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TOSHIBA TMP92FD23A

CMOS 32-Bit Microcontrollers
TMP92FD23AFG/ TMP92FD23ADFG

1. Outline and Device Characteristics

The TMP92FD23A is a high-speed advanced 32-bit Microcontroller developed for controlling
equipment which processes mass data.

The TMP92FD23A has a high-performance CPU (900/H1 CPU) and various built-in I/Os.

The TMP92FD23AFG and TMP92FD23ADFG are housed in a 100-pin flat package.

Device characteristics are as follows:

(1) CPU: 32-bit CPU (900/H1 CPU)
e  Compatible with 900/L1 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 (atfsys =20 MHz)

RESTRICTIONS ON PRODUCT USE

20070701-EN

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

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

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

e The TOSHIBA products listed-in this document areintended 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 his document shall
be made at'the customer’s own risk.

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.

¢ 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.

¢ Product names mentioned herein may be trademarks of their respective companies.

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.

This product uses the Super Flash® technology under the license of Silicon Storage Technology,Inc.
Super Flash® is a registered trademark of Silicon Storage Technology,Inc.
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(3) Internal memory
e Internal RAM: 32-Kbytes
e Internal ROM: 512-Kbytes Flash memory
4Kbytes mask ROM (used for booting)

(4) External memory expansion
e  Expandable up to 16 Mbytes (Shared program/data area)

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

e  Separate bus system

(5) Memory controller
e  Chip select output: 4 channels

(6) 8-bit timers: 6 channels
(7) 16-bit timers: 2 channels

(8) General-purpose serial interface: 3 channels
e UART/synchronous mode: 3 channels (channel’ 0, 1'and 2)
e IrDA ver.1.0 (115 kbps) mode selectable: 3 channels (channel 04 1.and 2)

(9) Serial bus interface: 2 channels
e I2C bus mode

e  (Clock synchronous mode
(10) High Speed serial interface: 1 channels
(11) 10-bit AD converter: 12 channels
(12) Watchdog timer
(13) Special timer for CLOCK
(14) Key-on wake up (only for HALT release):8 channels
(15) Program patch logic! 8 banks

(16) Interrupts: 51 interrupts
. 9 CPU interrupts: Software interrupt-instruction and illegal instruction
o 33 internal interrupts: Seven selectable priority levels
. 9 external interrupts (INTO to INT7 and NMI ): Seven selectable priority levels
(INTO to INT7 selectable edge or/level interrupt)

(17) Inputfoutput ports: 84 pins

(18) Standby function
. Three HALT modes: IDLE2 (Programmable), IDLE1, STOP

(19) Clock controller
) Clock doubler (PLL)
o Clock gear function: Select high-frequency clock fc to fc/16
. Special timer for CLOCK (fs = 32.768 kHz)

(20) Operating voltage
e Vcc=3.0Vto3.6V (fc max =40 MHz)

(21) Package
e 100-pin QFP: LQFP100-P-1414-0.50F (TMP92FD23AFG)
QFP100-P-1420-0.65A (TMP92FD23ADFG)
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Figure 1.1 TMP92FD23A Block Diagram
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2. Pin Assignment and Functions

The assignment of input/output pins for the TMP92FD23A, their names and functions are

as follows:

2.1 Pin Assignment Diagram
Figure 2.1.1 shows the pin assignment of the TMP92FD23AFG.
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Figure 2.1.1 Pin Assignment Diagram (100-pin LQFP)
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Figure 2.1.2 shows the pin assignment of the TMP92FD23ADFG.
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Figure 2.1.2 Pin Assignment Diagram (100-pin QFP)
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TOSHIBA TMP92FD23A

2.2 Pin Names and Functions

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

Table 2.2.1 Pin Names and Functions (1/3)

. Number .
Pin name ) lfe} Function
of Pin
P00 to PO7 8 1/0 Port 0: 1/0O port Input or output specifiable in units of bits
DO to D7 1/0 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
P40 to P47 8 1/0 Port 4: 1/0O port Input or output specifiable-in units 'of bits
A0 to A7 Output Address: Address bus 0 to 7
P50 to P57 8 1/0 Port 5: 1/0O port Input or output specifiable in"units. of bits
A8 to Al5 Output Address: Address bus 8 to 15
P60 to P67 8 1/0 Port 6: 1/0O port Input or output specifiable in units of bits
A16 to A23 Output Address: Address bus 16 to 23
P70 1 /0 Port 70: I/O port (Schmitt input, with pull-up resistor)
RD Output Read: Outputs strobe signal for'read external memory.
P71 1 1/0 Port 71: I/O port (Schmitt input, with pull-up resistor)
SRWR Output Write enable for SRAM: Strobe signal for wirithg data.
P72 1 1/0 Port 72: 1/0O port (Schmitt input, with pull-up resistor)
SRLLB Output Data enable for SRAM on pins.DO to D7
P73 1 1/0 Port 73: I/O port (Schmittinput, with pull-up resistor)
SRLUB Output Data enable for SRAM-on pins D8 to D15
P74 1 Input Port 74: Input port(Schmitt input)
INTO Input Interrupt request pin-0 : Interrupt request pin with programmable level/rising/falling edge
P76 1 1/0 Port 76:-1/O.port (Open drain output)
XT1 Input Low-frequency oscillator connection. Input pins
P77 1 1/0 Port 77:1/O port (Open drain output)
XT2 Output Low-frequency oscillator connection Output pins
P80 1 Output Port 80: Output port
Ccso Output Chip select 0: Outputs “Low™ when address is within specified address area
TA1OUT Output 8-bit timer 1 Output: Output-pin of 8-bit timer TMRAO or TMRA1
(BOOT Note) Input This pin sets single-boot-mode (enly during reset).
(Note) The function of TMR92FD23A.
P81 1 Output Port 81: Output-port
cs1 Output Chip select 1: Outputs “Low” when address is within specified address area
TA30UT Output 8-bit timer-3 Output:-Output pin of 8-bit timer TMRA2 or TMRA3
P82 1 Output Port 82: Output-port
cs2 Output Chip select 2: Outputs “Low” when address is within specified address area
P83 1 /0 Port 83: /O port (Schmitt input)
cs3 Output Chip 'select 3: Outputs “Low” when address is within specified address area
TA50UT. Output 8-bit timer. 5 Output: Output pin of 8-bit timer TMRA4 or TMRAS
WAIT Input Wait: Signal used to request CPU bus wait
PCO 1 Input Port CO: Input port (Schmitt input)
TAOIN Input 8-bit timer O input: Input pin of 8-bit timer TMRAOQ
PC1 1 Input Port C1: Input port (Schmitt input)
INT1 Input Interrupt request pin 1 : Interrupt request pin with programmable level/rising/falling edge
PC2 1 Input Port C2: Input port (Schmitt input)
INT2 Input Interrupt request pin 2 : Interrupt request pin with programmable level/rising/falling edge
PC3 1 Input Port C3: Input port (Schmitt input)
INT3 Input Interrupt request pin 3 : Interrupt request pin with programmable level/rising/falling edge
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Table 2.2.2 Pin Names and Functions (2/3)

. Number .
Pin name . /10 Function
of Pin
PDO 1 1/0 Port DO: 1/0 port (Schmitt input)
TBOOUTO Output 16-bit timer 0 output 0: Output pin of 16-bit timer TMRBO
INT4 Input Interrupt request pin 4 : Interrupt request pin with programmable level/rising/falling edge
PD1 1 Input Port D1: Input port (Schmitt input)
TB1INO Input 16-bit timer 1 input O: Input of count/capture trigger in 16-bit-timer TMRB1
INTS Input Interrupt request pin 5 : Interrupt request pin with programmable level/rising/falling edge
PD2 1 1/0 Port D2: 1/0O port (Schmitt input)
TB1IN1 Input 16-bit timer 1 input 1: Input of count/capture trigger in 16-bit timer TMRB1
TXD2 Output Serial 2 send data: Open drain output programmable
INT6 Input Interrupt request pin 6 : Interrupt request pin with programmable level/rising/falling edge
PD3 1 1/0 Port D3: 1/0 port (Schmitt input)
TB1OUTO Output 16-bit timer 1 output O: Output pin of 16-bit timer TMRB1
RXD2 Input Serial 2 receive data
INT7 Input Interrupt request pin 7 : Interrupt request pin with programmable level/rising/falling edge
PD4 1 1/0 Port D4: 1/0O port (Schmitt input)
TB1OUT1 Output 16-bit timer 1 output 1: Output pin of 16-bit timer TMRB1
SCLK2 /0 Serial 2 clock 1/0
cTS2 Input Serial 2 data send enable’ (Clear-to send)
PFO 1 1/0 Port FO: I/O port (Schmitt-input)
TXDO Output Serial 0 send data: Open drain-output programmable
PF1 1 /10 Port F1: /O port (Schmitt-input)
RXDO Input Serial 0 receive data
PF2 1 1/0 Port F2: /O port (Schmitt input)
SCLKO /10 Serial 0 clock 110
CTSO Input Serial 0 data send.enable (Cleartosend)
CLK Output Clock: System Clock output
PF3 1 1/0 Port F3:1/0 port (Schmitt input)
TXD1 Output Serial 1 send data: Open drain output programmable
HSSO Output High speed Serial send data
PF4 1 1/0 Port F4: 1/0 port (Schmitt input)
RXD1 Input Serial 1 receive data
HSSI Input High speed Serial receive data
PF5 1 1/0 Port F5: I/O port (Schmitt input)
SCLK1 /10 Serial 1 clock /O
CcTs1 Input Serial 1 data send-enable (Clear to send)
HSCLK Output High speed Serial clock output
PGO to PG7 8 Input Port G: Input port (Schmitt input)
ANO to AN7 Analog input 0 to 7: Pin used to input to AD conveter
KIO to KI7 Key input 0 to 7: Pin used of key-on wakeup 0 to 7
PLO to PL3 4 Input Port.L:Input port (Schmitt input)
ANS to AN11 Analog input 8 to 11: Pin used to input to A/D conveter
ADTRG A/D trigger: Signal used for request A/D start (Shared with PL3)
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Table 2.2.3 Pin Names and Functions (3/3)

) Number of )
Pin name ) 110 Function
Pin
PNO 1 1/0 Port NO: I/O port (Schmitt input)
SCKO 110 Serial bus interface 0 clock I/O data at SIO mode
PN1 1 110 Port N1: I/O port (Schmitt input, Open drain output)
SO0 Output Serial bus interface 0 send data at SIO mode
SDAO 110 Serial bus interface 0 send/receive data at I°C mode
PN2 1 1/0 Port N2: I/O port (Schmitt input, Open drain output)
SI0 Input Serial bus interface 0 receive data at SIO mode
SCLO I{e] Serial bus interface 0 clock I/O data at I°C mode
PN3 1 1/0 Port N3: I/O port (Schmitt input)
SCK1 110 Serial bus interface 1 clock I/O data at SIO mode
PN4 1 1/0 Port N4: I/O port (Schmitt input, Open drain output)
SO1 Output Serial bus interface 1 send data at SIO mode
SDA1 110 Serial bus interface 1 send/receive dataat I°C. mode
PN5 1 1/0 Port N5: I/O port (Schmitt input, Open drain output)
Si1 Input Serial bus interface 1 receive data-at SIO mode
SCL1 1/0 Serial bus interface 1 clock I/O data at I°C/mode
NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin’'with programmable falling edge
level or with both edge levels programmable (Schmitt input)
AMO, AM1 2 Input Operation mode:
Fixed to AM1 =*“1" and AMO = “1”
X11/X2 2 110 High-frequency oscillator connection 1/O pins
RESET 1 Input Reset: Intializes TMP92FD23A (Schmitt input, with pull-up resistor)
AVCC / VREFH 1 Input Pin used to both power-supply pin for AD-converter and standard power supply for AD
converter (H)
AVSS / VREFL 1 Input Pin usedto both GND pin for AD converter (0 V) and standard power supply pin for AD
converter (L)
DvCC 4 - Power supply-pin’(All DVCC pins should be connected with the power supply pin)
DVSS 4 — GND pins (0 V) (All DVSS pins‘shold be connected with GND(0V))
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3. Operation
This section describes the basic components, functions and operation of the TMP92FD23A.
31 CPU
The TMP92FD23A contains an advanced high-speed 32-bit CPU (TLCS-900/H1 CPU)
3.1.1 CPU Outline

The TLCS-900/H1 CPU is a high-speed, high-performance CPU based on the
TLCS-900/LL1 CPU. The TLCS-900/H1 CPU has an expanded 32-bit internal data bus to
process instructions more quickly.

