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Preface

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

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (INTO
to INT3, INTKEY, INTRTC, INTALMO to INTALM4), which can release the HALT
mode may not be able to do so if they are input during the period CPU is shifting
to the HALT mode (for about 3 clocks of fgpy) with IDLE1 or STOP mode (IDLE2
is not applicable to this case). (In this case, an interrupt request is kept on hold
internally.)

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




TOSHIBA TMP92C820

CMOS 32-bit Microcontrollers
TMP92C820FG/JTMP92C820

1. Outline and Device Characteristics

TMP92C820 is high-speed advanced 32-bit microcontroller developed for controlling equipment
which processes mass data.

TMP92C820 is a microcontroller which has a high-performance CPU (900/H1 CPU) and various
built-in I/Os. TMP92C820FG is housed in a 144-pin flat package. JTMP92C820 is a 144-pad chip
product.

Device characteristics are as follows:

(1) CPU: 32-bit CPU (900/H1 CPU)
e  Compatible with TLCS-900, 900/L, 900/L1, 900/H’s instruction code
e 16 Mbytes of linear address space
e  General-purpose register and register banks
e Micro DMA: 8 channels (250 ns/4 bytes at fsys = 20 MHz, best case)

(2) Minimum instruction execution time: 50 ns (at sys = 20 MHz)

RESTRICTIONS ON PRODUCT USE

070208EBP

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

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

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
(“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical
instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this document shall
be made at the customer’s own risk. 021023_B

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

¢ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third
parties. 021023_C

e The products described in this document are subject to foreign exchange and foreign trade control laws. 060925_E

¢ 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. 030619_S
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(3) Internal memory
e Internal RAM: 8 Kbytes (can use for code section)
e Internal ROM: None

(4) External memory expansion
e Expandable up to 136 Mbytes (Shared with program/data area)

¢ Can simultaneously support 8-/16-/32-bit width external data bus
.... Dynamic data bus sizing

e Separate bus system

(5) Memory controller

e  Chip select outputs: 4 channels

(6) 8-bit timers: 4 channels
(7) 16-bit timer/event counter: 1 channel
(8) General-purpose serial interface: 3 channels
e UART/synchronous mode
e IrDA
(9) Serial bus interface: 1 channel
e I2C bus mode
e  Clock synchronous select mode
(10) 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
(11) SDRAM controller
e  Supported 16-M, 64-M and 128-Mbit SDRAM with 16-/32-bit data bus
(12) Timer for real-time clock (RTC)
e Based on TC8521A
e Separate the power supply
(13) Key-on wakeup (Interrupt key input)
(14) 10-bit AD converter: 5 channels
(15) Watchdog timer
(16) Melody/alarm generator
e  Melody: Output of clock 4 to 5461 Hz
e Alarm: Output of the 8 kinds of alarm pattern
e  Output of the 5 kinds of interval interrupt

(17) MMU
e Expandable up to 136 Mbytes (4 local areas/8 bank methods)

(18) Interrupts: 45 interrupts
e 9 CPU interrupts: Software interrupt instruction and illegal instruction
e 31 internal interrupts: Seven selectable priority levels

e 5 external interrupts: Seven selectable priority levels (4-edge selectable)
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TOSHIBA TMP92C820

(19) Input/output ports: 83 pins (Except Data bus (16bit), Address bus (24bit) and RD pin)

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

(21) Triple-clock controller
e  Clock gear function: Select a high-frequency clock fc to fc/16
e RTC (fs = 32.768 kHz)

(22) Operating voltage
¢ DVCC=30to3.6V
e RTCVCC=2.0t03.6V
(23) Package
e 144-pin QFP (P-LQFP144-1616-0.40C)

e  Chip form supply also available. For details, contact your local Toshiba sales
representative
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Figure 1.1 TMP92C820 Block Diagram
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TMP92C820

2.

Pin Assignment and Functions

The assignment of input/output pins for the TMP92C820, their names and functions are as

follows:

2.1

Pin Assignment

Figure 2.1.1 shows the pin assignment of the TMP92C820FG.
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Figure 2.1.1 Pin Assignment Diagram (144-pin QFP)
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TOSHIBA TMP92C820
2.2 PAD Layout
Table 2.2.1 PAD Layout (144-pin chip)

(Chip size 4.68 mm x 4.68 mm) Unit: um
E'(: Name X Point [ Y Point :3'(? Name X Point | Y Point :3'(? Name X Point | Y Point
1 VREFL -2213 1945 49 DVSS2 -440 -2213 97 P55 2211 685
2 VREFH -2213 1820 50 DVCC2 -340 -2213 98 P56 2211 789
3 PGO -2213 1694 51 P00 -240 -2213 99 P57 2211 894
4 PG1 -2213 1568 52 PO1 -140 -2213 100 P60 2211 1000
5 PG2 -2213 1460 53 P02 -40 -2213 101 P61 2211 1107
6 PG3 -2213 1353 54 P03 59 -2213 102 P62 2211 1213
7 PG4 -2213 1249 55 P04 160 -2213 103 P63 2211 1321
8 PA3 -2213 1050 56 P05 260 -2213 104 DVCC3 2211 1430
9 PA4 -2213 946 57 P06 360 -2213 105 P64 2211 1546
10 PA5 -2213 842 58 P07 460 -2213 106 P65 2211 1672
11 PA6 -2213 739 59 P10 561 -2213 107 P66 2211 1798
12 PA7 -2213 635 60 P11 661 -2213 108 P67 2211 1924
13 PCO -2213 531 61 P12 761 -2213 109 P70 1925 2211
14 PC1 -2213 427 62 P13 861 -2213 110 P71 1800 2211
15 PC5 -2213 326 63 P14 961 -2213 111 P72 1675 2211
16 PC6 -2213 224 64 P15 1062 -2213 112 P73 1558 2211
17 PFO —2213 123 65 P16 1162 —2213 113 P74 1448 2211
18 PF1 -2213 23 66 P17 1263 -2213 114 P75 1346 2211
19 PF2 —2213 77 67 P20 1363 —2213 115 P76 1243 2211
20 PF3 -2213 -179 68 P21 1474 -2213 116 P80 1141 2211
21 PF4 —2213 —284 69 p22 1589 —2213 117 DVSS4 1038 2211
22 PF5 —2213 —388 70 P23 1702 —2213 118 P81 937 2211
23 PLO —2213 —493 71 P24 1814 —2213 119 P82 835 2211
24 PL1 -2213 -598 72 P25 1926 -2213 120 P83 734 2211
25 PL2 -2213 -704 73 P26 2211 -1924 121 P84 633 2211
26 PL3 -2213 -809 74 P27 2211 -1799 122 P85 532 2211
27 PL4 -2213 -914 75 P30 2211 -1674 123 P86 431 2211
28 PL5 -2213 -1024 76 P31 2211 -1548 124 P87 330 2211
29 PL6 -2213 -1132 77 P32 2211 -1426 125 P90 229 2211
30 PL7 -2213 -1243 78 P33 2211 -1311 126 P91 128 2211
31 PKO -2213 -1354 79 P34 2211 -1199 127 P92 28 2211
32 PK1 -2213 -1464 80 P35 2211 -1087 128 P93 -72 2211
33 PK2 -2213 -1576 81 DVSS3 2211 —975 129 P94 -173 2211
34 PK3 -2213 -1701 82 P36 2211 —864 130 P95 —274 2211
35 PK4 -2213 -1826 83 P37 2211 —757 131 P96 -375 2211
36 PK6 -2213 -1953 84 P40 2211 —-648 132 PJO 477 2211
37 RTCVCC -1962 -2213 85 P41 2211 —-541 133 PJ1 -580 2211
38 XT1 -1851 -2213 86 P42 2211 -435 134 PJ2 -684 2211
39 XT2 -1574 -2213 87 P43 2211 -332 135 PJ3 —788 2211
40 BE -1466 -2213 88 P44 2211 —228 136 PJ4 —-892 2211
41 DVCC1 -1360 —2213 89 P45 2211 -128 137 PJ5 —-996 2211
42 X1 -1257 -2213 90 P46 2211 -28 138 PJ6 -1101 2211
43 DVSS1 -1057 -2213 91 P47 2211 71 139 PJ7 -1208 2211
44 X2 -957 -2213 92 P50 2211 171 140 PAO -1319 2211
45 AMO -840 -2213 93 P51 2211 272 141 PA1 -1430 2211
46 AM1 —740 -2213 94 P52 2211 374 142 PA2 —-1555 2211
47 RESET —-640 -2213 95 P53 2211 477 143 AVSS -1828 2211
48 PC3 -540 -2213 96 P54 2211 581 144 AVCC -1955 2211
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2.3 Pin Names and Functions

The following table shows the names and functions of the input/output pins.

Table 2.3.1 Pin Names and Functions (1/3)

Pin Names Num_ber of I/O Functions
Pins
DO to D7 8 /0 Data: Data bus 0 to 7.
P10 to P17 8 1/0 Port 1: 1/0O port. Input or output specifiable in units of bits.
D8 to D15 /10 Data: Data bus 8 to 15.
P20 to P27 8 /0 Port 2: 1/0 port. Input or output specifiable in units of bits.
D16 to D23 110 Data: Data bus 16 to 23.
P30 to P37 8 /0 Port 3: 1/0 port. Input or output specifiable in units of bits.
D24 to D31 110 Data: Data bus 24 to 31.
P40 to P47 8 /0 Port 4: 1/0O port. Input or output specifiable in units of bits.
A0 to A7 Output | Address: Address bus 0to 7.
P50 to P57 8 /0 Port 5: 1/0 port. Input or output specifiable in units of bits.
A8to Al5 Output | Address: Address bus 8 to 15.
P60 to P67 8 /10 Port 6: 1/0 port. Input or output specifiable in units of bits.
Al6 to A23 Output | Address: Address bus 16 to 23.
P70 1 Output | Port 70: Output port
RD Output | Read: Outputs strobe signal to read external memory.
P71 1 Output | Port 71: Output port
WRLL Output | Write: Output strobe signal for writing data on pins DO to D7.
P72 1 Output | Port 72: Output port
WRLU Output | Write: Output strobe signal for writing data on pins D8 to D15.
P73 1 Output | Port 73: Output port
WRUL Output | Write: Output strobe signal for writing data on pins D16 to D23.
P74 1 Output | Port 74: Output port
WRUU Output | Write: Output strobe signal for writing data on pins D24 to D31.
P75 1 Output | Port 75: Output port
RIW Output | Read/Write: 1 represents read or dummy cycle; O represents write cycle.
P76 1 /0 Port 76: 1/0 port
WAIT Input Wait: Signal used to request CPU bus wait.
P80 Output | Port 80: Output port
Cs0 1 Output | Chip select 0: Outputs “low” when address is within specified address area.
SDCSH Output | Chip select for SDRAM: Outputs “0” when address is within SDRAM upper-address area.
P81 Output | Port 81: Output port
C_i 1 Output | Chip select 1: Outputs “low” when address is within specified address area.
SbCsL Output | Chip select for SDRAM: Outputs “0” when address is within SDRAM lower-address area.
P82 Output | Port 82: Output port
Cs2 1 Output | Chip select 2: Outputs “low” when address is within specified address area.
Cs2A Output | Expand chip select 2A: Outputs “0” when address is within specified address area.
P83 1 Output | Port 83: Output port
Cs3 Output | Chip select 3: Outputs “low” when address is within specified address area.
P84 Output | Port 84: Output port
EA24 1 Output | Chip select 24: Outputs “0” when address is within specified address area.
cs28 Output | Expand chip select 2B: Outputs “0” when address is within specified address area.
P85 Output | Port 85: Output port
EA25 1 Output | Chip select 25: Outputs “0” when address is within specified address area.
csa2c Output | Expand chip select 2C: Outputs “0” when address is within specified address area.
P86 1 Output | Port 86: Output port
CS2D Output | Expand chip select 2D: Outputs “0” when address is within specified address area.
P87 1 Output | Port 87: Output port
SDCLK Output | Clock for SDRAM
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Table 2.3.1 Pin Names and Functions (2/3)

Pin Names Num_ber of I/O Functions
Pins
P90 1 /0 Port 90: I/0 port
SCK 110 Serial bus interface clock 1/O data at SIO mode.
P91 1/0 Port 91: I/O port
SO Output | Serial bus interface send data at SIO mode.
SDA ! 10 Serial bus interface send/receive data at 1°C mode.
(Open drain/output mode by programmable.)
P92 1/0 Port 92: I/O port
Sl Input | Serial bus interface receive data at SIO mode.
SCL ! 110 Serial bus interface clock I/O data at I°C mode.
(Open drain/output mode by programmable.)
P93 1 1/0 Port 93: I/O port
CS2E Output | Expand chip select 2E: Outputs “0” when address is within specified address area.
P94 1 1/0 Port 94: I/O port
CS2F Output | Expand chip select 2F: Outputs “0” when address is within specified address area.
P95 /0 Port 95: Output port
Cs2G 1 Output | Expand chip select 2G: Outputs “0” when address is within specified address area.
TXD2 Output | Serial transmission data 2. Open drain/output pin by programmable.
P96 1/0 Port 96: Output port
RXD2 1 Input | Serial receive data 2.
CSEXA Output | Expand chip select EXA: Outputs “0” when address is within specified address area.
PAO to PA7 Input A0 to A7 port: Pin used to input ports.
KIO to KI7 8 Input | Key input 0 to 7: Pin used of key-on wakeup 0 to 7.
(Schmitt input, with pull-up resistor.)
PCO /0 Port CO: I/0 port
TAOIN ! Input | 8-bit timer O input: Timer 0 input.
PC1 1/0 Port C1: I/O port
INT1 1 Input | Interrupt request pinl : Interrupt request pin with programmable rising /falling edge.
TALOUT Output | 8-bit timer 1 output: Timer 1 output.
PC3 1 /10 Port C3: 1/0 port
INTO Input Interrupt request pin O: Interrupt request pin with programmable level/rising/falling edge.
PC5 1/0 Port C5: 1/0 port
INT2 1 Input | Interrupt request pin 2 : Interrupt request pin with programmable rising /falling edge.
TA30OUT Output | 8-bit timer 3 output: Timer 3 output.
PC6 1/0 Port C6: 1/0 port
INT3 1 Input Interrupt request pin 3: Interrupt request pin with programmable rising /falling edge.
TBOOUTO Output | Timer BO output.
PFO /0 Port FO: 1/0O port
TXDO ! Output | Serial 0 send data: Open drain/output pin by programmable.
PF1 /0 Port F1: 1/O port
RXDO ! Input | Serial O receive data.
PF2 1/0 Port F2: 1/0O port
SCLKO 1 10 Serial O clock 1/0.
CTso Input | Serial 0 data send enable (Clear to send).
PF3 1 /0 Port F3: 1/0 port
TXD1 Output | Serial 1 send data: Open drain/output pin by programmable.
PF4 1 /10 Port F4: 1/0O port
RXD1 Input | Serial 1 receive data.
PF5 1/0 Port F5: 1/0 port
SCLK1 1 I/0 Serial 1 clock /0.
CTS1 Input | Serial 1 data send enable (Clear to send).
PGO to PG4 Input Port GO to G4 port: Pin used to input ports.
ANO to AN4 5 Input | Analog input O to 4: Pin used to Input to AD conveter.
ADTRG Input | AD trigger: Signal used to request AD start (with used to PG3).
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Table 2.3.1 Pin Names and Functions (3/3)

Pin Names Num_ber of I/O Functions
Pins
PJO 1 Output | Port JO: Output port
SDRAS Output | Row address strobe for SDRAM: Outputs “0” when address is within SDRAM address area.
PJ1 Output | Port J1: Output port
SDCAS 1 Output | Column address strobe for SDRAM: Outputs “0” when address is within SDRAM address
area.
PJ2 Output | Port J2: Output port
SDWE 1 Output | Write enable for SDRAM.
SRWR Output | Write for SRAM: Strobe signal for writing data .
PJ3 Output | Port J3: Output port
SDLLDQM 1 Output | Data enable for SDRAM on pins DO to D7.
SRLLB Output | Data enable for SRAM on pins DO to D7.
PJ4 Output | Port J4: Output port
SDLUDQM 1 Output | Data enable for SDRAM on pins D8 to D15.
SRLUB Output | Data enable for SRAM on pins D8 to D15.
PJ5 Output | Port J5: Output port
SDULDQM 1 Output | Data enable for SDRAM on pins D16 to D23.
SRULB Output | Data enable for SRAM on pins D16 to D23.
PJ6 Output | Port J6: Output port
SDUUDQM 1 Output | Data enable for SDRAM on pins D24 to D32.
SRUUB Output | Data enable for SRAM on pins D24 to D32.
PJ7 Output | Port J7: Output port
SDCKE ! Output | Clock enable for SDRAM.
PKO 1 Output | Port KO: Output port
D1BSCP Output | LCD driver output pin.
PK1 Output | Port K1: Output port
D2BLP ! Output | LCD driver output pin.
PK2 Output | Port K2: Output port
D3BFR ! Output | LCD driver output pin.
PK3 1 Output | Port K3: Output port
DLEBCD Output | LCD driver output pin.
PK4 Output | Port K4: Output port
DOFFB ! Output | LCD driver output pin.
PK6 Output | Port K6: Output port
ALARM 1 Output | RTC alarm output pin.
MLDALM Output | Melody/alarm output pin (Inverted).
PLO to PL7 8 1/0 Port LO to L7: I/O port
LDO to LD7 Output | Data bus for LCD driver.
BE 1 Input Backup enable.
Operation mode:
AMO, AM1 2 Input Fix to AM1 =*“0", AMO = “1": 16-hit external bus or 8-/16-/32-bit dynamic sizing.
Fix to AM1 =*“1", AMO = “0": 32-hit external bus or 8-/16-/32-bit dynamic sizing.
X1/X2 2 1/0 High-frequency oscillator connection pins.
XT1/XT2 2 1/0 Low-frequency oscillator connection pins.
RESET 1 Input | Reset: Initializes TMP92C820 (with pull-up resistor).
VREFH 1 Input Pin for reference voltage input to AD converter (H).
VREFL 1 Input Pin for reference voltage input to AD converter (L).
AVCC 1 - Power supply pin for AD converter.
AVSS 1 - GND pin for AD converter (0 V).
DvCC 3 - Power supply pins (All DVCC pins should be connected with the power supply pin).
DVSS 4 - GND pins (0 V) (All DVSS pins should be connected with GND (0V)).
RTCVCC 1 - Power supply pin for RTC and low-frequency oscillator.
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3. Operation

This section describes the basic components, functions and operation of the TMP92C820.

3.1 CPU

The TMP92C820 contains an advanced high-speed 32-bit CPU (900/H1 CPU). For CPU
operation, see the TLCS-900/H1 CPU.

The following describe the unique function of the CPU used in the TMP92C820; these
functions are not covered in the TLCS-900/H1 CPU section.

3.11 CPU Outline

900/H1 CPU is high-speed and high-performance CPU based on 900/L.1 CPU. 900/H1
CPU has expanded 32-bit internal data bus to process instructions more quickly.
Outline of 900/H1 CPU are as follows:

Table 3.1.1 CPU Outline

900/H1 CPU
Width of CPU address bus 24 bits
Width of CPU data bus 32 bits
Internal operating frequency 20 MHz
Minimum bus cycle 1-clock access (50 ns at 20 MHz)
Data bus sizing 8/16/32 bits
Internal RAM 32 bits
1-clock access
Internal 1/0 8-/16-bit 2-clock access 900/H1 I/O
8-/16-bit 5 to 6-clock access 900/L1 I/O
External device 8 bits
2-clock access (can insert some waits.)
Minimum instruction 1 clock (50 ns at 20 MHz)
Execution cycle
Conditional jump 2 clocks (100 ns at 20 MHz)
Instruction queue buffer 12 bytes
Instruction set Compatible with TLCS-900, 900/L, 900/H, 900/L1 and 900/H2
(NORMAL, MAX, MIN and LDX instruction is deleted.)
CPU mode Only maximum mode
Micro DMA 8 channels
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3.1.2 Reset Operation

When resetting the TMP92C820 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 low for at least 20 system clocks (16 ps at 40 MHz).

When the reset has been accepted, the CPU performs the following:

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

PC<7:0> <« Data in location FFFFOOH

PC<15:8> <« Data in location FFFFO1H

PC<23:16> « Data in location FFFF02H
e Sets the stack pointer (XSP) to 00000000H.

e Sets bits <IFF0:2> of the status register (SR) to 111 (Thereby setting the
interrupt level mask register to level 7).

e Clears bits <RFP0:1> of the status register to 00 (Thereby selecting register
bankO0).

When the reset is released, the CPU starts executing instructions according to the

program counter settings. CPU internal registers not mentioned above do not change when
the reset is released.

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

e Initializes the internal I/O registers as table of “Table of Special Function
Registers (SFRs)” in section 5.

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

Internal RESET is released as soon as external reset is released.

The operation of memory controller cannot be insured until power supply becomes stable
after power-on reset. The external RAM data provided before turning on the TMP92C820

may be spoiled because the control signals are unstable until power supply becomes stable
after power on reset.
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~
>~

1 1 1
Vee 3.3V '
ce / : L\
1 1 1 1
1 1 1 1
1 1 1 1
1 1 (( 1 1
— 1 1
RESET | /: Y :\ |
10 ms (Min) ' '
Osc warm-up time + 20 system clock 0's (Min)

Figure 3.1.1 Power on Reset Timing Example

3.1.3  Setting of AMO and AM1

Set AM1 and AMO pins to “10” to use 32-bit external bus, or set it to “01” to use 16-bit

external bus.

Table 3.1.2 Operation Mode Setup Table

Operation Mode

Mode Setup Input Pin

8-/16-/32-bit dynamic bus sizing

RESET AM1 AMO
16-bit external bus
or 0 1
8-/16-/32-bit dynamic bus sizing
32-bit external bus —/_
or 1 0

92C820-12
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3.2 Memory Map

Figure 3.2.1 is a memory map of the TMP92C820.

000000H

000100H

001FEOH
002000H

004000H

010000H

FOOO00OH

F10000H

FFFFOOH
FFFFFFH

Internal 1/0
(8 Kbytes)

Direct area (n)

64-Kbyte area

Internal RAM
(8 Kbytes)

(nn)

External memory

area (64 Kbytes)

Provisional emulator control
(Note 1)

16-Mbyte area
(R)
(-R)

External memory (R+)

(R + R8/16)
(R + d8/16)
(nnn)

Vector table (256 bytes) } (Note 2)

(|:| = Internal area)

Note 1: Provisional emulator control area is for emulator, it is mapped FOOO00H to F10000H address after

reset.

Note 2: Don't use the last 16-byte area (FFFFFOH to FFFFFFH). This area is reserved.

Note 3: On emulator WR signal and RD signal are asserted, when provisional emulator control area is
accessed. Be careful to use external memory.

Figure 3.2.1 Memory Map
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3.3 Clock Function and Standby Function

TMP92C820 contains (1) Clock gear, (2) Standby controller, and (3) Noise reduction circuit. It
is used for low-power, low-noise systems.
This chapter is organized as follows:

3.3.1  Block Diagram of System Clock
3.3.2 SFR

3.3.3  System Clock Controller

3.3.4  Noise Reduction Circuits

3.3.5  Standby Controller
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The clock operating modes are as follows: (a) Single clock mode (X1, X2 pins only) and (b)
Dual clock mode (X1, X2, XT1, and XT2 pins).
Figure 3.3.1 shows a transition figure.

Reset
(fosch/32)
Instruction l Release reset
IDLE2 mode —— Instructi
(/O operate) P NORMAL mode nstruction, STOP mode
Instructi N
DLELmode &) Goscigear valuel2) [« UPL_{(Stops all ciruits)
(Operate only oscillator) Intermupt —>
(a) Single clock mode transition figure
Reset
(fosch/32)
Instruction
IDLEZ mode i,ReIease reset
(/0 operate) Interrupt NORMAL mode Instruction
Instruction
IDLE1 mode [ (foscH/gear value/2)
(Operate only oscillator) | MeruRt—> £ -
Instruction nterrupt STOP mode
Instruction Stops all circuits
IDLE2 mode < - \ 2 (Stop )
(/0 operate) ntemup SLOW mode
Instruction Instruction
IDLE1 mode o (fs/2)
(Operate only oscillator) | Interrupt_——>
(b) Dual clock mode transition figure

Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called fc and the clock frequency input from
the XT1 and XT2 pins is called fs. The clock frequency selected by SYSCR1<SYSCK> is called the
system clock fepy. The system clock fsys is defined as the divided clock of fepy, and one cycle of
fsys is defined to as one state.
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3.3.1  Block Diagram of System Clock

SYSCRO<WUEF>
SYSCR2<WUPTM1:0>
Warm-up timer —> OT
—> (High-/low-frequency oscillator) 4T0
<4
SYSCRO E
<XTEN> >fs
XT1 D_ Low-frequency fs

XT2 D_ oscillator

SYSCRO
<XEN>

X1 High-frequency
X2 D_ oscillator  |fogcH

SYSCR1<GEAR2:0>

Clock gear
f >
SYs TMRAO to TMRAS, CPU
fio TMRBO
¢TO > Prescaler ' RAM
| Interrupt
L controller
R SI00 to SI02 S ADC
Prescaler =
> 1/O ports
I [
SBI > SDRAMC
N
oT Prescaler 3y LCDC
RTC WDT
fs >
MLD/ALM
L—>

Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFR
7 6 4 3 2 1 0
SYSCRO [ Bit symbol XEN XTEN WUEF
(10EOH) | Read/Write RIW RIW
After reset 1 1 0
Function High-frequency | Low-frequency Warm-up
oscillator (fc) oscillator (fs) timer
0: Stop 0: Stop 0: Write
1: Oscillation 1: Oscillation Don'’t care
1: Write
start timer
0: Read
end warm
up
1: Read
do not end
warm up
SYSCR1] Bit symbol SYSCK GEAR2 GEAR1 GEARO
(10E1H) | Read/Write RIW
After reset 0 1 0 | 0
Function Select Select gear value of high frequency (fc)
system 000: fc
clock. 001: fc/2
0:fc 010 fc/4
1:fs 011: fc/8
100: fc/16
101:
110: } Reserved
111:
SYSCR2] Bit symbol - WUPTM1 | WUPTMO HALTM1 HALTMO | SELDRV DRVE
(10E2H) | Read/Write RIW RIW
After reset 0 1 1 | 1 0 0
Function Always write Warm-up timer HALT mode <DRVE> Pin state
“0". 00: Reserved 00: Reserved mode control in
01: 2%inputted frequency | 01: STOP mode select STOP/
10: 2"/inputted frequency | 10: IDLE1 mode 0: STOP IDLE1 mode
11: 2"%finputted frequency | 11: IDLE2 mode 1:IDLEL  |0: /O off
1: Remains
the state
before
halt.

Note 1: The unassigned register, SYSCRO<BIt5:3>, SYSCRO0<BIt1:0>, SYSCR1<Bit7:4>, and SYSCR2<Bit7:6>

Note 2:

are read as undefined value.

By reset, low-frequency oscillator is enabled.

Figure 3.3.3 SFR for System Clock
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol PROTECT EXTIN DRVOSCH | DRVOSCL
(10E3H) | Read/write R R/W
After reset 0 0 1 1
Function Protect flag 1: fc external | fc oscillator | fs oscillator
0: OFF clock drive ability | drive ability
1: ON 1: Normal |1: Normal
0: Weak 0: Weak
EMCCRL1 | Bit symbol L . .
(10E4H) [Read/Write Switching the protect ON/OFF by write to fo!lowmg lst?key, ?nd-key
EMCCR2 1st-Key: EMCCR1 = 5AH, EMCCR?2 = A5H in succession write
(10E5H) /:ﬂertr'esa 2nd-Key: EMCCRL1 = A5H, EMCCR2 = 5AH in succession write
unction

Figure 3.3.4 SFR for Noise-reduction

Note: In caseWhen restarting the oscillator in from the stop oscillation state (e.g. Restart restarting the oscillator in
STOP mode), set EMCCRO<DRVOSCH>, <DRVOSCL>="1".
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3.3.3

System Clock Controller

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

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

For example, fsys is set to 1.25 MHz when the 40 MHz oscillator is connected to the X1
and X2 pins.

(1) Switching from NORMAL mode to SLOW mode

When the resonator is connected to the X1 and X2 pins, or to the XT1 and XT2 pins,
the warm-up timer can be used to change the operation frequency after stable
oscillation has been attained. The warm-up time can be selected using
SYSCR2<WUPTM1:0>. This warm-up timer can be programmed to start and stop as
shown in the following examples 1 and 2.

Table 3.3.1 shows the warm-up time.

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

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

Table 3.3.1 Warm-up Times

Warm-up Time Change to Change to at foscH =
SYSCR2<WUPTM1:0> NORMAL Mode (fc) SLOW Mode (fs) 40 MHz,

01 (2%/frequency) 6.4 [us] 7.8 [ms] fs=

10 (2"“/frequency) 409.6 [s] 500 [ms] 32.768 kHz

11 (2*%/frequency) 1.638 [ms] 2000 [ms]
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Example 1: Setting the clock

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

SYSCRO EQU
SYSCR1 EQU
SYSCR2 EQU
LD
SET
SET
WUP: BIT
JR
SET
RES

10EOH

10E1H

10E2H

(SYSCR2),0X11----B ; Sets warm-up time to 2'%fs.

6, (SYSCRO) ; Enables low-frequency oscillation.

2, (SYSCRO0) ; Clears and starts warm-up timer.

2, (SYSCRO) ; } . )
Detects stopping of warm-up timer.

Nz, WUP ;

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

7, (SYSCRO) ; Disables high-frequency oscillation.

X: Don't care, —: No change

//
<XEN> N—
X1 and X2 pins E

<XTEN> I

XT1 and XT2 pins —.—(\/\/\/\/\/\//}U\/\/\/\/\/

\

\AVAVAV/

/Counts up by fs “

End of warm-up timer

/

<SYSCK>

]
1
|
X 1
Warm-up timer Counts up y fsys \
T
]
1
|
[]
|
]
L

)
e (

Enables

\2

\Z

/
1 N\ N

Clears and starts

low frequency warm-up timer

fs
AVAVAWAWAVAN
EC\I/hages fsys DTsabIes

1 from fcto fs
A\

End of warm-up
timer

high frequency
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Example 2: Setting the clock

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

SYSCRO EQU
SYSCR1 EQU
SYSCR2 EQU
LD
SET
SET
WUP: BIT
JR
RES
RES

10EOH

10E1H

10E2H

(SYSCR2),0X10----B ; Sets warm-up time to 2"/fc.

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

2, (SYSCRO) ; Clears and starts warm-up timer.

2, (SYSCRO) ; } _ _
Detects stopping of warm-up timer.

Nz, WUP ;

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

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

X: Don't care, —: No change

<XEN> /
]
X1 and X2 pins i
]

<XTEN>

//
\ \

XT1 and XT2 pins WWVV \/\/ \/>/)

1
Warm-up timer Counts upiby fsys \ /COUFIIS up by fc« .
N ]
End of warm-up timer E E N
: : 7
<SYSCK> | ! fs o\ fo
| ] v
L " . 1 |
S AN AWAVAWAN /\/}l/:\ AVAVAVAVAVAVAVAVAV
I ) T
v v [ v |
Enables Clears and starts 'Chages fsys 1
high frequency warm-up timer ifromfstofc |
v \Z
End of warm-up Disables

timer

low frequency
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(2) Clock gear controller

fFPH is set according to the contents of the clock gear select register
SYSCR1<GEAR2:0> to either fc, fc/2, fc/4, fc/8 or fc/16. Using the clock gear to select a
lower value of fFPH reduces power consumption.

Example 3:

Changing to a high-frequency gear

SYSCR1 EQU 10E1H
LD (SYSCR1), XXXX0000B ; Changes fgys to fc/2.
X: Don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEARZ2:0> register. It
1s necessary the warm-up time until changing after writing the register value.

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

(Example)

SYSCR1 EQU 10E1H
LD (SYSCR1), XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ; Dummy instruction

Instruction to be executed
after clock gear has changed

92C820-22 2007-02-16



TOSHIBA TMP92C820

3.34 Noise Reduction Circuits

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

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

(4) Runaway provision with SFR protection register

(1) Reduced drivability for high-frequency oscillator

(Purpose)
Reduces noise and power for oscillator when a resonator is used.
(Block diagram)
f
)ipn P >0 fosc
C1l
— Enable oscillation (STOP + EMCCRO<EXTIN>)
EMCCRO<DRVOSCH>
Resonator =3
o—
c2
” X2 pin

(Setting method)

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

Note: This function (EMCCRO<DRVOSCH> ="“0") is available to use in case ofwhen
foscH = 6 to 10 MHz condition.
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(2) Reduced drivability for low-frequency oscillator

(Purpose)
Reduces noise and power for oscillator when a resonator is used.
(Block diagram)
XT1 pin
C1l
— Enable oscillation
Resonator =3 5 ~~ EMCCRO<DRVOSCL>
o— fS
Cc2
XT2 pin

(Setting method)

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

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

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

(Block diagram)

iDO—l>0—> foscH
X1 pin

'J" Enable oscillation (STOP + EMCCRO<EXTIN>)
< EMCCRO<DRVOSCH>

X2 pin

(Setting method)

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

By reset, <EXTIN> is initialized to “0”.
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(4) Runaway provision with SFR protection register
(Purpose)
Provision in runaway of program by noise mixing.

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

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list

1. Memory controller
BOCSL/H, B1CSI/H, B2CSL/H, B3CSL/H, BECSIL/H
MSARO, MSAR1, MSAR2, MSAR3,
MAMRO, MAMR1, MAMR2, MAMR3, PMEMCR

2. MMU
LOCAL 0/1/2/3

3. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCRO

(Operation explanation)

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

(Double key)
1st-key: Succession writes in 5AH at EMCCR1 and A5H at EMCCR2
2nd-key: Succession writes in ASH at EMCCR1 and 5AH at EMCCR2
A state of protection can be confirmed by reading EMCCRO<PROTECT>.
By reset, protection becomes OFF.

And INTPO interruption occurs when write operation to specified SFR was
executed with protection on state.
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3.3.5 Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLE2,

IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.

The subsequent actions performed in each mode are as follows:

1. IDLEZ2: Only the CPU halts.

The internal I/O is available to select operation during IDLE2 mode by setting
the following register.

Table 3.3.2 shows the registers of setting operation during IDLE2 mode.

Table 3.3.2 SFR Setting Operation during IDLE2 Mode
Internal 1/0O SFR

TMRAO1

TAO1RUN<I2TAO01>

TMRA23

TA23RUN<I2TA23>

TMRBO

TBORUN<I2TBO>

SI00

SCOMOD1<I1250>

SI01

SC1MODI1<I251>

AD converter

ADMOD1<I2AD>

WDT

WDMOD<I2WDT>

SBI

SBIOBRO<I2SBI0>

2. IDLE1L: Only the oscillator, the RTC (Real time clock) and MLD (Melody-alarm

generator) continue to operate.

3. STOP: All internal circuits stop operating.

The operation of each of the different HALT modes is described in Table 3.3.3.

Table 3.3.3 1/O Operation during HALT Modes

HALT Modes

IDLE2

IDLE1 STOP

SYSCR2<HALTM1:0>

11

10 01

Block

CPU

Stop

1/0O ports

Keep the state when the HALT
instruction was executed.

See Table 3.3.6, Table 3.3.7 and
Table 3.3.8

TMRA, TMRB

SIO, SBI (Note)

AD converter

WDT

Available to select
operation block (Note)

Stop

LCDC, SDRAMC
interrupt controller

RTC, MLD

Operate

Operate |

Note:

Prohibited in the synchronous mode of SBI circuit.
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(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt
release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.4.

1. Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before executing the HALT instruction
exceeds the value of interrupt mask register, the interrupt due to the source is
processed after releasing the HALT mode, and CPU status executing an instruction
that follows the HALT instruction. When the interrupt request level set before
executing the HALT instruction is less than the value of the interrupt mask register,
releasing the HALT mode is not executed. (In non-maskable interrupts, interrupt
processing is processed after releasing the HALT mode regardless of the value of the
mask register.)

However only for INTO to INT3, INTKEY, INTRTC, and INTALMO to INTALM4
interrupts, even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, releasing the HALT
mode is executed. In this case, interrupt processing, and CPU starts executing the
instruction next to the HALT instruction, but the interrupt request flag is held at “1”.

Note: Usually, interrupts can release all halts status. However, the interrupts (INTO to
INT3, INTKEY, INTRTC, INTALMO to INTALM4) which can release the HALT mode
may not be able to do so if they are input during the period CPU is shifting to the
HALT mode (for about 3 clocks of fgpy) with IDLE1 or STOP mode (IDLE2 is not
applicable to this case). (In this case, an interrupt request is kept on hold internally.)
If another interrupt is generated after it has shifted to HALT mode completely, halt
status can be released without difficulty. The priority of this interrupt is compared
with that of the interrupt kept on hold internally, and the interrupt with higher priority
is handled first followed by the other interrupt.

2. Releasing by resetting

Releasing all halt status is executed by resetting.

When the STOP mode is released by RESET, it is necessary enough resetting time
(See Table 3.3.5) to set the operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the state
before the “HALT” instruction is executed. However the other settings contents are
initialized. (Releasing due to interrupts keeps the state before the “HALT” instruction
is executed.)
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Table 3.3.4 Source of Halt State Clearance and Halt Clearance Operation

Status of Received Interrupt

Interrupt Enabled
(Interrupt level) > (Interrupt mask)

Interrupt Disabled

(Interrupt level) < (Interrupt mask)

HALT Mode

IDLE2

IDLE1

STOP

IDLE2

IDLE1

STOP

Source of Halt State Clearance

INTWDT

X

X

INTOto 3 (Notel)

**1

INTALMO to 4

LR 4

o
o

(0]
o

INTTAO to 3, INTTBOO to 01

INTRXO to 2, TXO to 2

X

X

INTSSO to 2

X

X

Interrupt

INTAD

INTKEY

INTRTC

OO |x

(O ON ¢

INTSBEO

* ||| o |0 || ||

INTLCD

¢

RESET

Initialize LSI

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

O: After clearing the HALT mode, CPU resumes executing starting from instruction following the HALT

instruction.

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

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

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

Note 1: When the HALT mode is cleared by an INTO interrupt of the level mode in the interrupt enabled
status, hold level H until starting interrupt processing. If level L is set before holding level L, interrupt
processing is correctly started.

(Example releasing IDLE1 mode)

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

Address i
8200H LD
8203H LD
8206H LD
8209H El
820BH LD
820EH HALT

INTO _/_\_

(PCFC), 04H
(IIMC), 00H
(INTEOAD), 06H
5

(SYSCR2), 28H

Sets PC3F to INTO.
Selects INTO interrupt rising edge.

Sets INTO interrupt level to 6.
Sets interrupt level to 5 for CPU.

Sets HALT mode to IDLE1 mode.

Halts CPU.

INTO interrupt routine

FNTI
820FH LD XX, XX

1

1

1
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(3) Operation

1. IDLE2 mode

In IDLE2 mode only specific internal I/0 operations, as designated by the
IDLE2 setting register, can take place. Instruction execution by the CPU stops.

Figure 3.3.5 illustrates an example of the timing for clearance of the IDLE2
mode halt state by an interrupt.

S VAV VAV VA VA VAW V. VA VA VaVaY

{

Interrupt of
releasing halt

A0 to A23 | }1} ! X
I 7 : )
DO to0 D15 = =|= = =4 = = =} = = { Daa -----------39---{«---------------- bata ¥ -
{( : {{ —
RD \ ) i ) \
]
—_— ]
WR 4 : 3
I
]
]
[}

L

s

)

IDLE2
mode

A

Figure 3.3.5 Timing Chart for IDLE2 Mode Halt State Cleared by Interrupt

2. IDLE1 mode

In IDLE1 mode, only the internal oscillator and the RTC and MLD continue to
operate. The system clock in the MCU stops. The pin status in the IDLE1 mode is
depended on setting the register SYSCR2<SELDRYV, DRVE>. Table 3.3.6 , Table
3.3.7 and Table 3.3.8 summarizes the state of these pins in the IDLE1 mode.

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

Figure 3.3.6 illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

w ‘\_/’\_/’\_/'\_/’\_/’\_/i‘\_/’\f/’\_/i‘\_/fé_/’\_/’\_/’\_/’\J
PO to A23 ;)S_X

== -"-"-"TrT-"-""-"-""-"7T~-"-- Data -

DO to D15 = =|- = =4 == =f == A paa Y= = =4 =k == == - 4= ===
{
}

= \

WR

N
=

Y
T~

Interrupt of
releasing halt

(( ;l \ ((
)} H

Figure 3.3.6 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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AO to A23 |

DO to D15 = =|= = = -

Interrupt of
releasing halt

WR

3. STOP mode

When STOP mode is selected, all internal circuits stop, including the internal

oscillator pin status in STOP mode depends on the settings in the

SYSCR2<SELDRYV, DRVE> register. Table 3.3.6, Table 3.3.7 and Table 3.3.8

summarizes the state of these pins in STOP mode.

After STOP mode has been cleared system clock output starts when the

warm-up time has elapsed, in order to allow oscillation to stabilize.

Figure 3.3.7 illustrates the timing for clearance of the STOP mode halt state by
an interrupt.
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Warm-up time
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Figure 3.3.7 Timing Chart for STOP Mode Halt State Cleared by Interrupt

Table 3.3.5 Sample Warm-up Times after Clearance of STOP Mode

at foscH = 40 MHz, fs = 32.768 kHz

SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2°) 10 (2" 11 (2%)
0 (fc) 6.4 us 409.6 ps 1.638 ms
92C820-30 2007-02-16



TOSHIBA TMP92C820

Table 3.3.6 Input Buffer State Table

Input Buffer State
. ) In HALT mode (IDLE1/STOP)
Input When the CPU is operating | In HALT mode (IDLE2) — —
Port . Condition A (Note) Condition B (Note)
N Function During When used
ame Name Reset When used | When used When used | Whenused | When used When used | When used
as as as_ as as as as as
. . . Function . . . . . . .
function pin Input pin ) Input pin Function pin Input pin Function pin Input pin
pin
D0-D7 D0-D7 OFF - - - -
P10-P17 D8-D15
ON upon
ON upon exterrr)lal
P20-P27 D16-D23 |16dbitstart|  external OFF OFF
:ON d read of
32-bit start rea LCDC
:OFF
P30-P37 D24-D31
P40-P47 -
- _ FF - - - -
P50-P57 Ol OFF
P60-P67 - OFF OFF
P76 WAIT OFF
P90 SCK
ON OFF OFF
P91 SDA ON
P92 Sl, SCL
P93 -
P94 — - ON - - -
P95 -
P96 RXD2 ON OFF OFF
PAO-PA7 (*1) KI0-7 ON ON ON ON
PCO TAOIN OFF OFF
ON OFF OFF OFF
PC1 INT1 ON ON
PC3 INTO ON ON ON
ON ON
PC5 INT2
PC6 INT3 OFF
PFO - - - - -
PF1 RXDO
ON ON ON OFF OFF
PF2 SCLKO, CTSO
PF3 — - - OFF — OFF — OFF
PF4 RXD1
ON ON ON OFF OFF
PF5 SCLK1, CTS1
PGO-PG2, ON
PG4 (*2) OFF upon
port read OFF
PG3 (*2) ADTRG ON ON ON ON
PLO-PL7 - - ON - - -
BE —
RESET (*1) - ON ON - ON -
ON - ON -
AMO, AM1 —
X1, XT1 IDLE1: ON, STOP : OFF

ON: The buffer is always turned on. A current flows the *1: Port having a pull-up/pull-down resistor.
input buffer if the input pin is not driven.

OFF: The buffer is always turned off. *2: AIN input does not cause a current to flow through the buffer.
- No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B .
Condition A
0 1 Condition A
1 0 - -,
1 1 Condition B Condition B
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Table 3.3.7 Output Buffer State Table (1/2)

Output Buffer State

When the CPU is

In HALT mode (IDLE1/STOP)

Port FOutp_ut Operating In HALT mode (IDLE2) Condition A (Note) Condition B (Note)
unction Durin
Name N 9 | When used When Used When Used When Used When Used When Used | When Used | When Used
ame Reset as as as as as as as as
Fun(_:tlon Output Port Fun(_:tlon Output Port Fun(_:tlon Output Port | Function Pin | Output Port
Pin Pin Pin
DO-D7 DO-D7 - - - -
ON upon
P10-P17 D8-D15
OFF external OFF OFF
P20-P27 | D16-D23 write ON
P30-P37 | D24-D31
P40-P47 A0-A7
P50-P57 A8-A15
P60-P67 | A16-A23 OFF
P70 RD
P71 WRLL ON ON ON ON
P72 WRLU
P73 WRUL
P74 WRUU
P75 R/W
P76 - OFF - - - -
CSO0,
P80
SDCSH
CS1,
P81
SDCSL
CS2,
P82
CS2A
P83 CS3 ON ON ON ON
EA24,
P84 OFF
CS2B
EA25,
P85
Cs2C ON ON OFF ON
P86 CS2D
P87 SDCLK
P90 SCK
P91 SO
P92 SCL
P93 CS2E
P94 CS2F
CS2G
P95
TXD2 OFF
P96 CSEXA
PCO - - - - -
PC1 TA1OUT ON ON OFF ON
PC3 - - - - -
PC5 TA30UT
ON ON OFF ON
PC6 TBOOUT
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Table 3.3.8 Output Buffer State Table (2/2)

Output Buffer State
When the CPU is In HALT mode (IDLE1/STOP)
) In HALT mode (IDLE2)
Port Output Operating Condition A (Note) Condition B (Note)
Function | During
When used When Used
Name Name Reset as When Used as When Used | When Used | When Used | When Used | When Used
as as as as as as
Function Function . . ) .
Pin Output Port Pin Output Port | Function Pin | Output Port | Function Pin | Output Port
PFO TXDO ON ON OFF
PF1 - - - - -
PF2 SCLKO
ON ON OFF ON
PF3 TXD1
PF4 - - - - -
PF5 SCLK1
PJO SDRAS
PJ1 SDCAS
SDWE
PJ2
SRWR
SDLLDQM
PJ3 Q
SRLLB OFF
SDLUDQM
PJ4 Q
SRLUB
PJ5
SRULB
SDUUDQM
PJ6 Q ON
SRUUB
ON ON
ON in self
PJ7 SDCKE refresh
cycle
PKO D1BSCP
PK1 D2BLP
PK2 D3BFR
PK3 DLEBCD
OFF
PK4 DOFFB
ALARM
PK6
MLDALM
PLO-PL7 | LDO-LD7
X2 - ON IDLE1: ON, STOP: output “H” level
XT2 - IDLE1: ON, STOP: High-Z
ON: The buffer is always turned on. When the *1: Port having a pull-up/pull-down resistor.
bus is released, however, output buffers for some
pins are turned off.
OFF: The buffer is always turned off.
- No applicable
Note: Condition A/B are as follos.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B -
— Condition A
0 1 Condition A
1 0 - .
1 1 Condition B Condition B
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3.4 Interrupts

Interrupts are controlled by the CPU interrupt mask register <IFF2:0> (Bits 12 to 14 of the
status register) and by the built-in interrupt controller.
The TMP92C820 has a total of 45 interrupts divided into the following five types:

Interrupts generated by CPU: 9 sources

e Software interrupts: 8 sources

e Illegal Instruction interrupt: 1 source
Internal interrupts: 31 sources

e Internal I/O interrupts: 23 sources

e Micro DMA transfer end interrupts: 8 sources

External interrupts: 5 sources
e Interrupts on external pins (INTO to INT3, INTKEY)

A fixed individual interrupt vector number is assigned to each interrupt source.

Any one of six levels of priority can also be assigned to each maskable interrupt.
Non-maskable interrupts have a fixed priority level of 7, the highest level.

When an interrupt is generated, the interrupt controller sends the priority of that interrupt
to the CPU. When more than one interrupt are generated simultaneously, the interrupt
controller sends the priority value of the interrupt is with the highest priority to the CPU. (The
highest priority level is 7, the level used for non-maskable interrupts.)

The CPU compares the interrupt priority level which it receives with the value held in the
CPU interrupt mask register <IFF2:0>. If the priority level of the interrupt is greater than or
equal to the value in the interrupt mask register, the CPU accepts the interrupt.

However, software interrupts and illegal instruction interrupts generated by the CPU are
processed irrespective of the value in <IFF2:0>.

The value in the interrupt mask register <IFF2:0> can be changed using the EI instruction
(EI num sets <IFF2:0> to num). For example, the command EI3 enables the acceptance of all
non-maskable interrupts and of maskable interrupts whose priority level, as set in the
interrupt controller, is 3 or higher. The commands EI and EIO enable the acceptance of all
non-maskable interrupts and of maskable interrupts with a priority level of 1 or above (hence
both are equivalent to the command EI1).

The DI instruction (Sets <IFF2:0> to 7) is exactly equivalent to the EI7 instruction. The DI
instruction is used to disable all maskable interrupts (since the priority level for maskable
interrupts ranges from 1 to 6). The EI instruction takes effect as soon as it is executed.

In addition to the general-purpose interrupt processing mode described above, there is also a
micro DMA processing mode. In micro DMA mode the CPU automatically transfers data in
one-byte, two-byte or four-byte blocks; this mode allows high-speed data transfer to and from
internal and external memory and internal I/O ports.

In addition, the TMP92C820 also has a software start function in which micro DMA
processing is requested in software rather than by an interrupt.

Figure 3.4.1 is a flowchart showing overall interrupts processing.

92C820-34 2007-02-16



TOSHIBA TMP92C820

( Interrupt processing )

Micro DMA soft
start request

Interrupt specified Yes
by micro DMA
start vector?

No Clear interrupt request flag
T

v

Data transfer by micro DMA

Interrupt vector value “V” read

Interrupt request F/F clear

General-purpose

interrupt SUSH pC Count « Count — 1
processing PUSH SR Micro DMA processing
SR<IFF2:0> « Level of
accepted

interrupt + 1 Yes Clear vector register
INTNEST « INTNEST + 1 Count=0 generating micro DMA
transfer end interrupt
(INTTCO to INTTC7?)

— | PC < (FFFFOOH + V) No

7

Interrupt processing
program

RETI instruction

POP SR

POP PC
INTNEST « INTNEST - 1

= )

Figure 3.4.1 Interrupt and Micro DMA Processing Sequence
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3.4.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips steps (1) and (3), and executes only steps (2), (4), and
5).

(1) The CPU reads the interrupt vector from the interrupt controller.
When more than one interrupt with the same priority level has been generated
simultaneously, the interrupt controller generates an interrupt vector in accordance
with the default priority and clears the interrupt requests.
(The default priority is determined as follows: The smaller the vector value, the higher
the priority.)

(2) The CPU pushes the program counter (PC) and status register (SR) onto the top of the
stack (Pointed to by XSP).

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

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

(5) The CPU jumps to the address given by adding the contents of address FFFFOOH + the
interrupt vector, then starts the interrupt processing routine.

On completion of interrupt processing, the RETI instruction is used to return control 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 request is received for an interrupt with a priority level equal to or
greater than the value set in the CPU interrupt mask register <IFF2:0>, the CPU will
accept the interrupt. The CPU interrupt mask register <IFF2:0> 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 priority than the
interrupt currently being processed, or if, during the processing of a non-maskable
interrupt processing, a non-maskable interrupt request is generated from another source,
the CPU will suspend the routine which it is currently executing and accept the new
interrupt. When processing of the new interrupt has been completed, the CPU will resume
processing of the suspended interrupt.

If the CPU receives another interrupt request while performing processing steps (1) to (5),
the new interrupt will be sampled immediately after execution of the first instruction of its
interrupt processing routine. Specifying DI as the start instruction disables nesting of
maskable interrupts.

A reset, initializes the interrupt mask register <IFF2:0> to 111, disabling all maskable
interrupts.

Table 3.4.1 shows the TMP92C820 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 TMP92C820 Interrupt Vectors and Micro DMA Start Vectors (1/2)
. Interrupt Source and Source of Address Refer | Micro DMA
Default Priority | Type . \Vector Value|
Micro DMA Request to Vector Start Vector

1 Reset or [SWIOQ] instruction 0000H FFFFOOH

2 [SWI1] instruction 0004H FFFFO4H

3 lllegal instruction or [SWI2] instruction 0008H FFFFO8H

4 [SWI3] instruction 000CH FFFFOCH

5 Non [SWI4] instruction 0010H FFFF10H

6 maskable | [swi5] instruction 0014H FFFF14H

7 [SWI6] instruction 0018H FFFF18H

8 [SWI7] instruction 001CH FFFF1CH

9 (Reserved) 0020H FFFF20H

10 INTWD: Watchdog timer 0024H FFFF24H

- Micro DMA - - — (Note 1)
11 INTO: INTO pin input 0028H FFFF28H OAH (Note 2)
12 INT1: INT1 pin input 002CH FFFF2CH 0BH

13 INT2: INT2 pin input 0030H FFFF30H OCH

14 INT3: INT3 pin input 0034H FFFF34H ODH

15 (Reserved) 0038H FFFF38H OEH

16 INTALMO: ALMO (8 kHz) 003CH FFFF3CH OFH

17 INTALM1: ALM1 (512 Hz) 0040H FFFF40H 10H

18 INTALM2: ALM2 (64 Hz) 0044H FFFF44H 11H

19 INTALM3: ALM3 (2 Hz) 0048H FFFF48H 12H

20 INTALM4: ALM4 (1 Hz) 004CH FFFFACH 13H

21 INTPO: Protect 0 (WR to SFR) 0050H FFFF50H 14H

22 (Reserved) 0054H FFFF54H 15H

23 INTTAO: 8-bit timer O 0058H FFFF58H 16H

24 INTTAL: 8-bit timer 1 005CH FFFF5CH 17H

25 INTTAZ2: 8-bit timer 2 0060H FFFF60H 18H

26 INTTA3: 8-bit timer 3 0064H FFFF64H 19H

27 INTTBO: 16-bit timer O 0068H FFFF68H 1AH

28 INTTBL1: 16-bit timer O 006CH FFFF6CH 1BH

29 INTKEY: Key wakeup 0070H FFFF70H 1CH

30 Maskable [INTRTC: RTC (Alarm interrupt) 0074H FFFF74H 1DH

31 INTTBOO: 16-bit timer O (Overflow) 0078H FFFF78H 1EH

32 INTLCD: LCDC/LP pin 007CH FFFF7CH 1FH

33 INTRXO: Serial receive (Channel 0) 0080H FFFF80H 20H (Note 2)
34 INTTXO: Serial transmission (Channel 0) 0084H FFFF84H 21H

35 INTRX1: Serial receive (Channel 1) 0088H FFFF88H 22H (Note 2)
36 INTTX1: Serial transmission (Channel 1) 008CH FFFF8CH 23H

37 INTRX2: Serial receive (Channel 2) 0090H FFFFOOH 24H (Note 2)
38 INTTX2: Serial transmission (Channel 2) 0094H FFFF94H 25H

39 (Reserved) 0098H FFFF98H 26H

40 (Reserved) 009CH FFFFOCH 27H

41 (Reserved) 00AOH FFFFAOH 28H

42 (Reserved) 00A4H FFFFA4H 29H

43 (Reserved) 00A8H FFFFA8H 2AH

44 (Reserved) 00ACH FFFFACH 2BH

45 (Reserved) 00BOH FFFFBOH 2CH

46 (Reserved) 00B4H FFFFB4H 2DH

47 (Reserved) 00B8H FFFFB8H 2EH

48 INTSBEQ: SBI I°C bus transfer end (Channel 0) 00BCH FFFFBCH 2FH

49 (Reserved) 00COH FFFFCOH 30H

50 (Reserved) 00C4H FFFFC4H 31H
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Table 3.4.1 TMP92C820 Interrupt Vectors and Micro DMA Start Vectors (2/2)
. Interrupt Source and Source of Address Refer | Micro DMA
Default Priority | Type . \Vector Value|
Micro DMA Request to Vector Start Vector

51 (Reserved) 00C8H FFFFC8H 32H
52 INTAD: AD conversion end 00CCH FFFFCCH 33H
53 INTTCO: Micro DMA end (Channel 0) 00DOH FFFFDOH 34H
54 INTTC1: Micro DMA end (Channel 1) 00D4H FFFFD4H 35H
55 INTTC2: Micro DMA end (Channel 2) 00D8H FFFFD8H 36H
56 INTTC3: Micro DMA end (Channel 3) 00ODCH FFFFDCH 37H
57 Maskable | INTTC4: Micro DMA end (Channel 4) O0EOH FFFFEOH 38H
58 INTTCS5: Micro DMA end (Channel 5) 00E4H FFFFE4H 39H
59 INTTC6: Micro DMA end (Channel 6) 00E8H FFFFESH 3AH
60 INTTC7: Micro DMA end (Channel 7) O0ECH FFFFECH 3BH
- OOFOH FFFFFOH -
to (Reserved) : :
- O0FCH FFFFFCH -

Note 1: Micro DMA default priority.
Micro DMA initiation takes priority over other maskable interrupt.

Note 2: When initiating micro DMA, set at edge detect mode.
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3.4.2

Micro DMA processing

In addition to general-purpose interrupt processing, the TMP92C820 also includes a
micro DMA function. Micro DMA processing for interrupt requests set by micro DMA is
performed at the highest priority level for maskable interrupts (Level 6), regardless of the
priority level of the interrupt source.

Because the micro DMA function is implemented though the CPU, when the CPU is
placed in a state of standby by HALT instruction, the requirements of the micro DMA will
be ignored (Pending).

Micro DMA supports 8 channels and can be transferred continuously by specifying the
micro DMA burst function as below.

(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 eight micro DMA
channels allow micro DMA processing to be set for up to 8 types of interrupt at once.

When micro DMA is accepted, the interrupt request flip-flop assigned to that
channel is cleared. Data in one-byte, two-byte or four-byte blocks, is automatically
transferred at once 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
value of the counter after it has been decremented is not 0, DMA processing ends with
no change in the value of the micro DMA start vector register. If the value of the
decremented counter is 0, a micro DMA transfer end interrupt INTTCO to INTTC7) is
sent from the CPU to the interrupt controller. In addition, the micro DMA start vector
register is cleared to 0, the next micro DMA operation is disabled and micro DMA
processing terminates.

If micro DMA requests are set simultaneously for more than one channel, priority is
not based on the interrupt priority level but on the channel number: The lower the
channel number, the higher the priority (Channel 0 thus has the highest priority and
channel 7 the lowest).

If an interrupt request is triggered for the interrupt source in use during the interval
between the time at which the micro DMA start vector is cleared and the next setting,
general-purpose interrupt processing is performed at the interrupt level set. Therefore,
if the interrupt is only being used to initiate micro DMA (and not as a general-purpose
interrupt), the interrupt level should first be set to 0 (j.e, interrupt requests should be
disabled).

If micro DMA and general-purpose interrupts are being used together as described
above, the level of the interrupt which is being used to initiate micro DMA processing
should first be set to a lower value than all the other interrupt levels. (Note) In this
case, edge-triggered interrupts are the only kinds of general interrupts which can be
accepted.

Note: If the priority level of micro DMA is set higher than that of other interrupts, CPU operates as follows.
In case INTxxx interrupt is generated first and then INTyyy interrupt is generated between checking
“Interrupt specified by micro DMA start vector” (in the Figure 3.4.1) and reading interrupt vector with
setting below. The vector shifts to that of INTyyy at the time.

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

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

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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CLK

AO to A23

Although the control registers used for setting the transfer source and transfer
destination addresses are 32 bits wide, this type of register can only output 24-bit
addresses. Accordingly, micro DMA can only access 16 Mbytes (The upper 8 bits of a
32-bit address are not valid).

Three micro DMA transfer modes are supported: One-byte transfer, two-byte (One
word) transfers and four-byte transfers. After a transfer in any mode, the transfer
source and transfer destination addresses will either be incremented or decremented,
or will remain unchanged. This simplifies the transfer of data from I/O to memory,
from memory to I/0, and from I/O to I/O. For details of the various transfer modes, see
section 3.4.2 (4) “Detailed description of the transfer mode register”.

Since a transfer counter is a 16-bit counter, up to 65536 micro DMA processing
operations can be performed per interrupt source (Provided that the transfer counter
for the source is initially set to 0000H).

Micro DMA processing can be initiated by any one of 34 different interrupts — the 33
interrupts shown in the micro DMA start vectors in Table 3.4.1 and a micro DMA soft
start.

Figure 3.4.2 shows a 2-byte transfer carried out using a micro DMA cycle in transfer
destination address INC mode (Micro DMA transfers are the same in every mode
except counter mode). (The conditions for this cycle are as follows: external 8-bit bus, 0
waits, and even-numbered transfer source and transfer destination addresses).

One state

1

/]

2

/]

3

/]

4

/]

5

/]

src

dst

-

Note:

In fact, src and dst address are not output to A23 to AO pins because they are internal RAM address

States 1 and 2: Instruction fetch cycle (Prefetches the next instruction code)
If the instruction queue buffer is FULL, this cycle becomes a dummy
cycle.

State 3: Micro DMA read cycle.

State 4: Micro DMA write cycle.

State 5: (The same as in state 1, 2.)

Figure 3.4.2 Timing for Micro DMA Cycle
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(2

Soft start function

The TMP92C820 can initiate micro DMA either with an interrupt or by using the
micro DMA soft start function, in which micro DMA is initiated by a Write cycle which
writes to the register DMAR.

Writing 1 to any bit of the register DMAR causes micro DMA to be performed once.
(If write “0” to each bit, micro DMA doesn’t operate). On completion of the transfer, the
bits of DMAR which support the end channel are automatically cleared to O.

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

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

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

Symbol

Name

Address 7 6 5 4 3 2 1 0

DMAR

DMA
request

DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1 | DREQO
R/W
o | o | o | o | o | o | o | o
1: DMA request in software

109H
(Prohibit
RMW)

(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: Using only lower 24 bits.
DMADO DMA destination address register 0: Using only lower 24 bits.
DMACO DMA counter register 0: 1 to 65536.
DMAMO| DMA mode register 0.
|
i
Channel 7
DMAS7 DMA source address register 7.
DMAD7 DMA destination address register 7.

DMAC7 DMA counter register 7.
DMAM7| DMA mode register 7.
8 bits
16 bits

32 bits
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(4) Detailed description of the transfer mode register

|o 0 o| Modtle | DMAMO to DMAM?7

DMAM [4:0] Mode Description

Execution Time

000z2z Destination INC mode

(DMADN+) <« (DMASN)

DMACN <~ DMACnh-1
if DMACn = 0 then INTTCn

5 states

001z2z Destination DEC mode

(DMADNn-) <« (DMASN)

DMACnN < DMACnh-1
if DMACn = 0 then INTTCn

5 states

010z2z Source INC mode

(DMADn) <« (DMASN+)

DMACnN < DMACnh-1
if DMACn = 0 then INTTCn

5 states

011z2z Source DEC mode

(DMADn) <« (DMASN-)

DMACnh < DMACnh-1
if DMACn = 0 then INTTCn

5 states

100z2z Source and destination INC mode
(DMADN+) <« (DMASN+)
DMACN <~ DMACnh-1

If DMACn =0 then INTTCn

6 states

1012z Source and destination DEC mode
(DMADNn-) <« (DMASN-)
DMACN <~ DMACnh-1

If DMACnh = 0 then INTTCn

6 states

110Z2z2 Destination and fixed mode

(DMADn) <« (DMASN)

DMACnN < DMACnh-1
If DMACn = 0 then INTTCn

5 states

11100 Counter mode

DMASN < DMASNn+1

DMACnN < DMACnh-1
if DMACn = 0 then INTTCn

5 states

ZZ: 00 = 1-byte transfer
01 = 2-byte transfer
10 = 4-byte transfer
11 = Reserved

Note 1: The execution time is measured at 1 states = 50 ns (Operation at internal 20 MHz).

Note 2: n stands for the micro DMA channel number (0 to 7).

DMADN+/DMASNH+: Post increment (Register value is incremented after transfer).

DMADN-/DMASNh-: Post decrement (Register value is decremented after transfer).

“I10” signifies fixed memory addresses; “memory” signifies incremented or decremented memory

addresses.

Note2: The transfer mode register should not be set to any value other than those listed above.
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3.4.3

Interrupt Controller Operation

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

For each of the 52 interrupt channels there is an interrupt request flag (consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared to
zero in the following cases: when a reset occurs, when the CPU reads the channel vector of
an interrupt it has received, when the CPU receives a micro DMA request (when micro
DMA is set), when a micro DMA burst transfer is terminated, and when an instruction that
clears the interrupt for that channel is executed (by writing a micro DMA start vector to the
INTCLR 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’s priority level to 0 (or 7)
disables interrupt requests from that source.

The priority of non-maskable interrupt (Watchdog timer interrupts) is fixed at 7. If more
than one interrupt request with a given priority level are generated simultaneously, 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.

If several interrupts are generated simultaneously, the interrupt controller sends the
interrupt request for the interrupt with the highest priority and the interrupt’s vector
address to the CPU. The CPU compares the mask value set in <IFF2:0> of the status
register (SR) with the priority level of the requested interrupt; if the latter is higher, the
interrupt is accepted. Then the CPU sets SR<IFF2:0> to the priority level of the accepted
interrupt + 1. Hence, during processing of the accepted interrupt, new interrupt requests
with a priority value equal to or higher than the value set in SR<IFF2:0> (e.g., interrupts
with a priority higher than the interrupt being processed) will be accepted.

When interrupt processing has been completed (e.g., after execution of a RETI instruction),
the CPU restores to SR<IFF2:0> the priority value which was saved on the stack before the
interrupt was generated.

