 8WAIT
B3E B30M1 B30OMO | B3BUS | B3w2 B3W1 B3WO
B3CS |Block 3 C3H w w w w w w w
CS/WAIT 0 0 0 0 0 0 0
control 0: DIS 00: ROM/SRAM Databus | 000: 2WAIT 100: Reserved
Register 1:EN oL: } width 00L: IWAIT  101: 3WAIT
(Prohibit 10: Reserved 0:16bit 1 010: 1 +NWAIT 110: 4WAIT
RMW) 11: 1: 8 hit 011 OWAIT  111: 8WAIT
BEXBUS| BEXW2 | BEXW1 | BEXWO
BEXCS | External C7H W W w w
CS/WAIT 0 0 0 0
control Databus 1 000: 2WAIT 100: Reserved
Register width 00L IWAIT  101: BWAIT
(Prohibit 0:16bit | 010:1 +NWAIT 110: AWAIT
RMW) 1: 8 hit O11: OWAIT  111: SWAIT
Memory s23 S22 s21 S20 s19 si18 | s17 | si6
MSARo | Start C8H RW .
Address 1 i+ o1 b o1 b1 b 1 b1 b
Reg0 Start address A23 toA16
Memory V20 V19 | V18 i V17 I V16 | V15 | VI4&9 | V8
MAMRO | A daress CoH : . RIW . . .
Mask Reg0 1 1 1 1 ! 1 ! 1 ! 1 ! 1 ! 1
CY) areasize 0: enable to address comparison
Memory s23 S22 | s21 1 s0 i s19 | s18 | s17 | sS16
MSARL | Start CAH RIW
Address 1 14 1 f 1 f 1 b1 1
Regl Start address A23 toA16
Memory V21 v20 | vi9 I vi8 I vi7 | Vvie | V159 | V8
MAMRL | A ddress CBH . . R/.W . . .
Mask Regl 1 1| 1 1! 11 1!
CY) 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 s21 S20 S19 s18 S17 S16
MsaRy | St CCH : : : RIW : : :
Address 1 : 1 i 1 [ 1 [ 1 ! 1 ! 1 ! 1
Reg2 Start adldress A23t0A 16
v22 1 v2r b v20 L vig ! vig 1 viz | Vie | Vi5
Memory RW
MAMR? | Address CDH : : : : , , ,
Mask Reg2 1 f 1 1 1| 1 f 1 i 1 1 1
C areasize 0: enable to address comparison
Memory S23 I S»2 I S I S0 ! S19 I S8 | S17 I SI6
MsaRs | At CEH . : : RIW : : ,
Address 1 0 o1 b1 1 | 1 b 1 b1 4
Reg3 Start address A23t0 A 16
V22 f v2l + V20 ¢ V19 | V18 | V17 | V1e 1+ Vi5
M emOI’y 1 L 1 R/\I/\I 1 1 L
MAMR3 Address CFH T T T T T T T
Mask Reg3 SN R S N SN NN SN A S SN SR NN S N
CY) areasize 0: enable to address comparison

91C820A-325



TOSHIBA TMP91C820A
(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
SYSCRO [(System Clock | EOH RW
Control Registeg 1 1 1 0 0 0 0 i 0
0 High- Low- High-frequend L ow-frequenc! Select clock Warm-up Select prescaler clock
frequency frequency y oscillator (fcly oscillator (fsi after release ofi timer 00: fFpH
oscillator (fc) 1oscillator (fs) 1after release 1after release ofi STOP Mode 10 write: 01: reserved
0: stopped 0: stopped of STOP Modd STOP Mode 10:fc Don't care 10: fc/16
1: oscillation 11: oscillation 10: stopped 0: stopped 1:fs 1 write: 11: reserved
1: oscillation 11: oscillation start timer
O read: end
warmup
1 read:
not end
warmup
SYSCK | GEAR2 ! GEARL ! GEARO
SYSCR1 [System Clock | E1H RW
Control 0 1 i 0 i 0
Register 1 System  High-frequency gear value selection
clock (fo)
selection  1000:fc
0: fc 001:fcl2
1:fs 010: fci
011:fc/8
100: fc/16
101: (reserved)
110: (reserved)
111: (reserved)
PSENV WUPTM1 | wuptmo | HALTM1 | HALTMO | SELDRV | DRVE
SYSCR2 (System Clock | E2H RW RW
Control 0 1 i 0 1 b1 0 0
Register 2 Lnormal Warming-uptime 00: reserved <Drive> 11:Drivethe
Ozpower 00: regerved 01: STOP Mode Mode pinin
séve mode 01: 2/inputt frequency  110: IDLE1 Mode Select STOP/
enable 10: 24 11:IDLE2Mode 1.STOP Mode
11: 2% 0:IDLE
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(5) Clock Gear (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
PROTECT ! TA3LCE AHOLD ' TASMLE EXTIN DRVOSCH ! DRVOSCL
EMCCRO |EMC E3H R RW RW RW RW RIW RIW
Control 0 0 0 0 0 1 1
Register 0 Protection ! LCDC Address hold ! Melody/Alarm l:fcis fc oscillator 1 fsoscillator
flag Source clock | O;normal Source clock external drivability 1 drivebility
0: OFF 0:32KHz 1:enable 0:32KHz clock. 1: Normal 1: Normal
1:ON 1:TA30UT 1:TA30UT 0: Weak 0: Weak
EMC
EMCCR1 | Control E4H Switching the protect ON/OFF by writing following 15™-KEY ,2"°-KEY.
Register 1 Continuation writes in 15"-KEY :EMCCR1=5AHEMCCR2=A5H.
EMC Continuation writesin 2"°-KEY:EMCCR1=A5H, EMCCR2=5AH.
EMCCR2 | Control E5H
Register 2
ENFROM | ENDROM ! ENPROM FFLAG DFLAG PFLAG
EMCCR3 |EMC E6H RW RW RW RW RW RW
Control 0 1 0 0 1 1
Register 3 cslA C2B2G cA CSIA C2B2G c2A
areadetect areadetect areadetect Write Write Write
engble Enable endble operation operation operation
Odisble Odissble Odissble flag flag flag
Leretle Leneble Leneble When reading Whenwriting
“0": not written “0":dearflag
“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, MSAR3,
MAMRO, MAMR1, MAMR2, and MAMR3
2. MMU
LOCALO0/1/2/3
3. Clock Gear (EMCCRY, 2 can be written to)
SY SCRO, SY SCR1, SYSCR2 and EMCCRO
4. DFM
DFMCROand DFMCR1