The following is an outline of the CPU:

Table 3.1.1 TMP92FD23A Outline

Parameter TMP92FD23A
Width of CPU address bus 24 bits
Width of CPU data bus 32 bits
Internal operating frequency Max 20 MHz

Minimum bus cycle

1-clock access (50 ns at fgys = 20MHz)

Internal RAM 32-bit 1-clock access
Internal ROM 32-bit interleave 2-1-1-1-clock access
Internal 1/10 8-bit 2-clock access

External SRAM, Masked ROM

8- or-16-bit 2-clock access

(waits can be inserted)

Minimum instruction

execution cycle

1-clock (50 ns at fsys =20MHz)

Conditional jump

2-clock (100 ns at fgys =20MHz)

Instruction queue buffer

12 bytes

Instruction set

Compatible with TLCS-900/L1
(LDX instruction is deleted)

CPU mode

Maximum mode only

Micro DMA

8 channels

92FD23A-9
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3.1.2 Reset Operation

When resetting the TMP92FD23A, 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 (64 ps at fc = 10 MHz).

At reset, since the clock doubler (PLL) is bypassed and the clock-gear is set to 1/16, the
system clock operates at 312.5 KHz (fc = 10 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 FFFFO02H:
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 <IFF2:0> of the status register (SR) to 111 (thereby setting the interrupt
level mask register to level 7).

e Clears bits <RFP1:0> of the status register to 00 (there by selecting register bank
0).

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/0O, ports and other pins as follows.

e Initializes the internall/O registers.

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

A RESET input terminal ‘becomes “High”, if reset release is carried out, a built-in
FlashROM warm-up circuit (notes) will start operation, and internal reset will be canceled
after the end of the circuit of operation.

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 TMP92FD23A
may be spoiled because the control signals are unstable until power supply becomes stable
after power-on reset.

Note: The warm-up time of build-in FlashROM into becomes it as follows.

at fOSCH =10 MHz
4096}1,5 (212/ fOSCH ) I
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Figure 3.1.1 shows the example of operating the reset timing of TMP92FD23A.

. .
>~

VCC (3.3V)

<~
Py

RESET

S R N

S N

[ —

High-frequency oscillation stabilized time
+20 system clock

I S I

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 as shown in Table 3.1.2 according to system usage.

Table 3.1.2 Operation-Mode Setup Table

Operation Mode

Mode Setup Input Pin

RESET AML AMO BOOT
Internal ROM starting 1 1 1
Single-boot mode 1 1 0
92FD23A-11 2007-12-18




TOSHIBA

TMP92FD23A

3.2 Memory Map

Figure 3.2.1

000000H

000100H

002000H

00AOO00OH

010000H

FO0000H

F10000H

F80000H

FFFFOOH

FFFFFFH

1s a memory map of the TMP92FD23A.
Internal 1/0 !
(8 Kbytes) Direct area (n)
_______________________ - ¥
64-Kbytes area
Internal RAM (nn)
(32 Kbytes)
External memory
Provisional emulator control
(64 Kbytes) (Note 1)
External memory
16-Mbytes area

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

Internal ROM (nnn)

(512 Kbytes)

Vector table (256 bytes) }(Note 2)

([__] = Internal area)

Figure 3.2.1 Memory Map

Note 1. The Provisional emulator control area, mapped FOO000H to FOFFFFH after reset, is for emulator use and so is not available.
When-emulator srRwRr “signal and-RD-signal are asserted, this area is accessed. Ensure external memory is used.

Note 2: Do not use the last 16-byte area (FFFFFOH to FFFFFFH). This area is reserved for an emulator.

92FD23A-12
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3.3 Clock Function and Stand-by Function

The TMP92FD23A contains (1) clock gear, (2) clock doubler (PLL), (3) stand-by controller and
(4) noise reduction circuits. They are 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 Clock doubler (PLL)
3.3.5 Noise reduction circuits
3.3.6  Stand-by controller
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The clock operating modes are as follows: (a) single clock mode (X1, X2 pins only), (b) dual
clock mode (X1, X2, XT1 and XT2 pins) and (c) triple clock mode (X1, X2, XT1 and XT2 pins and

PLL).

Figure 3.3.1 shows a transition figure.

Reset
(fosch/32)
Instruction 1 Release reset
IDLE2 mode Interru Instruction
(G operate) NORMAL mode STOP mode
Instruction Interrupt oue
IDLE1 mode STt (foscH/gear value/2) (Stops all circuits)
(Operate only oscillator) |
(@) Single clock mode transition figure
Reset
(fosch/32)
Instruction l Release reset
IDLE2 mode Interra Instruction
(I/O operate)
Instruction NORMAL mode Interrupt STOP m_on
IDLEL mode Fieupt (foscH/gear value/2) (Stops all circuits)
(Operate only oscillator) /
. Instruction Interrupt
Instruction
IDLE2 mode Interrl Instruction
(I/O operate) SLOW mode
Instruction (fsl2) TRterrupt STOP mode
IDLE1 mode Aterupt (Stops all circuits)
(Operate only oscillator) /

(b)

Dual clock'mode transition figure

Reset
] (fosch/32)
SLEZmod Instruction l Release reset
mode Interrd
(O operate) NORMAL mode
Instruction
IDLE1 mode Aterrupt (foscH/gear value/2)
(Operate only oscillator) / \
struction Interrupt
Instruction STOP. mode Instruction
Note (Stopsall circuits)
A Interrupt
IDLE2 mode Lpsgityction InStrUC“}}\ '”5”“}7 IDLE2 mode
(/O operate) Interrup NORMAL mode Instruction SLOW mode Interrupt (/O operate)
- 4 x f /gea fs/2
IDLE.l mode Instruction (4 OISC/'; 9% Note (fs/2) m IDLE1 mode_
(Operate oscillator and PLL) value/2) \ (Operate only oscillator)
Interrupt Using PLL Interrupt
(c) Triple clock mode transition figure

Note 1: Itis not possible to control PLL in SLOW mode when shifting from SLOW mode to NORMAL mode with use of PLL.
(PLL start up/stop/change write- to PLLCRO<PLLON>, PLLCR1<FCSEL> register)
Note 2:- When shifting from NORMAL maode with use of PLL to NORMAL mode, execute the following setting in the same order.
1) Change CPU clock (PLLCRO<FCSEL> « “0")
2) Stop PLL circuit (PLLCR1<PLLON> « “0")
Note 3: Itis not possible to shift from NORMAL mode with use of PLL to STOP mode directly.
NORMAL mode should be set once before shifting to STOP mode. (Stop the high-frequency oscillator after stopping

PLL.)
Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called foscy and the clock frequency input from the XT1 and XT2 pins is
called fs. The clock frequency selected by SYSCR1<SYSCK> is called the clock fepy. The system clock fsyg is defined as the
divided clock of fepH, and one cycle of fgyg is defined as one state.
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3.3.1 Block Diagram of System Clock
SYSCRO<WUEF>
SYSCR2<\iVUPTM1:O>
Warm-up timer —_—0T

—>  (High/low-frequency oscillator)

oTO
Lock up timer frPH ) i+4
(PLL)

SYSCRO<XTEN > fs
l PLLCR1<PLLON>,
XT1[H Low-frequency fs PLLCRO<LUPFG>
XTZD_ oscillator fo fsys
fc/2
fpLL =foscH x 4 c/4
SYSCRO<XEN > fc/8 — SYSCR1<SYSCK>
C
l I Cloc(deLt;JbIer |—§
: +4 | <8 | +1
X1 [ High-frequency 8 6| S@CR1<GEAR2:O>
X2 - oscillator foSCH Clock-gear
PLLCRO<FCSEL>
fsys CPU
TMRAO to 5,TMRBO to. 1
¢TO l Prescaler ] ROM
[ : RAM
SIO0 to S102 Interrupt
| - controller
Prescaler
ADC
I [
1/0 ports
SBIO to SBI1
¢T I Prescaler WDT
I HSC
Special-timer for CLOCK
—
I ——

Figure 3.3.2 Block Diagram of System Clock

92FD23A-15
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3.3.2 SFR
7 6 5 4 3 2 1 0
SYSCRO |Bit symbol XEN XTEN WUEF
(10E0H) Iz cadmwrite R/IW R/IW
Reset State 1 0 0
Function High- Low- Warm-up
frequency | frequency timer
oscillator oscillator 0: Write
(foscH) (fs) don't care
0: Stop 0: Stop 1:Write
1: Oscillation | 1: Oscillation start
timer
0:Read
end
warm-up
1: Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 |Bit symbol SYSCK GEAR2 GEAR1 GEARO
(10EIH) [z eadmwrite R/W
Reset State 0 1 | 0 | 0
Function Select Select gear value of high-frequency (fc)
system clock|goo: fc
0: fc 001: fcf2
1:As 010:fc/4
011: fc/8
100: fc/16
101: Reserved
110: Reserved
111: Reserved
7 6 5 4 3 2 1 0
SYSCR2 |Bit symbol - WUPTM1 WUPTMO HALTM1 HALTMO DRVE
(10B2H)  [zeadmwrite RIW RIW RIW
Reset State 0 1 | 0 1 | 1 0
Function Always Warm-up_timer HALT mode 1
write 0" 00: Reserved 00: Reserved The inside of
01: 2%input frequency 01: STOP mode STOP mode
10: 2"/input frequency | 10: IDLE1 mode a!f]o drives a
i
11: 216/input frequency 11: IDLE2 mode P

Note-1:- The-unassigned registers, SYSCRO<bit5:3>, SYSCRO<bit1:0>, SYSCR1<bit7:4>, and SYSCR2<hit7:6,1>

Note 2:

are read as undefined value.