The interrupt controller also includes eight registers which are 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 and Table 3.4.), enables the corresponding interrupt to be
processed by micro DMA processing. The values must be set in the micro DMA parameter
registers (e.g., DMAS and DMAD) prior to micro DMA processing.
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(1) Interrupt priority setting registers
Symbol | Name |Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO iADc | 1aDmM2 | 1aDM1 | 1aDMo | loc loM2 [ oM [ 1omo
INTEOAD | INTAD FOH
enable R RIW R RIW
0 o | o [ o 0 o | o | o
INT2 INTL
NTEL |INTI&INTZ| o 12C i2v2 | 12m1 | 12mo0 11C M2 | v | iamo
enable R RIW R RIW
0 o | o [ o 0 o | o | o
- INT3
- - - - | 13M2 13M1 13M
NTEs  |INT3 1M | | 3C am2 | ismi | 13m0
enable - _ R R/W
Always write “0”. 0 0 | 0 | 0
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO&.
INTETAOL INTTAL oan iTaic | imAaim2 | itaim1 | itaivo | itaoc | imaom2 | itaomi | imAomo
enable R RIW R RIW
0 o | o [ o 0 o | o | o
INTAT3 (TMRA3) INTAT2 (TMRA2)
INTTA28
INTETA23] INTTAS - ITA3C | 1TAsm2 | ITAsm1 | iTasmo | iTaec | iTaam2 | iTAami | iTA2mo
enable R RIW R RIW
0 o | o [ o 0 o | o | o
INTTB1 (TMRB1) INTTBO (TMRBO)
INTTBO&
NTETBOL! INTTRL -~ iTB1C | rmBim2 | iTBam1 | iTBiMo | 1TBoC | ITBOM2 [ ITBOM1 | ITBOMO
enablo R RIW R RIW
0 o | o [ o 0 o | o | o
- INTTBOO
INTTBOO
- - - - irBooc | irBoom2 | iTBoom1 [ ITBoomo
INTETBOO | (Overflow) DAH | | | |
enable R RIW R RIW
0 o | o [ o 0 o | o | o
INTTXO INTRXO
INTRX0& itxoc [ rrxom2 [ imxom1 | imxomo | IRXoc [ IRxom2 [ IRxoM1 | IRXOMO
INTESO | INTTXO DBH
enable R R/W R R/W
0 o | o [ o 0 o | o | o
INTTX1 INTRX1
INTRX1& imxic [ mxam2 [ mxami [ mxamo | rxac [ Irxam2 | IRxaM1 | IRXIMO
INTES1 | INTTX1 DCH
enable R RIW R RIW
0 o | o [ o 0 o | o | o
~ INTSBEO
INTESBO | INTSBEO Ean - - - - ISBEOC | ISBEOM2 | ISBEOM1 | ISBEOMO
enable - _ R RIW
Always write “0". 0 0 | 0 | 0
INTALM1 INTALMO
INTALMO&
NTEALM 01| INTALML Esh iatc | 1amm2 | 1ammi | 1aiMo | i1aoc | 1aomM2 | 1AoM1 | 1AOMO
enable R RIW R RIW
0 o | o [ o 0 o | o | o
INTALM3 INTALM2
INTALM2.
NTEALM 23 INTAL M Eon iA3c | 1asm2 | 1asm1 | 1asmo | 1a2c | iaam2 | 1aem1 | 1A2mo
enable R RIW R RIW
0 o | o [ o 0 o | o | o
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Symbol | Name |Address 7 6 5 4 3 2 1 0
- INTALM4
INTEALMal INTALM4 E71 - - | - [ - aac | 1aam2 | 1aami | 1a4mo
enable - _ R RIW
Always write “0”. 0 o | o | o
- INTRTC
- - - - IR IRM2 IRM1 IRM
INTERTC | NTRTC E8H c | | 0
enable _ _ R RIW
Always write “0”. 0 0 | 0 | 0
- INTKEY
wreckey |INTKEY Eon - - - - IKC kM2 | kM1 | 1KMo
enable - _ R R/W
Always write “0”. 0 o | o | o
- INTLCD
INTLCD | INTLCD EAH - - - - ILcpic | icom2 | icomi | iLcpmo
enable - _ R RIW
Always write “0". 0 0 | 0 | 0
INTTX2 INTRX2
INTRX28.
iTx2c | imxam2 | imxem1 | itxeMo | IRX2C | IRX2M2 | IRX2ML | IRX2MO
INTES2 | INTTX2 EDH
enable R RIW R RIW
0 o | o [ o 0 o | o | o
- INTPO
NTEPO | INTPO EEH - - - - ipoc | 1pom2 | 1pom1 | 1Pomo
enable - _ R R/W
Always write “0”. 0 o | o | o
T I

Interrupt request flag

IXXxM2 IXxM1

IXXxMO

Function (Write)

P P OOOOo
P P O OFrP PFPr OO

P O P, O Fr O Fr O

Disables interrupt requests

Sets interrupt priority level to 1
Sets interrupt priority level to 2
Sets interrupt priority level to 3
Sets interrupt priority level to 4
Sets interrupt priority level to 5
Sets interrupt priority level to 6
Disables interrupt requests
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Symbol | Name |Address 7 6 5 4 3 2 1 0
INTTC1 (DMAL) INTTCO (DMAO)
INTTCO&
wrercol NTTer 1 itcic | ircam2 | itcame | ircamo | ircoc | ircom2 | itcomt | imcomo
enable R R/W R R/W
0 o | o 0 0 o | o | o
INTTC3 (DMA3) INTTC2 (DMA2)
INTTC2&
nTETe23l INTTes ot itcac | imcam2 | itcamt | itcamo | imcac | imeamz | oircamt | imcamo
enable R R/W R R/W
0 o | o 0 0 o | o | o
INTTC5 (DMAS) INTTC4 (DMA4)
INTTC4&
NTETC4s! INTTCS Ear itcsc | imesm2 | itesmi | itesmo | itcac | imcam2 | itcamt | imcamo
enable R R/W R R/W
0 o | o 0 0 o | o | o
INTTC7 (DMA7) INTTC6 (DMAG)
INTTC6&
NTETCE7| INTTC Ear itc7c | irc7m2 | itc7me | imcrmo | imcec | imcem2 | itcemt | imcemo
enable R R/W R R/W
0 o | o 0 0 o | o | o
- INTWD
- - | - - ITCWD - - T -
INTWDT | INTWD F7H -
Always write “0”. 0 - | - | -
T T

Interrupt request flag

IXxM2

IXxM1

IXXMO

Function (Write)

Disables interrupt requests

Sets interrupt priority level to 1

Sets interrupt priority level to 2

Sets interrupt priority level to 3

Sets interrupt priority level to 4

Sets interrupt priority level to 5

Sets interrupt priority level to 6

FP|IFP|IP|IP|O|O|O|O
RP|IP|O|O|R,|P|O|O

R|O|P|O|FP|O|F|O

Disables interrupt requests
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(2) External interrupt control
Symbol | Name |Address 7 6 5 4 3 2 1 0
ISEDGE 12EDGE I1IEDGE IOEDGE IOLE -
W W W w R/W R/W
F6H 0 0 0 0 0 0
Interrupt
IIMC input mode N INT3EDGE [INT2EDGE [INT1EDGE [INTOEDGE [INTO AI\{va)‘/‘S"
(Prohibit 0:Rising [0:Rising |0:Rising [0: Rising |0: Edge write “0".
control RMW g
) 1: Falling |1: Falling [1: Falling |1: Falling mode
1: Level
mode

*INTO level enable

0

Edge detect INT

1

“H” level INT

Note 1: Disable INTO request before changing INTO pin mode from level sense to edge sense.

Setting example:

DI
LD (IIMC), XXXXXXO0 - B
LD (INTCLR), 0AH

El

Note 2: X: Don't care, —: No change

Switches from level to edge.

Clears interrupt request flag.

Note 3: See electrical characteristics in section 4 for external interrupt input pulse width.

Settings of External Interrupt Pin Function

Interrupt Pin Name Mode Setting Method
T Rising edge IIMC<IOLE> = 0, INTOEDGE = 0
INTO PC3 T\ Falling edge IIMC<IOLE> = 0, INTOEDGE = 1
7 * \ High level IIMC<IOLE>=1
INTL pC1 I Rising edge INTLEDGE =0
T\ Falling edge INTIEDGE = 1
a Rising edge INT2EDGE = 0
INT2 PC5
S Falling edge INT2EDGE = 1
7 Rising edge INT3EDGE = 0
INT3 PC6
T\ Falling edge INT3EDGE = 1
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(8) SIO receive interrupt control

Symbol | Name |Address 7 6 5 4 3 2 1 0
IR2LE IR1LE IROLE

W w W

SIO 1 1 1
interrupt F5H 0: INTRX2 [0: INTRX1 [0: INTRXO

SiMC mode (Prohibit edge edge edge

RMW)

control mode mode mode
1: INTRX2 [1: INTRX1 [1: INTRXO

level level level

mode mode mode

|—> INTRXO rising edge enable
0 Rising edge detect INTRX0
1 “H” level INTRX0

—> INTRX1 level enable
0 Rising edge detect INTRX1
1 “H” level INTRX1

L INTRX2 level enable
0 Rising edge detect INTRX2
1 “H” level INTRX2
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(4) Interrupt request flag clear register

vector, as given in Table 3.4.1 to the register INTCLR.

operation after execution of the DI instruction.

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

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

INTCLR «— OAH ; Clears interrupt request flag INTO.
Symbol | Name |Address 7 6 5 4 3 2 1 0
CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt F8H W
INTCLR |clear (Prohibit
control RMW) 0 o | o [ o | o 0 o [ o
Interrupt vector

(5) Micro DMA start vector registers

These registers assign micro DMA processing to an sets which source corresponds to
DMA. The interrupt source whose micro DMA start vector value matches the vector set
in one of these registers is designated 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, in order for micro DMA processing to continue, the micro DMA start
vector register must be set again during 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 lowest numbered channel takes priority.

Accordingly, if the same vector is set in the micro DMA start vector registers for two
different channels, the interrupt generated on the lower-numbered channel is executed
until micro DMA transfer is complete. If the micro DMA start vector for this channel
has not been set in the channel’s micro DMA start vector register again, micro DMA
transfer for the higher-numbered channel will be commenced. (This process is known
as micro DMA chaining.)
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Symbol | Name |Address 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOVL | DMAOVO
DMAO
DMAOV 100H RIW
start vector 0 | 0 | 0 | 0 0 | 0
DMAQ start vector
DMALV5 | DMALV4 | DMA1V3 | DMALV2 | DMALVL | DMALVO
DMAL R
DMALV 101H W
start vector 0 | 0 | 0 | 0 0 | 0
DMAL start vector
DMA2V5 | DMA2v4 | DMA2v3 | DMA2V2 | DMA2V1 | DMA2VO
DMA2 RIW
DMA2V 102H
start vector 0 | 0 | 0 | 0 0 | 0
DMA2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3
DMA3V 103H RIW
start vector 0 | 0 | 0 | 0 0 | 0
DMAS start vector
DMA4V5 | DMA4V4 | DMA4V3 | DMA4V2 | DMA4VL | DMA4VO
DMA4 R
DMA4V 104H W
start vector 0 | 0 | 0 | 0 0 | 0
DMAA4 start vector
DMA5V5 | DMASV4 | DMASV3 | DMASV2 | DMASVL | DMASVO
DMA5
DMA5V 105H RIW
start vector 0 | 0 | 0 | 0 0 | 0
DMAS start vector
DMA6V5 | DMA6V4 | DMA6V3 | DMA6V2 | DMAGVL | DMAGVO
DMA6
DMA6V 106H RV
start vector 0 | 0 | 0 | 0 0 | 0
DMAG start vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7VL | DMA7VO
DMA7 R
DMA7V 107H W
start vector o | o [ o | o o | o
DMA?7 start vector
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(6) Specification of a micro DMA burst

Specifying the micro DMA burst function causes micro DMA transfer, once started,
to continue until the value in the transfer counter register reaches zero. Setting any of
the bits in the register DMAB which correspond to a micro DMA channel (as shown
below) to 1 specifies that any micro DMA transfer on that channel will be a burst

transfer.
Symbol | Name |Address 7 6 5 4 3 2 1 0
DBST7 | DBST6 | DBST5 | DBST4 | DBST3 | DBST2 | DBST1 | DBSTO
DMAB DMA 108H RIW
burst 0 o | o | o | o | o o | o
1: DMA request on Burst mode
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(7) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore, if immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag, the CPU
may execute this instruction in between accepting the interrupt and reading the
interrupt vector. In this case, the CPU will read the default vector 0004H and jump to
interrupt vector address FFFF04H.

To avoid this, an instruction which clears an interrupt request flag should always be
preceded by a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 3-instructions (e.g., “NOP” x 3 times). If placed EI instruction
without waiting NOP instruction after execution of clearing instruction, interrupt will
be enable before request flag is cleared.

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

In addition, please note that the following two circuits are exceptional and demand
special attention.

INTO level mode In level mode INTO is not an edge-triggered interrupt. Hence, in

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

If the CPU enters the interrupt response sequence as a result of
INTO going from 0 to 1, INTO must then be held at 1 until the interrupt
response sequence has been completed. If INTO is set to level mode
S0 as to release a halt state, INTO must be held at 1 from the time
INTO changes from 0 to 1 until the halt state is released. (Hence, it is
necessary to ensure that input noise is not interpreted as a 0, causing
INTO to revert to 0 before the halt state has been released.)

When the mode changes from level mode to edge mode, interrupt
request flags which were set in level mode will not be cleared.
Interrupt request flags must be cleared using the following sequence.
DI
LD (IIMC), 00H ; Switches from level to edge.

LD (INTCLR), OAH ; Clears interrupt request flag.

NOP ; Wait El execution
NOP
NOP
El
INTRX In edge mode (The register SIMC<IRXLE> set to “0”), the interrupt

request flip-flop can only be cleared by a reset or by reading the serial
channel receive buffer. It cannot be cleared by writing INTCLR
register.

Note: The following instructions or pin input state changes are equivalent to instructions which

clear the interrupt request flag.

INTO: Instructions which switch to level mode after an interrupt request has been
generated in edge mode.
The pin input changes from high to low after an interrupt request has been
generated in level mode. (“H” — “L")

INTRX: Instructions which read the receive buffer.
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3.5 Function of Ports

TMP92C820 has I/0 port pins that are shown in Table 3.5.1. In addition to functioning as
general-purpose I/0 ports, these pins are also used by internal CPU and I/O functions. Table
3.5.2 lists I/0 registers and their specifications.

Table 3.5.1 Port Functions (1/2)

(R: PU = with programmable pull-up resistor, U = with pull-up resistor

Port Name | Pin Name |'\umbper of I/0 R /0 Setting Pin Name for Built-in
Pins Function
Port 1 P10 to P17 8 110 - Bit D8 to D15
Port 2 P20 to P27 8 110 - Bit D16 to D23
Port 3 P30 to P37 8 I/0 - Bit D24 to D31
Port 4 P40 to P47 8 /0% - Bit* AO to A7
Port 5 P50 to P57 8 1/O* - Bit* A8 to A15
Port 6 P60 to P67 8 1/O* - Bit* Al6 to A23
Port 7 P70 1 Output - (Fixed) RD
P71 1 Output - (Fixed) WRLL
P72 1 Output - (Fixed) WRLU
P73 1 Output - (Fixed) WRUL
P74 1 Output - (Fixed) WRUU
P75 1 Output - (Fixed) R/IW
P76 1 110 - Bit WAIT
Port 8 P80 1 Output - (Fixed) €S0, SDCSH
P81 1 Output - (Fixed) CS1, SDCSL
P82 1 Output - (Fixed) Cs2, CS2A
P83 1 Output - (Fixed) CS3
P84 1 Output - (Fixed) EA24, CS2B
P85 1 Output - (Fixed) EA25, CS2C
P86 1 Output - (Fixed) Ts2
P87 1 Output - (Fixed) SDCLK
Port 9 P90 1 1/0 - Bit SCK
P91 1 110 - Bit SO, SDA
P92 1 110 - Bit SlI, SCL
P93 1 110 - Bit CS2E
P94 1 110 - Bit CS2F
P95 1 110 - Bit CS2G , TXD2
P96 1 110 - Bit CSEXA , RXD2
Port A PAO to PA7 8 Input U (Fixed) KIO to KI7
Port C PCO 1 110 - Bit TAOIN
PC1 1 110 - Bit INT1, TAIOUT
PC3 1 110 - Bit INTO
PC5 1 110 - Bit INT2, TA3OUT
PC6 1 o] - Bit INT3, TBOOUTO
Port F PFO 1 110 - Bit TXDO
PF1 1 110 - Bit RXDO
PF2 1 I/0 - Bit SCLKO, CTS0
PF3 1 110 - Bit TXD1
PF4 1 110 - Bit RXD1
PF5 1 10 - Bit SCLK1, CTs1

*. When these ports are used as general-purpose /O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as
address bus in same port.

All of general-purpose I/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.
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Table 3.5.1 Port Functions (2/2)
(R: PU = with programmable pull-up resistor, U = with pull-up resistor)

Port Name | Pin Name Num_ber I/O R I/O Setting Pin Name fc_>r Built-in
of Pins Function
Port G PGO to PG4 5 Input - (Fixed) ANO to AN4, ADTRG (PG3)
Port J PJO 1 Output - (Fixed) SDRAS
PJ1 1 Output - (Fixed) SDCAS
PJ2 1 Output - (Fixed) SDWE , SRWR
PJ3 1 Output - (Fixed) SDLLDQM , SRLLB
PJ4 1 Output - (Fixed) SDLUDQM , SRLUB
PJ5 1 Output - (Fixed) SDULDQM , SRULB
PJ6 1 Output - (Fixed) SDUUDQM , SRUUB
PJ7 1 Output - (Fixed) SDCKE
Port K PKO 1 Output - (Fixed) D1BSCP
PK1 1 Output - (Fixed) D2BLP
PK2 1 Output - (Fixed) D3BFR
PK3 1 Output - (Fixed) DLEBCD
PK4 1 Output - (Fixed) DOFFB
PK6 1 Output - (Fixed) ALARM , MLDALM
Port L PLO to PL7 8 1/0 - Bit LDO to LD7
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Table 3.5.2 1/O Registers and Specifications (1/3)

) o I/O Register
Port Pin Name Specification
Pn | PnCR | PnFC | PnFC2 | PnODE
Port 1 P10 to P17 Input port X 0 0
Output port X 1 None None
D8 to D15 bus X X 1
Port 2 P20 to P27 Input port X 0
Output port X 1 0 None None
D16 to D23 bus X X 1
Port 3 P30 to P37 Input port X 0 0
Output port X 1 None None
D24 to D31 bus X X 1
Port 4 P40 to P47 Input port* X 0* 0
Output port* X 1* None None
A0 to A7 output X 0 1
Port 5 P50to P57 | Input port* X 0*
Output port* X 1* 0 None None
A8 to A15 output X 0 1
Port 6 P60 to P67 Input port* X 0% 0
Output port* X 1* None None
A16 to A23 output X 0 1
Port 7 P70 to P75 Output port X None
P70 RD output
P71 WRLL output
P72 WRLU output
— X None 1
P73 WRUL output
— None None
P74 WRUU output
P75 R/W output
P76 Input port X 0 0
Output port X 1 0
WAIT input X 0 1
Port 8 P80 to P87 QOutput port X 0 0
P80 CS0 output X 1 0
P81 CS1 output X 1 0
SDCS output X X 1
P82 CS2 output X 1 0
CS2A output X X 1
P83 CS3 output X None 1 0 None
P84 EA24 output X 1 0
CS2B output X X 1
P85 EA25 output X 1 0
CS2C output X X 1
P86 CS2D output X X 1
P87 SDCLK output X 1 0
X: Don’t care

*: When these ports are used as general-purpose /O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as
address bus in same port.

All of general-purpose I/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.
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Table 3.5.2 1/O Registers and Specifications (2/3)

) o I/O Register
Port Pin Name Specification
Pn PnCR | PnFC |PnFC2|PnODE
Port 9 P90 to P96 Input port X 0 0 0
Output port X 1 0 0
P90 SCK input X 0 0 0
SCK output X X 1 0/1
P91 SO output X 1 1 0/1
SDA X X 1 1
P92 Slinput X 0 0 0
SCL X X 1 1
P93 CS2E output X 1 1 X
SSCMD input X 0 1 X
SSCMD output X 0 1 None 0
SSCMD (Open drain) X 0 1 1
P94 CS2F output X 1 1 X
SSDAT input X 0 1 X
SSDAT output X 0 1 0
SSDAT (Open drain) X 0 1 1
P95 CS2G output X 1 1 X
TXD2 output X 0 1 0
TXD2 (Open drain) X 0 1 1
PG CSEXA output X 1 1 X
RXD2 input X 0 1 X
Port A PAO to PA7 Input port X 0
- None None None
KIO to KI7 input X 1
Port C PCO, PC1, PC3 | Input port X 0 0
PCS, PC6 Output port X 1 0
PCO TAOIN input X X 1
PC1 TA1OUT output X 1 1
INT1 input 0 0 1
PC3 INTO input X 0 1 None None
PC5 INT2 input 0 0 1
TA30OUT 1 1 1
PC6 INT3 input 0 0 1
TBOOUTO 1 1 1
Port F PFO to PF5 Input port X 0 0
Output port X 1 0
PFO TXDO 1 0 1
TXDO (Open drain) 1 1 1
PF1 RXDO input X 0 None
PF2 SCLKO input/output 1 0/1 1 None None
CTS0 input 1 0 1
PF3 TXD1 1 0 1
TXD1 (Open drain) 1 1 1
PF4 RXD1 input X 0 None
PF5 SCLK1 input/output 1 0/1 1
CTSL input 1 0 1
Port G PGO to PG4 Input port X
ANO to AN4 input X None None None None
PG3 ADTRG input X
X: Don’t care
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Table 3.5.2 1/O Registers and Specifications (3/3)
] o I/O Register
Port Pin Name Specification
Pn | PnCR | PnFC | PnFC2 | PNODE
Port J PJO to PJ7 Output port X 0 0
PJO SDRAS output X 1 0
PJ1 SDCAS output X 1 0
PJ2 SDWE output X 1 0
SRWR output X X 1
PJ3 SDLLDQM output X 1 0
SRLLB output X X 1
PI4 m output X None 1 0 None
SRLUB output X X 1
PJ5 SDULDQM output X 1 0
SRULB output X X 1
PJ6 SDUUDQM output X 1 0
SRUUB output X X 1
PJ7 SDCKE output X 1 0
Port K PKOto PK6 | Output port X 0
PKO D1BSCP output X 1
PK1 D2BLP output X 1
PK2 D3BFR output X | None 1 None None
PK3 DLEBCD output X 1
PK4 DOFFB output X 1
PK6 ALARM output 1 1
MLDALM output 0 1
Port L PLO to PL7 Input port X 0 0
Output port X 1 0 None None
LDO to LD7 output X X 1
X: Don'’t care

After a reset the port pins listed below function as general-purpose I/O port pins. A reset sets

I/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.
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3.5.1

Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port.

Bits can be individually set as either inputs or outputs by control register P1CR and
function register P1FC. In addition to functioning as a general-purpose I/O port, port 1 can
also function as a data bus (D8 to D15).

Internal data bus

Function Setting after Reset is
AM1 | AMO 9
Released
0 0 Don't use this setting
0 1 Data bus (D8 to D15)
1 0 Data bus (D8 to D15)
1 1 Don't use this setting
Reset

Direction control

(on bit basis)

P1CR write

Function control

(on bit basis)

P1FC write

-

Output latch

S

A

P1 write
D8 to D15

Selector

Output buffer

—11

oo

—<—P1 read

\I:‘@ External access (Data read)

Figure 3.5.1 Port 1

Port 1
P10 to P17
(D8 to D15)

External access (Data write)
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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
(0004H) Read/Write R/W
After reset Data from external port (Output latch register is cleared to 0)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol pP17C P16C P15C P14C P13C pP12C P11C pP10C
(0006H) Read/Write W
After reset o | o [ o | o | o | o | o | o
Function Refer to port 1 function setting
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P1F
(0007H) Read/Write w
After reset 1
Function Refer to
port 1
function
setting
Port 1 function register
Note 1:Read-modify-write is prohibited for the registers 1FC<P1XF>
P1CR and P1FC. P1CR<P1xC> 0 !
Note 2:<P1XC> show X bit of P1CR register.
| t t
0 nput por Data bus
(D15 to D8)
1 Output port

Figure 3.5.2 Register for Port 1
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3.5.2 Port2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/O port.

Bits can be individually set as either inputs or outputs by control register P2CR and
function register P2FC. In addition to functioning as a general-purpose I/O port, port 2 can
also function as a data bus (D16 to D23).

Function Setting after Reset is
AML1 | AMO g
Released
0 0 Don't use this setting
0 1 Input port
1 0 Data bus (D16 to D23)
1 1 Don't use this setting
Reset
%
Direction control
(on bit basis)
P2CR write
<
Function control .
(on bit basis) External access (Data write)
0 |
a P2FC write
o
IS 1
©
© S
s Output latch A
£ Port 2
Selector —1[1 P20to P27
P2 write (D16 to D23)
D16 to D23 5 Output buffer
ﬁl@
pd
\E_CL(D-(— P2 read
pd
N \I:‘@ External access (Data read)

Figure 3.5.3 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
(0008H) -
Read/Write R/IW
After reset Data from external port (Output latch register is cleared to 0)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit symbol p27C P26C P25C P24C P23C p22C p21C P20C
(O00AH) -
Read/Write W
After reset o | o [ o | o | o | o | o | o
Function 0: Input 1: Output
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P2F
BH
(000BH) Read/Write w
After reset 0/1 Note2
Function 0: Port
1: Data bus
(D16 to D23)

Note 1:Read-modify-write is prohibited for the registers
2FC<P2xF>
P2CR and P2FC. 0 1
. . ) P2CR<P2xC>
Note 2: It is set to “Port” or “Data bus” by AM pin setting.
Note 3:<P2XC> show X bit of P2CR register. 0 Input port
Data bus
(D16 to D23)
1 Output port

Port 2 function register

Figure 3.5.4 Register for Port 2
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3.5.3 Port 3 (P30to P37)

Port 3 is an 8-bit general-purpose I/O port.

Bits can be individually set as either inputs or outputs by control register P3CR and
function register P3FC. In addition to functioning as a general-purpose I/O port, port 3 can
also function as a data bus (D24 to D31).

Function Setting after Reset is
AML1 | AMO 9
Released
0 0 Don't use this setting
0 1 Input port
1 0 Data bus (D24 to D31)
1 1 Don't use this setting
Reset
N\
Direction control
(on bit basis)
P3CR write
Function control .
(on bit basis) External access (Data write)
0 1
a P3FC write
<
o 1
©
© S
s Output latch A
IS Port 3
Selector —{1 P30to P37
P3 write (D24 to D31)
D24 to D31 5 Output buffer
ﬂCp
!
1(10—(— P3 read
!
N \IiG—<— External access (Data read)

Figure 3.5.5 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
(000CH) Read/Write R/W
After reset Data from external port (Output latch register is cleared to 0)
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol pP37C P36C P35C P34C P33C pP32C pP31C P30C
(000EH) Read/Write w
After reset o | o [ o | o | o | o | o | o
Function 0: Input 1: Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol P3E
(000FH) Read/Write w
After reset 0/1 Note2
Function 0: Port 1:
Data bus
(D24 to D31)

Note 1:Read-modify-write is prohibited for the registers 3FC<P3xF>
P3CR and P3FC. P3CR<P3xC> 0 !
Note 2: It is set to “Port” or “Data bus” by AM pin setting.
Note 3:<P3XC> show X bit of P3CR register. 0 Input port Data bus
(D24 to D31)
1 Output port

Port 3 function register

Figure 3.5.6 Register for Port 3
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3.5.4  Port 4 (P40 to P47)

Port 4 is an 8-bit general-purpose I/O ports*.

Bits can be individually set as either inputs or outputs by control register PACR and
function register P4FC¥*. In addition to functioning as a general-purpose I/O port, port 4
can also function as an address bus (A0 to A7).

Function Setting after Reset is
AM1 | AMO 9
Released
0 0 Don't use this setting
0 1 Address bus (A0 to A7)
1 0 Address bus (A0 to A7)
1 1 Don't use this setting
Reset
N\
2|nterna| address buse
A0 to A7
Direction control
(on bit basis)*
P4CR write
q
Function control ° °
o (on bit basis) b I
2 S
! —e
% P4FC write Port 4
c Selector —1 P40 to P47
£ Output buffer (A0 to A7)
Output latch A
P4 write
e
2
A
N \I\I_C&0-<— P4 read

*. When these ports are used as general-purpose /O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address
bus in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.7 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
(0010H) Read/Write R/W
After reset Data from external port (Output latch register is cleared to 0)
Port 4 Control Register
7 6 5 4 3 2 1 0
P4CR Bit symbol P47C P46C P45C P44C P43C P42C P41C P40C
(0012H) Read/Write w
After reset 0 o | o | o | o | o | o | o
Function 0: Input 1: Output (Note2)
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC Bit symbol P47F P46F P45F P44F P43F P42F P41F P40F
(0013H) Read/Write w
After reset 1 1 | o2 [ 2 | 2 [ 1 | 1 ] 1
Function 0: Port 1: Address bus (AO to A7) (Note2)

Notel:Read-modify-write is prohibited for the registers PACR and P4FC.
Note2: When these ports are used as general-purpose 1/0 port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address
bus in same port. All of general-purpose I/O ports except for port that used as address bus are operated as
output port. Please be careful when using this setting.

Figure 3.5.8 Port 4 Registers
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3.55  Port5 (P50 to P57)

Port 5 is an 8-bit general-purpose I/O ports*.

Bits can be individually set as either inputs or outputs by control register P5CR and

function register P5FC*. In addition to functioning as a general-purpose I/O port, port 5
can also function as an address bus (A8 to A15).

AM1 | AMO

Function Setting after Reset is

Released

k » O O
= O Fr O

Don't use this setting
Address bus (A8 to A15)
Address bus (A8 to A15)

Don't use this setting

Reset

Direction control
(on bit basis)*

2|nterna| address buse

A8 to A15

|

P5CR write

Function control
(on bit basis)

P5FC write

-

Internal data bus

Output latch

!

— B

Selector

|

P5 write

A

Output buffer

Port 5
—1 P50 to P57
(A8 to A15)

e
A
N \I\I_C&0-<— P5 read

*. When these ports are used as general-purpose /O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address

bus in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.9 Port5
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Port 5 Register
7 6 5 4 3 2 1 0
PS5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(0014H) ' Read/write R/IW
After reset Data from external port (Output latch register is cleared to 0)
Port 5 Control Register
7 6 5 4 3 2 1 0
P5CR Bit symbol P57C P56C P55C P54C P53C P52C P51C P50C
(0016H) | Read/write w
After reset 0 o | o | o | o | o [ o | o
Function 0: Input 1: Output (Note2)
Port 5 Function Register
7 6 5 4 3 2 1 0
P5FC Bit symbol P57F P56F P55F P54F P53F P52F P51F P50F
(0017H) Read/Write w
After reset 1 1 [ ] ] ] 1 1 ]
Function 0: Port 1: Address bus (A8 to A15) (Note2)

Notel:Read-modify-write is prohibited for the registers PSCR and P5FC.
Note2: When these ports are used as general-purpose 1/0 port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address

bus in same port. All of general-purpose I/O ports except for port that used as address bus are operated as

output port. Please be careful when using this setting.

Figure 3.5.10 Register for Port 5
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3.5.6 Port 6 (P60 to P67)

Port 6 is an 8-bit general-purpose I/O ports*.

Bits can be individually set as either inputs or outputs by control register P6CR and
function register PEFC¥*. In addition to functioning as a general-purpose I/O port, port 6
can also function as an address bus (A16 to A23).

Function Setting after Reset is

AML | AMO Released

Don't use this setting
Address bus (A16 to A23)
Address bus (A16 to A23)

Don't use this setting

k » O O
= O Fr O

Reset
N\
Internal address bu

Al16 to A23

Direction control
(on bit basis)*

P6CR write

Function control °

(on bit basis) E' I
) ) g °

P6FC write Port 6

Selector —1 P60 to P67

Output buffer (A16 to A23)

Internal data bus

Output latch A

|

P6 write

e
A
N \I\I_C&0-<— P6 read

*. When these ports are used as general-purpose /O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address
bus in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.11 Port 6
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Port 6 Register
7 6 5 4 3 2 1 0
P6 Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0018H) ' Read/write R/IW
After reset Data from external port (Output latch register is cleared to 0)
Port 6 Control Register
7 6 5 4 3 2 1 0
P6CR Bit symbol P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) ' Read/write w
After reset 0 o | o | o | o | o [ o | o
Function 0: Input 1: Output (Note2)
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol P67F P66F P65F P64F P63F P62F P61F P60OF
(001BH) | Read/write w
After reset 1 1 | o [ o2 | 2 | 1 | 1 ] 1
Function 0: Port 1: Address bus (A16 to A23) (Note2)

Notel:Read-modify-write is prohibited for the registers P6CR and P6FC.
Note2: When these ports are used as general-purpose 1/O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address
bus in same port. All of general-purpose I/O ports except for port that used as address bus are operated as

output port. Please be careful when using this setting.

Figure 3.5.12 Port 6 Registers
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3.5.7

Port 7 (P70 to P76)

Port 7 is a 7-bit general-purpose I/O port (P70 to P75 are used for output only).

Bits can be individually set as either inputs or outputs by control register P7CR and
function register P7FC.

In addition to functioning as a general-purpose I/O port, P70 to P75 pins can also
function as read/write strobe signals to connect with an external memory. P76 pin can also
function as wait input. A reset initializes P70 to P75 pins to output port mode, and P76 pin
to input port mode.

Function Setting after Reset is
AM1 | AMO 9
Released
0 0 Don't use this setting
0 1 RD pin
1 0 RD pin
1 1 Don't use this setting
™ Reset
‘ l
Function control
(on bit basis)
3 P7FC write
o
©
©
s S
c Output latch A
Q
L _
- Selector P70 (RD)
P7 write Output buffer
’—> B
e |
P7 read RD
N

Figure 3.5.13 Port 7 (P70)
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™ Reset
‘ 1
Function control
(on bit basis)
é P7FC write
g 1
©
©
= S
g Output latch A
<
Selector {>_E| P7% EWR'-'- ))
. P72 (WRLU
P7 write Output buffer P73 (WRUL )
’_’ B P74 (WRUU)
< |
P7 read WRLL , WRLU ,
WRUL , WRUU
N
Figure 3.5.14 Port 7 (P71 to P74)
™1 Reset
ib—l
Function control
(on bit basis)
1]
a .
o P7FC write
A —
©
g S
o Output latch A
c
i Selector P75 (RIW)
P7 write Output buffer
’—> B
e |
P7 read R/'W
N
Figure 3.5.15 Port 7 (P75)
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Reset

Function control
(on bit basis)

P7FC write

‘ 1

Direction control
(on bit basis)

P7CR write K

]

S
Output latch > [ P76 (WAIT)

T Output buffer

P7 write

Internal data bus

T

P7 read

Internal wait signal

Figure 3.5.16 Port 7 (P76)
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Port 7 Register
6 5 4 3 2 1 0
P7 Bit symbol P76 P75 P74 P73 P72 P71 P70
(001CH) Read/Write R/W
After reset Data from 1 1 1 1 1 1
external
port (Note)
Note: Output latch register is cleared to 0.
Port 7 Control Register
6 5 4 3 2 1 0
P7CR Bit symbol P76C
(001EH) | Read/Write W
After reset 0
Function 0: Input
1: Output
Port 7 Function Register
P7EC 6 5 4 3 2 1 0
(001FH) | Bit symbol P76F P75F P74F P73F P72F P71F P70F
Read/Write w
After reset 0 0 0 0 0 0 1
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: WAIT 1L.RIW 1: WRUU 1: WRUL 1: WRLU 1: WRLL 1: RD
Note: Read-modify-write is prohibited for the registers P7CR and P7FC.
Figure 3.5.17 Register for Port 7
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3.5.8  Port 8 (P80 to P87)

Ports 80 to 87 are 8-bit output ports. Resetting sets output latch of P82 to “0” and output
latches of P80 to P81, P83 to P87 to “1”.

Port 8 also function as chip-select output (CSO to CS3), extend address output (EA24,
EA25), extend chip-select output (CS2A , CS2B, CS2C, CS2D ), port 8 also function as
output pin for SDRAM controller (SDCSL, SDCSH, SDCLK), Above setting is used the
function register P8FC. Writing “1” in the corresponding bit of PSFC, PSF(C2 enables the

respective functions.
Resetting resets P87F of PSFC to “1”, PSOF to P86F of PSFC to “0”, and PSFC2 to “0”, sets

all bits to output ports.

Reset
N\
0—\1/
Function control 2|
(on bit basis)
P8FC2 write
[
4] Function control
}?5 (on bit basis)
S !
g P8FC write
@
= l
S P80 (CS0, SDCSH)
Output lacth A P81 (Cs1, SDCSL)
P82 (Cs2, CS2A)
Selector P83 (Cs3)
_ B —i >——11 pga (EA24, Cs28)
P8 write P85 (EA25, CS2C )
c P86 (Cs2D )
P87 (SDCLK)
A E
\I\I SDCSH, SDCSL, CS2A , “1", CS2B, CS2C, CS2D , “1”
I~ P8 read Cs0, CS1, CS2, CS3, EA24, EA25, “1”, SDCLK

Figure 3.5.18 Port 8
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Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0020H) Read/Write R/W
After reset 1 1 |1 1 | 1 0 1 | 1
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC Bit symbol P87F - P85F P84F P83F P82F P81F P8OF
(0023H) Read/Write W
After reset 1 0 0 0 0 0 0 0
Function 0: Port Always 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1:SDCLK [write “0”.  |1:EA25 1: EA24 1: CS3 1: Cs2 1: Cs1 1: CS0
Port 8 Function Register 2
7 6 5 4 3 2 1 0
P8FC2 Bit symbol - P86F2 P85F2 P84F2 P82F2 P81F2 P8OF2
(0021H) Read/Write W
After reset 0 0 0 0 0 0 0 0
Function | Always 0: <P86F> [0:<P85F> |0:<P84F> |Always 0:<P82F> [0:<P81F> |0:<P8OF>
write “0”. 1. Ccs2Dp 1: Ccsac 1: Ccs2B write “0”. 1: Cs2A 1: SDCSL 1: SDCSH

Note :Read-modify-write is prohibited for P8FC and P8FC2 .

Figure 3.5.19 Registers for Port 8
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3.5.9 Port9 (P90 to P96)

P90 to P96 are 7-bit general-purpose I/O port. I/O can be set on bit basis using the control
register.

Resetting sets port 9 to input port and all bits of output latch to “1”.

Writing in the corresponding bit of POFC enables the respective functions.

Resetting resets the POFC to “0”, and sets all bits to input ports.

(1) Port 90 (SCK), port 91 (SO/SDA), and port 92 (SI/SCL)
Ports 90 to 92 are general-purpose I/0 port. It is also used as SCK (Clock signal for
SIO mode), SO (Data output for SIO mode), SDA (Data input for I2C mode), SI (Data
input for SIO mode), and SCL (Clock input/output for I12C mode) for serial bus

interface.

Reset

‘ 1

Direction control
(on bit basis)

[

PIOCR write
"—l

Function control

8 (on bit basis)
o
)
g
= PIOFC write
c
5 ]
= S S P90 (SCK)
Output latch A P ] P91 (SO/SDA)
Selector ) P92 (SI/SCL)
Open-drain

1 d -
. possible

P9 write P9ODE<P910DE>
SCK output <P920DE>

SO output %7

SDA output S
SCL output P B
Selector
N P9 read A
SCK input
SDA input IaN|
SI/SCL input

Figure 3.5.20 Port 9 (P90 to P92)
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(2) Ports 93 (CS2E), 94 (CS2F ), 95 (TXD2, CS2G ), and 96 (RXD2, CSEXA)

Ports 93 to 96 are general-purpose I/O ports.

Internal data bus

Internal data bus

Reset

1 1‘

Direction control

(on bit basis)

[

PICR write

) 1’

Function control

(on bit basis)

POFC write

N

S

Output latch

[

P9 write C
TXD2 —— |
CS2E, CS2F, CS2G

!

A

B

S

Selector

P93 (CS2E)
1 P94 (CS2F)

P9 read

B

Selector

A

L~

Open-drain
possible
P9ODE

<P950DE>

P95 (TXD2, CS2G )

ﬁx (Except P95)

Figure 3.5.21 Port 9 (P93 to P95)

Reset

Direction control

(on bit basis)

|

PICR write
‘ 1

Function control

(on bit basis)

P9FC write

]

S

S

Output latch

!

T B
P9 write
CSEXA

A

Selector

o—1{ ] P96 (RXD2, CSEXA)

P9 read

RXD2

S

B

Selector

A

Figure 3.5.22 Port 9 (P96)
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Port 9 Register

7 6 5 4 3 2 1 0
P9 Bit symbol P96 P95 P94 P93 P92 P91 P90
(0024H) Read/Write R/W
After reset Data from external port (Output latch register is set to 1)
Port 9 Control Register
7 6 5 4 3 2 1 0
PI9CR Bit symbol P96C P95C pPo4C P93C pP92C pPaiC P90C
(0026H) Read/Write w
After reset o | o | o | o | o | o | o
Function 0: Input 1: Output
Port 9 Function Register
7 6 5 4 3 2 1 0
PI9FC Bit symbol P96F P95F P94F P93F P92F PIO1F P90F
(0027H) Read/Write w
After reset 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port, SI, [O: Port 0: Port,
1:RXD2, [1:TXD2, |l:CS2F 1: Cs2E 1:SCL 1:SO, SDA | SCK input
CSEXA CS2G Note 2 1: SCK
Output
Note 2
WlZE setting
<P93C>
<P93F> 0 !
0 Input port Output port
1 (Reserved) CS2E
> TSZF setting
<P94C>
<P94F> 0 !
0 Input port Output port
1 (Reserved) CS2F
TXD2, CS2G setting
<P95C>
<P95F> 0 !
0 Input port Output port
1 TXD2 CS2G
Port 9 ODE Register
7 6 5 4 3 2 1 0
P9ODE Bit symbol P950DE - - P920DE | P910DE
(0025H) Read/Write W W w w W
After reset 0 0 0 0 0
Function 0:3 states | Always Always 0: 3 states |0: 3 states
1:Open write “0”". write “0”". 1: Open 1:Open
drain drain drain

Note 1: Read-modify-write is prohibited for POCR, P9FC, and P9ODE.
Note 2: When using S| and SCK input function, set POFC<P92F,P90F> to “0” (Function setting).

Figure 3.5.23 Register for Port 9
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3.5.10 Port A (PAO to PA7)

Ports AO to A7 are 8-bit input ports with pull-up resistor. In addition to functioning as
general-purpose I/0 ports, ports A0 to A7 can also key-on wakeup function as keyboard
interface. The various functions can each be enabled by writing a “1” to the corresponding

bit of the port A function register (PAFC).
Resetting resets all bits of the register PAFC to “0” and sets all pins to be input port.

N\

INTKEY

T_ Start edge

detection

PAO to PA7
8-input OR

Reset

Internal data bus

Key-on
enable
(on bit basis) Pull-up resistor

|

PAFC write

PAO to PA7
(KIO to KI7)

PA read

Figure 3.5.24 PortA

When PAFC = “1”, if either of input of KIO to KI7 pins falls down, INTKEY interrupt is
generated. INTKEY interrupt can be used release all HALT mode.
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Port A Register
7 6 5 4 3 2 1 0
PA Bit symbol PA7 PA6 PAS5 PA4 PA3 PA2 PAl PAO
(0028H) Read/Write R
After reset Data from external port
Port A Function Register
7 6 5 4 3 2 1 0
PAFC Bit symbol PATF PAGF PAS5SF PA4F PA3F PA2F PA1F PAOF
(002BH) Read/Write w
After reset 0 o | o | o | o | o [ o | o
Function 0: KEY-IN disable 1: KEY-IN enable

Note: Read-modify-write is prohibited for the registers PAFC.

Figure 3.5.25 Register for Port A

— Key-IN of Port A

0

Disable

1

Enable
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3.5.11 Port C (PCO, PC1, PC3, PC5 and PC6)

Port C is 5-bit general-purpose I/0 port. Each bit can be set individually for input or

output. Resetting sets port C to be an input port.

In addition to functioning as a general-purpose I/O port, port C can also functions as I/O
pin for timers (TAOIN, TA1IOUT, TA3OUT, TBOOUTO0), input pin for external interruption
(INTO to INT3). Above setting is used the function register PCFC and PCCR register. Edge
select of external interruption establishes it with IIMC register, which there is in

interruption controller. Resetting resets bits of the register PCCR and PCFC to “0” and sets

all pins to be input port.

(1) PCO (TAOIN)

In addition to function as I/O port, port O can also function as input pin TAOIN of

timer channel 0.

A~ Reset

”—l

Direction control
(on bit basis)

f

PCCR write

"—l

Function control
(on bit basis)

PCFC write

]

Internal data bus

S
Output latch

PC write
e

I~ \[\I
PC read
TAOIN

S

B

Selector

A

Figure 3.5.26 Port C (PCO0)

Note: Cannot read the output latch data when output mode.

PCO (TAOIN)
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(2) PC1 (INT1, TA10UT), PC5 (INT2, TASOUT) and PC6 (INT3, TBOOUTO)

Reset

) 1’

Direction control

(on bit basis)

"—l

PCCR write

Internal data bus

Function control

(on bit basis)

N

PCFC write

[S A S

Output latch Selector

TA1OUT PC write
TA30UT
TBOOUTO

B

PC read

S
B

Selector

» |'>—<»—E| PC1 (INT1, TALOUT)

PC5 (INT2, TA30UT)
PC6 (INT3, TBOOUTO)

N/

A

INT1

T2 ——( o— |

INT3

Rising/falling
edge detection

IIMC<I1EDGE, I12EDGE, ISBEDGE>

I

Figure 3.5.27 Port C (PC1, PC5, PC6)

Note: Cannot read the output latch data when output mode.
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(3) PC3 (INT0)

Reset
N\

Direction control
(on bit basis)

f

PCCR write

‘ 1

Function control
(on bit basis)

PCFC write

]

S
Output latch | +—L1 PC3 (INTO)

I

PC write

Internal data bus

\

S
B
<] Selector

PC read A

Level/edge select
into —(C_ = | dge

Rising/falling select

IIMC<IOLE, IOEDGE>

Figure 3.5.28 Port C (PC3)
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Port C Register
6 5 4 3 2 1 0
PC Bit symbol PC6 PC5 PC3 PC1 PCO
(0030H)
Read/Write R/W R/W R/W
After reset Data from external port Data from Data from external port
(Output latch register is external port (Output latch register is set
setto 1) (Output latch to 1)
register is
setto 1)
Port C Control Register
6 5 4 3 2 1 0
PCCR Bit symbol PC6C PC5C PC3C PCi1C pPCoC
(0032H)
Read/Write w w w
After reset o | o 0 o | o
Function 0: Input 1: Output 0: Input O: Input 1: Output
1: Output
Port C Function Register
6 5 4 3 2 1 0
PCFC Bit symbol PC6F PC5F PC3F PC1F PCOF
(0033H)
Read/Write w w w
After reset 0 0 1 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1:INT3 1:INT2 1:INTO 1:INT1 1: TAOIN
TBOOUTO| TA3OUT TALOUT
\—> INT1, TALOUT setting
<PC1C>
0 1
<PC1F>
0 Input port Output port
1 INT1 TALOUT
INT2, TA3OUT setting
<PC5C>
0 1
<PC5F>
0 Input port Output port
1 INT2 TA30UT
INT3, TBOOUTO setting
<PC6C>
0 1
<PC6F>
0 Input port Output port
1 INT3 TBOOUTO

Note 1: Read-modify-write is prohibited for the registers PCCR and PCFC.
Note 2: PCO/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: Cannot read the output latch data when PCO, PC1, PC5, and PC6 are output mode.

Figure 3.5.29 Register for Port C
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3.5.12

Port F (PFO to PF5)

Ports FO to F5 are 6-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets PFO to PF5 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/0 port pins, PF0 to PF5 can also function
as the I/0 for serial channels 0 and 1. A pin can be enabled for I/O by writing a “1” to the
corresponding bit of the port F function register (PFFC).

By resetting, clears all bits of the registers PFCR and PFFC to 0 and sets all pins to be

input ports.

(1) Ports PFO (TXDO0) and PF3 (TXD1)

As well as functioning as I/O port pins, port PFO and PF3 can also function as serial

channel TXD output pins.

A~ Reset

Direction control
(on bit basis)

|

PFCR write

"—1,

Function control
(on bit basis)

PFFC write

]

Internal data bus

S
Output latch

S

!

T B
PF write
TXDO, TXD1

A
Selector

PFO (TXDO)

PF read

S

B

Selector

A

L~
Open-drain
set possible
<PFOF =1, PFOC=0
PF3F =1, PF3C = 0>

Figure 3.5.30 Port F (PFO and PF3)

O pr3 (TxD1)
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(2) Ports PF1 and PF4 (RXD0, RXD1)
Ports PF1 and PF4 are I/0 port pins and can also is used as RXD input for the serial

channels.

Reset

Direction control
(on bit basis)

PFCR write
S
Output latch

[

PF write

* +—1{1 PF1 (RXDO0)
PF4 (RXD1)

\

Internal data bus

S
B
<] Selector
A

PF read

RXDO, RXD1

Figure 3.5.31 Port F (PF1 and PF4)
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(3) Ports PF2 (CTS0, SCLKO) and PF5 (CTS1, SCLK1)

Ports PF2 and PF5 are I/O port pins and can also be used as CTS input or SCLK

input/output for the serial channels.

A~ Reset

Direction control
(on bit basis)

PFCR write

"—l

Function control
(on bit basis)

PFFC write

-

Internal data bus

S
Output latch

PF write
SCLKO, SCLK1 output

d

A

Selector

B

S

|

I

N PF read

S

B

Selector

A

CTS0, CTSs1
SCLKO, SCLK1
input

Figure 3.5.32 Port F (PF2 and PF5)

PF2 (SCLKO, CTS0)
PF5 (SCLK1, CTS1)
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Port F Register
6 5 4 3 2 1 0
PF Bit symbol PF5 PF4 PF3 PF2 PF1 PFO
(003CH) Read/Write R/W
After reset Data from external port (Output latch register is set to 1)
Port F Control Register
6 5 4 3 2 1 0
PFCR Bit symbol PF5C PF4C PF3C PF2C PF1C PFOC
(003EH) Read/Write W
After reset o | o | o | o | o [ o
Function 0: Input 1: Output
Port F Function Register
6 5 4 3 2 1 0
PFFC Bit symbol PF5F PF3F PF2F PFOF
(003FH) Read/Write w w w
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: SCLK1 1: TXD1 1: SCLKO 1: TXDO
output output
I I
|——>3s‘tates, Open-drain setting
<PF3C>
0 1
<PF3F>
0 Input port Output port
1 TXD1 (Open drain) | TXD1 (3 states)
<PF1C>
0 1
<PF1F>
0 Input port Output port
1 TXDO (Open drain) | TXDO (3 states)
Note 1: Read-modify-write is prohibited for the registers PFCR and PFFC.
Note 2: PF1/RXDO0 and PF4/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.

Note 3:

PF1 and PF3 pins dose not have a register changing 3 states/Open drain.

Figure 3.5.33 Register for Port F
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3.5.13 Port G (PGO to PG4)

PGO to PG4 are 5-bit input port and can also be used as the analog input pins for the
internal AD converter. PG3 can also be used as ADTRG pin for the AD converter.

N\
] {1 Port G
o) PGO to PG4
3a PG read (ANO to AN4)
©
g Convert
onvertion
g pd result — ADt | Chlan?el L4
5 register convertor selector
£ AD read
ADTRG
N (only PG3)
Figure 3.5.34 Port G
Port G Register
7 6 5 4 3 2 1 0
PG Bit symbol PG4 PG3 PG2 PG1 PGO
(0040H) Read/Write R
After reset Data from external port
Note: The input channel selection of AD converter and the permission of ADTRG input are set by AD

converter mode register ADMOD1.

Figure 3.5.35 Register for Port G
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3.5.14 PortJ (PJO to PJ7)

PJO to PJ7 are 8-bit output port. Resetting sets the output latch PdJ to “1” and PJO to PJ7

pins output “1”.

In addition to functioning as output port, port J also functions as output pins for SDRAM
(SDRAS, SDCAS, SDWE, SDLLDQM, SDLUDQM, SDULDQM, SDUUDQM, SDCKE) and

SRAM (SRWR, SRLLB, SRLUB, SRULB, SRUUB). Above setting is used the function

register .
gister PJFC
Reset
l)—l
Function control2
(on bit basis)
PJFC2 write
‘ 1
[%2]
a Function control
% (on bit basis)
©
g E—
g PJFC write PJO (SDRAS)
£ — PJ1 (SDCAS )
= PJ2 (SDWE, SRWR )
PJ3 (SDLLDQM, SRLLB)
Output latch A —i >—|:| PJ4 (SDLUDQM, SRLUB)
Selector Outpt buffer PJ5 (SDULDQM, SRULB)
1 B PJ6 (SDUUDQM, SRUUB)
P write c PJ7 (SDCKE)
|; “1”,"1", SRWR , SRLLB, SRLUB, SRULB, SRUUB, “1”
!
I~ PJ read SDRAS , SDCAS, SDWE , SDLLDQM, SDLUDQM, SDULDQM,

SDUUDQM, SDCKE

Figure 3.5.36 PortJ

92C820-91 2007-02-16



TOSHIBA

TMP92C820
Port J Register
7 6 5 4 3 2 1 0
PJ Bit symbol PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
(004CH) Read/Write R/W
After reset 1 |1 ] 2 ] 1 ] 1 ] a1 1 | 1
Port J Function Register
7 6 5 4 3 2 1 0
PJFC Bit symbol PJ7F PJ6F PJ5F PJAF PJ3F PJ2F PJ1F PJOF
(004FH) Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SDCKE [1: SDUUDQM |1: SDULDQM |1: SDLUDQM |1: SDLLDQM [1: SDWE 1: SDCAS  |1: SDRAS
Port J Function Register 2
7 6 5 4 3 2 1 0
PJFC2 Bit symbol - PJ6F2 PJ5F2 PJ4F2 PJ3F2 PJ2F2 -
(004DH) Read/Write W
After reset 0 0 0 0 0 0 0 0
Function Always 0:<PJ6F> |0:<PJ5F> [0:<PJ4F> |0:<PJ3F> [0:<PJ2F> | Always Always
wiite 0" |1: SRUUB  |1: SRULB  |1: SRLUB  [1: SRLLe  [L: SRWR | Write"0". | write 0",

Note: Read-modify-write is prohibited for the registers PJFC and PJFC2.

Figure 3.5.37 Register for Port J
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3.5.15

Port K (PKO to PK4, PK6)

Port K is 6-bit output port. Resetting sets the output latch PK to “1”, and port K pins
output to “1”.

In addition to functioning as output ports, port K also functions as output pins for LCD
controller (D1BSCP, D2BLP, D3BFR, DLEBCD and DOFFB), output pins for RTC alarm
(ALARM ) and output pin for melody/alarm generator (MLDALM, MLDALM ). Above

setting is used the function register PKFC.
Only PK6 has two output function which ALARM and MLDALM . This selection is used

PK<PKG6>. Resetting resets the function register PKFC to “0”, and sets all ports to output

ports.

N\

Reset

1

Function control

Internal data bus

(on bit basis)

PKFC write

-

Output latch

S

PK write

b

A

Selector

PK read

i

Outpt buffer

D1BSCP, D2BLP, D3BFR,

DLEBCD, DOFFB

Figure 3.5.38 Port K (PKO to PK4)

PKO (D1BSCP)
PK1 (D2BLP)
PK2 (D3BFR)
PK3 (DLEBCD)
PK4 (DOFFB)
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Reset
~ ese
Function control
(on bit basis)
" PKFC write
a |
8 S
g S N P —
= Output latch A P {1 PK6 (ALARM, MLDALM )
c Selector
Q
= 1 B
PK write
e
PF read S
MLDALM —| A
Selector
ALARM —>| B
N
Figure 3.5.39 Port K (PK6)
Port K Register
7 6 5 4 3 2 1 0
PK Bit symbol PK6 PK4 PK3 PK2 PK1 PKO
(0050H) Read/Write R/W R/W
After reset 1 1 1 1 1 1
Port K Function Register
7 6 5 4 3 2 1 0
PKFC Bit symbol PK6F PK4F PK3F PK2F PK1F PKOF
(0053H) -
Read/Write W W
After reset 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: ALARM 1: DOFFB 1: DLEBCD |1: D3BFR 1: D2BLP 1: D1BSCP
at <PK6>
=1
1: MLDALM
at <PK6>
=0
Note: Read-modify-write is prohibited for the register PKFC.
Figure 3.5.40 Register for Port K
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3.5.16 PortL (PLO to PL7)

PLO to PL7 are 8-bit general-purpose I/O ports.

Each bit can be set individually for input or output using the control register PLCR.
Resetting, the control register PLCR to “0” and sets port L to input ports.

It also sets all bits of the output latch register to “1”. In addition to functioning as a
general-purpose I/0 port, port L can also function as a data bus for LCD controller (LDO to
LD7). Above setting is used the function register PLFC.

A~ Reset

Direction control
(on bit basis)

|

PLCR write

) l

Function control
(on bit basis)

PLFC write

]

Internal data bus

S
Output latch

d

T B
PL write
LD7 to LDO

A

S

Selector

Port E
] PLO to PL7

PL read

Figure 3.5.41 PortL

S

B

Selector

A

\

(LDO to LD7)
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Port L Register
7 6 5 4 3 2 1 0
PL Bit symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) -
Read/Write R/W
After reset Data from external port (Output latch register is set to 1)
Port L Control Register
7 6 5 4 3 2 1 0
(POIB%ZQH) Bit symbol PL7C PL6C PL5C PLAC PL3C PL2C PL1C PLOC
Read/Write W
After reset o | o [ o | o | o | o | o | o
Function 0: Input 1: Output
Port L Function Register
7 6 5 4 3 2 1 0
PLFC Bit symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) -
Read/Write w
After reset o | o [ o | o | o | o | o [ o
Function 0: Port 1: Data bus for LCDC (LD7 to LDO)

Figure 3.5.42 Register for Port L
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3.6  Memory Controller

3.6.1 Functions

TMP92C820 has a memory controller with a variable 4-block address area that controls
as follows.

(1) 4-block address area support
Specifies a start address and a block size for 4-block address area (Block 0 to block 5).

(2) Connecting memory specifications

Specifies SRAM, ROM as memories to connect with the selected address areas.

(3) Data bus size selection

Whether 8 bits, 16 bits or 32 bits is selected as the data bus size of the respective
block address areas.

(4) Wait control
Wait specification bit in the control register and WAIT input pin control the number

of waits in the external bus cycle. Read cycle and write cycle can specify the number of
waits individually. The number of waits is controlled in five mode mentioned below.

0 waits, 1 wait,
2 waits, 3 waits
N waits (control with WAIT pin)
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3.6.2  Control Register and Operation after Reset Release

This section describes the registers to control the memory controller, the state after reset

release and necessary settings.

(1

2

Control register

The control registers of the memory controller are as follows.

e Control register: BnCSH/BnCSL (n = 0 to 3, EX)
Sets the basic functions of the memory controller, that is the connecting memory
type, the number of waits to be read and written.

e  Memory start address register: MSARn (n = 0 to 3)
Sets a start address in the selected address areas.

e Memory address mask register: MAMR (n = 0 to 3)
Sets a block size in the selected address areas.

In addition to setting of the above-mentioned registers, it is necessary to set the
following registers to control ROM page mode access.

e Page ROM control register: PMEMCR
Sets to executed ROM page mode accessing.

Operation after reset release

The start data bus size is determined depending on the state of AM1/AMO pins just
after reset release. Then, the external memory is accessed as follows:

AM1 AMO Start Mode
0 0 Don't use this setting
0 1 Start with 16-bit data bus
1 0 Start with 32-bit data bus
1 1 Don't use this setting

AM1/AMO pins are valid only just after reset release. In the other cases, the data bus
width is set to the value set to BnBUS bit of the control register.

After reset, only control register (B2CSH/B2CSL) of the block address area 2 is
automatically valid. The data bus width which is specified by AM1/AMO pin is loaded
to the bit to specify the bus width of the control register in the block address area 2.
The block address area 2 is set to address 000000H to FFFFFFH after reset.

After reset release, the block address areas are specified by the memory start
address register (MSARnN) and the memory address mask register (MAMRN). Then the
control register (BnCS) is set.

Set the enable bit (BnE) of the control register to “1” to enable the setting.
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3.6.3  Basic Functions and Register Setting

In this section, setting of the block address area, the connecting memory, and the number
of waits out of the memory controller’s functions are described.

(1) Block address area specification

The block address area is specified by two registers.

The memory start address register (MSARn) sets the start address of the block
address areas. The memory controller compares between the register value and the
address every bus cycles. The address bit which is masked by the memory address
mask register (MAMRN) is not compared by the memory controller. The block address
area size is determined by setting the memory address mask register. The set value in
the register is compared with the block address area on the bus. If the compared result
is a match, the memory controller sets the chip select signal (CSn) to “low”.

(i) Setting memory start address register
The MS23 to MS16 bits of the memory start address register respectively
correspond with addresses A23 to A16. The lower start address A15 to AO are
always set to address 0000H. Therefore the start address of the block address area
are set to addresses 000000H to FFOOOOH every 64 Kbytes.
(i) Setting memory address mask registers
The memory address mask register sets whether an address bit is compared or
not. Set the register to “0” to compare, or to “1” not to compare.
The address bit to be set is depended on the block address area.
Block address area 0: A20 to A8
Block address area 1: A21 to A8
Block address area 2 to 3: A22 to A15
The above-mentioned bits are always compared. The block address area size is
determined by the compared result.
The size to be set depending on the block address area is as follows.
CS Area Size (bytes) 256 512 32K 64K | 128K | 256 K | 512K 1M 2M 4 M 8 M
CSO o o o o o o ¢} ¢} o
Cs1 o ] o o
CS2to CS3 ¢} o o

Note: After reset release, only the control register of the block address area 2 is valid. The control register
of the block address area 2 has <B2M> bit. Setting <B2M> bit to “0” sets the block address area 2 to
addresses 000000H to FFFFFFH. Setting <B2M> bit to “1” specifies the start address and the
address area size as it is in the other block address area.
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(iii) Example of register setting
To set the block address area 512 bytes from address 110000H, set the register

as follows.
MSAR1 Register
7 6 5 4 3 2 1 0
Bit symbol M1S23 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
Specified 0 0 0 1 0 0 0 1
value
M1S23 to M1S16 bits of the memory start address register MSAR1 correspond
with address A23 to A16. A15 to AO are set to “0”. Therefore setting MSAR1 to the
above-mentioned value specifies the start address of the block address area to
address 110000H.
The start address is set as it is in the other block address areas.
MAMR1 Register
7 6 5 4 3 2 1 0
Bitsymbol | p11v21 M1V20 M1V19 M1V18 M1V17 M1V16 thlbsgto M1V8
Specified 0 0 0 0 0 0 0 1
value

M1V21 to M1V16 and M1V8 bits of the memory address mask register MAMR1
set whether address A21 to A16 and A8 are compared or not. Set the register to “0”
to compare, or to “1” not to compare. M1V15 to M1V9 bits set whether address A15
to A9 are compared or not with 1 bit. A23 and A22 are always compared.

Setting the above-mentioned compares A23 to A9 with the values set as the
start addresses. Therefore 512 bytes of addresses 110000H to 1101FFH are set as
the block address area 1, and compared with the addresses on the bus. If the
compared result is a match, the chip select signal CS1 is set to “low”.

The other block address area sizes are specified like this.

Similarly, A23 is always compared in block address areas 2 to 3. Whether A22 to
A15 are compared or not is set to register.

Note: When the set block address area overlaps with the built-in memory area, or
both two address areas overlap, the block address area is processed
according to priority as follows.

|Bui|t-in I/O > Built-in memory > Block address area 0 >1>2 >3 > CSEX|

also that any accessed areas outside the address spaces set by CS0 to CS3
are processed as the CSEX space. Therefore, settings of CSEX apply for the
control of wait cycles, data bus width, etc,.
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(2) Connection memory specification

Setting the BnOM1 to 0 bit of the control register (BnCSH) specifies the memory
type to be connected with the block address areas. The interface signal is output
according to the set memory as follows

BnOM1, BnOMO Bit (BnCSH register)

BnOM1 BnOMO Function
0 0 SRAM/ROM (Default)
0 1 (Reserved)
1 0 (Reserved)
1 1 SDRAM

SDRAM is set only in block address are 1.

(3) Data bus width specification
The data bus width is set for every block address area. The bus size is set by the
BnBUS1 and BnBUSO bits of the control register (BnCSH) as follows.
BnBUS Bit (BNCSH register)
BnBUS1 BnBUSO Function

8-bit bus mode (Default)
16-bit bus mode
32-bit bus mode
(Reserved)

[l Bl k=2 k=]
RO |O

This way of changing the data bus size depending on the address being accessed is
called “dynamic bus sizing”. The part where the data is output to is depended on the
data size, the bus width and the start address.

Note: Since there is a possibility of abnormal writing/reading of the data if two memories
with different bus width are put in consecutive address, do not execute a access to
both memories with one command.
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Operand Data Operand Start | Memory Data Size CPU CPU Data
Size (Bit) Address (Bit) Address | 3210 D24 | D230 D16 | D150 D8 | D7 to DO
4n +0 8/16/32 4n +0 XXXXX XXXXX XXXXX b7 to b0
4n+1 8 4n+1 XXXXX XXXXX XXXXX b7 to b0
16/32 4n+1 XXXXX XXXXX b7 to b0 XXXXX
8 4n +2 8/16 4n +2 XXXXX XXXXX XXXXX b7 to b0
32 4n + 2 XXXXX b7 to b0 XXXXX XXXXX
4n + 3 8 4n + 3 XXXXX XXXXX XXXXX b7 to b0
16 4n+3 XXXXX XXXXX b7 to b0 XXXXX
32 4n+3 b7 to b0 XXXXX XXXXX XXXXX
4an +0 8 (1) 4n+0 XXXXX XXXXX XXXXX b7 to b0
(2)4n+1 XXXXX XXXXX XXXXX b15 to b8
16/32 4n +0 XXXXX XXXXX b15 to b8 b7 to b0
4n+1 8 (1)4n+1 XXXXX XXXXX XXXXX b7 to b0
(2) 4n + 2 XXXXX XXXXX XXXXX b15 to b8
16 (1)4n+1 XXXXX XXXXX b7 to b0 XXXXX
(2)4n +2 XXXXX XXXXX XXXXX b15 to b8
32 4n+1 XXXXX b15 to b8 b7 to b0 XXXXX
16 4n + 2 8 (1) 4n +2 XXXXX XXXXX XXXXX b7 to b0
(2) 4n +1 XXXXX XXXXX XXXXX b15 to b8
16 4n + 2 XXXXX XXXXX b15 to b8 b7 to b0
32 4n + 2 b15 to b8 b7 to b0 XXXXX XXXXX
4n + 3 8 (1)4n+3 XXXXX XXXXX XXXXX b7 to b0
(2)4n +4 XXXXX XXXXX XXXXX b15 to b8
16 (1) 4n+3 XXXXX XXXXX b7 to b0 XXXXX
2)4n +4 XXXXX XXXXX XXXXX b15 to b8
32 (1)4n+3 b7 to b0 XXXXX XXXXX XXXXX
(2)4n+4 XXXXX XXXXX XXXXX b15 to b8
4an +0 8 (1)4n+0 XXXXX XXXXX XXXXX b7 to b0
(2)4n +1 XXXXX XXXXX XXXXX b15 to b8
(3)4n +2 XXXXX XXXXX XXXXX b23 to b16
(4)4n +3 XXXXX XXXXX XXXXX b31 to b24
16 (1)4n+0 XXXXX XXXXX b15 to b8 b7 to b0
(2) 4n + 2 XXXXX XXXXX b31 to b24 | b23to bl6
32 4n+0 b31to b24 | b23tobl6 | bl5to b8 b7 to b0
4an +1 8 (1)4n+0 XXXXX XXXXX XXXXX b7 to b0
(2)4n+1 XXXXX XXXXX XXXXX b15 to b8
(3)4n +2 XXXXX XXXXX XXXXX b23 to b16
(4) 4n + 3 XXXXX XXXXX XXXXX b31 to b24
16 (1)4n+1 XXXXX XXXXX b7 to b0 XXXXX
(2)4n +2 XXXXX XXXXX b23to b16 | bl5to b8
(3)4n+4 XXXXX XXXXX XXXXX b31 to b24
32 (1)4n+1 b23to b16 | bl5 to b8 b7 to b0 XXXXX
(2)4n +4 XXXXX XXXXX XXXXX b31 to b24
32 4an + 2 8 (1)4n+2 XXXXX XXXXX XXXXX b7 to b0
(2)4n + 3 XXXXX XXXXX XXXXX b15 to b8
3)4n+4 XXXXX XXXXX XXXXX b23 to b16
(4)4n +5 XXXXX XXXXX XXXXX b31 to b24
16 (1) 4n+2 XXXXX XXXXX b15 to b8 b7 to b0
2)4n +4 XXXXX XXXXX b31to b24 | b23to bl6
32 (1) 4n+2 b15 to b8 b7 to b0 XXXXX XXXXX
(2)4n+4 XXXXX XXXXX b31to b24 | b23to bl6
4n + 3 8 (1) 4n +3 XXXXX XXXXX XXXXX b7 to b0
(2)4n +4 XXXXX XXXXX XXXXX b15 to b8
(3)4n+5 XXXXX XXXXX XXXXX b23 to b16
(4)4n + 6 XXXXX XXXXX XXXXX b31 to b24
16 (1) 4n +3 XXXXX XXXXX b7 to b0 XXXXX
(2)4n +4 XXXXX XXXXX b23 to b16 b15 to b8
(3)4n +6 XXXXX XXXXX XXXXX b31 to b24
32 (1) 4n+3 b7 to b0 XXXXX XXXXX XXXXX
(2)4n +4 XXXXX b31tob24 | b23tobl6 | bl5to b8

xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write
strobe signal remains to non active.
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(4)

Wait control

The external bus cycle completes a wait of two states at least (100 ns at 20 MHz).
Setting the BhWW2 to BhWWO0 and BnWR2 to BnWRO of the control register (BnCSL)
specifies the number of waits in the read cycle and the write cycle. BhWW is set with
the same method as BnWR.