(6) DFM (clock doubler)

Symbol Name Address 7 6 5 4 3 2 1 0
ACT1 ACTO DLUPFG | DLUPTM
DFMCRO| DRV E8H RW RW R R/W
Cortrol 0 0 0 0
Register 0 DFM |LUP fEPH  ILock-upfalg Lock-uptime

00|sToP|sToP | foscH 10: EndLUP 0: 2foscH
01|RUN |RUN | fosch 11: Do not endil: 2**foscH
10|RUN |STOP | fDFM LUP
11| RUN |STOP | foscH

DFM
DFMCR1L | Control E9H
Register 1

Write“OBH” before starting lock -up operation.

91C820A-327



TOSHIBA TMP91C820A

(7) 8-BitTimer

(7-1) TMRAO1L
Symbol Name Address 7 6 5 4 3 2 1 0
TAORDE I2TAOL ITAOIPRUN| TAIRUN | TAORUN
TAOL- | 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 | TAOIMO | PWMO1 ! PWMOO ! TAICLK1 | TAICLKO ! TAOCLK1 ! TAOCLKO
8-Bit RIW
TAOL- | Timer 0 i 0 0 i 0 0 i 0 0 i 0
MOD | Source 104H  [00: 8-Bit Timer 00: Reserved 00: TAOTRG 00: TAOIN pin
CLK & 01: 16-Bit Timer 01:2- 1 PWM cycle | OL:fT1 01:fT1
MODE 10: 8-Bit PPG 10:27-1 10: fT16 10:fT4
11: 8-Bit PWM 1m:22-1 11: fT256 11:fT16
TAFFICL | TAFFICO | TAFFLIE | TAFFLS
TA1FFCR| 8-Bit 105H W RIW
Timer 1 | 1 0 0
Flip-Flop 00: Invert TALFF 1:TALFF 10:TMRAO
Control 01: St TALFF Invert {1:TMRA1
10: Clear TALFF Enable inversion
11: Don'tcare
(7-2) TMRA23
Symbol Name Address 7 6 5 4 3 2 1 0
TA2RDE I2TA23 ITA23PRUN! TA3RUN ! TA2RUN
TA23-R | Timer 108H RW RIW RIW RIW RW
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 ) Undefined
8-Bit -
TA3REG| Timer 10BH w
Register 1 | (RMW ) Undefined
TA23M1 | TA23MO | PWM2L | PWM20 | TASCLK1 |TA3CLKO ! TA2CLK1 } TA2CLKO
TA23-M | 8-Bit 10CH RIW
oD Timer 0 I 0 0 | © 0 i 0 0 i 0
Source 00: 8-Bit Timer 00: Reserved 00: TAZTRG 00: Reserved
CLK& 01: 16-Bit Timer 01:2°-1 PWM cycle 101:T1 01:fT1
MODE 10:8-Bit PPG 10:27- 1 10:fT16 10:fT4
11:8-Bit PWM 11:28- 1 11: fT256 11:fT16
8-Bit TAFF3CL | TAFF3CO | TAFR3IE | TAFR3IS
TASFFCR | Timer 10DH W RIW
Flip-Flop 1 i 1 0 i 0
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Control 00: Invert TA3FF 1: TA3FF 10: TMRA2
01: St TA3FF Invert 1: TMRA3
10: Clear TA1FF Enable inversion
11: Don't care
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(8) UART/Serial Channel (1/3)
(8-1) UART/SIO Channel 0
Symbol Name Address 7 6 5 4 3 2 1 0
Sevid RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RBL/TB1 | RBO/TBO
SCOBUF | Channel 0 200H R (Receiving)/W (Transmission)
Buffer Undefined
RBS EVEN | PE OERR | PERR | FERR | SCLKS | 10C
Seria R R/W R (Cleared to 0 by reading) R/W
SCOCR | Channel 0 | 201H 0 0 0 o ! 0o ! o0 0 0
Control Receiving gar'oté/ d 1: Parity 1: Error 0:SCLKO- 11: Input
data bit 8 1 Even Enable i Over Run Parity Framing i 1:SCLKO [SCLKO pin
TB8 CTSE RXE WU SM1 SMO0 SC1 SCO
RW
i 0 0 0 0 0o ! o o L o
CO- Channd 0 202H Trangmisson | 1:CTS 1:Recdve 1 1:Wakep 1 00:1/O Interface 00: TAOTRG
MODO Mode0 detabit 8 Ereble Eredle Endde | 01: UART 7-Bit 01: baud rate generator
10: UART 8-Bit 10: internal clock fsy s
11: UART 9-Bit 11: externd clock
LLKO
% | BROADD | BROCK1 | BROCKO | BROS3 | BROS2 | BROSL | BROSD
RW
Baud Rate 0 0 0 o I o I o I o0
BROCR | ~ontrol 203H  [Always  [1: (16K) /16| 00: fTO Set the dividiing value.
writeO. divided | O fT2 OtoF
Enable 10: fT8
11: fT32 : : :
. . .
Serial BROK3 1 BROK2 1 BROK1 i BROKO
BRO-AD | Channd 0 T R/.\N T
D K sting 2041 0 ! 0 ! 0 : 0
Reg Baud Rate0 K
1toF
120 FDPXO0
SCO-MO Seridl RQN Ri‘)W
Channel 0 205H
D1 | viodet IDLE2  Y0interface
0: Stop 1: Full Duplex
1: Operate [0: Half D uplex
(8-2) IrDA
Symbol Name Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 ; SIRWDO
RW RW RW RW RW
IrDA 0 0 0 0 o i o I o I o0
SIRCR | Control 207H | qransmission | Receiving | Transmisson | Receiving | Set the effective SIRRXD pulse width
Register pusewidth | Data 0: Disable | 0: Disable 1 Pulsewidth morethan®“2x ~ (set value+1")
0:3/16 0:“H" puse | 1:Enable 1 1:Enable ! Possible :1tol4
1:1/16 1L puse Not possible :0, 15
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UART/Serial Channel (2/3)
(8-3) UART /SIO Channdl1
Symbol Name Address 7 6 5 4 3 2 1 0
Sevid RB7/TB7 | RB6/TB6 ! RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RBL/TB1 | RBO/TBO
SC1BUF| Channel 1 208H R (Receiving)/W (Transmission)
Buffer Undefined
RBS EVEN ! PE OERR | PERR | FERR | SCLKS | 10C
Serial R R/W R(Cleilared to 0 by r?ading) R/W
SCICR |Channel 1 | 209H 0 0 0 o i 0 0 0 0
Control Receiving iParity 1: Parity 1: Error 0: SCLK1- i1: Input
databit 8 10: Odd Enable Over Run Parity Framing 11: SCLK1 1SCLK1 pin
1: Even
TB8 CTSE RXE WU SM1 SMO 1 0
RW
oy | S 0 0 0 0 o ! o0 o 1 o
Mopo | Chamell | 20AH | ranission | 1:CTS | 1: Recdve | 1: Wake up | 00: 1/O Interface 00 TAOTRG
Mode databit 8 Enable Enable Enable | 01: UART 7 bit OL beud rete generator
10: UART 8hit 10 intemd dodk fgys
11: UART 9 hit 11: externd dock SCLK 1
k2 BRIADD | BR1CK1 BR1CK BR1S3 i BR1 BR1SL i BR1)
T RM/ T T T
BRICR |CodRae | gy ° - ° . o0 b — ——
Control Always write 1: (16-K)/16} 00: fTO Dividingvalue
0. divided | 01:fT2 OtoF
Enable 10: fT8
11:fT32
i BRIK3 ! BRIK2 ! BRIK1 ! BRIKO
BR1-AD | Channel 1 20CH 5 ) 0 RII\N 0 ) o
D K sdting ! ! !
Reg Set the frequency divisor K
1toF
12S1 FDPX1
RW RW
sc1-mo| 1d 0 0
D1 Channel 1 20DH IDLE2 |/Ointerface
Model 0: Stop mode
1: Operate |1: full Duplex
0: Half Duplex
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UART/Serial Channel (3/3)
(8-4) UART/SIO Channel2