Low-frequency oscillator is enabled on reset.

Figure 3.3.3 SFR for System Clock

92FD23A-16
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7 6 5 4 3 2 1 0
EMCCRO |Bit symbol PROTECT - - DRVOSCL
(10E3H)  Ipeadwrite R R/W
Reset State 0 0 1 1
Function Protect flag Always Always fs oscillator
0: OFF write “0” write “1” driver ability
1: ON 1: Normal
0: Weak
EMCCR1 |Bit symbol
(10E4H) Read/Write
R
eset State Switch the protect ON/OFF by writing the following to 1St-KEY, 2nd-KEY
Function 1st-KEY: write in sequence EMCCR1 = 5AH, EMCCR2 = A5H
EMCCR2 |Bit symbol 2nd-KEY: write in sequence EMCCRL = ASH, EMCCR2 = 5AH
(10E5H) )
Read/Write
Reset State
Function
Note: When restarting the oscillator from the stop oscillation 'state (e:g. restarting-the oscillator in'STOP mode), set
EMCCRO<DRVOSCH>, <DRVOSCL>= “1".
Figure 3.3.4 SFR for System Clock
7 6 5 4 3 2 1 0
PLLCRO |Bit symbol FCSEL LUPFG
(10E8H)  readwrite R/IW R
Reset State 0 0
Function Select fc Lock-up
clock timer
0: foscH status flag
1: fpL 0:Not end
1: End
Note: Ensure that thelogic of PLLCRO<LUPFG> is different-from 900/L1's DFM.
7 6 5 4 3 2 1 0
PLLCR1 |Bit symbol PLLON
(10E9H)  Ipcadwrite R/W
Reset State 0
Function Control
on/off
0: OFF
1: ON

Figure 3.3.5 SFR for PLL
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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, <SYSCK> = 0 and <GEAR2:0> = 100 will cause
the system clock (fsys) to be set to fc/32 (fc/16 x 1/2) after reset:

For example, fSys is set to 0.3125 MHz when the 10 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
at foscH = 10 MHz, fs = 32.768 kHz

Wagr$;J£F;l'2|me Change to Change to
<WUPTM1:0> Normal Mode Slow Mode
01 (2%frequency) 25.6 (us) 7.8 (ms)
10.(2"ffrequency) 1.638 (ms) 500 (ms)
11 (2"frequency) 6.554 (ms) 2000 (ms)
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Example 1:

SYSCRO
SYSCR1
SYSCR2

WUP:

Setting the clock
Changing from high-frequency (fc) to low-frequency (fs).

EQU
EQU
EQU
LD
SET
SET
BIT
JR
SET
RES

10EOH
10E1H
10E2H

(SYSCR2), 0X11--X-B ;

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

3, (SYSCR1)
7, (SYSCRO)

X: Don't care, —: No change

<XEN>

X1, X2 pins

<XTEN>

XT1, XT2 pins
Warm-up timer

End of warm-up timer
<SYSCK>

System clock fsys

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

} Detects stopping of warm-up timer.

Changes fgys from'fc to fs.
Disables high-frequency oscillation.

—'-(\/\/ \/\/\/\/ 9)/\/ \WAVAVAVAVAVAVAV/

I
Counts upI by fsys \ / Counts up by fs k&
1

1
1
1
T
I
1
1
T

)
e o (

/ i

] E
1 1
% \2

Enables Clears and starts

low-frequency Warm-up'timer

V\/\/\/\/\ /\/\

| v

! Chages fsys D_lsablles
fromfctofs  high-frequency
A\

End of warm-up timer

92FD23A-19
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Example 2: Setting the clock
Changing from low-frequency (fs) to high-frequency (fc).

SYSCRO EQU 10EO0H
SYSCR1 EQU 10E1H
SYSCR2 EQU 10E2H

LD (SYSCR2), 0 X10-—-X-B ; Setswarm-up time to 2"/fc.

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

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

WUP: BIT 2, (SYSCRO) ; . {

Detects stopping of warm-up timer.

JR NZ, WUP ;

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

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

X: Don't care, —: No change

//

<XEN> /

X1, X2 pins i

<XTEN> E \
XT1, XT2 pins \/\/\f/\/\/\/\ﬂ/\/y)’\ﬂ/\/\}
Warm-up timer Counts up: by fsys \ / \K Counts up by fc

End of warm-up timer .

) %

<SYSCK> E fs -\ fe
| Y
System Clock fsys NN NONSLN /\/}l/ ANEAVAVAVAVAVAVAVAVAV,
v | I |
Enables Cleérrs and starts EChanges fsy |
high-frequency .~ warm-up timer \:{from fstofc
¥
End of warm-up Disables
timer low-frequency
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(2) Clock gear controller

fFPH 1s set according to the contents of the clock gear select register
SYSCR1<GEARZ2:0> 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), XXXX0001B ; 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<GEAR2:0>
register.It is necessary for the warm-up time to elapse before the change occurs after
writing the register value.

There is the possibility that the instruction following the clock gear changing
instruction is executed by the clock gear before changing.To execute the instruction
following 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), XXXX0010B-. ~; Changesfgys.tofc/4:
LD (DUMMY), 00H ; Dummy instruction

| Instruction to be executed after clock gear has changed
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3.34

Clock Doubler (PLL)

PLL outputs the fpLL clock signal, which is four times as fast as foscH. A
low-speed-frequency oscillator can be wused, even though the internal clock is
high-frequency.

A reset initializes PLL to stop status, so setting to PLLCRO, PLLCR1 register is needed
before use.

As with an oscillator, this circuit requires time to stabilize. This is called the lock up time
and it is measured by a 16-stage binary counter. Lock up time is about 1.6 ms at foscH = 10
MHz.

Note 1: Input frequency range for PLL
The input frequency range (High-frequency oscillation) for PLL is as follows:
foscH=61t0 10 MHz (Vcc=3.0t0 3.6 V)

Note 2: PLLCRO<LUPFG>
The logic of PLLCRO<LUPFG> is different from-900/L1's DFM.
Exercise care in determining the end of lock up time.

The following is an example of settings for PLL starting and PLL stopping.

Example 1: PLL starting

<PLLON> / //
/

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H

LD (PLLCR1), "1 XX XXX XXB ; Enables PLL operation and starts lock up.
LUP: BIT 5, (PLLCRO) ;

Detects’end of lock up.

JR Z, LUP ;

LD (PLLCRO), X1 XXX X XXB*; Changes fc from 10 MHz to 40 MHz.
X: Don't care

)

<FCSEL>

<LUPFG>

PLL output: fou. Avmvvmvmmmmmuv

Lock up_timer / Counts up by foscH /
:
1
1
1

During lock up (( /I

After lock up

A\
System clock fsys \/\5/\/\/\ /X / \V/"'\ E\/\/\/\/\/\/\/\/

A\ ] A\
Starts PLL operation and ; Changes from 10 MHz to 40 MHz

starts lock up Lock up ends
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Example 2: PLL stopping

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H
LD (PLLCRO), XOXXXXXXB ; Changes fc from 40 MHz to10 MHz.
LD (PLLCR1), OXXXXXXXB ;  Stop PLL.
X: Don'’t care
<FCSEL> ,\
1
<PLLON> ' \
1

|

PLL output: fp |

Systemclockfsys — \/N/N/N/N/\/ \/\:\/ A\ NS NSNS

Changes from 40 MHz to 10 MHz v
Stops PLL operation
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2.

(1

WUP:

LUP:

LUP:

WUP:

LUP:

Limitations on the use of PLL

It is not possible to execute PLL enable/disable control in the SLOW mode (fs)
(writing to PLLCRO and PLLCR1).
PLL should be controlled in the NORMAL mode.

When stopping PLL operation during PLL use, execute the following settings in the
same order.

LD (PLLCRO), 00H ; Change the clock fp |_to foscH
LD (PLLCR1), O0OH ; PLL stop

When stopping the high-frequency oscillator during PLIsuse, stop PLL before stopping
the high-frequency oscillator.

Examples of settings are shown below:

Start up/change control
(OK) Low-frequency oscillator operation mode (fs) (high-frequency oscillator STOP)
— High-frequency oscillator'start up — High-frequenecy oscillator operation
mode (foscH) — PLL start up — PLL use mode (fpLL)

LD (SYSCRO), 11--~1--8B; High-frequency oscillator start/warm-up start
BIT 2, (SYSCRO) ;
Check for'warm-up end flag
JR NZ, WUP ;
LD (SYSCR1), - —-—==0-=--B; Change the system clock fs to fosch
LD (PLLCRY), I—= =5 - - B ; PLL start-up/lock up start
BIT 5, (PLLCRO)
Check for lock up end flag
JR Z, LUP

LD (PLLCRO), -1 -=-=-=--- B Change the system clock foscH to fpLL

(OK) Low-frequency  oscillator operation. mode (fs) (high-frequency oscillator
Operate) - High-frequency oscillator operation mode (foscH) — PLL start up
- PLL use mode (fpLL)

LD (SYSCR1), - - =-=0--=-B; Change the system clock fs to foscH
LD (PLLCRY), lomm = — — = — B ; PLL start-up/lock up start
BIT 5, (PLLCRO ;
( ) Check for lock up end flag
JR Z, LUP ;
LD (PLLCRO), -1 - - - - - - B ; Change the system clock foscHto fpL L

(Error) Low-frequency oscillator operation mode (fs) (high-frequency oscillator
STOP) — High-frequency oscillator start up — PLL start up — PLL use
mode (fpLL.)