BnWW/BnWR Bit (BnCSL register)

BnWw2 | Bhww1l | BnWWO .
Function
BnWR2 BnWR1 BnWRO
0 0 1 2states (0 waits) access fixed mode
0 1 0 3states (1 wait) access fixed mode (Default)
1 0 1 4states (2 waits) access fixed mode
1 1 0 Sstates (3 waits) access fixed mode
1 1 1 6states (4 waits) access fixed mode
0 1 1 WAIT pin input mode
Others (Reserved)
Note: When SDRAM is specified as a connecting memory, setting should be 4 states (2 waits) in

(5)

RD cycle and 3 states (1 wait) in WR cycle.

(i) Waits number fixed mode
The bus cycle is completed with the set states. The number of states is selected
from 2 states (0 waits) to 5 states (3 waits).
(ii) WAIT pin input mode
This mode samples the WAIT input pins. It continuously samples the WAIT
pin state and inserts a wait if the pin is active. The bus cycle is minimum 2 states.

The bus cycle is completed when the wait signal is non active (“High” level) at 2
states. The bus cycle extends if the wait signal is active at 2 states and more.

Insert recovery cycle

If a lot of connected pertain ROM and etc. (Much data output floating time (tDF)),
each other’s data-bus-output-recovery-time is trouble. However, by setting BnREC of
control register (BnCSH), can insert dummy cycle of 1 state just before first bus cycle of
starting access another block address.

BnREC Bit (BnCSH register)

No dummy cycle is inserted (Default).

1 Dummy cycle is inserted.

Note: When use MMU, built-in RAM type LCDD, this function cannot use.
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e When not inserting a dummy cycle (0 waits)

SDCLK /S S S
Address X X
csm /
csn \ /
RD /\ /S

e  When inserting a dummy cycle (0 waits)
Dummy

SDCLK \ 5/ \ ?/ _/ /S \__
Address X . X
csm /
Csn \ /—
w / \ S

(6) Basic bus timing
e External read/write bus cycle (0 waits)

SDCLK | s | |
(20 MHz) 4 :\ 4 :\ /

a_\

| : |
| | |
| | |
| | |
T | T
| I |
Address X : ' : X
| ! | ! |
| | | | —_
RD : N : 4
| i | : | Read
1 1 [_\
D31 to DO ; . ; = Input) n
| : : : | p—
JE— ] 1 ! ]
WRxx 1 ! | | 1 .
. e Write
: h 1 X 1
D31 to DO , , 'Output! — |
' | ] ]

e External read/write bus cycle (1 wait)

o B e N T N

1
{ 1
! |
| | | | | |
cs N ! i ! i Y/
! | ! | ! | |
Address D( ! \ ! \ ! D(
| ! | ! | ! |
| | | | | | —_
RD ' N\ ' | ' | //
1 T
: ! : ! | ! | Read
! L ! L ! L / \
D31 to DO . : . : . :\ Inputy ]
1 1 1 1 —_—
| | | | |
WRxx : |\ : : : : / : )
! ' : X : X ! Write
' .
D31 to DO : . ! Output: l — _
' | ] ] [] l
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External read/write bus cycle (0 waits at WAIT pin input mode)

Read

Write

X

Address

RD

WRxx

\ [
| |
|
X '
\ 1
\ 1
| 1
D31 to DO _—L<| 1
| |
| |

D31 to DO

1

1

1
Sampling

WAIT

External read/write bus cycle (n waits at WAIT pin input mode)

he]
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[
o
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N
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\
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>
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T
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Example of WAIT input cycle (5 waits)

WAIT

FF4

RES

—p CK

FF3

RES

O

—pP CK

FF2

CK
RES

[®)

FF1

RES

[®]

CK

FFO

RES

O

—pP CK

SDCLK —I>c

CSn

RD
WR

RSN N S R A O S

N~ n [a) (o4 (o4 (o4 o4 E
am |2 W o o od o <
A R_ I [ [ [ L =
o w [ [ (e (e [T

o L
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3.6.4 ROM Control (Page mode)

This section describes ROM page mode accessing and how to set registers. ROM page
mode is set by the page ROM control register.

(1) Operation and how to set the registers

TMP92C820 supports ROM access of the page mode. The ROM access of the page
mode is specified only in the block address area 2.

ROM page mode is set by the page ROM control register (PMEMCR).

Setting OPGE bit of the PMEMCR register to “1” sets the memory access of the block
address area to ROM page mode access.

The number of read cycles is set by the OPWR1 and OPWRO bits of the PMEMCR

register.
OPWR1/OPWRO Bit (PMEMCR register)
OPWR1 OPWRO0 Number of Cycle in a Page
0 0 1 state (n-1-1-1 mode) (n > 2)
0 1 2 state (n-2-2-2 mode) (n > 3)
1 0 3 state (n-3-3-3 mode) (n > 4)
1 1 (Reserved)

Note: Set the number of waits “n” to the control register (BnCSL) in each block address area.

The page size (the number of bytes) of ROM in the CPU size is set to the PR1 and 0
bit of the PMCME register. When data is read out until a border of the set page, the
controller completes the page reading operation. The start data of the next page is read
in the normal cycle. The following data is set to page read again.

PR1/PRO Bit (PMEMCR register)

PR1 PRO ROM Page Size
0 0 64 bytes
0 1 32 bytes
1 0 16 bytes (Default)
1 1 8 bytes

(2) Signal timing pulse

: 1 1 1 1 1 1 1 1
SDCLK 1 1 1 1 1 1 1 1 1 1
M N N N N N N N
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] 1
| | | | | | |II | | | 1 | | | 1 | | | 1
A0~A23 T T o T W s W w2 W s X
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cs2 N | | e | e
o wos M aoe ¢ [ aoz i [ ftamz b tia
s e\ Y T R e T
ﬁ : :t 1 1 1 { 1 1 1 U 1 1 1 { 1 1 1 1 [!
N SN Y SO TP O 7N B A PO
) ) ) ) ) (] 1 ) ) | 1 ) ) (] 1 ) ) 1 1
1 1 1 1 1 Datl - 1 1 Datl - 1 1 Datal - 1 1 Datal -
! ! ! ! ! inm.?ﬂ 2 [ o B ! inputif ! ! winput
D0~D31 : : : : : ] 1 : : | : : ] 1 : : 1
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
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3.6.5 List of Registers
The memory control registers and the settings are described as follows. For the addresses
of the registers, see Section 5 “Table of Special Function Registers (SFRs)”.
(1) Control registers
The control register is a pair of BnCSL and BnCSH. (n is a number of the block
address area.) BnCSL has the same configuration regardless of the block address areas.
In BnCSH, only B2CSH which is corresponded to the block address area 2 has a
different configuration from the others.
BnCSL
7 6 5 4 3 2 1 0
Bit symbol BnWw2 BnWw1 BnWWO0 BnWR2 BnWR1 BnWRO
Read/Write w w
After reset 0 1 [ o 0 1 0
BnWW<2:0> Specifies the number of write waits.
001 = 2 states (0 waits) access 010 = 3 states (1 wait) access
101 = 4 states (2 waits) access 110 =5 states (3 waits) access
111 = 6 states (4 waits) access 011 = WAIT pin input mode
Others = (Reserved)
BnWR<2:0> Specifies the number of read waits.
001 = 2 states (0 waits) access 010 = 3 states (1 wait) access
101 = 4 states (2 waits) access 110 =5 states (3 waits) access
111 = 6 states (4 waits) access 011 = WAIT pin input mode
Others = (Reserved)
B2CSH
7 6 5 4 3 2 1 0
Bit symbol B2E B2M B2REC B20M1 B20OMO B2BUS1 B2BUSO
Read/Write W W
After reset 1 | o o | o [ o o1 | on
B2E: Enable bit
0 = No chip select signal output.
1 = Chip select signal output (Default).
Note: After reset release, only the enable bit B2E of B2CS register is valid (“1").
B2M: Block address area specification
0 = Sets the block address area of CS2 to addresses 000000H to FFFFFFH (Default).
1 = Sets the block address area of CS2 to programmable.
Note: After reset release, the block address area 2 is set to addresses 000000H to FFFFFFH.
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B2REC: Sets the dummy cycle for data output recovery time.

0 = Not insert a dummy cycle (Default).

1 = Insert a dummy cycle.

Note: When using MMU, LCD of built-in RAM type, this function cannot use.
B20M<1:0>

00 = SRAM or ROM (Default)

Others = (Reserved)
B2BUS<1:0> Sets the data bus width.

00 = 8 bits (Default)

01 = 16 hits

10 = 32 bits

11 = (Reserved)

Note: The value of B2BUS bit is set according to the state of AM<1:0> pin after reset release.

BnCSH (n=0, 1, 3)

7 6 5 4 3 2 1 0
Bit symbol BnE BnREC BnOM1 BnOMO BnBUS1 BnBUSO
Read/Write W W
After reset 0 o | o | o | o | o

BnE: Enable bit

0 = No chip select signal output (Default).

1 = Chip select signal output.

Note: After reset release, only the enable bit B2E of B2CS register is valid (“1").
BnREC: Sets the dummy cycle for data output.

0 = Not insert a dummy cycle (Default).

1 = Insert a dummy cycle.

Note: When using MMU, LCD of built-in RAM type, this function cannot use.
BnOM<1:0>

00 = SRAM or ROM (Default)

01 = (Reserved)

10 = (Reserved)

11 = SDRAM

Note: SDRAM is set only by BICSH.
BnBUS<1:0> Sets the data bus width.

00 = 8 bits (Default)

01 = 16 bits

10 = 32 bits

11 = (Reserved)
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BEXCSL
7 6 5 4 3 2 1 0

Bit symbol BEXWW2 | BEXWW1 | BEXWWO0 BEXWR2 BEXWR1 BEXWRO
Read/Write W W
After reset 0 1 0 o | 1 0
BEXWWS<2:0> specifies the number of write waits.

001 = 2 states (0 waits) access 010 = 3 states (1 wait) access

101 = 4 states (2 waits) access 110 = 5 states (3 waits) access

111 = 6 states (4 waits) access 011 = WAIT pin input mode

Others = (Reserved)
BEXWR<2:0> Specifies the number of read waits.

001 = 2 states (0 waits) access 010 = 3 states (1 wait) access

101 = 4 states (2 waits) access 110 =5 states (3 waits) access

111 = 6 states (4 waits) access 011 = WAIT pin input mode

Others = (Reserved)

BEXCSH
7 6 5 4 3 2 1 0

Bit symbol BEXOM1 BEXOMO | BEXBUS1 | BEXBUSO
Read/Write W
After reset 0 | 0 | 0 | 0
BEXOM<1:0>

00 = SRAM or ROM (Default)

01 = (Reserved)

10 = (Reserved)

11 = (Reserved)
BEXBUS<1:0> Sets the data bus width.

00 = 8 bits (Default)

01 = 16 hits

10 = 32 bits

11 = (Reserved)
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(2) Block address register

A start address and an address area of the block address are specified by the memory
start address register (MSARnN) and the memory address mask register (MAMRn). The
memory start address register sets all start address similarly regardless of the block
address areas.

The bit to be set by the memory address mask register is depended on the block
address area.

MSARnN (n =0 to 3)

7 6 5 4 3 2 1 0
Bit symbol MnS23 MnS22 MnS21 MnS20 MnS19 MnS18 MnS17 MnS16
Read/Write R/W
After reset 1 | [ 12 ] 2 [ 1 | 2 | 1 |

MnS<23:16> Sets a start address.
Sets the start address of the block address areas. The bits are corresponding to the address A23 to A16.

MAMRO
7 6 5 4 3 2 1 0
Bitsymbol 1 y10v20 MOV19 MOV18 MOV17 MOV16 MOV15 M&\&;‘gto MOoV8
Read/Write R/W
After reset 1 1 1 1 1 1 1 1

MOV<20:8>
Enables or masks comparison of the addresses. MOV20 to MOV8 are corresponding to addresses A20 to A8. The bits
of MOV14 to MOV9 are corresponding to address A14 to A9 by 1 bit. If “0” is set, the comparison between the value of
the address bus and the start address is enabled. If “1” is set, the comparison is masked.

MAMR1
7 6 5 4 3 2 1 0
Bitsymbol | y41v01 M1V20 M1V19 M1V18 M1V17 M1V16 Mb\ﬁlsgto M1V8
Read/Write R/W
After reset 1 1 1 1 1 1 1 1

M1V<21:8>

Enables or masks comparison of the addresses. M1V21 to M1V8 are corresponding to addresses A21 to A8. The bits
of M1V15 to M1V9 are corresponding to address A15 to A9 by 1 bit. If “0” is set, the comparison between the value of
the address bus and the start address is enabled. If “1” is set, the comparison is masked.

MAMRnN (n=2to 3)

7 6 5 4 3 2 1 0
Bitsymbol | Mnv22 | wmnv21 | Mnv20 | Mnvie | mnvig | mnviz | Mnvie | Mnvis
Read/Write R/W
After reset r |2 ] 2 ] 1 ] 1 ] 1 ] ]

MnV<22:15>

Enables or masks comparison of the addresses. MnV22 to MnV15 are corresponding to addresses A22 to A15. If “0” is
set, the comparison between the value of the address bus and the start address is enabled. If “1” is set, the comparison
is masked.

After a reset, MASRO to MASR3 and MAMRO to MAMRS3 are set to “FFH”.
BOCSH<BOE>, BICSH<B1E>, and B3CSH<B3E> are reset to “0”. This disabling the
CS0, CS1, and CS3 areas. However, B2CSH<B2M> is reset to “0” and B2CSH<B2E> to
“1”, and CS2 is enabled 000000H to FFFFFFH. Also the bus width and number of waits
specified in BEXCSH/L are used for accessing address except the specified CSO to CS3
area.
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(3) Page ROM control register (PMEMCR)

The page ROM control register sets page ROM accessing. ROM page accessing is
executed only in block address area 2.

PMEMCR
7 6 5 4 3 2 1 0
Bit symbol OPGE OPWR1 OPWRO PR1 PRO
Read/Write R/W
After reset 0 | 0 | 0 | 1 | 0

OPGE enable bit

0 = No ROM page mode accessing (Default)

1 = ROM page mode accessing
OPWR<1:0> Specifies the number of waits.

00 = 1 state (n-1-1-1 mode) (n > 2) (Default)

01 = 2 states (n-2-2-2 mode) (n > 3)

10 = 3 states (n-3-3-3 mode) (n > 4)

11 = (Reserved)

Note: Set the number of waits “n” to the control register (BnCSL) in each block address area.
PR<1:0> ROM page size

00 = 64 bytes

01 =32 hytes

10 = 16 bytes (Default)

11 =8 bytes
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Table 3.6.1 Control Register
7 6 5 4 3 2 1 0

BOCSL Bit symbol BOWW?2 BOWW1 BOWWO BOWR2 BOWR1 BOWRO
(0140H) Read/Write W w

After reset 0 1 0 0 1 0
BOCSH Bit symbol BOE - - BOREC BOOM1 BOOMO BOBUS1 BOBUSO
(0141H) Read/Write W

After reset 0 0 (Note) 0 (Note) 0 0 0 0/1 0/1
MAMRO Bit symbol MOV20 MOV19 MOV18 MOV17 MOV16 MOV15 MOV14-V9 MOV8
(0142H) Read/Write /W

After reset 1 1 1 1 1 1 1 1
MSARO Bit symbol M0S23 M0S22 M0S21 M0S20 MO0S19 M0S18 MO0S17 M0S16
(0143H) Read/Write /W

After reset 1 1 1 1 1 1 1 1
B1CSL Bit symbol B1WW?2 B1WW1 B1WWO B1WR2 B1WR1 B1WRO0
(0144H) Read/Write W w

After reset 0 1 0 0 1 0
B1CSH Bit symbol B1E — — B1REC B1OM1 B1OMO B1BUS1 B1BUSO
(0145H) Read/Write W

After reset 0 0 (Note) 0 (Note) 0 0 0 0/1 0/1
MAMR1 Bit symbol M1V21 M1V20 M1V19 M1Vv1i8 M1V17 M1V16 M1V15-V9 M1V8
(0146H) Read/Write /W

After reset 1 1 1 1 1 1 1 1
MSAR1 Bit symbol M1S23 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
(0147H) Read/Write /W

After reset 1 1 1 1 1 1 1 1
B2CSL Bit symbol B2Ww2 B2WW1 B2WWO0 B2WR2 B2WR1 B2WRO0
(0148H) Read/Write W w

After reset 0 1 0 0 1 0
B2CSH Bit symbol B2E B2M — B2REC B20M1 B20MO B2BUS1 B2BUSO
(0149H) Read/Write W

After reset 1 0 0 (Note) 0 0 0 0/1 0/1
MAMR2 Bit symbol M2Vv22 M2v21 M2V20 M2V19 M2V18 M2Vv17 M2V16 M2V15
(014AH) | Read/Write /W

After reset 1 1 1 1 1 1 1 1
MSAR2 Bit symbol M2S23 M2S22 M2S21 M2S20 M2S19 M2S18 M2S17 M2S16
(014BH) | Read/Write /W

After reset 1 1 1 1 1 1 1 1
B3CSL Bit symbol B3wWw?2 B3WwW1 B3WWO0 B3WR2 B3WR1 B3WRO0
(014CH) | Read/Write w w

After reset 0 1 0 0 1 0
B3CSH Bit symbol B3E - - B3REC B3OM1 B30OMO B3BUS1 B3BUSO
(014DH) | Read/Write W

After reset 0 0 (Note) 0 (Note) 0 0 0 0/1 0/1
MAMR3 Bit symbol M3V22 M3Vv21 M3V20 M3V19 M3V18 M3V17 M3V16 M3V15
(014EH) | Read/Write R/IW

After reset 1 1 1 1 1 1 1 1
MSAR3 Bit symbol M3S23 M3S22 M3S21 M3S20 M3S19 M3S18 M3S17 M3S16
(014FH) Read/Write R/IW

After reset 1 1 1 1 1 1 1 1
BEXCSH | Bit symbol BEXOM1 BEXOMO | BEXBUS1 | BEXBUSO
(0159H) Read/Write W

After reset 0 0 0 0
BEXCSL | Bit symbol BEXWW2 [ BEXWW1 | BEXWWO BEXWR2 | BEXWR1 BEXWRO
(0158H) Read/Write w w

After reset 0 1 0 0 1 0
PMEMCR | Bit symbol OPGE OPWR1 OPWRO PR1 PRO
(0166H) Read/Write R/IW

After reset 0 | 0 0 [ 1 0

Note: Always write “0”.
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3.6.6 Cautions

(1) Note on timing between CS and RD

If the parasitic capacitance of the read signal (Qutput enable signal) is greater than that
of the chip select signal, it is possible that an unintended read cycle occurs due to a delay in
the read signal. Such an unintended read cycle may cause a trouble as in the case of (a) in

Figure 3.6.1
SDCLK
ST\ TN\ L\
Address X X
MEMORY

1Cs / \
T\ 2
@ N S

—>

@)
Figure 3.6.1 Read Signal Delay Read Cycle

Example: When using an externally connected flash EEPROM which users JEDEC
standard commands, note that the toggle bit may not be read out correctly. If
the read signal in the cycle immediately preceding the access to the flash
EEPROM does not go high in time, as shown in Figure 3.6.2 an unintended read
cycle like the one shown in (b) may occur.

Memory Toggle bit RD
access . cycle 1 .
SDCLK h 1
@mH) _/  \_/ \_/ VY
1 1
Address X X
1 1
1 1
Flash EEPROM N /
Chip select : |
1 1
Read L/ \ i
[} ]
1 1
Toggle bit : \ 4
— |
(b)

Figure 3.6.2 Flash EEPROM Toggle Bit Read Cycle

When the toggle bit reverse with this unexpected read cycle, TMP92C820 always reads
same value of the toggle bit, and cannot read the toggle bit correctly.
To avoid this phenomena, the data polling control recommended.
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(2) The cautions at the time of the functional change of a CSn.

A chip select signal output has the case of a combination terminal with a general-purpose

port function. In this case, an output latch register and a function control register are
initialized by the reset action, and an object terminal is initialized by the port output (“1” or
“0”) by it.

Internal

External

Internal

External

Functional change

Although an object terminal is changed from a port to a chip select signal output by
setting up a function control register (PnFC register), the short pulse for several ns
may be outputted to the changing timing. Although it does not become especially a
problem when using the usual memory, it may become a problem when using a special
memory.

* XX is a function register address.(When an output port is initialized by “0”)

/ Aportis setas CcSn .-

§ Internal address bus n_ X C XX ) Y n+2 X
& | Function control signal —

Output port ¢==» csn
< { Pxx (ﬂ
(@]
® A23 to AD X n n+2 X

\
Output pulse
tAD3

The measure by software

The countermeasures in S/W for avoiding this phenomenon are explained.

Since CS signal decodes the address of the access area and is generated, an
unnecessary pulse is outputted by access to the object CS area immediately after
setting it as a CSn function. Then, if internal area is accessed also immediately after
setting a port as CS function, an unnecessary pulse will not output.

1. The ban on interruption under functional change (DI command)

2. A dummy command is added in order to carry out continuous internal access.

3. (Access to a functional change register is corresponded by 16-bit command.

(LDW command))
Ajyt lssetascsn-  pummy access
= |Internal addressbus _ C_xx_3 X C Xx+13 X n+2 )|
c
.?) Function control signal !
Output portd—l-bl Csn
|

c_u{ Pxx | |
5
@ A23 to A0 n ) n+2
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3.7

8-Bit Timers (TMRA)

The TMP92C820 features 4 built-in 8-bit timers.
These timers are paired into four modules: TMRAO1 and TMRAZ23. Each module consists of
two channels and can operate in any of the following four operating modes.

e  8-bit interval timer mode

e  16-bit interval timer mode

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

with variable period)

e  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 TMRAO1 and TMRAZ23.

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
register).

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

The contents of this chapter are as follows.

3.7.1
3.7.2
3.7.3
3.74

(1)
@)
®3)
(4)
(5)

Block Diagrams
Operation of Each Circuit
SFRs

Operation in Each Mode

8-bit timer mode

16-bit timer mode

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

Mode setting

Table 3.7.1 Registers and Pins for Each Module

Module
TMRAO1 TMRA23
. TAOIN No

Input pin for external clock (shared with PCO)
External pin

Output pin for timer TA10UT TA30UT

flip-flop (shared with PC1) (Shared with PC5)

Timer run register TAO1RUN (1100H) | TA23RUN (1108H)

Timer reister TAOREG (1102H) TA2REG (110AH)
SFR 9 TALIREG (1103H) | TASREG (110BH)
(Address) Timer mode register TAO1MOD (1104H) [ TA23MOD (110CH)

Timer flip-flop control TALFFCR (1105H) | TA3FFCR (110DH)

register
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Block Diagrams

3.7.1
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Figure 3.7.1 TMRAO1 Block Diagram
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3.7.2  Operation of Each Circuit
(1) Prescalers
A 9-bit prescaler generates the input clock to TMRAO1.
The clock ¢TO is divided into 8 by the CPU clock fsys and input to this prescaler.
The prescaler operation can be controlled using TAOIRUN<TAO1PRUN> in the
timer control register. Setting <TAO1PRUN> to “1” starts the count; setting
<TAO1PRUN> to “0” clears the prescaler to 0 and stops operation. Table 3.7.2 shows
the various prescaler output clock resolutions.
Table 3.7.2 Prescaler Output Clock Resolution
Clock gear | System clock Timer counter input clock
selection selection TMRA prescaler
SYSCR1 SYSCR1 - TAXMOD<TAXCLK1:0>
<GEAR2:0> <SYSCK> 6T1(1/2) 0T4(1/8) $T16(1/32) [$T256(1/512)
- 1(fs) fs/16 fs/64 fs/256 fs/4096
000 (1/1) fc/16 fc/64 fc/256 fc/4096
001 (1/2) 18 fc/32 fc/128 fc/512 fc/8192
010 (1/4) 0 (fc) fc/64 fc/256 fc/1024 fc/16384
011 (1/8) fc/128 fc/512 fc/2048 fc/32768
100 (1/16) fc/256 fc/1024 fc/4096 fc/65536

(2) Up counters (UCO and UC1)

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

The input clock for UCO is selectable and can be either the external clock input via
the TAOIN pin or one of the three internal clocks ¢T1, $T4 or ¢T16. The clock setting is
specified by the value set in TAOIMOD<TAO01CLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow output from UCO is used as the input clock. In any mode other than 16-bit
timer mode, the input clock is selectable and can either be one of the internal clocks

¢T1, ¢T16, or $T256, or the comparator output (The match detection signal) from
TMRAO.

For each interval timer the timer operation control register bits
TAO1RUN<TAORUN> and TAOIRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset clears both up counters, stopping the
timers.
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(3) Timer registers (TAOREG and TAIREG)

These are 8-bit registers, which can be used to set a time interval. When the value
set in the timer register TAOREG or TAIREG matches the value in the corresponding
up counter, the comparator match detect signal goes active. If the value set in the timer
register is O0H, the signal goes active when the up counter overflows.

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

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

When the double buffer is enabled, data is transferred from the register buffer to the

timer register when a 2n overflow occurs in PWM mode, or at the start of the PPG cycle
in PPG mode. Hence the double buffer cannot be used in timer mode.

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

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

Timer registers 0 (TAOREG) |

AN
B (_C(:: Matching detection in PPG cycle
Shift trigger 2" overflow of PWM
Selector
| Register buffers 0 | S A Write to TAOREG
2\
Write
2 Internal data bus 2 TAOIRUN<TAORDE>

Figure 3.7.3 Configuration of TAOREG

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

The address of each timer register is as follows.

TAOREG: 001102H TA1REG: 001103H
TA2REG: 00110AH TA3REG: 00110BH

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

(5)

Comparator (CP0)

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

Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detects signal (8-bit
comparator output) of each interval timer. Whether inversion is enabled or disabled is
determined by the setting of the bit TAIFFCR<TA1FFIE> in the timer flip-flops
control register.

A reset clears the value of TA1FF to “0”. Writing “01” or “10” to
TA1FFCR<TA1FFC1:0> sets TA1FF to 0 or 1. Writing “00” to these bits inverts the
value of TA1FF (this is known as software inversion).

The TA1FF signal is output via the TAIOUT pin (which can also be used as PC1).
When this pin is used as the timer output, the timer flip-flop should be set beforehand
using the port C function register PCFC.

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

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

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

Example when using PWM mode

Match between ﬂ il n
TAOREG and up-counter / (
2" overflow interrupt /ﬂ A.l

(INTTAO)

TAL1OUT | \|_| towh \l_]

(PWM cycle) T

Desired PWM cycle
change point
Write new data to the register buffer

before the next overflow occurs by
using an overflow interrupt
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3.7.3 SFRs
TMRAO1 Run Register
7 5 4 3 2 1 0
TlAi%%IE'UN Bit symbol TAORDE 12TAO01 TAO1PRUN| TA1RUN TAORUN
( ) Read/Write R/W R/W R/W
After reset 0 0 0 0 0
Function Double IDLE2 TMRAO1 UP counter | UP counter
buffer 0: Stop prescaler | (UC1) (Uco)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)
I
|
|—> Timer run/stop control
0 Stop and clear
1 Run (Count up)
TAOREG double buffer control
0 Disable
1 Enable
Note: The values of bits 4 to 6 of TAOLRUN are undefined when read.
TMRAZ23 Run Register
7 5 4 3 2 1 0
TA23RUN | Bit symbol TA2RDE 12TA23 TA23PRUN | TA3RUN TA2RUN
1108H
( ) Read/Write R/W R/W R/W
After reset 0 0 0 0 0
Function Double IDLE2 TMRA23 UP counter | UP counter
buffer 0: Stop prescaler | (UC3) (uce)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)
I
|
|—> Timer run/stop control
0 Stop and clear
1 Run (Count up)
TA2REG double buffer control
0 Disable
1 Enable
Note: The values of bits 4 to 6 of TA23RUN are undefined when read.
Figure 3.7.4 TMRA Registers (1)
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TA%lMOD Bit symbol TAO1IM1 TAO01MO PWMO1 PWMO0O TA1CLK1 | TA1CLKO | TAOCLK1 | TAOCLKO
1104H
( ) Read/Write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA1 Source clock for TMRAQ

00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin (Note)
01: 16-hit timer mode 01: 2° 01: ¢T1 01: ¢T1

10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4

11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16

L’ TMRAO source clock selection
00 |TAOIN (External input)
01 |¢T1
10 |¢T4
11 | ¢T16
—> TMRAL1 source clock selection
TA01IMOD TA01IMOD
<TA01M1:0> =01 |<TA01M1:0>=01
00 | Comparator output from | Overflow output from
TMRAO TMRAO
01 |¢T1
10 |¢T16
11 0T256 (16-bit timer mode)
PWM cycle selection
00 |Reserved
01 |2°x Source clock
10 |2"x Source clock
11 |2°x Source clock

TMRAO1 operation mode selection

00 | Two 8-bit timers

01 |16-bittimer

10 (8-bit PPG

11 [8-bit PWM (TMRADO) + 8-bit timer (TMRAL)

Note: When set TAOIN pin, must set TAOIMOD after set port C.

Figure 3.7.5 TMRA Registers (2)
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TMRAZ23 Mode Register
7 6 5 4 3 2 1 0
TA%?&MOD Bit symbol TA23M1 TA23MO PWM21 PWM20 TA3CLK1 TA3CLKO | TA2CLK1 TA2CLKO
110CH
( ) Read/Write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS3 clock for TMRA3 TMRA2 clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-hit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16

L.

TMRAZ source clock selection

00 |Do not set
01 |¢T1
10 |¢T4
11 | ¢T16
—> TMRA3 source clock selection
TA23MOD TA23MOD
<TA23M1:.0> =01 |<TA23M1:0>=01
00 | Comparator output from | Overflow output from
TMRA2 TMRA2
01 |¢T1
10 |¢T16
11 0T256 (16-bit timer mode)
PWM cycle selection
00 |Reserved
01 |2°x Source clock
10 |2"x Source clock
11 |2°x Source clock

TMRA23 operation mode selection

00 | Two 8-bit timers

01 |16-bittimer

10 (8-bit PPG

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

Figure 3.7.6 TMRA Registers (3)
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TMRAL Flip-Flop Control Register
6 5 4 3 2 1 0
-(rlAl%)';FH():R Bit symbol TA1FFC1 | TA1FFCO TAL1FFIE TAL1FFIS
Read/Write R/W R/W
Read-modify] ater reset 1 | 1 0 0
-write
instructions | Function 00: Invert TALFF TALFF TA1FF1
;:ghibited. 01: Set TALFF control for | inversion
10: Clear TALFF inversion select
11: Don't care 0: Disable |0: TMRAO
1: Enable |1: TMRA1
' )
Inverse signal for timer flop-flop 1 (TA1FF)
(Don't care except in 8-bit timer mode)
0 Inversion by TMRAO
1 Inversion by TMRA1
—————> Inversion of TA1FF
0 Disabled
1 Enabled
—— > Control of TALFF

00 |[Inverts the value of TA1FF

01 |Sets TA1FF to “1”

10 |Clears TALFF to “0”

11 |Don't care

Note: The values of bits 4 to 7 of TALFFCR are undefined when read.

Figure 3.7.7 TMRA Registers (4)
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TMRAS3 Flip-Flop Control Register
6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 | TA3FFCO TA3FFIE TA3FFIS
110DH
( ) Read/Write R/W R/W
iiig'm‘)dify After reset 1 | 1 0 0
instructions | Function 00: Invert TA3FF TA3FF TA3FF
g:ghibited. 01: Set TA3FF control for | inversion
10: Clear TA3FF inversion select
11: Don't care 0: Disable |0: TMRA2
1: Enable 1: TMRA3
' )
Inverse signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)
0 Inversion by TMRA2
1 Inversion by TMRA3
—> Inversion of TA3FF
0 Disabled
1 Enabled
—— > Control of TA3FF

00 ([Inverts the value of TA3FF

01 |Sets TA3FF to “1”

10 |Clears TA3FF to “0”

11 |Don't care

Note: The values of bits 4 to 7 of TASFFCR are undefined when read.

Figure 3.7.8 TMRA Register
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TMRA Register (TAOREG to TASREG)
Symbol | Address 6 5 4 3 0
TAOREG 1102H W
Undefined
TALREG 1103H W
Undefined
TA2REG 110AH W
Undefined
TA3REG 110BH W
Undefined
Note: Read-modify-write instruction is prohibited for above registers.
Figure 3.7.9 Register for 8-Bit Timers
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3.7.4  Operation in Each Mode

(1) 8-bit timer mode

Both timer 0 and timer 1 can be used independently as 8-bit interval timers.

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

To generate interrupts at constant intervals using timer 1 (INTTA1), first stop
TMRA1 then set the operation mode, input clock and a cycle to TAOIMOD and
TA1REG register, respectively. Then, enable the interrupt INTTA1 and start
TMRA1 counting.

Example: To generate an INTTAL interrupt every 40 ps at fc = 40 MHz, set each register as follows:

TAOIRUN  «
TAOIMOD  «

TA1REG “«—

INTETAOL <« X

TAOIRUN  «

X: Don't care, —: No change

1
1
X

1
0

=

X X

LSB

- - 0 - Stop TMRA1 and clear it to 0.

- - Select 8-bit timer mode and select ¢T1 (=(16/fc)s at fc = 40
MHz) as the input clock.

0100 Set TALIREG to 40 ps + ¢T1 =100 = 64H
- - - = Enable INTTAL and set it to level 5.
- Start TMRAL counting.

Select the input clock using Table 3.7.3

Table 3.7.3 Selecting Interrupt Interval and the Input Clock Using 8-Bit Timer

Input Clock Interrupt Interval (at fgys = 20 MHz) Resolution
oT1 (8/fsys) 0.4 us to 102.4 ps 0.4 us
0T4 (32/fsys) 1.6 us to 409.6 ps 1.6 ps
$T16 (128/fsys) 6.4us to 1.638ms 6.4 us
$T256 (2048/fsys) 102.4 ps to  26.21 ms 102.4 ps

Note: The input clocks for TMRAO and TMRAL differ as follows:
TMRAO: Uses TMRAQO input (TAOIN) and can be selected from ¢T1, ¢T4, or ¢T16
TMRAL: Match output of TMRAO (TAOTRG) and can be selected from ¢T1, ¢T16, $T256
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2.

Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF1) is inverted at constant intervals and its

status output via the timer output pin (TA1IOUT).

Example: To output a 2.4 us square wave pulse from the TALOUT pin at fc = 40 MHz, use the following procedure to
make the appropriate register settings. This example uses timer 1; however, either timer O or timer 1 may be

used.

| TAOLRUN  «
TAOIMOD  «
TAIREG <
TAIFFCR <
PCCR -
PCFC -

| TAOIRUN  «

X: Don't care, —: No change

oT1

TAO1RUN

X

X o

o

X

X

Stop TMRA1 and clear it to 0.

Select 8-bit timer mode and select ¢T1 (=(16/fc)s at fc = 40

MHz) as the input clock.
Set the timer register t0 2.4 us + ¢T1+2=3

Clear TALFF to 0 and set it to invert on the match detect

signal from timer 1.

Set PC1 to function as the TALOUT pin.

Start TMRAL counting.

<TA1RUN> I

Bit7 to 2

Up .
counter Bitl
Bit0
Comparator
timing

Comparator output
(Match detect)

INTTAL

UC1 Clear

TAL1FF

TA10OUT

o [ 1]
[1

ve

1.2 ps at fc =40 MHz

Figure 3.7.10 Square Wave Output Timing Chart (50% duty)
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3. Making TMRA1 count up on the match signal from the TMRAO comparator
Select 8-bit timer mode and set the comparator output from TMRAO to be the

input clock to TMRA1.
Comparator output
(Timgr 0 match)p rl J
Timer 0 up counter
(when TAOREG = 5) 1 X2 X3 X4 X5 X1 X2X3X4X5X1X2X3)
Ti 1 t
(when TAIREG = 2) 1 X 2 X 1
Timer 1 match output ﬂ

Figure 3.7.11 TMRA1 Count Up on Signal from TMRAO

(2) 16-bit timer mode

A 16-bit interval timer is configured by pairing the two 8-bit timers TMRAO and
TMRA1. To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded
together, set TAOIMOD<TA01M1:0> to O1.

In 16-bit timer mode, the overflow output from TMRADO is used as the input clock for
TMRA1, regardless of the value set in TAOIMOD<TA1CLK1:0>. Table 3.7.4 shows the
relationship between the timer (Interrupt) cycle and the input clock selection.

To set the timer interrupt interval, set the lower eight bits in timer register TAOREG
and the upper eight bits in TAIREG. Be sure to set TAOREG first (as entering data in
TAOREG temporarily disables the compare, while entering data in TAIREG starts the
compare).

Example: To generate an INTTAL interrupt every 0.4 s at fc = 40 MHz, set the timer registers TAOREG and TALIREG
as follows:
If $T16 (=(256/fc)s at fsys = 20 MHz) is used as the input clock for counting, set the following value in the
registers: 0.4 s +=(256/fc)s = 62500 = F424H; e.g., 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 TAIREG match.
When the match detect signal is output simultaneously from both the comparator
TMRAO and TMRA1, the up counters UCO and UC1 are cleared to 0 and the interrupt
INTTAL is generated. Also, if inversion is enabled, the value of the timer flip-flop
TA1FF is inverted.

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

Value of up counter 0080H 0180H 0280H 0380H 0480H 0080H
(UC1, UCO)

TMRAO comparator ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ
match detect signal !

TMRAL comparator n
match detect signal

Interrupt INTTAO

1
]
:
1
Interrupt INTTAL ﬂ
]
]

Timer output TALIOUT Inversion

Figure 3.7.12 Timer Output by 16-Bit Timer Mode

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

Square wave pulses can be generated at any frequency and duty ratio by TMRAO.
The output pulses may be active low or active high. In this mode TMRA1 cannot be
used. TMRAO outputs pulses on the TA1IOUT pin (which can also be used as PC1).

| tH | tL |
<TA1lFFC1:0> ="“10" I———lI I I———lI
| t |
) 1
L tH

<TA1FFC1:0>="01" _—I___I———l___l——

Example: <TA1FFC1:0> = “01"

TAOREG and UCO match £1 A1
(Interrupt INTTAOQ)
TAIREG and UCO match ( £1 ( 1
(Interrupt INTTAL) (
TAL1OUT
TAOREG
TAIREG

Figure 3.7.13 8-Bit PPG Output Waveforms
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In this mode a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UCO) matches the value in one of the timer
registers TAOREG or TA1REG.

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

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

Figure 3.7.14 shows a block diagram representing this mode.

TAOLRUN<TAORUN> TATOUT
Selector
TAOIN —— 8-bit <— TALFFCR
¢T1 up counter TALFF <TALFFIE>
T4 —
¢ (UCO)
6T16
TA01MOD<TAOCLK1 0> é Inversion
* INTTAO
N/
Comparator | Comparator I—\ INTTAL
Selector | TAOREG |
Shift trigger
TAOREG-WR —>
| Register buffer | | TALIREG |
TAO1RUN<TRORDE>

T

Internal data bus

Figure 3.7.14 Block Diagram of 8-Bit PPG Output Mode

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

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

Match with TAOREG
and up counter rl | |
(Up counter = Q1) (Up countner = Q2)

Match with TAIREG

( Shift from register buffer

TAOREG T
(Value to be compared) Q1 X 7 Q2
Register buffer Q2 X Q3

&TAOREG (Register buffer)
write

Figure 3.7.15 Operation of Register Buffer
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Example: To generate 1/4 duty 62.5 kHz pulses (at fc = 40 MHz):

JJ S R Iy B

1 1
16 us -

Calculate the value which should be set in the timer register.
To obtain a frequency of 62.5 kHz, the pulse cycle t should be: t = 1/62.5 kHz = 16 us
¢T1 (=(16/fc)) (at fc = 40 MHz);

16 ps +(16/fc)s = 40

Therefore set TAIREG to 40 (28H)
The duty isto be setto 1/4: t x 1/4 =16 ps x 1/4 =4 us

4 ps + (16/fc)s = 10

Therefore, set TAOREG = 10 = 0AH.

B 76 543210
TAOIRUN « 0 X X X - 0 0 O Stop TMRAO and TMRAL and clear it to “0”.
TAOIMOD « 1 0 - - - 01 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG «<~0O0O0O0OT1O0T10 Write OAH
TALREG «<~0O0101000 Write 28H
TAIFFCR <« X X X X 0 1 1 Set TA1FF, enabling both inversion and the double buffer.
'_|_'—> 10 generates a negative logic pulse.
PCCR «~X - - X - X1 )
Set PC1 as the TALIOUT pin.
PCFC «~X - -— X - X 1 -
TAOLRUN « 1 X X X - 1 1 1 Start TMRAO and TMRA1 counting.
X: Don't care, —: No change
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(4) 8-bit PWM output mode

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

When TMRAO is used the PWM pulse is output on the TA1OUT pin (which is also
used as PC1). TMRA1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UC0) matches the value set in the
timer register TAOREG or when 2" counter overflow occurs (n = 6, 7 or 8 as specified by
TA01IMOD<PWMO01:00>). The up counter UCO is cleared when 2 counter overflow
occurs.

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

Value set in TAOREG < Value set for 2» counter overflow
Value set in TAOREG = 0

2" overflow

-rl;\g(t)g’\EG and UCO /ﬂ ZA-I J

L

(INTTAO interrupt) (/ﬂ
TA1OUT 1 l
1
1

Figure 3.7.16 8-Bit PWM Waveforms

tPwm
(PWM cycle)

Figure 3.7.17 shows a block diagram representing this mode.

TAO1RUN<TAORUN> TA1$UT
TAOIN —— < 4|
OTL— 8-bit up counter TAL1FFCR
474 Selector (UCO) Clear TAFFL (— <TA1FFIE>
¢T16 — |
T T Invert
TAOIMOD<TAOCLK1:0> 2" TAOLMOD
) overflow = <PWMO01:00>
control
| Overflow
| Comparator
AN
* INTTAO
| TAOREG |
Selector | gyt trigger ZAN
TAOREG-WR —>

Register buffer |

ﬁ

) Internal data bus 2

TAO1RUN<TAORDE> |

Figure 3.7.17 Block Diagram of 8-Bit PWM Mode
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In this mode the value of the register buffer will be shifted into TAOREG if 2n
overflow is detected when the TAOREG double buffer is enabled.

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

Match with TAOREG |_| |_|
Up counter = Q1 Up counter = Q2
2" overflow
[ shiftinto TAOREG
TAOREG N
(Value to be compared) Q1 X //\ Q2
Register buffer Q2 X Q3

kTAOREG (Register buffer)
write

Figure 3.7.18 Register Buffer Operation

Example: To output the following PWM waves on the TALOUT pin at fc = 40 MHz:

[ I S

>
I 36.0 us

51.2 us
To achieve a 51.2 us PWM cycle by setting ¢T1 to 0.4 us (at fc = 40 MHz):
51.2 ps + (16/fc)s = 128
2"=128
Therefore n should be set to 7.
Since the low-level period is 36.0 us when ¢T1 = (16/fc) ps,
set the following value for TREGO:
36.0 us +(16/fc)s = 90 = 5AH

MSB LSB
76 543 210
TAOIRUN  « - X - - 0 Stop TMRAO and clear it to 0.
TAOIMOD «+1 1 1 0 - - 0 1 Select 8-bit PWM mode (Cycle: 27) and select ¢T1 as the
input clock.
TAOREG «<~01 011010 Write 5AH.
TA1FFCR « X X X101 - Clear TALFF to 0, enable the inversion and double buffer.
PCCR «~ X - =X - X 1 - )
Set PC1 and the TALIOUT pin.
PCFC «~ X - =X - X 1 - }
TAOIRUN «+ 1 X X X - 1 -1 Start TMRAO counting.

B X: Don't care, —: No change
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Table 3.7.4 PWM Cycle
PWM cycle
Clock gear | System clock TAXXMOD<PWMx1:0>
SYSCR1 SYSCRO | - 2° (x64) 2'(x128) 2%(x256)
<GEAR2:0> | <SYSCK> TAXXMOD<TAXCLK1:0> TAXXMOD<TAXCLK1:0> TAXXMOD<TAXCLK1:0>
oT1(x2) | ¢0T4(x8) |¢T16(x32)| ¢T1(x2) | ¢T4(x8) |¢T16(x32)| ¢Ti(x2) | ¢T4(x8) | $T16(x32)
- 1(fs) 1024/fs 4096/fs 16384/fs 2048/fs 8192/fs 32768/fs 4096/fs 16384/fs 65536/fs
000(x1) 1024/fc 4096/fc 16384/fc 2048/fc 8192/fc 32768/fc 4096/fc 16384/ic 65536/fc
001(x2) 8 2048/fc 8192/fc 32768/fc 4096/fc 16384/fc | 65536/fc 8192/fc 32768/fc 131072/fc
X
010(x4) 0(fc) 4096/fc | 16384/fc | 65536/fc 8192/fc 32768/fc | 131072/fc | 16384lfc 65536/fc 262144/fc
011(x8) 8192/fc | 32768/ic | 131072/ic | 16384/fic | 65536/fc | 262144fic | 32768/fc | 131072/fc | 524288/fc
100(x16) 16384/fc | 65536/fc | 262144fic | 32768lfc | 131072/fc | 524288/ic | 65536/fc | 262144/fc | 1048576/fc
(5) Mode setting
Table 3.7.5 shows the SFR settings for each mode.
Table 3.7.5 Timer Mode Setting Registers
Register Name TA01MOD TA1FFCR
<Bit symbol> <TAO01M1:0> | <PWMO01:00> | <TA1CLK1:0> | <TAOCLK1:0> <TA1lFFIS>
) ) Timer F/F
. i Upper Timer | Lower Timer
Function Timer Mode PWM Cycle Invert Signal
Input Clock Input Clock
Select
Lower timer
L match, External clock, 0: Lower timer output
8-bit timer x 2 channels 00 - oT1, 0T4, $T16 )
0T1, 6T16, $T256 (00, 01, 10, 11) 1: Upper timer output
(00, 01, 10, 11) i
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)
6 A7 -8 External clock,
. 2°,2,2
8-bit PWM x 1 channel 11 (01, 10, 11) - oT1, ¢T4, ¢T16 _
(00, 01, 10, 11)
L ~ ¢T1, ¢T16, $T256 ~ :
8-bit timer x 1 channel 11 (01, 10, 11) Output disabled
—: Don'’t care
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3.8

External Memory Extension Function (MMU)

This is MMU function which can expand program/data area to 136 Mbytes 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 to
A23) which are common specification of TLCS-900/H1 and 4 chip select pins (CS0 to CS3)

output from MEMC.
The feature and the recommendation se

tting method of two types are shown below. In

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

Purpose ltem

For Standard
Extended Memory Extended Memory

For Many Kinds Class

Program ROM Maximum memory size

2 Mbytes: COMMON2 + 14 Mbytes: BANK (16 Mbytes x 1 pcs)

Used local area, BANK number

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

Setting MEMC

Setup AH =“80 to FF” to CS2

Used CS pin CS2A
Data ROM Maximum memory size 96 Mbytes (16 Mbytes x 6 pcs)
Used local area, BANK number LOCAL3 (AH = 80 to BF: 4 Mbytes x 24 BANK)
Setting MEMC Setup AH ="“80 to FF” to CS2
Used CS pin Cs2B, Cs2C, CsS2b, CS2E, CS2F, CS2G
Data SDRAM* Maximum memory size 2 Mbytes: COMMONL1 + 14 Mbytes: BANK (16 Mbytes x 1 pcs)
Used local area, BANK number LOCAL1 (AH =40 to 5F: 2 Mbytes x 7 BANK)
Setting MEMC Setup AH ="40to 7F" to CS1
Used CS pin Cs1
Data RAM Maximum memory size 1 Mbyte: COMMONO + 7 Mbytes: BANK (8 Mbytes x 1 pcs)

Used local area, BANK number

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

Setting MEMC

Setup AH ="00 to 1F"to CS3

built-in type LCD driver)

Used CS pin cs3
Extended memory 1 Maximum memory size 1 Mbyte (1 Mbyte x 1 pcs)
Used local area, BANK number None
Setting MEMC Setup AH = “20 to 2F" to CS0
Used CS pin CS0
Extended memory 2 Maximum memory size 256 Kbytes (256 Kbytes x 1 pcs)
Used local area, BANK number None
Setting MEMC Setup AH =*“30 to 3F” to CSEX
Used CS pin CSEXA
Extended memory 3 Maximum memory size 256 Kbytes (64 Kbytes x 4 pcs)
(Direct address assigned Used local area, BANK number None

Setting MEMC

Setup AH =*30 to 3F" to CSEX

Extended memory 4

Used Cs pin D1BSCP, D2BLP, D3BFR, DLEBCD
Maximum memory size 512 Kbytes
Used local area, BANK number None
Setting MEMC Setup AH = “30 to 3F" to CSEX
Used Cs pin None

*Note: SDRAM must be mapped in LOCAL1 area

. It can't use other area.
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3.8.1

Address
000000H

100000H
200000H

600000H

800000H

CO00000H

EO0O0O00OH

FFFFOOH
FFFFFFH

Recommendable Memory Map

The recommendation logic address memory map at the time of variety extension memory

correspondence is shown in Figure 3.8.1. And, a physical-address map is shown in Figure

3.8.2.

However, when memory area is less than 16 Mbytes and is not expanded, please refer to

section of MEMC. Setting of register in MMU is not necessary.
Since it 1s being fixed, the address of a local-area cannot be changed. When SDRAM is
used, must locate to LOCAL] area.

CS/WAIT

Size Memory map BANK
1 Mbyte COMMONO
Mbyte LOCALO [o]1]2]3]a]s]6]7]
byte

12 Kbytes
56 Kbytes|

Kbytes

Kbytes

Kbytes

Kbytes
2 Mbytes LOCAL1 0|12 |3|4(|5(|6]|7
2 Mbytes COMMON1 <—|
4 Mbytes LOCAL3 o|j1((2| ------- 22123
2 Mbytes LOCAL2 0|12 |3|4(|5(6(|7
2 Mbytes COMMON2 |
: :GZb:YEe:S vectorarea | J

CSs3

CS0

CSEX
CSEX
CSEX
CSEX
CSEX
CSEX

~CS1

> CS2

> CS2

== : Internal area
—= : Overlapped with COMMON area

Figure 3.8.1 Logical Address Map

CS pin

CSs3

CS0

to

CSEXA
D1BSCP
D2BLP
D3BFR
DLEBCD

CSs1

CS2B (BANKO to BANK3)
CS2C (BANK4 to BANK7)
CS2D (BANKS to BANK11)
CS2E (BANK12 to BANK15)
CS2F (BANK16 to BANK19)
CS2G (BANK20 to BANK23)

CS2A
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TMP92C820 LOCALO LOCAL1 LOCAL2 LOCAL3
CS3 Cs1 CS2A CS2B CS2E
for data RAM for option program
(SDRAM non ROM for program ROM for data ROM
support) (SDRAM support) (16 Mbytes) (16 Mbytes x 6)
(8 Mbytes) (16 Mbytes)
000000H BANKO
---------- BANKO BANKO
BANK1
———————————————————————————————— BANKO BANK12
BANK2
---------- BANK1 BANK1
SULEToV I (R RN (N Y I A N A
Internal-1/0 and o BANKE BANK2 BANK2
RAM JCBANKS b ] b BANK1 BANK13
- BANKS BANK3 BANK3
goooooH L—BANK?Z | fo il oo beooooio b
BANK4 BANK4
—————————————————————— BANK2 BANK14
BANK5 BANK5
BANK6 BANK6
———————————————————— BANK3 BANK15
BANK7 BANK7
1000000H
[ CS2C CS2F
000000H
Reset and Interrupt
vector area
BANK4 BANK16
BANKS5 BANK17
BANK6 BANK18
BANK7 BANK19
1000000H
CS2D CS2G
000000H
BANKS8 BANK20
BANK9 BANK21
BANK10 BANK22
[ : internal area
[ : Overlapped with COMMONarea ~ Feeemmmmeeee| Fmmm e e oo
BANK11 BANK23
1000000H

Figure 3.8.2 Physical Address Map
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3.8.2  Block Diagram

CPU out A23 to Al6
address

A23 to A8

| Decoder

A23to A20

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

LOCALL register |L1E| | EA23 to EA21 |—>

LOCAL2 register |L2E| | EA23 to EA21 |—>

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

Selector

VA26 to VA20

LOCAL3 area

/ detect signal

Physical address

U

Internal data bus

Selector

Physical address
WA26 to WA7
—
(To external
address bus pins)

CPU out address A19 to A7

CPU out address A23 to A16 ——|
LOCAL3 area detect signal —— |

LOCALS3 register —_

Decoder

—> CS2A
—> Cs2B
—> Cs2C
—> CS2D
—> CS2E
—> CS2F
—> CS2G

> CSEXA

Figure 3.8.3 Block Diagram of MMU
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3.8.3  Control Registers
LOCALDO Register
7 6 5 4 3 2 1 0
LOCALO Bit symbol LOE LOEA22 LOEA21 LOEA20
(01DOH) -
Read/Write R/W R/W
After reset 0 0 | 0 | 0
Function Use BANK Setting BANK number for LOCALO
for
LOCALO
0: Not use
1: Use
LOCAL1 Register
7 6 5 4 3 2 1 0
LOCAL1 Bit symbol L1E L1EA23 L1EA22 L1EA21
(01D1H) -
Read/Write R/W R/W
After reset 0 0 | 0 | 0
Function Use BANK Setting BANK number for LOCAL1
for
LOCAL1
0: Not use
1: Use
LOCAL2 Register
7 6 5 4 3 2 1 0
LOCAL2 Bit symbol L2E L2EA23 L2EA22 L2EA21
(01D2H) -
Read/Write R/W R/W
After reset 0 0 | 0 | 0
Function Use BANK Setting BANK number for LOCAL2
for
LOCAL2
0: Disable
1: Enable
LOCALS Register
7 6 5 4 3 2 1 0
LOCAL3 Bit symbol L3E L3EA26 L3EA25 L3EA24 L3EA23 L3EA22
(01D3H) -
Read/Write R/W R/W
After reset 0 o | o [ o o | o
Function Use BANK 00000 to 00011 Cs2B 00100 to 00111 Cs2C
for 01000 to 01011 CS2D 01100 to 01111 CS2E
LOCAL3 10000 P~ =
’ to 10011 CS2F 10100 to 10111 CS2G
0: Disable 11000 to 11111: Set prohibition
1: Enable

Figure 3.8.4 MMU Control Register
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3.8.4

Operational Description

Setup bank value and bank use in bank setting register of each local area of LOCAL
register in common area. Moreover, in that case, a combination pin is set up and the MEMC
simultaneously sets up 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.

Common area located in each local area should be passed surely when changing BANK.
For example, when the program jump BANKO of LOCAL2 to BANKS, please jump from
BANKO to COMMONZ2 once and afterwards jump to BANKS6.

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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SRAM Data/Stack RAM
8 Mbytes €S0 .
8 bits 000000H~1FFFFFH (Logical)
000000H~7FFFFFH (Physical)
Cso
cs1
Display SDRAM
SDRAM a1
1612"3%{;‘95 400000H~7FFFEFH (Logical)
Data 000000H~FFFFFFH (Physical)
Address
TMP92C820 RD
WRLL , WRLU, WRUL , WRUU
SRLLB, SRLUB, SRULB,
SRUUB : SRAM Program ROM
SDCLK, SDCKE MROM cs2
ngEDD%m, SSBbLlJJ%%I\,@I 1612"%;95 CO0000H~FFFFFFH (Logical)
SDCSL . Siier SDRAS . 000000H~FFFFFFH (Physical)
SDCAS , SDWE
cs2
EA24, EA25
Data ROM
Cs3 MROM Cs3
64 Mbytes | 800000H~BFFFFFH (Logical)
16 bits | 00O0OH~3FFFFFH (Physical)

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

Figure 3.8.5 H/W Setting Example

At, Figure 3.8.5 it shows example of connection TMP92C820 and some memories:
Program ROM: MROM, 16 Mbytes, Data ROM: MROM, 64 Mbytes, Data RAM of 8-bit bus:
SRAM, 8 Mbytes, Display RAM: SDRAM, 16 Mbytes.

In case of 16-bit bus memory connection, it needs to shift 1-bit address bus from
TMP92C820 and 8-bit bus case, direct connection address bus from TMP92C820.

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 64 Mbytes, this MROM connect to EA24
and EA25.

Initial condition after reset, because TMP92C820 access from CS2 area, CS2 area allots
to program ROM. It can set free setting except program ROM.
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; Initial Setting
; CSO
LD
LD
LD
LD
; CS1
LD
LD
LD
LD
; CS2
LD
LD
LD
LD
; CS3
LD
LD
LD
LD
; CSX
LD
LD
; Port
LD
LD

LDW

LD
LD

LD

(MSARO), 00H
(MAMRO), FFH
(BOCSL), 22H
(BOCSH), 80H

(MSARL1), 40H
(MAMR1), FFH
(B1CSL), 11H

(B1CSH), 8DH

(MSAR2),COH
(MAMR?2), 7FH
(B2CSL), 11H
(B2CSH), 0C1H

(MSAR3), 80H
(MAMRS3), 7FH
(B3CSL), 66H

(B3CSH), 81H

(BEXCSL), 11H
(BEXCSH), 01H

(P8FC), 3FH
(P8FC2), 02H

(P7CR), 1F1FH

(PJFC), OFFH
(SDACR), 083H

(SDRCR), 01H

Logical address area: 000000H to 1FFFFFH

Logical address size: 2 Mbytes

Condition: WR 3 states (1 wait), RD 3 states (1 wait)
SRAM, 8 bits

Logical address area: 400000H to 7FFFFFH

Logical address size: 4 Mbytes

Condition: WR 2 states (0 waits) RD 2 states (0 waits)
Condition: SDRAM, 16 bits

Logical address area: COO000H to FFFFFFH

Logical address size: 4 Mbytes

Condition: WR 2 states (0 waits) RD 2 states (0 waits)
Condition: ROM, 16 bits

Logical address area: 800000H to BFFFFFH

Logical address size: 4 Mbytes

Condition: WR 5 states (3 waits), RD 5 states (3 waits)
Condition: ROM,16 bits

Condition: WR 2 states (0 waits), RD 2 states (0 waits)
Condition: 16 bits

; CSO to CS3, EA24, EA25: port 8 setting
; CS1 — SDCSL setting

: WRUU, WRUL, WRLU, WRLL , RD

PJ<7:0> = SDRAM control

; Add-MUX select type B, SDRAM, auto init enable
SDRAM setup time

; Interval refresh

Figure 3.8.6 Bank Operation S/W Example 1

Secondly, it shows example of initial setting at Figure 3.8.6.

Because CSO connect to RAM: 8-bit bus, 8 Mbytes, it need to set 8-bit bus. At this
example, it set 3 states setting. In the same way CS1 set to 16-bit bus and 2 states, CS2 set
16-bit bus and 2 states, CS3 set 16-bit bus and 5 states.

By MEMC 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 MEMC is except above CSO0 to CS3’s setting. This program example isn’t

used CSEX setting.

Finally pin condition is set. Ports 80 to 85 set to CS0, CS1, CS2, CS3, EA24, EA25, and
SDRAM condition.
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Ir ; Bank Operation :
I ;***** CSZ *kkkk I
1 ORG  000000H ; Program ROM: Start address at BANKO of LOCAL2 |
I ORG  200000H ; Program ROM: Start address at BANK1 of LOCAL2 |
I ORG  400000H ; Program ROM: Start address at BANK2 of LOCAL2 1
I ORG  600000H ; Program ROM: Start address at BANK3 of LOCAL2 1
: ORG  800000H ; Program ROM: Start address at BANK4 of LOCAL2 1
; ORG  a00000H ; Program ROM: Start address at BANKS5 of LOCAL2 :
1 ORG  cO0O000H ; Program ROM: Start address at BANK6 of LOCAL2 I
1
I ORG EOOOOOH ; Program ROM: Start address at BANK7 :
! (= COMMONZ2) of LOCAL2 1
! . Logical address EO0000H to FFFFFFH I
: ; Physical address 0EO0000H to OFFFFFFH 1
| LD  (LOCALS3), 85H ; LOCAL3 BANKS5 set 14xxxxH :
| LDW HL, (800000H) —— ; Load data (5555H) form BANK5 I
1 (140000H: Physical address) of LOCAL3 (CS3) |
1 LD  (LOCAL3), 88H ; LOCAL3 BANKS set 20xxxxH |
1 LDW BC, (800000H)— | ; Load data (AAAAH) form BANKS8 1
: (200000H: Physical address) of LOCAL3 (CS3) I

- 1

ORG  FFFFFFH ; Program ROM: End address at BANKY

(= COMMONZ2) of LOCAL?2

e
I ;-k-k-k** C83 *kkkk
I ORG  0000000H ; Data ROM: Start address at BANKO of LOCAL3 :
I ORG  0400000H ; Data ROM: Start address at BANK1 of LOCAL3 |
I ORG  0800000H ; Data ROM: Start address at BANK2 of LOCAL3 1
I ORG  0C00000H ; Data ROM: Start address at BANK3 of LOCAL3 1
: ORG 1000000H ; Data ROM: Start address at BANK4 of LOCAL3 1
1 ORG 1400000H ; Data ROM: Start address at BANK5 of LOCAL3 !
| dw  5555H < :
I _~
I ORG 1800000H ; Data ROM: Start address at BANK6 of LOCAL3 :
I ORG 1C00000H ; Data ROM: Start address at BANK7 of LOCAL3 1
: ORG  2000000H ; Data ROM: Start address at BANK8 of LOCAL3 1
I dw  AAAAH +— :
: ORG  2400000H ; Data ROM: Start address at BANK9 of LOCAL3 :
I ORG  2800000H ; Data ROM: Start address at BANK10 of LOCAL3 I
I ORG  2C00000H ; Data ROM: Start address at BANK11 of LOCAL3 |
I ORG  3000000H ; Data ROM: Start address at BANK12 of LOCAL3 1
: ORG  3400000H ; Data ROM: Start address at BANK13 of LOCAL3 1
; ORG  3800000H ; Data ROM: Start address at BANK14 of LOCAL3 1
1 ORG  3C00000H ; Data ROM: Start address at BANK15 of LOCAL3 !
1 ORG  3FFFFFFH ; Data ROM: End address at BANK15 of LOCAL3 :

Figure 3.8.7 Bank Operation S/W Example 2

Here shows example of data access between one BANK and other BANK. Figure 3.8.7 is
one software example. A dot line square area shows one memory and each dot line square
shows CS2’s program ROM and CS3’s data ROM. Program start from EO0000H address,
firstly, write to BANK register of LOCALS3 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. 4 bits of upper 5 bits address means 16
BANKSs. After setting BANKS5, accessing 800000H to BFFFFFH address: Logical LOCALS3
address, actually access to physical 1400000H to 1700000H address.
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I ’Bank Operaton ~ T TTTTTTToTmTmTmmmTmTmTmT

: *kkhk @ *kkkk

ORG 000000H

ORG 200000H
NOP

Program ROM: Start address at BANKO of LOCAL?2
Program ROM: Start address at BANK1 of LOCAL2 «—
Operation at BANK1 of LOCAL2

JP E00100H ; Jump to BANK7 (= COMMONZ2) of LOCAL2
ORG  400000H Program ROM: Start address at BANK2 of LOCAL2
ORG  600000H Program ROM: Start address at BANK3 of LOCAL?2
NOP Operation at BANK3 of LOCAL2

JP EO00200H
ORG  800000H
ORG  a00000H
ORG  c00000H

Jump to BANK7 (= COMMON?2) of LOCAL2
Program ROM: Start address at BANK4 of LOCAL?2
Program ROM: Start address at BANKS of LOCAL?2
Program ROM: Start address at BANK6 of LOCAL?2

N Program Start 11!
ORG  EOOOOCH Program ROM: Start address at BANK7

(= COMMON?2) of LOCAL2
Logical address EOO0OOH to FFFFFFH
Physical address OEOOOOOH to OFFFFFFH
LOCALZ2 BANK1 set 20xxxxH

Jump to BANK1 (200000H: Physical address) of LOCAL2 —

LD  (LOCAL2), 81H
JP COO00OCH

ORG  E00100H
LD  (LOCAL2), 83H
JP COO0OOH

LOCALZ2 BANKS3 set 60xxxxH
Jump to BANK3 (600000H: Physical address) of LOCAL2 ——

ORG  EO00200H
LD  (LOCAL1), OOH Disable Bank!

~ ; LCD display set
LD (LSARCH), 60H C_area start address

LD (LSARCM), OOH ; C_area start address
LD  (LSARCL), OOH ; C_area start address
SET 0, (LCTCTL) ; LCD Display start
ORG  FFFFFFH ; Program ROM: End address at BANK?