Symbol Name Address 7 6 5 4 3 2 1 0
Seria RB7/TB7 ' RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RBUTB1 | RBO/TBO
SC2BUF| Channel 2 210H R (Receiving)/W (Transmission)
Buffer Undefined
RBS EVEN ! PE OERR | PERR | FERR :
Serial R R/W R (Cl e?red to 0 by r?adi ng)
SC2CR | Channd 2 | 211H 0 0 0 o i 0 0 0 0
Control Receiving iParity 1: Parity 1: Error Always Always
data bit 8 10: Odd Enable 1 Over Run Parity Framing 1writeO. writeO.
1: Even
TB8 RXE WU SM1 SMO 1 0
RW
. | S 0 0 0 0 o ! o0 o 1 o
Mopo | Chamel2 | 212H | qoicion IAlways | 1: Recsive | 1: Wake up | 00: Reserved 00 TAOTRG
Mode databits | writeO. Enable Enable | 01: UART 7 bit OL baud rete generater
10: UART 8hit 10 intemd dock fgys
11: UART 9 hit 11: externd dock SCLK 1
A BRI1ADD ! BR1CK1 BR1CK BR1S3 i BR1 BR1SL i BR1)
R/W
Baud Rete 0 0 0o | o0 o I o | o | o
BR2CR Control 213H Always write 1: (16-K)/16} 00: fTO Dividing value
0. divided | 01:fT2 OtoF
Enable 10: fT8
11: fT32
i BRIK3 ! BRIK2 ! BRIK1 ! BRIKO
BR2-AD | Channel 2 214H 5 : 5 RIIW 5 : 5
D K sdting ! ! !
Reg Set the frequency divisor K
1toF
1281 FDPX1
RW RIW
2-mo| 1d 0 0
D1 Channel 2 215H IDLE2 |/Ointerface
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 KO
SBIOCR1 | Seria Bus 240H /SVRMON
Interface (I12CBus 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 valuen
000: 8, 001: 1, 010: 2 Mode 000: 4, 001: 5, 010: 6
(Prohibit 011: 3, 100: 4, 101:5 0: Dissble 011:7, 100: 8, 101: 9
RMW) 110: 6, 111: 7 1: Endble 110: 10, 111: (reserved)
240H SIO0S SIOINH SIOM1 SIOMO SCK2 SCK1 KO
(slo /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 valuen
L 0: Stop 0: Continue | 00: 8-Bit Transmit Mode 000: 3, 001: 4, 010: 5
(:'\c/)lhlblt 1: Start 1: Abort 10: 8-Bit Transmit/Receive 011: 6, 100: 7, 101:8
W) Mode 110: 9, 111: SCK pin
11: 8-Bit received Mode
SBIO- Bl 241H RB7/TB7 | RB6/TB6 | RB5/TB5 i RB4/TB4 | RB3/TB3 RB2/TB2 i RB1/TB1 i PBO/TBO
DBR Buffer (Prohibit R (receiving)/W (transmission)
Register RMW) Undefined
SAG SAS SA4 SA3 SA2 SA1 SAOQ ALS
12COAR | 12CBUS 242H W W W W R/W RW R/W R/W
Address 0 0 0 0 0 0 0 0
Register Address
ibi recognition
(:,\c/)lr\]/l\zlt Setting slave address :OSn able
1: Disable
MST TRX BB PIN AL/SBIM1iAAS/SBIMO ADO/ LRB/
SBIO- Serial Bus 243H SWRST SWRST 0
CR2 Interface | (°Chus RIW RW RW RIW RW RW RW RW
Control Mode) 0 0 0 1 0 0 0 0
(SBIOSR) | Register 2 0: Slave 0:receiver | Busstatus | INTS2 request Arbitration losti Slave  addresd GENERAL Lost receive
1: Master 1: transmit | monitor monitor detection match  detectionl CALL  detection bit monitor
(Prohibit 0: Free 0: Reguest monitor monitor monitor 0:0
RMW) 1: Busy 1: Cancel 1: Detect 1: Detect 1: Detect 11
Ya Ya Ya Ya SIOF SEF Ya Ya
243H R R
(slo 0 0
MOde) Transfer  status; Shift operation
monitor status monitor
(Prohibit 0: stopped 0: stopped
RMV\O 1: terminated in | 1: terminated in
process process
12SBI0
SBIO- Seria Bus 244H R/W
BRO Interface 0
Baud Rate Always {IDLE2
Register 0 write0. 1 0: Abort
1: Operate
PAEN
SBIO- Seria Bus 245H RW
BR1 Interface 0
Baud Rate Clock control
Register 1 0: Abort
1: Operate
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(10) AD Converter
Symbol Name Address 7 6 5 4 3 2 1 0