LD (SYSCRO), 11---1--B; High-frequency oscillator start/warm-up start
BIT 2, (SYSCRO)

' Check for warm-up end flag
JR Nz, WUP ;

LD (PLLCRY), 1-=------ B ; PLL start-up/lock up start
BIT 5, (PLLCRO ;
( ) Check for lock up end flag
JR Z, LUP ;
LD (PLLCRO), -1-=-=---- B ; Change the internal clock fosch to fpLL
LD (SYSCR1), ----0---B; Change the system clock fs to fp| |
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(2) Change/stop control

(OK) PLL use mode (fpL1) — High-frequency oscillator operation mode foscH) —
PLL Stop — Low-frequency oscillator operation mode (fs) — High-frequency
oscillator stop

LD (PLLCRO), -0-=-=---- B ; Change the system-clock fp | to foscH
LD (PLLCR1), 0------- B ; PLL stop

LD (SYSCR1), - —---1---B; Change the system clock foscHto fs
LD (SYSCRO0), 0--=--=--- B ; High-frequency oscillator stop

(Error) PLL use mode (fpPL1) — Low-frequency oscillator operation mode (fs) — PLL
stop — High-frequency oscillator stop

LD (SYSCR1), - - —--1- - - B; Change the system clock fp| | tofs

LD (PLLCRO), -0 -=-=-=--- B ; Change the internal clock (fc) fpL L tofoscH
LD (PLLCR1), 0------- B ; PLL stop

LD (SYSCRO0), 0---=-=--- B High-frequency oscillator stop

(OK) PLL use mode (fpL1) — Set the STOP mode —‘High-frequency oscillator
operation mode (foscH) — PLL stop — Halt (High-frequency oscillator stop)

LD (SYSCR2), - - -~01=~-B; Setthe STOP mode
(This command can be executed before use of PLL)
LD (PLLCRO), -0 ~==--- B ; _Change the system clock fp | to fosch
LD (PLLCR1), 0= = — == — - B ; /PLL stop
HALT ;. ~Shift to STOP mode

(Error) PLL use mode (fPLI) — Set the STOP mode — Halt (High-frequency
oscillator stop)

LD (SYSCR2), - - —--01- =B Setthe STOP mode
(This command can execute before use of PLL)
HALT ;  Shift to STOP mode
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3.35 Noise Reduction Circuits

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

(1) Reduced drivability for low-frequency oscillator

(2) SFR protection of register contents

These functions need a setup by EMCCR0, EMCCR1, and EMCCR2 register.

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

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

(Block diagram)
I

c1 XT1 pin
— Enable oscillation

Resonator |

'-T-' 7 S~—__ EMCCRO<DRVOSCL>
SR S : {>o—> fs
XT2 pin

1”7
|

(Setting method)

The drive ability (of ~the oscillator is. reduced by writing 0 to
EMCCRO<DRVOSCL> register. At reset, <DRVOSCL> is initialized to “1”.

the
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(2) Runaway prevention using SFR protection register
(Purpose)
Prevention of program runaway caused by introduction of noise.
Write operations to a specified SFR are prohibited so that the program is

protected from runaway caused by stopping of the ‘clock or by changes to the
memory control register (memory controller) which prevent fetch operations.

Runaway error handling is also facilitated by INTPO interruption.

Specified SFR list

1. Memory controller
BOCSL/H, B1CSL/H, B2CSL/H, B3CSL/H, BEXCSL/H

MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3, PMEMCR

2. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCRO

4. PLL
PLLCRO, PLLCR1

(Operation explanation)
Execute and release of protection (write operation to specified SFR) becomes
possible by setting up a double key to EMCCR1 and EMCCR2 registers.

(Double key)
1st KEY: writes in sequence, 5AH at EMCCRY and A5H at EMCCR2

2nd KEY: writes in sequence, AGH at EMCCR1 and 5AH at EMCCR2

Protection state can be confirmed by reading EMCCRO<PROTECT>.

At reset, protection becomes OFF.
INTPO-interruption also occurs when a write operation to the specified SFR is
executed with protection in the ON state.
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3.3.6  Stand-by Controller
(1) HALT modes and port drive register
When the HALT instruction is executed, the operating mode switches to IDLEZ2,
IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.
The subsequent actions performed in each mode are as follows:
1. IDLEZ2: only the CPU halts.
The internal I/0 is available to select operation during IDLE2 mode by setting
the following register.
Table 3.3.2 shows the register setting operation during IDLE2 mode.
Table 3.3.2 SFR Setting Operation during IDLE2 Mode
Internal 1/0O SFR
TMRAO01 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUNKI2TA45>
TMRBO TBORUN<I2TBO>
TMRB1 TB1RUN<I2TB1>
SIO0 SCOMOD1<I2S0>
SIOo1 SC1MOD1<I2S1>
SI02 SC2MOD1<I2S2>
AD converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>
SBIO SBIOBRO<I2SBI0>
SBI1 SBI1BRO<I2SBI1>
2. IDLE1: Only the oscillator and the Special timer for CLOCK continue to operate.
3. STOP: Allinternal circuits stop operating.
The operation of each of the different HALT modes is described in Table 3.3.3.
Table 3.3.3 I/O_Operation during HALT Modes
HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01
CPU Stop
1/O ports The state at the time of "HALT" Table 3.3.7 and Table 3.3.8 references
instruction execution is held.
TMRA, TMRB
SI0, SBI Available to select
Block | AD converter operation block
WDT
Interrupt controller
HSC Operate
Special timer for
CLOCK Operate
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(2) How to release the HALT mode

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

Release by interrupt requesting

The HALT mode release method depends on the status of the enabled
interrupt .When the interrupt request level set /before executing the HALT
instruction exceeds the value of the interrupt mask register, the interrupt is
processed depending on its status after the HALT mode 1s released, and the CPU
status executing the instruction that follows the HALT instruction. When the
interrupt request level set before executing the HALT instructionis less than the
value of the interrupt mask register, HALT mode release 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
INT7, INTRTC interrupts, even if the interrupt request-level set before executing
the halt instruction is less than!the value of the interrupt mask register, HALT
mode release is executed. In this case, the interrupt is processed, and the CPU
starts executing the instruction following the HALT instruction, but the interrupt
request flag is held at “1”.

Release by resetting
Release of all halt-statuses is executed by resetting.

When the STOP mode is released by RESET, it is necessary to allow enough
resetting time (see Table 3.3.5) for operation of the oscillator to stabilize.

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

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1 STOP IDLE2 IDLE1 STOP

NMI . . **1 - - -
INTWDT * x x - - -
INTO to INT4, INT7 (Note 1) . . **1 o o o*1

® INT5,INT6 (PORT) (Note 1) * . **1 o o o*1

§ INT5,INT6 (TMRB1) * x x % x x

3 INTTAO to INTTAS5 . x x x X x

g S | INTBOO, INTTBO1, INTTB10, . y y > . .

s E INTTB11, INTTBOO, INTTBO1

= | £ | INTRXO to INTRX2,

T INTTXO to INTTX2 * ) ( ) 8 .

; INTAD . X X X X X

3 Kwi ’ . ! A A A

@ INTRTC . N X o o X
INTSBEO to INTSBE1 * x >< x x x
INTHSC . x X X X X
RESET Initialize LSI

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

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

x: Cannot 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. This combination is not available.

A: Since KWI does not have a function as interruption, this. combination does not exist.
*1: Release of the HALT mode is executed after warm-up time has elapsed.

Note 1: When-the HALT mode is cleared by an INTO-to 7 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.

Note 2: Although a KWI can cancel all HALT mode states, the function as interruption does not have it.

Note 3: Specify the HSCSEL register when selecting INTTX1 or INTHSC interrupt with the same
interrupt factor.
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Example: Releasing IDLE1 mode
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address

8200H LD (P7FC), 10H ; Sets P74 to INTO interrupt.
8203H LD (IIMC3), 00H ; Selects INTO interrupt rising edge.
8206H LD (IIMC2), 00H ; Selects INTO interrupt edge
8209H LD (INTEO1), 0O6H Sets INTO interrupt level to 6.
820BH El 5 ;  Sets interrupt level to 5 for CPU.
820EH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode:
820FH HALT ;  Halts CPU.

INTO___/ x INTO interrupt routine
e R
8210H LD XX, XX
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(3) Operation
1. IDLE2 mode

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

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

VYN

| : ' .
AotoA23 ! ) !
] 1 1) 1
1 1
DOto D15 = =[- ==t === =={pata J= == f = === Af =2 =t b o d -l - Daa } - - -
| (« |
1)) —
RD \ / : : \ /]
| |
WR | f
| |
Interrupt for | )
release HALT : 4 !
1 ]
: IDLE2 :
i mode '

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

2. IDLE1 mode
In IDLE1 mode, only the internal oscillator-and Special timer for Clock continue
to operate. The system clock stops.
In the halt state, the interrupt request is sampled asynchronously with the
system clock; however; clearance of the halt state (e.g., restart of operation) is
synchronous \with it.

Figure 3.3.7 illustrates the timing for clearance of the IDLE1 mode halt state by
an interrupt.

1 1
sAAAAAAANAAAAAAA
] ]
| : It :
AotoA23 i ) :
] 1 1) 1
1 1
DOto D15 = +H- ==t -=+~=={pawa }J---t-F-|---~{§---7-F--1------1+---{ paa }---
_ | ( | L
RD \ ! ! \ _/
| |
—_— ] {( ]
WR ; )] ;
) )
Interrupt for | ﬁ
release HALT : ()r) : _\
] ]
! IDLEL !
' mode '

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

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

After STOP mode has been cleared system clock output starts when the
warm-up time by the counter for a warm-up of internal oscillator and built-in
FlashROM warm-up time.

The example of a setting of the Warm-up time at the time of STOP mode release
is shown in Table 3.3.5. The warm-up time of built-in FlashROM is shown in Table
3.3.6.

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

Warm-up time of internal osillator +
Warm- up time of built-in FlashROM

S VA Va\Va VaVa Vaass *\Jf’\_/”\_/’\_/’\_/_\_/’\_/’\_
A0t0A23:X ):- S&--E--SS--:-----S)
DOtoD15 = =|—- ==} - =4 - = - Data-----ai--sg---iu-gg- ------ G F==q-=-=F~-1---| paa }
& \ Mo — \ -
: ' {
WR :\_ __ 1))
e A ,_m
'ST(SP'

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

Table 3.3.5 Example of Warm-up Time-after Releasing STOP Mode
at foscH = 10 MHz, fs = 32.768 kHz

SYSCR1 SYSCR2<WUPTM1:0>

<SYSCK> 01 (2% 10 (2 11 (2%
0 (fc) 25.6us 1.638 ms 6.554 ms
1(fs) 7.8 ms 500 ms 2000 ms

Table 3.3.6'Example of Warm-up Time after Built-in FlashROM (at the time of STOP mode release)
at foscy = 10 MHz, fs = 32.768 kHz

0 (fc) 409.6 ps (2% /fosch)
1 (fs) 125 ms (2% /fs)
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Table 3.3.7 Input Buffer State Table

Input Buffer State
When the F:PU is In HALT mode (IDLE1/2) In HALT mode (STOP)
Port Inpqt ' operating DRVE =1 DRVE =0
Name Function During When When When When When When When When
Name Reset | usedas | usedas | usedas usedas | usedas | usedas | usedas | usedas
Function | Inputpin | Function | Inputpin | Function | Input pin | Function | Input pin
pin pin pin pin
P00-PO7 DO-D7 ON upon
external
P10-P17 D8-D15 read (*1)
P40-P47 - OFF
P50-P57 - OFF OFF OFF
P60-P67 — OFF
P70(*2) -
P71-P73
(*2) ON
P74 IliTO‘II t ON — ON ON ON
P76 | XTI ——t OFF OFF
Port OFF OFF OFF
P77 - — — — —
P83
WAIT OFF OFF OFE
PCO TAOIN
PC1 INT1
PC2 INT2
PC3 INT3 ON
PDO INT4
INTS
PD1 ON
TB1INO ON OFF
D2 INT6 ON
TBLN OFF OFF OFF OFF
RXD2 ON
SCLK?2,
PD4 CcTS2
PFO - OFF OFF
PF1 RXDO
SCLKO, N ON OFF
PF2 CTS0
PF3 - OFF OFF
PF4 RXD1, HSSI ON ON
PF5 SCLK1,CTS1
ANO-ANT7(*3) OFF OFF
PGO-PG7
KI0-KI7 ON ON ON ON
PLO-PL2 | AN8-AN10(*3)| OFF
AL *3( ) OFF OFF OFF
PL3 .()
ADTRG
PNO SCKO
PN1 SDAO OFF
PN2 SI0, SCLO
PN3 SCK1 ON
PN4 SDA1 ON ON ON
PN5 SI1, SCL1
NMI - ON
AMO,AM1 —
X1 — OFF OFF
RESET - ON ON

ON: The buffer is always turned on. A current flows through the input

buffer if the input pin is not driven.