— o e M M e REm Mmn M e REm Mmm M e Mmm Mmm M R Mmm Mmm M e Mmm Mmm e e Mmm M e e M M e e
B o o o e e e R S S R e SEE SEE REE REE SEE SEE GEE REE SEE SEE GEE MmN SEE SEE REE EE SEm EE GEm Em SEm GEm Em e SEm e e e e e

(= COMMONZ2) of LOCAL2

Ckkkkk Q] Kkkkk
; Cs1

|
: ORG 000000H ; SDRAM: Start address at BANKO of LOCAL1 :
1 ORG 200000H ; SDRAM: Start address at BANK1 of LOCAL1 I
I ORG  400000H ; SDRAM: Start address at BANK2 of LOCAL1 |
I ORG 600000H ; SDRAM: Start address at BANK3 (= COMMONL1) of LOCALL1 < 1
: dl 01234567H ; display data :
| |
: ORG 800000H ; SDRAM: Start address at BANK4 of LOCAL1 :
1 ORG  a00000H ; SDRAM: Start address at BANK5 of LOCAL1 1
1 ORG c00000 ; SDRAM: Start address at BANK6 of LOCAL1 1
I ORG EOOOOOH ; SDRAM: Start address at BANK7 of LOCAL1 I
I ORG FFFFFFH ; SDRAM: End address at BANK7 of LOCALL1 1

Figure 3.8.8 Bank Operation S/W Example 3
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At Figure 3.8.8, 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 EO0000H common address, firstly,
write to BANK register of LOCALZ2 area upper 3-bit address of jumping point.

After setting BANK1, jumping CO0000H to DFFFFFH address: Logical LOCALZ2 address,
actually jump to physical 200000H to 3FFFFFH address. When return to common area, it
can only jump to EOOO00H to FFFFFFH without writing to BANK register of LOCALZ2
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.

Please set similarly when jumping through CS.

After setting BANK4, jumping 400000H to 5SFFFFFH address: Logical local area of CS1,
actually jump to physical 800000H to 9FFFFFH address.

When using LCD display data for SDRAM, we recommend setting display area to
common area in SDRAM. Because of, LCD displays DMA occurs at synchronous less. If
SDRAM bank is change; 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. Please do not set bank function of MMU as display RAM.
This is because reading LCDC display data is not controlled by the CPU. Therefore if
BANK of display area is changed during LCD displaying, it cannot display. It is
recommended to allocate display data to a common area.
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3.9 Serial Channels (SIO)

The TMP92C820 includes three serial I/0 channels. For each channel either UART mode
(Asynchronous transmission) or I/0 interface mode (Synchronous transmission) can be selected.
(Channel 2 can be selected only UART mode.)

e I/O interface mode ——Mode 0: For transmitting and receiving I/O data using

the synchronizing signal SCLK for extending
1/0.

Mode 1: 7-bit data

Mode 2: 8-bit data

Mode 3: 9-bit data

e UART mode

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

Figure 3.9.2, Figure 3.9.3, and Figure 3.9.4 are block diagrams for each channel.

Each channel can be used independently.

Each channel operates in the same fashion except for the following points; hence only the
operation of channel 0 is explained below.

Table 3.9.1 Differences between Channels 0 to 2

Channel 0 Channel 1 Channel 2
Pin name TXDO (PFO) TXD1 (PF3) TXD2 (P95)
RXDO (PF1) RXD1 (PF4) RXD2 (P96)
CTS0 /SCLKO (PF2) CTSL/SCLK1 (PF5)
IrDA mode Yes No No

This chapter contains the following sections:
3.9.1 Block Diagrams
3.9.2 Operation for Each Circuit

3.9.3 SFRs

3.9.4 Operation in Each Mode
3.9.5 Support for IrDA
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e Mode 0 (I/O interface mode)

T o 1 X 2 X s X a X s X e X7V
<« Transfer direction
e Mode 1 (7-bit UART mode)
Noparity ~ \StartfBitoX 1 X 2 X 3 X 4 X 5 X 6 Ystop
Parity " \startfBitoX 1 X 2 X 3 X 4 X 5 X 6 Ypariy/Stop
e Mode 2 (8-bit UART mode)
Noparity — ~ \startBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 Ystop
Parity " \startfBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparity/stop
e Mode 3 (9-bit UART mode)
" \startfBitoX 1 X 2 X3 X4 X5 X6 X7 X8 Ystop

wakeup \Start{BitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 XBit8 YStop

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

Figure 3.9.1 Data Formats
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3.9.1 Block Diagrams
Prescaler
010 +—— 2| 4| 8 [16]32]64]
6T2  ¢T8 ¢T32
- -Serial clock generation circuit - = = = == == - - - - oo _____ :
1
! BROCR<BROCK1:0> i
! 1
| 17" " BROCR ~~"BROADD | TAOTRG |
| <BR0S3:0> <BROK3:0>! (from TMRAO) !
! 1 1
1
' ¢TO _ | |
| 5 ks i |
1 T2 B 8 i 5 | UART i
i T8 § 2 ! 5 | mode ! SIOCLK
o 1 - — 1
| 07327 ! & g
! 1 1 K9] 1
: 1 1 7] 1
| ! BROCR ! T T » !
' ! <BROADDE> ! !
! «--- Baud rate generator {--. SCOMODO T T '
fio : <SC1:.0> !
' SCOMODO
' <SM1.0> |
: 8 !
| H2h— 8 |
SCLKO IN ! 3 1o interf do |
(Shared with LT interface mode |
PF2) 1 '
L 1
SCOCR
. <lOoC>
SCLKO OUT /O interface mode INT request
(Shared with INTRXO0
PF2) | INTTXO
; Serial channel Transmision
Receive counter
(UART only + 16) Si(\),'\\//lliDO_’ interrupt counter
control (UART only =+ 16)
RXDCLK | i TXDCLK | 1
—>Receive control Transmission [ —
control —1 cTso
SSgI\)/I((E)E 0 < > (_OG_-F (Shared with
SCOCR PF2)
Nl i
RXDO [ IReceive buffer 1 (Shift register)| | Parity control |
(Shared with
PF1) l
| RB8 |Receive buffer 2 (SCOBUF)| | Error flag | | TB8 |Transmission buffer (SCOBUF) |——>|:| TXDO
T (Shared with
| SCOCR | PFO)
<OERRI> <PERR> <|I:ERR>
1

N

|

Internal data bus

Figure 3.9.2 Block Diagram of Serial Channel 0
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Prescaler
010 +—— 2| 4| 8 [16]32]64]
$T2  $T8 ¢T32
- -Serial clock generation circuit - --—--— - _____ :
1
! BR1CR<BR1CK1:0> i
! 1
| "1 ""BRICR "~ "BRIADD | TAOTRG |
i <BR1S3:0> <BRI1K3:0>! (from TMRAO) !
1 ! 1
470 . N :
. 5 ks : |
1 T2 B 8 i 5 | UART i
i $T8 § 2 ! § | _mode ! SIOCLK
o 1 - — 1
| 07327 ! & g
! 1 1 K9] 1
: 1 1 7] 1
| ! BRICR ! T T n !
' ! <BR1ADDE> ! !
! «——- Baud rate generator - SC1MODO0 T T '
fio : <SC1:.0> !
' SC1IMODO«
I <SM1.0> |
: 8 !
| —| +2 § :
SCLK1 IN ! g _ |
(Shared with [} : I/O interface mode !
PF5) . |
L 1
SC1CR
. <lOoC>
SCLK1 OUT VO interface mode INT request
(Shared with INTRX1
PF5) | INTTX1
. Serial channel Transmision
Receive counter |SCIMODO__| ilnterrupt counter
(UART only + 16) <WuU> control (UART only + 16)
RXDCLK | i TXDCLK] i
—>Receive control Transmission [ —
control —1 cTs1
SS;'\)A((E)E 0 < > (_OG_-F (Shared with
SC1CR PF5)
RXD1 [ I Receive buffer 1 (Shift register) | | Parity control |
(Shared with
PF4) l
| RB8 |Receive buffer 2 (SC1BU F)| | Error flag | | TB8 | Transmission buffer (SC1BUF) |——>|:| TXD1
T (Shared with
| SC1CR | PF3)
<OERRI> <PERR> <|I:ERR>
1
N/ Vol
% Internal data bus ¢

Figure 3.9.3 Block Diagram of Serial Channel 1
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Prescaler
010 +—— 2[4 8]16[32]64|
6T2  ¢T8 ¢T32
- -Serial clock generation circuit - --— - - _____ :
1
! BR2CR<BR2CK1:0> i
! 1
1
: TAOTRG i
! (from TMRAO) I
| | |
: - : :
5 (3]
| g El : 5 | UART |
| 2 2 ! 3 | _mode ' SIOCLK
i ah & | Q . ]
1 | Q o 1
! 1 1 2 © 1
! 1 1 Q 1
: 1 1 7] 1
| ! BR2CR ! T 1 S
! : <BR2ADDE> ! !
' «--. Baud rate generator {--: SC2MODO0 T T '
fio H <SC1:0> !
! SC2MODO
: <SM1:0> ,
| 8 |
: —| +2 § |
SCLK1 IN ' @ . !
(Shared with O+ @ | /0 interface mode !
PF5) I |
L 1
SC2CR
<loC>
INT request
INTRX2
| INTTX2
i Serial channel Transmision
Receive counter |SC2MODO__| a counter
(UART only + 16) | <WU> interrupt control (UART only + 16)
RXDCLK | i TXDCLK] i
. Transmission
—>Receive control
SC2MODO < > control
<RXE>
SC2CR
<PE> <EVEN>
RXD2 [ I Receive buffer 1 (Shift register) | | Parity control |
(Shared with
P96) l
| RB8 |Receive buffer 2 (SC2BU F)| | Error flag | | TB8 | Transmission buffer (SC2BUF) |——>E| TXD2
T (Shared with
| SC2CR | P95)
<OERRI> <PE||?R> <II:ERR>
N/ Vol
¢ Internal data bus ¢

Figure 3.9.4 Block Diagram of Serial Channel 2
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3.9.2  Operation for Each Circuit

(1) Prescaler, prescaler clock select

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

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

Baud rate generator input clock

Clock gear
selection SIO prescaler
- SYSCR1 - BROCR<BROCK1:0>
<GEAR2:0> 6TO oT2(1/4) | eT8(U16) | $T32(1/64)
000(1/1) fc/8 fc/32 fc/128 fe/512
001(1/2) fc/16 fc/64 fc/256 fc/1024
fc 010(1/4) 18 fc/32 fc/128 f/512 /2048
011(1/8) fc/64 fc/256 fc/1024 /4096
100(1/16) fc/128 fe/512 fc/2048 fc/8192

among the prescaler outputs.

The baud rate generator selects between 4 clock inputs: ¢TO, ¢T2, ¢T8, and ¢T32
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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<BROCK1:0> field in the baud rate generator control register.

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

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

e In UART mode
(1) When BROCR<BROADDE> =0

The settings BROADD<BROKS3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3:0>. (N =1, 2,
3...16)
(2) When BROCR<BROADDE> = 1

The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 using the value of N set in
BROCR<BR0S3:0> (N =2, 3...15) and the value of K set in BROADD<BROK3:0>
K=1,2,3...5)

Note: IfN=1orN =16, the N+ (16 — K)/16 division function is disabled. Set
BROCR<BROADDE> to 0.

e In I/O interface mode

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

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

e In UART mode

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

Baud rate =

e In I/O interface mode

Input clock of baud rate generator
Baud rate = — + 2
Frequency divider for baud rate generator
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e Integer divider (N divider)

For example, when the source clock frequency (f¢) is 39.3216 MHz, the input clock is
¢T2 (fc/32), the frequency divider N (BROCR<BR0S3:0>) = 8, and BROCR<BROADDE>
=0, the baud rate in UART mode is as follows:

* Clock state [Clock gear: 111 (fe)

Baud rate = fC/832 + 16

=39.3216 x 106 + 16 + 8 + 16 = 9600 (bps)

Note: The N + (16 — K)/16 division function is disabled and setting BROADD<BROKS3:0> is
invalid.
e N+ (16 — K)/16 divider (UART mode only)
Accordingly, when the source clock frequency (f¢) = 31.9488 MHz, the input clock is
¢T2 (fc/32), the frequency divider N (BROCR<BR0S3:0>) = 6, K (BROADD<BROK3:0>)
=8, and BROCR<BROADDE> = 1, the baud rate in UART mode is as follows:

* Clock state [Clock gear: 1/1 (fc)
fc/32
Baud rate = (16-8 =+ 16
6+ — 16

~31.9488 x 106+ 16 + (6 + 186 ) = 16 = 9600 (bps)

Table 3.9.3 show examples of UART mode transfer rates.

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

e In UART mode

Baud rate = External clock input frequency + 16

It is necessary to satisfy (External clock input cycle) > 4/fsys
e In I/O interface mode

Baud rate = External clock input frequency

It is necessary to satisfy (External clock input cycle) > 16/fsys
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Table 3.9.3 Selection of Transfer Rate (1)
(When baud rate generator is used and BROCR<BROADDE> = 0) Unit (kbps)
Input Clock TO T2 T8 T32
fsvs [MHz] » (1ovsl) | (fsvsii) | (fsvelba) |(fsvsi256)
Frequency Divider

9.8304 2 76.800 19.200 4.800 1.200
0 4 38.400 9.600 2.400 0.600

) 8 19.200 4.800 1.200 0.300

) 10 9.600 2.400 0.600 0.150
12.2880 5 38.400 9.600 2.400 0.600
) A 19.200 4.800 1.200 0.300
14.7456 2 115.200 28.800 7.200 1.800
0 3 76.800 19.200 4.800 1.200

0 6 38.400 9.600 2.400 0.600

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

) 4 76.800 19.200 4.800 1.200

) 8 38.400 9.600 2.400 0.600

0 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7.200 1.800
24.5760 1 384.000 96.000 24.000 6.000
0 2 192.000 48.000 12.000 3.000

) 4 96.000 24.000 6.000 1.500

) 5 76.800 19.200 4.800 1.200

) 8 48.000 12.000 3.000 0.750

) A 38.400 9.600 2.400 0.600

0 10 24.000 6.000 1.500 0.375

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

In UART mode, TMRA match detect signal (TAOTRG) can be used for serial

transfer clock.

Method for calculating the timer output frequency which is needed when outputting

trigger of timer

TAOTRG frequency = Baud rate x 16

Note: The TMRAO match detect signal cannot be used as the transfer clock in I/O Interface mode.
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(3) Serial clock generation circuit

This circuit generates the basic clock for transmitting and receiving data.

In I/O interface mode

In SCLK output mode with the setting SCOCR<IOC> = 0, the basic clock is
generated by dividing the output of the baud rate generator by 2, as described
previously.

In SCLK input mode with the setting SCOCR<IOC> = 1, the rising edge or falling
edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate generator
clock, the internal clock f10, the match detect signal from timer TMRAO or the
external clock (SCLKO) is used to generate the basic clock SIOCLK.

(4) Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode, which counts up

the pulses of the SIOCLK clock. It takes 16 SIOCLK pulses to receive 1 bit of data; each
data bit is sampled three times—on the 7th, 8th, and 9th clock cycles.

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

rule.

For example, if the data bit is sampled respectively as 1, 0 and 1 on 7th, 8th and 9th

clock cycles, the received data bit is taken to be 1. A data bit sampled as 0, 0 and 1 is
taken to be 0.

(5) Receiving control

In I/O interface mode

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

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

In UART 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)

(7

The receiving buffers

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

The CPU only reads receiving buffer 2 (SCOBUF). Even before the CPU reads
receiving buffer 2 (SCOBUF), the received data can be stored in receiving buffer 1.

However, unless receiving buffer 2 (SCOBUF) is read before all bits of the next data
are received by receiving buffer 1, an overrun error occurs. If an overrun error occurs,
the contents of receiving buffer 1 will be lost, although the contents of receiving buffer
2 and SCOCR<RB8> will be preserved.

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

In 9-bit UART mode the wakeup function for the slave controller is enabled by
setting SCOMODO<WU> to 1; in this mode INTRXO interrupts occur only when the
value of SCOCR<RBS8> is 1.

SIO interrupt mode is selectable by the register SIMC.

Transmission counter

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

TXDCLK

(8

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

Il I

Figure 3.9.5 Generation of the Transmission Clock

Transmission controller
e In I/O interface mode

In SCLK output mode with the setting SCOCR<IOC> = 0, the data in the
transmission buffer is output one bit at a time to the TXDO pin on the rising or
falling edge of the shift clock which is output on the SCLKO pin, according to the
SCOCR<SCLKS> setting.

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

e In UART mode

When transmission data sent from the CPU is written to the transmission buffer,
transmission starts on the rising edge of the next TXDCLK, generating a
transmission shift clock TXDSF'T.
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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 functions is
enabled or disabled by the SCOMOD<CTSE> setting.

When the CTSO pin goes high on completion of the current data send, data
transmission is halted until the CTSO pin goes low again. However, the INTTX0
interrupt is generated, it requests the next data send to the CPU. The next data is
written in the transmission buffer and data sending is halted.

Though there is no RTS pin, a handshake function can be easily configured by
setting any port assigned to be the RTS function. The RTS should be output “high” to

request send data halt after data receive is completed by software in the RXD interrupt
routine.

TMP92C820 TMP92C820
TXD RXD
CTS RTS (Any port)
Sender Receiver

Figure 3.9.6 Handshake Function

Timing to write to the
transmission buffer I | s( (C
)]

cTs :>T/ Send is suspended ]\

(1)from (1) and (2). )

14 6 1 2 3 14 15 16 1 2 3
SIOCLK (’_ﬂ I ﬂ 1l ”—SS—H I | | |
™MOK [ (« [

D — \ Start bit A B0

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

transmission.

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

Figure 3.9.7 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 INTTX0
interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to 1, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even or odd parity to be selected.

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO0<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

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

(11) Error flags

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

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

The below is a recommended flow when the overrun error is generated.
(INTRX interrupt routine)
(1) Read receiving buffer
(2) Read error flag
(3) If<OERR>=1
then
(a)  Set to disable receiving (Write “0” to SCOMODO<RXE>)
(b)  Wait to terminate current frame
(¢ Read receiving buffer
(d) Read error flag
(e) Set to enable receiving (Write “1” to SCOMODO<RXE>)
(f)  Request to transmit again
(4) Other
2. Parity error <PERR>

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

The stop bit for the received data is sampled three times around the center. If
the majority of the samples are 0, a framing error is generated.

(12) Timing generation
1. In UART mode

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

Notel: 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 a framing error.

Note2: The higher the transfer rate, the later than the middle receive interrupts and errors occur.

Transmitting
Mode 9 Bits 8 Bits + Parity 8 Bits, 7 Bits + Parity, 7 Bits
Interrupt timing Just before stop bit
is transmitted « <
2. T/O interface
Transmission SCLK output mode | Immediately after last bit data. (See Figure 3.9.25)

Interrupt timing SCLK input mode Immediately after rise of last SCLK signal rising mode, or
immediately after fall in falling mode.) (See Figure 3.9.26)

Receiving SCLK output mode | Timing used to transfer received to data receive buffer 2 (SCOBUF)
Interrupt timing (e.g., immediately after last SCLK) (See Figure 3.9.27)

SCLK input mode Timing used to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.9.28)
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3.9.3 SFRs
7 6 5 4 3 2 1 0
SCOMODO| Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCo
(1202H) Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Hand Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 shake function function 00: 1/O interface mode (UART)
0: CTS 0: Receive | 0: Disable [(01: 7-bit UART mode 00: TAOTRG
disable disable [1: Enable |10: 8-bit UART mode 01: Baud rate generator
1. CTS 1: Receive 11 9-bit UART mode 10: Internal clock fio
enable enable 11: External clock
(SCLKO input)
| ] ]
1
L Serial transmission clock source (UART)
00 [ TMRAO match detect signal
01 | Baud rate generator
10 | Internal clock fio
11 | External clock (SCLKO input)

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

> Serial transmission mode

00 I/0 interface mode

01 7-bit mode

10 UART mode 8-bit mode

11 9-bit mode

Wakeup function
9-bit UART Other modes

0 | Interrupt generated
when data is received

1 | Interrupt generated | Don't care
only when
SCOCR<RB8>=1

Receiving function

0

Receive disabled

1

Receive enabled

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

Transmission data bit8

Figure 3.9.8 Serial Mode Control Register (Channel 0, SCOMODO)
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7 6 5 4 3 2 1 0
SC1MODO] Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCO
(120AH) -
Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Hand Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 shake function function 00: 1/O interface mode (UART)
0: CTS 0: Receive | 0: Disable [(01: 7-bit UART mode 00: TAOTRG
disable disable [1: Enable |10: 8-bit UART mode 01: Baud rate generator
1. CTS 1: Receive 11 9-bit UART mode 10: Internal clock fio
enable enable 11: External clock
(SCLK1 input)
I
1
L Serial transmission clock source (for UART)
00 [ TMRAO match detect signal
01 | Baud rate generator
10 | Internal clock fio
11 | External clock (SCLK1 input)

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

> Serial transmission mode

00 I/0 interface mode

01 7-bit mode

10 UART mode 8-bit mode

11 9-bit mode

Wakeup function
9-bit UART Other modes
0 | Interrupt generated
when data is received
1 | Interrupt generated | Don’t care

only when
SC1CR<RB8>=1

Receiving function

0

Receive disabled

1

Receive enabled

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

Transmission data bit8

Figure 3.9.9 Serial Mode Control Register (Channel 1, SC1MODO)
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7 6 5 4 3 2 1 0
SC2MODO] Bit symbol TB8 - RXE wu SM1 SMO SC1 SCo
(1212H) -
Read/Write R/W
After reset 0 0 0 0 o | o o | o
Function Transfer Always write| Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 “0". function function 00: 1/O interface mode (UART)
0: Receive | 0: Disable [(01: 7-bit UART mode 00: TAOTRG
disable [1: Enable |10: 8-bit UART mode 01: Baud rate generator
1: Recelive 11 9-bit UART mode 10: Internal clock fio
enable 11: Reserved
[ I ]

I

L Serial transmission clock source (for UART)

00

TMRAO match detect signal

01 | Baud rate generator
10 [ Internal clock fio
11 | Reserved

——— Serial transmission mode

00 I/O interface mode

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

L s Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

only when

1 | Interrupt generated

SC2CR<RB8>=1

Don’t care

Receiving function

0 | Receive disabled

1 | Receive enabled

Transmission data bit8

Figure 3.9.10 Serial Mode Control Register (Channel 2, SC2MODO)
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7 6 5 4 3 2 1 0
?1%8?5) Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
Read/Write R R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 0 | 0 | 0 0 0
Function Received Parity Parity 1: Error 0: SCLKO | 0O: Baud rate]
data bit8 |- odd addition Overrun Parity Framing [ r] generator
1: Even 0: Disable 1: SCLKO
1: Enable 1: SCLKO pin input
)
]

— |

|_’ I/O interface input clock selection

0 | Baud rate generator

1 [ SCLKO pin input

— Edge selection for SCLK pin (Input/Output

Parity additions enable

mode)
0 | Transmits and receives
data on rising edge of [J]
SCLKO.
1 | Transmits and receives
data on falling edge of [ 1 ]
SCLKO.
— > Framing error flag
— > Parity error flag } rCeIZZrEd t0 0 when
— > Overrun error flag

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

Received data bit8

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

Figure 3.9.11 Serial Control Register (Channel 0, SCOCR)
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7 6 5 4 3 2 1 0
SCI1CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
1209H
( ) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 0 | 0 | 0 0 0
Function Received Parity Parity 1: Error 0: SCLK1 |O0: Baud rate]
data bit8 0: Odd addition Overrun Parity Framing [ r] generator
1: Even 0: Disable 1: SCLK1
1: Enable 1: SCLK1 pin input
)

— |

|—> I/O interface input clock select

0 | Baud rate generator

1 [SCLK1 pin input

mode)

—>Edge selection for SCLK pin (Input/Output

0 | Transmits and receives
data on rising edge of
SCLK1.

)

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

L
)

—> Framing error flag

—> Parity error flag
—> Overrun error flag

Parity additions enable

Cleared to 0 when
read

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

Received data bit8

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

Figure 3.9.12 Serial Control Register (Channel 1, SC1CR)
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7 6 5 4 3 2 1 0
Sl%icl:ll—?i Bit symbol RB8 EVEN PE OERR PERR FERR - -
( ) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 0 | 0 | 0 0 0
Function Received Parity Parity 1: Error Always write| Always write
data bit8 | 0: Odd addition Overrun Parity Framing “0". “0".
1: Even 0: Disable
1: Enable
1
Frar’nlng error flag Cleared to 0 when
—> Parity error flag read
————— > Overrun error flag
Parity additions enable
0 | Disabled
1 |[Enabled
Even parity addition/check
0 | Odd parity
1 [ Even parity

Received data hit8

Note: As all 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 1 0
BROCR Bit symbol - BROADDE | BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
(1203H) I Read/write RIW
After reset 0 0 o | o o | 0 0
Function Always +(16 - K)/16 | 00: ¢TO
e "0 - avision 0L:¢T2 Divided frequency setting
0: Disable 10: T8
1: Enable 11: ¢T32
[
+ (16 — K)/16 division enable Setting the input clock of baud rate generator
Disable 00 | Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(1204H) I Read/write R/W
After reset 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

BR

OCR

0000 (N =16)| 0010 (N = 2) 0001 (N = 1) (UART only)
<BR0S3:0> to
or to
EBRQQE:E 0> 0001 (N = 1) | 1111 (N = 15) 1111 (N=19)
: 0000 (N = 16)
0000 Disable Disable
0001 (K=1) Disable Divided by Divided by N
to N + (16 — K)/16
1111 (K = 15)

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

N UART mode 1/0 mode
2to 15 O X
1,16 X X

The baud rate generator can be set to “1” in UART mode only when the +(16-K)/16 division function is not
used. Do not use in I/O interface mode.

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

Figure 3.9.14 Baud Rate Generator Control (Channel 0, BROCR, BROADD)
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7 6 5 4 3 2 1 0
BR1CR Bit symbol BR1ADDE | BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(120BH) [ Read/write RIW
After reset 0 0 o | o o | o o [ o
Function Always + (16 - K)/16 | 00: ¢TO
e 10" dvision 01:¢12 Divided frequency setting
0: Disable 10: ¢T8
1: Enable 11: ¢T32
]
+ (16 — K)/16 division enable Input clock selection for baud rate generator
0 | Disabled 00 | Internal clock ¢TO
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
(120CH) Read/Write R/W
After reset 0 | 0 | 0 | 0
Function
Set frequency divisor K
(divided by N + (16 — K)/16)
Baud rate generator frequency divisor setting
BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE> =0
BRICR 0000 (N =16)| 0010 (N=2) | 0001 (N=1)(UART only)
<BR1S3:0> or o to
EBRQ?EE 0> 0001 (N = 1) | 1111 (N = 15) 1111 (N =15)
0000 (N = 16)
0000 Disable Disable
0001 (K=1) Disable | PMded by Divided by N
to N + (16 - K)/16
1111 (K =15)

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

N UART mode 1/0 mode
2to 15 O X
1,16 X X

The baud rate generator can be set “1” in UART mode only when the +(16-K)/16 division function is not used.
Do not use in I/O interface mode.

Note2: Set BR1CR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when the +(16-K)/16
division function is used. Writes to unused bits in the BR1ADD register do not affect operation, and undefined
data is read from these unused bits.

Figure 3.9.15 Baud Rate Generator Control (Channel 1, BR1CR, BR1ADD)
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7 6 5 4 3 2 1 0
BR2CR Bit symbol BR2ADDE | BR2CK1 BR2CKO BR2S3 BR2S2 BR2S1 BR2S0
(1213H) | Read/write RIW
After reset 0 0 o | o o | o o [ o
Function Always + (16 - K)/16 | 00: ¢TO
write “0”.  |division 01: ¢T2 . )
0: Disable 10: 4T8 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
(1214H) Read/Write R/W
After reset 0 | 0 | 0 | 0
Function Set frequency divisor K
(divided by N + (16 — K)/16)
Baud rate generator frequency divisor setting
BR2CR<BR2ADDE> =1 BR2CR<BR2ADDE> =0
<BR2S3:0> to
or to
EBR@EE 0> 0001 (N = 1) | 1111 (N = 15) 1111 (N=19)
) 0000 (N = 16)
0000 Disable Disable
0001 (K=1) Disabie | Dvided by Divided by N
to N + (16 - K)/16
1111 (K = 15)
Notel: Availability of +(16-K)/16 division function
N UART mode 1/0 mode
21015 O X
1,16 X X

The baud rate generator can be set “1” in UART mode only when the +(16-K)/16 division function is not used.
Do not use in I/O interface mode.

Note2: Set BR2CR <BR2ADDE> to 1 after setting K (K = 1 to 15) to BR2ZADD<BR2K3:0> when the +(16-K)/16
division function is used. Writes to unused bits in the BR2ADD register do not affect operation, and undefined
data is read from these unused bits.

Figure 3.9.16 Baud Rate Generator Control (Channel 2, BR2CR, BR2ADD)
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SCOMOD1
(1205H)

SC1IMOD1
(120DH)

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO |(Transmission)

SCOBUF

(1200H)
7 6 5 4 3 2 1 0

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

Note: Prohibit read-modify-write for SCOBUF.

Figure 3.9.17 Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)

7 6 5 4 3 2 1
Bit symbol 12S0 FDPXO0
Read/Write R/W R/W
After reset 0 0
Function IDLE2 Duplex
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 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO |(Transmission)

SC1BUF
(1208H)
7 6 5 4 3 2 1 0

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

Note: Prohibit read-modify-write for SC1BUF.

Figure 3.9.19 Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)

7 6 5 4 3 2 1
Bit symbol 1251 FDPX1
Read/Write R/W R/W
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.9.20 Serial Mode Control Register 1 (Channel 1, SC1IMOD1)
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SC2MOD1
(1215H)

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5 | TB4 | TB3 | TB2 | TB1 | TBO |(Transmission)

SC2BUF
(1210H)
7 6 5 4 3 2 1 0

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

Note: Prohibit read-modify-write for SC1BUF.

Figure 3.9.21 Serial Transmission/Receiving Buffer Registers (Channel 2, SC2BUF)

7 6 5 4 3 2 1
Bit symbol 1252 FDPX2
Read/Write R/W R/W
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.9.22 Serial Mode Control Register 1 (Channel 2, SC2MOD1)
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3.9.4

Operation in Each Mode

(1) Mode 0 (I/0 interface mode)

This mode allows an increase in the number of I/0 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

TMP92C820

TXD

SCLK

Port

Input extension

Shift register

Sl

SCK

Output extension

TMP92C820

TXD

SCLK

Port

RCK

IO mTmmoUoO w>

EEEEEER

TMP92C820

RXD

SCLK

Port

Shift register

QH

CLOCK

rrrrrret

TC74HC595 or equivalent

Input extension

TC74HC165 or equivalent

Figure 3.9.23 SCLK Output Mode Connection Example

Shift register

Sl

SCK

RCK

Al — TMP92C820
B|—

C|l— RXD
D|—

E|— SCLK
F|l—

G|— Port
H|—

Shift register

QH

CLOCK

rrrrrrmt

—— External clock

TC74HC595 or equivalent

—— External clock

Figure 3.9.24 Example of SCLK Input Mode Connection

TC74HC165 or equivalent
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Falling edge mode)

1. Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the
TXDO0 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
transmisison data n\ ((

)]
SCLKO output \
(<SCLKS>=0: T
Rising edge mode) t | l I (’__T | I | | _1
SCLKO output ' ! ' ! (Int nternal clock
(SSCLKS>= 1: {1 | ‘Ll [ |

|

S LD

1
|
-
1
1
1
1
|
1
1

|
. ( .
TXDO X Bito X Bit1 X:z(’ X it X Bit7
1 [ J 1 ]
ITX0C . . ! - . —
(INTTXO interrupt request) 46

Figure 3.9.25 Transmitting Operation in 1/O Interface Mode (SCLKO output mode) (Channel 0)

In SCLK input mode, 8-bit data is output on the TXDO pin when the SCLKO
input becomes active after the data has been written to the transmission buffer by
the CPU.

When all data is output, INTESO<ITX0C> will be set to generate INTTX0
interrupt.

SCLKO input

S PR I N ISy N gy B
pas, e e T T e O e

Falling edge mode)

" " { "
TXDO X Bito X Bitl )Q} Bits X Bit6 X

1 ) 1 1
ITX0C : : | | |

(INTTXO intterrupt request) « |
1]

Figure 3.9.26 Transmitting Operation in 1/O Interface Mode (SCLKO input mode) (Channel 0)
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2. Receiving

In SCLK output mode the synchronous clock is output on the SCLKO pin and
the data is shifted to receiving buffer 1. This is initiated when the receive
interrupt flag INTESO<IRXO0C> is cleared as the received data is read. When 8-bit
data is received, the data is transferred to receiving buffer 2 (SCOBUF) following
the timing shown below and INTESO<IRX0C> is set to 1 again, causing an
INTRXO interrupt to be generated.

Setting SCOMODO<RXE> to 1 initiates SCLK output.

IRX0C

(<SCLKS> = 1:
Falling edge mode)

S GO G
1

(INTRXO interrupt request) }\ (( |
)] !
SCLKO output \
(<SCLKS>=0: \+
Rising edge mode)

| -

1 1
SCLKO output

! L I 1

||
1

!

|
|
X Bite X Bit7_w__

[ D E—
o

e~

Figure 3.9.27 Receiving Operation in I/O Interface Mode (SCLKO output mode)

In SCLK input mode the data is shifted to receiving buffer 1 when the SCLK
input goes active. The SCLK input goes active when the receive interrupt flag
INTESO<IRXO0C> is cleared as the received data is read. When 8-bit data is
received, the data is shifted to receiving buffer 2 (SCOBUF) following the timing
shown below and INTESO<IRXO0C> is set to 1 again, causing an INTRXO0 interrupt
to be generated.

SCLKO input

(<SCLKS>=0:
Rising edge mode) |—-T l——-f
1 1
SCLKO input ' ' i_g
(<SCLKS> = 1: | 1 | 1
|
)

Falling edge mode)

| | | |

———a . LA . . L.

RXD1 L :b( BitO X  Bitl DQ') Bits X Bitb X _Bit7_a_____
1 1 ) 1
IRX0C : |

(INTRXO intterrupt request) ( |
)

Figure 3.9.28 Receiving Operation in 1/O Interface Mode (SCLKO input mode)

Note: The system must be put in the receive enable state (SCOMODO<RXE> = 1) before data can be received.
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3. Transmission and receiving (Full duplex mode)

When full duplex mode is used, set the receive interrupt level to 0 and set

enable the level of transmit interrupt. Ensure that the program which transmits

the interrupt reads the receiving buffer before setting the next transmit data.

The following is an example of this:

Example: Channel 0, SCLK output

Baud rate = 9600 bps

fc =4.9152 MHz

Main routine

7 6 5
INTESO «— 0 0
PFCR «~ X X -
PFFC «~ X X -
SCOMODO  « - - -
SCOMOD1 « 1 1 X
SCOCR «~0 0O
BROCR «<~0 00O
SCOMODO « - - 1
SCOBUF « * * %

INTTXO interrupt routine
Acc «<~SCOBUF

SCOBUF ok
X: Don't care, —: No change

o

o X
O X O F B

[En

o

o

* Clock state [ Clock gear 1/1 (fc)

Set the INTTXO level to 1.

Set the INTRXO level to 0.

Set PFO, PF1, and PF2 to function as the TXDO, RXDO,
and SCLKO pins respectively.

Enable receiving and select I/O interface mode.

Select full duplex mode.

SCLK output, 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) Mode 1 (7-bit UART mode)

7-bit UART mode is selected by setting the serial channel mode register
SCOMODO0<SM1:0> 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> bit; whether even parity

or odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

Example: When transmitting data of the following format, the control registers should be set as described below.

" \statfBioX 1 X 2 X 3 X 4 X 5 X 6 XEeYstop

<«— Transmission direction (Transmission rate: 2400 bps at fsys = 39.3216 MHz)

* Clock state |: Clock gear 1/1 (fc)

7 6 5 43 210
PFCR exX X 1 } Set PFO to function as the TXDO pin.
PFFC «~X X - X - - X1
SCOMODO0O «~ - 0 - - 0 1 0 1 Select 7-bit UART mode.
SCOCR «~-11 - - - 00 Add even parity.
BROCR <0 0101000 Set the transfer rate to 2400 bps.
INTESO «<~X 100 - - - - Enable the INTTXO interrupt and set it to interrupt level 4.
SCOBUF — Kk Rk ok k% ok Set data for transmission.

X: Don't care, —: No change

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

8-bit UART mode is selected by setting SCOMODO0<SM1:0> to 10. In this mode a
parity bit can be added (Use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (Enabled).

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

" \statfBioX 1 X 2 X 3 X 4 X 5 X 6 X3%Ystop

<—— Transmission direction (Transmission rate: 9600 bps at fc = 39.3216 MHz)

* Clock state [ Clock gear 1/1 (fc)

Main settings

76 543 210
PFCR «~— X X - - -0 - Set PF1 to function as the RXDO pin.
SCOMODO «~ - 0 1 - 1 0 0 1 Enable receiving in 8-bit UART mode.
SCOCR «~ - 01 - 0 0 Add odd parity.
BROCR <0 0011000 Set the transfer rate to 9600 bps.
INTESO «~- - - - X 100 Enable the INTRXO interrupt and set it to interrupt level 4.

Interrupt processing

Acc ( SCOCR AND 00011100
if Acc (0 then ERROR

Acc ( SCOBUF Read the received data.
X: Don't care, (: No change

Check for errors.
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(4) Mode 3 (9-bit UART mode)
9-bit UART mode is selected by setting SCOMODO0<SM1:0> to 11. In this mode parity

bit cannot be added.

In the case of transmission the MSB (9th bit) is written to SCOMODO<TBS8>. In the
case of receiving it is stored in SCOCR<RBS&8>. When the buffer is written and read, the
MSB is read or written first, before the rest of the SCOBUF data.

Wakeup function

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

i

i

|

TXD

Master

RXD

TXD RXD

Slave 1

TXD

Slave 2

RXD

TXD

Slave 3

RXD

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

Figure 3.9.29 Serial Link Using Wakeup Function
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Protocol
1. Select 9-bit UART mode on the master and slave controllers.
2.  Set the SCOMODO<WU> bit on each slave controller to 1 to enable data receiving.
3. The master controller transmits data one frame at a time. Each frame includes an 8-bit
select code which identifies a slave controller. The MSB (Bit8) of the data (<TB8>) is
set to 1.
TT N\ startfBioX 1 X 2 X 3 X 4 X5 X6 X7 Y 8 Vstopr
Select code of slave controller “1”
4. Each slave controller receives the above frame. Each controller checks the above select
code against its own select code. The controller whose code matches clears its <WU> bit
to 0.
5. The master controller transmits data to the specified slave controller (The controller
whose SCOMODO<WU> bit has been cleared to 0). The MSB (Bit8) of the data (<TB8>)
is cleared to 0.
T\ statfBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 \sig/Stop*
Data “0”
6. The other slave controllers (whose <WU> bits remain at 1) ignore the received data

because their MSBs (Bit8 or <RB8>) are set to 0, disabling INTRXO interrupts.

The slave controller whose <WU> bit = 0 can also transmit to the master controller. In
this way it can signal the master controller that the data transmission from the master
controller has been completed.
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Example: To link two slave controllers serially with the master controller using the internal clock fio as the transfer

clock.

VW

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.

e Setting the master controller

Main
76 543 210

PFCR «~X X - - - -01 Set PFO and PF1 to function as the TXD0 and RXDO pins

PFFC «~X X - X - - X1 } respectively.

INTESO <11 001 10 1 Enable the INTTXO interrupt and set it to interrupt level 4.
Enable the INTRXO interrupt and set it to interrupt level 5.

SCOMODO0O «~1 0 1 0 1 1 1 0 Set fip as the transmission clock for 9-bit UART mode.

| SCOBUF <0 0 0 O0O0O0O0O 1 Set the select code for slave controller 1.

INTTXO interrupt
SCOMODO0 « 0 - - - - — — - Set TB8 to 0.
SCOBUF — Fk xRk kK % Set data for transmission.

e Setting the slave controller

Main
76 543210
PFCR «~X X - - - -00 Select PF1 and PFO to function as the RXD and TXD pins
PFFC «~X X - X - - X1 } respectively (Open-drain output).
INTESO <1 1 01 1 10 Enable INTRXO0 and INTTXO.
SCOMODO0O «< 0 0 1 1 1 10 Set <WU> to 1 in 9-bit UART transmission mode using fsys
as the transfer clock.
INTRXO interrupt
Acc < SCOBUF
if Acc = select code
Then SCOMODO < ———0————— Clear <WU> to 0.
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3.9.5  Support for IrDA

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.
Figure 3.9.30 shows the block diagram.

Transmission

data | pe-----e-- TXDO R
aa ! IR modulator | 1 IR transmitter&LED ———>
---------- ! bmmmm e m e IR output
SIO0 |Receive Modem IR transceiver module
data | r---------; | IRXDO| r-------- ——————
IR demodulator RXDO ] IR receiver 1< -
—————————— ! R e IR input

TMP92C820

Figure 3.9.30 Block Diagram

(1) Modulation of the transmission data

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

L 1 1 1
Transmission data . Start 1+ | 1 | 0O ' 0 | 101 l 0O ' 0 I Stop |
! ; ! ! ; ! ; ! ; ! |
. 1 1 1 1 1 1
TXDO pin 200 [ N I N O I I S SN ) B ) I
| ! | | ! | ! | ! | !

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
SIO0. Otherwise the modem outputs “1” to SIOO.

The effective pulse width is selected by SIRCR<RXSEL>.

Recehing puse M M\

Receiving pulse ! !
<RXSEL> = “1” —L'Z SN E I
) ) ) ) ) )
1 0 0

Data after modulation Startl | I 1 | 0 I 1 1 | 0 |Stop

=

&

Figure 3.9.32 Receiving Example
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(3) Data format
The data format is fixed as follows:
* Data length: 8 bits
*  Parity bits: None
e  Stop bits: 1
(4) SFRs

Figure 3.9.33 shows the control register SIRCR. Set the data SIRCR during SIOO0 is
stopping. The following example describes how to set this register:

1) SIO setting ; Set the SIO to UART mode.
{

2) LD (SIRCR),07H ; Setthe receive data pulse width to 16X.

3) LD (SIRCR),37H ; TXEN, RXEN enable the transmission and receiving.
{

4) Start transmission
and receiving for
SI00

; The modem operates as follows:
* SIOO starts transmitting.
* IR receiver starts receiving.

(5) Notes
The IrDA 1.0 specification is defined in Table 3.9.4.
1. Making baud rate when using IrDA

In baud rate during using IrDA, must set “01” to SCOMODO0<SC1:0> in SIO by
using baud rate generator. TAOTRG, f10, SCLKO input can not using.
2.  Output pulse width and baud rate generator during transmission IrDA
As the IrDA 1.0 physical layer specification, the data transfer speed and

infra-red pulse width is specified.

Table 3.9.4 Baud Rate and Pulse Width Specifications

. Rate | b se width | Pulse Width | Pulse Width
Baud Rate | Modulation | Tolerance (Minimum) (Typical) (Maximum)
(% of rate)

2.4 kbps RZI +0.87 1.41 ps 78.13 s 88.55 us
9.6 kbps RZI +0.87 1.41 us 19.53 ps 22.13 us
19.2 kbps RZI +0.87 1.41 s 9.77 ps 11.07 ps
38.4 kbps RZI +0.87 1.41 s 4.88 ps 5.96 us
57.6 kbps RZI +0.87 1.41 ps 3.26 us 4.34 us
115.2 kbps RZI +0.87 1.41 ps 1.63 us 2.23 us

The pulse width is defined either baud rate TX 3/16 or 1.6 us (1.6 us is equal to
3/16 pulse width when baud rate is 115.2 kbps).

The TMP92C820 has the function selects the pulse 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.
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As the 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 3.9.5 Baud Rate and Pulse Width for (16 — k)/16 Division Function

Baud Rate
Pulse Width
115.2 kbps | 57.6 kbps | 38.4 kbps | 19.2 kbps | 9.6 kbps 2.4 kbps
T x 3/16 X o ¢} ¢} o ¢}
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
7 6 5 4 3 2 1 0
SIRCR Bit symbol PLSEL RXSEL TXEN RXEN SIRWD3 SIRWD2 SIRWD1 SIRWDO
(1207H) Read/Write R/W
After reset 0 0 0 0 o | o | o | o
Function 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
pulse width | 0: “H” pulse | 1: Enable | 1: Enable | (Value + 1) + 100ns
0: 3/16 1:“L" pulse Can be set: 1to 14
1: 1/16 Can not be set: 0, 15
L I
—> Select receive pulse width
Formula: Effective pulse width > 2x x (Value + 1) + 100ns
x = 1/fgys
0000 | Can not be set
0001 | Equal to or more than 4x + 100 ns
10 | Equal to or more than 30x + 100 ns
1110
1111 | Cannot be set
— > Receive operation
0 Disabled
(Received input is ignored.)
1 Enabled
Transmit operation
0 Disabled
(Input from SIO is ignored.)
1 Enabled
Select transmit pulse width
0 3/16
1 1/16

Note: If a pulse width complying with the IrDA1.0
standard (1.6 pus min.) can be guaranteed with
a low baud rate, setting this bit to “1” will result
in result reduced power dissipation.

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

The TMP92C820 has 1-channel serial bus interface which employs a clocked-synchronous

8-bit SIO mode and an I2C bus mode. It is called SBIO.
The serial bus interface is connected to an external device through P91 (SDA) and P92 (SCL)

in the I2C bus mode; and through P90 (SCK), P91 (SO), P92 (SD in the clocked-synchronous
8-bit SIO mode.
Each pin is specified as follows.

P9ODE<P920DE,
P9CR<P92C, P91C, P90C> POFC<P92F, P91F, POOF>
P910DE>
I’C Bus Mode 11 11X 11X
Clocked Synchronous XX 011 011
8-Bit SIO Mode 010 010  (Note)

X: Don't care
Note : When using Sl input function and SCK input function, set POFC<P92F,P90F> to “0” (Function setting).

3.10.1 Configuration

—> INTSBEO interrupt request (Address/data)

SCL
SCK
—1 P90 (SCK)
SIO
clock
control [
Input/
l output
control
- —1 Po1
$T—> Divider —1 s o) (SO/SDA)
l Transfer _| data control S|
control <:
I°C bus circuit ]
clock | ¢ N —1 P92
i sync. + SI/SCL
L Noise {4 /o Shift ’C bus ) ( )
canceller contro ; Noise SDA
register data control ||
canceller
AN I i
72 |
SBIOCR2/ I2COAR SBIOBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBIO control 1C bus 0 SBIO data SBIO control SBIO baud rate
register 2/ address buffer register 1 register 0, 1
SBIO status register register
register

Figure 3.10.1 Serial Bus Interface 0 (SBI0)
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3.10.2 Serial Bus Interface (SBI) Control

The following registers are used to control the serial bus interface and monitor the
operation status.

e Serial bus interface 0 control register 1 (SBIOCR1)

e Serial bus interface 0 control register 2 (SBIOCR2)

e Serial bus interface 0 data buffer register (SBIODBR)
e 1I2C bus 0 address register (I2COAR)

e Serial bus interface 0 status register (SBIOSR)

e Serial bus interface 0 baud rate register 0 (SBIOBRO)
e Serial bus interface 0 baud rate register 1 (SBIOBR1)

The above registers differ depending on a mode to be used. Refer to section 3.10.4 “I2C
Bus Mode Control Register” and 3.10.7 “Clocked-synchronous 8-Bit SIO Mode Control”.

3.10.3 The Data Formats in the 1°C Bus Mode
The data formats in the I2C bus mode are shown below.

(a) Addressing format

| 8 bits | 1| 1t0 8 bits ——{ 1 &——— 1 t0 8 bits ——| 1 |
T T T 1T [/la A A
S Slave address 1]|C Data C Data cC|P
W[ K K K
} 1 } 1 or more |

(b) Addressing format (with restart)

| 8 bits | 1| 1 to 8 bits 1] | 8 bits ——>| 1 je——— 1t0 8 bits ——| 1 |
T T T TT1 [)la A T T 1T 71 [rla A
S Slave address /|cC Data C|S Slave address l]|C Data CcC|P
w [ K K w | K K
} 1 } 1 or more: | | 1 } 1 or more———]
(c) Free data format (data transferred from master device to slave device)
| 8 hits | 1} 1 to 8 bits ——| 1 j«——— 1 to 8 bits ——] 1|
T T T 1T (A A A
S Data C Data C Data c|P
K K K
I 1 | 1 or more |
S: Start condition

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

Figure 3.10.2 Data Format in the I°C Bus Mode
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3.10.4 I°C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Serial Bus Interface 0 Control Register 1
7 6 5 4 3 2 1 0

SBIOCR1 | Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 | gueKors
1240H
( ) Read/Write w RIW w R/W
Prohibit [ after reset o | o 0 0 o | o 0/1 (Note 3)
modify- Function Number of transferred bits Acknowl- Internal serial clock selection and
write (Note 1) edge mode software reset monitor

specifica- (Note 2)

tion

0: Not

generate
1: Generate

Note 1:
Note 2:
Note 3:

|

Internal serial clock selection <SCK2:0> at write

000 [ n=5 | - (Note 4)

001 | n=6 | — (Note4)

010 [ n=7 | — (Note 4) System clock: fsys
011 n=8 |75.8kHz fsys = 20 MHz

100 | n=9 |[38.5kHz (internal SCL output)
101 | n=10 |19.4 kHz fsy

110 | n=11 [9.73 kHz fscl="n g [H2
111 | Reserved | (Reserved)

Software reset state monitor <SWRMON> at read

0 During software reset

1 Initial data

— Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal

1 Generate clock pulse for acknowledge signal

Number of bits transferred

Set the <BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.

<ACK>=0 <ACK>=1
<BC2:0> | Number of ) Number of .
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

For the frequency of the SCL pin clock, see 3.10.5 (3) “Serial clock”.
Initial data of SCKO is “0”, SWRMON is “1".
Note 4: This I2C bus circuit does not support Fast-mode, it supports the Standard mode only. Although the IZC bus

circuit itself allows the setting of a baud rate over 100kbps, the compliance with the I2C specification is not

guaranteed in that case.

Figure 3.10.3 Registers for the I°C Bus Mode
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Serial Bus Interface 0 Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 SWRSTO
1243H
( ) Read/Write W W (Note 1) W (Note 1)
Prohibit | after reset 0 0 0 1 o | o o | o
modify- Function Master/ Transmitter/ [Start/stop  [Cancel Serial bus interface Software reset generate
write slave receiver condition INTSBEO operating mode write “10” and “01”, then
selection selection generation |interrupt selection (Note 2) an internal software reset
request 00: Port mode signal is generated.
01: SIO mode
10: 1°C bus mode
11: (Reserved)
|—>Serial bus interface operating mode selection (Note 2)
00 | Port mode (Serial bus interface output disabled)
01 | Clocked-synchronous 8-bit SIO mode
10 | I°C bus mode
11 | (Reserved)
—— INTSBEDO interrupt request
0 —
1 | Cancel interrupt request
L Start/stop condition generation
0 | Generates the stop condition
1 | Generates the start condition
Transmitter/receiver selection
0 |Receiver
1 | Transmitter
Master/slave selection
0 |Slave
1 |Master
Note 1: Reading this register function as SBIOSR register.
Note 2: Switch a mode to port mode after confirming that the bus is free.

Switch a mode between I°C bus mode and clocked-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.10.4 Registers for the I°C Bus Mode
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Serial Bus Interface 0 Status Register

7 6 5 4 3 2 1 0
SBIOSR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(1243H) -
Read/Write R
rpggg_ibit After reset 0 0 0 1 0 0 0 0
modify- Function Master/ Transmitter/ |I°C bus INTSBEO Arbitration  [Slave address [GENERAL Last
write slave status |receiver status interrupt lost match CALL received bit
monitor status monitor request detection detection detection monitor
monitor monitor monitor monitor monitor 0: “0”
0: - 0: Undetected |0: Undetected |1: «1”
1: Detected [1: Detected |1: Detected

— |

|—> Last received bit monitor
0 |[Last received bit was “0”

1 [Last received bit was “1”

——> GENERAL CALL detection monitor
0 |Undetected
1 [ GENERAL CALL detected

— > Slave address match detection monitor
0 | Undetected

Slave address match or GENERAL
CALL detected

1

—> Arbitration lost detection monitor
0 —
1 |Arbitration lost

—— > INTSBEO interrupt request monitor
0 [ Interrupt requested

1 |Interrupt canceled

I°C bus status monitor
0 |Free
1 [Busy

Transmitter/receiver status monitor

0 | Receiver

1 [ Transmitter

Master/slave status monitor
0 [Slave
1 | Master

Note: Writing in this register functions as SBIOCR2.
Figure 3.10.5 Registers for the 1°C Bus Mode
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Serial Bus Interface 0 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBIO
(1244H) ,
Read/Write w R/W
Prohibit | Atter reset 0 0
read- - I
modify- | Function ~ |Always IDLE2
write write “0”. 0: Stop
1: Run
Operation during IDLE2 mode
0 |Stop
1 |Operation
Serial Bus Interface 0 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 | Bit symbol P4EN -
(1245H) -
Read/Write w w
Prohibit After reset 0 0
read-
modify- Function Internal Always
write clock write “0”".
0: Stop
1: Operate
Baud rate clock control
0 |Stop
1 |Operate
Serial Bus Interface 0 Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR | Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1241H
( ) Read/Write R (Received)/W (Transfer)
Prohibit After reset Undefined
read-
vn\)rci)tdelfy- Note 1: When writing transmitted data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
Note 2: SBIODBR can't be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibitted.
I°C Bus 0 Address Register
7 6 5 4 3 2 1 0
I2COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(1242H) Read/Write w
Prohibit [ After reset o | o [ o | o | o | o | o 0
modify- Function Slave address selection for when device is operating as slave device Address
write recognition
mode
specification

Address recognition mode specification

l

0

Slave address recognition

1

Non slave address recognition

Figure 3.10.6 Registers for the 1°C Bus Mode
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3.10.5 Control in I°C Bus Mode

(1) Acknowledge mode specification

Set the SBIOCR1<ACK> to “1” for operation in the acknowledge mode. The
TMP92C820 generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to “0” for operation in the non-acknowledge mode. The
TMP92C820 does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

(2) Number of transfer bits

Since the SBIOCR1<BC2:0> is cleared to “000” on start up, a slave address and
direction bit transmissions are executed in 8 bits. Other than these, the <BC2:0>
retains a specified value.

(3) Serial clock
1. Clock source

The SBIOCR1<SCK2:0> is used to specify the maximum transfer frequency for
output on the SCL pin in the master mode. Set the baud rates, which have been
calculated according to the formula below, to meet the specifications of the I2C bus,
such as the smallest pulse width of tLOw.

i tHIGH | tLow 1/fscl i
tLow =2"" ffsg SBIOCR1<SCK2:0> n
tHiGH = 2" /fsp| + 8/fspl 000 5
fscl = (tLow + tHiGH) 001 6
_ _fspy 010 7
2"+8 011 8
100 9
. 101 10
Note: fgp is the clock fsys. 110 11

Figure 3.10.7 Clock Source
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Internal SCL output

(Master A)

Internal SCL output

(Master B)
SCL pin

Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock pin to the 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.

This device has a clock synchronization function which allows normal data
transfer even when more than one master exists on the bus.

The following example explains the clock synchronization procedures used
when there are two masters present on the bus.

Wait counting high-level
width of a clock pulse

! «—— s Start couting high-level width of a clock pulse

A\

| Reset a counter of
rhigh-level width of
' a clock pulse

i

[ PRI R

c
Figure 3.10.8 Clock Synchronization

When master A pulls the internal SCL output to the low level at point “a”, the
bus’s SCL pin goes to the low level. After detecting this, master B resets a counter
of high-level width of an own clock pulse and sets the internal SCL output the low
level.

Master A finishes counting low-level width of an own clock pulse at point “b”
and sets the internal SCL output to the high level. Since master B is holding the
bus’s SCL pin the low level, master A waits for counting high-level width of an own
clock pulse. After master B has finished counting low-level width of an own clock
pulse at point “c” and master A detects the SCL pin of the bus at the high level,
and starts counting high level of an own clock pulse.

The clock pulse on the bus is determined by the master device with the shortest
high-level width and the master device with the longest low-level width from
among those master devices connected to the bus.

(4) Slave address and address recognition mode specification

When this device is to be used as a slave device, set the slave address <SA6:0> and
<ALS> in I2COAR.

Clear the <ALS> to “0” for the address recognition mode.

(5) Master/slave selection

To operate this device as a master device set the SBIOCR2<MST> to “1”.

To operate it as a slave device clear the SBIOCR2<MST> to “0”. The <MST> is
cleared to “0” in hardware when a stop condition is detected on the bus or when
arbitration is lost.
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SCL pin

SDA pin

(6) Transmitter/receiver selection

To operate this device as a transmitter set the SBIOCR2<TRX> to “1”. To operate it
as a receiver clear the SBIOCR2<TRX> to “0”.

When data with an addressing format is transferred in the slave mode, when a slave
address with the same value that an I2COAR or a GENERAL CALL is received (All
8-bit data are “0” after a start condition), the <TRX> is set to “1” in hardware if the
direction bit (R/W ) sent from the master device is “1”, and is cleared to “0” in hardware
if the bit is “0”.

In the master mode, when an acknowledge signal is returned from the slave device,
the <TRX> is cleared to “0” in hardware if the value of the transmitted direction bit is
“1”, and is set to “1” in hardware if the value of the bit is “0”. If an acknowledge signal is
not returned, the current state is maintained.

The <TRX> is cleared to “0” in hardware when a stop condition is detected on the 12C
bus or when arbitration is lost.

(7) Start/stop condition generation
When the SBIOSR<BB> = “0”, slave address and direction bit which are set to
SBIODBR is output on the bus after generating a start condition by writing “1111” to
the SBIOCR2<MST, TRX, BB, PIN>. It is necessary to set transmitted data to the data
buffer register (SBIODBR) and set “1” to the <ACK> beforehand.

|

=
N
w
B
o
o
~
0
©

1

1

-":—\, /a6 X a5 X aa X a3 X A2 X a1 X a0 XRw /

| Acknowledge
! signal

Start condition ! Slave address and the direction bit

Figure 3.10.9 Start Condition Generation and Slave Address Generation

When the SBIOSR<BB> = “1”, the sequence for generating a stop condition can be
initiated by writing “111” to the SBIOCR2<MST, TRX, PIN> and writing “0” to the
SBIOCR2<BB>. Do not modify the contents of the SBIOCR2<MST, TRX, BB, PIN>
until a stop condition has been generated on the bus.

1

SCL pin / T
T |
SDA pin o \ A
1

Stop condition

Figure 3.10.10 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of the SBIOSR<BB>.
The SBIOSR<BB> will be set to “1” if a start condition has been detected on the bus,
and will be cleared to “0” if a stop condition has been detected.

Stop condition generation in master mode have limit. Therefore, please refer to
3.10.6 (4) “Stop condition generation”.
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Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request 0 by transfer of the slave address or
the data (INTSBEO) is generated, the SBIOSR<PIN> is cleared to “0”. The SCL pin is
pulled down to the low-level while the <PIN> = “0”.

The <PIN> is cleared to “0” when a single word of data is transmitted or received.
Either writing data to or reading data from SBIODBR sets the <PIN> to “1”.
The time from the <PIN> being set to “1” until the release of the SCL pin is tLOW.

In the address recognition mode (e.g., when <ALS> = “0”), the <PIN> is cleared to “0”
when the slave address matches the value set in I2COAR or when a GENERAL CALL
is received (All 8-bit data are “0” after a start condition). Although the SBIOCR2<PIN>
can be set to “1” by a program, writing “0” to the SBIOCR2<PIN> does not clear it to “0”.
Serial bus interface operation mode selection

The SBIOCR2<SBIM1:0> is used to specify the serial bus interface operation mode.

Set the SBIOCR2<SBIM1:0> to “10” when the device is to be used in I2C bus mode
after confirming pin condition of serial bus interface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

SCL pin
Internal SDA output
(Master A)

Internal SDA output
(Master B)

SDA pin

Since more than one master device can exist simultaneously on the bus in I12C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA pin is used for I2C bus arbitration.

The following example illustrates the bus arbitration procedure when there are two
master devices 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 pin of the bus is wire-AND and
the SDA pin is pulled down to the low level by master A. When the SCL pin of the bus is
pulled up at point “b”, the slave device reads the data on the SDA pin, that is, data in
master A. Data transmitted from master B becomes invalid. The master B state is
known as “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.

TN S ST

Internal SDA output becomes “1” after
arbitration has been lost.

Figure 3.10.11 Arbitration Lost
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This device compares the levels on the bus’s SDA pin with those of the internal SDA
output on the rising edge of the SCL pin. If the levels do not match, arbitration is lost
and the SBIOSR<AL> is set to “1”.

When the <AL> is set to “1”, the SBIOSR<MST,TRX> are cleared to “00” and the
mode is switched to a slave receiver mode. Thus, clock output is stopped in data
transfer after setting <AL> = “1".

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

Internal
L
Master <SC output

Internal \ D7A XD6A\ D5A /DaAXD3A X D2A XD1A X DOA / \D7AXD6AXD5A X D4A’

SDA output
|—> Stop the clock pulse

Internal 1 2 3 4
Master <SCL output

Internal \ D7B XDGB/ ‘3 Keep internal SDA output to high level as losing arbitration

SDA output

<AL> I/

)

|
K
( )
/
[

Accessed to
SBIODBR or SBIOCR2

Figure 3.10.12 Example of a Master Device B (D7A = D7B, D6A = D6B)

(11) Slave address match detection monitor

The SBIOSR<AAS> is set to “1” in the slave mode, in the address recognition mode
(e.g., when the I2COAR<ALS> = “0”), when a GENERAL CALL is received, or when a
slave address matches the value set in I2COAR. When the I2COAR<ALS> = “1”, the
SBIOSR<AAS> is set to “1” after the first word of data has been received. The
SBIOSR<AAS> is cleared to “0” when data is written to or read from the data buffer
register SBIODBR.

(12) GENERAL CALL detection monitor

The SBIOSR<ADO> is set to “1” in the slave mode, when a GENERAL CALL is
received (all 8-bit received data is “0”, after a start condition). The SBIOSR<ADO> is
cleared to “0” when a start condition or stop condition is detected on the bus.

(18) Last received bit monitor

The value on the SDA pin detected on the rising edge of the SCL pin is stored in the
SBIOSR<LRB>.

In the acknowledge mode, immediately after an INTSBEO interrupt request has
been generated, an acknowledge signal is read by reading the contents of the
SBIOSR<LRB>.
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(14) Software reset function

The software reset function is used to initialize the SBI circuit, when SBI is rocked
by external noises, etc.

An internal reset signal pulse can be generated by setting SBIOCR2<SWRST1:0> to
“10” and “01”. This initializes the SBI circuit internally.

All command (except SBIDCR2<SBIM1:0>) registers and status registers are
initialized as well.

The SBIOCR1<SWRMON> is automatically set to “1” after the SBI circuit has been
initialized.
(15) Serial bus interface data buffer register (SBIODBR)

The received data can be read and the transferred data can be written by reading or
writing the SBIODBR.

When the start condition has been generated in the master mode, the slave address
and the direction bit are set in this register.
(16) I2C bus address register (I2COAR)

I2C0AR<SAG:0> is used to set the slave address when this device functions as a
slave device.

The slave address output from the master device is recognized by setting
I2CO0AR<ALS> is set to “0”. The data format is the addressing format. When the slave
address in not recognized at the <ALS> is set to “1”, the data format is the free data
format.

(17) Baud rate register (SBIOBR1)
Write “1” to the SBIOBR1<P4EN> before operation commences.

(18) Setting register for IDLE2 mode operation (SBIOBRO)

The setting of SBIOBRO<I2SBIO> determines whether the device is operating or is
stopped in IDLE2 mode.

Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.10.6 Data Transfer in I°C Bus Mode

(1) Device initialization

Set the SBIOBR1<P4EN> and the SBIOCR1<ACK, SCK2:0>. Set the
SBIOBR1<P4EN> to “1” and clear bits 7 to 5 and 3 of the SBIOCR1 to “0”.

Set a slave address in I2COAR<SA6:0> and the I2CO0AR<ALS> (<ALS> = “0” when
an addressing format.)

For specifying the default setting to a slave receiver mode, clear “000” to the <MST,
TRX, BB>, set “1” to the <PIN>, set “10” to the <SBIM1:0> and set “00” to the
<SWRST1:0>.

(2) Start condition generation and slave address generation
1. Master mode

In the master mode the start condition and the slave address are generated as
follows.

Check a bus free status (when <BB> = “0”).

Set the SBIOCR1<ACK> to “1” (Acknowledge mode) and specify a slave address
and a direction bit to be transmitted to the SBIODBR.

When the <BB> is ”0”, the start condition is generated by writing “1111” to the
SBIOCR2<MST, TRX, BB, PIN>. Subsequently to the start condition, 9 clocks are
output from the SCL pin. While 8 clocks are output, the slave address and the
direction bit which are set to the SBIODBR. At the 9th clock pulse the SDA pin is
released and the acknowledge signal is received from the slave device.

An INTSBEO interrupt request occurs on the falling edge of the 9th clock pulse.
The <PIN> is cleared to “0”. In the master mode the SCL pin is pulled down to the
low level while the <PIN> is “0”. When an INTSBEO interrupt request occurs, the
value of <TRX> is changed according to the direction bit setting only if the slave
device returns an acknowledge signal.

2. Slave mode
In the slave mode the start condition and the slave address are received.

After the start condition has been received from the master device, while 8
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 an address matching the slave address set in
I2CO0AR is received, the SDA pin is pulled down to the low level at the 9th clock
pulse and an acknowledge signal is output.

An INTSBEO interrupt request occurs on the falling edge of the 9th clock pulse.
The <PIN> is cleared to “0”. In the slave mode the SCL pin is pulled down to the
low-level while the <PIN> = “0”. When an interrupt request occurs, the value of
<TRX> is changed according to the direction bit setting only if the slave device
returns an acknowledge signal.
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SCL pin

[N
N
w
I
(6]
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©

1
1
SDA pin N/ Ae X A5 X A4 X A3 X A2 X AL X A0 X RIw A ACK /
1 - —-_——-
N

- J Acknowledge

%

i o ) signal from a
Start condition Slave address + Direction bit slave device

<PIN> l_

INTSBEO (

interrupt request ﬂ

Output of master
- = = Output of slave

Figure 3.10.13 Start Condition Generation and Slave Address Transfer

(3) 1-word data transfer

Check the <MST> setting using an INTSBEO interrupt process after the transfer of
each word of data is completed and determine whether the device is in the master
mode or the slave mode.

1. When the <MST> is “1” (Master mode)

Check the <TRX> setting and determine whether the device is in the
transmitter mode or the receiver mode.