A/D EOCF ADBF ITM1 ITMO REPEAT SCAN ADS
ADMODO| MODE 2BOH R RW RW R/W RIW R/W RW
Reg0 0 0 0 0 0 0 0 0
1: End 1: busy Interrupt in Repeat Mode 1 1. Repeat 1: Scan 1. Start
A/D VREFON 12AD ADTRGE | ADCH2 ADCH1 ' ADCHO
ADMOD1| MODE 2B1H RW RW R/W R/W
Regl 0 0 0 0 o | o
1: VREF | IDLE2 1: Enablefor Input channel
On 0: Abort external 000: ANOANO
1: Operate start 001: AN1 ANO® AN1
010: AN2 ANO® AN1® AN2
011: AN3ANO® AN1® AN2® AN3
100: AN4 AN4
101: AN5SAN4® ANS
110: AN6 AN4® AN5® AN6
111: AN7 AN4® AN5® AN6® AN7
AD AD Reault ADRO1 ADROO ADRORF
REGL | RegO/4low| 2A0H R R
Undefined 0
AD AD Result ADRO09 i ADRO08 ADRO7 ADRO06 ADRO05 ADRO4 ADRO3 ADRO2
REGMH | Reg 0/4 2A1H R
high Undefined
AD AD Reault ADR11 i ADRI10 ADRIRF
REG15L | Reg USlow| 2A2H R R
Undefined 0
AD AD Result ADR19 i ADRI18 ADR17 ADRI16 ADR15 ADR14 ADR13 ADR12
REGI5H | Reg 1/5 2A3H R
high Undefined
AD AD Reault ADR21 i ADR20 ADR2RF
REG26L | Reg2/6low| 2A4H R R
Undefined 0
AD AD Reault ADR29 i ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
REG26H | Reg 2/6 2A5H R
high Undefined
AD AD Result ADR3L ! ADR30 Y, Y, Y, Y4 Y, ADR3RF
REG37L | Reg 3/7low| 2A6H R R
Undefined 0
AD AD Reault ADR39 i ADR38 ADR37 ADR36 ADR35 ADR34 ADRS33 ADR32
REG37H | Reg 3/7 2A7H 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 Ya
WDT RW RW RW R/W R/W RW
WDMOD| MODE 300H 1 0 0 0 0 0
Reg 1: WDT 00: 2%/fgys IDLE2 L RESET  iAlwayswrite
Enable | O1:2"/fgys 0: Abort connect  10.
10: 2%fgys 1: Operate internally
11: 2%fgys WDT out
to Reset
pin
Y
WDCR | WD 301H W
Control 3,
B1H: WDT Disable  4EH: WDT Clear
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(12) RTC (Real Time Clock)
Symbol Name Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
SECR | Second 320H RW
Reg Undefined
“ 0" 40 sec. i 20 sec. i 10 sec. 8 sec. i 4 sec. 2 Sec. 1 sec.
MIE I M5 1 MI4 MI3 1 MI2 Mi1 MIO
MINR [ Minute 321H R/W
Reg Undefined
" 0" 40 min. i 20 min. i 10 min. 8 min. i 4 min. 2min. 1min.
HO5 | HO4 HO3 | HO2 HOL HOO
HOURR | Hour 322H RW
Reg Undefined
0 0 20 hour 10 hour 8 hour 4 hour 2 hour 1 hour
(PM/AM)
WE2 WE1L WEOQO
DAYR | Day 323H RW
Reg Undefined
“ 0" ‘0" : ‘0" i ‘0" " 0" i WE?2 WE1 WEO
DA5 | DA4 DA3 | DA2 DAL DAO
DATER | Date 324H R/W
Reg Undefined
0 ‘0" I 20day : 10 day 8 day i 4 day 2 day 1 day
MO4 MO3 | MO2 MO1 MO0
MONTHR| Month 325H RW
Reg Undefined
PAGEO ‘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 i YE2 YE1 YEO
YEARR | Year 326H RW
Reg Undefined
PAGEOQ 80 year 40 year 20 year 10 year 8 year 4 year 2 year i 1 year
PAGE1 -- -- L eap year setting
INTENA ADJIIST ENATMR i ENAALM PAGE
PAGER | Page 327H RW W R/W R/W
Reg(Prohi 0 - Undefined Undefined
bit RM\N) INTRTC ADJUST TIMER ALARM PAGE
ENABLE ENABLE ENABLE setting
DISIHZ DIS16HZ ! RSTTMR RSTALM RE3 ! RE2 RE1 REO
RESTR | Reset 328H W
Reg(Prohi Undefined
bit RMVV) 0:1HZ 0: 16HZ 1: RESET 1:RESET 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 ALG6 AL5 AL4 AL3 AL2 ALl
Alarm— RW
ALM Pattern 330H 0
Reg Alarm—Pattern set
FCL | FCO ! ALMINV MELALM
MEL-A | Melody/ RIW RIW RIW
LMC Alam 331H 0 0 0
Control Free-run counter Control Alarm Alwayswrite 0 Output
Reg 00: Hold Frequency Frequency O:
01: Restart Invert Alarm