OFF: The buffer is always turned off.

—: Not applicable

*2: Port having a pull-up/pull-down resistor.

*1: ON upon external read.

*3: AIN input does not cause a current to flow through the buffer.
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Table 3.3.8 Output Buffer State Table

Output Buffer State
When the CPU is In HALT mode In HALT mode (STOP)
Port Output operating (IDLE1/2) DRVE=1 DRVE=0
Function Durin
Name N g When When When When used When When used When When
ame Reset used as used as used as used as
Function used as Function as Function as Function used as
pin Output pin pin Output pin pin Output pin pin Output pin
P00-PO7 D0-D7 ON upon
OFF external OFF OFF
P10-P17 D8-D15 .
write (*1)
P40-P47 AO0-DA7
POO-PST | ABALS ON ON ON ON OFF
P60-P67 Al16-A23
P70(*2) RD ON ON ON
P71(*2) SRWR
P72(*2) SRLLB OFF
P73(*2) SRLUB
P76 — — ON(*3) - ON(*3) - ON(*3) N
Oscillator OFF ON OFF ON OFF OFF
P77 | xT2 OFF
Port ON(*3) OFF ON(*3) ON(*3)
cso,
P80
TA10OUT
cst,
P81
TA30UT ON
P82 Cs2
a3 OFF
P83 CSs3, OFF OFF
TA50UT ON ON
PDO TBOOUTO
PD2 TXD2
PD3 TB1OUTO
TB1OUTL,
PD4
SCLK2
PFO TXDO ON ON ON
PF1 — — — — —
PF2 SCLKO, CLK
PF3 TXD1, HSSO on s N OFF
: OFF
PF4 — — — - -
SCLK1,
PF5
HSCLK
PNO SCKO
PN1(*3) | SOO0;SDAQ ON
PN2(*3) SCLO ON ON OFF
PN3 SCK1
PN4(*3) SO1, SDAL
PN5(*3) SCL1
X2 — ON — — OFF — —
ON: The buffer is always turned on. When the bus is *1: ON upon external write.
released, however, output buffers for some pins are . havi I ) |
turned off. 2: Port having a pull-up resistor (programmable)
OFF: The buffer is always turned off. *3: Open-Drain output pin.

—: Not applicable
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3.4

Interrupts

Interrupts are controlled by the CPU Interrupt mask register <IFF2:0> and by the built-in
interrupt controller.
The TMP92FD23A has a total of 51 interrupts divided into the following five types:

Interrupts generated by CPU: 9 sources
Software interrupts: 8 sources

Illegal instruction interrupt: 1 source

Internal interrupts: 33 sources
Internal I/0 interrupts: 25 sources

Micro DMA transfer end interrupts: 8 sources

External interrupts: 9 sources
Interrupts on external pins (INTO to INT7, NMI )

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-is generated simultaneously, the interrupt
controller sends the priority value of the interrupt 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 jillegal 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 EI 3 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 EI 0 enable the acceptance of all
non-maskable interrupts and of maskableinterrupts with a priority level of 1 or above (hence
both are equivalént to the command EI 1).

The DI instruction (sets <IFF2:0>to 7) is exactly equivalent to the EI 7 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 tothe 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 TMP92FD23A 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 interrupt processing.

92FD23A-36 2007-12-18



TOSHIBA

TMP92FD23A

General-purpose
interrupt
processing

Interrupt specified YES

by micro DMA
start vector ?

l

Clear interrupt request flag

Micro DMA soft

start request

NO T
Interrupt vector calue “V” Data transfer by micro
read interrupt request F/F clear DMA

PUSH PC

PUSH SR

SR<IFF2:0> « Level of
accepted

COUNT « COUNT —1

Micro DMA
processing

interrupt + 1 YES|/ | 'Clear vector register
INTNEST « INTNEST + 1 COUNT =0 generating micro DMA
transfer end interrupt
NO ] INTTC
PC < (FFFFOOH + V) |
Interrupt processing
program
RETI instruction
POP /SR
POR \PC
INTNEST « INTNEST -1
T
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 contentsof 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.

Ifthe CPU recéives 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 TMP92FD23A interrupt vectors and micro DMA start vectors.
FFFFOOH to FFFFFFH (256 bytes) is designated as the interrupt vector area.

92FD23A-38 2007-12-18



TOSHIBA TMP92FD23A
Table 3.4.1 TMP92FD23A Interrupt Vectors and Micro DMA Start Vectors
Default Interrupt Source and Source of Vector | Address Refer |0 DMA
Priority Type Micro DMA Request Value to Vector Start
Vector
1 Reset or [SWI0] 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 [SWI17] instruction 001CH FFFF1CH
9 NMI: External interrupt input pin 0020H FFFF20H
10 INTWD: Watchdog Timer 0024H FFFF24H
- Micro DMA = - — (Notel)
11 INTO: INTO pin input 0028H FFFF28H OAH (Note 2)
12 INT1: INT1 pin input 002CH FFER2CH OBH (Note 2)
13 INT2: INT2 pin input 0030H FFFF30H OCH (Note 2)
14 INT3: INT3 pin input 0034H FFFE34H ODH (Note 2)
15 INT4: INT4 pin input 0038H FFFF38H OEH (Note 2)
16 INT5: INT5 pin input 003CH FFEFF3CH OFH (Note 2)
17 INT6: INT6 pin input 0040H FFFF40H 10H (Note 2)
18 INT7: INT7 pin input 0044H FFFF44H 11H (Note 2)
19 INTTAO: 8-bit timer O 0048H FFFF48H 12H
20 INTTAZL: 8-bit timer 1 004CH FFFF4CH 13H
21 INTTAZ2: 8-bit timer 2 0050H FFFF50H 14H
22 INTTA3: 8-bit timer 3 0054H FFFF54H 15H
23 INTTA4: 8-bit timer 4 0058H FFFF58H 16H
24 INTTAS: 8-bit timer 5 005CH FFFF5CH 17H
25 (Reserved) 0060H FFFF60H 18H
26 (Reserved) 0064H FFFF64H 19H
27 INTRXO: Serial receive (Channel 0) 0068H FFFF68H 1AH (Note 2)
28 INTTXO: Serial transmission (Channel 0) 006CH FFFF6CH 1BH
29 INTRX1: Serial receive (Channel 1) 0070H FFFF70H 1CH (Note 2)
Maskable INTTX1:/Serial transmission (Channel 1)
30 ) ) 0074H FFFF74H 1DH
INTHSC: High speed serial
31 INTRX2: Serial receive (Channel 2) 0078H FFFF78H 1EH (Note 2)
32 INTTX2: Serial transmission (Channel 2) 007CH FFFF7CH 1FH
33 (Reserved) 0080H FFFF80H 20H
34 (Reserved) 0084H FFFF84H 21H
35 INTNSBEO: SBIO I2Cbus transfer end 0088H FFFF88H 22H
36 (Reserved) 008CH FFFF8CH 23H
37 INTNSBEL: SBI1 I2Cbus transfer end 0090H FFFFO0H 24H
38 (Reserved) 0094H FFFF94H 25H
39 (Reserved) 0098H FFFFO8H 26H
40 (Reserved) 009CH FFFFOCH 27H
41 (Reserved) 00AOH FFFFAOH 28H
42 (Reserved) 00A4H FFFFA4H 29H
43 INTTBOO: 16-bit timer O 00A8H FFFFA8H 2AH
44 INTTBOL1: 16-bit timer O 00ACH FFFFACH 2BH
45 INTTBOO: 16-bit timer 0 (Overflow) 00BOH FFFFBOH 2CH
46 INTTB10: 16-bit timer 1 00B4H FFFFB4H 2DH
47 INTTB11: 16-bit timer 1 00B8H FFFFB8H 2EH
48 INTTBOZ1: 16-bit timer 1 (Overflow) 00BCH FFFFBCH 2FH
49 INTAD: AD conversion end 00COH FFFFCOH 30H
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Default Interrupt Source and Source of Vector | Address Refer |'¢'© DMA
Priority Type Micro DMA Request Value to Vector Start
Vector

50 INTPO: Protect 0 (Write to SFR) 00C4H FFFFC4H 31H
51 INTRTC: Special timer for CLOCK 00C8H FFFFC8H 32H
52 (Reserved) 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 Maskable INTTC3: Micro DMA end (Channel 3) 00DCH FFFFDCH 37H
57 INTTC4: Micro DMA end (Channel 4) OOEOH FFFFEOH 38H
58 INTTCS5: Micro DMA end (Channel 5) 00E4H FFFFE4H 39H
59 INTTC6: Micro DMA end (Channel 6) 00E8H FFFFE8SH 3AH
60 INTTC7: Micro DMA end (Channel 7) OOECH FFFFECH 3BH
- 00FQH FFFFFOH -
to (Reserved) : : to
- 00FCH FFFFFCH -

Note 1: When initiating micro DMA, set at edge detect mode.

Note 2: Micro DMA default priority.
Micro DMA initiation takes priority over other maskable interrupts.

Note 3: Specify the HSCSEL register when selecting INTTX1 or INTHSC that have the same interrupt factor
in the default priority 30.
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3.4.2

Micro DMA Processing

In addition to general purpose interrupt processing, the TMP92FD23A 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 through the CPU, when the CPU is
placed in a stand-by state by a 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 eight' 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 (i.e., interrupt requests should be
disabled).

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

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

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

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

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

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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If 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. In this case, edge
triggered interrupts are the only kinds of general interrupts which can be accepted.

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.

Three micro DMA transfer modes are supported: one-byte transfers, two-byte
transfer and four-byte transfer. 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 memory to memory, 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 40 different interrupts — the 39
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: this cycle is based on
an external 8-bit bus, 0 “waits, source/transfer destination addresses both
even-numbered values.)

1 state

[—]

lo]loe |leole]|oe
s N[ NN S

A0 to A23 Src dst

Figure 3.4.2 Timing for Micro DMA Cycle

State (1), (2): Instruction fetch cycle (Prefetches the next instruction code)

If the instruction queue buffer 1s 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))
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(2) Soft start function

The TMP92FD23A 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 0.