When the <TRX> is “1” (Transmitter mode)

Check the <LRB> setting. When the <LRB> = “1”, there is no receiver
requesting data. Implement the process for generating a stop condition (See
section 3.10.6 (4).) and terminate data transfer.

When the <LRB> = “0”, the receiver is requesting new data. When the next
transmitted data is 8 bits, write the transmitted data to the SBIODBR. When
the next transmitted data is other than 8 bits, set the <BC2:0>, set the <ACK>
to “1” and write the transmitted data to the SBIODBR. After the data has been
written, the <PIN> is set to “1”, a serial clock pulse is generated to trigger
transfer of the next word of data via the SCL pin, and the word is transmitted.
After the data has been transmitted, an INTSBEO interrupt request is
generated. The <PIN> is set to “0” and the SCL pin is pulled down to the low
level. If the length of the data to be transferred is greater than one word,
repeat the latter steps of the procedure, starting from the check of the <LRB>
setting.

SCL pin 1 2 3 4 5 6 7 8 9
rWrite to SBIODBR

SDA pin \_D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO A ACK /

Acknowledge
signal from a
receiver
<PIN> | |_
INTSBEO (
interrupt request rl

Output from master
- = = Output from slave

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

When the next transmitted data is other than 8 bits, set the <BC2:0> again.
Set the <ACK> to “1” and read the received data from the SBIODBR so as to
release the SCL pin. (The value of data which is read immediately after a
slave address is sent is undefined.) After the data has been read, the <PIN> is
set to “1”. Serial clock pulse for transferring new 1 word of data is defined SCL
and outputs “L” level from SDA pin with acknowledge timing.

An INTSBEO interrupt request is generated and the <PIN> is set to “0”.
Then this device pulls down the SCL pin to the low level. This device outputs a
clock pulse for 1 word of data transfer and the acknowledge signal each time
that received data is read from SBIODBR.

SCL pin 1 2 3 4 5 6 7 8 9
{— Read SBIODBR
SDA pin D7 W D6 W D5 W D4 W D3 W D2 w DL W DO X ACK KNew D7

Acknowledge signal
to a transmitter

<PIN> | L
[

INTSBEO (
interrupt request

Output from master
= = = Output from slave

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

In order to terminate the transmission of data to a transmitter, clear the
<ACK> to “0” before reading data which is 1 word before the last data to be
received. The last data does not generate a clock pulse for the acknowledge signal.
After the data has been transmitted and an interrupt request has been generated,
set the <BC2:0> to “001” and read the data. This device generates a clock pulse for
a 1-bit data transfer. Since the master device is a receiver, the SDA pin on a bus
keeps the high level. The transmitter receives the high-level signal as an ACK
signal. The receiver indicates to the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, this device
generates a stop condition (See section 3.10.6 (4).) and terminates data transfer.

SCL pin 9 1 2 3 4 5 6 7 8 1

SDA pin D7 A _D_G_ -\,\’- _D_5_ -\,\’- D4~ -\,\’- _D_3_ -\,\’- D2 -\,\’- D1 -\,\’- _D_O_ -,r § _______
cknowledge signal

sent to a transmitter
[ I
(’ﬂ C
}

T— “0" — <ACK> read SBIODBR T—“OOl" — <BC2:0>
read SBIODBR

INTSBEO
interrupt request

<PIN> _(|_!
_Ju

Output of master
- — — Output of slave

Figure 3.10.16 Termination of Data Transfer in Master Receiver Mode

92C820-198 2007-02-16



TOSHIBA

TMP92C820

When the <MST> is “0” (Slave mode)

In the slave mode, this device operates either in normal slave mode or in slave
mode after losing arbitration.

In the slave mode, an INTSBEO interrupt request occurs when this device
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete, or after matching a
received slave address. In the master mode, this device operates in a slave mode if
it is losing arbitration. An INTSBEO interrupt request occurs when word data
transfer terminates after losing arbitration. When an INTSBEO interrupt request
occurs, the <PIN> is cleared to “0”, and the SCL pin is pulled down to the low level.
Either reading data to or writing data from the SBIODBR, or setting the <PIN> to
“1” releases the SCL pin after taking tL,Ow time.

Check the SBIOSR<AL>, <TRX>, <AAS>, and <ADO0> and implements
processes according to conditions listed in the next table.
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Table 3.10.1 Operation in the Slave Mode
<TRX>|[ <AL> | <AAS> | <ADO> Conditions Process
1 1 1 0 This device loses arbitration when Set the number of bits in 1 word to the
transmitting a slave address and <BC2:0> and write the transmitted data to
receives a slave address of which the the SBIODBR.
value of the direction bit sent from
another master is “1”.
0 1 0 In the slave receiver mode, this device
receives a slave address of which the
value of the direction bit sent from the
master is “1”.
0 0 In the slave transmitter mode, 1-word Check the <LRB>. If the <LRB> is set to
data is transmitted. “1", set the <PIN> to “1” since the receiver
does not request the next data. Then,
clear the <TRX> to “0” to release the bus.
If the <LRB> is cleared to “0”, set the
number of bits in a word to the <BC2:0>
and write transmitted data to the
SBIODBR since the receiver requests next
data.
0 1 1 1/0 This device loses arbitration when Read the SBIODBR for setting the <PIN>
transmitting a slave address and to “1” (Reading dummy data) or set the
receives a GENERAL CALL or slave <PIN> to “1".
address of which the value of the
direction bit sent from another master is
“0”.
0 0 This device loses arbitration when
transmitting a slave address or data and
terminates transferring word data.
0 1 1/0 In the slave receiver mode, this device
receives a GENERAL CALL or slave
address of which the value of the
direction bit sent from the master is “0".
0 1/0 In the slave receiver mode, the device | Set the number of bits in a word to the

terminates receiving 1-word data.

<BC2:0> and read received data from the
SBIODBR.
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(4) Stop condition generation
When the SBIOSR<BB> is “1”, the sequence of generating a stop condition is started
by setting “111” to the SBIOCR2<MST, TRX, PIN> and “0” to the SBIOCR2<BB>. Do
not modify the contents of the SBIOCR2<MST, TRX, PIN, BB> until a stop condition is
generated on a bus.
When a SCL pin of bus is pulled down by other devices, this device generates a stop
condition after they release a SCL pin and the SDA becomes “1”.

“1" — <MST>
“1" — <TRX>
‘0" — <BB> Stop condition
“1" — <PIN> /7

Internal SCL / Z

SCL pin

SDA Pin

<PIN>

<BB> (Read) /

Figure 3.10.17 Stop Condition Generation (Single master)

" — <MST>
" — <TRX>
" — <BB>
" — <PIN>

Internal SCL [ Z

The case of pulled low ----
by another device /

— Stop condition

H3ug

>

.
SCL Pin !
1

(4 |
A

SDA Pin

<PIN> J“ /
<BB> (Read) |

Figure 3.10.18 Stop Condition Generation (Multi master)
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(5) Restart

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

Clear the SBIOCR2<MST, TRX, BB> to “000” and set the SBIOCR2<PIN> to “1” to
release the bus. The SDA line remains the high level and the SCL pin is released. Since
a stop condition is not generated on the bus, other devices assume the bus to be in a
busy state. Check the SBIOSR<BB> until it becomes “0” to check that the SCL pin of
this device 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 stays in a free state, generate a start condition with procedure described in 3.10.6

(2.

In order to meet setup time when restarting, take at least 4.7 us of waiting time by
software from the time of restarting to confirm that the bus is free until the time to
generate the start condition.

“0" —» <MST> “1" - <MST>
“0" —»> <TRX> “1" > <TRX>
“0" —» <BB> “1" —» <BB>
“1" — <PIN> “1" — <PIN>
|<— 4.7 ps (Min) /— Start condition
SCL line [\ / !
\
Internal SCL / 9 \ / | '
output \ ' i
| 1
SDA line ) / : /\ |
I }
<LRB> K
s> | |
<PIN> | I

Figure 3.10.19 Timing Diagram when Restarting

92C820-202 2007-02-16



TOSHIBA

TMP92C820

3.10.7 Clocked-synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked-synchronous 8-bit SIO mode.

Serial Bus Interface 0 Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 | Bit symbol SIOoS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
1240H
( ) Read/Write w W W
Prohibit | After reset 0 0 o | o o [ o 0
modify- Function Transfer start [Continue/ Transfer mode select Serial clock selection and reset monitor
write 0: Stop abort transfer |00: Transmit mode
1: Start 0: Continue |01: (Reserved)
transfer 10: Transmit/Receive mode
1: Abort 11: Receive mode
transfer
Serial clock selection <SCK2:0> at write
000 [ n=4 |1.25 MHz
001 | n=5 |625kHz System clock: fsys
010 ( n=6 |313 kHz fsys =20 MHz
011 | n=7 (156 kHz (output to SCK pin)
100 | n=8 |78.1 kHz fscl fsvs H
101 | n=9 [39.1 kHz scl=""or — [HZ]
110 |n=10(19.5 kHz
111 - External clock: SCKO
—> Transfer mode selection
00 | 8-bit transmit mode
01 | (Reserved)
10 | 8-bit transmit/receive mode
11 | 8-bit receive mode
Continue/abort transfer
0 [Continue transfer
1 |Abort transfer (Automatically cleared after transfer
aborted)
Indicate transfer start/stop
0 |[Stop
1 |Start
Note: Set the transfer mode and the serial clock after setting <SIOS> to “0” and <SIOINH> to “1".
Serial Bus Interface 0 Data Buffer Register
7 6 5 4 3 2 1 0
(SlBZIﬂDHB;R Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read/Write R (Receiver)/W (Transfer)
Prohibit After reset Undefined
read-
modify-write

Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface 0 Control Register 2

7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol SBIM1 SBIMO - -
(1243H) -
Read/Write W w W
l',:;rgg_'b't After reset 0 | 0 0 0
modify- Function Serial bus interface (Note 2) (Note 2)
write operation mode selection
00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)
Note 1: Set the SBIOCR1<BC2:0> “000” before switching to  Serial bus interface operation mode selection
a clocked-synchronous 8-bit SIO mode. 00 | Port mode (serial bus interface output disabled)
Note 2: Please always write “00” to SBICR2<1:0>. 01 | Clocked-synchronous 8-bit SIO mode
10 | I°C bus mode
11 | (Reserved)
Serial Bus Interface 0 Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol SIOF SEF
(1243H) _
Read/Write R
After reset 0 0
Function Serial transfer|Shift operation
operation status monitor
status monitor

l l

Serial transfer operating status

monitor Shift operation status monitor
0 Transfer terminated 0 Shift operation terminated
1 Transfer in progress 1 Shift operation in progress
Serial Bus Interface 0 Baud Rate Register 0
7 6 5 4 3 2 1 0

SBIOBRO | Bit symbol -
(1244H) -

Read/Write w R/W
Prohibit After reset 0 0
read-
modify- Function Always Always
write write “0”. write “0”.

Note: Clocked-synchronous mode cannot operate in IDLE2 mode.
Serial Bus Interface 0 Baud Rate Register 1
7 6 5 4 3 2 1 0

SBIOBR1 | Bit symbol P4EN -
(1245H) -

Read/Write w w
Prohibit | Atter reset 0 0
read-
modify- Function  |Internal Always
write clock write “0”.

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
1. Clock source
SBIOCR1<SCK2:0> is used to select the following functions:

Internal clock

In an internal clock mode, any of seven frequencies can be selected. The serial
clock is output to the outside on the SCK pin.

When the device is writing (in the transmit mode) or reading (in the receive
mode) data cannot follow the serial clock rate, an automatic wait function is
executed to stop the serial clock automatically and holds the next shift operation
until reading or writing is complete.

Automatic wait function

-
SCKO pin output ||7||8 ||| ||||||||||||

SO0 pin output a5 (asXaz  Xbo) bl:b4 (bs X be X b7 X coXc1)ca
/\/

Write
transmitted data X b XC

Figure 3.10.22 Automatic Wait Function

External clock (<SCK2:0> = “111”)

An external clock input via the SCK pin is used as the serial clock. In order
to ensure the integrity of shift operations, both the high and low-level serial
clock pulse widths shown below must be maintained. The maximum data
transfer frequency is 1.25 MHz (when fsys = 20 MHz).

sckopn L[ L1 L]

tscKL tsckH

tsckL: tsckH > 8 fsys

Figure 3.10.23 Maximum Data Transfer Frequency when External Clock Input
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2. Shift edge

Data is transmitted on the leading edge of the clock and received on the trailing
edge.

(a) Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of
the SCK pin input/output).

(b) Trailing edge shift

Data is shifted on the trailing edge of the serial clock (on the rising edge of
the SCK pin input/output).

SCK pin output T S T A B

SO pin output N\_Bio X it X iz X Bits X B X Bits X Bis X Bi7

Shift register X76543210%x7654321 Xx765432 Xoex 76543 Xrsn 7654 Xwsoes 765 w76 Ywescin

(a) Leading edge

SCK pin S U S B
Sl pin \ B:itO X Bin X Bz X Bit3 X Bita X Bits X Bit6 X Bit7

Shift register Xo X10 X210 X 3210005 X 432105 X5432104 X6543210+X76543210

(b) Trailing edge
*: Don’t care

Figure 3.10.24 Shift Edge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive
mode.

1. 8-bit transmit mode

Set a control register to a transmit mode and write transmission data to the
SBIODBR.

After the transmit data has been written, set the SBIOCR1<SIOS> to “1” to
start data transfer. The transmitted data is transferred from the SBIODBR to the
shift register and output, starting with the least significant bit (LSB), via the SO
pin and synchronized with the serial clock. When the transmission data has been
transferred to the shift register, the SBIODBR becomes empty. The INTSBEO
(Buffer empty) interrupt request is generated to request new data.

When the internal clock is used, the serial clock will stop and the 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 transmission data is
written, the automatic wait function is canceled.

When the external clock is used, data should be written to the SBIODBR before
new data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to the 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.

Data transmission ends when the <SIOS> is cleared to “0” by the INTSBEO
interrupt service program or when the <SIOINH> is set to “1”. When the <SIOS>
1s cleared to “0”, the transmitted mode ends when all data is output. In order to
confirm whether data is being transmitted properly by the program, the <SIOF>
(Bit3 of the SBIOSR) to be sensed. The SBIOSR<SIOF> is cleared to “0” when
transmission has been completed. When the <SIOINH> is set to “1”, transmitting
data stops. The <SIOF> turns “0”.

When the external clock is used, it is also necessary to clear the <SIOS> to “0”
before new data is shifted; otherwise, dummy data is transmitted and operation
ends.
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) Clear <SIOS>
1
<SIoS> | |
é : N\
<SIOF> I
1 1
1 1
<SEF ! !

1 1
SCK pin (Output) g \ !
1 1

SO pin

INTSBEDO interrupt
request

\
SBIODBR XX b
1

Write transmitted data

(a) Internal clock

1
|
<slos> E| |
1
1

<SIOF>

Clear <SIOS>

<SEF>

SCK pin (Input)

SO pin

INTSBEDO interrupt
request

\

SBIODBR XX b
1

Write transmitted data
(b) External clock

Figure 3.10.25 Transfer Mode

Example: Program to stop data transmission (when an external clock is used)

STEST1: BIT 2, (SBIOSR) . If <SEF> = 1 then loop
JR NZ, STEST1

STEST2: BIT 0, (P9) . If SCKO = 0 then loop
JR Z, STEST2
LD (SBIOCR1), 00000111B  ; <SIOS> <« 0
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SCK pin |

<SIOF>

I
7

SO pin Bit6 X Bit7

S —
1 1

tsopH = 3.5/fsys [s] (Min)

Figure 3.10.26 Transmitted Data Hold Time at End of Transmission

8-bit receive mode

Set the control register to receive mode and set the SBIOCR1<SIOS> to “1” for
switching to receive mode. Data is received into the shift register via the SI pin
and synchronized with the serial clock, starting from the least significant bit
(LSB). When the 8-bit data is received, the data is transferred from the shift
register to the SBIODBR. The INTSBEO (Buffer full) interrupt request is
generated to request that the received data be read. The data is then read from
the SBIODBR by the interrupt service program.

When the internal clock is used, the serial clock will stop and the automatic
wait function will be in effect until the received data is read from the SBIODBR.

When the external clock is used, since shift operation is synchronized with an
external clock pulse, the received data should be read from the SBIODBR before
the next serial clock pulse is input. If the received data is not read, further data to
be received is canceled. The maximum transfer speed when an external clock is
used is determined by the delay time between the time when an interrupt request
is generated and the time when the received data is read.

Receiving of data ends when the <SIOS> is cleared to “0” by the INTSBEO
interrupt service program or when the <SIOINH> is set to “1”. If <SIOS> is
cleared to “0”, received data is transferred to the 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, the SBIOSR<SIOF> to be
sensed. The <SIOF> is cleared to “0” when receiving is complete. When it is
confirmed that receiving has been completed, the last data is read. When the
<SIOINH> is set to “17, data receiving stops. The <SIOF> is cleared to “0”. (The
received data becomes invalid, therefore no need to read it.)

Note: When the transfer mode is changed, the contents of the SBIODBR will be lost.
If the mode must be changed, conclude data receiving by clearing the <SIOS>
to “0”, read the last data, then change the mode.
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——— Clear<sios> ——]

<SIOS>

- —
] |

<SEF>

SCK pin (Output)

Sl pin

INTSBEQO interrupt
request

SBIODBR

Read receiver data Read receiver data

Figure 3.10.27 Receiver Mode (Example: Internal clock)

3. 8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIODBR.
After the data is written, set the SBIOCR<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the data is output from the SO
pin, starting from the least significant bit (LSB) and synchronized with the
leading edge of the serial clock signal. When data is received, the data is input via
the SI pin on the trailing edge of the serial clock signal. 8-bit data is transferred
from the shift register to the SBIODBR and the INTSBEO 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. The SBIODBR is
used for both transmitting and receiving. Transmitted data should always be
written after received data is read.

When the internal clock is used, the automatic wait function will be in effect
until the received data is read and the next data is written.

When the external clock is used, since the shift operation is synchronized with
the external clock, the received data is read and transmitted data is written before
a new shift operation is executed. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time at which received data is read and transmitted
data is written.

When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the
SO pin holds final bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when the <SIOS> is cleared to “0” by the
INTSBEO interrupt service program or when the SBIOCR1<SIOINH> is set to “1”.
When the <SIOS> is cleared to “0”, received data is transferred to the 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 the SBIOSR to be sensed. The <SIOF> is set to “0” when
transmitting/receiving is completed. When the <SIOINH> is set to “1”, data
transmitting/receiving stops. The <SIOF> is then cleared to “0”.

Note: When the transfer mode is changed, the contents of the SBIODBR will be lost.
If the mode must be changed, conclude data transmitting/receiving by clearing
the <SIOS> to “0”, read the last data, then change the transfer mode.
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l— clear<sios> —
<SI0S> ‘G o |
<SIOF> |

<SEF>

SCK pin (Output)

SO pin

Sl pin

INTSBEQ interrupt

request

SBIODBR Xa X e Xb X d
Write Read received Write Read received
transmitted data (c) transmitted data (d)
data (a) data (b)

Figure 3.10.28 Transmit/Received Mode (Example: Internal clock)

SCK pin | |
1
1
1
]
1

<SIOF>

I

. . 1
SO pin Bit6 X Bit7 in last transmitted word /
D —

1 1
tsopH = 4/fsys [s] (Min)

Figure 3.10.29 Transmitted Data Hold Time at End of Transmit/Receive
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3.11 Analog/Digital Converter

The TMP92C820 incorporates a 10-bit successive approximation-type analog/digital
converter (AD converter) with 5-channel analog input.

Figure 3.11.1 is a block diagram of the AD converter. The 5-channel analog input pins (ANO to
AN4) are shared with the input-only port (Port G) so they can be used as an input port.

Note: When IDLEZ2, IDLE1 or STOP mode is selected, as to reduce the power, with some timings
the system may enter a standby mode even though the internal comparator is still enabled.
Therefore be sure to check that AD converter operations are halted before a HALT
instruction is executed.

e Internal data bus e
i i ih
<ADTRGE> .
AD mode control register 1, 2 AD mode control register 0
ADMOD1, ADMOD2 ADMODO
<ADCH3:0> <VREFON> <EOCF> <ADBF> <ITMO0> <REPEAT> <SCAN> <ADS>|
Scan
Repeat
Decoder |
*> Interrupt
Busy ADTRG
End
Start
Channel select AD Converter control | INTAD
circuit interrupt
Analog input
AN4 (PG4)[1—
AN3/ADTRG (PG3)[—
AN2 (PG2)[1— Multi- AD Conversion result
AN1 (PG1)[—> register
ANO (P GO)I:I plexer Samhp'ﬁja”d > ADREGOL to ADREGAL
( ) 0 ADREGOH to ADREG4H
Comparator

VREFHD
DA converter C—
VREFLD

Figure 3.11.1 Block Diagram of AD Converter

92C820-212 2007-02-16



TOSHIBA TMP92C820

3.11.1 Analog/Digital Converter Registers

7 6 5 4 3 2 1 0
ADMODO | Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
12B8H -
( ) Read/Write R R/W
After reset 0 0 0 0 0 0 0 0
Function AD conversion|AD conversion|Always write |Always write |Interrupt Repeat mode |Scan mode  |AD conversion
end flag busy flag “0”. ‘0", specification |specification |specification |start
0: Conversion |0: Conversion In conversion 1g: single 0: Conversion |0: Don'’t care
. ; d channel fixed . h |
in progress stoppe repeat mode conversion C anne 1: Start
1: Conversion |1: Conversion 0: Every 1: Repeat fixed mode | conversion
complete in progress conversion conversion |1: Conversion [ajways 0
1: Every fourth mode channel when read
conversion scan mode
I

The AD converter is controlled by the three AD mode control registers: ADMODO,
ADMOD1 and ADMOD2. The five AD conversion data result registers (ADREGOH/L to
ADREG4H/L) store the results of AD conversion. Figure 3.11.2 shows the registers related
to the AD converter.

AD Mode Control Register 0

|—> AD conversion start

0 |Don'’t care

1 | Start AD conversion

Note: Always read as 0.

—> AD scan mode setting

0 | AD conversion channel fixed mode

1 [AD conversion channel scan mode

—> AD repeat mode setting

0 | AD single conversion mode

1 | AD repeat conversion mode

repeat conversion mode

L——— Specify AD conversion interrupt for channel fixed

Channel fixed repeat conversion mode
<SCAN> ="0", <REPEAT> ="1"

Generates interrupt every conversion.

1 | Generates interrupt every fourth conversion.

AD conversion busy flag

AD conversion stopped

1 | AD conversion in progress

AD conversion end flag

Before or during AD conversion

1 | AD conversion complete

Figure 3.11.2 AD Converter Related Register
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMODL1 | Bit symbol VREFON 12AD - - ADCH2 ADCH1 ADCHO
12B9H
( ) Read/Write R/W R/W R/W
After reset 0 0 0 0 0 o | o | o
Function VREF IDLE2 Always write |Always write |Always write Analog input channel selection
application 0: Stop “0”. ‘0", ‘0",
0: OFF 1: Operate
1: ON
Analog input channel selection
<SCAN> 0 1
(ChanneD ( Channel )
<ADCH2:0> fixed scanned
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 (Note) AN3 ANO — AN1 — AN2 — AN3
100 (Note) AN4 ANO — AN1 — AN2 — AN3 — AN4
IDLE2 control
0 | Stopped
1 |In operation
Control of application of reference voltage to
AD converter
0 |OFF
1 [ON
Before starting conversion (before writing 1 to
ADMODO<ADS>), set the <VREFON> bit to 1.
AD Mode Control Register 2
7 6 5 4 3 2 1 0
ADMOD2 | Bit symbol ADTRGE
(12BAH) Read/Write R/W
After reset 0
Eunction AD external
trigger start
control
0: Disable
1: Enable
AD conversion start control by external trigger
(ADTRG input)
0 |Disabled
1 [Enabled
Note: As pin AN3 also function as the ADTRG input pin, do not set <ADCH2:0> = “011, 100" when using ADTRG with <ADTRGE>

setto “1”.

Figure 3.11.3 AD Converter Related Register
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AD Conversion Result Register 0 Low
7 6 5 4 3 2 1 0
ADREGOL | Bit symbol ADRO1 ADROO ADRORF
(12A0H) -
Read/Write R R
After reset Undefined 0
Function | Stores lower 2 bits of AD AD
conversion
conversion result. data storage
flag
1: Conver-
sion result
stored
AD Conversion Result Register 0 High
7 6 5 4 3 2 1 0
ADREGOH| Bit symbol ADRO09 ADRO08 ADRO7 ADRO06 ADRO5 ADRO4 ADRO3 ADRO02
(12A1H) -
Read/Write R
After reset Undefined
Function Stores upper eight bits AD conversion result.
AD Conversion Result Register 1 Low
7 6 5 4 3 2 1 0
ADREGLL | Bit symbol ADR11 ADR10 ADR1RF
(12A2H) -
Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD ?cgwersion
conversion result. result flag
1: Conver-
sion result
stored
AD Conversion Result Register 1 High
7 6 5 4 3 2 1 0
ADREG1H| Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(12A3H) Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
conversion result
| J |
ADREGxXH ) ) ADREGXL
7 6 5 4 3 1 0 7 6 4 3 2 1 0
J
v

e Bits 5to 1 are always read as 1.

» Bit0 is the AD conversion data storage flag <ADRXRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGXxL) is read, the flag is cleared to 0.

Figure 3.11.4 AD Converter Related Registers
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AD Conversion Result Register 2 Low

7 6 5 4 3 2 1 0
ADREG2L | Bit symbol ADR21 ADR20 ADR2RF
(12A4H) Read/Write R R
After reset Undefined 0
Function | Stores lower 2 bits of AD AD
conversion
conversion result. data storage
flag
1: Conver-
sion result
stored
AD Conversion Result Register 2 High
7 6 5 4 3 2 1 0
ADREG2H| Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(12A5H) -
Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
AD Conversion Result Register 3 Low
7 6 5 4 3 2 1 0
ADREGS3L | Bit symbol ADR31 ADR30 ADR3RF
(12A6H) -
Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD ?cgwersion
conversion result. data storage
flag
1: Conver-
sion result
stored
AD Conversion Result Register 3 High
7 6 5 4 3 2 1 0
ADREG3H | Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(12A7H) -
Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x conversion
result
J |
ADREGxH ) ! ADREGxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J
Y

e Bits 5to 1 are always read as 1.

» Bit0 is the AD conversion data storage flag <ADRXRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to 0.

Figure 3.11.5 AD Converter Related Registers

92C820-216 2007-02-16



TOSHIBA TMP92C820

AD Conversion Result Register 4 Low

7 6 5 4 3 2 1 0
ADREGA4L | Bit symbol ADR41 ADR40 ADR4RF
(12A8H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD ?ODH ersion
. Vi |
conversion result. data storage
flag
1: Conver-
sion result
stored
AD Conversion Result Register 4 High
7 6 5 4 3 2 1 0
ADREGA4H| Bit symbol ADR49 ADR48 ADR47 ADR46 ADR45 ADR44 ADR43 ADR42
(12A9H) -
Read/Write R
After reset Undefined
Function Stores upper eight bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x conversion
result
J 1
ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J
Y

e Bits 5to 1 are always read as 1.

* Bit0 is the AD conversion data storage flag <ADRXRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGXL) is read, the flag is cleared to 0.

Figure 3.11.6 AD Converter Related Registers
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3.11.2 Description of Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin; a low-level analog
reference voltage is applied to the VREFL pin. To perform AD conversion, the reference
voltage, the difference between VREFH and VREFL, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between VREFH and VREFL, write a 0 to ADMOD1
<VREFON> in AD mode control register 1. To start AD conversion in the OFF state,
first write a 1 to ADMOD1<VREFON>, wait 3 us until the internal reference voltage
stabilizes (This is not related to fc.), then set ADMODO<ADS> to 1.

(2) Analog input channel selection

The analog input channel selection varies depends on the operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO<SCAN> = 0)
Setting ADMOD1<ADCH2:0> selects one of the input pins ANO to AN4 as the
input channel.
e In analog input channel scan mode (ADMODO<SCAN> = 1)
Setting ADMOD1<ADCH2:0> selects one of the five 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<ADCH2:0> is initialized 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 Fi)f‘ecj 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 ANO — AN1 — AN2 — AN3 — AN4
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(3) Starting AD conversion
To start AD conversion, write a 1 to ADMODO<ADS> in AD mode control register “0”
or ADMOD2<ADTRGE> in AD mode control register 2, and input falling edge on
ADTRG pin. When AD conversion starts, the AD conversion busy flag
ADMODO<ADBF> will be set to 1, indicating that AD conversion is in progress. During
A/D conversion, a falling edge input on the ADTRG pin will be ignored.
(4) AD conversion modes and the AD conversion end interrupt
The four AD conversion modes are:
¢ Channel fixed single conversion mode
¢ Channel scan single conversion mode
e (Channel fixed repeat conversion mode
e (Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO0<SCAN> settings in AD mode control
register 0 determine the AD mode setting.

Completion of AD conversion triggers an INTAD AD conversion end interrupt
request. Also, ADMODO<EOCEF> will be set to 1 to indicate that AD conversion has
been completed.

a. Channel fixed single conversion mode

Setting ADMODO<REPEAT> and ADMODO0O<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,
ADMODO0<ADBF> is cleared to 0, and an INTAD interrupt request is generated.

b. Channel scan single conversion mode
Setting ADMODO<REPEAT> and ADMODO<SCAN> to 01 selects conversion

channel scan single conversion mode.

In this mode data on the specified scan channels is converted once only. When
scan conversion has been completed, ADMODO<EOCF> is set to 1,
ADMODO<ADBEF> is cleared to 0, and an INTAD interrupt request is generated.
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c. Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> 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<ADBEF> is not cleared to 0 but held at 1. INTAD interrupt request
generation timing is determined by the setting of ADMODO<ITMO>.

Setting <ITMO0> to 0 generates an interrupt request every time an AD
conversion is completed. Setting <ITMO> to 1 generates an interrupt request on
completion of every fourth conversion.

d. Channel scan repeat conversion mode

Setting ADMODO<REPEAT> 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> is set to 1 and an
INTAD interrupt request is generated. ADMODO<ADBF> is not cleared to 0 but
held at 1.

To stop conversion in a repeat conversion mode (e.g., in cases c. and d.), write a 0
to ADMODO<REPEAT>. After the current conversion has been completed, the
repeat conversion mode terminates and ADMODO<ADBEF> is cleared to 0.

Switching to a halt state IDLE2 mode with ADMOD1<I2AD> cleared to 0,
IDLE1 mode or STOP mode) immediately stops operation of the AD converter
even when AD conversion is still in progress. In repeat conversion modes (e.g., in
cases c. and d.), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g., in cases a. and b.), conversion does not restart
when the halt is released (The converter remains stopped).

Table 3.11.2 shows the relationship between the AD conversion modes and
interrupt requests.

Table 3.11.2 Relationship between AD Conversion Modes and Interrupt Requests

Mode Interrupt Request ADMODO
Generation <ITMO> |<REPEAT>| <SCAN>

Channel Fixed Single After completion of X 0 0
Conversion Mode conversion

Channel Scan Single | After completion of scan X 0 1
Conversion Mode conversion

Channel Fixed Repeat Every conversion 1 0
Conversion Mode Every 4th conversion 1

Channel Scan Repeat After completion of X 1 1
Conversion Mode every scan conversion
X: Don't care

92C820-220 2007-02-16



TOSHIBA

TMP92C820

(5)

(6)

AD conversion time

132 state (6.6 us at fsys = 20 MHz) are required for the AD conversion of one
channel.

Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREGOH/L to ADREG4H/L)
store the results of AD conversion. (ADREGOH/L to ADREG4H/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREGOH/L to ADREG3H/L. In other modes the ANO, AN1,
ANZ2, AN3, AN4 conversion results are stored in ADREGOH/L, ADREG1H/L,
ADREG2H/L, ADREG3H/L and ADREG4H/L respectively.

Table 3.11.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.11.3 Correspondence between Analog Input Channels and
AD Conversion Result Registers

AD Conversion Result Register
Analog Input Channel . Channel Fixed Repeat
(Port G) Conversion Modes ;
other than at Right Conversion Mode
(<ITMO>=1)
ADREGOH/L
ANO
ADREGOH/L
ADREG1H/L
AN1
ADREG1H/L
ADREG2H/L
AN2
ADREG2H/L
3 ADREG3HI/L
AN ADREG3H/L
AN4 ADREG4HI/L

<ADRxRF>, bit0 of the AD conversion data lower register, is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a conversion result is stored in the AD
conversion result register, the flag is set to 1. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to 0.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF> to 0.
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Setting example:
1. Convert the analog input voltage on the AN3 pin and write the result, to memory address 0800H using the AD
interrupt (INTAD) processing routine.

Main routine:
7 76 543210
INTEOAD <1100 - - - - Enable INTAD and set it to interrupt level 4.
ADMOD1 <11 000011 Set pin AN3 to be the analog input channel.
| ADMODO <~ - - 000O0O0I1 Start conversion in channel fixed single conversion mode.

Interrupt routine processing example:

WA <« ADREG3 Read value of ADREG3L and ADREG3H into 16-bit
general-purpose register WA.
WA >>6 Shift contents read into WA 6 times to right and zero-fill
upper bits.
| (0800H) <~ WA Write contents of WA to memory address 0800H.

2. This example repeatedly converts the analog input voltages on the three pins ANO, AN1 and AN2, using channel
scan repeat conversion mode.

INTEOAD <1000 - - - - Disable INTAD.
ADMOD1 <11 00O0O0 10 Set pins ANO to AN2 to be the analog input channels.
ADMODO <~ - - 000111 Start conversion in channel scan repeat conversion mode.

X: Don't care, (: No change
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3.12 Watchdog Timer (Runaway detection timer)

The TMP92C820 contains a watchdog timer of runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the 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. (The level of
external RESET pin is not changed.)

3.12.1 Configuration

Figure 3.12.1 is a block diagram of the watchdog timer (WDT).

fio

Internal reset

WDMOD<RESCR>

l

Reset control

:

)
WDMOD Selector
<WDTP1:0>
215 T 217T ZIQT 221T
. Q
Binary counter
(22 stages) R s
Reset é
Write Write
4EH BiH WDMOD
<WDTE>

WDT control register WDCR

7

Figure 3.12.1 Block Diagram of Watchdog Timer

L

Internal data bus

INTWD
interrupt

RESET

Internal reset

Note: Care must be exercised in the overall design of the apparatus since the watchdog timer may fail to function

correctly due to external noise, etc.
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3.12.2

WDT counter n X Overflow X

WDT interrupt | |

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be cleared to zero in software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instruction used to clear the
binary counter, the binary counter will overflow and an INTWD interrupt will be generated.
The CPU will detect malfunction (runaway) due to the INTWD interrupt, and in this case it
is possible to return the CPU to normal operation by means of an anti-malfunction
program.

The watchdog timer begins operating immediately on release of the watchdog timer
reset.

The watchdog timer is reset and halted in IDLE1 or STOP mode. The watchdog timer
counter continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, the operation of the WDT depends on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

The watchdog timer consists of a 22-stage binary counter which uses the clock fsys as the

input clock. The binary counter can output 215/f10, 217/f10, 219/f10 and 22Y/f10.

X 0

~

TN N
T~ S~

.

)]
WDT clear Write clear code
(Software) (

17

WDT counter n

WDT interrupt

Figure 3.12.2 Normal Mode

The runaway detection result can also be connected to the reset pin internally. In this
case, the reset time will be between 44 and 58 system clocks (35.2 to 46.4pus at fOSCH = 40
MHz) as shown in Figure 3.12.3. After a reset, the 10 clock (1 cycle = 1 state) is fFPH/4,
where fFPH is generated by dividing the high-speed oscillator clock (fosCH) by sixteen
through the clock gear function

Overflow

g~
=~

.
hury

Internal reset |

| |
! 44 to 58 system clocks (35.2 to 46.4 us at fgys = 20 MHz) !

Figure 3.12.3 Reset Mode
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3.12.3 Control Registers
The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

(1) Watchdog timer mode register (WDMOD)
a. Setting the detection time for the watchdog timer in <WDTP1:0>

This 2-bit register is used for setting the watchdog timer interrupt time used
when detecting runaway.

On a reset this register is initialized to WDMOD<WDTP1:0> = 00.
The detection times for WDT is 215/f10 [s]. (The number of system clocks is
approximately 65,536.)
b. Watchdog timer enable/disable control register <WDTE>
At reset, the WDMOD<WDTE> is initialized to 1, enabling the watchdog timer.

To disable the watchdog timer, it is necessary to set this bit to 0 and to write the
disable code (B1H) to the watchdog timer control register WDCR. This makes it
difficult for the watchdog timer to be disabled by runaway.

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

c. Watchdog timer out reset connection <RESCR>
This register is used to connect the output of the watchdog timer with the
RESET terminal internally. Since WDMOD<RESCR> is initialized to O at reset, a
reset by the watchdog timer will not be performed.
(2) Watchdog timer control register (WDCR)
This register is used to disable and clear the binary counter for the watchdog timer.
¢ Disable control

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

WDCR «<01001110 Write the clear code (4EH).
WDMOD <0 - - X0 - -0 Clear WDMOD<WDTE> to 0.
WDCR <1 0110001 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 <01 001110 Write the clear code (4EH).
Notel: If the disable control is used, set the disable code (B1H) to WDCR after writing the clear code (4EH) once.

(Please refer to setting example.)

Note2: If the watchdog timer setting is changed, change setting after setting to disable condition once.
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7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO - 12WDT RESCR -
1300H
( ) Read/Write R/W R/W
After reset 1 o | o 0 0 0 0
Function WDT Select detecting time Always IDLE2 1:Internally |Always
control 00: 215/f|o write “0”. 0: Stop connects |write “0”.
1: Enable 01: 2Yjs 1: Operate WDT out
: 10 ) to the
10: 2"/ reset pin
11: 2°%fio
|—»Watchdog timer out control
0 —
1 | Connects WDT out to a reset
-—— > IDLEZ2 control
0 [ Stop
1 | Operation
Watchdog timer detection time
00 | 2"/,0 (Approximately 3.28 ms
at foscH = 40 MHz)
01 [ 2"o (Approximately 13.1 ms
at foscH = 40 MHz)
10 | 210 (Approximately 52.4 ms
at foscH = 40 MHz)
11 | 2o (Approximately 210 ms
at foscH = 40 MHz)
Watchdog timer enable/disable control
0 | Disabled
1 |[Enabled
Figure 3.12.4 Watchdog Timer Mode Register
7 6 5 4 3 2 1 0
WDCR Bit symbol -
(1301H) -
Read/Write W
Prohibit After reset _
read-
modify- Function B1H: WDT disable code
write

4EH: WDT clear code

L—— WDT disable/clear control
B1H Disable code
4EH Clear code

Others -

Figure 3.12.5 Watchdog Timer Control Register
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3.13 Real Time Clock (RTC)

3.13.1 Function Description for RTC

(1) Clock function (Hour, minute, second)

(2) Calendar 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) Alarm interrupt generate

(7) Divided power supply
3.13.2 Block Diagram

16 Hz clock
32 kHz clock ——| Divider
1 Hz clock
ALARM register
{} ZANIVZAN
Carry

hold (1s) Comparator— ] ——
ALARM

{}

—> Clock

Address bus

C—

DATA bus

Adjust

Read/Write control

DO to D7

f

Address

Figure 3.13.1 RTC Block Diagram

Note 1: Western calendar year column:

ALARM select|

[ ALARM

—> INTRTC

This product uses only the final two digits of the year. Therefore, the year following 99 is 00
years. In use, please take into account the first two digits when handling years in the western

calendar.

Note 2: Leap year:

Aleap year is divisible by 4, but the exception is any leap year which is divisible by 100; this is
not considered a leap year. However, any year which is divisible by 400, is a leap year. This
product does not take into account the above exceptions . Since this product accounts only for
leap years divisible by 4, please adjust the system for any problems.
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3.13.3 Detailed Explanation of Control Register

RTC is not initialized by system 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 SEO
(1320H) Read/Write R/W
After reset Undefined
Function "0" is read. 40 sec. 20 sec. 10 sec. 8 sec. 4 sec. 2 sec. 1 sec.
column column column column column column column
0 0 0 0 0 0 0 0 sec
0 0 0 0 0 0 1 1sec
0 0 0 0 0 1 0 2 sec
0 0 0 0 0 1 1 3 sec
0 0 0 0 1 0 0 4 sec
0 0 0 0 1 0 1 5 sec
0 0 0 0 1 1 0 6 sec
0 0 0 0 1 1 1 7 sec
0 0 0 1 0 0 0 8 sec
0 0 0 1 0 0 1 9 sec
0 0 1 0 0 0 0 10 sec
0 0 1 1 0 0 19 sec
0 1 0 0 0 20 sec
0 0 0 0 29 sec
0 1 0 0 30 sec
0 0 39 sec
0 0 40 sec
0 1 0 0 1 49 sec
0 0 0 0 50 sec
1 0 1 1 0 0 1 59 sec
Note: Do not set data other than as shown above.
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MINR
(1321H)

(2) Minute column register (for PAGE0/1)

7

6

5

4

3

Bit symbol

MI6

MI5

Mi4

MI3

MI2

Mi1

MIO

Read/Write

R/W

After reset

Undefined

Function

“0” is read.

40 min
column

20 min
column

10 min
column

8 min
column

4 min
column

2 min
column

1 min
column

0 min

1 min

2 min

3 min

4 min

5 min

6 min

7 min

8 min

9 min

o|lo|o|o|o|o|o|o|o|Oo|O

o|lo|o|o|o|o|o|o|o|Oo|O

P|O|J|O|O|O|O|O|O|O|O|O

O|r|r,r|O|O|O|O|O|O|O|O
o|lo|o|r |||, |O|O|O|O

o|lo|Oo|r|FP,|O|O|FR |, |O|O

o|lr|O|rRr|O|FR|O|R|O|FR]|O

10 min

o

o

=
o

o

19 min

O |

20 min

29 min

30 min

39 min

40 min

49 min

50 min

1

0

1

1 0

59 min

Note: Do not set data other than as shown above.
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(3) Hour column register (for PAGE0/1)
1. In 24-hour clock mode MONTHR<MOO0> = “1”)
7 6 5 4 3 2 1 0
HOURR Bit symbol HO5 HO4 HO3 HO2 HO1 HOO0
(1322H) Read/Write R/W
After reset Undefined
Function “0" is read. 20 hours 10 hours 8 hours 4 hours 2 hours 1 hour
column column column column column column
0 0 0 0 0 0 o’clock
0 0 0 1 1 o’clock
0 0 2 o'clock
0 0 0 8 o’clock
0 0 0 9 o’clock
0 1 0 0 10 o'clock
1 1 0 0 1 19 o’clock
0 0 20 o’clock
[ 2 | o [ o [ o | 1 1 23 o'clock
Note: Do not set data other than as shown above.
2. In 12-hour clock mode MONTHR<MOO0> =“0")
7 6 5 4 3 2 1 0
HOURR Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(1322H) Read/Write R/W
After reset Undefined
Function “0" is read. PM/AM 10 hours 8 hours 4 hours 2 hours 1 hour
column column column column column
0 o’clock
0 0 0 0 0 0 (AM)
0 0 1 1 o’clock
0 0 0 0 1 0 2 o'clock
0 0 1 0 0 1 9 o'clock
0 1 0 0 0 0 10 o’clock
0 1 0 0 0 1 11 o’clock
1 0 0 0 0 0 0 o’clock
(PM)
1 0 0 0 0 1 1 o’clock

Note: Do not set data other than as shown above.
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(4) Day of the week column register (for PAGE0/1)
7 6 5 4 3 2 1 0
DAYR Bit symbol WE?2 WE1 WEO
(1323H) | Read/Write RIW
After reset Undefined
Function “0” is read. W2 w1 WO
0 0 0 Sunday
0 0 1 Monday
0 1 0 Tuesday
0 1 1 Wednesday
1 0 0 Thursday
1 0 1 Friday
1 1 0 Saturday
Note: Do not set data other than as shown
above.
(5) Day column register (PAGEO0/1)
7 6 5 4 3 2 1 0
DATER Bit symbol DA5 DA4 DA3 DA2 DA1 DAO
(1324H) Read/Write R/W
After reset Undefined
Function “0" is read. Day 20 Day 10 Day 8 Day 4 Day 2 Day 1
0 0 0 0 0 0 0
0 0 0 0 0 1 1st day
0 0 0 0 1 0 2nd day
0 0 0 0 1 1 3rd day
0 0 0 1 0 0 4th day
0 0 1 0 0 9th day
0 0 0 0 10th day
0 0 0 0 1 11th day
1 0 0 1 19th day
1 0 0 20th day
1 0 1 0 0 29th day
1 1 0 0 0 30th day
1 1 0 0 0 1 31st day
Notel: Do not set data other than as shown above.
Note2: Do not set for non-existent days (e.g.: 30th Feb).
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(6) Month column register (for PAGEO only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO4 MO4 MO2 MO1 MO0
(1325H) Read/Write R/W
After reset Undefined
Function “0” is read. 10 months | 8 months 4 months 2 months 1 month
0 0 0 0 1 January
0 0 0 1 0 February
0 0 0 1 1 March
0 0 1 0 0 April
0 0 1 0 1 May
0 0 1 1 0 June
0 0 1 1 1 July
0 1 0 0 0 August
0 1 0 0 1 September
1 0 0 0 0 October
1 0 0 0 1 November
1 0 0 1 0 December
Note: Do not set data other than as shown above.
(7) Select 24-hour clock or 12-hour clock (for PAGE1 only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO0
(1325H) Read/Write R/W
After reset Undefined
Function . 1: 24-hour
“0" is read.
0: 12-hour
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(8) Year column register (for PAGEO only)
7 6 5 4 3 2 1 0
YEARR Bit symbol YE7 YEG6 YES5 YE4 YE3 YE2 YE1 YEO
(1326H) Read/Write R/W
After reset Undefined
Function 80 years 40 years 20 years 10 years 8 years 4 years 2 years 1 year
0 0 0 0 0 0 0 0 00 years
0 0 0 0 0 0 0 1 01 years
0 0 0 0 0 0 1 0 02 years
0 0 0 0 0 0 1 1 03 years
0 0 0 0 0 1 0 0 04 years
0 0 0 0 0 1 0 1 05 years
1 | o | o [ 1 ] 1 | o [ o | 1 | o9years
Note: Do not set data other than as shown above.
(9) Leap year register (for PAGE1 only)
7 6 5 4 3 2 1 0
YEARR Bit symbol LEAP1 LEAPO
(1326H) Read/Write R/W
After reset Undefined
Function 00: Leap year
01: One year after
leap year
“0" is read. 10: Two years after
leap year
11: Three years after
leap year
0 0 [ Current year is a leap year
0 1 Currept year is the year
following a leap year
1 0 Current year is two years after
a leap year
1 1 Current year is three years
after a leap year
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(10) Setting PAGE register (for PAGEO0/1)
7 6 5 4 3 2 1 0
PAGER Bit symbol INTENA ADJUST ENATMR | ENAALM PAGE
(1327H) Read/Write RIW w RIW RIW
After reset 0 Undefined Undefined Undefined
Read-modify-write| Function INTRTC 0: Don't Clock ALARM PAGE
instruction is 0: Disable “0” is read. care |0: Disable |0: Disable | “0”is read. | selection
prohibited. 1: Enable 1:Adjust | 1:Enable | 1:Enable
Note: Please keep the setting order below of <ENATMR>, <ENAAML> and <INTENA>. Set different times for
Clock/Alarm setting and interrupt setting.
(Example) Clock setting/Alarm setting
Id (pager), Och Clock, Alarm enable
Id (pager), 8ch Interrupt enable
0 Select Page0
PAGE
1 Select Pagel
Don't care
Adjust sec. counter.
When this bit is set to “1” the sec. counter
becomes “0” when the value of the sec. counter
ADJUST is 0 —29. When the valge of the sec. counter is
30-59, the min. counter is carried and sec.
counter becomes "0". Output Adjust signal
during 1 cycle of fgys. After being adjusted
once, Adjust is released automatically.
(PAGEDO only)
(11) Setting reset register (for PAGEO0/1)
7 6 5 4 3 2 1 0
RESTR Bit symbol DIS1Hz DIS16Hz RSTTMR RSTALM - - - -
(1328H) Read/Write w
Read-modify | After reset Undefined
write-instructiof Fynction 1Hz 16Hz 1:Clock 1: Alarm
nis prohibited. 0: Enable | 0: Enable reset reset Always write “0”
1: Disable | 1: Disable
0 Unused
RSTALM -
1 Reset alarm register
0 Unused
RSTTMR
1 Reset counter
(PAGER) .
<DIS1HZ> <DIS1HZ> Source signal
<ENAALM>
1 1 1 Alarm
0 1 0 1Hz
1 0 0 16Hz
Others Output “0”
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3.13.4 Operational description
(1) Reading clock data
1. Using 1Hz interrupt

1Hz interrupt and the count up of internal data synchronize. Therefore, data
can read correctly if reading data after 1Hz interrupt occurred.

2. Using two times reading

There is a possibility of incorrect clock data reading when the internal counter
carries over. To ensure correct data reading, please read twice, as follows:

C s D

PAGER<PAGE>="0",
Select PAGEO

Read the clock data
(1st)

Read the clock data
(2nd)

NO
1st data = 2nd data

YES

( END >

Figure 3.13.2 Flowchart of clock data read
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(2) Writing clock data

When a carry over occurs during a write operation, the data cannot be written correctly.
Please use the following method to ensure data is written correctly.

1. Using 1Hz interrupt

1Hz interrupt and the count up of internal data synchronize. Therefore, data
can write correctly if writing data after 1Hz interrupt occurred.

2. Resetting a counter

There are 15-stage counter inside the RTC, which generate a 1Hz clock from
32,768 KHz. The data is written after reset this counter.

However, if clearing the counter, it is counted up only first writing at half of the
setting time, first writing only. Therefore, if setting the clock counter correctly,
after clearing the counter, set the 1Hz-interrupt to enable. And set the time after
the first interrupt (occurs at 0.5Hz) is occurred.

C s D

PAGER<PAGE>="0",
Select PAGEO

RESTR<RSTTMR> =“1"
reset counter

RESTR<DIS1HZ> ="“0"
enable 1Hz interrupt

— NO
First interrupts occur
(After 0.5S)

YES

Sets the time

( END )

Figure 3.13.3 Flowchart of data write
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Disabling the clock

A clock carry over is prohibited when “0” is written to PAGER<ENATMR> in
order to prevent malfunction caused by the Carry hold circuit. While the clock is
prohibited, the Carry hold circuit holds a one sec. carry signal from a divider.
When the clock becomes enabled, the carry signal is output to the clock, the time
is revised and operation continues. However, the clock is delayed when
clock-disabled state continues for one second or more. Note that at this time
system power is down while the clock is disabled. . In this case the clock is stopped
and clock is delayed.

C s D

Disable the clock

Read the clock data

Enable the clock

C o

Figure 3.13.4 Flowchart of Clock disable
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3.13.5 Explanation of the interrupt signal and alarm signal

The alarm function used by setting the PAGE1 register and outputting either of the
following three signals from ALARM pin by writing “1” to PAGER<PAGE>. INTRTC
outputs a 1-shot pulse when the falling edge is detected. RTC is not initialized by RESET.
Therefore, when the clock or alarm function is used, clear interrupt request flag in INTC
(interrupt controller).

(1) When the alarm register and the clock correspond, output “0”.
(2) 1Hz Output clock .

(3) 16Hz Output clock.

(1) When the alarm register and the clock correspond, output “0”

When PAGER<ENAALM>= “1”, and the value of PAGEO clock corresponds with
PAGE]1 alarm register, output “0” to ALARM pin and generate INTRTC.

The methods for using the alarm are as follows:

Initialization of alarm is done by writing “1” to RESTR<RSTALM>. All alarm
settings become Don’t care. In this case, the alarm always corresponds with value of
the clock, and if PAGER<ENAALM> is “1”, INTRTC interrupt request is generated.

Setting alarm min., alarm hour, alarm date and alarm day is done by writing data to
the relevant PAGE] register.

When all setting contents correspond, RTC generates an INTRTC interrupt if
PAGER<INTENA><ENAALM> is “1”. However, contents which have not been set up
(don't care state) are always considered to correspond.

Contents which have already been set up, cannot be returned independently to the
Don't care state. In this case, the alarm must be initialized and alarm register reset.

The following is an example program for outputting an alarm from ALARM -pin at
noon (PM12:00) every day.

LD (PAGER), 09H ; Alarm disable, setting PAGE1
LD (RESTR), DOH ; Alarm initialize
LD (DAYR), 01H ;WO
LD (DATAR),01H 1 day
LD (HOURR), 12H ; Setting 12 o’clock
LD (MINR), OOH ; Setting 00 min
; Setuptime 31 us (Note)
LD (PAGER), OCH ; Alarm enable
( LD (PAGER), 8CH ; Interrupt enable )

When the CPU is operating at high frequency oscillation, it may take a maximum of
one clock at 32 kHz (about 30us) for the time register setting to become valid. In the
above example, it is necessary to set 31us of set up time between setting the time
register and enabling the alarm register.

Note: This set up time is unnecessary when you use only internal interruption.
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(2) With 1Hz output clock

RTC outputs a clock of 1Hz to ALARM pin by setting up PAGER<ENAALM>= “0”,
RESTR<DIS1HZ>= “0", <DIS16HZ>= “1". RTC also generates an INTRC interrupt on
the falling edge of the clock.

(3) With 16Hz output clock

RTC outputs a clock of 16Hz to ALARM pin by setting up PAGER<ENAALM>= “0”,
RESTR<DIS1HZ>= “1”, <DIS16HZ>= “0". RTC also generates INTRC an interrupt on
the falling edge of the clock.
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3.14 LCD Controller (LCDC)

The TMP92C820 incorporates two types liquid crystal display driving circuit for controlling
LCD driver LSI. One circuit handles a RAM built-in type LCD driver that can store display data
in the LCD driver itself, and the other circuit handles a shift-register type LCD driver that
must serially transfer the display data to LCD driver for each display picture.

e  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
size to external LCD driver through data bus. At this time, control signals 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.

As the DISPLAY RAM, SDRAM burst mode can be used in TMP92C820.

¢ RAM built-in type LCD driver control mode (RAM mode)

Data transmission to LCD driver is executed by move instruction of CPU.

After setting mode of operation to control register, when moves instruction of CPU is executed,
LCDC outputs chip select signal to LCD driver connected to the outside from control pin
(D1BSCP etc). Therefore control of data transmission numbers corresponding to LCD size is
controlled by instruction of CPU.

This section is constituted as follows.
3.14.1 Feature of LCDC of Each Mode

3.14.2 Block Diagram
3.14.3 SFRs
3.14.4 Shift Register Type LCD Driver Control Mode (SR mode)
3.14.4.1 Operation
3.14.4.2 Grayscale 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 Examples to Use
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 Examples to Use
3.14.5.3 Sample Program
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3.14.1 Feature of LCDC of Each Mode

Each feature and operation of pin is as follows.

Table 3.14.1 Feature of LCDC of Each Mode

Shift-register Type LCD Driver
Control Mode

RAM Built-in Type LCD Driver
Control Mode

The number of picture
elements can be handled

Common (Row): 128, 160, 200, 240,

320, 400, 480
128, 160, 240, 320,
400, 480, 560, 640

Segment (Column):

There is not a limitation

External
pins

LD7 to LDO pin

column driver.

Transfer data bus width 32 bits or 16 bits 8 bits fixed
Internal RAM Not allow to use Allow to use
Transfer rate 50 ns/1 word at SDRAM/BURST

(at fgys = 20 [MHz]) 100 ns/1 word at SRAM -
LCD data bus: Data bus: Connect to data input pin of Not used

Data bus: Not used Data bus: Connect to data input pin of

D7 to DO pin LCD driver.

Bus state: RIW pin Not used Bus state: Cor?nect with /WR pin of
column/row driver.
Address 0: Connect with D/l pin of
column driver.

Address bus: A0 pin | Not used When A0 = 1 data bus value means

display data, when AO = 0 data bus
means instruction data.

Shift clock pulse:
D1BSCP pin

Shift clock pulses: Connect with SCP pin of

column driver. LCD driver latches data bus
value by falling edge of this pin.

Chip enable for column driver 1:
Connect with CE pin of column driver 1.

Latch pulse:
D2BLP pin

Latch pulses output: Connect with LP/EIO1
pin of column/row driver. Display data is
latched in 1st shift register in LCD driver by

rising edge of this pin. And shift to next shift

register by LP and SCP = “H".

Chip enable for column driver 2:
Connect with CE pin of column driver 2.

Frame: D3BFR pin

LCD frame output: Connect with FR pin of
column/row driver.

Chip enable for column driver 3:
Connect with CE pin of column driver 3.

Cascade pulse:

Cascade pulses output: Connect with DIO1
pin of row driver. These pin outputs 1 shot

Chip enable for row driver:

DLEBCD pin pulse by every D3BER pin changes. Connect with LE pin of row driver.
Display OFF: Display OFF output: Connect with DSPOF terminal of column/row driver.
DOFF pin “L” means display off and “H” means display ON.
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3.14.2 Block Diagram

Selector
CPU address bus:
A0 to A23
MMU
COLUMN H—D
|INCREMENTOR| |R°W INCREMENTOR |
Clear
GLCDC Gray
address bus scale
Cursor control control

System

—>{ InnerSCP

]

clock: fsys

generate

—>-0

External data
bus: A0 to A23

External data
bus: DO to D15

COLUMN
CPU BUSAK output—T counter (9 bits)
COLUMN
END
| COLUMN register |—| Comparator |—0— R Q
s SCPEN
Internal I/O data bus <START>
To internal INT
Lower rate (Rising edge)
clock: fs Shift register
increment (14 bits)
TA30UT <TA3LCDCK> l
1 LP output
| ROW register LP generate | circuit

BUSRQ

Internal 1/0 data
bus

FP register

BCD generate

DVM register 1

ROW
counter

DVM register 2

FR generate l: ER driver
FR driver |

2%, 4x, 8x

fsys ———

clock divider

> External D3BFR

LCD

80 bytes FIFO and
SCP generator

bus LDO to LD7

_[>_|:|

\—[>—|:| D1BSCP

Figure 3.14.1 LCDC Block Diagram
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3.14.3 SFRs
LCDMODE Register
7 6 5 4 3 2 1 0
LOCZ%('\)AI—?DE Bit symbol BAE AAE SCPW1 SCPWO TA3LCDCK BULK RAMTYPE MODE
( ) Read/Write R/W R/W R/W R/W RIW RIW R/IW R/W
After reset 0 0 1 0 0 0 0 0
Function B-area A-area 00: Base SCP Select low- | Byte- Display Mode‘
0: Disable |0:Disable |[01: 2 clocks frequency | number/ RAM selection
1:Enable |1:Enable |[10: 4 clocks clock Common |0:SRAM 0:RAM
11 8 clocks 0: 32 kHz 0:512 1: SDRAM [1:SR
1:TA30UT | Dtes
1:1024
bytes
* (Note 4)
Note 1: <BULK> is effective when <RAMTYPE> is set to “1". <BULK> shows how to generate address for next
common.
Note 2: The SDRAM accessing way of LCDC is only “Burst 1CLK access”.
Note 3: Base SCPW<1:0> is introduced in section. 3.14.4.6.
Note 4: Refer to Table 3.14.1.
Table 3.14.2 SDRAM BULK and Column Address
LCDMODE<BULK> 0 1
SDRAMC
SDACR<SMUXW> Type A Type B
Bulk of 1 page 512 bytes 1024 bytes
Divide FRM Regjister
7 6 5 4 3 2 1 0
LOCZ%lDIXM Bit symbol FMN7 FMN6 FMN5 FMN4 FMN3 FMN2 FMN1 FMNO
( ) Read/Write R/W
After reset o | o | o | o | o | o | o [ o
Function Setting DVM bit7 to 0
LCD Size Setting Register
7 6 5 4 3 2 1 0
LCDSIZE | Bit symbol COM3 COM2 COM1 COMO SEG3 SEG2 SEG1 SEGO
(0202H) Read/Write R/W R/W R/W R/W R/W R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function Setting the LCD common number for SR mode Setting the LCD segment number for SR mode
0000: 128  0101: 400 0000: 128  0101: 480
0001: 160  0110: 480 0001: 160  0110: 560
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 - FP9 MMULCD FP8 START
(0203H) Read/Write R/W R/W R/W R/W R/IW R/IW R/W R/W
After reset 0 0 0 0 0 0 0 0
Function DOFF port | LD bus Divided FR | Always Setting Type Setting Start
0: OFF output mode write “0”". bit9 for selection bit8 for control in
1:ON control 0: Disable fep [9:0] of LCD driver | fep [9:0] SR mode
0: Normal 1: Enable with 0: Stop
1: All display built-in RAM 1: Start
data=0 0: Sequential
access type
1: Random
access type

|—> LCDC start/stop bit

0 LCDC stop
1 LCDC start
L——— RAM internal LCD driver TYPE selection

0 Sequential access type
1 Random access type

Flame frequency division mode
0 Disable
1 Enable

LD bus output control
0 Normal
1 [|Al*0"

Note: This bit is forced setting it to “0” (light OFF) by
writing “1” that data transfer to LCDD.
Usually, writing “0”.

Pin of LCD driver: DOFF

0

Driver OFF

1

Driver ON

Note: This bit decide state of DOFF pin.

Case of “0": output “0”

Case of “1": output “1”

Figure 3.14.2 LCDC Control Register 1
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LCD fgp Register

7 6 5 4 3 2 1 0
LCDFFP | Bit symbol FP7 FP6 FP5 FP4 FP3 FP2 FP1 FPO
(0204H)  I'Read/write RIW
After reset o | o [ o | o | o | o o [ o
Function Setting bit7 to O for fgp
LCD Gray Level Setting Register
7 6 5 4 3 2 1 0
LCDGL Bit symbol GRAY1 GRAYO
(0205H) Read/Write R/W
After reset 0 | 0
Function 00: Monochrome
01: 4 levels
10: 8 levels
11: 16 levels

Figure 3.14.3 LCDC Control Register 2

Table 3.14.3 LCD Start/End Address Register

Start Address Register End Address Register
H M L H M L
(Bit23 to Bit16)| (Bit15 to Bit8) [ (Bit7 to Bit0) [(Bit23 to Bit16)| (Bit15 to Bit8) | (Bit7 to Bit0)
A LSARAH LSARAM B LEARAH LEARAM B
(0211H) (0210H) (0213H) (0212H)
After reset 40H 00H - 40H O0OH -
B-area LSARBH LSARBM B LEARBH LEARBM B
(0215H) (0214H) (0217H) (0216H)
After reset 40H O0H - 40H O0H -
C-area. LSARCH LSARCM LSARCL B B B
(021AH) (0219H) (0218H)
After reset 40H O00H 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 symbol CDE CCS CBE1 CBEO
(0206H) | Read/write |  R/W RIW RIW RIW
After reset 0 0 0 0
Function  |Cursor Cursor color Cursor blink interval
0: OFF 0: White (XT1: 32 kHz)
1:ON 1:Black 00: Don't blink
01: 2Hz
10: 1 Hz
11: 0.5 Hz
Note 1: Cursor brink interval make using low clock (fs). This function doesn’'t depend on LCDMODE. Therefore if
you use blink function, you set low clock condition.
Note 2: Also case of using timer out “TA30OUT"” to LCDCK, cursor brink internal depend on fs.
LCD Cursor Width Setting Register
7 6 5 4 3 2 1 0
LCDCW Bit symbol Cw4 Cw3 Cw2 CwW1 CWO0
(0207H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Cursor width (X size)
00000: 1 dot (Min)
11111: 32 dots (Max)
LCD Cursor Height Setting Register
7 6 5 4 3 2 1 0
LCDCH Bit symbol CH4 CH3 CH2 CH1 CHO
(0208H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Cursor height (Y size)
00000: 1 dot (Min)
11111: 32 dots (Max)
Figure 3.14.4 LCDC Control Register 3
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Hot Point of LCD Cursor X Bit Setting Register

7 6 5 4 3 2 1 0
LCDCP Bit symbol APB3 APB2 APB1 APBO
(0209H) ,
Read/Write R/W
After reset 0 | 0 | 0 | 0
Function Setting bit3 to bitO for cursor hot point
(for 1-dot correction)
In case of monochrome 0000: Position pixel 0
(Except BURST mode) 1111: Position pixel 15
Figure 3.14.5 LCDC Control Register 4
LCD Cursor Absolute Position Setting Register
7 6 5 4 3 2 1 0
L(‘,%%%IZL Bit symbol CAP7 CAP6 CAP5 CAP4 CAP3 CAP2 CAP1 CAPO
( ) Read/Write RIW RIW RIW R/IW R/W R/IW R/IW R/W
After reset 0 0 0 0 0 0 0 0
Function Setting bit7 to bitO for cursor absolute position
LCD Cursor Absolute Position Setting Register
7 6 5 4 3 2 1 0
LCDCPM | Bit symbol CAP15 CAP14 CAP13 CAP12 CAP11 CAP10 CAP9 CAP8
020BH -
( ) | Readwrite RIW R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function Setting bit15 to bit8 for cursor absolute position
LCD Cursor Absolute Position Setting Register
7 6 5 4 3 2 1 0
LCDCPH | Bit symbol CAP23 CAP22 CAP21 CAP20 CAP19 CAP18 CAP17 CAP16
(020CH) -
Read/Write RIW R/W R/IW R/W R/W R/W R/W R/W
After reset 0 1 0 0 0 0 0 0
Function Setting bit23 to bit16 for cursor absolute position

Figure 3.14.6 LCDC Control Register 5
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LCDCI1L, LCDC1H, LCDC2L, LCDC2H, LCDC3L, LCDC3H, LCDR1L and LCDR1H 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

Figure 3.14.7 LCDC Control Register 6

These registers do not exist on TMP92C820. These are image for instruction registers
and display registers of external RAM built-in sequential access type LCD driver.

Address as Figure 3.14.4 is assigned to these registers, and the following chip enable pin
becomes active when accesses corresponding address.

And, the area of these address is external area, so RD, WR terminal becomes active by
external access.

Figure 3.14.5 shows the address map in the case of controlling RAM built-in random

access type LCD driver. The explanation part of MMU circuit also explains this. This setup
is performed by LCDCTL<MMULCD>.