10: Clear 1: Invert 1: Melody
11: Clear & Start
ML7 | ML6 | MLS | ML4 | ML3 | ML2 | MLL MLO
Melody RIW
MELFL | Frequency 332H 0
L-Reg Melody Frequency set (low 8bit)
MELON ML1L | ML10 | ML9 | ML8
Melody RIW RIW
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 RW
ALMINT | interrupt 334H 0
Enable Always INTALM4to INTALMO Alarm Interrupt Enable
Reg write0
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(14) MMU
Symbol Name Address 7 6 5 4 3 2 1 0
LOE LOEA2 LOEA21 ! LOEA20
LocaL | FOCALO RIW RIW
o Control 350H 0 0
Reg 0: Disable LOCALO area BANK set
1: Enable
L1E LIEAZ3 | LIEA22 | L1EA21L
LocaL | FOCALL RIW RIW
1 Control 351H 0 0
Reg 0: Disable LOCAL1 areaANK set
1: Enable
L2E L2EAZ3 | L2EA22 | L2EA21
LocaL | LOCAL2 RIW RIW
5 Control 352H 0 0
Reg 0: Disable LOCAL2 area BANK set
1: Enable
L3E L3EA26 | L3EA25 | L3EA24 | L3EA23 | L3EA22
LocaL | FOCAL3 RIW RIW
. Control 353H 0 0
Reg 0: Disable LOCAL3 area BANK st
1: Enable
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(15) LCD CONTROLLER (1/5)
Symbol Name Address 7 6 5 4 3 i 2 1 0
BAE AAE SCPW1 SCPW0O | BURSTW E BULK RAMTYPE MODE
R/W
LCD 0 0 1 i 0 0 0 0 0
LCD Mode 04BOH Used by B jUsed by A | SCPwidth SDRAM SDRAM Display Mode
MODE Register AREA AREA 00:Base Mode burst width Bank RAM Selection
01:2-clock always Selection Selection 0: RAM
O:Disable O:Disable 10:4-clock fixed to ! 0:64Mbit 0:SRAM 1: SR
1:Enable 1:Enable 11:8-clock " 0" 1:128Mbit 1:.SDRAM
Divide FMN7 FMNG6 FMN5 i FMN4 FMN3 FMN2 FMN1 FMNO
LCD-D 1 om 04B1 . , R . . .
VM Register 0 o+ o | o | o i o I o {1 o
Setting DVM bit7-0
COM3 ! COM2 ! COM1 ! COMO ! SEG3 | SEG2 | SEGL | SEGO
R/W
0 | i i i i
Setting the LCD Common number for SR Mode Setting the LCD Segment Number for SR Mode
LCD-9Z| LCD Sze| oo 0000:128  0101:400 0000:128  0101:480
E Register 0001:160  0110:480 0001:160  0110:560
0010:200 0010:240 0111:640
0011:240 0011:320
0100:320 0100:400
other: reserve other: reserve
LCDON | ALLO | FRMON | TEST FP9  {MMULCD| FP8 | START
R/W
0 0 0 0 0 0o I 0 0
LCD /DOFF Setting All Divided Always Setting Specify Setting Start Control
LcDeTL | Control 04B3H Port COLUMN FR mode “0” write bit9 for Address bit8 for in SR Mode
Register PortsTo 0 fFP[9:0] Of LCD} fFP[9:0]
0:0FF 0: OFF 0: disable Driver with 0:STOP
1:ON 1: ON 1: enable Builtin RAM 1:START
(=ALLO) 0: OFF
1: ON
LCD FP7 FP6 FP5 FP4 FP3 FP2 i FP1 FPO
FRAME RIW
LCD-HP| FREQU-E 04B4H 0
NCY frp Set value bit7to 0
Register
GRAY1 GRAYO
LCD R’(‘)’V R’(‘)’V
LCDGL f;% 04B5H 00: monochrome
Register 01: 4levels
10: 8levels
11: 16 levels
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LCD CONTROLLER (2/5)
Symbol Name Address 7 6 5 4 3 2 1 0
CDE cCs CBE1 CBEO
RIW RIW
LCD 0 0 o | o
LCDCM Cursor 04B6H Cursor Cursor Color Cursor Blink interval
Mode Ocof 0: White 00: Donit Blink
Register 1:on 1:Black 01: Hz
10: Hz
11: . Hz
cw4 cW3 CW2 CW1 | Cwo
LCD RIW
Lcoaw | cursr B TH o ! o I o I o | o
Width Cursor width (  size)
Register 00000: 1dot (MIN)
11111: 32dots (MAX)
CW4 | CW3 | CW2 | CWL | CWO
LCD RIW
LeDeH | S 04B8H 0o { o i o | o |} o
Height Cursor height (Y size)
Register 00000: 1dot (MIN)
11111: 32dots (MAX)
LCD APB3 | APB2 | APB1 | APBO