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

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

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

Symbol | Name |Address 7 6 5 4 3 2 1 0
DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2'| DREQ1l | DREQO
109H RV
DMAR R ; (Prohibit
eques RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

1: DMA request in software

(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
DMASOQO DMA-Source address register 0: only use LSB 24 bits.
DMADO DMA Destination address register 0: only use LSB 24 bits.
DMACO DMA Counter register 0: 1 to 65536.
DMAMO’ | DMA Mode register 0.
1
1
1
|
Channel 7
DMAS7 DMA Source address register 7.
DMAD7 DMA Destination address register 7.
DMAC7 DMA Counter register 7.
DMAMY7 | DMA Mode register 7.
8 bits
16 bits
32 bits
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(4) Detailed description of the transfer mode register

29,0

Mode | DMAMO to DMAM?

l—!

DMAMn[4:0]

Mode Description

Execution
State Number

000zz

Destination INC mode
(DMADN+) < (DMASN)
DMACn <~ DMACn -1

if DMACn = 0 then INTTCn

5 states

001zz

Destination DEC mode
(DMADN-) < (DMASN)
DMACn < DMACn -1
if DMACn = 0 then INTTCn

5 states

010zz

Source INC mode
(DMADN) < (DMASN+)
DMACn <« DMACn -1

if DMACn =0 then INTTCn

5 states

0O1l1zz

Source DEC mode
(DMADN) <« (DMASN-)
DMACn <« DMACn -1

if DMACn = 0 then INTTCn

5 states

100zz

Source and destination INC mode
(DMADnN+) < (DMASN+)

DMACn <~ DMACn -1

If DMACn = 0 then INTTCn

6 states

101zz

Source and destination DEC mode
(DMADN-) < (DMASN=)

DMACn < DMACnh <1

If DMACn = 0 then INTTCn

6 states

110zz

Source and-destination Fixed mode
(DMADnN) <~ (DMASN)

DMACh < DMACnh -1

If DMACn =-0 then INTTCn

5 states

11100

Counter mode

DMASNh <« DMASh +-1
DMACn <~ DMACn -1

if DMACn = 0 then INTTCn

5 states

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

Notel: The execution state‘number shows number of best case (1-state memory access). 1state = 50ns at
fsys = 20MHz

Note2: 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)
“1/0” signifies fixed memory addresses; “memory” signifies incremented or decremented memory

addresses.

Note3: 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 50 interrupts 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 O 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 soutrce by writing the
priority to the interrupt priority setting register (e.g., INTEPAD or INTEO1). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source./The priority ;of non-maskable 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 bit 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), enables the corresponding interrupts 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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Figure 3.4.3 Block Diagram of Interrupt Controller
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(1) Interrupt level setting registers
Symbol Name | Address 7 6 5 4 3 2 1
INT1 INTO
INTO & 1C am2 | vi | imo I0C om2 | om1 |
INTEO1 | INT1 00DOH R RIW R RIW
Enable 0 o | o | o 0 o | o |
1:INT1 Interrupt request level 1:INTO Interrupt request level
INT3 INT2
INT2& 13C 13M2 | 13M1 | 13MO 12C 12M2 | 12M1 |
INTE23 INT3 0O0D1H R R/W R R/W
Enable 0 o | o | o 0 o | o |
1:INT3 Interrupt request level 1:INT2 Interrupt request level
INTS INT4
INT4& I5C 1I5M2 | I5M1 | I5M0 14C 14M2 | 14M1 |
INTE45 INTS 00D2H R R/W R R/W
Enable 0 o | o | o 0 o | o |
L:INT5 Interrupt request level 1:INT4 Interrupt request level
INT7 INT6
INT6& I7C 17M2 | 17M1 | 17MO 16C I6M2 | I6M1 |
INTEG7 INT7 00OD3H R R/W R R/W
Enable 0 o | o | o 0 o | o |
1:INT7 Interrupt request level 1:INT6 Interrupt request level
INTTAL(TMRA1L) INTTAO(TMRAOQ)
INTTAO & ITALC ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAOL | INTTAL 00D4H R R/W R R/W
Enable 0 o | o | % 0 o | o |
1: INTTAL Interrupt request level 1:INTTAO Interrupt request level
INTTA3(TMRA3) INTTA2(TMRA2)
INTTA2 & ITA3C ITA3M2 ITASM1 ITA3MO ITA2C ITA2M2 ITA2M1
INTETA23 | INTTA3 00D5H R R/W R R/W
Enable 0 o | o o 0 o | o |
1 INTTA3 Interrupt request level 1:INTTA2 Interrupt request level
INTTA5(TMRAS) INTTA4(TMRA4)
INTTA4 & ITASC ITASM2 | ITASM1 | ITASMO ITA4C ITAAM2 | ITAAM1 | ITAAMO
INTETA45 | INTTAS 00D6H R RAW R R/W
Enable 0 oo | o 0 o | o |
17 INTTAS Interrupt request level 1: INTTA4 Interrupt request level

Interrupt request flag

xxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name [ Address 7 6 5 4 3 2 1 0
INTTXO0 INTRXO
INTRXO0 & ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO [INTTXO 00D8H R R/W R R/W
Enable 0 0 | 0 | 0 0 0 | 0 | 0
1:INTTXO Interrupt request level 1:INTRXO Interrupt request level
INTTX1/INTHSC INTRX1
INTRX1 &
INTTXL/ ITX1C ITX1M2 | ITXIM1 | ITX1IMO IRX1C IRX1M2 | IRX1IM1 | IRX1MO
INTES1HSC INTHSC 00D9H R R/W R R/W
Enable 0 o | o | o 0 o | o | o
L:INTTX1 Interrupt request level LINTRX1 Interrupt request level
INTTX2 INTRX2
INTRX2 & ITX2C ITX2M2 | ITX2M1 | ITX2MO IRX2C IRX2M2 | IRX2M1 | IRX2MO
INTES2 |INTTX2 OODAH R R/W R R/IW
Enable 0 o | o | o 0 o 0o | o
L:INTTX2 Interrupt request level 1:IINTRX2 Interrupt request level
- INTSBEO
- - | - | yd ISBEOC ISBEOM2 | ISBEOM1 | ISBEOMO
INTESBO INTSBEO 00DCH - - R RIW
Enable
- - [ - 0 o | "o [ o
Always write 0 1:INTSBEQ Interrupt request level
- INTSBE1
- - | - | - ISBELIC /| ISBEIM2 | ISBEIM1 | ISBEIMO
INTESB1 INTSBEL O0ODDH — - R R/W
Enable
- U | /A 0 o | o | o
Always write 0 1:INTSBE1 Interrupt request level
INTTBO1(TMRBO) INTTBOO(TMRBO)
INTTBOO & iTBo1C | 1tB01m2 | ITBo1M1 | ITBOIMO | ITBoOC | ITBOOM2 | ITBOOML | ITBOOMO
INTETBO [INTTBO1 OOEOH R R/IW R R/W
Enable 0 o | o ] o 0 o | o | o
1:INTTBO1 Interrupt request level 1:INTTBOO Interrupt request level
- INTTBOO(TMRBO)
INTTBOO < - | - | - ITBOOC ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBOO | (Overflow) | /O0E1H - - R R/W
Enable - - | = | - 0 0 | 0 | 0
Always write 0 1:INTTBOO Interrupt request level
INTTB11(TMRB1) INTTB10(TMRB1)
INTTB10 & ITB11C ITB11M2 | ITB11M1 | ITB11MO ITB10C ITB10M2 | ITB10M1 | ITB10MO
INTETB1 |INTTB11 00E2H R R/W R R/W
Enable 0 o | o | o 0 o | o | o
1:INTTB11 Interrupt request level 1:INTTB10 Interrupt request level

Interrupt request flag

XxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name | Address 7 6 5 4 3 2 1 0
- INTTBOL(TMRB1)
INTTBO1 - - | - | - ITBO1C ITBO1M2 | ITBO1IM1 | ITBO1MO
INTETBO1 | (Overflow)| OOE3H - — R R/W
Enable - - | - | - 0 0 | 0 | 0
Always write 0 1:INTTBO1 Interrupt request level
INTPO INTAD
INTPO & IPOC IPOM2 | IPOM1 | IPOMO IADC IADM2 | IADM1 | IADMO
INTEPAD | INTAD 00E4H R R/W R R/W
Enable 0 0 | 0 | 0 0 0 | 0 | 0
1:INTPO Interrupt request level 1:INTAD Interrupt request level
- INTRTC
- - | - | - IRC IRM2 | IRM1 | IRMO
INTERTC INTRTC 00E5H - — R R/W
Enable
- - - [ - 0 o | oo [ o
Always write 0 LINTRTC Interrupt request level
NMI INTWDT
NMI & INCNM - | - | = INCWD = | - | -
INTNMWDT| INTWDT O0EFH R - R -
Enable 0 - | £ | = 0 - | — | —
1: NMI Always write 0 LIINTWDT Always write 0
INTTC1(DMAL) INTTCO(DMAO)
INTTCO & ITC1C ITC1M2 | ITC1IM1 | ITC1IMO ITCOC ITCOM2 | ITCOM1 | ITCOMO
INTETCO1 | INTTC1 OOFOH R R/W R R/W
Enable 0 o | o | /o 0 o | o | o
L:INTTC1 Interrupt request level 1:INTTCO Interrupt request level
INTTC3(DMA3) INTTC2(DMA2)
INTTC2 & ITC3C ITC3M2 ITC3M1 | ITC3MO ITC2C ITC2M2 ITC2M1 | ITC2MO
INTETC23 | INTTC3 00F1H R R/W R R/IW
Enable 0 o | o o 0 o | o | o
1:INTTC3 Interrupt request level 1:INTTC2 Interrupt request level
INTTC5(DMAS) INTTC4(DMA4)
INTTC4 & ITC5C ITC5M2 ITC5M1 | ITC5MO ITC4C ITC4M2 ITC4M1 ITC4MO
INTETC45 | INTTC5 00F2H R RIW R R/W
Enable 0 0 | 0 | 0 0 0 | 0 | 0
L:INTTCS Interrupt request level 1:INTTC4 Interrupt request level
INTTC7(DMAT) INTTC6(DMAG)
INTTC6& iTc7c | arcrm2 | imerme | imemo | imeec iTcem2 | iTcemi | iTcemo
INTETC67 | INTTC7 00F3H R R/W R R/W
Enable 0 o | o [ o 0 o | o | o
1LINTTC7 Interrupt request level 1:INTTC6 Interrupt request level

Interrupt request flag

xxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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(2) External interrupt control