Table 3.14.4 Memory Mapping for Built-in RAM Sequential Access Type

. . Chip A0
Register | Address Purpose Sequential Access Type . .
9 P q yp Enable Terminal{Terminal
LCDC1L 1FEOH RAM built-in type Instruction 0
N ypl _ D1BSCP
LCDC1H 1FE1H column driver Display data 1
LCDC2L 1FE2H RAM built-in type Instruction 0
column driver 2 ; D2BLP
LCDC2H 1FE3H Display data 1
LCDC3L 1FE4H RAM built-in type Instruction 0
lumn driver 3 i D3BFR
LCDC3H 1FE5H co Display data 1
LCDR1L 1FE6H RAM built-in type Instruction 0
driver i DLEBCD
LCDR1H 1FE7H row Display data 1
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Table 3.14.5 Memory Mapping for Built-in RAM Random Access Type

Chip
Address Purpose Random Access Type Enable
Terminal
3CO0000H to A biltin voe driver 1 .
3CFFFFH uilt-in type driver
3DO0000H to SAM bt v 2 .
3DFFFFH uilt-in type driver
3E0000H to A buitin voe driver 3 -
3EFFFFH uilt-in type driver
3F0000H to R AM builin toe i encn
3FFFFFH uilt-in type driver

Note 1: We call built-in RAM sequential access type LCD driver that use register to access to

display RAM without address. (Example: T6B65A, T6C84 etc., mar/2000)

Note 2: We call built-in RAM random access type LCD driver that is same method to access to
SRAM. (Example: 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, grayscale level
and LCD size to control registers 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 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, see the Table 3.14.4.
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3.14.4.2

Grayscale Mode Indication

Monochrome, 4, 8 and 16 grayscale mode can be selected by setting
LCDGL<GRAY1:0>.

And when SDRAM mode, you can select the size of SDRAM by setting
(LCDMODE)<BULK>.

TMP92C820 realize grayscale display by thinning out the frame. Grayscale control
palette is defined by 16 bit register (LGnL/H) shown in Table 3.14.6. Palette is selected
according to the grayscale level (Monochrome, 4, 8, 16 gray) for use. (cf. Table 3.14.7).
ON/OFTF for data of each level (e.g., each density) can modify by 16-bit register
(LGnL/H). However each register of palette has a initial value, it is possible to adjust
finely which matches to LCD driver you use and the characteristic of LCD panel.

Table 3.14.6 Grayscale Control Palette Default Setting

—_—
D3BFR N S B
| Data Setting Register | Bit
Level Code|Density 112134567 |8]|9(10(11(12|13|14|15
(Address/After reset) | O

F 16/16 | LGFH/L (023FH to E/FFFFH) o (o (oo o |0 |o0o|eo|o|e]|e|e|e|e]|e| e
E 14/16 | LGEH/L(023DHtoC/FDFDH) | @ [ O | @ [ e | @ | @ | @ | @ [ @ | O [0 | @ | 0| e | e e
D 1316 |LGDH/L (023BHtoA/FDDDH) | @ | O [ e | @ [ e | O | e | e | @ [ O | e[ e | e | e | e | e
C 12/16 | LGCHIL (0239H to 8/DDDDH) e |O|eoe e |[efO|e|e]|]e]|OC|e|e|e|O|e| e
B 11/16 | LGBHI/L (0237H to 6/DDD5H) e|o|e|J]OoO|e]O|e|e|e|[O|e|e]|]e|O|e]e
A 10/16 | LGAH/L (0235H to 4/D5D5H) e|o|e|J]OoOfe]O|e|e|e|[fO]|e|[O]|]e|O|e]|e
9 9/16 | LGOH/L (0233H to 2/D555H) e|o|e]J]OoOfe]OoO|e|]O|e®e|[O]|e|[O]|]e|O|e]|e
8 8/16 | LG8H/L (0231H to O/AAAAH) o|le|lo|e|o|e|O|e|O|e|O|e|[O]|e|[O]|e
7 7/16 | LG7HIL (022FH to E/BAAAH) o|le|lo|e|lOo|e|O|e|lO|e|[|O|e|[O]|]O|O]| e
6 6/16 | LG6H/L (022DH to C/8A8AH) oO|le|lo|]e]J]o]J]o|l]o|e|Oo|e|O|e|[]O|[O|O]| e
5 5/16 | LG5H/L (022BH to A/888AH) o|le|lo|]e]J]o]J]o]J]o|e]|]OoO|O|O|e|[Of[O|O]| e
4 4/16 | LG4HI/L (0229H to 8/8888H) olo|lo|e|l]o|]o|l|o|e]Oo|o]J]Oo]|]e|O|]O]|]O]| e
3 3/16 | LG3H/L (0227H to 6/8880H) olo|lo|lo|l]o|]o|lo|e]o|l|o]J]o]|]e|O|]O]|]O]| e
2 2/16 | LG2H/L (0225H to 4/8080H) ofo]Jo|lo]J]o|o|o]|]e|[o]o|lo]J]o|o|o]|]ofe
1 1/16 | LGIH/L (0223H to 2/8000H) ofo]Jo|lo]J]o|lo|lo]o|lo]o|o|lo]|]o|o]o
0 0/16 | LGOH/L (0221H to 0/0000H) ofo]Jo|lo|J]o|o|lo]|l]o|lo]J]o|lo]J]o|lo]o]|]ofo

e: Display ON, O: Display OFF

Table 3.14.7 Grayscale Control Palette Effective Registers for Each Gray Level

LGO |LG1 |LG2 |LGS3 [LG4 |LG5 [LG6 |LG7 [LG8 |LGY9 [LGA |LGB [LGC |LGD |LGE |LGE
L/H [LH [LUH |UH |LH |LH |LH [LUH [LH |UH |LUH |LH |LH [L/H [LH [LH

16 gray levels ° ° ° ° ° ° ° ° ° ° ° ° . ° ° °
8 gray levels ° X . X . x . x ° x ° x ° x x .
4 gray levels . x x X . x X x . x x x x x x .
Monochrome . X x X x x X x x x X X X X X .

x: Don't care, e: Effective
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3.14.4.3

Memory Mapping

The LCDC can display the LCD panel image which is divided horizontally into 3
parts; upper, middle and lower. Each area calls A, B and C area that has some
characteristics showing below.

Start/End address of each area in the physical memory space can be defined in the
LCD Start/End address registers (See Table 3.14.3). (C area can be defined only start
address.)

A and B areas are programmable visibility and they are set enable or not in
LCDMODE register. When A and B area are disable, the C area take over all panel
space. When the size of A or B area is greater than LCD panel, the area of the panel is
all C area because the displaying priority isA> B > C.

If the A area set to enable while the panel area is defined as all C area (that is A and
B area are disable), C area is shifted to under the LCD panel and A area is inserted
from the top of the LCD panel. Similarly if the B area set to enable while the panel
area is defined as all C area, B area is inserted from the bottom of the C area

overlapping.
Memory map LCD panel
image Reserved area for horizontal pan of C area image
Loaic add * Display data cannot input closely when
0Ogic adaress Column address you don't use the pan function.
400000H '[A l
Ya[ A area ! r | "“\-/--__ X
Vertical pan \“/L-__ N A area ]Ya

Row
address

Horizontal pan

600000H

B area
Yb

VvV >Yc

C area

Yb

2X

Figure 3.14.8 Memory Mapping from Physical Memory to LCD Panel
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Start address | Display panel of 1st line

¢ Display memory mapping and panning function

LCDC can change the panel window if only you change each start address of A,
B and C area. A and B area can be vertical panned by changing row address. While
C area can be vertical and horizontal panned by changing row and column
address.

An important thing is that display data from one line to the next line, cannot be
input continuously even if you don’t use the panning function. One row address of
display RAM corresponds to 1st line of display panel. Now display data of 2nd line
cannot be set within the 1st row address of display RAM even if the necessary
data for the size you want to display do not fill the capacity of 1st 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 one line (Number of column address:
select 512 byte = 64 Mbytes 1024 byte = 128 Mbytes) bit. But in case of using
SRAM, display RAM capacity of one line is fixed to 512 bytes.

16-bit bus width

A
- N\

memory area

Memory area for display 1st line
(When using SRAM, this area is
fixed to 512 bytes.)

Reserved area for vertical
panning (Display 1st line)

J\_

Display panel of 2nd line
memory area

Memory area for display 2nd line
(When using SRAM, this area is
fixed to 512 bytes.)

Reserved area for vertical
panning (Display 2nd line)

J\L

Display panel of 3rd line
memory area

L Memory area for display 3rd line
Reserved area for vertical (When using SRAM, this area is
panning (Display 3rd line) fixed to 512 bytes.)

Figure 3.14.9 Memory Mapping Image for SRAM as Display RAM
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DO D7 D8 D15
Monochrome
(SRAM mode) | px0 | px1 | px2 | px3 | px4 | pX5 | px6 | px7 | px8 | px9 |px10|px11|px12|px13|px14|pxl5
Monochrome

(SDRAM mode)

4 gray levels | px0 | px1 | px2 | px3 | px4 | px5 | pXx6 | px7

8 gray levels | px0 | | px1 | | px2 | | px3 |

16 gray levels | px0 | px1 | px2 | px3
|:| . Don’t care

TMP92C820 can select four display scale; monochrome, 4 gray, 8 gray and 16 gray
levels. With the intrinsic property of gray levels, a pixel 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 levels, 3 bits for 8 gray levels and 4 bits for 16 gray levels. Therefore
when the 4 gray mode, column address in the memory needs twice data capacity as
large as dots that is displayed in the LCD panel actually showing Figure 3.14.8. Place
for display data setting has some differences for each grayscale or sort of memory.

|px0 | px1 | px2 | px3 | px4|px5 | px6 | px7|

Figure 3.14.10 Memory Codes for Each Gray Level in a Read Cycle (16 bits)

And “px” in above Figure 3.14.10 corresponds to the image of LCD panel as below
(Figure 3.14.11). But TMP92C820 outputs data of px0 from PE7 (LD7), and data of px7
from PEO (LDO0). Therefore PEO (LD0) should be connected to the MSB of LCD driver
(e.g., DI7) according to LCD driver you use. Please note that the way TMP92C820
outputs the data differs from LCD controller built-in TLCS-900/L.1 series of TOSHIBA
(e.g., TMP91C815, TMP91C016, and TMP91C025 etc.).

LCD panel | px0 | px1 | px2 | px3 | px4 | px5 | px6 | px7 | px8 | px9 |px10|pxll|px12|pxl3|px14|px15|

Segment
driver

LD7

DI7

LD6

DI6

LD5

DI5

LD4

Di4

LD3

DI3

LD2

DI2

LD1

Di1

LDO

DIO

Figure 3.14.11 Connection between LD Bus of TMP92C820 and Data Bus of LCDD
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3.14.4.4 Hardware Cursor

TMP92C820 has a cursor that is blinking interval, color and size can be specified,
and maximum size is 32 x 32.

A programmer can control the cursor attributes easily by filling those cursor
registers, for example color (White/black), blinking interval time, size and precise
pixel location. Its space location is specified by left-up hot point. (See Figure 3.14.12)

The precise location of the hot point is determined by memory address (LCDCPH,
LCDCPM, LCDCPL) and bit correction number (LCDCP). For example, however 1
pixel for displaying needs 2 bits of setting data under 4 gray mode, you can correct the
location of hot point every 1 bit by setting pixel number which you want to move in the
register (LCDCP).

Cursor image is showed under the setting A, B, C area are enable, 4 gray mode, start
address = 410004H and correction bit (LCDCP) = 3H in the following figure.

Logic address

400000H

410000H

600000H

SDRAM size
<BULK>=1
<BULK>=0

Memory map LCD panel
image image
A area ' Tl
' Row address ~~"“~~\_ oo
' “=-}.__ |Aarea
)
AN _-7 |Carea
B area ' S - Cursor width
| s -
' \\\ - <>
| s 7
v ~ - - - \\ 3 i
: :\’: . . // N 1 Cursor height
] - S
T b < N \
Carea ‘ / A AN Correction bit: 3H | Hot point
| ~ ~
________________ >3 *\] .7 |Barea
Column address Cursor start N
address -7 AN
410004H -

In23|a22|a21]az0la19]a18|a17|a16]a15|a14]a13|a12]A11]A10] A9 [ A8 | A7] A6 | A5 [ A4 A3| A2 | A1 0]
o
1
|

Row address Column address '
Cursor start address Ignore

Figure 3.14.12 Cursor Hot Point Position and Size

Note: If panning function is set to enable during hardware cursor displaying, the cursor moves with the
data in the memory. Because TMP92C820 sets the hardware cursor in the memory address.
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LCD Cursor Setting Register
7 6 5 4 3 2 1 0
LCDCM Bit symbol CDE CCs CBE1 CBEO
(0206H) -
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0
Function Cursor Cursor Cursor blink interval
0: OFF color 00: Don't blink
1:ON 0: White 01: 2 Hz
1: Black 10: 1 Hz
11: 0.5 Hz
Note 1: The function of cursor blink is effective only when low-frequency oscillator is input 32 kHz.
Note 2: 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
L(SZZ%%'N Bit symbol Cw4 Cws Ccw2 Cwi CWo
( ) Read/Write R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
Function Cursor width (X size)
00000: 1 dot (Min)
11111: 32 dots (Max)
LCD Cursor Height Setting Register
7 6 5 4 3 2 1 0
LCDCH Bit symbol CH4 CH3 CH2 CH1 CHO
(0208H) -
Read/Write R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
Function Cursor height (Y size)
00000: 1 dot (Min)
11111: 32 dots (Max)
LCD Cursor Start Address Setting Register
7 6 5 4 3 2 1 0
I((?Z%%IE)L Bit symbol CAP7 CAP6 CAP5 CAP4 CAP3 CAP2 CAP1 CAPO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function Setting bit7 to bitO for cursor start address
LCD Cursor Start Address Setting Register
7 6 5 4 3 2 1 0
LCDCPM | Bit symbol CAP15 CAP14 CAP13 CAP12 CAP11 CAP10 CAP9 CAPS8
(020BH) -
Read/Write R/IW R/W R/IW R/W R/W R/W RIW R/W
After reset 0 0 0 0 0 0 0 0
Function Setting bit15 to bit8 for cursor start address
LCD Cursor Start Address Setting Register
7 6 5 4 3 2 1 0
I((‘?Z%%E)H Bit symbol CAP23 CAP22 CAP21 CAP20 CAP19 CAP18 CAP17 CAP16
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 1 0 0 0 0 0 0
Function Setting bit23 to bit16 for cursor start address
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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 APB3 APB2 APB1 APBO
(0209H)

Read/Write R/W

After reset 0 | 0 | 0 | 0

Function Setting bit3 to bit0 of pixel for correction of hot point

(for 1-dot correction)

In case of monochrome (SRAM mode)

In case of monochrome (SDRAM mode)
and 4 gray levels

In case of 8 and 16 gray levels

X: Don't care

0000: 0 pixels correct
1111: O pixels correct

x000: 0 pixels correct
x001: 1 pixel correct

x010: 2 pixels correct
x011: 3 pixels correct

xx00: 0 pixels 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

Here, it is possible to correct the cursor per 1 bit from the start address set before. Pixel

number should be adjusted in response to the gray mode setting showing above.

For example, when 4 gray levels and 16-bit bus mode, correction should be less than 7

because the smallest pixel is 8 pixels that can set by start address setting. Similarly

correction pixel should be less than 15 at monochrome mode, 3 at 8 or 16 gray modes.

Example: When monochrome mode, correction value is (LCDCP) = 011H, and cursor size =

(8x8)
3 bits move
_—
o~
Start address
(LCDCPH/MIL) 7 )
CURSOR
Hot point

LCD panel [~
T T TT

Figure 3.14.13 The Location Hot Point by Setting of Pixel
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3.14.4.5 Frame Signal Settlement

TMP92C820 defines so-called frame period (refresh interval for LCD panel) by the
value set in frp [9:0]. DLEBCD pin outputs pulse every frame period. DSBFR pin
usually outputs the signal inverts polarity every frame period.

And TMP92C820 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
LCDCTL Bit symbol LCDON ALLO FRMON - FP9 MMULCD FP8 START
0203H
( ) Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function DOFF port [ Setting all | Divided FR | Always Setting bit9 |Type setting |Setting bit8 [Start control
0: OFF column mode write “0". for fep [9:0] of LCD for fep [9:0] |in SR mode
1:ON portsto O | 0: Disable driver with 0: Stop
0:Normal |1: Enable built-in 1: Start
1: All display RAM
data =0 0: Sequen
-tial
access
type
1: Random
access
type
LCD fep Register
7 6 5 4 3 2 1 0
LCDFFP Bit symbol FP7 FP6 FP5 FP4 FP3 FP2 FP1 FPO
(0204H) -
Read/Write R/W
After reset 0 0 0 o | o 0 o | o
Function Setting bit7 to O for fep
Divide FRM Register
7 6 5 4 3 2 1 0
LOCZI81D|§|/M Bit symbol FMN7 FMNG6 FMN5 FMN4 FMN3 FMN2 FMN1 FMNO
( ) Read/Write R/W
After reset 0 o | o o | o 0 o | o
Function Setting DVM bit7 to 0
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Settlement of frame frequency function

Basic frame period; DLEBCD signal, is made according to the resister fgp [9:0]
setting mentioned before. However this frp [9:0] setting is generally equal to
common number, frame period can be corrected by increasing frp [9:0] with ease.
This function cannot correct frame frequency higher than that of Table 3.14.8. If it

is necessary 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 frp) [Hzl
D: Constant for each common (Table 3.14.8)
frp: Setting of frp [9:0] register

LCDCK: Source clock of LCD
(Low clock is usually selected)

Please select the value of fFp [9:0] as the frame period you want to set in the
Table 3.14.8

Note: Please make the value set to fgp [9:0] into the following range.
COM (Common number) < fgp <1024

Example 1: In the case where frame period is set to 72.10 Hz by 240 coms.
frp = 240 (COM) + 63 = 303 = 12FH (by Table 3.14.8)

Therefore, LCDCTL<FP8> = 1_hex and LCDFFP<FP7:0> = 2FH are
setup.

Frame invert adjustment function

This mode can prevent the deterioration of display (e.g., patches of display).
*Note 1:

If N is set in (LCDDVM) register while this function is set to enable in register
(LCDCTL)(<FRMON> “1”), D3BFR pin outputs the 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.

Note: Effects of this function have some differences as the LCD driver or LCD panel
you use actually.
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(8) Timer out LCDCK

LCD source clock (LCDCK) can select low frequency (XT1, XT2: 32.768 [kHz]) or
timer out (TA30OUT) outputs from internal TMRA23.

Example 2: Here indicates the method that frame period is set 70 [Hz] by
selecting TA3OUT for source clock of LCD. (fc = 6 [MHz], 128 COM)

The next equation calculates frame period.
Frame period = 1/(tLp x frp) [Hzl tLp: The period of D2BLP
Source clock for LCDC defines as XT [Hz] and then this t,p represents

tLP = D/XT D: The value is 3 at 128 COM
Therefore if you set the frame period at 70 [Hz] under 128 COM,
XT=128x3x 70
= 26880 [Hzl
XT should be above value.

In order to make XT = 26880 [Hz] under fc = 6 [MHz] with ¢T1 of timer3,
1XT=T3x2x8x2/fcls] T3:the value of timer register (TASREG)
in short,
XT = fc/(T3 x 2 x 8 x 2) [Hz]
However T3 = (TASREG) is 6.98 after calculate, it’s impossible to set the value
under a decimal point. So if (TASREG) is set 06H, XT = 31250 [Hz].
And because of D = 3,
Frame period = 31250/(128 x 3)
=81.38 [Hz]
Further if frp is 148 (COM + 20) with correction,

Frame period = 31250/(148 x 3)
=70.38 [Hz]

Reference: To maintain quality for display, please refer to following value for each
grayscale.
(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 levels: Frame period = 140 [HZ]
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D3BFR

DLEBCD

D2BLP

Display time for 1
picture (120 com)

D1BSCP

D7 to DO

D3BFR

Data transmission (240 seg =
30 bytes) of volume of 1com

Figure 3.14.14 Timing Diagram for SR Mode

tLp: LP period

DLEBCD

D2BLP

BUSRQ

|

tsTop: Stop time | topr: CPU operating time

tLpH = 0.5XT l

IE aI
1 1

(Internal)

D1BSCP

tscp = 2 states
) )

D7 to DO

Figure 3.14.15 Timing Diagram for SR Mode (Detail)

XT = 1/32768 [s]
1 state = 1/fgys [s]

D3BFR waveform (in case of 240 rows + 63 (frp) and LCDDVM<FMNT7:0> = OBH)

D2BLP waveform

D3BFR waveform

Divided frame disable

Divided frame enable

LP1 LP2 LP3 LP10 _LP11 LP301__LP302__LP303__LP304

]1

\
\

Figure 3.14.16 D2BLP and D3BFR Waveform
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Table 3.14.8 fgp Table for Each Common Number (1/2)
D 3 25 2 15 15 1 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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Table 3.14.8 frgp Table for Each Common Number (2/2)
D 3 25 2 15 15 1 1
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 above time distance are value which used fs = 32.768 [kHz].
92C820-263 2007-02-16



TOSHIBA TMP92C820
Table 3.14.9 Performance Listing for Each Segment and Common Number
(1) SDRAM (Burst) 16 bits, 8/16 gray levels

Common 128 160 200 240 320 400 480

Segment D 3 25 2 15 15 1 1
tLp [us] 91.6 76.3 61 458 | 458 | 305 30.5
128 tsTop [us] 1.2 1.2 1.2 1.2 1.2 1.2 1.2
RATE [%] 1.3 1.6 2.0 2.6 2.6 3.9 3.9
160 tsTop [us] 1.4 1.4 1.4 1.4 1.4 1.4 1.4
RATE [%)] 15 1.8 2.3 3.1 3.1 4.6 4.6
240 tsTop [us] 1.9 1.9 1.9 1.9 1.9 1.9 1.9
RATE [%)] 21 25 31 4.1 4.1 6.2 6.2
320 tstop [us] 2.4 2.4 2.4 2.4 2.4 2.4 2.4
RATE [%)] 2.6 3.1 3.9 5.2 5.2 7.9 7.9
400 tsTop [us] 2.9 2.9 2.9 2.9 2.9 2.9 2.9
RATE [%] 3.2 3.8 4.8 6.3 6.3 9.5 9.5
480 tsTop [us] 3.4 3.4 3.4 3.4 3.4 3.4 3.4
RATE [%)] 3.7 45 5.6 7.4 74 | 111 11.1
560 tsTop [us] 3.9 3.9 3.9 3.9 3.9 3.9 3.9
RATE [%] 4.3 5.1 6.4 8.5 85 | 12.8 12.8
640 tstop [us] 4.4 4.4 4.4 4.4 4.4 4.4 4.4
RATE [%)] 4.8 5.8 7.2 9.6 96 | 14.4 14.4

(2) SDRAM (Burst) 16 bits, 4 gray levels

Common 128 160 200 240 320 400 480

Segment D 3 25 2 15 15 1 1
tLp [us] 91.6 76.3 61 458 | 458 | 305 30.5
128 tsTop [1s] 1.2 1.2 1.2 1.2 1.2 1.2 1.2
RATE [%] 1.3 1.6 2.0 2.6 2.6 3.9 3.9
160 tsTop [us] 1.4 1.4 1.4 1.4 1.4 1.4 1.4
RATE [%] 15 1.8 2.3 3.1 3.1 4.6 4.6
240 tsTop [us] 1.9 1.9 1.9 1.9 1.9 1.9 1.9
RATE [%)] 21 25 3.1 4.1 4.1 6.2 6.2
320 tsTop [1s] 2.4 2.4 2.4 2.4 2.4 2.4 2.4
RATE [%)] 2.6 3.1 3.9 5.2 5.2 7.9 7.9
400 tsTop [us] 2.9 2.9 2.9 2.9 2.9 2.9 2.9
RATE [%] 3.2 3.8 4.8 6.3 6.3 9.5 9.5
480 tsTop [us] 3.4 3.4 3.4 3.4 3.4 3.4 3.4
RATE [%)] 3.7 45 5.6 7.4 74 | 111 11.1
560 tsTop [us] 3.9 3.9 3.9 3.9 3.9 3.9 3.9
RATE [%)] 4.3 5.1 6.4 8.5 85 | 12.8 12.8
640 tsTop [1s] 4.4 4.4 4.4 4.4 4.4 4.4 4.4
RATE [%)] 4.8 5.8 7.2 9.6 96 | 14.4 14.4
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(3) SDRAM (Burst) 16 bits, monochrome
Common 128 160 200 240 320 400 480
Segment D 3 25 2 15 15 1 1

tLp [us] 91.6 76.3 61 45.8 45.8 30.5 30.5

128 tstop [us] | 0.8 0.8 0.8 0.8 08 | o0s8 0.8
RATE [%] 0.9 1.0 1.3 1.7 1.7 2.6 2.6

160 tstop [us] | 0.9 0.9 0.9 0.9 0.9 0.9 0.9
RATE [%] 1.0 1.2 1.5 2.0 2.0 3.0 3.0

240 tsTop [us] | 1.2 1.2 1.2 1.2 1.2 1.2 1.2
RATE [%] 1.3 1.5 1.9 2.5 2.5 3.8 3.8

320 tstop [us] | 1.4 1.4 1.4 1.4 1.4 1.4 1.4
RATE[%] | 15 1.8 2.3 3.1 31 | 46 4.6

400 tstop [us] | 1.7 1.7 1.7 1.7 1.7 1.7 1.7
RATE [%] 1.8 2.2 2.7 3.6 3.6 54 54

480 tstop [us] | 1.9 1.9 1.9 1.9 1.9 1.9 1.9
RATE [%] 2.1 2.5 3.1 4.1 4.1 6.2 6.2

560 tstop [us] | 2.2 2.2 2.2 2.2 2.2 2.2 2.2
RATE [%] 2.3 2.8 35 4.7 4.7 7.0 7.0

640 tsTop [us] | 2.4 2.4 2.4 2.4 2.4 2.4 2.4
RATE[%] | 26 3.1 3.9 5.2 52 | 7.9 7.9

(4) SRAM (2 states) 16 bits, 8/16 gray levels (Note 2)
Common 128 160 200 240 320 400 480
Segment D 3 2.5 2 15 15 1 1

tp [us] 91.6 76.3 61 458 | 458 | 305 | 305

128 tstop [us] | 3.4 3.4 3.4 3.4 3.4 3.4 3.4
RATE [%] 3.7 4.4 55 7.3 7.3 11.0 11.0

160 tstop [us] | 4.2 4.2 4.2 4.2 42 | a2 4.2
RATE [%] 4.5 54 6.8 9.1 9.1 13.6 13.6

240 tstop[us] | 6.2 6.2 6.2 6.2 6.2 6.2 6.2
RATE [%] 6.7 8.1 10.1 13.4 13.4 20.2 20.2

320 tstop [us] | 8.2 8.2 8.2 8.2 8.2 8.2 8.2
RATE [%] 8.9 10.7 13.4 17.8 17.8 26.7 26.7

400 tsTop [us] | 10.2 102 | 102 102 | 102 | 102 10.2
RATE [%] 11.1 13.3 16.6 22.2 22.2 33.3 33.3

480 tstop [us] | 12.2 122 | 122 122 | 122 | 122 | 122
RATE [%] 13.3 15.9 19.9 26.5 26.5 39.8 39.8

560 tsTop [us] | 14.2 142 | 142 142 | 142 | 142 14.2
RATE [%] 15.4 18.5 23.2 30.9 30.9 46.4 46.4

640 tstop [us] | 16.2 162 | 16.2 162 | 162 | 16.2 16.2
RATE [%] 17.6 21.2 26.5 35.3 35.3 53.0 53.0
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(5) SRAM (2 states) 16 bits, 4 gray levels (Note 2)

Common 128 160 200 240 320 400 480
Segment D 3 25 2 15 15 1 1

tLp [us] 91.6 76.3 61 45.8 45.8 30.5 30.5

128 tsTop [us] 1.8 1.8 1.8 1.8 1.8 1.8 1.8
RATE [%] 1.9 2.3 29 3.8 3.8 5.7 5.7

160 tsTop [us] 2.2 2.2 2.2 2.2 2.2 2.2 2.2
RATE [%] 2.3 2.8 3.5 4.7 4.7 7.0 7.0

240 tsTop [us] 3.2 3.2 3.2 3.2 3.2 3.2 3.2
RATE [%] 3.4 4.1 5.2 6.9 6.9 10.3 10.3

320 tsToP [us] 4.2 4.2 4.2 4.2 4.2 4.2 4.2
RATE [%] 4.5 54 6.8 9.1 9.1 13.6 13.6

400 tsTop [us] 5.2 5.2 5.2 5.2 5.2 5.2 5.2
RATE [%] 5.6 6.7 8.4 11.2 11.2 16.9 16.9

480 tsTop [us] 6.2 6.2 6.2 6.2 6.2 6.2 6.2
RATE [%] 6.7 8.1 10.1 13.4 13.4 20.2 20.2

560 tsTop [us] 7.2 7.2 7.2 7.2 7.2 7.2 7.2
RATE [%] 7.8 9.4 11.7 15.6 15.6 23.4 23.4

640 tsTop [us] 8.2 8.2 8.2 8.2 8.2 8.2 8.2
RATE [%] 8.9 10.7 13.4 17.8 17.8 26.7 26.7

(6) SRAM (2 states) 16 bits, monochrome (Note 2)
Common 128 160 200 240 320 400 480
Segment D 3 2.5 2 1.5 1.5 1 1

tLp [us] 91.6 76.3 61 458 | 458 | 305 30.5

128 tsTop [1s] 1.0 1.0 1.0 1.0 1.0 1.0 1.0
RATE [%] 1.0 1.2 1.6 2.1 2.1 3.1 3.1

160 tsToP [us] 1.2 1.2 1.2 1.2 1.2 1.2 1.2
RATE [%] 1.3 15 1.9 25 25 3.8 3.8

240 tsTop [1s] 1.7 1.7 1.7 1.7 1.7 1.7 1.7
RATE [%] 1.8 2.2 2.7 3.6 3.6 5.4 5.4

320 tsTop [1s] 2.2 2.2 2.2 2.2 2.2 2.2 2.2
RATE [%] 2.3 2.8 3.5 4.7 4.7 7.0 7.0

400 tsTop [1s] 2.7 2.7 2.7 2.7 2.7 2.7 2.7
RATE [%] 29 3.5 4.3 5.8 5.8 8.7 8.7

480 tsTop [us] 3.2 3.2 3.2 3.2 3.2 3.2 3.2
RATE [%] 3.4 41 5.2 6.9 6.9 | 103 10.3

560 tsTop [1s] 3.7 3.7 3.7 3.7 3.7 3.7 3.7
RATE [%] 4.0 4.8 6.0 8.0 8.0 12.0 12.0

640 tsTop [1s] 4.2 4.2 4.2 4.2 4.2 4.2 4.2
RATE [%] 45 5.4 6.8 9.1 9.1 13.6 13.6

Note 1: These tables are calculated at following condition.

1) fgys =20 [MHZz]

2) fs=232.768 [kHz]

3) Overhead state number are 8 states for SDRAM and 3 states for SRAM.

Note 2: For SRAM tables ((4) to (6)), tsTop is calculated at 2-state accessing.
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Table 3.14.10 Possible Panel Size of Panning
64-Mbit SDRAM/BURST
Horizontal SEG 128 160 240 320 400 480 560 640
Monochrome 16.0 12.8 8.5 6.2 5.1 4.3 3.7 3.2 Panels
4 gray levels 16.0 12.8 8.5 6.4 5.1 4.3 3.7 3.2 Panels
8 gray levels 8.0 6.4 4.3 3.2 2.6 21 1.8 1.6 Panels
16 gray levels 8.0 6.4 4.3 3.2 2.6 2.1 1.8 1.6 Panels
Vertical COM 128 160 200 240 320 400 480
32.0 25.6 20.5 17.1 12.8 10.2 8.5 Panels
128-Mbit SDRAM/BURST
Horizontal SEG 128 160 240 320 400 480 560 640
Monochrome 32.0 25.6 171 12.8 10.2 8.5 7.3 6.4 Panels
4 gray levels 32.0 25.6 17.1 12.8 10.2 8.5 7.3 6.4 Panels
8 gray levels 16.0 12.8 8.5 6.4 5.1 4.3 3.7 3.2 Panels
16 gray levels 16.0 12.8 8.5 6.4 51 4.3 3.7 3.2 Panels
Vertical COM 128 160 200 240 320 400 480
32.0 25.6 20.5 17.1 12.8 10.2 8.5 | Panels
SRAM
Horizontal SEG 128 160 240 320 400 480 560 640
Monochrome 32.0 25.6 17.1 12.8 10.2 8.5 7.3 6.4 Panels
4 gray levels 16.0 12.8 8.5 6.4 5.1 4.3 3.7 3.2 Panels
8 gray levels 8.0 6.4 4.3 3.2 2.6 21 1.8 1.6 Panels
16 gray levels 8.0 6.4 4.3 3.2 2.6 2.1 1.8 1.6 Panels
Vertical COM 128 160 200 240 320 400 480
32.0 25.6 20.5 17.1 12.8 10.2 8.5 | Panels
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Note 1: The value of the Table 3.14.8 is at frpy = 36 [MHZ].

Note 2: CPU stop time; tsTop (in the Figure 3.14.17) is the time which CPU reads the memory of
transferring with 0 waits.

Note 3: The following equation can calculate t p listed below. (fs = 32.768 [kHz])
t p = D/32768 [s]
Example: If the row is 240 and D = 1.5 by the above table
t p = 1.5/32768 = 45.8 [us]

D3BFR pin

DLEBCme_i—;
SR I I NS N T O O
I

1
1p

e

D1BSCP pin

|
' |
| |
_):

BUS occupation
time of CPU tsTop

BUS occupation rate of CPU = tsTop/tLp

Figure 3.14.17 Stop Time and BUS Occupation Rate of CPU
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3.14.4.6 Timing Charts of Interpreting Memory Codes

TMP92C820 supports different memory accessing. They are SRAM with waits,
SDRAM burst modes, and the size of SDRAM is 64 or 128 Mbits. The access signals for
the LCD panel are shown in Figure 3.14.18. TMP92C820 include 80 bytes FIFO.
Therefore, If CPU operate high speed, TMP92C820 can to use low-speed LCD driver.
To catch low speed LCD drivers, 4 types of SCP rates (fsys, fsys/2, fsys/4, and fsys/8)
can be selected. The output data (LD7:0) will be issued from the built-in FIFO at the
rising edge of D1BSCP when the FIFO is no empty. The work of the FIFO is illustrated
in Figure 3.14.19, where the buffer size 80 bytes. The FIFO latches BaseLD<7:0>
signal at the falling edge of BaseSCP that is shown in Figure 3.14.20 and Figure
3.14.21 for SRAM and SDRAM modes respectively. The FIFO is always reset to the
empty state by the rising edge of D2BLP. In base SCP mode (e.g., for SCPW1:0 = 00),
D1BCP is equal to BaseSCP, LD<7:0> equal to BaseLD<7:0> and no FIFO used.
Generally, the data input rate of FIFO should be greater than the output one.

To make FIFO work correctly, the following condition have to be satisfied by setting

SFR properly.
(SegNum/8 + 1) x tew + 24 x tFPH < tLP — tLPH

Here, SegNum is the segment number, and tcw D1BSCP clock cycle width.

Referring Figure 3.14.22, we can know this relation means that the last LD<7:0>
data must be generated before the rising edge of D2BLP. For example, in case of fFPH =
36 MHz, XT = 32 kHz, 4 gray levels, 240 commons, 640 segments, and SDRAM burst
mode, the following table can be obtained, which tells user that 8 clock mode is
impossible and base, 2, 4 clock modes can be used.

Table 3.14.11 fgpy = 36 [MHZz], XT = 32 [kHz], 4 Grayscale, 240 Common, 640 Segment,

SDRAM Burst Mode

SCPW | D1BSCP Rate (MHz) tcw (ns) (SegNum/8 +1) x tew + tip — tLpn (NS) | Judgment
24 X tppy (ns)
Base 9 111.2 9674.4 31250 OK
2 CLK 9 111.2 9674.4 31250 OK
4 CLK 4.5 222.4 18681.6 31250 OK
8 CLK 2.25 444.8 36696 31250 Error

Note: In case of SDRAM burst mode and 8/16 gray, the speed of base setting is equal to that of 2 CLK.

fsys

) [} [}

] ] ] ] ] ]

N R : 2-clock SCP
LD7toLD0  foUuT-1X ouT XouT + 1XouT + 2XOUT + 3X0UT + 4)

I T I T I I

| | | | | |

)

D1BSCP [ ] | 1) |

R R : 4-clock SCP
LD7toLD0 K _OUT-1 X ouT X OouT+1 )

| . |

) )
D1BSCP | |

| . 8-clock SCP

) |
LD7toLD0 ouT-1 X ourt

Figure 3.14.18 Timing Diagram for The LCD Driver Access Signals
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BaseSCP 1 1
1 1
G D
BaselLD7 to : : LD7 to LDO
BaseLDO 80 bytes FIFO |_‘_I_‘
fsys —— =5 fsys/2, fsys/4, fsys/8 D1BSCP

D2BLP

i -
L

_

Note: D1BCP = BaseSCP and LD<7:0> = BaseLD<7:0> in BaseSCP mode (e.g., for SCPW<1:0> = 00)

Figure 3.14.19 Timing Diagram for FIFO
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SRAM 0 WAIT Mode

Internal system clock L L L
(fsys) ! ! !
! !

!
A23 to AO X
1

R R BB

Data width: Data width:
16 bits 32 hits
[ BaseSCP ||||||||
Monochrome Monochrome, 4 gray levels
BaselLD7 to @@@m
BaselLDO

BaseSCP

n

ouT + 1XouT + 2XouT + 3 oUT + 4)

4 gray levels 8/16 gray levels

BaseSCP <

BaselLD7 to

Il
BaselLDO E( |

]

§<

o

c

_'

S

o

c

_‘
=S -=

BaseSCP

8/16 gray levels| —

\ BaselLD7 to

k ouT OUT +1
BaselLDO ( = )

o
C
5
|
[

Figure 3.14.20 Timing Diagram for SRAM Mode with BaseSCP
SDRAM Burst Mode

1 1
1 1
1

U It
A23 to AO (22

1 1
1 1 1 1
1 1 1 1
1 1 1 1
RD I T T T
1 1 ] 1
1 1 | 1
1 1 ) 1
1 1 1 1
D15 to DO ' ' ' !
| | | | Data width: Data width:
A R 16 bits 32 bits
1 1 ) 1
[ BaseSCP ! 1 1 |
: : : : Monochrome Monochrome, 4 gray
1 1 ] 1
BaselLD7 to ! 1 ! !
BaseLDO Voo
1 1 1 1
BaseSCP !
BaseSCP < : 4 gray levels 8/16 gray levels
1
BaselLD7 to '
BaselLDO |
1
BaseSCP !
I 8/16 gray levels| —
K BaselLD7 to ( ouT XOUT + 1XOUT + 2)
BaselLDO

Figure 3.14.21 Timing Diagram for SDRAM Burst Mode with BaseSCP
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SDRAM BURST1 Clock Mode

1
1
v L
p23toa0  {220ko
1

RD

D15 to DO

BaseSCP
Monochrome

BaselLD7 to
BaselLDO

D1BSCP

LD7 to LDO

D2BLP _|_| ? _____ 4| '

T_busdly

—
w
@

Q
zZ
c
3
=
)

=
X
-
Q
2
+

|—|
o
c
S
=

<

tLp tLPH

Note 1: 4tgpy < T_bufdly <tc + 2tppny
Note 2: T_busdly is about 11 times as long as fsys period (22 tgpR).

Figure 3.14.22 Timing Diagram for Maximum FIFO Delay Time
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3.14.4.7 Examples to Use

T6C13B
TMP92C820 (240-row driver selection)
Vpp —>{VDD 0001 COMO001
VSS )
DIR |
TEST |
Vss DI7 to DIO '
DUAL ! 240 commonsLéDZ40 segments
SCP '
S/IC '
Power circuit —>{ VCCL/R, VOL/R, ! - o
VIL/R, VAL/R, | S N
V5L/R ! V] V]
0240 COM240 % %
o o |8
S0 B xa | | ____.
w w o w 4
Open P T
DLEBCD o Q
D1BSCP SCP 8 8
D2BLP LP
D3BFR FR .
DOFF DSPOF x o
LDO to LD7 DI7 to DIO mgm_g
. ElIO1 | dy 2
Control signal a nh= okgpx
DO to D15 Open-< El02 xR0 A4S 03u®
a>n >0 >>>>
A0 to A23
Vss Vbbp —1—1—1 T
X0 T T®
I3E5 Vss Power circuit
2 o0Q®» T6C13B
X ©
< 0

(240-column driver selection)

Display memory
(SDRAM/SRAM selection)

Note 1: Display memory support only 16-bit bus.
Note 2: Other circuit is necessary for LCD drive power supply for LCD driver display.

Figure 3.14.23 Interface Example for Shift Register Type LCD Driver

Note: Because the connection between the line of display RAM data and output bus: LD<0:7> is just the
mirror invertion, 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 LCDD driver, and LD1 to DI6. For detalil
information, please refer to Figure 3.14.11.
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20 dots Cursor blink (Black 2 Hz)
4
~
20 dots { '
>~ 60 dots
<
>~ 60 dots
>~ 60 dots
60 dots

—~—
240 segments (Dots)

Figure 3.14.24 Display Reference below Sample Program

‘

240 commons
(Dots)
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3.14.4.8 Sample Program

Setting example:

In case of use 240 segments x 240 commons, 4-level grayscale

display, 64-Mbit SDRAM.
This sample program operate correctly, LCD panel shows Figure 3.14.18 display.

;***** SDRAM SET *kkkk

1d (sdacr), 2bH
1d (sdrecr), 01H

;***** GLCDC SET *kkkk

1d (Icdmode), 17H

1d (eddvm), 11
1d (cdsize), 32H
1d (cdctl), 20H
1d (cdffp), 240
1d (edgl), 01H
1d (cdem), 0c1H
1d (cdew), 19
1d (cdch), 19

1d (lcdep), 00H
1d (lcdepl), 00H
1d (cdepm), 00H
1d (cdeph), 40H
1d (sarch), 40H
1d (Isarcm), 00H
1d (sarcl), 00H

jRAERk 0/4 data write 60 ROW **xx*

loop1:

Id xix, 400000H
Id wa, 0000H
ld (xix), wa

inc 2, xix

cp xix, 407800H
jr nz, loopl

jRFxFE 914 data write 60 ROW *****

loop2:

Id xix, 407800H
1d wa, 05555H
1d (xix), wa

inc 2, xix

cp xix, 40FO00H
jr nz, loop2

¥F*** 314 data write 60 ROW *****

loop3:

1d xix, 40F000H
1d wa, 0OaaaaH
ld (xix), wa

inc 2, xix

cp xix, 416800H
jr nz, loop3

; Add-MUX enable, 64-Mbit select
; Interval refresh

; A/B area OFF, SDRAM 64 Mbits, SR type
; SCP width 2clocks

; 11-count DVM set

; COM = 240, SEG = 240

; Divide frame ON, display OFF

; Frame frequency correction (91 Hz)
; 4-level grayscale

; Cursor ON, Black, 2 Hz blink

; Width = 20 dots

; Height = 20 dots

; Pixel =0

; Cursor address

; Cursor address

; Cursor address

; C_area start address

; C_area start address

; C_area start address

; Write data 0/4-level data (OI_(I)OOOOOOOOOOOOOOB)
; 400000H to 4077FFH: 60 rows (Dots)

’

; Write data 1/4-level data ((I)_|101o1010101o101B)
; 407800H to 40EFFFH: 60 rows (Dots)

’

; Write data 2/4-level data (L(I)10101010101010B)
; 40F000H to 4167FFH: 60 rows (Dots)

)
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jFRRRX 414 data write 60 ROW ****=
1d xix, 416800H ;
1d wa, OffffH ; Write data 3/4-level data (H11111111111111B)
loop4: Id (xix), wa ;
inc 2, xix ;
cp xix, 41e000H ; 416800H to 41DFFFH: 60 rows (Dots)
jr nz, loop4 ;
j¥*Fxx 4-level gray palette pattern set *****
1d (1g01), 00H ; 0/4 grayscale palette 0000B
1d (g1)), 05H ; 2/4 grayscale palette 0101B
1d (g2l), 0eH ; 3/4 grayscale palette 1110B
1d (1g3D), ofH ; 4/4 grayscale palette 1111B
j¥**xx DMA, DISPLAY-ON start *****
1d (cdetl), 0a1H ; Display ON, divide ON
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3.14.5 RAM Built-in Type LCD Driver Control Mode (RAM mode)
3.14.5.1 Operation

Data transmission to LCD driver is executed by move instruction of CPU.

After setting mode of operation to control register, when move instruction of CPU is
executed LCDC outputs chip select signal to LCD driver connected to the outside from
control pin (D1BSCP etc.). Therefore control of data transmission numbers
corresponding to LCD size is controlled by instruction of CPU. There are 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 data register in LCD driver at the time of <MMULCD> = “0”. Please make the
transmission place address at this time into either of FEOH to FE7F. (SEQUENTIAL
ACCESS TYPE: See Table 3.14.4.)

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
3C0000H to 3FFFFT to four area for every 64 Kbytes. RANDOM ACCESS TYPE)

Note: This operation mode cannot use cursor function.

Figure 3.14.25 shows access timing example in <MMULCD> = “0”. Also, Figure
3.14.26 shows example of connection.

[Write cycle] [Read cycle]

ot R T O A A T Y A O I
A23 to AO X X X X

RIW X X X X
Daera om0 ~—/ N/
R Gy T—

Note 1: This waveform is the case of 3-state access.

Note 2: Note the different rising timing for DIBSCP etc.

Figure 3.14.25 Example of Access Timing for RAM Built-in Type LCD Driver (Wait = 0)
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3.14.5.2 Examples to Use
T6B66A
TMP92C820 (65-row driver)
Vpp —{ VDD
COMO001 COMO001
Vgg —>{VSS '
|
1
! 65 COM x 80 SEG
! LCD
Power circuit —{VLC1, VLC2, |
VLC3, VLC4, !
VLC5 | 3 R
0 COMO065 COM065 3 5]
a L 1]
(7] n
2 |5
(=l
oM a
wdg £ | [
DLEBCD T - b=y =
D1BSCP CE =} =}
WR WR 9 D
A0 DI/l n n
DOFF DSPOF 3
DO to D7 DBO to DB7 =
ElO1 <o
Open<—— EIO2 8 @ Q9
> > 5SS
VbbD —T T
Vss Power circuit
T6B65A

(80-column driver)

Note: Other circuit is necessary for LCD drive power supply for LCD driver display.

Figure 3.14.26 Interface Example for RAM Built-in Type Sequential Access Type LCD Driver
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3.14.5.3 Sample Program

Setting example: In case of use 80 segment x 65 commons LCD driver.

Assign external column driver to LCDC1 and row driver to LCDR1. 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.

; Setting external terminal

LD (PDFC), 19H

; Setting for LCDC

; Setting for mode of LCDC1/LCDR1

; Setting for micro DMA and INTTC (ch0)

LD (LCDMODE), 00H
LD (LCDCTL), 00H

LD (LCDC1L), XX
LD (LCDR1L), XX

LD A, 08H

LDC DMAMO, A
LD WA, 650

LDC DMACO0, WA
LD XWA, 400000H
LDC DMASO0, XWA
LD XWA, 1FE1H
LDC DMADO, XWA
LD (INTETCO01), 06H
EI 6

LD (DMAB), 01H
LD (DMAR), 01H

; CE for LCDC1: D1BSCP,
; LE for LCDR1: DLEBCD,
; Setting for DOFF

; Select RAM mode
; Sequential access mode

; Setting instruction for LCDC1
; Setting instruction for LCDR1

; Source address INC mode
; Count = 650

; Source address = 400000H

’

; Destination address = 1IFE1H (LCDCOH)

; INTTCO level = 6

; Interrupt level = 6
; Burst mode

; Soft start
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3.15 Melody/Alarm Generator (MLD)

The TMP92C820 contains a melody function and alarm function, both of which are output
from the MLDALM pin. Five kinds of fixed cycle interrupt are generated using a 15-bit counter
for use as the alarm generator.

The features are as follows.

1) Melody generator

The Melody function generates signals of any frequency (4 Hz to 5461 Hz) based on a
low-speed clock (32.768 kHz), and outputs the signals from the MLDALM pin.

The melody tone can easily be heard by connecting an external loudspeaker.

2) Alarm generator

The alarm function generates eight kinds of alarm waveform having a modulation
frequency (4096 Hz) determined by the low-speed clock (32.768 kHz). This waveform can be
inverted by setting a value to a register.

The alarm tone can easily be heard by connecting an external loudspeaker.

Five kinds of fixed cycle interrupts are generated (1 Hz, 2 Hz, 64 Hz, 512 Hz, and 8192
Hz) by using a counter which is used for the alarm generator.

This section is constituted as follows.
3.15.1 Block Diagram
3.15.2 Control Registers
3.15.3 Operational Description
3.15.3.1 Melody Generator
3.15.3.2 Alarm Generator
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3.15.1 Block Diagram

Reset
Melody generator Internal data bus
MELFH, MELFL register
@ MELOUT
MELFH Invert
<MELON> Comparator (CP0) * FIF [
Stop and clear ﬁ

Low-speed .

clock 12-bit counter (UCO) Clear

Alarm generator|

—1 )
5 =
o — 1)
[}
© \
o —l_/
ie] \
i ,—l_/
‘ ) °-
—> 15-bit counter (UC1 [
I unter ( ) ALMINT
T 4096 Hz | <IALM4E:0E>
MELALMC 8-bit counter
<FC1:0> (UC2)
T l l l l MELOUT
Alarm waveform Selector >
generator Invert
_|/ \|_ ALMOUT T
MELALMC MELALMC
<ALMINV>
ALM register <MELALM>
Internal data bus
Reset

Figure 3.15.1 MLD Block Diagram

INTALMO (8192Hz)
INTALM1 (512 Hz)
INTALM2 (64 Hz)
INTALMS (2 Hz)
INTALM4 (1 Hz)

INTALMH
(HALT release)

MLDALM pin
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3.15.2 Control Registers
ALM Register
7 6 5 4 3 2 1 0
ALM Bit symbol AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
(1330H) Read/Write R/W
After reset 0 o | o | o | o | o | o 0
Function Setting alarm pattern
MELALMC Register
7 6 5 4 3 2 1 0
MELALMC| Bit symbol FC1 FCO ALMINV - - - - MELALM
(1331H) | Read/Write RIW RIW RIW RIW
After reset o | o 0 o | o | o | o 0
Function Free-run counter control | Alarm Output
00: Hold waveform waveform
01: Restart invert Always write “0” select
10: Clear 1: Invert 0: Alarm
11: Clear and start 1: Melody
Note 1: MELALMC<FC1> is always read “0".
Note 2:  When setting MELALMC register except <FC1:0> while 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
(1332H) Read/Write R/W
After reset 0 0 o | o | o | o | o | o
Function Setting melody frequency (Lower 8 bits)
MELFH Register
7 6 5 4 3 2 1 0
MELFH | Bitsymbol | MELON ML11 ML10 ML9 ML8
(1333H) | Read/write RIW RIW
After reset 0 0 | 0 | 0 | 0
Function Control
melody
counter Setting melody frequency (Upper 4 bits)
0: Stop and
clear
1: Start
ALMINT Register
7 6 5 4 3 2 1 0
ALMINT Bit symbol - IALM4E IALM3E IALM2E IALM1E IALMOE
(1334H) Read/Write R/W R/W
After reset 0 o | o | o o [ o
Function Always 1: Interrupt enable for INTALM4 to INTALMO
write “0
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3.15.3 Operational Description

3.15.3.1 Melody Generator

The Melody function generates signals of any frequency (4 Hz to 5461 Hz) based on a
low-speed clock (32.768 kHz) and outputs the signals from the MLDALM pin.
The melody tone can easily be heard by connecting an external loud speaker.

(Operation)
MELALMC<MELALM> must first be set as 1 in order to select the melody
waveform to be output from MLDALM. The melody output frequency must then
be set to 12-bit registers MELFH and MELFL.

The following are examples of settings and calculations of melody output
frequency.

(Formula for calculating of melody waveform frequency)
at fs = 32.768 [kHz]
Melody output waveform fmLp [Hz] =32768/(2 x N + 4)
Setting value for melody N = (16384/ fmLp) — 2
(Note: N =1 to 4095 (001H to FFFH), 0 is not acceptable.)

(Example program)
When outputting an “A” musical note (440 Hz)

LD (MELALMC), - - X XXX X 1B ; Select melody waveform
LD (MELFL), 23H ; N=16384/440 -2 =35.2=023H
LD (MELFH), 80H ; Start to generate waveform

(Reference: Basic Musical Scale Setting Table)

Frequency Register
Scale
[Hz] Value: N
C 264 03CH
D 297 035H
E 330 030H
F 352 02DH
G 396 027H
A 440 023H
B 495 01FH
C 528 01DH
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3.15.3.2 Alarm Generator

The alarm function generates eight kinds of alarm waveform having a modulation
frequency of 4096 Hz determined by the low-speed clock (32.768 kHz). This waveform
is reversible by setting a value to a register.

The alarm tone can easily be heard by connecting an external loud speaker .

Five kinds of fixed cycle (interrupts can be generated 1 Hz, 2 Hz, 64 Hz, 512 Hz, 8
192 Hz) by using a counter which is used for the alarm generator.

(Operation)
MELALMC<MELALM> must first be set as 0 in order to select the alarm
waveform to be output from MLDALMC. The “10” must be set on the MELALMC
<FC1:0> register, and clear internal counter.

Finally the alarm pattern must then be set on the 8-bit register of ALM. If it is
inverted output-data, set <ALMINV> as invert.

The following are examples of program, setting value of alarm pattern and
waveform of each setting value.

(Setting Value of Alarm Pattern)

Setting Value

for ALM Alarm Waveform

Register
O00H “0” fixed
01H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H AL4 pattern
10H ALS5 pattern
20H ALG pattern
40H AL7 pattern
80H ALS8 pattern
Other Undefined

(do not set)

(Example program)
When outputting AL2 pattern (31.25 ms/8 times/1 s)

LD (MELALMC), COH ;  Set output alarm waveform
Free-run counter start
LD (ALM), 02H ;  Set AL2 pattern, start
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Example: Waveform of alarm pattern for each setting value: Not inverted

AL1 pattern
continuous outputy L LT T TTTTTTTTTT [reqveney Godera) [ TTTTTTTTTTTTTTTTTTT]
AL2 pattern L 2 8 1
(31.25 ms/8 times/1 s) | | | | | | | | """" | | | | | | | |
&> I
1 31.25ms 1s !
) 1
AL3 pattern 1
(500 msfonce) (LOTPTTT e pregy------
: 500 ms :
AL4 pattern L 2 1
(62.5 ms/twice/1 s) | | | | | | | | | | | |
D Sm—— I
162.5ms 1s :
) 1
1 2 3 1
ALS pattern
(62.5 ms/3 times/1 s) | | | | | | | | | | | | | | | |
—> ;
162.5 ms 1s :
! (1
ALS6 pattern 1
(62.5 ms/once) | | | | _______
62.5 ms
AL7 pattern 1 2
(62.5 ms/twice) [1]] ftrtT  —eee-
62.5 ms

ALS8 pattern
(250 msfonce) I
) J

! 250 ms !
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3.16 SDRAM Controller (SDRAMC)

TMP92C820 includes SDRAM controller which supports SDRAM access by CPU/LCDC. The
features are as follows.

(1) Support SDRAM
16-M/64-M/128-Mbit SDRAM (x 16 bits x 2/4 banks)
64-M/128-Mbit SDRAM (x 32 bits x 4 banks)
(2) Automatic initialize function
e All bank pre-charge command generate
e  Mode register set generate
e 8 times auto refresh
(3) Access mode

CPU Access LCDC Access
Burst length 1 word Full page
Addressing mode Sequential Sequential
Cas latency (Clock) 2 2
Write mode Single write -

(4) Access cycle
e CPU access (Read/write)
Read cycle: 4 states (200 ns at fsys =20 MHz)
Write cycle: 3 states (150 ns at fsys =20 MHz)
Access data width: 8 bits/16 bits/32 bits
e LCDC burst access (Read only)
Read cycle: 1 state (50 ns at fsys =20 MHz)
Over head: 4 states (200 ns at fsys =20 MHz)
Access data width: 16 bits/32 bits
(5) Refresh cycle auto generate
e Auto refresh is generated while another area is being accessed.
e Refresh interval is programmable.

e  Self refresh is supported

o Display data for LCDC must be set from the head of each page.
e Program is not operated on SDRAM.
e Condition of SDRAM's area is set by CS1 setting of Memory Controller.
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3.16.1 Control Registers

Figure 3.16.1 shows the SDRAMC control registers. Setting these registers controls the
operation of SDRAMC.

SDRAM Access Control Register

7 6 5 4 3 2 1 0
%3’5*8?) Bit symbol SDINI SDBUS1 | SDBUSO SMUXW1 | SMUXWO0 SMAC
Read/Write R/W R/W R/W R/W
After reset 0 o | o o | o 0
Function Auto Selecting structure of data Selecting address SDRAM
initialize bus multiplex type controller
0: Disable 00: 16 bits x 1 00: Type A 0: Disable
1: Enable 01: 16 bits x 2 01: Type B 1:Enable
10: 32 hits x 1 10: Type C
11: Reserved
SDRAM Refresh Control Register
7 6 5 4 3 2 1 0
Eo;)gglcﬁ) Bit symbol SFRC SRS2 SRS1 SRS0 SASFRC SRC
Read/Write R/W R/W R/W R/W
After reset 0 o | o | o 0 0
Function Self refresh | Refresh interval Auto self Interval
0:Disable |000: 78 states  100: 195 states refresh refresh
1:Enable |001:97 states  101:210 states |- Disable 0: Disable
010: 124 states  110: 249 states 1: Enable 1- Enable
011: 156 states ~ 111: 312 states

Figure 3.16.1 SDRAMC Control Registers
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3.16.2 Operation Description

(1) Memory access control

Access control block is enabled when SDACR<SMAC> = 1. And then SDRAM control
signals (SDCSL, SDCSH, SDRAS, SDCAS, SDWE, SDLLDQM, SDLUDQM,
SDULDQM, SDUUDQM, SDCLK and SDCKE) are operating during the time CPU or
LCDC accesses CS1 area.

1. Address multiplex function

In the access cycle, address multiplex outputs row/column address through Al to
A15 pin. And multiplex width is decided by setting SDACR<SMUXWO:1> of use
memory size. The relation between multiplex width and memory sizeRow/Column
address is below.

Table 3.16.1 Address Multiplex

Address of SDRAM Accessing Cycle
92C820 Row Address
Pin Name |~ Column Type A Type B Type C
Address SDACR SDACR SDACR
<SMUXW> = “00" | <SMUXW> = “01" | <SMUXW> = “10”
AO A0 AO A0 AO
Al Al A9 A10 All
A2 A2 A10 All Al12
A3 A3 A1l A12 A13
A4 A4 A12 A13 Al4
A5 A5 A13 Al4 Al5
A6 A6 Al4 A15 Al6
A7 A7 A15 A16 AL7
A8 A8 A16 AL7 A18
A9 A9 Al7 Al8 A19
A10 A10 A18 A19 A20
All All A19 A20 A21
A12 A12 A20 A21 A22
A13 A13 A21 A22 A23
Al4 Al4 A22 A23 Al4
A15 A15 A23 A15 A15

2. Burst length
SDRAM access by CPU is performed by the 1-word burst mode. And SDRAM access
by LCDC is performed by the full-page burst mode.

SDRAM access cycle is shown in Figure 3.16.2 to Figure 3.16.3.

SDRAM accessing cycle number is depending on B1CSL register setting. For read
cycle, setting of 4 states is necessary (B1CSL<B1WRn>). For write cycle, setting of 3
states is necessary (B1CSL<B1WWn>).

In the burst read cycle by LCDC, a mode setup and a pre-charge cycle are
automatically inserted in a read cycle front and back.
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. Y 4 stat_es ; .
SDCLK J | | |
SDCKE X X X X X X
: : : ' : :
SDLUDQM | ! N !
soLLDQM i N i
' ' ' T ' '
sbest | TN\ A :
SDRAS | N | |
woss T T N T
owe T
An i X a7 I N_ea X
Alto A15 : : X RA : X : CA : : X
DOtoDI5 ! NN
| | | | | .
Ba+nk RD tvith Int+ernal
active precharge precharge
Figure 3.16.2 Timing of CPU Read Cycle
(Structure of data bus: 16 bits x 1, Operand size: 2 bytes, Address: 2 n + 0)
. R — 3 states —_— .
SDCLK J | | |
SDCKE i i i i . i
' ' ' ' ' '
SDLUDQM : : : N\ i /. :
sueow TN
spbcsL ! TN AR I
SDRAS : N ! :
SDCAS : : : N\ : / ' :
SDWE | | N |
ALL i VA N G
AltoA15 DD 4 —ca X
DO to D15 i i < i out i i > i
' ' ) ) ) '
Bank WR with Internal
active precharge  precharge
Figure 3.16.3 Timing of CPU Write Cycle
(Structure of data bus: 16 bits x 1, Operand size: 2 bytes, Address: 2 n + 0)
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SDCLK

SDCKE

SDLUDQM
SDLLDQM

SDCSL

SDRAS

SDCAS

SDWE

All

Al15to Al

D15 to D8

D7 to DO

Figure 3.16.4 Timing of CPU Write Cycle

(Structure of data bus: 16 bits x 1, Operand size: 2 bytes, Address: 2 n + 1)

i

SDCLK

SDCKE

SDLUDQM

SDLLDQM

SDCSL

SDRAS

SDCAS

SDWE

X

4

'X RA

1\ CA

X

X RA

A1l
Al15to Al

v
AN

D15 to D8

ouT

D7 to DO

Figure 3.16.5 Timing of CPU Write Cycle

(Structure of data bus: 16 bits x 1, Operand size: 1 byte, Address: 2 n + 1)
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«—— 4 states
1 1 1 . 1 1
SDCLK _I | | |
SDCKE i i i i i i
1 1 1 1 1 1
SDUUDQM | | | N\ | /] |
| | | | |
SDULDQM \ : | N / |
1 1 1 1 1
SDLUDQM : | | N\ /0 |
1 1 1 1 1
SDLLDQM : | | N | / \
1 1 1 1 1
1 1 1 1 1 1
SDCSH ! ! N ! yau :
1 1 T T 1 1
sbcsL ! : N : ya I
| | T T | |
SDRAS : : N /O | |
1 1 1 1 1
SDCAS | | | N\ /0 |
1 1 1 1 1
SDWE | | \ \ \ \
1 1 1 1 1 1
1 1 1 1 1 1
A12 : : X RA : / ! AN | CA : X
A2to A15 | 1 X RA X 1 CA . 1 X
DO to D31 | | | | . IN
| | | | | |
() () ()
Bank RD with Internal
active precharge  precharge
Figure 3.16.6 Timing of CPU Read Cycle
(Structure of data bus: 16 bits x 2 = 32 bits, Operand size: 4 bytes, Address: 4 n + 0)
«  3states 3
1 1 1 1 1 1
SDCLK J | | |
SDCKE i i i i i i
1 1 1 1 1 1
SDUUDQM | | | N\ / |
1 1 1 1 1
SDULDQM | | | N /) |
1 1 1 1 1
SDLUDQM | | | N\ /O |
| | | | |
[] [] [] 1 [] []
SDLLDQM : : : N\ / : :
1 1 1 1 1 1
SDCSH I I N I yau I
1 1 1 1 1 1
sSDCsL I I N I ya I
1 1 T 1 1 1
SDRAS | | N /| | |
1 1 1 1 1
SDCAS | | | N /o |
| | | | |
[] [] [] 1 [] []
SDWE | | | N\ /. .
1 1 1 1 1
A12 l X RA S N\ cA X |
T T T 1 T T
A2 to A15 | | X RA | X | CA | X |
DO to D31 ; ; < ouT . D ;
1 1 1 1 1 1
() () ()
Bank WR with Internal
active precharge  precharge
Figure 3.16.7 Timing of CPU Write Cycle
(Structure of data bus: 16 bits x 2 = 32 bits, Operand size: 4 bytes, Address: 4 n + 0)
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=

SDCLK

ouT

X

RA
RA

SDCKE
SDUUDQM
SDULDQM
SDLUDQM
SDLLDQM
SDCSH
SDCSL
SDRAS
SDCAS
SDWE
A15 to A2
D31 to D24

Al12

ouT

D23 to D16

D15 to D8
D7 to DO

Figure 3.16.8 Timing of CPU Write Cycle

32 bits, Operand size: 4 bytes, Address: 4 n + 1)

(Structure of data bus: 16 bits x 2

SDCLK

SDCKE
SDUUDQM
SDULDQM
SDLUDQM
SDLLDQM
SDCSH
SDCSL
SDRAS
SDCAS
SDWE
A15 to A2

Al12

D31 to D24

ouT

v
AN

D23 to D16

D15 to D8
D7 to DO

Figure 3.16.9 Timing of CPU Write Cycle

32 bits, Operand size: 8 bytes, Address: 4 n + 3)

(Structure of data bus: 16 bits x 2

2007-02-16
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4 states
1 1 1 . 1 1
SDCLK J | | |
SDCKE : : : . : :
1 1 1 ) 1 1
SDUUDQM : : | N\ /o |
1 1 1 1 1
SDULDQM | | | N\ /o |
] ] ] ] ]
SDLUDQM : | | N\ an |
1 1 1 1 1
SDLLDQM | | | N\ a |
| | | | | |
] ] ] ] ] ]
| | | | | |
1 1 ) ) 1 1
SDCSL ! : N : yau l
1 1 T T 1 1
SDRAS : : N a | |
] ] ] ] ]
SDCAS | | | N\ an |
1 1 1 1 1
SDWE | | | | | |
1 1 1 1 1 1
A12 l ' X RA S 1\ | CA ' X
T T T 1 T T
A2 to A15 | X RA X 1 CA . 1 X
DO to D31 | | | | | IN
| | | | . !
0 0 0
Bank RD with Internal
active precharge  precharge
Figure 3.16.10 Timing of CPU Read Cycle
(Structure of data bus: 32 bits x 1, Operand size: 4 bytes, Address: 4 n + 0)
. «——— 3states ————> .
SDCLK J | | |
SDCKE : : : . . :
1 1 1 1 1 1
SDUUDQM | | | N\ /0 |
1 1 1 1 1
SDULDQM | | | N\ /o |
1 1 1 1 1
SDLUDQM | | | N\ am |
1 1 1 1 1
SDLLDQM \ \ | N v :
| | | | | |
] ] ] ] ] ]
| | | | | |
1 1 1 1 1 1
sbcsL : LN\ A :
1 1 T 1 1 1
SDRAS | | A /o | |
1 1 ] 1 1
SDCAS : : : N\ a |
1 1 1 1 1
SDWE | | | N /o |
1 1 1 1 1
A12 | ' X RA ./ N\ cA X |
T T T | T T
A21to A15 : i X RA X ca X |
DO to D31 ' ! { ' i) !
0 to D3 ; ; O OuT . 4 T
] ] | | | ]
0 0 0
Bank WR with Internal
active precharge  precharge
Figure 3.16.11 Timing of CPU Write Cycle
(Structure of data bus: 32 bits x 1, Operand size: 4 bytes, Address: 4 n + 0)
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SDCLK

<
Oll«
%)
T
5
N\ X 0
<||<
||z \/
XX\/\/\/
<
Oll«
%)
===
SHS5
Oll10]]|0
<||<
||z
= = = s < ©
w3283 Lauo 8338 g
3339 2 < s U 2 2 2 2 9
1 =
A o o a o aoan Yy ¥ s 8 3
O O D D O O @ ®» ® < < 6 o o o0

Figure 3.16.12 Timing of CPU Write Cycle

(Structure of data bus: 32 bits x 1, Operand size: 4 bytes, Address: 4 n + 1)

SDCLK

Z = = s 3 9
w3283 .ago 5338 g
£33 395 p < s U 2 g 2 2 9
1 4 -
A o o o o A aaa Y s 98 c<
O O O O 0 ® ® ® ® < < O 0 o o

Figure 3.16.13 Timing of CPU Write Cycle

(Structure of data bus: 32 bits x 1, size: 8 bytes, Address: 4 n + 3)
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85 states (320-byte read)

SDCLK

SDCKE
SDUUDQM
SDULDQM
SDLUDQM
SDLLDQM
SDCSL
SDCSH
SDRAS
SDCAS
SDWE

All

X

220

X(n+312:)X(n+3lql)X

j XCA (n+ ‘E‘)XCA (n+ ﬁli)X CA(mql)

AltoAl5

D( D(n+312)D<D(n+316)D<
t

X D(n) xD(n+4)xD(n+8)xD(n+12)x
I

DO to D31

1-word

All bank

Bank RD

Full page
mode set

precharge mode set

active

Figure 3.16.14 Timing of LCDC Burst Read Cycle
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(2) Refresh control

TMP92C820 can generate automatically an auto-refresh cycle for data maintenance
of SDRAM. Auto-refresh cycle is generated by setting SDRCR<SRC> to “1”. Interval of
auto refresh can be set by SDRCR<SRS0:2> from the 78 states to the 312 states (3.9 us
to 15.6 us at 20 MHz).