Lopep | SUrs 04B9H : RW :
APB 0O i o0 i 0o 1 o0
Register Setting bit3-0 for cursor absolute position
LcD CAP7 | CAP6 | CAP5 | CAP4 | CAP3 | CAP2 | CAP1 | CAPO
LcDepL | S 04BAH : : RIW : : :
AP 0 i 0 0 i 0 i 0 i 0 i 0 i 0
Register-L Setting bit7-0 for cursor absolute position
Lcp CAP15 | CAP14 | CAP13 | CAP12 | CAP1l | CAP10 | CAP9 | CAPS
LEDEP |- Cursor 04BBH : : RIW : : :
M | ap o ! o o ! o ! o { o0 ! 0o I o0
Register-M Setting bit15-8 for cursor absolute position
LcD CAP23 | CAP22 | CAP21 | CAP20 ! CAP19 | CAP18 | CAP17 ! CAP16
LCDCPH| S 04BCH : : RIW : : :
AP o ! 1 o ! o I o { o | o I o
Register-H Setting hit23-16 for cursor absolute position
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LCD CONTROLLER (3/5)
Symbol Name Address 7 6 5 4 3 2 1 0
A-area SA15 SA14 SA13 SA12 SA11 SA10 SA9 SA8
RW
LsARaM | @ 04COH ; ; ; : ; ; ;
Address 0 i 0 i 0 i 0 i 0 i 0 i 0 i 0
Register-M Setting startaddressA15 A8 for the source data memory in A area
A-aren SA23 | SA22 | SA21 | SA20 | SA19 | SAI18 | SA17 | SAl6
R/W
LSARAH | 5" 04CLH . ; ; . ; : ;
Address 0 ! 1 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Register-H Setting start addressA23  A16 for the source datamemory in A area
A-oren EAI5S | EAl4 | EAI3 | EA12 | EAllL | EAI0 | EA9 | EA8
End RW
LEARAM MC2H T T T T T T T
Address 0 i 0 i 0 i 0 i 0 i 0 i 0 i 0
Register-M Setting end addressA15 A8 for the source datamemory in A area
A-crea EA23 | EA2 | EA21 | EA20 | EA19 | EA18 | EA17 | EAlG
R/W
LEARAH| B 04C3H : : : ; : : :
Address 0 i 1 i 0 i 0 i 0 i 0 i 0 i 0
Register-H Setting end addressA23  A16 for the source datamemory in A area
Boaren SA15 | SA14 | SA13 | SA12 | SAll | SAI0 | SA9 | SA8
RW
LSARBM Start 04CAH T T T T T T T
Address 0 ! 0 i 0 i 0 ! 0 ! 0 ! 0 i 0
Register-M Setting start addressA15 A8 for the source data memory in B area
B-orea SA23 | SA22 | sA21 | SA20 | SAl9 | SA18 | SA17 | SAl6
RW
LSARBH | " 04C5H . ; ; ; . . .
Address 0 ! 1 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Register-H Setting start addressA23  A16 for the source data memory in B area
Boaren EAI5 | EAl4 | EAI3 | EA12 | EA1l | EAI0 | EA9 | EAS
LEARBM | =™ 04C6H . . . RIW . . .
Address 0 | 0 | 0 | 0 i 0 | 0 | 0 | 0
Register-M Setting end addressA15 A8 for the source datamemory in B area
Booren EA23 | EA22 | EA2L | EA20 | EA19 | EAI8 | EAL7 | EAI6
RW
LEarBH | E™ 04CTH , . . . . . :
Address o ! 1 ! o { o { o !t o ! o ! o0
Register-H Setting end addressA23 A16 for the source datamemory in B area
Coarea SA7 | sA6 | SA5 | SA4 I sSA3 I sAa2 | SAl | sAo
Start RW
LSARCL 04C8H T T T i T T 7
Address o ! o { o { o { 0o I O I 0 I 0
Register-L Setting start addressA7 A0 for the source data memory in C area
Carea SAI5 | SAl4 | SAI3 | SAI2 ! SAIL | SAI0 | SA9 | SA8
RW
LsARoM | @ 04COH ; ; ; ; . . .
Address o ! 0 Y R ) ) L0 )
Register-M Setting start addressA15 A8 for the source datamemory in C area
Coarea SA23 | SA22 | SA21 | SA20 | SA19 | SAI8 | SAI7 | SAl6
RW
LSARCH | 5 O4CAH . . , . , . .
Address 0 i 1 i 0 i 0 H 0 i 0 i 0 i 0
Register-H Setting start addressA23  A16 for the source datamemory in C area
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LCD CONTROLLER (4/5)