Symbol Name Address 7 6 5 4 3 2 1 0
NMIREE
W
Interrupt
N utp 00F6H _0
IIMC P (Prohibit NMI
mode . .
RMW) 0:Falling
Control 1:Falling
and
Rising
I7LE I6LE I5LE 14LE I3LE I12LE I1LE IOLE
Interrupt W
Input 00FAH 0 0 0 0 0 0 0 0
u
lIMC2 mg o (Prohibit
RMW) INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
Control2 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge
1l:Level l:Level l:Level l:tevel 1:Level l:Level 1:Level l:Level
I7TEDGE | I6EDGE | ISEDGE | |4EDGE | I3EDGE .| I2EDGE | ILEDGE | I0EDGE
W
Interrupt
N tIO 00EBH 0 0 0 0 0 0 0 0
u
IMC3 mgde (Prohibit INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
RMW) 0: Rising | O0: Rising | 0: Rising | 0:'Rising [ 0: Rising *|-0: Rising | 0: Rising | O: Rising
Control3 /High /High /High /High /High THigh /High /High
1: Falling | 1: Falling-| 1: Falling | 1: Falling | 1: Falling | 1: Falling | 1: Falling | 1: Falling
/Low /Low /Low /Low /Low /Low /Low /Low
CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt O0F8H
%
INTCLR Clear (Prohibit
Control RMW) 0 0 0 0 0 0 0 0
Clear the'interrupt request flag by the writing of a micro DMA starting vector
Note 1: Disable INTO to INT7 requests before changing-INTO to INT7 pins mode from level sense to edge sense.
Setting-example for-case of INTO:
DI
LD (IIMC2) ;XXXXXX0-B ;——Change from “level” to “edge”.
LD (INTCLR), 0AH ;- Clear interrupt request flag.
NOP ; ~Wait El execution.
NOP
NOP
El
X:'Don't care, —: No/change
Note 2: See electrical-characteristics in section 4 for external interrupt input pulse width.
Note 3: In a setup of a port, when choosing a 16-bit timer input and performing capture control, INT5 and INT6

operate not according to a setup of IIMC2 and IIMC3 register but according to a setup of

TB1IMOD<TB1CPM1:0>.
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Table 3.4.2 Settings of External Interrupt Pin Function

Interrupt Pin | Shared Pin Mode Setting Method
_f 7 Rising edge IIMC2<IOLE> = 0, IIMC3<IOEDGE > =0
"\ Falling edge IIMC2<IOLE> = 0, IMC3<I0EDGE > = 1
INTO P74
T T High level IIMC2<IOLE> — 1, IMC3<IOEDGE > = 0
Aol Lowlevel IIMC2<IOLE> = 1, IMC3<I0EDGE > = 1
_ f  Rising edge IIMC2<I1LE> = 0, HMC3<I1EDGE > =0
"\ Falling edge IIMC2<I1LE> = 0, IMC3<I1EDGE > = 1
INT1 PC1
T high level IIMC2<I1LE> =1, IMC3<I1EDGE > = 0
A L Lowlevel IIMC2<I1LE> =1, IMC3<I1EDGE > = 1
_ I Rising edge IIMC2<I2LE> =0, IIMC3<I2EDGE > =0
~ L Falling edge IMC2<I2LE> = 0, [IMC3<I2EDGE > = 1
INT2 pPC2
T High level IIMC2<I2LE> = 1, IMC3<I2EDGE > =0
A el Lowlevel IIMC2<I2LE> = 1, IIMC3<I2EDGE » =1
_ 7 Rising edge IIMC2<I3LE> = 0, IIMC3<I3EDGE > =0
"\ Falling edge IIMC2<I3LE> = 0, [IMC3<I3EDGE > = 1
INT3 PC3
7\ High level IIMC2<I3LE> = 1, (IMC3<I3EDGE > = 0
Aol Lowlevel IIMC2<I3LE> = 1; HIMC3<I3EDGE > = 1
_ I Risingedge [IMC2<I4LE> = 0, IIMC3<I4EDGE > =0
~ L Falling edge IIMC2<I4LES < 0, IMC3<I4EDGE > = 1
INT4 PDO
T iigh level NMC2<I4LE> = 1, [IMC3<I4EDGE > = 0
Ao L Lowlevel IIMC2<I4LE> = 1, [IMC3<I4EDGE > = 1
_f7 % | Rising edge IIMC2<I5LE> = 0, IIMC3<I5EDGE > =0
L Falling edge IMC2<ISLE> = 0, IMC3<ISEDGE > = 1
INT5 PD1 =
High level IIMC2<I5LE> = 1, [IMC3<ISEDGE > = 0
Ao/l Lowlevel IIMC2<ISLE> = 1, IIMC3<ISEDGE > = 1
_f  Rising edge IIMC2<I6LE> = 0, [IMC3<I6EDGE > =0
"L Falling edge IIMC2<I6LE> = 0, IMC3<I6EDGE > = 1
INT6 PD2
= High level IIMC2<I6LE> = 1, IMC3<I6EDGE > = 0
N Lowlevel IIMC2<I6LE> = 1, [IMC3<I6EDGE > = 1
/=~ Rising edge IIMC2<I7LE> = 0, IMC3<I7EDGE > = 0
“ L Faliing edge IMC2<I7LE> = 0, IMC3<I7EDGE > = 1
INT?7 PD3
TC pighlevel IIMC2<I7LE> = 1, IMC3<I7EDGE > = 0
Aol Lowlevel IIMC2<I7LE> = 1, IMC3<I7EDGE > = 1
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(3) SIO receive interrupt control

Symbol | Name [Address 7 6 5 4 3 2 1 0
— IR2LE IR1LE IROLE
w W
SIO F5H 0 1 1 1
interrupt .. | Always 0 INTRX2| 0: INTRX1]| O0: INTRXO
SiMC mode (Prohibit |y jte «1- edge edge edge
control RMW) | (Note) mode mode mode
1:INTRX2| 17INTRX1| 1: INTRXO
level level level
mode mode mode

Note: When you use interruption, be sure to set "1" as the bit 7 of a SIMC register.

INTRX2 level enable
0 Edge detect INTRX2
1 “H” level INTRX2

INTRX1 level enable
0 Edge detect INTRX1
1 “H” level INTRX1

INTRXO rising edge enable
0 Edge detect INTRX0

1 “H” level INTRX0
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(4) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA start
vector, as given in Table 3.4.1, to the register INTCLR.
For example, to clear the interrupt flag INTO, perform the following register
operation after execution of the DI instruction.
INTCLR < 0AH Clears interrupt request flag INTO.
Symbol | Name [Address 7 6 5 4 3 2 1 0
CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt F8H W
INTCLR clear (Prohibit
control RMW) 0 0 0 0 0 0 0 0
Interrupt vector
(5) Micro DMA start vector registers

These registers assign micro DMA processing to 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 0, the miero 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 processingto 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 6 5 4 3 2 1 0
DMAO DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAOV start 100H RIW
vector o | o | o | o [ o [ o
DMAQ start vector
DMAL DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0
DMALV | start 101H i
vector o | o | o § o[ o [ o
DMAL start vector
DMA2 DMA2V5 | DMA2V4 | DMA2V3 | DMA2V?2 | DMA2V1 | DMA2VO0
DMA2V start 102H RIW
vector o | o - o] o | o [ o
DMAZ2 start vector
A DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3V | start 103H RIW
vector o | o ] o | o f o [ o
DMAS3 start vector
DMA4V5 | DMA4VvV4 | DMA4V3 | DMA4V2 | DMA4V1 | DMA4VO0
DMA4 RIW
DMA4V start 104H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAA4 start vector
DMA5V5 | DMA5V4 | DMA5V3 | DMA5V?2 | DMA5V1 | DMA5VO0
DMAS P
DMA5SV start 105H
vector 0 | 0 | 0 | 0 | 0 | 0
DMADS start vector
DMAG6V5 | DMAG6V4 | DMAGV3 | DMAGV?2 | DMAG6V1 | DMAG6VO
DMAG6 RIW
DMAGV start 106H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAG start vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V?2 | DMA7V1 | DMA7VO0
DMA7 RIW
DMA7V start 107H
vector 0 | 0 | 0 | 0 | 0 | 0
DMAY 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 0. 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 o | o [ o | o | o /] o o | o
1: DMA burst request
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(7) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore, immediately before an interrupt is generated, if 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
placed after a DI instruction. And in the case of setting aninterrupt 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 it placed EI instruction without waiting NOP instruction after execution of
clearing instruction, interrupt will be enabled 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 to INT7 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-0to 1, INTO must then be held.at 1 until the interrupt
response sequence has been completed. If INTO to INT7 are set to
level mode so as to release a halt state, INTO must be held at 1 from
the-time INTO changes from.0 to 1 until the halt state is released.
(Hence, it is necessary-to ensure that input noise is not interpreted as
a 0, causing INTO to revert.to 0 before the halt state has been
released.)

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

Interrupt request flags must be cleared using the following sequence.

DI
LD (HIMC2), 00H ; Switches from level to edge.

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

NOP ; Wait El execution
NOP
NOP
El
INTRXO to INTRX2 In'level 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 to INT7: 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.

INTRXO0 to INTRX2: Instructions which read the receive buffer.

92FD23A-56 2007-12-18



TOSHIBA TMP92FD23A

3.5 Function of Ports

TMP92FD23A has I/0 port pins that are shown in Table 3.5.1 in addition to functioning as
general-purpose 1I/O ports, these pins are also used by internal CPU and I/O functions. Table
3.5.2 to Table 3.5.4 list I/O registers and their specifications.

Table 3.5.1 Port Functions

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

Port Name | Pin Name | NUMPer | 0 R | 1O seting | N Name for Built-in
of Pins Function

Port 0 P00 to P07 8 110 — Bit DO to D7
Port 1 P10 to P17 8 110 — Bit D8.to D15
Port 4 P40 to P47 8 110 — Bit A0 to A7
Port 5 P50 to P57 8 1/0 _ Bit A8 to A15
Port 6 P60 to P67 8 1/0 _ Bit Al16 to A23
Port 7 P70 1 /O PU Bit RD

P71 1 /0 PU Bit SRWR

P72 1 I/0 PU Bit SRLLB

P73 1 I/0 PU Bit SRLUB

P74 1 Input —~ (Fixed) INTO

P76 1 I/0 — Bit XT1

P77 1 110 > Bit XT2
Port 8 P80 1 Output = (Fixed) CS0\, TALOUT

P81 1 Output - (Fixed) €51, TA30UT

P82 1 Outpuit - (Fixed) cs2

P83 1 o] = Bit CS3, WAIT , TAS0UT
Port C PCO 1 Input - (Fixed) TAOIN

PC1 1 Input - (Fixed) INT1

PC2 1 Input - (Fixed) INT2

PC3 1 Input — (Fixed) INT3
Port D PDO 1 /O ~ Bit INT4,TBOOUTO

PD1 1 Input —~ (Fixed) INT5,TB1INO

PD2 1 1/O / Bit INT6,TB1IN1,TXD2

PD3 1 11O _ Bit INT7,TB1OUTO,RXD2

PD4 1 110 _ Bit TB1OUT1,SCLK2, cTS2
Port F PFO 1 110 — Bit TXDO

PF1 1 110 — Bit RXDO

PEF2 1 /O - Bit SCLKO, cTs0, CLK

PF3 1 /O - Bit TXD1, HSSO

PF4 1 I/0 - Bit RXD1, HSSI

PF5 1 110 — Bit SCLK1, cTs1, HSCLK
Port G PGOto PG7 8 Input — (Fixed) ANO to AN7,KIO0 to KI7
Port-L PLO to PL3 4 Input - (Fixed) ANS to AN11, ADTRG (PL3)
Port N PNO 1 110 - Bit SCKO