The generating timing of an auto-refresh cycle becomes into accessing cycles other
than SDRAM area (CS1). The auto-refresh cycle is shown in Figure 3.16.15 moreover,
the interval of auto refresh is shown in Table 3.16.2.

SDCLK
SDCKE
SDUUDQM
SDULDQM
SDLUDQM
SDLLDQM

SDCSL
SDCSH
SDRAS
SDCAS
SDWE

—
1

2 states ——>

i

Auto refresh

Figure 3.16.15 Timing of Auto-refresh Cycle

Table 3.16.2 Refresh Cycle Insertion Interval

(Unit: ps)
SDRCR<SRS0:2> Insertion fsys Frequency (System clock)
SRS2 | SRS1 | SRSO I(nstf;l:;l 5 MHz 10 MHz 12.5 15 MHz 175 20 MHz
MHz MHz
0 0 0 78 15.6 7.8 6.2 5.2 4.5 3.9
0 0 1 97 19.4 9.7 7.8 6.5 5.5 4.9
0 1 0 124 24.8 12.4 9.9 8.3 7.1 6.2
0 1 1 156 31.2 15.6 125 10.4 8.9 7.8
1 0 0 195 39.0 195 15.6 13.0 111 9.8
1 0 1 210 42.0 21.0 16.8 14.0 12.0 105
1 1 0 247 49.4 247 19.8 16.5 141 12.4
1 1 1 312 62.4 31.2 25.0 20.8 17.8 15.6

It does not generate an auto-refresh cycle during the burst access to SDRAM by
LCDC. The demand of auto-refresh cycle is held in this period. When it returns to CPU
access cycle, an auto-refresh cycle is generated.

Furthermore, TMP92C820 can to generate a self-refresh cycle. The timing of a

self-refresh cycle is shown in Figure 3.16.16.
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1 1 1
SDCLK : | Do ' | ' | ' | ' | ' |_|
1 1 1
SDCKE | | | | | | | | A | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
SDUUDQM | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
SDULDQM | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! !
SDLUDQM | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
SDLLDQM | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
soes. TN /1 1 1 TN 1 T T TN/
1 1 1 1 1 1 1 1 1
soesh T NL_ /T 1 /) 1 1 N\
1 1 1 1 1 1 1 1 1 1 1
soras 1 N\ /7| ! ! ! ! ! ! ! N
! ! ! ! ! ! ! ! ! ! !
sbcas 1 N\ / : : : : : : : N
1 1 1 1 1 1 1 1 1 1 1
SDWE | | | | | | ( | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
1 | 1 1 1 1 1 1 1 | 1 | 1
0 0 0
Self-refresh Self-refresh Auto refresh
entry exit

Figure 3.16.16 Timing of Self-refresh Cycle

Note 1: When IDLE2 mode, continue with output clock. Therefore, If want to stop SDCLK,
switch PF6 to output port before execution HALT instruction.

Note 2: Pin condition in IDLE1/STOP mode depends on SYSCR2<DRVE> setting.
However, when self-refresh mode, pin don’t depend on SYSCR2<DRVE>, and
output low level.

If SDRCR<SFRC> is set to “1”, the self-refresh cycle shown in Figure 3.16.16 will
occur. The self-refresh mode is used when using the standby mode (STOP, IDLE1),

which an internal clock stops. In the case of standby mode using self refresh, please set
SDRCR<SFRC> to “1”, before HALT instruction (STOP, IDLE1).

Release of a self-refresh cycle is automatically performed by release in the standby
mode. It inserts automatically one auto refresh after self refresh is released, and
returns to the auto refresh mode.

Note: When standby mode is cancelled by a reset, the 1/O registers are initialized,
therefore, auto refresh is not performed.
Please do not place the command which accesses SDRAM, just before setting
SDRCR<SFRC> to “1”. After setting SDRCR<SFRC> to “1”, at least 4 times of “NOP
(s)” are required before halt command execution.

Example:
SET 7, (SDRCR)
NOP

NOP * at least 4 times NOP(s).
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(3) SDRAM initialize

TMP92C820 can generate the following SDRAM initialize routine after injection
power-supply to SDRAM. The cycle is shown in Figure 3.16.17.

1. Precharge of all banks
2.  The initial configuration to a mode register

3. The auto-refresh cycle of 8 cycles

The above cycle is generated by setting SDACR<SDINI> to “1”.

While performing this cycle, operation (an instruction fetch, command execution) of
CPU is stopped.

In addition, before performing an initialization cycle, a port needs to be set as
SDRAM control signal and an address signal (A1 to A12). After the initialization cycle
is finished, SDACR<SDINI> is cleared to “0” automatically.

SDWE \ /

All 7 T\
|
AltoA15 1 X 620, X 220

8 times refresh cycle —_—
1 1 1 1 1 1 . . . . 1 1 1
SDCKE : : : : : : : . : : : :
1 1 1 1 1 1 1 1 1 1 1 1 1
SDUUDQM | : : : : : : : “ : : : : :
1 1 1 1 1 1 1 1 1 1 1 1 1
SDULDQM | | | | | | | | // | : : : :
1 1 1 1 1 1 1 1 1 1 1 1 1
SDLUDQM | : : : : : : : \\ : | | | |
| | | | | | | | | | | | |
SDLLDQM | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
SDCsL AN : : : : : : : : : : :
1 1 1
SDCSH N i i | i | i | i | i |
1 T T T 1 1 1 1 1
SDRAS | \_. : : : : : : : : : :
1 T T T 1 1 1 1
SDCAS : : : : : : : : : | : |
| 1 | | | |
[] 1 1 [] [] [] [] [] [] [] [] []
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
I 1 1 : : 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 ] 1 1 1 1 ] 1 1 1
0

t t

All bank 1-word Auto refresh Auto refresh Auto refresh Auto refresh Auto refresh
precharge mode set

Figure 3.16.17 Timing of Initialization Cycle
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(4) Connection example

The example of connection with SDRAM is shown in Figure 3.16.18 to Figure

3.16.20.

Table 3.16.3 Connection with SDRAM

SDRAM Pin Name

TMP92C820|  pata Bus Width 16 Bits Data Bus Width 32 Bits
Pin Name - - - -
16 Mbits x 64 Mbits x 64 Mbits x 128 Mbits x
16 Mbits | 64 Mbits | 128 Mbits | 3¢ its x 2 16 Bits x 2 32 Bits 32 Bits
A0 - - - - - - - - -
AL A0 A0 A0 _ B B B B B
(A9) (A9) (A10)
A2 Al Al Al AO A0 A0 A0 AO A0
(A10) (A10) (A11) (A10) | (A10) | (Al0) | (Al0) (A10) (A10)
A3 A2 A2 A2 Al Al Al Al Al Al
(A11) (A11) (A12) (A11) | (A11) | (A11) | (A1) (A11) (A11)
A4 A3 A3 A3 A2 A2 A2 A2 A2 A2
(A12) (A12) (A13) (A12) | (A12) | (A12) | (A12) (A12) (A12)
A A4 A4 A4 A3 A3 A3 A3 A3 A3
(A13) (A13) (A14) (A13) | (A13) | (A13) | (A13) (A13) (A13)
A6 A5 A5 A5 A4 A4 A4 A4 A4 A4
(A14) (A14) (A15) (A14) | (A14) | (A14) | (A19) (A14) (A14)
A7 A6 A6 A6 A5 A5 A5 A5 A5 A5
(A15) (A15) (A16) (A15) | (A15) | (A15) | (A15) (A15) (A15)
A8 A7 A7 A7 A6 A6 A6 A6 A6 A6
(A16) (A16) (A17) (A16) | (A16) | (A16) | (A16) (A16) (A16)
A9 A8 A8 A8 A7 A7 A7 A7 A7 A7
(A17) (A17) (A18) (A17) | (A17) | (A17) | (A17) (A17) (A17)
AL0 A9 A9 A9 A8 A8 A8 A8 A8 A8
(A18) (A18) (A19) (A18) | (A18) | (A18) | (Al18) (A18) (A18)
ALl A10 A10 A10 A9 A9 A9 A9 A9 A9
(A19) (A19) (A20) (A19) | (A19) | (A19) | (A19) (A19) (A19)
AL2 BS All All Al10 Al10 Al0 Al0 Al10 Al10
(A20) (A20) (A21) (A20) | (A20) | (A20) | (A20) (A20) (A20)
BSO BSO BS BS All All BSO All
Al3 -
(A21) (A22) (A21) | (A21) | (A21) | (A21) (A21) (A21)
AL4 B BS1 BS1 B B BSO BSO BS1 BSO
(A22) (A23) (A22) | (A22) (A22) (A22)
AL5 B B B B B BS1 BS1 B BS1
(A23) | (A23) (A23)
SDCSH - - - Cs - CS - - -
SDCSL Cs CS CS - CS - CS Cs Cs
SDUUDQM - - - UDQM UDQM DQM3 DQM3
SDULDQM - - - LDQM LDQM DQM2 DQM2
SDLUDQM UDQM UDQM UDQM UDQM UDQM DQM1 DQM1
SDLLDQM LDQM LDQM LDQM LDQM LDQM DQMO DQMO
SDRAS RAS RAS RAS RAS RAS RAS RAS RAS RAS
SDCAS CAS CAS CAS CAS | CAS CAS CAS CAS CAS
SDWE WE WE WE WE WE WE WE WE WE
SDCKE CKE CKE CKE CKE CKE CKE CKE CKE CKE
SDCLK CLK CLK CLK CLK CLK CLK CLK CLK CLK
SDACR 00: 00: 00: 01: 01: 10: 10:
<SDBUS> [16bitsx1 |16hitsx1 |16bitsx1 |16 bits x 2 16 bits x 2 32 bits x 1 32 bits x 1
<sS|\E/|)C§\|}/> 00: Type A 00: Type A 01: Type B 00: Type A 00: Type A 00: Type A 00: Type A
(An):  Row address
: Command address pin of SDRAM
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TMP92C820 SDRAM
SDCLK CLK
SDCKE CKE
(A22) Al4 BS1
(A21) A13 BSO
Al2to Al All to AO
D15 to DO D15 to DO
SDRAS RAS
SDCAS CAS
SDWE WE
SDCSL cs
SDLUDQM UDQM
SDLLDQM LDQM
1 Mwords x 4 banks x 16 bits
Figure 3.16.18 Connection with SDRAM (1 Mwords x 16 bits)
TMP92C820 SDRAM
SDCLK CLK
SDCKE CKE "
(A23) A15 BS1 g
(A22) A14 BSO =
Al31to A2 All to AO x
x
D31 to DO D15 to DO S
o]
SDRAS RAS N
SDCAS CAS -
SDWE WE B
SDCSH cs g
s
SDUUDQM UDQM -
SDULDQM LDQM
SDCSL
SDLUDQM |— SDRAM
SDLLDQM |
CLK
CKE Ji|
o]
BS1 ©
BSO %
Allto AO )
c
D15 to DO 8
_ <
RAS X
CAS 2
WE g
cs 2
UDQM -
LDQM
Figure 3.16.19 Connection with SDRAM (1 Mwords x 16 bits x 2)
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TMP92C820 SDRAM
SDCLK CLK
SDCKE CKE

(A22) Al4 BS1
(A21) A13 BSO
Al2 to A2 A10 to AO
D31 to DO D31 to DO
SDRAS RAS
SDCAS CAS
SDWE WE
SDCSL cs
SDUUDQM DQM3
SDULDQM DQM2
SDLUDQM DQM1
SDLLDQM DQMO

512 kwords x 4 banks x 32 bits

Figure 3.16.20 Connection with SDRAM (512 kwords x 32 bits)
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(5) Limitation point for SDRAM

There are some points to notice when using SDRAMC. Please refer to the section
under below and take care.

1) WAIT access
When using SDRAM, it is added some limitation of access to all other memories.

Under the WAIT pin input setting of Memory Controller, it is prohibited
inserting the time over (14 X refresh interval time; in Auto Refresh function
controlled by SDRAM controller).

2) Execution of SDRAM command before HALT instruction (SR(Self refresh)-Entry ,
Initialize , Mode-set)

It requires execution time (a few states) to execute the command that SDRAMC
has (SR- Entry, Initialize).

Therefore when executing HALT instruction after the SDRAM command, please
insert over 10 bytes NOP or other 10 bytes instructions before HALT instruction.

3) AR (Auto Refresh) interval time

When using SDRAM, system clock frequency must be set suitable speed for
SDRAM’s specification that is minimum operating clock and minimum Refresh
interval time.

When using SDRAM under slow mode or down the Clock Gear, please design the
system with special care for Auto Refresh interval time.

And please set Auto Refresh interval time after adding 10 states to distributed
Auto Refresh interval time, because it might not meet the A.C specification of
SDRAM by stopping Auto Refresh.

(Example of calculation)
Condition:

fsys = 20MHz, SDRAM specification of distributed Auto Refresh interval time =
4096 times/64 ms

64ms/ 4096 times = 15.625us/1 time = 312.5state/1 time
312.5 — 10 = 302.5 state/less than 1 time is needed = 247 state is needed
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4) Auto Exit problem when exiting from Self Refresh Mode of SDRAM

When using Self Refresh function together with stand-by function of CPU or
changing clock, it might not be suit specification of SDRAM. Because automatic
releasing Self Refresh function (Auto Exit function) operates by CPU releasing
HALT mode.

Following figure shows example for avoid this problem by S/W.

(Outline concept to control)

Gear-down or Gear-up or
Change to Low clock Change to High clock
fsys
20MHz
I
I
32KHz
' Interrupt X
| ‘
CPU 1 1
SR Change to| Change | HALT SR Change [Change to SR
ENTRY pot | CLK <——> entry CLK port EXIT
' ' HALT mode | ' ' '
1 1 ) 1 1 1
1 1 ! ] 1 ]
Port condition ' ' | | | |
1 1 1 1
SDRAM control pin General port setting SDRAM control pin
X i i \
1 1 1 )
N 1 1
SDRAM controller ! ! i
internal condition ! ! !
1 I \ 1
AR SR condition AR SR condition AR
condition condition condition
Auto EXIT
SDRAM condition
AR SR condition AR
condition condition

*The target ports to change are SDCKE pin and SDCS pin.

*The method of Self refresh Entry includes the condition 4).
* SR : Self refresh , AR : Auto refresh
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3.17 16-Bit Timer/Event Counters (TMRB)
The TMP92C820 incorporates one multifunctional 16-bit timer/event counter (TMRBO) which

have the following operation modes:

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

e  16-bit programmable pulse generation (PPG) 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:
3.17.1 Block Diagram

3.17.2 Operation

3.17.3 SFRs

3.17.4 Operation in Each Mode
(1) 16-bit timer mode

(2) 16-bit programmable pulse generation (PPG) output mode

Table 3.17.1 Pins and SFR of TMRBO

Channel
TMRBO
Spec
External clock/capture trigger
input pins None
External
Pins Timer flip-flop output pins
TBOOUTO (also used as PC6)
Timer run register TBORUN (1180H)
Timer mode register TBOMOD (1182H)
Timer flip-flop control register | TBOFFCR (1183H)
TBORGOL (1188H)
. . TBORGOH (1189H)
SFR Timer register
(Address) TBORGLIL (118AH)
TBORG1H (118BH)
TBOCPOL (118CH)
) TBOCPOH (118DH)
Capture register
TBOCP1L (118EH)
TBOCP1H (118FH)
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3.17.1 Block Diagram

SsNq e1ep [eusaiu|
M

snq eyep [eusalu|
r

Q:

T/HTOH049L
Ja1s16a1 swn 19-9T

(]

(TTdD) Joresedwod yg-9T|

L

<

I/HODY0aL
J19)s1ba1 1awin Ho-9T

L

(0TdD) Joreredwod NG-9T

0T Jounqg Jaisibey  [€

<3ad0491>
NNHod.L

uonoalep
uonosIsp Yarey AV Uydrew AW
_ Ao“._”v_n_Oom_.revDO_\/_om_._.
N (0ton) — OTL0
18)unod dn )g-97T >o0[0 <— v19
A v ﬁ juno) — T1¢ <0:TINdDO0d1l>
pasnun AOWTgL 4
T1NO09Ll<«{ 14409l j0ju0d |1 | <370091>Aa0N0dL JOREIETN ) d
01n0o0gL * _Al nﬂw_ﬁ%,_ — 10409 3ndul LNI
<71044091 i feusaixa ‘ainyded 1NOTVL
_ _ <10d20g.L> (CovaW.L wou)
ndino | doy-diy [V | dowod.L _||v (pasnun) 81N
doyp-diy Jowi ] lswil /HTd0049L 1/HOdD041L ‘(pasnun) Z1NI
T Ja1sibas ainminded 0 19151684 21Mde) o110 L6 ndul I N| [eusaix3
119
1 0 1 )
<NNddogl> |v_ — oL
NNdogL Jesp 42 _ o _ 8 _ v _ ¢ T H20|9 Jajedsald
juny
A4 N
TO9LINI  OO9LLNI SNQ erep [eussu] SNq erep [eussu]

T Ja1sIBay 0 Jaisibay
ndino IN|

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 timer 0. The prescaler clock (¢T0) is
divided clock (Divided by 8) from the fFrpH.
This prescaler can be started or stopped using TBORUN<TBOPRUN>. Counting
starts when <TBOPRUN> is set to 1; the prescaler is cleared to 0 and stops operation
when <TBOPRUN> is cleared to O.

Table 3.17.2 Prescaler Clock Resolution

Clock gear | System clock Timer counter input clock
selection selection TMRB prescaler
SYSCR1 SYSCR1 - TBOMOD<TBOCLK1:0>
SCEARZ0> | <SYSCi> 6TL(1/2) oTA(L8) | ¢T16(1/32)
- 1 (fs) fs/16 fs/64 fs/256
000 (1/1) fc/l6 fc/64 fc/256
001 (1/2) 18 fc/32 fc/128 fc/512
010 (1/4) 0 (fc) fc/64 fc/256 fc/1024
011 (1/8) fc/128 fc/512 fc/2048
100 (1/16) fc/256 fc/1024 fc/4096

(2) Up counter (UC10)
UC10is a 16-bit binary counter which counts up pulses input from the clock specified

by TBOMOD<TBOCLK1:0>.

Any one of the prescaler internal clocks ¢T1, $T4 and $T16 or an external clock input
via the TBOINO pin can be selected as the input clock. Counting or stopping and
clearing of the counter is controlled by TBORUN<TBORUN>.

When clearing is enabled, the up counter UC10 will be cleared to O each time its
value matches the value in the timer register TBORG1H/L. If clearing is disabled, the

counter operates as a free-running counter.
Clearing can be enabled or disabled using TBOMOD<TBOCLE>.
A timer overflow interrupt (INTTBOFO0) is generated when UC10 overflow occurs.
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(3) Timer registers (TBORGOH/L and TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up
counter UC10 matches the value set in this timer register, the comparator match
detect signal will go active.

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

The TBORGOH/L timer register has a double-buffer structure, which is paired with a
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, data is transferred from the register buffer to the
timer register when the values in the up counter (UC10) and the timer register

TBORG1H/L match.

After a reset, TBORGOH/L and TBORG1H/L 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.

TBORGOH/L and the register buffer both have the same memory addresses
(001188H and 001189H) 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:

r= TMRBO = - o oo oo .
1 1
' TBORGOH/L TBORG1H/L !
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
' (TBORGOH) (TBORGOL) (TBORG1H) (TBORGL1L) '
1 1
' 1189H 1188H 118BH 118AH !
1 1

Note: The timer registers are write-only registers and thus cannot be read.
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(4)

(5)

(6)

(7

Capture registers (TBOCPOH/L, TBOCP1H/L)
These 16-bit registers are used to latch the values in the up counters.

All 16 bits of data in the capture registers should be read both Upper and Lower. For
example, using a 2-byte data load instruction or two 1-byte data load instructions. The
least significant byte is read first, followed by the most significant byte. The addresses
of the capture registers are as follows:

= TMRBO - o o oo oo \
i TBOCPOH/L TBOCP1H/L i
| Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
i (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L) |
i 118DH 118CH 118FH 118EH i
1 1

Note: The capture registers are read-only registers and thus cannot be written to.
Capture input control

This circuit controls the timing to latch the value of the up counter UC10 into
TBOCPOH/L, TBOCP1H/L.

The value in the up counter can be loaded into a capture register by software.
Whenever 0 is written to TBOMOD<TBOCPOI>, the current value in the up counter is
loaded into capture register TBOCPOH/L. It is necessary to keep the prescaler in Run
Mode (i.e., TBORUN<TBOPRUN> must be held at a value of 1).

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

Notice
[ 1
Write to TBAMOD ‘0" WR “0"WR 1 “I"WR | “1" WR
ri | .
register [ M | M : |_|
TBnMOD — : | :
<TBnCPOI> : :
Capture operation Capture Capture i Capture i \oP
! 1
0.

Comparators (CP10 and CP11)

CP10 and CP11 are 16-bit comparators which compare the value in the up counter
UC10 with the value set in TBORGO or TBORG1 respectively, in order to detect a match.
If a match is detected, the comparator generates an interrupt (INTTBO0O or INTTBO1
respectively).

Timer flip-flops (TBOFFO0)

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<TBOCO0T1, TBOE1T1, TBOEOT1>. After a reset the
value of TBOFFO is undefined. If “00” is written to TBOFFCR<TBOFF0C1:0>, TBOFFO0
will be inverted. If “01” is written to the capture registers, the value of TBOFFO0 will be
set to “1”. If “10” is written to the capture registers, the value of TBOFFO will be cleared
to “0”.

The values of TBOFFO can be output via the timer output pin TBOOUTO (which is
shared with PC6). Timer output should be specified using the port C function register.
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3.17.3 SFRs
TMRBO Run Register
7 6 5 4 3 2 1 0
TBORUN Bit symbol TBORDE 12TBO TBOPRUN TBORUN
(1180H) - Ipeadmwrite | RW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Double Always write IDLE2 TMRBO Up counter
buffer “0”. 0: Stop Prescaler (Uc10)
0: Disable 1:Operate |0: Stop and clear
1:Enable 1: Run (Count up)
I I
I—> Count operation
0 Stop and clear
1 Count

Note: 1, 4, and 5 of TBORUN are read as undefined values.

Figure 3.17.2 The Registers for TMRB
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TMRBO Mode Register

7 6 5 4 3 2 1 0

TBOMOD | Bit symbol - — TBOCPOI TBOCPM1 | TBOCPMO TBOCLE TBOCLK1 TBOCLKO
(1182H)  I'Read/write RIW W RIW
Progibit After reset 0 | 0 1 0 | 0 0 0 | 0
read-
modify- Function Always write “0”. Execute Capture timing Controlup  [TMRBO source clock
write software 00: Disable counter 00: Reserved

capture 01: Reserved 0:Disable  [01: ¢T1

0: Software 10: Reserved cleanng 10: ¢T4

capture . 4 9 1:Enable )
1: Undefined | 11: TATOUTT TALOUTV | ™ Gearing | 111 6T16

|—>TMRBO source clock

00 [Reserved

01 |¢T1

10 [¢T4

11 |¢T16

—> Up counter (UC10) clear control

0 [Disable

1 [Enable clearing on match with TBORG1H/L.

Capture/interrupt timing
Capture control

00 [Disable

01 |Reserved

10 |Reserved

11 | Capture to TBOCPOH/L at rising edge of TALOUT
Capture to TBOCP1HI/L at falling edge of TAIOUT
Software capture

0 The value in the up counter is captured to
TBOCPOHI/L.

1 Undefined (Note)

Note: Whenever programming “0” to TBOMOD<TBOCPOI> bit, present value of up counter is received to capture
register TBOCPOHY/L. But, program “1” to TBOMOD<TBOCPOI> in condition of programmed “0” to
TBOMOD<TBOCPOI> bit, present value of up counter is received to capture register TBOCPOH/L. Therefore
you must to regard.

Figure 3.17.3 The Registers for TMRB
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TMRBO Flip-Flop Control Register

7 6 5 4 3 2 1 0

TBOFFCR | Bit symbol - - TBOC1T1 | TBOCOT1 | TBOE1T1 TBOEOT1 | TBOFFC1 | TBOFFCO
(1183H) Read/Write W R/W W*
Prohibit | After reset 1 [ 2 o | o [ o [ o 1 |1
modify- Function Always write “11”". TBOFFO inversion trigger Control TBOFFO
write 0: Disable trigger 00: Invert

1: Enable trigger 01: Set

Invert when [Invert when  [Invert when  |[Invert when 10: Clear

the UC10 the UC10 the UC10 the UC10 11: Don't care

value is value is value matches|value matches

: : ) ) *  Always read as 11.
loaded into  |loaded into the value in  |the value in

TBOCPI1H/L. [TBOCPOH/L. |TBORG1H/L. |[TBORGOHIL.

I |

|—>Timer flip-flop control (TBOFFO)
00 Invert

01 Setto 1

10 Clearto 0

11 Don't care

L—> Inverted when the UC10 value matches the value in
TBORGOH/L.

0 Disable trigger

1 Enable trigger

—— Inverted when the UC10 value matches the value in
TBORG1H/L.

0 Disable trigger

1 Enable trigger

——> Inverted when the UC10 value is loaded in to
TBOCPOH/L.

0 Disable trigger

1 Enable trigger

Inverted when the UC10 value is loaded in to
TBOCP1H/L.

0 Disable trigger

1 Enable trigger

Figure 3.17.4 The Registers for TMRB
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TMRBO Register
6 | 5 | 4 | 0

TBORGOL | bit Symbol -
(1188H) Read/Write W

After reset Undefined
TBORGOH | bit Symbol -
(1189H) Read/Write W

After reset Undefined
TBORGLL | bit Symbol -
(118AH) Read/Write W

After reset Undefined
TBORG1H | bit Symbol -
(118BH) Read/Write W

After reset Undefined
TBOCPOL | bit Symbol -
(118CH) | Read/Write W

After reset Undefined
TBOCPOH | bit Symbol -
(118DH) | Read/Write W

After reset Undefined
TBOCP1L ] bit Symbol -
(118EH) Read/Write W

After reset Undefined
TBOCP1H | bit Symbol -
(118FH) Read/Write W

After reset Undefined

Note: All registers are prohibited to execute read-modify-write instruction.
Figure 3.17.5 The Registers for 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. The
interval time is set in the timer register TBORG1H/L.

76 543 210
| TBORUN «<0 0 X X - 0XD0 Stop TMRBO.
INTTBO1 «~X 1 0 0 X 0 0O Enable INTTBO1 and set interrupt level 4. Disable INTTBOO.
TBOFFCR «+~1 1 0 0 0 0 1 1 Disable the trigger.
TBOMOD «<~0 01001 * * Select internal clock for input and disable the capture
(** =01, 10, 11) function.
TBORG1 — F Ok Ok xx ok kK Set the interval time (16 bits).
| TBORUN «~0 0 X X -1 X1 Start TMRBO.

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 is enabled
by the match of the up counter UC10 with timer register TBORGOH/L or TBORG1H/L
and is output to TBOOUTO. In this mode the following conditions must be satisfied.

(Value set in TBORGOH/L) < (Value set in TBORG1H/L)
Match with TBORGO
(INTTBOO interrupt) ﬂ |-| |-| |-| |-|
Match with TBORG1 / ! /ﬂ |'| |'| |‘|

(INTTBOL1 interrupt) ( ]
1
TBOOUTO pin \U |_| |_| |_|

Figure 3.17.6 Programmable Pulse Generation (PPG) Output Waveforms

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

Match with TBORGOH/L J-l J-l

Up counter = Q1 Up counter = Q2
Match with TBORG1H/L /f—l
( Shift into TBORG1H/L
TBORGOH/L \
(Value to be compared) Q1 X Q2
y/a
Register buffer 0 Q2 x Q3

Write TBORGOH/L

Figure 3.17.7 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBORUN<TBORUN>
Selector TBOOUTO }FPPG output)
oT1 —>]
T4 —> 16-bit up counter Clear FIF
6716 —> uc10 (TBOFFO)
L \Z
16-bit comparator | Match 16-bit comparator
PAYN PN
Selector TBORGOHI/L
TBORGOH/L-WR —{
Register buffer 10 TBORG1H/L
TBORUN<TBORDE> ﬁ ﬁ
q Internal data bus 5

Figure 3.17.8 Block Diagram of 16-Bit Mode

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

TBORUN
TBORGOH/L

T

TBORGIH/L <«

TBORUN “«—

TBOFFCR <«
TBOMOD  «
PCCR -
PCFC -

TBORUN <«

X
X
1

[e2)
o
N

*
*
*

010
(== o1,
1 - X
1 - X
0 X X

X: Don't care, —: No change

Disable the TBORGOHY/L double buffer and stop TMRBO.
Set the duty ratio (16 bits).

Set the frequency (16 bits).

Enable the TBORGOHY/L double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)

Set the mode to invert TBOFFO at the match with
TBORGOH/L/TBORG1HY/L. Set TBOFFO to 0.

Select the Prescaler output clock as the input clock and
disable the capture function.

Set PC6 to function as TBOOUTO.

Start TMRBO.

92C820-314
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3.18 PSB (Power supply backup)

The power supply input of TMP92C820 is divided into three systems as follows;
e  Analog power supply input (AVCC to AVSS)

e Digital power supply input (DVCC to DVSS)
e Digital power supply input for RTC (RTCVCC to DVSS)

The individual power supply input is isolated from each other.

AVCC DVCC1 to DVCC3 RTCVCC

| 1
1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! |
! 1
! 1
: 1
| CPU control RTC control :
! ADC control r r 1
| ¢+ !
| and !
! 1
' )
: High OSC Other logic Low-OSC i
: :
! 1
! 1
1 1
! 1
! 1
! 1
: 1
______________________________________________________________________ 1
| Ol U [
AVSS DVSS1 to DVSS4 BE XT1 XT2
Figure 3.18.1 Power Supply Input System
N
1
DvCC RTCVCC
) - ——- -
Main power ' TMP92C820 :
source for CPU | !
and i ! T
Other device % ! RTC ! Sub battery for
1 : RTC
! 32K_osc |!
i |
1 1
1 1
J— ! !
BE | |
— = :

— N\
— ]
2
&

Figure 3.18.2 Outside Circuit Example for PSB
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The TMP92C820 has the power supply backup mode which is designed to work for only RTC
under sub battery supply. TMP92C820 enters the power supply backup mode using the BE
(Backup enable signal pin) and the RESET.

Figure 3.18.3 to Figure 3.18.4 show the timing diagram of BE and RESET.

l— 10 us —
E <<
»n
RESET / \ N
L{
) I
Power source ; ;
RTCVCC I lied.
(DVCO) is always supp()(;e
Figure 3.18.3 Normal Mode to PSB Mode
Over 20 system clocks after oscillator,
- becomes stable
BE
<
N
RESET
<
I

£

Power source )]
(DVCCQ) / RTCVCC is always supplied.

Figure 3.18.4 Normal Mode from PSB Mode

Backup enable pin (BE)

RTC can work under BE = “L”. It is prohibited to access to RTC registers when BE = “L”.
In addition, low-frequency oscillator (fs) isn’t provided except RTC circuit. Under this
condition, only internal RTC circuit operates, output function (ALARM , INTRTC) is

prohibited.

Caution

1) Because it might waste power consumption if control signal is “H” level with no-power
supply to DVcc, control signal usually set “L” level or high impedance. However, when
using backup function with no-power supply to DVcc, BE pin must be input “L” level.

2) When BE pin is set to “L”, low-frequency oscillator operates forcibly and RTC operates
too. Therefore, don't set to BE = “L”, when low-frequency oscillator and RTC are not
operating.

3) When releasing RESET , please confirm BE pin to be “H” level completely before
releasing RESET .

92C820-316 2007-02-16



TOSHIBA TMP92C820

4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t04.0 Vv
Input voltage VIN -0.5t0 Vcc + 0.5
Output current (Per pin) loL 2
Output current (Per pin) loH -2 mA
Output current (Total) ZloL 80
Output current (Total) SloH -80
Power dissipation (Ta = 85°C) Pp 600 mw
Soldering temperature (10 s) Tsolder 260
Storage temperature Tstg —65 to +150 °C
Operation temperature Topr -20to +70

Note: The absolute maximum ratings are rated values that must not be exceeded during
operation, even for an instant. Any one of the ratings must not be exceeded. If any
absolute maximum rating is exceeded, the device may break down or its performance
may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus,
when designing products that include this device, ensure that no absolute maximum
rating value will ever be exceeded.

Solderability of lead-free products

Test Test condition Note

parameter

Solderability (1) Use of Sn-37Pb solder Bath Pass:
Solder bath temperature =230°C, Dipping time = 5 seconds solderability rate until forming
The number of times = one, Use of R-type flux >95%

(2) Use of Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature =245 °C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux (use of lead-free)
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4.2 DC Electrical Characteristics

Vce =3.3+£0.3V/X1=4to40 MHz/Ta=-20to 70°C

Parameter Symbol Condition Min Typ. Max Unit

Power supply voltage X1 =4to 40 MHz (Internal 2 to 20
(DVCC = AVCC = RTCVCC) Vce MHz) 3.0 3.6 \Y;
(DVSS =AVSS =0V) XT1=230to 34 kHz
Input low voltage
DO to D7

P10 to P17 (D8 to D15) ViLo 0.6
P20 to P27 (D16 to D23)
P30 to P37 (D24 to D31)
Input low voltage

P40 to P47

P50 to P57

P60 to P67

P76 ViL1 0.3Vce
P95

PFO, PF3
PGO to PG4 -0.3 \
PLO to PL7

Input low voltage
P90 to P94, P96
PAO to PA7
PCO, PC1, PC3, PC5, PC6 VL2 0.25Vcc
PF1, PF2, PF4, PF5
BE

RESET

Input low voltage
AMO to AM1

Input low voltage
X1, XT1

Input high voltage
DOtoD 7

P10 to P17 (D8 to D15) ViHo 2.0
P20 to P27 (D16 to D23)
P30 to P37 (D24 to D31)

ViL3 0.3

ViLa 0.2Vcc

Input high voltage
P40 to P47

P50 to P57

P60 to P67

P76 ViH1 0.7 xVcc
P95

PFO, PF3
PGO to PG4

Vee+03| v
PLO to PL7 ce

Input high voltage
P90 to P94, P96
PAO to PA7

PCO, PC1, PC3, PC5, PC6 ViH2 0.75 x Vce
PF1, PF2, PF4, PF5
BE

RESET

Input high voltage

Vv Vce-0.3
AMO to AM1 IH3 cc

Input high voltage

V| 0.8 x Vi
X1, XT1 IH4 xVce
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Vee = 3.3 0.3 VIX1 = 4 to 40 MHz/Ta = —20 to 70°C

Parameter Symbol Condition Min Typ. Max Unit
Output low voltage VoL loL=1.6 mA 0.45 \
Output high voltage VoH lon = —400 pA 2.4 \
Input leakage current I 0.0<Vjnh<Vce 0.02 +5 HA
Output leakage current ILo 0.2<Vjnh<Vcc-0.2 0.05 +10 pA
Power down voltage at STOP VL2 =0.2 Ve,
(for internal RAM backup) VsTop ViH2 = 0.8 Vcc 18 3.6 v
Pull-up resistor RESET RRsT
100 400 kQ
Programmable pull-up resistor RkH
Pin capacitance Cio fc=1MHz 10 pF
P90 to P94, P96, PAO to PA7, PCO,
Schmitt width VTH PC1, PC3, PC5, PC6, PF1, PF2, 0.4 1.0 Y
PF4, PF5, BE , RESET
Operating current (NORMAL) ICC DV, 36V X1 40 MH 37.0 60 mA
cc=36V,Xl= z
IDLE2 mode ICCipLE2 (Internal 20 MHz) 26.0 39 mA
IDLE1 mode ICCIDLEL 2.7 5.0 mA
STOP ICCstop |DVcc =36V 0.4 15 A
SLOW ICCS DVcc =3.6V, XT1 =32.768 kHz 43.0 100 HA
SLOW, IDEL2 mode ICCS|pLE2| (INternal 15.8625 kHz) 30.0 70 A
SLOW, IDLE1 mode ICCS|pLE1 8.0 40 HA
L RTCVcc=3.6V, XT1=32.768 kHz 4.0 7.0
RTC V¢ power dissipation ICCRTC HA
RTCVcc=2.0V, XT1=32.768 kHz 1.0 2.0
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4.3 AC Characteristics

4.3.1 Basic Bus Cycle
Read cycle Vce =3.3+£0.3V/X1 =410 40 MHz/Ta=-20to 70°C
. at 20 at 16 .
No. Parameter Symbol Min Max MHz MHz Unit
1 OSC period (X1/X2) tosc 25 250 25 31.25 ns
2 System clock period (= T) tcyc 50 500 50 62.5 ns
3 SDCLK low width tcL 0.5T -15 10 16 ns
4 SDCLK low width tcH 0.5T -15 10 16 ns
51 A0 to A?3 valid — DO to D31 input tAD 20T - 30 70 o5 ns
at 0 waits
50 A0 to A?3 valid — DO to D31 input tAD 3.0T - 30 120 1575 ns
at 1 wait
61 | RO fall> _ tRD 15T-30| 45 63.75 ns
DO to D31 input at 0 waits
62 | ROl _ tRD3 25T-30| 95 126.25 ns
DO to D31 input at 1 wait
7-1 | RD low width at 0 waits tRR 1.5T - 20 55 74 ns
7-2 RD low width at 1 wait tRR3 2.5T-20 105 136 ns
8 A0 to A23 valid — RD fall AR 0.5T -20 5 11 ns
9 RD rise — SDCLK rise tRK 0.5T -20 5 11 ns
10 A0 to A23 valid — DO to D31 hold tHA 0 0 0 ns
11 RD rise — DO to D31 hold tHR 0 0 0 ns
12 WAIT setup time tTk 15 15 15 ns
13 WAIT hold time tkT 5 5 5 ns
14 Data byte control access time for SRAM tsea 1.5T-30 45 63.75 ns
Write cycle Vce =3.3+£0.3V/X1 =410 40 MHz/Ta=-20to 70°C
. at 20 at 16 .
No. Parameter Symbol Min Max MHz MHz Unit
15-1 |DO to D31 valid - WRxx rise at 0 waits | tpy 1.25T - 35 28 43 ns
15-2 | DOto D31 valid > WRxx rise at 1 wait | tpws3 2.25T - 35 78 106 ns
16-1 | WRxx low width at 0 waits tww 1.25T - 30 33 48 ns
16-2 | WRxx low width at 1 wait tww3 2.25T - 30 83 111 ns
17 A0 to A23 valid - WR fall taw 0.5T-20 11 ns
18 | WRxx fall - SDCLK rise twik 0.5T - 20 11 ns
19 | WRxx rise — AO to A23 hold twa 0.25T-5 11 ns
20 | WRxx rise — DO to D31 hold twD 0.25T -5 11 ns
21 RD rise — DO to D31 output tRDO 0.5T-5 20 26.25 ns
22 | Write pulse width for SRAM tswp 1.25T - 30 325 48.125 ns
23 Data byte control to end of write for SRAM | tspw 1.25T - 30 325 48.125 ns
24 Address setup time for SRAM tsas 0.5T-20 5 11.25 ns
25 Write recovery time for SRAM tswRr 0.25T -5 7.5 10.625 ns
26 Data setup time for SRAM tsps 1.25T - 35 27.5 43.125 ns
27 Data hold time for SRAM tspH 0.25T -5 7.5 10.625 ns
AC condition
e Output: High=0.7 Vcc, Low =0.3 Ve, CL =50 pF
e Input: High=0.9 Vcc, Low=0.1 Ve
92C820-320 2007-02-16



TMP92C820

tosc

(1) Read cycle (0 waits)
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The phase relation between X1 input signal and the other signals is unsettled. The timing

chart above is an example.

Note:
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(2) Write cycle (0 waits)

X1

SDCLK

WAIT

A0 to A23

CSx

WRxx

DO to D31

SRxB

SRWR

tosc
tcyc
tcH tcL
—/ N I Y A
tTK tKT
/ N\
X
tAw WK twA
N
tww tsSwRr
tpw twD
tRDO { Data-out
_/ tSDH
tsBw
tspbs
tsas tswp
N

Note: The phase relation between X1 input signal and the other signals is unsettled. The timing
chart above is an example.
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(3) Read cycle (1 wait)

i)

Data-in

-rF---t-4-A--F-F-4-————-F-F -1

I —
« ™
Y4 <C [a)
o = o o
o S o |3 g o
n = < ) _R la

(4) Write cycle (1 wait)

BV R =

e
S e SR
N ElE
twm
N
e
P QUuny R DO N IR i mpnpay S o
a)
&

SDCLK
WAIT

A0 to A23
DO to D31
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4.3.2 Page ROM Read Cycle

(1) 3-2-2-2 mode
Vee = 3.3+ 0.3 VIX1 = 4 to 40 MHz/Ta = —20 to 70°C

. at 20 at 16 .
No. Parameter Symbol| Min Max MHz MHz Unit

1 System clock period (= T) tcyc 50 500 50 62.5 ns
2 AO and A1 — DO to D31 input taD2 2.0T -50 50 75 ns
3 A2 to A23 — DO to D31 input tAD3 3.0T -50 100 138 ns
4 RD fall - DO to D31 input tRD3 2.5T -45 80 111 ns
5 A0 to A23 invalid — DO to D31 hold tHA 0 0 0 ns
6 RD rise — DO to D31 hold tHR 0 0 0 ns

AC condition
e Output: High = 0.7Vcc, Low = 0.3Vcc, CL =50 pF

e Input: High = 0.9V, Low = 0.1Vcc

(2) Page ROM read cycle (3-2-2-2 mode)

: 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1 X 1
SDCLK 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
—I/Ft\—d_l\—/_l\—/_l\—/_l\—/_l\—/_l\—/_l\—/_l\—/_
1 YC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 ! 1 1 1 1 ! 1 1 1 ! 1 - ! 1 1
A0 to A23 |x : : +0 : : |Z_ : +1 : |K_ : +2 : A : +3 : |E
A [ |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cs2 . A S SN 1 N S R | RS S | R S M
T twos b fliwoe i d]_taoe ¢ [ twoz ¢ tua
1 1 1 1 1 { 1 1 1 1 1 1 1 { 1 1 1 1 _R
— 1 1 1 { 1 1 1 1 1 1 1 { 1 1 1 1 1
RD I S N T I N R ) NN R T R
1 1 [ - [ i I - [ [ [ . [ i [ : [ [ I
| | v tRD3 W i, tHA | [ tHA W |, tRD: | || tHR
1 1 T T T (R T 1 P AT AT | HfEe—
1 1 1 1 1 ) . 1 1 ) ™ 1 - ™ 1 i
oo n o foaadfy 0 {Data) ! ! (Patadh) ! ! {patadih)
DO tO D31 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
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4.4 SDRAM Controller AC Electrical Characteristics

Ve = 3.3 2 0.3 VX1 = 4 to 40 MHz/Ta = —20 to 70°C

Variable at 20 MHz at 16 MHz )
No. Parameter Symbol : : : Unit
Min Max Min Max Min Max

1 Ref/active to Ref/active command period tRC 2T 100 125 ns
2 Active to precharge command period tRAS 2T 100 125 ns
3 | Active to read/write command delay time trRCD T 50 62.5 ns
4 Precharge to active command period trRp T 50 62.5 ns
5 Active to active command period tRRD 3T 150 187.5 ns
6 | Write recovery time (CL* = 2) twR T 50 62.5 ns
7 CLK cycle time (CL* = 2) tck T 50 62.5 ns
8 CLK high level width tcH 0.5T-15 10 16.25 ns
9 [ CLK low level width tcL 0.5T-15 10 16.25 ns
10 | Access time from CLK (CL* = 2) tac T-30 20 325 ns
11 [ Output data hold time toH 0 0 0 ns
12 | Data-in setup time tps T-35 15 27.5 ns
13 | Data-in hold time tDH T-5 45 57.50 ns
14 | Address setup time tas 0.75T - 35 2.5 11.88 ns
15 | Address hold time taH 3 3 3 ns
16 [ CKE setup time tcks 0.5T - 15 10 16.25 ns
17 | Command setup time tcms 0.5T - 15 10 16.25 ns
18 [ Command hold time tcMH 0.5T - 15 10 16.25 ns
19 [ Mode register set cycle time trsc T 50 62.5 ns

Note 1: CL* is CAS latency.

Note 2: AC measuring conditions
¢ Output level: High =0.7 V¢, Low = 0.3 Vg, CL=50 pF
¢ Input level: High =0.9 V¢, Low = 0.1 V.
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SDCLK

SDxDQM

SDCS

SDRAS

SDCAS

SDWE

16-bit data bus

Al to A10

All

Al2 to A15

DO to D15

32-bit data bus

Alto All

Al12

Al3to Al15

DO to D31

SDRAM read timing (CPU access or LCDC normal access)

fck
/Y \__/ T ./ 1
ten I teL 'RP lRCD tRAS trp
/ \ /
tcms fcms | tcmH
/ \ / \ /
{CMH
7/ \ / t 1/
/ \ / \ /
7/ __ /
tAs tAH
X Row (_%(| Column X
!tAs tAH |
X Row / \; Column X
X Row X Column X
tAC _)I tOH
tAs (tA_H)|
X Row 7 Column
!tAS! tAH
X Row / \; Column X
X Row X Column X

t

tAC _)I OH
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e SDRAM write timing (CPU access)

tcK
SDCLK A A A O/ -
tcy |l toL tRP fRCD twR tRp
SDXDQM / \ /
T
tcms cMS {RRD
sbcs / \L / \ /
{CMH
SDRAS / \_ Z toMH & /
SDCAS / \ / \_ /
tRAS
SDWE / \. / \ /
16-bit data bus tas taH
A——
Al to A12 X Row X Column X
! tas ! tAH
All X Row \ / Column
A12 to A15 X Row X Column X
tps tDH |
|
DO to D15 X Data-out X
32-bit data bus tas taH |
Alto All X Row X Column X
! tas ! tAH
Al2 X Row \ / Column
A13 to A15 X Row X Column X
tps tDH |
|
DO to D31 X Data-out X
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SDCLK

SDXDQM

SDCS

SDRAS

SDCAS

SDWE

Alto Allor
Al to A10

Al2 or A1l

Al3to Al5 or
Al2to Al5

DO to D31

SDRAM burst read timing (Start of burst cycle)

tcK
S ] I \___/ \_
tcms
\L
—\ {RP {RCD
tcms tcm
\L tcm
E— T\
tcm
L fas , taH |, tAas taH | | fAas
[ [ | | | |
X 227 X Row X Column
\ Row / Column
X 0 X Row
tAC tac taC
X Data-in X Data-in X Data-in

1
toH

[
toH
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SDRAM burst read timing (End of burst cycle)

tcK
SpeLe v ]\ /1
om ECMSE tRsC tRC
SDxDQM _ﬂ
tcms tem
sDcCs \ X 7
SDRAS \ \ 7
tcms
SDCAS \l_‘_’ \ 7
tcm
SDWE \ ) X 7
tAs
Alto All
(0] or
Al to A10 Column A 220 X Column
Al12 or All S 7 \ / ——
Al13to Al5
AL2 to AlD Row X 0 X Column
taAC tAC
(—)l (—)l
DO tO D31 X Data_in X Data-in X Data-in X
i [ [l

toH

toH toH
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SDRAM initialize timing

tcK

SDCLK _/ N Y O\ / \ T\ N/ _/ \_

feH f | tel tRsC trc

SDXDQM /

fcms
Sbcs / \L F \ /[
tcm
SDRAS / \ {  \ /[
tcms tcm tcm
SooAS / \ /\ /[~

tcm

SDWE / \L

_ tas [WAH O tas

Alto Al2 X

><

220

A20 to A23 \[
(BSO and BS1)
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e SDRAM

SDCLK

refresh timing

tcK

/]

tRC

SDxDQM /

|
fcms| tcm
SDCS / \
SDRAS / \
SDCAS / \
SDWE / \
e SDRAM self refresh timing
ek
soctk 0 N\ \ / \ ( / \__/ \___/ \ /r
tcks fcks fRC |
SDCKE \ (
SDxDQM 46
fcms| tcm (
SDCS \ ) \
SDRAS \ ) \
SDCAS \ ) \
SDWE (,l}
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4.5 AD Conversion Characteristics

Parameter Symbol Min Typ. Max Unit

Analog reference voltage (+) VREFH Vce-0.2 Vece Vce
Analog reference voltage (-) VREFL VSS VSS VSS +0.2
AD converter power supply voltage Avce Vce Vce Vce \
AD converter ground Avss VSS VSS VSS
Analog input voltage AvIN VREFL VREFH
Analog current for IREF
analog reference <VREFON>=1 0.8 1.2 mA
voltage
Analog current for
analog reference <VREFON> =0 0.02 5.0 UA
voltage
Total error

. . Et +1.0 4.0 LSB
(Quantize error of £0.5 LSB is included)

4.6 Event Counter (TIO, TI4, TI8, TI9, TIA, and TIB)

Variable 20 MHz 16 MHz )
Parameter Symbol : - - Unit
Min Max Min Max Min Max
Clock cycle Tvek 8T + 100 500 600 ns
Clock low width TvcKkL 4T + 40 240 290 ns
Clock high width TvCKH 4T + 40 240 290 ns
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4.7  Serial Channel Timing
(1) SCLK input mode (I/O interface mode)

Variable 20 MHz 16 MHz .
Parameter Symbol : - : Unit
Min Max Min Max Min Max
SCLK cycle Tscy 16T 0.8 1.0 us
Output data —> SCLK rise Toss TSC_Yllzla ol 90 140
SCLK rise — Output data hold ToHs TSC\_(:20+ 2T 500 625
ns
SCLK rise — Input data hold THSR 0 0 0
SCLK rise — Input data valid TSrRD Tscy -0 800 1000
Input data — SCLK rise TRDS 0 0

(2) SCLK output mode (I/O interface mode)

Variable 20 MHz 16 MHz ]
Parameter Symbol : - : Unit
Min Max Min Max Min Max
SCLK cycle (Programmable) Tscy 16T 8192T 0.8 409.6 1.0 512 us
Output data — SCLK rise Toss | Tscy/2 - 40 360 460
SCLK rise — Output data hold ToHs | Tscy/2 - 40 360 460
SCLK rise — Input data hold THSR 0 0 0 ns
SCLK rise — Input data valid TSRD TSSYlgolT 570 7575
Input data — SCLK rise TRDS 0 0 0
L tscy [
SCLK !

1
Output mode/ | | |
Input rising mode

SCLK |
(Input falling mode)

toss toHS

[
S N S
1 X 2 X 3

Outputgitg \ 0 BK
N, ¥,
tSRD tRDS
Input data ll( i HSR
RXD X o X X+ X X2 X X = X
Valid Valid Valid Valid
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4.8 Interrupt Operation

Variable 20 MHz 16 MHz ]
Parameter Symbol : : : Unit
Min Max Min Max Min Max
INTO to INT3 low width TINTAL 4T + 40 200 290 ns
INTO to INT3 high width TINTAH 4T + 40 200 290
4.9 LCD Controller SR Mode
tcw
tcwH
« tcwL
D1BSCP i \ /
e (( 4
2
, tbsu_||toHD

LDO to LD7 4 LDO to LD7 out X

Vee = 3.3+ 0.3 VIX1 = 4 to 40 MHz/Ta = —20 to 70°C

. 20 MHz 16 MHz
Variable
No. Parameter Symbol (tm=0) (tm=0) Unit
Min Max Min | Max | Min | Max
1 Data vaild — D1BSCP fall tbsu 0.5T - 20 +tm 5 11.25 ns
2 D1BSCP fall —» Data hold tDHD 0.5T-5+tm 20 26.25 ns
3 D1SBCP — Clock high width tcwH | 0.5T — 10 +tm 15 21.25 ns
4 D1BSCP — Clock low width tcwL 0.5T-10 +tm 15 21.25 ns
5 D1BSCP — Clock cycle tcw T+ 2tm 50 62.5 ns

Note: tm = (2°"" - 1) x, e.g., if Scpw = 3 (8 clock mode) and 20 MHz, tm = (2° — 1) x 50 = 350
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4.10 Recommended Oscillation Circuit

The TMP92C820 has been evaluate by below the oscillator vender below. Use this
information when selecting external parts.

Note: The total load value of the oscillation is the sum of external loads (C1 and C2) and the
floating load of the actual assembled board. There is a possibility of operating error when
using C1 and C2 values in the table below. When designing the board, design the
minimum length pattern around the oscillator. We also recommend that oscillator
evaluation be carried out using the actual board.

(1) Connection example

X1 X2

| g i
Co /I

Figure 4.10.1 High-frequency Oscillator

Ci1

XT1

I]C
C1/'|ﬂ- 2/-|”-

XT2

Rd

Figure 4.10.2 Low-frequency Oscillator

(2) TMP92C820 recommended ceramic oscillator: Murata Manufacturing Co., Ltd; JAPAN

Oscillation Parameter of Elements Running Condition
McuU Frequency | Type | Oscillator Product number | C1 c2 Rf Rd
[MHz] [PF] [pF] [l [ |Vetage M| Te[C]
Notel [ Notel
2.000 SMD CSTCC2M00G56-R0 (47) (47) Open 0 1.8~2.7
4.000 SMD CSTCR4MO00G55-R0 (39) (39) Open 0
Lead CSTLS4M00G56-B0 (47) (47) Open 0
6.000 SMD CSTCR6M00G55-R0 (39) (39) Open 0 2.7~-3.6
TMP92C820FG Lead CSTLS6M00G56-B0 47) 47) Open 0 20~ +80
SMD CSTCE10MO0G52-R0 (10) (10) Open 0
10.000 Lead CSTLS10M0G53-B0 (15) (15) Open 0
CSTLS10M0G53-B0 (15) (15) Open 0 1.8-27
12.000 SMD CSTCE12M5G52-R0 (10) (10) Open 0
20.000 SMD CSTCG20MO0V53-R0 (15) (15) Open 0 2.7-3.6
Note 1: The figure in parentheses () under C1 and C2 is the built-in condenser type.

Note 2:

The product numbers and specifications of the osillators made by Murata Manufacturing Co., Ltd. are subject to change.

For up-to-date information, please refer to the following URL:

http://www.murata.co.jp/
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5.

Table of Special Function Registers (SFRSs)

The SFRs (Special function registers) include the I/0 ports and peripheral control registers
allocated to the 8-Kbyte address space from 000000H to 001FFFH.

»
(2
3
4)
(5)
(6)
(7
®
9

1/0 port

I/0 port control
Interrupt control
DMA controller
Memory controller
MMU

Clock gear

LCD controller
SDRAM controller

(10) 8-bit timer

(11) 16-bit timer
(12) UART/serial channel
(138) I2C bus/serial channel

(14) AD converter
(15) Watchdog timer
(16) RTC (Real time clock)

(17) Melody/alarm generator

Table layout
Symbol Name Address 7 6 : // P10 0

1 1 | 1
: : \\ : : . Bit symbol
| | \\ | | . Read/Write
! v ]] + 1 |—> Initial value after reset
1 1 1 1
! ! // [ — Remarks

Note: “Prohibit RMW” in the table means that you cannot use RMW instructions on these registers.

Example) When setting bitO only of the register POCR, the instruction “SET 0, (PxCR)” cannot be used.
The LD (Transfer) instruction must be used to write all eight bits.

Read/Write
R/W: Both read and write are possible.
R: Only read is possible.
Only write is possible.

W=*:  Both read and write are possible (when this bit is read as 1).

Prohibit RMW: Read-modify-write instructions are prohibited. (EX, ADD, ADC, BUS, SBC, INC, DEC,AND, OR,
XOR, STCF, RES, SET, CHG, TSET, RLC, RRC, RL, RR, SLA, SRA, SLL, SRL, RLD, RRD
instructions are read-modify-write instructions.)

Prohibit RMW *: Read-modify-write is prohibited when controlling the pull-up resistor.
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Table 5.1 1/O Register Address Map
[1] Port
Address Name Address Name Address Name Address Name
0000H 0010H | P4 0020H | P8 0030H | PC

1H 1H 1H | PBFC2 1H
2H 2H | P4ACR 2H 2H | PCCR
3H 3H | P4AFC 3H | P8FC 3H | PCFC
4H | P1 4H | P5 4H | P9 4H
5H 5H 5H | P9ODE 5H
6H | P1CR 6H | P5CR 6H | POCR 6H
7H | P1FC 7H | P5FC 7H | POFC 7H
8H | P2 8H | P6 8H | PA 8H
9H 9H 9H 9H
AH | P2CR AH | P6CR AH AH
BH | P2FC BH | P6FC BH | PAFC BH
CH|P3 CH | P7 CH CH | PF
DH DH DH DH
EH | P3CR EH | P7CR EH EH | PFCR
FH | P3FC FH | P7FC FH FH | PFFC

Address Name Address Name

0040H | PG 0050H | PK

1H 1H
2H 2H
3H 3H | PKFC
4H 4H| PL
5H 5H
6H 6H | PLCR
7H 7H| PLFC
8H 8H
9H 9H
AH AH
BH BH
CH|PJ CH
DH | PJFC2 DH
EH EH
FH | PJFC FH

Note: Do not access un-named addresses.
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[2] INTC [3] DMAC
Address Name Address Name Address Name Address Name

O0ODOH | INTE12 00EOH | Reserved 00FOH | INTEOAD 0100H | DMAQOV
1H | INTE3 1H | Reserved 1H | INTETCO1 1H | DMA1V
2H 2H | Reserved 2H | INTETC23 2H | DMA2V
3H 3H | INTESBO 3H | INTETC45 3H | DMA3V
4H | INTETAO1 4H | Reserved 4H | INTETC67 4H | DMA4V
5H | INTETA23 5H | INTALMO1 5H | SIMC 5H | DMA5V
6H 6H | INTALM23 6H | IMC 6H | DMA6V
7H 7H | INTALM4 7H | INTWDT 7H | DMA7V
8H | INTETBO1 8H | INTERTC 8H | INTCLR 8H | DMAB
9H 9H | INTEKEY 9H 9H | DMAR
AH | INTETBOO AH | INTLCD AH AH | Reserved
BH | INTESO BH | Reserved BH BH
CH | INTES1 CH | Reserved CH CH
DH DH | INTES2 DH DH
EH EH | INTEPO EH EH
FH FH FH FH

[4] MEMC [5] MMU
Address Name Address Name Address Name Address Name
0140H | BOCSL 0150H 0160H 01DOH | LOCALO
1H | BOCSH 1H 1H 1H | LOCAL1
2H | MAMRO 2H 2H 2H | LOCAL2
3H | MSARO 3H 3H 3H | LOCAL3
4H | B1CSL 4H 4H 4H
5H | B1ICSH 5H 5H 5H
6H | MAMR1 6H 6H | PMEMCR 6H
7H | MSAR1 7H 7H 7H
8H | B2CSL 8H | BEXCSL 8H 8H
9H | B2CSH 9H | BEXCSH 9H 9H
AH | MAMR2 AH AH AH
BH | MSAR2 BH BH BH
CH | B3CSL CH CH CH
DH | B3CSH DH DH DH
EH | MAMR3 EH EH EH
FH | MSAR3 FH FH FH
Note: Do not access un-named addresses.
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[6] CGEAR [7] LCDC-1
Address Name Address Name Address Name
10EOH | SYSCRO 0200H | LCDMODE 0210H | LSARAM

1H | SYSCR1 1H | LCDDVM 1H | LSARAH
2H | SYSCR2 2H | LCDSIZE 2H | LEARAM
3H | EMCCRO 3H | LCDCTL 3H | LEARAH
4H | EMCCR1 4H | LCDFFP 4H | LSARBM
5H | EMCCR2 5H | LCDGL 5H | LSARBH
6H | Reserved 6H | LCDCM 6H | LEARBM
7H 7H | LCDCW 7H | LEARBH
8H | Reserved 8H | LCDCH 8H | LSARCL
9H | Reserved 9H | LCDCP 9H | LSARCM
AH AH | LCDCPL AH | LSARCH
BH BH | LCDCPM BH
CH CH | LCDCPH CH
DH DH | Reserved DH
EH EH EH
FH FH FH

[7] LCDC-2

Address Name Address Name Address Name

0220H | LGOL 0230H | LG8L 0240H

1H | LGOH 1H | LG8H 1H
2H | LG1L 2H | LGOL 2H
3H | LG1H 3H | LG9H 3H
4H | LG2L 4H | LGAL 4H
5H | LG2H 5H | LGAH 5H
6H | LG3L 6H | LGBL 6H
7H | LG3H 7H | LGBH 7H
8H | LGAL 8H | LGCL 8H | Reserved
9H | LG4H 9H | LGCH 9H | Reserved
AH | LG5L AH | LGDL AH | Reserved
BH | LG5H BH | LGDH BH | Reserved
CH | LG6L CH | LGEL CH | Reserved
DH | LG6H DH | LGEH DH | Reserved
EH | LG7L EH | LGFL EH | Reserved
FH | LG7H FH | LGFH FH | Reserved

Note: Do not access un-named addresses.
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[8] SDRAMC [9] 8-bit timer [10] 16-bit timer
Address Name Address Name Address Name
0250H | SDACR 1100H | TAOLIRUN 1180H | TBORUN
1H ] SDRCR 1H 1H
2H 2H | TAOREG 2H | TBOMOD
3H 3H | TALREG 3H | TBOFFCR
4H 4H | TAOIMOD 4H
5H 5H | TAOLFFCR 5H
6H 6H 6H
7H 7H H
8H 8H | TA23RUN 8H | TBORGOL
9H 9H 9H | TBORGOH
AH AH | TA2REG AH | TBORG1L
BH BH | TA3REG BH | TBORG1H
CH CH | TA23MOD CH | TBOCPOL
DH DH | TASFFCR DH | TBOCPOH
EH EH EH | TBOCP1L
FH FH FH | TBOCP1H
[11] STO [12] SBI
Address Name Address Name Address Name
1200H | SCOBUF 1210H | SC2BUF 1240H | SBIOCR1
1H ] SCOCR 1H ] SC2CR 1H | SBIODBR
2H | SCOMODO 2H | SC2MODO 2H | 1I2CO0AR
3H | BROCR 3H | BR2CR 3H | SBIOCR2/SBIOSR
4H | BROADD 4H | BR2ADD 4H | SBIOBRO
5H | SCOMOD1 5H ] SC2MOD1 5H | SBIOBR1
6H 6H 6H
7H | SIRCR H H
8H | SC1BUF 8H 8H
9H | SC1CR 9H 9H
AH | SC1IMODO AH AH
BH | BR1ICR BH BH
CH | BR1ADD CH CH
DH | SC1IMOD1 DH DH
EH EH EH
FH FH FH
Note: Do not access un-named addresses.
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[13] 10-bit ADC [14] WDT
Address Name Address Name Address Name
12A0H | ADREGOL 12BOH 1300H | WDMOD
1H | ADREGOH 1H 1H | WDCR
2H | ADREGI1L 2H 2H
3H | ADREG1H 3H 3H
4H | ADREG2L 4H 4H
5H | ADREG2H 5H 5H
6H | ADREG3L 6H 6H
7H | ADREG3H H 7H
8H | ADREG4L 8H | ADMODO 8H
9H | ADREG4H 9H | ADMOD1 9H
AH | Reserved AH | ADMOD2 AH
BH | Reserved BH | Reserved BH
CH | Reserved CH CH
DH | Reserved DH DH
EH | Reserved EH EH
FH | Reserved FH FH
[15] RTC [16] MLD
Address Name Address Name
1320H | SECR 1330H | ALM
1H | MINR 1H | MELALMC
2H | HOURR 2H | MELFL
3H | DAYR 3H | MELFH
4H | DATER 4H | ALMINT
5H | MONTHR 5H
6H | YEARR 6H
7H | PAGER 7H
8H | RESTR 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
Note: Do not access un-named addresses.
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(1) T/0 port

Symbol | Name |Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 Port 1 0004H RIW
Data from external port (Output latch register is cleared to 0)
P27 | P26 | pP2s | pP2a | P23 | P22 | P21 | P20
P2 Port 2 0008H R/IW
Data from external port (Output latch register is cleared to 0)
P37 | P36 | P35 | P | P33 | P32 | P31 | P30
P3 Port 3 000CH R/IW
Data from external port (Output latch register is cleared to 0)
P47 | Pa6 | Pas | pPasa | pPaz | pPa2 | Par | P40
P4 Port 4 0010H R/W
Data from external port (Output latch register is cleared to 0)
P57 | pPs6 | pPss | pPsa | pPs3a | pPs2 | P51 | P50
P5 Port 5 0014H R/W
Data from external port (Output latch register is cleared to 0)
P67 | P66 | Pes | pPea | Pe3 | P2 | Pe1 | P60
P6 Port 6 0018H RIW

Data from external port (Output latch register is cleared to 0)

P76 P7s | P74 | P73 P2 | P71 | P70
R/W
P7 Port 7 001CH Data from
external 1 1 1 1 1 1
port Notel
P87 P86 P85 P84 P83 P82 P81 P80
P8 Port 8 0020H R/W
1 1 1 1 1 0 1 1
P96 P95 P94 P93 P92 P91 P90
P9 Port 9 0024H R/W
Data from external port (Output latch register is set to 1)
PA7 PA6 | PAS PA4 | PA3 | PA2 | PAL [ PAO
PA Port A 0028H R
Data from external port
PC6 | PC5 PC3 PCl1 | PCO
R/W R/W R/W
Pe Port ¢ 0030H Data from external port ZT;:;‘;T Data from external port
Note2 port Note2 Note2
PF5 PF4 PF3 PF2 PFL | PFoO
PF Port F 003CH R/W
Data from external port (Output latch register is set to 1)
PG4 | Pe3 | pPe2 | PGL | PGo
PG Port G 0040H R
Data from external port
PJ7 PJ6 PJ5 P4 | P13 | P22 | P | PX
PJ Port J 004CH RIW
1 1 1 1 1 1 1 1
PK6 PK4 PK3 PK2 PK1 PKO
PK Port K 0050H R/W R/W
1 1 1 1 1 1
PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
PL Port L 0054H R/W

Data from external port (Output latch register is set to 1)

Note 1: Output latch register is cleared to 0.