Symbol

Name

Address

LGOL

LCD Gray
level data
setting
Register-L

04D0H

LCD Gray
level data
setting
Register-H

04D1H

LGIL

LCD Gray
level data
setting
Register-L

04D2H

LGIH

LCD Gray
level data
setting
Register-H

04D3H

LG2L

LCD Gray
level data
setting
Register-L

04D4H

LG2H

LCD Gray
level data
setting
Register-H

04D5H

LCD Gray
level data
setting
Register-L

04D6H

LCD Gray
level data
setting
Register-H

04D7H

LGAL

LCD Gray
level data
setting
Register-L

04D8H

LG4H

LCD Gray
level data
setting
Register-H

04D9H

LG5L

LCD Gray
level data
setting
Register-L

04DAH

LG5H

LCD Gray
level data
setting
Register-H

04DBH

LG6L

LCD Gray
level data
setting
Register-L

04DCH

LG6H

LCD Gray
level data
setting
Register-H

04DDH

LG7L

LCD Gray
level data
setting
Register-L

04DEH

LGH

LCD Gray
level data
setting
Register-H

04DFH
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LCD CONTROLLER (5/5)

Symbol

Name

Address

LG8L

LCD Gray
level data
setting
Register-L

04E0H

LG8H

LCD Gray
level data
setting
Register-H

O4E1H

LGOL

LCD Gray
level data
setting
Register-L

04E2H

LGOH

LCD Gray
level data
setting
Register-H

04E3H

LGAL

LCD Gray
level data
setting
Register-L

04E4H

LGAH

LCD Gray
level data
setting
Register-H

04E5H

LGBL

LCD Gray
level data
setting
Register-L

04E6H

LGBH

LCD Gray
level data
setting
Register-H

O04E7H

LGCL

LCD Gray
level data
setting
Register-L

04E8H

LGCH

LCD Gray
level data
setting
Register-H

04E9H

LGDL

LCD Gray
level data
setting
Register-L

04EAH

LGDH

LCD Gray
level data
setting
Register-H

04EBH

LGEL

LCD Gray
level data
setting
Register-L

04ECH

LGEH

LCD Gray
level data
setting
Register-H

04EDH

LGFL

LCD Gray
level data
setting
Register-L

O04EEH

LGFH

LCD Gray
level data
setting
Register-H

O04EFH
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(16) SDRAM CONTROLLER
Symbol Name Address 7 6 5 4 3 2 1 0
SDINI SWRC SMUXE | sMUXW1 i SMUXWO0 SMAC
RW RW RW
SORAM 0 0 - - 0 o i o 0
SDACR | Address 04FOH Auto Wiite . - Address SDRAM Sdlect Access
Control initialize Recovery Always fixed to“ 10 Mux Cycle
ODisable | & 1AoK O:Dissble | 00:16M 10:128M | O:Disable
1Enable | = 290K LEnable | OL64M 1lReseve | LEnable
SFRC SR SRS1 SR SASFRC SRC
RIW RIW
SORAM 0 o ¢ o | o 0 0
SDRCR | Refresh 04F1H Salf Refresh interval Auto Salf Interval
Control Refresh 000: 78state  100:195state Refresh Refresh
001: 97state  101:210state )
. O:disable .
O:Disable 010:124state  110:249state Lengble O:Disable
1:Enable 011:156state  111:312state 1:Enable
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(17) 16-BitTimer
Symbol Name Address 7 6 5 4 3 2 1 0
TBORDE Y 12TBO T BOPRUN TBORUN
TBORUN | Timer 180H
Control RW RW RW RW RW
0 0 0 0 0
Double Always IDLE2 16 Bit Timer Run/Stop control
Buffer writeQ. 0: Stop 0: Stop& Clear
0: Disable 1: Operate | 1: Run (count up)
1: Enable
TBOCT1 1 TBOET1 1 TBOCPOI i TBOCPM1 i TBOCPMO! TBOCLE i TBOCLKli TBOCLKO
TBO-MO|16-Bit Timer 182H
D |Source CLK RIW W RIW
& MODE 0 i 0 1 0 i 0 0 0 i 0
TBOFFLINV TRG Capture Timing 1: UCD Source Clock
0: Soft (TBOINO, TBOIN1) Clear
0: TRG Disable capture 1 00: disable Enable 1 00: TBOINO pin
1: TRG Enable 1: Don't o1L: -, - 01: fT1
care 10: -, 10: fT4
11: -, (TA1OUT) 11: fT16
TBOFFIC1} TBOFFICO! TBOCITL ! TBOCOT1! TBOELT1! TBOEOT1! TBOFFOCL! TBOFFOCO
TBOFFCR | 16-Bit 183H ; '
Timer W* . R/W \N*
Flip-Fop 1 | 1 0 | 0 | 0 0 0 | 0
Control 00: Invert TBOFF1 TBOFFO Invert Trigger 00: Invert TBOFFO
01: Set 0: trigger Disable 01: Set
10: Clear 1: trigger Enable 10: Clear
11: Don't care 11: Don't care
16-Bit 188H Ya
TBORGOL | Timer (Prohibit W
Register OL RMW) Undefined
16-Bit 189H Y
[TBORGOH | Timer (Prohibit w
RegisterOH | RMW) Undefined
16-Bit 18AH Ya
TBORGIL | Timer (Prohibit W
Register 1L RMW) Undefined
16-Bit 18BH Y
TBORGIH | Timer (Prohibit W
Register 1H RMW) Undefined
Capt %
apture
TBOCFOL | pegiseroL | 2ECH R
Undefined
Capt %
apture
 TBOCPOH Regjster OH 18DH R
Undefined
Capt i
apture
TBOCPLL Register 1L 18EH R
Undefined
Capt i
apture
[TBOCP1H Register 1H 18FH R
Undefined
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6. Pointsto Note and Restrictions

(1) Notation
The notation for built-in/ 1/0 registersis as follows register symbol <bit symbol>
e.g.) TAOIRUN <TAORUN> denotes bit TAORUN of register TAOLIRUN.
Read-modify-write instructions

Aninstructioninwhichthe CPU reads datafrom memory and writesthe datato the same memory location
in oneinstruction.

Examplel)  SET 3, (TAO1RUN) ... Set bit 3 of TAOIRUN.
Example2) INC 1, (100H) ... Increment the data at 100H.
Examples of read-modify-write instructions on the TLCS-900

Exchangeinstruction
EX (mem), R

Arithmetic operations

ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC  #3, (mem) DEC #3, (mem)

L ogic operations

AND (mem), R/# OR  (mem), R/i#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem) RES #3, (mem)
SET  #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR  (mem)
SLA  (mem) SRA  (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

fc, fs, feph, fgygand one state

The clock frequency input on ins XL and 2 is called Hgcy. The clock selected by DFMCRO
<ACT1-ACTO> iscalled fc.

The clock selected by SY SCR1 <SY SCK> iscalled fgpy. The clock frequency give by fgpy divided by 2
iscaled fsys.

One cycle of fgygisreferred to as one state.
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(2) Pointsto note
a AMOandAM1pins
This pin isconnected to the VCC or the VSS pin. Do not alter the level when the pinisactive.
b) EMUOand EMU1
Open pins.
Cc) Reserved address areas
The TMP91C820A does not have any reserved areas.
d) Warm-up 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. P5) are used to turn the pull-up/-down resistors ON/OFF. Consequently
read-Modify-write instructions are prohibited.

f)  Watchdog timer

The watchdog timer starts operation immediately after a Reset is released. When the watchdog timer is
not to be used, disableit.

g) AD converter

Thestring resistor between the VREFH and VREFL pins can 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.

h) CPU (micro DMA)

Only theLDCcr, rand LDCr, cr instructions can be used to access the 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.
j)  POP SR instruction

Please execute the POP SR instruction during DI condition.
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7. PACKAGE
Package Name P-LQFP144-1616-0.40

Unit : mm

16.0+ 0.1
18.0+ 0.2

144

il

T T
1 36

£O0TYP L 0.18+ 0.035 m

—>

0.15
0.05

|[14 o
-
1‘7MA;(

[
Q

0.08

0.1+ 0.05

° 17.0+ 0.2

/

A
A

0.145+ 0.045

j_ 4025
&gg} 'o-10° 4

»

0.45~0.75
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