Note 2: Output latch register is set to 1
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ort contro
(2) 1/O port control (1/3)
Symbol | Name |Address 7 6 5 4 3 2 0
ooy | 0006H P17C P16C P15C P14C P13C P12C P11C P10C
ort
w
P1CR control .
register | (Prohibit o | o | o | o | o [ o | [ o
RMW) 0: Input  1: Output
P1F
0007H
Port 1 w
P1FC function hibi 1
register | (Prohibit 0: Port
RMW) 1:Data bus
(D8 to D15)
000AH | P27C P26C P25C P24C P23C P22C P21C P20C
Port 2 W
P2CR control .
register (Prohibit 0 0 0 0 0 0 0
RMW) 0: Input 1: Output
P2F
000BH
Port 2 w
P2FC function . 0/1
register (Prohibit 0: Port
RMW) 1: Data bus
(D16 to D23)
000EH | P37C P36C P35C P34C P33C P32C P31C P30C
Port 3 W
P3CR control .
register | (Prohibit 0 0 0 0 0 0 0
RMW) 0: Input 1: Output
P3F
000FH
Port 3 w
P3FC function - 0/1
register (Prohibit 0: Port
RMW) 1: Data bus
(D24 to D31)
0012H P47C P46C P45C P44C P43C P42C P41C P40C
Port 4
w
P4ACR control o
register | (Prohibit o | o | o | o | o [ o | [ o
RMW) 0: Input 1: Output
0013H | P47F | PaeF | pasF | pPasr | pPasr | PaoF | pParF | paoF
Port 4 W
P4FC function .
register | (Prohibit 1 x| 1 ] ] 1 ] | 1
RMW) 0: Port 1: Address bus (A0 to A7)
oons | 0016H | _PS7C | psec | pssc | psac | psac | psac | psic | Psoc
ort
w
P5CR control .
register | (Prohibit o | o | o | o | o [ o | | o
RMW) 0: Input 1: Output
bors | 00L7H ps7k | pPseF | PssF | PsaF | Ps3F | Ps2F | psiF | PsOF
ort
w
P5FC function .
register (Prohibit 1 | 1 | 1 | 1 | 1 | 1 | | 1
RMW) 0: Port  1: Address bus (A8 to A15)
oo1aH | Ps7Cc | pesc | pesc | peac | peac | pe2c | peic | Peoc
Port 6 W
P6CR control o
register (Prohibit 0 | 0 | 0 | 0 | 0 | 0 | | 0
RMW) 0: Input 1: Output
001BH | P67F Pe6F | PesF | Pear | Pe3F | Pe2F | PeIF | P6OF
Port 6 W
P6FC function .
register | (Prohibit 1 1 | o1 o1 o1 ] [ 1
RMW) 0: Port 1: Address bus (A16 to A23)
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1/0 port control (2/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
001EH P7ec
Port 7 w
P7CR control
ey | (Pronibit 0
g RMW) 0: Input
1: Output
P76F P75F P74F P73F P72F P71F P70F
001FH
Port 7 W
P7FC function
register (Prohibit 0 0 0 0 0 0 !
9 RMW) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1. WAIT 1: RIW 1. WRUU [1: wruL |1: WRLU |1: wrLL [1: RD
P87F - P85F P84F P83F P82F P81F P8OF
0023H
Port 8 w
P8FC function
tonisior | (Prohibit 1 0 0 0 0 0 0 0
g RMw)  [0: Port Always  |0:Port 0: Port 0: Port 0: Port 0: Port 0: Port
1:SDCLK |write 0. |1:EA25 |1:EA24 |1:cs3 |1ess |t esi |1 cso
- P86F2 P85F2 P84F2 - P82F2 P81F2 P80OF2
0021H
Port 8 w
P8FC2 function (Prohibit 0 0 0 0 0 0 0 0
register 2 RMW) |Always [0:<PB6F> [0:<P85F> [0: <P84F> [ Always |0: <P82F> [0: <PBLF> [0: <PBOF>
write “0” |1: CS2D  [1: CS2C  |1: CS2B | write “0". [1: CS2A  |1: SDCSL |1: SDCSH
bort o 0026H P96C P95C P94C P93C P92C P91C P90C
ort
w
POCR control .
register | (Pronibit o | o | o J o | o | o | o
RMW) 0: Input  1: Output
Po6F | P95k | P9aF | Po3F | Po2F | PotF | P9oF
w
portg | 90%7H 0 0 0 0 0 0 0
POFC function 0: Port 0: Port 0: Port 0: Port 0: Port, SI |0: Port 0: Port,
register | (Pronibit 1:RXD2, [1:TXD2, |1:TS2F [1: sz |L:'SCL  [1:SO, SDA| SCK
RMW) CSEXA CS2G Note input
1:SCK
output
Notg
P950DE - - P920DE | P910ODE
Port 9 0025H W
P9ODE ODE o 0 0 0 0 0
register (Prohibit 0:3states |Always Always 0:3 states  |0: 3 states
RMW) 1: Open write “0”  |write “0”  |1:Open 1: Open
drain drain drain
Port A 002BH PATF PAGF PASF PA4F PA3F PA2F PA1F PAOF
ort
W
PAFC function .
register | (Pronibit 0 o | o 0 0 0 o | o
RMW) 0: KEY-IN disable ~ 1: KEY-IN enable
0032H pcec | PcsC PC3C pcic | pcoc
Port C w w w
PCCR control
register | (Prohibit o | o 0 o [ o
RMW) 0: Input  1: Output 0: Input 0: Input  1: Output
1: Output
PC6F | PCsF PC3F PCIF | PCOF
Port C 0033H W \W W
PCFC function Prohibi 0 0 1 0 0
register (Prohibit 0: Port 0: Port 0: Port 0: Port 0: Port
RMW) 1: INT3 1: INT2 1: INTO 1: INT1 1: TAOIN
TBOOUTO| TA30UT TALOUT

Note : When using Sl and SCK input function, set POFC<P92F, P9OF> to “0” (Function setting).
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1/0 port control (3/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
003EH PF5C PF4C PF3C PF2C PF1C PFOC
Port F W
PFCR control -
register | (Pronibit o | o [ o [ o | o | o
RMW) 0: Input  1: Output
PF5F PF3F | PF2F PFOF
003FH
Port F w W W
PFFC function . 0 0 0 0
register (Prohibit 0: Port 0: Port 0: Port 0: Port
RMW) 1: SCLK1 1:TXD1 [1:SCLKO 1: TXDO
output output
PJ7F PJ6F PJ5F PJAF PJ3F PJ2F PJ1F PJOF
004FH
Port J w
PJFC function " 0 0 0 0 0 0 0 0
register (Prohibit

RMw) [O:Port 0:Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SDCKE |1: SDUUDQM|1: SDULDQM |1: SDLUDQM|1: SDLLDQM|1: SDWE |1: SDCAS |1: SDRAS

- PF6F2 | PF5F2 | PF4F2 | PF3F2 | PF2F2 - -

004DH
Port J W
PJFC2 function (Prohibit 0 0 0 0 0 0 0 0
fegister2 | "omw) |Always  |0:<PJ6F> [0: <PJSF> [0:<PJ4F> [0:<PJ3F> [0:<PJ2F> |Aways | Always
write “0”. |1:SRUUB |[1:SRULB [1:SRLUB |1:SRLLB |[1:SRWR |write “0". [write “0".
PK6F PK4F PK3F PK2F PK1F PKOF
w w
0053H 0 0 0 0 0 0
PortK 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
PKFC function Prohibit 1: ALARM 1: DOFFB |1:DLEBCD|1: D3BFR (1:D2BLP |1:D1BSCP
register (Prohibi at <PK6>
RMW) 1
1: MLDALM
at <PK6>
=0
0056H PL7C PL6C PL5C PL4AC PL3C PL2C PL1C PLOC
Port L W
PLCR control "
register | Ponbit [ 0 | o [ o [ o [ o [ o [ o [ o
RMW) 0: Input 1: Output
bt | 0057H | _PLTF | per | pPsF | puar | Par | por | pPLIF | PLOF
ort
w
PLFC function .
register | (Pronibit o | o [ o | o | o | o | o [ o
RMW) 0: Port 1: Data bus for LCDC (LD7 to LDO)
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(3) Interrupt control (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
INT2 INT1
INT1& 12C em2 | i2mi | 12mo 11C vz | iamr | 1Mo
INTE12 | INT2 00DOH R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1:INT2 Level of request interrupt 1:INT1 Level of request interrupt
- INT3
INT3 - - -] - 13C i3v2 | 13m1 | 13m0
INTE3 | - | 0OD1H _ - R RIW
- - | - [ - 0 o [ o | o
Always write “0”. 1:INT3 Level of request interrupt
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO& ITALIC | 1TAim2 | iTAim1 | iTAimo | iTAoc | 1ITAom2 | iTAoMm1 | ITAOMO
INTETAOL| INTTAL | 00D4H R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTAL Level of request interrupt 1: INTTAO Level of request interrupt
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2& ITA3C | 1TA3m2 | 1TA3m1 | ITA3mo | 1ITA2c | 1ITA2m2 | iTA2m1 | ITA2MO
INTETA23| INTTA3 | 00DSH R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTA3 Level of request interrupt 1: INTTA2 Level of request interrupt
INTTBL (TMRBL1) INTTBO (TMRBO)
INTTBO& ITB1C | ITB1M2 | TBIM1 | ITBimMO | ITBoC | ITBOM2 [ ITBOML | ITBOMO
INTETBOL| INTTBL | 00D8H R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTB1 Level of request interrupt 1: INTTBO Level of request interrupt
- INTTBOO
INTTBOO - - -] - ITBOOC | ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBOO| (Overflow) | 00DAH _ - R RIW
enable _ _ | _ | _ 0 0 | 0 | 0
Always write “0”. 1: INTTBOO Level of request interrupt
INTTXO INTRXO
INTRXO0&. iTxoc | 1mxom2 | 1txom1 | 1txomo | IRxoc | IRXoM2 | IRXOM1 | IRXOMO
INTESO | INTTXO | 00DBH R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTTXO0 Level of request interrupt 1: INTRXO0 Level of request interrupt
INTTX1 INTRXL
INTRX1& iTxic | mxam2 [ mxami | imxamo | IRxac | IRxim2 [ IRXiM1 | IRX1MO
INTES1 | INTTX1 | 0ODCH R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTTX1 Level of request interrupt 1: INTRX1 Level of request interrupt
- INTSBEO
INTSBEG - - | -1 - ISBEOC | ISBEOM2 | ISBEOM1 | ISBEOMO
INTESBO | " >/ | O0E3H _ - R RIW
- - - [ - 0 o [ o [ o
Always write “0". 1: INTSBEO Level of request interrupt
INTALM1 INTALMO
INTALMO IAIC | 1AIM2 | 1AIM1 | 1AIMO | 1AOC | 1AOM2 | IAOM1 | IAOMO
INTEALMO1 INTiLLMl 00ESH R RIW R RIW
enable 0 o [ o | o 0 o [ o [ o
1: INTALM1 Level of request interrupt 1: INTALMO Level of request interrupt
INTALM3 INTALM2
INTALM2 IA3C_ | IA3M2 | IA3ML1 | IA3MO | I1A2C | 1A2M2 | IA2M1 | 1A2MO
INTEALM23 INTiLLM3 00E6H R RIW R RIW
enable 0 o [ o | o 0 o [ o [ o
1: INTALM3 Level of request interrupt 1: INTALM2 Level of request interrupt
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Interrupt control (2/3)
Symbol | Name [Address 7 6 5 4 3 2 1 0
- INTALM4
INTALMA - - -1 - IA4C IAdM2 | 1Aam1 | 1AaMO
INTEALM4 00E7H — — R R/W
enable
- - -] - 0 o | o [ o
Always write “0”. 1: INTALM4 Level of request interrupt
- INTRTC
INTRTC - - -] - IRC RM2 | IRM1 | IRMO
INTERTC 00E8H - - R RIW
enable
- - -] - 0 o | o [ o
Always write “0”. 1: INTRTC Level of request interrupt
- INTKEY
INTKEY - - -] - IKC kM2 [ kmi | 1KMo
INTECKEY 00E9H — — R R/W
enable
- - - 1 - 0 o [ o [ o
Always write “0”. 1: INTKEY Level of request interrupt
- INTLCD
- - -1 - iLcpic | ieom2 | iLepmi | iLcobmo
INTLCD
INTLCD 00EAH - - R RIW
enable
- - - - 0 o | o [ o
Always write “0”. 1: INTLCD Level of request interrupt
INTTX2 INTRX2
INTRX2& ITx2Cc | Imxam2 | 1Imxam1 | 1ITx2Mo | IRX2C | IRX2M2 | IRX2M1 | IRX2MO
INTES2 | INTTX2 | OOEDH R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTX2 Level of request interrupt 1: INTRX2 Level of request interrupt
- INTPO
INTPO - - | - 1 - IPOC iPoM2 | IPOM1 [ IPOMO
INTEPO 00EEH - - R RIW
enable
- - | - 1 - 0 o | o | o
Always write “0". 1: INTPO Level of request interrupt
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Interrupt control (3/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
INTAD INTO
INTO& IADC | 1aDM2 | 1ADM1 | 1ADMO I0C iom2 | 1om1 | 1omo
INTEOAD | INTAD | OOFOH R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTAD Level of request interrupt 1: INTO Level of request interrupt
INTTC1 (DMAL1) INTTCO (DMAO)
INTTCOS. itcic | ircam2 | ircami | ircamo | itcoc | itcom2 | imcomi | ircomo
INTETCO1 | INTTC1 | OOF1H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTTC1 Level of request interrupt 1: INTTCO Level of request interrupt
INTTC3 (DMA3) INTTC2 (DMA2)
INTTC28. ITcac | 1tcam2 | imeami | imeamo | itcac | itcam2 | imcami | imcamo
INTETC23 | INTTC3 | O00F2H R RIW R RIW
enable 0 o | o [ o 0 o | o [ o
1: INTTC3 Level of request interrupt 1: INTTC2 Level of request interrupt
INTTC5 (DMAS) INTTC4 (DMA4)
INTTC48&. ITcsc | 1tesm2 | imesmi | imesmo | itcac | iTcam2 | imcami | imcamo
INTETC45 | INTTC5 | OOF3H R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTC5 Level of request interrupt 1: INTTC4 Level of request interrupt
INTTC7 (DMA7) INTTC6 (DMA6)
INTTC6& ITc7c | imcrm2 | itczme | itc7mo | iTcec [ iTcem2 | ITcemi | ITCeMO
INTETC67 | INTTC7 | OOF4H R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTC7 Level of request interrupt 1: INTTC6 Level of request interrupt
IR2LE | IRILE | IROLE
w
SIO O0OF5H 1 1 1
sime | Interrupt 0:INTRX2 [0: INTRX1 |0: INTRXO
mode (Prohibit edge edge edge
control RMW) mode mode mode
1:INTRX2 |1: INTRX1 |1: INTRXO
level level level
mode mode mode
I3EDGE | I2EDGE | I1EDGE | I0EDGE | IOLE -
W RIW
Interrupt | OOF6H 0 0 0 0 0 0
IIMC input INT3EDGE INT2EDGE [INT1EDGE INTOEDGE [0: INTO  |Always
mode | (Prohibit edge  |write “0".
control RMW) 0: Rising  0: Rising  [0: Rising  [0: Rising 1 mc_’l%e
1: Falling [1: Falling [1: Falling |[1: Falling evel
mode
- INTWD
- - -1 - ITCWD - -1 -
INTWDT | INTWD | OOF7H _ _ R -
— - T - [ = [ o [ — [ - T~
Always write “0”. 1: INTWD -
ooF8H | CLRv7 | cLRve | CLRv5s | cLRv4 | cLRv3 | CLRv2 | CLRV1 | CLRvO
Interrupt W
INTCLR clear -
control | (Prohibit o | o [ o | o 0 o | o [ o
RMW) Interrupt vector
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(4) DMA controller
Symbol | Name [Address 7 6 5 4 3 2 1 0
MAO DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOVL | DMAQVO
RIW
DMAOV | start 0100H
T o T o [ 5 T o [
DMAQO start vector
AL DMALV5 | DMA1V4 | DMA1V3 | DMALV2 | DMALV1 | DMA1VO
RIW
DMALV | start 0101H
vector o | o | o | o | o [ o
DMAL start vector
OMAD DMA2V5 | DMA2v4 | DMA2V3 | DMA2v2 | DMA2V1 | DMA2VO
RIW
DMA2V | start 0102H
vector o | o | o [ o | o | o
DMA2 start vector
VA DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
RIW
DMA3V | start 0103H
T T o T o [ o [ o [
DMARS start vector
A DMA4V5 | DMA4v4 | DMA4V3 | DMA4V2 | DMA4VL | DMA4VO
RIW
DMA4V | start 0104H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAA4 start vector
DMA5V5 | DMASV4 | DMA5V3 | DMA5V2 | DMASVL | DMA5VO
DMAS5 -y
DMASV |  start 0105H
e T o T o [ o T 5 [ %
DMAG start vector
OMAG DMA6V5 | DMA6V4 | DMA6V3 | DMA6V2 | DMA6VL | DMA6VO
RIW
DMA6V | start 0106H
vector o | o [ o | o | o [ o
DMAG start vector
DMA7V5 | DMA7vV4 | DMA7V3 | DMA7V2 | DMA7VL | DMA7VO
DMA? vv"
DMA7V | start 0107H
vector o | o | o [ o | o | o
DMAT7 start vector
DBST7 | DBST6 | DBST5 | DBST4 | DBST3 | DBST2 | DBST1 | DBSTO
DMAB DMA 1 o108H RIW
burst o | o | o [ o | o | o | o | o
1: DMA request on burst mode
DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1 | DREQO
pma | 0109 RIW
DMAR ¢ (Prohibit
requesRMW)o|o|o|o|o|o|o|o
1: DMA request in software
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(5) Memory controller (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
BOWW?2 BOWW1 BOWWO BOWR2 BOWR1 BOWRO
' W
o | 1 | o o | 1 ] o
BLOCKO 0140H Write waits Read waits
MEMC 001: 2 states (0 waits) 001: 2 states (0 waits)
BOCSL | control (Prohibit 010: 3 states (1 wait) 010: 3 states (1 wait)
register RMW) 101: 4 states (2 waits) 101: 4 states (2 waits)
low 110: 5 states (3 waits) 110: 5 states (3 waits)
111: 6 states (4 waits) 111: 6 states (4 waits)
011: WAIT pin input mode 011: WAIT pin input mode
Others: (Reserved) Others: (Reserved)
BOE BOREC | Boom1 | BOoOMO | BOBUS1 | BOBUSO
W W
20 | s [ B B
BOCSH control B C.ZS_select 0: ’(;‘Sn'q?ssn 00: ROM/SRAM Data bus width
register (Prohibit 2: eDrl]Sai?lee cycle 01: Reserved 00: 8 hits
high RMW) 1™ 1 I(r?:gratu't) 10: Reserved 01: 16 bits
dummy |11: Reserved 10: 32 bits
cycle 11: Reserved
B1wWwW2 B1WW1 B1WWO B1WR2 B1WR1 | B1WRO
W W
o | 1 | o o | 1 | o
BLOCK1 0144H Write waits Read waits
MEMC 001: 2 states (0 waits) 001: 2 states (0 waits)
B1CSL coqtrol (Prohibit 010: 3 states (1 wait) 010: 3 states (1 wait)
register RMW) 101: 4 states (2 waits) 101: 4 states (2 waits)
low 110: 5 states (3 waits) 110: 5 states (3 waits)
111: 6 states (4 waits) 111: 6 states (4 waits)
011: WAIT pin input mode 011: WAIT pin input mode
Others: (Reserved) Others: (Reserved)
B1E B1REC B1OM1 B1OMO | B1BUS1 | B1BUSO
W W
508 | o [ B
B1CSH control - C.S_select * l(;ll?n;r:rs;rt 00: ROM/SRAM Data bus width
register (Prohibit 2: g]s;tgf cycle 01: Reserved 00: 8 hits
high RMW) [~ 1 I(r?:gi“") 10: Reserved 01: 16 bits
dummy |11: SDRAM 10: 32 bits
cycle 11: Reserved
B2wWw2 B2wWwW1 B2WWwWO0 B2WR2 B2WR1 | B2WRO0
W W
o | 1 | o o | 1 ] o
BLOCK2 0148H Write waits Read waits
MEMC 001: 2 states (0 waits) 001: 2 states (0 waits)
B2CSL cor_1tro| (Prohibit 010: 3 states (1 wait) 010: 3 states (1 wait)
register RMW) 101: 4 states (2 waits) 101: 4 states (2 waits)
low 110: 5 states (3 waits) 110: 5 states (3 waits)
111: 6 states (4 waits) 111: 6 states (4 waits)
011: WAIT pin input mode 011: WAIT pininput mode
Others: (Reserved) Others: (Reserved)
B2E B2M B2REC B20OM1 B20OMO | B2BUS1 | B2BUSO
W W
BII\;I(I:E);EZ 0149H 1 0 0 o | o o1 | on
CS select |0: 16 Mbytes 0:Noinsert |h5. ROM/SRAM Data bus width
peesn rcec;:;glr (Prohibit (1)5 E:f;tﬁ'ee  seis area g;?em ¥ |o1: Reserved 00: 8 bits
high RMW) 1™ .. b |10: Reserved 01: 16 bits
dummy |11: Reserved 10: 32 bits
cycle 11: Reserved
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Memory controller (2/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
B3WW2 B3WWwW1 B3WWO0 B3WR2 B3WR1 B3WRO
i\ W
o | 1 | o o | 1 | o
BLOCK3 014CH Write waits Read waits
MEMC 001: 2 states (0 waits) 001: 2 states (0 waits)
B3CSL cor_1tro| (Prohibit 010: 3 states (1 wait) 010: 3 states (1 wait)
register RMW) 101: 4 states (2 waits) 101: 4 states (2 waits)
low 110: 5 states (3 waits) 110: 5 states (3 waits)
111: 6 states (4 waits) 111: 6 states (4 waits)
011: WAIT pin input mode 011: WAIT pin input mode
Others: (Reserved) Others: (Reserved)
B3E B3REC | B30M1 | B30MO | B3BUSL | B3BUSO
W W
o | weon [ N T N
B3CSH control N (?S select 0: ysrr']f:s;” 00: ROM/SRAM Data bus width
register (Prohibit 2: E:]s;é)ll: cycle 01: Reserved 00: 8 bits
high RMW) 1™ 1 I(r?:;i”") 10: Reserved 01: 16 bits
dummy [11: Reserved 10: 32 bits
cycle 11: Reserved
BEXWW2 | BEXWW1 | BEXWWO0 BEXWR2 | BEXWR1 | BEXWRO
\W W
BLOCK o | 1 | o o | 1 | o
EX 0158H Write waits Read waits
MEMC 001: 2 states (0 waits) 001: 2 states (0 waits)
BEXCSL control | Prohibit 010: 3 states (1 wait) 010: 3 states (1 wait)
register RMW 101: 4 states (2 waits) 101: 4 states (2 waits)
low 110: 5 states (3 waits) 110: 5 states (3 waits)
111: 6 states (4 waits) 111: 6 states (4 waits)
011: WAIT pin input mode 011: WAIT pin input mode
Others: (Reserved) Others: (Reserved)
BEXOM1 | BEXOMO | BExBUSL | BEXBUSO
BLOCK W
EX 0159H o | o o | o
BEXCSH MEMC 00: ROM/SRAM Data bus width
control (Prohibit 01: Reserved 00: 8 bits
register RMW) 10: Reserved 01: 16 bits
igh 11: Reserved 10: 32 bits
11: Reserved
OPGE | oPwR1 | OPWRO | PRL | PRO
R/W
0 o | o 1 | o
Page ROM Wait number on page |Byte number in a page
ROM page 00: 1 state 00: 64 bytes
PMEMCR control 0166H access (n-1-1-1 mode) 01: 32 bytes
register 0:Disable 101 2 states 10: 16 bytes
(n-2-2-2 mode) (Default)
10: 3 states 11: 8 bytes
(n-3-3-3 mode)
11: (Reserved)
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Memory control (3/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
mMov2o | movio | movis | moviz | Movie | Mmovis | movid-9 | Movs
mAmMRo | MEMON I 01404 RIW
register 0 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
0: Compare enable 1: Compare disable
Memory M0s23 | M0s22 | Mos21 | mos20 | Mosi9 | mosis | mosi7 | Mosie
start R/W
MSARO address 0143H S S Y S N S A EE S N
register 0 Set start address A23 to A16
Memory Mive1 | miv2o | Mivio | mivig | miviz | mivie | mvis-9 | Mivs
MAMRL | 299ESS | o1 6H RIW
mask 1 | o1 o2 [ 12 | 2 ] 1 ] 1 | 1
register 1 0: Compare enable 1: Compare disable
Memory M1s23 | M1s22 | Mm1s21 | mis20 | misi9 | misi8 | mi1s17 | misie
start R/W
MSARL address 0147H 1 | o1 o2 [ o1 | 2 ] 1 ] 1 | 1
register 1 Set start address A23 to A16
M2v22 | m2v2i | m2v2o | mavie | m2vis | m2viz | m2vie | m2vis
MaMR2 | MEMOY | o1 aam RIW
register 2 1 |+ |2 |2 | 2 | 1 | 1 | 1
0: Compare enable 1: Compare disable
Memory M2s23 | M2s22 | M2s21 | m2s20 | m2s19 | m2s18 | Mm2s17 | Mm2sie
start R/W
MSAR2 address 0148H 1 [ | 1 1 [ x| 1 ] 1 [
register 2 Set start address A23 to A16
M3v22 | M3v2i | M3v20 | M3vig | M3vig | M3vi7 | M3Vi6é | M3Vis
MAMR3 | MEMOY | o1 4pn RIW
register 3 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
0: Compare enable 1: Compare disable
Memory M3s23 | M3s22 | M3s21 | M3s20 | M3s19 | m3si8 | M3s17 | M3sie
start R/W
MSARS address 014FH 1 [ 2 1 ] ] ] 1 ]
register 3 Set start address A23 to A16
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(6) MMU
Symbol | Name |Address 7 6 5 4 3 2 1 0
LOE LOEA22 | LOEA21 | LOEA20
RIW RIW
0 o | o [ o
LOCALO LO(_:ALO 01DOH |Use BANK Setting BANK number for
register for LOCALO
LOCALO
0: Not use
1:Use
L1E L1IEA23 | L1EA22 | L1EA21
RIW RIW
0 o | o [ o
LOCAL1 LO(_:ALl 01D1H |Use BANK Setting BANK number for
register for LOCAL1
LOCAL1
0: Not use
1:Use
L2E L2EA23 | L2EA22 | L2EA21
RIW RIW
0 o | o [ o
LOCAL2 LO(_:ALZ 01D2H |Use BANK Setting BANK number for
register for LOCAL2
LOCAL2
0: Disable
1: Enable
L3E L3EA26 | L3EA25 | L3EA24 | L3EA23 | L3EA22
RIW RIW
0 0 0 o | o [ o
LocaLs | FOAE3 | 1pan [Use BANK 00000 to 00011: TS2B 01100 to 01111: CS2E
register for 00100 to 00111: TS2C 10000 to 10011: CS2F
LOCAL3 01000 to 01011: TS2D 10100 to 10111: TS2G
0: Disable 11000 to 11111: Set prohibition
1: Enable
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(7) Clock gear (1/2)
Symbol | Name |Address 7 6 5 3 2 1 0
XEN XTEN WUEF
R/W R/W
1 1 0
High- Low- Warm-up
System frequency | frequency timer
clock oscillator oscillator 0: Write
SYSCRO 10EOH Don't care
control (fc) (fs) e
register 0 0:Stop  |0: Stop e
1: Oscillation|1: Oscillation o start imer
: Read
end warm
up
1: Read
do not end
warm up
SYSCK GEAR2 GEAR1 GEARO
R/W
0 1 | o | o
Select Select gear value of high
system frequency (fc)
Sé'litfkm clock 000: fc
SYSCR1 10E1H 0:fc 001: fc/2
control 1:fs
register 1 010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
— WUPTM1 | WUPTMO | HALTM1 | HALTMO | SELDRV | DRVE
R/W R/W
0 1 1 [ 0 0
Always Warm-up timer HALT mode <DRVE> | Pin state
System write “0”. 00: Reserved 00: Reserved mode control in
syscre | clock 10E2H 01: 2%inputted 01: STOP mode select STOP/
control frequency 10: IDLE1 mode ~ [0:Stop | IDLEL
register 2 10: 2"/inputted 11: IDLE2 mode 1:IDLE1 mode
frequency (l) chnc:;f_ns
. 16y : i
11: 2”°/inputted the state
frequency before
halt
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TOSHIBA
Clock gear (2/2)
Symbol | Name |Address 7 6 5 4 2 1 0
PROTECT EXTIN DRVOSCH | DRVOSCL
R RIW
EMC 0 0 1 1
Protect 1: External | fc fs
EMCCRO | control 10E3H flag clock oscillator | oscillator
register 0 0: OFF driver driver
1:ON ability ability
1:Normal |1:Normal
0:Weak [0: Weak
EMC
EMCCR1 | control 10E4H
register 1 Switching the protect ON/OFF by write to following 1st-Key, 2nd-Key
1st-Key: EMCCR1 = 5AH, EMCCR2 = A5H in succession write
EMC 2nd-Key: EMCCR1 = A5H, EMCCR2 = 5AH in succession write
EMCCR2 | control 10E5H
register 2
2007-02-16
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(8) LCD controller (1/6)

Symbol | Name |Address 7 6 5 4 3 2 1 0
BAE AAE SCPW1 SCPWO0 |TA3LCDCK| BULK RAMTYPE | MODE
R/W
0 0 1 | o 0 0 0 0
LCD Used by [Usedby [|SCP width Select low | Byte- Display Mode
LCDMODE |  mode 0200H | B area A area 00: BaseSCP frequency |number/ |RAM selection
register 0: Disable (0:Disable 01: 2 clocks 0:fs common |selection (0:RAM
1:Enable |1:Enable ’ (32 kHz) [0: 512 0:SRAM |1:SR
10: 4 clocks L TASOUT| bytes |1:SDRAM
11: 8 clocks 1:1024
bytes
Divid FMN7 FMNG FMN5 | FMN4 FMN3 FMN2 FMN1 FMNO
wviae RIW
LCDDVM FRM 0201H
register o | o [ o | o | o [ o | o | o

Setting DVM bit7 to 0
com3 | com2 | comi | como | SEG3 | SEG2 | SEG1 | SEGO

R/W
o | o [ o | o o | o | o | o
LCD Setting the LCD common number for SR mode [ setting the LCD segment number for SR mode
LCDSIZE | size 0202H | 000: 128 0101: 400 0000: 128 0101: 480
register 0001: 160 0110: 480 0001: 160 0110: 560
0010: 200 0010: 240 0111: 640
0011: 240 0011: 320
0100: 320 Others: Reserved 0100: 400 Others: Reserved
LCDON ALLO FRMON - FP9 MMULCD FP8 START
R/W
0 0 0 0 0 0 0 0
DOFF LD bus |Divided FR | Always Setting bit [ Type Setting bit | Start
port output mode write “0”. [ 9 for fgp |selection 8 for fgp | control in
LCD 0: OFF control 0: Disable [9:0] of LCD [9:0] SR mode
LCDCTL control 0203H |1:ON 0: OFF 1: Enable driver with 0: Stop
register (= Normal o 1: Start
1: ON built-in
(=ALL0) RAM
0: Sequential
access
1:Random
access
FP7 FP6 FP5 FP4 FP3 FP2 FP1 FPO
LCD RIW
LCDFFP | frequency | 0204H
register 0 0 0 0 0 0 o | o
fep set value bit7 to 0
GRAY1 | GRAYO
R/IW
LCD o | o
LCDGL | graylevel [ 0205H 00: Monochrome
register 01: 4 levels
10: 8 levels
11: 16 levels
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LCD controller (2/6)
Symbol | Name |Address 7 6 5 4 3 2 1 0
CDE CCS CBE1 CBEO
RIW RIW
LCD 0 0 o | o
LCDCM cursor 0206H Cursor Cursor Cursor blink interval
mode 0: OFF color 00: Don't blink
register 1:ON 0: White 01: 2 Hz
1: Black 10: 1 Hz
11: 0.5Hz
Ccw4 cw3 CcW2 cwi | cwo
LCD RIW
Leocw | YS9 | o207 0 0 o [ o [ o
width Cursor width (X size)
register 00000: 1 dot (Min)
11111: 32 dots (Max)
CH4 | cH3 | cH2 | cH1 | cHo
LCD RIW
LepcH | U9 | 0208H o [ o | 0 | 0 | o
height Cursor height (Y size)
register 00000: 1 dot (Min)
11111: 32 dots (Max)
LCD APB3 | APB2 | APB1 | APBO
cursor R/W
LCDCP 0209H
APB o | o | o | o
register Setting bit3 to 0 for cursor absolute position
LCD CAP7 CAP6 CAP5 CAP4 cAP3 | cap2 | cAp1 | capo
LeoepL | ™ 1 020aH RIW
AP o | o [ o | o | o | o | o [ o
register low Setting bit7 to O for cursor absolute position
LCD cAP15 | cAp14 | cap13 | cap12 | caAp11 | capio | cAP9 | caps
cursor R/W
LCDCPM AP 020BH 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register . . .
) Setting bit15 to 8 for cursor absolute position
medium
LcD CAP23 | CAP22 | CAP21 | CAP20 | CAP19 | CAP18 | CAP17 | CAP16
LcocpH | " | o20cH RIW
AP o | 12 | o | o | o | o | o [ o
register high Setting bit23 to 16 for cursor absolute position
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LCD controller (3/6)
Symbol | Name |Address 7 6 5 4 3 2 1 0
A area SA15 SAl4 SA13 SA12 SA11 SA10 SA9 SA8
start
R/W
LSARAM | address 0210H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
medium Setting start address A15 to A8 for the source data memory in A area
Aarea sA23 | sa22 | sm21 | sa20 | sa19 | sais | sa17 | saie
start
R/W
LSARAH address 0211H
register 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0
high Setting start address A23 to A16 for the source data memory in A area
Aarea EAls | Ea4 | EA13 | EA12 | EA11 | EA10 | EA9 | Ens
end
R/W
LEARAM | address 0212H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
medium Setting end address A15 to A8 for the source data memory in A area
A area EA23 | EA22 | EA21 | EA20 | EA19 | EA18 | EA17 | EAl6
end
R/W
LEARAH address 0213H
register 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0
high Setting end address A23 to A16 for the source data memory in A area
B area SAl5 | sa14 | sa13 | sa12 | sair | saw0 | sa9 | sas
start
R/W
LSARBM | address 0214H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
medium Setting start address A15 to A8 for the source data memory in B area
B area sA23 | sa22 | sa21 | sa20 | sai9 | sais | sai7r | sae
start
R/W
LSARBH address 0215H
register 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0
high Setting start address A23 to A16 for the source data memory in B area
B area EAL5 | EA14 | EA13 | EA12 | EA11 | EA10 | EA9 | EA8
end
R/W
LEARBM | address 0216H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
medium Setting end address A15 to A8 for the source data memory in B area
B area EA23 | EA22 | EA21 | EA20 | EA19 | EA18 | EA17 | EAl6
end
R/W
LEARBH address 0217H
register 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0
high Setting end address A23 to A16 for the source data memory in B area
Carea sa7 | sae | sas | saa | sas | sa2 | sar | sao
start
R/W
LSARCL address 0218H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
low Setting start address A7 to A0 for the source data memory in C area
Carea sA15 | sa14 | sa13 | sa12 | sail | sAa0 | sAas | sas
start
R/W
LSARCM | address 0219H
register 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
medium Setting start address A15 to A8 for the source data memory in C area
Carea sA23 | sa22 | sm21 | sa20 | sa19 | sais | sa17 | saie
start
R/W
LSARCH | address 021AH
register 0 | 1 | 0 | 0 | 0 | 0 | 0 | 0
high Setting start address A23 to A16 for the source data memory in C area

92C820-358 2007-02-16



TOSHIBA

TMP92C820

LCD controller (4/6)

Symbol

Name

Address

LGOL

LCD gray
level
data setting
register low

0220H

LGOH

LCD gray
level
data setting
register high

0221H

LG1L

LCD gray
level
data setting
register low

0222H

LG1H

LCD gray
level
data setting
register high

0223H

LG2L

LCD gray
level
data setting
register low

0224H

LG2H

LCD gray
level
data setting
register high

0225H

LG3L

LCD gray
level
data setting
register low

0226H

LG3H

LCD gray
level
data setting
register high

0227H

LGA4L

LCD gray
level
data setting
register low

0228H

LG4H

LCD gray
level
data setting
register high

0229H

LG5L

LCD gray
level
data setting
register low

022AH

LG5H

LCD gray
level
data setting
register high

022BH

LG6L

LCD gray
level
data setting
register low

022CH

LG6H

LCD gray
level

data setting

register high

022DH
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TMP92C820

LCD controller (5/6)

Symbol

Name

Address

LG7L

LCD gray
level
data setting
register low

022EH

LG7H

LCD gray
level
data setting
register high

022FH

LG8L

LCD gray
level
data setting
register low

0230H

LG8H

LCD gray
level
data setting
register high

0231H

LGOL

LCD gray
level
data setting
register low

0232H

LGO9H

LCD gray
level
data setting
register high

0233H

LGAL

LCD gray
level
data setting
register low

0234H

LGAH

LCD gray
level
data setting
register high

0235H

LGBL

LCD gray
level
data setting
register low

0236H

LGBH

LCD gray
level
data setting
register high

0237H

LGCL

LCD gray
level
data setting
register low

0238H

LGCH

LCD gray
level
data setting
register high

0239H

LGDL

LCD gray
level
data setting
register low

023AH

LGDH

LCD gray
level

data setting

register high

023BH
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TMP92C820

LCD controller (6/6)

Symbol

Name

Address

LGEL

LCD gray
level
data
setting
register low

023CH

LGEH

LCD gray
level
data
setting
register
high

023DH

LGFL

LCD gray
level
data

setting
register low

023EH

LGFH

LCD gray
level
data

setting
register
high

023FH
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(99 SDRAM controller
Symbol | Name |Address 7 6 5 4 3 2 1 0
SDINI SDBUS1 SDBUO SMUXW1 [ SMUXWO0 | SMAC
R/W R/W R/W
0 o | o o | o 0
SDRAM Auto Selecting structure of Selecting address SDRAM
SDACR | address 0250H | initialize data bus multiplex type controller
control 0: Disable 00: 16 bits x 1 00: Type A 0: Disable
1: Enable 01: 16 bits x 2 01: Type B 1: Enable
10: 32 bits x 1 10: Type C
11: Reserved
SFRC SRS2 SRS1 | SRS0 SASFRC SRC
R/W R/W
0 0 o | o 0 0
Self refresh| Refresh interval Auto/self Interval
SDRAM 0: Disable | 000: 78 states refresh refresh
SDRCR refresh 0251H 1: Enable | 100: 195 states 0: Disable 0: Disable
control 001: 97 states 1: Enable 1: Enable
101: 210 states
010: 124 states
110: 249 states
011: 156 states
111: 312 states
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(10) 8-bit timer

Symbol | Name |Address 7 6 5 4 3 2 1 0
TAORDE I12TAO1 | TAO1PRUN| TA1IRUN | TAORUN
R/W R/W
TMRAO1 0 0 0 0 0
TAO1RUN RUN 1100H Double IDLE2 TMRAO1 Up counter | Up counter
register buffer 0: Stop Prescaler | (UC1) (uco)
0: Disable 1: Operate [0: Stop and clear
1: Enable 1: Run (Count up)
8-bit 1102H =
TAOREG timer Prohibit W
register 0 RMW Undefined
8-bit 1103H =
TA1REG timer Prohibit W
register 1 RMW Undefined
TAOIM1 | TAOIMO | PWMO1 | PWM0O | TA1CLK1 | TAICLKO | TAOCLK1 | TAOCLKO
R/W
o | o o | o o | o o | o
TMRAO1 Operation mode PWM cycle Source clock for Source clock for
TAOIMOD|  mode 1104H " 100: 8-bit timer mode 00: Reserved TMRA1 TMRAO
register 01:16-bit timer mode ~ |01: 2° 00: TAOTRG 00: TAOIN pin
10: 8-bit PPG mode 10: 2 01: ¢T1 01: ¢T1
11: 8-bit PWM mode 11: 2° 10: ¢T16 10: ¢T4
11: ¢T256 11: ¢T16
TALFFC1 | TALFFCO | TAIFFIE | TAIFFIS
W R/W
TMRAL | 1105H 1 [ 0 0
Ta1FFCR| MiP-flop - 00: Invert TALFF TAIFF | TAIFF
control Prohibit 01: Set TALFE Control for | Inversion
register RMW 10: Clear TALFF inversion | select
11: Don't care 0: Disable | 0: TMRAO
1: Enable [ 1: TMRA1
TA2RDE 12TA23 | TA23PRUN| TA3SRUN | TA2RUN
R/W RIW
TMRA23 0 0 0 0 0
TA23RUN RUN 1108H | pouble IDLE2 TMRA23 Up counter | Up counter
register buffer 0: Stop Prescaler | (UC3) (uc2)
0: Disable 1: Operate | o: Stop and clear
1: Enable 1: Run (Count up)
8-bit 110AH -
TA2REG timer Prohibit W
register 2 RMW Undefined
8-bit 110BH -
TA3REG timer Prohibit W
register 3 RMW Undefined
TA23M1 | TA23M0 | PWM21 | PWM20 | TA3CLK1 | TASCLKO | TA2CLK1 | TA2CLKO
R/W
o | o o | o o | o o | o
TMRA23 Operation mode PWM cycle Source clock for Source clock for
TA23MOD rt:;?:tZr 110CH 00: 8-bit timer mode 00: Reeserved TMRAl TMRAZ
01: 16-bit timer mode 01: 2 00: TAZTRG 00: Reserved
10:8-bit PPG mode 10: 27 23 iﬁs 2(1) g‘l‘
: . »8 . .
11: 8-bit PWM mode 11: 2 11: $T256 11: ¢T16
TA3FFC1 | TA3FFCO | TA3FFIE | TA3FFIS
W R/W
TMRA3 | 110DH 1 | 0 0
Tasrrcr| MP-flop N 00: Invert TA3FF TASFF | TA3FF
control Prohibit 01: Set TA3EF Control for | Inversion
register RMW 10: Clear TA3FF inversion | select
11: Don't care 0: Disable 0: TMRA2
1: Enable | 1: TMRA3
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(11) 16-bit timer
Symbol | Name |Address 7 6 5 4 3 2 1 0
TBORDE — 12TBO | TBOPRUN TBORUN
R/W R/W R/W
TMRBO 0 0 0 0 0
TBORUN RUN 1180H Double Always IDLE2 TMRBO Up
register buffgr write “0". 0: Stop prescaler counter
0: Disable 1: Operate (UC10)
1: Enable 0: Stop and clear
1: Run (Count up)
- — TBOCPOI | TBOCPM1| TBOCPMO| TBOCLE |TBOCLK1 | TBOCLKO
R/W w R/W
1182H 0o 0 1 0 0 0 o | o
TMRBO Always write “0". Execute Capture timing Control up | TMRBO source clock
TBOMOD que Prohibit software 00: Disable counter 00: Reserved
register RMW capture 01: Reserved 0: Disable |01: 6Tl
0: Software | 10: Reserved clearing |10: T4
capture 11: TAIOUT?} 1:Enable (11: ¢T16
1: Undefined TAlOUTl cleanng
- | - TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 TBOFFOC1|TBOFFOCO
w R/W W*
1 | 0 o | o 0 1 |
Always write “11”. TBOFFO inversion trigger Control TBOFFO
T_MRBO 1183H 0: Disable trigger 00: Invert
TBOFFCR ﬂ'p'ﬂoﬁ’ N 1: Enable trigger 01: Set
Cor,mo P};?\;‘\I,?llt Invert when |[Invert when [Invert when [Invert when 10: CIeE}r
register the UC10  the UC10  fhe UC10 fhe ucio | 11: Don'tcare
alue is alue is alue lvalue Always read as 11.
loaded into [loaded into |matches the [matches the
[TBOCP1H/L. [TBOCPOH/L. |value in lvalue in
ITBORG1H/L. [TBORGOHI/L.
16-bit 1188H —
timer L
TBORGOL register 0 Prohibit w
low RMW Undefined
16-bit 1189H —
timer L
TBORGOH register 0 Prohibit w
high RMW Undefined
16-bit 118AH —
timer L
TBORG1L register 1 Prohibit w
low RMW Undefined
16-bit 118BH —
timer -
TBORG1H register 1 Prohibit w
high RMW Undefined
Capture —
TBOCPOL | register 0 118CH R
low Undefined
Capture —
TBOCPOH | register 0 118DH R
high Undefined
Capture —
TBOCPI1L | register 1 118EH R
low Undefined
Capture —
TBOCP1H | register 1 118FH R
high Undefined
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(12) UART/serial channel (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1200H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 0 L TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SCOBUF Prohibit — —
buffer RMW R (Receiving)/W (Transmission)
register Undefined
RB8 EVEN PE OERR | PERR | FERR | sciks | 1oc
Serial R R/W R (Clear to 0 after reading) R/W
SCOCR channel 0 1201H Undefined 0 . 0 0 | 0 | 0 0 0
control Receive | Parity Parity 1: Error 0: SCLKO? |0: Baud rate
register data bit8 |0: Odd 0:Disable o eryn [Parity Framing |1 SCLKOL | g‘é“f,{g or
1: Even 1: Enable L
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
channel 0 Trans- 0:CTS 0:Receive |Wakeup | 00:1/O interface mode |00: TAOTRG
SCOMODO| oo | 1202H | mission disable | disable |o:Disable |01:7-bit UART mode |01:Baud rate
) data bitg |1:CTS 1:Receive (1: Enable | 10:8-bit UART mode generator
register enable enable 11:9-bit UART mod )
:9-bi mode |10: Internal clock fio
11: External clock
(SCLKO input)
- BROADDE | BROCK1 | BROCKO BROS3 | BR0S2 BROS1 | BROSO
Serial R/W
channel 0 0 0 0 | 0 0 | 0 | 0 | 0
BROCR | baudrate | 1203H Always  |(16 — K)/16|00: ¢TO Divided frequency setting
control write “0”. |divided  |01:¢T2
register 0: Disable |10:4T8
1:Enable [11:¢T32
, BROK3 | BROK2 | BROK1 | BROKO
Serial
channel 0 RIW
BROADD 1204H
0 K setting 0 0 | 0 | 0 | 0
register Sets frequency divisor “K”
(divided by N + (16 — K)/16).
12S0 FDPXO0
_ RIW RIW
hSenalI . 0 0
scomop1| © a”dne 1205H |IDLE2  |Duplex
mo‘el 0: Stop 1:Full
register 1: Operate | duplex
0: Half
duplex
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
R/W
oA 0 0 0 0 o | o [ o 0
SIRCR ' ol 1207H Select Receive | Transmit [ Receive | Select receive pulse width
eontro transmit | data 0: Disable (0: Disable | Set effective pulse width for equal or more
register pulse  |0:“H” pulse|1: Enable [1: Enable | than 2x x (Value + 1) + 100ns
width 1:"L" pulse Can be set: 1 to 14
0:3/16 Can not be set: 0 and 15
1:1/16
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UART/serial channel (2/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1208H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
sC1BUF | MMl o it — L
buffer RMW R (Receiving)/W (Transmission)
register Undefined
RB8 EVEN PE OERR | PERR | FERR | sciks | 1oc
Serial R R/W R (Clear to 0 after reading) R/W
scicr | channelt | oo | Undefined 0 0 o | o | o 0 0
control Receive | Parity Parity 1: Error 0: SCLK11 (0: Baud “';‘te
. . X R . generator
register data bitg |0:Odd  |0:Disable [Overrun | Parity Framing & SCHKI L 205
1:Even 1: Enable pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
channel 1 Trans-  |0:CTS 0:Receive | Wakeup |00: I/O interface mode |00: TAOTRG
SCIMODO| ~ o | T2OAH | mission disable | disable |o:Disable [01: 7-bit UART mode |01: Baud rate
_ data bitg |1:CTS 1:Receive |1: Enable [10: 8-bit UART mode generator
register enable enable 11: 9-bit UART mod
- 9-0i mode | 10: Internal clock fio
11: External clock
(SCLK1 input)
- BR1ADDE| BR1CK1 | BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
Serial R/W
channel 1 0 0 0 | 0 0 | 0 | 0 | 0
BRICR | baudrate | 120BH Always (16 — K)/16 |00: ¢TO Divided frequency setting
control write “0”. | divided 01:¢T2
register 0: Disable |10:¢T8
1:Enable |11:¢T32
Sorial BR1K3 | BR1K2 | BRIK1 | BRI1KO
A erlal ) R/W
BR1ADD | "¢ 120CH o | o | o | o
K setting —
register Sets frequency divisor “K”
(divided by N + (16 — K)/16)
12S1 FDPX1
_ RIW
hSenalI . 0 0
scimop1| © a”dnel 120DH [IDLE2  |Duplex
mo‘ © 0: Stop 1:Full
register 1: Operate | duplex
0: Half
duplex
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UART/serial channel (3/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1210H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SC2BUF | M2 o it — —L
buffer RMW R (Receiving)/W (Transmission)
register Undefined
RB8 EVEN PE OERR | PERR | FERR - -
Serial R RIW R (Clear to 0 after reading) RIW
SC2CR channel 2 1211H Undefined 0 0 0 | 0 | 0 0 0
control Receive | Parity Parity 1:Error Always | Always
register data bit8 [0: Odd 0:Disable [overrun | Parity Framing | Write “0". | write “0",
1: Even 1: Enable
TB8 - RXE wu SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
scamobo]| M2 | 510 | Trans- Always  |0:Receive | Wakeup [ 00:l/O interface mode |00: TAOREG
mode 0 mission | write “0". | disable |o:Disable |01:7-bit UART mode |01:Baud rate
register data bit8 1:Rec§||ve 1:Enable |10:8-bit UART mode generator
enable 11:9-bit UART mode [ 10: Internal clock fio
11: Reserved
- BR2ADDE | BR2CK1 | BR2CKO | BR2S3 | BR2S2 | BR2S1 | BR2SO
Serial R/W
channel 2 0 0 o | o o [ o o [ o
BR2CR | baudrate | 1213H [aavs™ [(16- Ky6 | 00:¢TO Divided frequency setting
control write “0”. | divided 01:¢T2
register 0: Disable | 10:¢T8
1:Enable | 11:¢T32
_ BR2K3 | BR2K2 | BR2K1 | BR2KO
Serial
channel 2 RIW
BR2ADD | Lo | 12144 o [ o [ o J o
register Se_ts frequency divisor “K”
(divided by N + (16 — K)/16)
1252 FDPX2
Serial RIW
il
cha?lez 0 0
SC2MOD1 1215H | IDLE2 Duplex
mode 1
) 0: Stop 1: Full
register 1:Operate | duplex
0: Half
duplex
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(138) I2C bus/serial channel (1/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 | sCK1 | oK@
I’c w R/W w RIW
mode 0 0 0 0 0 0 0/1
1240H | Number of transfer bits Acknow Setting of the divide value “n”
(Prohibit |000:8 001:1 010:2 011:3 |-ledge 000:5 001:6 010:7 011:8
RMW) [100:4 101:5 110:6 111:7 |mode 100:9 101:10 110:11
SBIO 0: Disable 111: Reserved
SBIOCR1 | control 1: Enable
register 1 sios [ sioiNH | siom1 | siomo SCK2 | SCK1 | SCKO
sio W W
mode 0 0 0 0 o | o [ o
1240H | Transfer | Transfer | Transfer mode Setting of the divide value “n”
(Prohibit 0: Stop 0: Continue| 00:8 bits transmit 000:4 001:5 010:6 011:7
RMw) |1Start - [1-Abort | 10:8 bits 100:8 101:9 110: 10
transmit/receive 111: External clock SCKO
11:8 bits receive
SBIO 1241H DB7 DB6 pB5 | DB4 DB3 pB2 | bpB1 | DBO
SBIODBR buffer (Prohibit R (Receiving)/W (Transmission)
register RMW) Undefined
sA6 | sas | saa | sas | sa2 | sa1 | sa0 | ALs
) W
FCBUSO | 1242H o | o | o | o | o | o | o 0
I2COAR | Address | (Prohibit
register RMW) Addres_s_
Setting slave address recognition
0: Enable
1: Disable
MST TRX BB PIN SBIM1 | SBIMO SWRST1 | SWRSTO
) W
I'c 0 0 0 1 o | o 0 0
mode  [5-Slave  |0: Receive Start/Stop | INTSBEO | Operation mode Software reset
1243H |1:Master |1:Transmit|condition |interrupt | selection generate write
(Prohibit generation |0: Request | 00: Port mode “10” and “01”, then an
RMW) 0: Stop 1:Cancel |01: SIO mode internal reset signal is
SBIO 1: Start 10: I°C mode generated.
11: Reserved
SBIOCR2 control SBIM1L | SBIMO — _
register 2 W
SIio o | o 0 0
]ZdeH Opera_tion mode IAlways Always
Prohibit selection rite “0".  fwrite “0".
(RMW) 00: Port mode
01: SIO mode
10: 1°C mode
11: Reserved
MST TRX BB PIN AL AAS ADO LRB
) R
I'c 0 0 0 1 0 0 0 0
mode  5-Sjave  |0: Receive |Bus status | INTSBEO |Arbitration |Slave General |Last
1243H  |1:Master (1: Transmit|monitor interrupt  [lost address |call receive bit
(Prohibit 0:Free  [0:Request |detection |match detection | monitor
RMW) 1:Busy |l:Cancel [1:Detect |detection |1:Detect [0:0
SBIO monitor 11
SBIOSR status 1: Detect
register SIOF SEF
SIO R
mode 0 0
1243H Transfer  [Shift status
(Prohibit status 0: Stopped
RMW) 0: Stopped |1:In
1:In progress
progress
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I2C bus/serial channel (2/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
2C mode — 12SBI0
W R/W
1244H 0 0
(Prohibit [ Always IDLE2
SBIO RMW) | write “0". |0: Stop
SBIOBRO | baud rate 1: Operate
register 0 SBI mode - —
1244H \SV RQN
(Prohibit

RMW) Alyvays AI\(vays
write “0”. [ write “0”.

P4EN -
W
SBIO 1245H 5 5
SBIOBR1 bau_d rate (Prohibit Clock Always
register 1 RMW) | control write “0”.
0: Stop
1: Operate
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(14) AD converter

Symbol | Name |Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPET SCAN ADS
R R/W
0 0 0 0 0 0 0 0
AD mode AD AD Always | Always [O:Everyl |Repeat  |Scanmode |AD
ADMODO | control 12B8H | conversion | conversion | write “0”. | write “0”. time mode 0: Fixed conversion
register 0 end flag busy flag 1:Every 4 |o: Single channel | giart
1: End 1: Busy times mode . mode 1: Start
1: Repeat = gch;nnme(lde Always
mode read as
e
VREFON 12AD - - - ADCH2 ADCH1 ADCHO
R/W
0 0 0 0 0 0 0 0
AD mode Laqder II;)LEZ Alyva)is” Alyvaxs" Alyvayis ) Input channel
resistance |0: Stop write “0”. | write “0”. | write “0”. | 000: ANO ANO
ADMODL1 | control 12B9H |o: oFF 1: Operate 001: AN1 ANO — AN1
register 1 1-ON 010: AN2 ANO —> AN1 — AN2
011: AN3 ANO — AN1 —> AN2 —
AN3
100: AN4 ANO - AN1 —» AN2 —
AN3 — AN4
ADTRG
R/W
0
AD mode AD
ADMOD2 | control 12BAH external
register 1 trigger
start
control
0: Disable
1: Enable
AD result ADRO1 ADROO ADRORF
ADREGOL | register 0 [ 12A0H R R
low Undefined 0
AD result ADRO9 | ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
ADREGOH| register 0 | 12A1H R
high Undefined
AD result ADR11 | ADR10 ADR1RF
ADREGIL | register 1 | 12A2H R R
low Undefined 0
AD result ADR19 | ADR18 ADRL17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREGI1H]| register 1 | 12A3H R
high Undefined
AD result ADR21 | ADR20 ADR2RF
ADREG2L | register 2 | 12A4H R R
low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREGZ2H| register 2 | 12A5H R
high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG3L | register 3 [ 12A6H R R
low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG3H| register 3 | 12A7H R
high Undefined
AD result ADR21 | ADR20 ADRARF
ADREGAL | register 4 [ 12A8H R R
low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREGA4H)| register 4 | 12A9H R
high Undefined
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(15) Watchdog timer
Symbol | Name |Address 7 6 5 3 2 1 0
WDTE WDTP1 WDTPO - 12WDT RESCR -
R/W R/W
1 o | o 0 0 0 0
WDT WDT WDT select detecting Always IDLE2 1: Internally| Always
WDMOD | mode 1300H | control time write “0”. |0: Stop connects| yrite “0”.
register 1:Enable | 00: 2%/0 1: Operate WDhT out
. 5l7 to the
01: 219”'0 reset pin
10: 27 io
11: 2%
WDT 1301H v_v
WDCR control Prohibit
register RMW —
B1H: WDT disable code  4EH: WDT clear code
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(16) RTC (Real time clock)
Symbol | Name |Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
Second R/W
SECR register 1320H Undefined
“0”isread.| 40 sec 20 sec 10 sec 8 sec 4 sec 2 sec 1 sec
MI6 MI5 Mi4 MI3 MI2 Mil MIO
Minute R/W
MINR register 1321H Undefined
“0”isread.| 40 min. 20 min. 10 min. 8 min. 4 min. 2 min. 1 min.
HO5 HO4 HO3 HO2 HO1 HOO
Hour RIW
HOURR register 1322H Undefined
“0” is read. 20 hour 10 hour 8 hour 4 hour 2 hour 1 hour
(PM/AM)
WE2 WE1 WEO
Day R/W
DAYR register 1323H Undefined
“0” is read. W2 w1 WO
DA5 DA4 DA3 DA2 DA1 DAO
Date R/W
DATER register 1324H Undefined
“0” is read. 20 day 10 day 8 day 4 day 2 day 1 day
MO4 MO3 MO2 MO1 MO0
1325H R/W
Undefined
Month PAGE 0 “0” is read. 10 month | 8 month | 4 month [ 2month | 1 mgnth
MONTHR register o ;gijlf;\tor
PAGE 1 “0” is read. 1: rnodL:éZtor
for 24
hours
vE7 | vyee | YEs | YE4 | YE3 | VYE2 YEL YEO
1326H R/W
Undefined
Year PAGEO | 80 year | 40 year | 20 year | 10 year | 8 year | 4 year 2 year 1 year
YEARR register Leap year setting
00: Leap year
PAGE 1 “0” is read. 01: One year after
10: Tow year after
11: Three year after
INTENA ADJUST | ENATMR | ENAALM PAGE
1327H R/W W R/W R/W
PAGER Pe.lge N 0 Undefined Undefined
register | Prohibit |INTRTC “0” is read. 0:Don’t Clock Alarm “0"isread.| PAGE
RMW | 0:disable care O:disable | 0:disable setting
l:enable 1:Adjust [l:enable |1l:enable
DIS1IHZ | DIS16HZ | RSTTMR | RSTALM RE3 RE2 RE1 REO
1328H w
RESTR Rgset N Undefined
register | Prohibit [1 Hz 16 Hz 1:Reset [1:Reset Always write “0”.
RMW | 0:disable |O:disable | clock alarm
l:enable |1:enable
92C820-372 2007-02-16



TOSHIBA

TMP92C820

(17) Melody/alarm generator

Symbol | Name |Address 7 6 5 4 3 2 1 0
AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
Alarm- RIW
ALM pattern 1330H
register o | o [ o [ o | o | o [ o | o
Alarm pattern set
FC1 | FCO ALMINV - - - - MELALM
R/IW R/W R/W R/W R/W R/W R/IW
Melody/ o | o 0 0 0 0 0 0
Alarm Free-run counter Alarm Always write “0”. Output
MELALMC control 1331H | control frequency frequency
register 00: Hold |r.1vert 2 Qlalrn&
01: Restart 1:Invert -Melody
10: Clear
11: Clear & start
ML7 | ML6 ML5 M4 | ms [ M2 | wmLa MLO
Melody RIW
MELFL | frequency | 1332H
L-register 0 | 0 0 0 | 0 | 0 | 0 | 0
Melody frequency set (Low 8 bits )
MELON MLl | Mo [ mMle | wmis
R/W R/W
Vielod 0 o | o | o [ o
elody -
MELFH | frequency | 1333H tl;/loeukr)]tdeyr Melody frequency set (Upper 4 bits)
H-register control
0: Stop
& clear
1: Start
R - IALM4E | IALM3E | IALM2E | IALM1E | IALMOE
inte?:LTpt RIW RIW
ALMINT | ° | 1334H 0 0 o | o [ o | o
register vAvlr\:\tl:yZ INTALM4 to INTALMO alarm interrupt enable
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6. Port Section Equivalent Circuit Diagram

B Reading the circuit diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic
IC [74HCXX] series.

The dedicated signal is described below.

STOP: This signal becomes active “1” when the HALT mode setting register is set to the STOP
mode and the CPU executes the HALT instruction. When the drive enable bit <DRVE> is
set to “1”, however, STOP remains at “0”".

The input protection resistance ranges from several tens of ohms to several hundreds of
ohms.

B DO to D7, P1 (D8 toD15), P2 (D16 to D23), P3 (D24 to D31), P4 (A0 to A7), P5 (A8 to A15), P6
(A16 to A23), P76 and PLO to PL7

VCC
Output data P-ch
Output enablej:)j
STOP
N-ch
Input data L]vo

Input enable

B P90, P96, PCO, PC1, PC3, PC5, PC6, PF1, PF2, PF4, PF5

vCC
Output data P-ch
Output enable j:)j
STOP
N-ch
Input data o {110

Input enable
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B P70 to P75, P80 to P87, PJO to PJ7, PKO to PK4 and PK6

vCcC
Output data P-ch
Output
STOP N-ch

B P91 (SO/SDA), P92 (SI/SCL), P93 and P94

Output data D p-ch
Open-drain output
enable .,D—' N-ch

STOP

Input data ‘ﬁ M D 110

Input enable

B P95 (TXD2), PFO, PF3

Output data D: P-ch

Open-drain output

enable .,D—' N-ch

STOP

Input data ﬂ M D 110

Input enable
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B PG (ANO to AN4)

Analog input {>c
channel select J_P'Ch
Analog input —1{ 1input
T N-ch
Input data O<} o f W
Input enable
B RESET

VCC
O

100 kQ (Typ.)

RESET [ input
Schmitt

WDTOUT
Reset enable

® X1 and X2
Clock
Oscillator I
e I
: o : M D X2
! J !
1 1
! 1
1
High-frequency ‘T_:—l>o_{'§ P-ch F N-ch '
oscillation enable I o |
| |
! 1
! ——w—{ ] X1
I o e o o o o e e o e e o o e e e e e e e e e e e e 2 1
B XT1 and XT2
Clock
Oscillator {
pmm o e o ]-C

w— | XT2

Low-frequency 7—‘—l>o—< B P-ch FJN-ch
oscillation enable

w—{ | XT1
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B  VREFH and VREFL
VREF ON —i >0—
P-ch
: String resistance
B SDCLK
Internal reset {>o
CLKOUT1
Output
Output enable {>0
m BE
BE oé} ] Input
®  AMO to AM1
Input data <|| [ Input
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7. Points to Note and Restrictions

7.1 Notation

(1) The notation for built-in/I/O registers is as follows register symbol <Bit symbol>
Example: TAOIRUN<TAORUN> denotes bit TAORUN of register TAOIRUN.
(2) Read-modify-write instructions (RMW)

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAO1RUN); Set bit3 of TAOIRUN.
Example 2: INC 1, (100H); Increment the data at 100H.
e Examples of read-modify-write instructions on the TLCS-900
Exchange instruction
EX (mem), R

Arithmetic operations
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation operations
STCF#3/A, (mem) RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET#3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL (mem) RR  (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

(3) fc, fs, frrH, fSYS and one state

The clock frequency input on ins X1 and 2 is called foscH. The clock selected by
DFMCRO<ACT1:0> is called fec.

The clock selected by SYSCR1<SYSCK> is called frPH. The clock frequency give by fFPH
divided by 2 is called fSys.

One cycle of fsys is referred to as one state.
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7.2 Points to Note

(1) AMO and AM1 pins

This pin is connected to the VcC or the Vss pin. Do not alter the level when the pin is
active.

(20 EMUO and EMU1
Open pins.

(3) Reserved address areas
The TMP92C820 does not have any reserved areas.

(4) Warm-up counter

The warm-up counter operates when STOP mode is released, even if the system is using
an external oscillator. As a result a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.

(5) Programmable pull-up resistance

The programmable pull-up resistor can be turned ON/OFF by a program when the ports
are set for use as input ports. When the ports are set for use as output ports, they cannot be
turned ON/OFF by a program. The data registers (e.g., P5) are used to turn the
pull-up/pull-down resistors ON/OFF. Consequently read-modify-write instructions are
prohibited.

(6) Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to be used, disable it.

(7) AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program so as to
reduce power consumption. When STOP mode is used, disable the resistor using the
program before the HALT instruction is executed.

(8) CPU (Micro DMA)

Only the “LDC cr, r” and “LLDC r, cr” instructions can be used to access the control
registers in the CPU. (e.g., The transfer source address register (DMASn).)

(9) Undefined SFR
The value of an undefined bit in an SFR is undefined when read.

(10) POP SR instruction
Please execute the POP SR instruction during DI condition.

(11) Releasing the HALT mode by requesting an interruption
Usually, interrupts can release all halts status. However, the interrupts = (INTO to INTS3,
INTKEY, INTRTC and INTALMO to INTALM4) which can release the HALT mode may not
be able to do so if they are input during the period CPU is shifting to the HALT mode (for
about 3 clocks of frpH) with IDLE1 or STOP mode (IDLE2 is not applicable). (In this case,
an interrupt request is kept on hold internally.)

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

P-LQFP144-1616-0.40C

Unit: mm
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Note: Palladium plating
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