PN1 1 110 — Bit S00,SDAO0

PN2 1 I/0 — Bit SI0,SCLO

PN3 1 110 — Bit SCK1

PN4 1 110 _ Bit SO1,SDAl1

PN5 1 110 — Bit SI1,SCL1
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Table 3.5.2 I/O Registers and Specifications (1/3)

X: Don’t care

Port

Pin Name

Specification

I/O Register

U
=}

PnCR

PnFC

PnFC2

PnODE

Port 0

POO to PO7

Input port

Output port

DO to D7 bus

None

None

Port 1

P10 to P17

Input port

Output port

D8 to D15 bus

None

None

Port 4

P40 to P47

Input port

Output port

A0 to A7 output

None

None

Port 5

P50 to P57

Input port

Output port

A8 to A15 output

None

None

Port 6

P60 to P67

Input port

Output port

Al6 to A23 output

None

None

Port 7

P70

Input port (Without pull-up)

Input port (With pull-up)

Output port

RD output

P71

Input port (Without pull-up)

Input port (With pull-up)

Output port

SRWR

P72

Input port (Without pull-up)

Input port (With pull-up)

Output port

SRLLB

P73

Input port (Without pull-up)

Input port (With pull-up)

Output-port

SRLUB

P74

Input port

INTO

POk |O|CO|IO|FP|O|O|O |k |O|O|O|F |0 |0 |Oo |-

P76

Input port

Output port (“0” output )

Output port (“HZ” output )

None

XT1 input

P77

Input port

Output port (“0” output )

Output port (“HZ” output )

None

XT2 output

X [P Jlo|X X [P [OIX|IX[X[X|X]|FP|O[X[X]|Pr|O[XAX |k |O|X [X [k |O X [X [X[X XXX [X[|X|X|X[X[X]|X|X

X[k lOoOX|FP|IFPF|lolo|lOX kP |lO|lOo[X|F|lOo|lo|Xrlo|lO|X [Fr|lO|O X |k |O X |FJO X |F |JO|IX |k |JO X [+ |O

None

None

92FD23A-58

2007-12-18



TOSHIBA TMP92FD23A

Table 3.5.3 I/O Registers and Specifications (2/3)
X: Don't care

I/O Register
PnCR | PnFC |PnFC2| PnODE

Port Pin Name Specification

U
=}

Port 8 P80 to P81 Output port
P80 CS0 output
TALOUT
P81 cs1 output
TA30OUT

None

= |O | |O

P82 Output port
CS2 output
P83 Input port

None None

Output port
WAIT input
CS3 output
TA50UT
Port C PCO Input port
TAOIN input
PC1 Input port
INT1 input
PC2 Input port
INT2 input
PC3 Input port
INT3 input
Port D PDO Input port
Output port
INT4 input
TBOOUTO
PD1 Input port
INT5Input
TBOINO
PD2 Input port

R [~ o |k |o
P |O |O |O |O

None None None

None

= |O |k O

None

Output port

INT6 input

TBOIN1 input

TXD2 output (3-state)
TXD2 (Open drain)output
PD3 Input port

Output port

INT7 input

RXD2 input

TB1OUTO output

PD4 Input port

Output port

SCLK2 input, CTS2 input
SCLK2 output

TB1OUT1

None

XXX X XXX X XXX X XXX X XXX X XXX XX XX X XXX PXRAX PP X XXX X [X XX
rlolo|lo|lo|r|krlOOOkR [kl |0 |F |k |O|O ([ |O|F (o] |o/]- |oJo |k |k oo |+ o X [P |X |+—/|o

OlRr|P|O|COC|IO |, |O|O|FR |O|O|F |O|O|O |+ |O

P |k |O |k |O |k |O |0 |k |O |k |k |O |0 |- |O

92FD23A-59 2007-12-18



TOSHIBA

TMP92FD23A

Table 3.5.4 1/0O Registers and Specifications (3/3)

X: Don't care

Port Pin Name

Specification

I/0 Register

U
=}

PnCR

PnFC

PnFC2

SIOCNT

PnODE

Port F PFO

Input port

Output port

TXDO output (Open drain output )

TXDO output (3-state)

None

PF1

Input port

Output port

RXDO input

None

PF2

Input port

Output port

SCLKO input, CTS0input

SCLKO output

CLK output

~ |O |O |o (o

None

PF3

Input port

Output port

TXD1 output (Open drain output )

TXD1 output (3-state)

HSSO output (3-state)

None

PF4

Input port

Output port

RXD1 input

HSSI input

None

PF5

Input port

Output port

SCLK1 input ,/CTS1input

SCLK1 output

HSCLK output

|k |O |k |00 |0 |k |O|F |k |0 |k |O|F [P0 |- |O |0 |- |O |- |O |- |O

None

P |O|]O|O|O | |O|O|O | |O|O O |O

None

Port G

PGO to PG7

Input port

ANO to AN7-input

KI0'toKI7 input

None

None

None

None

Port L

PLO to PL3

Input port

AN8to AN11 input

PL3

ADTRG

None

None

None

None

Port N

PNO ~ PN5

Input port

Output port

PNO

SCKO input

SCKO output

PN1

SO0, output

SDAO input/output

PN2

SI0 input

SCLO input/output

PN3

SCK1 input

SCK1 output

PN4

SO1 output

SDAL1 input/output

PN5

SI1 input

SCL1 Input/output

XXX XX XXX XXX XXX XXX XXX XXX XXX [ XX XX PR XX XXX XXX XXX XXX

= |O |k |O |k |O |k |O |k |O |- |O |- |O

Rk, l,rlr|r|r|r|lolololr|lolXx |~ |lolr k]|~ |lolo]|r ]|~ |lolo |k |~ |~ |lo]lo|o |~ |r |o o= oo |- |+ |o |o

None

None

None
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3.5.1

Port 0 (POO to P07)

Port 0 is an 8-bit general-purpose I/0 port. Bits can be individually set as either inputs or
outputs by control register POCR and function register POFC.
In addition to functioning as a general-purpose I/0 port, portO can also function as a data

bus (DO to D7).

Moreover, after reset release, since a device is set as an input port, when using it as a
data bus (DO to D7), it needs to set it as POCR and POFC.

Reset

Direction control
(On bit basis)

POCR write

Function control
<POOF>

[

POFC write

-

R
Output latch

Interna data bus

S

A

PO write
DO0~D7

Selector

Qutput buffer

oo

—<— P0 read

N \I\I_CI:<— External access (Data read)

Figure-3.5.1 Port 1

External access (Data write)

Port 0

—1 PO0~PO7

(D0~D7)

92FD23A-61

2007-12-18



TOSHIBA

TMP92FD23A
Port O register
7 6 5 4 3 2 1 0
PO Bit symbol P07 P06 P05 P04 P03 P02 P01 P00
(0000H)  JRead/Write RIW
Reset State Data from external port (Output latch register is cleared to “0”)
Port 0 Control register
7 6 5 4 3 2 1 0
POCR Bit symbol PO7C P0O6C P0O5C P04C P03C P02C P01C POOC
(0002H)  |Read/Write w
Reset State 0 o | o | o | o )l 0o | o | o
Function Refer to following table
Port 0 Function register
7 6 5 4 3 2 1 0
POFC Bit symbol POOF
(0003H) Read/Write W
Reset State 0
Function Refer to
following
table
|
Port 0 function setting
Notel: Read-modify-write is prohibited for POCR and POFC. OFC<POOF> 0 1
Note2: <POXC> is bit x of POCR register, POCR<POXC>
0 | t port
nptt por Data bus
(D0~D7)
1 Output port
Figure 3.5.2 Register for Port O
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3.5.2  Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 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/0 port, port1 can also function as a data
bus (D8 to D15).

Moreover, after reset release, since a device is set as an input port, when using it as a
data bus (D8 to D15), it needs to set it as PICR and P1FC.

Reset

Direction control
(on bit basis)

|

P1CR write

Function control
<P10F>

External access-(Data write)

P1FC write
R S
Output latch A

Internal data bus

Port 1

T Selector p—1[1 P10to P17

P1 write (D8 to 15)
D8 to D15 Output buffer

<—— P1 read

N \E—CIZ<— External access (Data read)

Figure.3.5.3 Port 1

o
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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) JRead/Write R/W
Reset State Data from external port (Output latch register is cleared to “0”)

Port 1 Control register

7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0006H)  |Read/Write W
Reset State o | o | o | o | ot 0o | o | o
Function Refer to following table

T

Port 1 Function register
7 6 5 4 3 2 1 0
P1FC Bit symbol P10F
(0007H) |Read/Write W
Reset State 0
Function Refer to
following
table
L’ Port 1 function setting
Notel: Read-modify-write is prohibited for PACR and P1FC. 1FC<P10F> 0 1
Note2: <P1xC> is bit x of P1CR register. P1CR<PIxC>
0 Input port
putp Data bus
(D8 to D15)
1 Output port

Figure 3.5.4 Register for Port 1
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3.5.3

Port 4 (P40 to P47)

Port4 is 8-bit general-purpose I/O ports. Bits can be individually set as either inputs or
outputs by control register P4ACR and function register P4FC. In addition to functioning as
a general-purpose I/0 port, port4 can also function as an address bus (A0 to A7).

Moreover, after reset release, since a device is set as an input port, when using it as an
address bus (A0 to A7), it needs to set it as PACR and P4FC.

Reset

N\
q 2Interna| address buse

]

Direction control

A0 to A7

(on bit basis)

|

PACR write

Function control

(on bit basis) |
S

) Llg
P4FC write

| Selector

R
Output latch

Internal data bus

A

[

P4 write

Output buffer

e
e
N \E@'—% P4 read

Figure 3.5.5 Port 4

Port 4
P40 to P47
(A0 to A7)
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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/IW
Reset State Data from external port (Output latch register is cleared to “0")
Port 4 Control register
7 6 5 4 3 2 1 0
P4 Bit symbol P47C P46C P45C P44C P43C P42C P41C P40C
(0012H)  JRead/Write W
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function 0: Input 1: Output
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
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function 0: Port/ 1: Address bus (AO to A7)

Notel: Read-modify-write is prohibited for PACR and-P4FC.
Note2: When set to address bus A0 to A7, set PAFC after set PACR.

Figure 3:5.6._ Register for Port 4
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3.54

Port 5 (P40 to P47)

Port4 is 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, port5 can also function as an address bus (A8 to A15).

Moreover, after reset release, since a device is set as an input port, when using it as an
address bus (A8 to A15), it needs to set it as P5CR and P5FC.

Reset

]

N\
4 2Interna| address buse

Direction control

A8 to A15

(on bit basis)

f

P5CR write

Functino control

(on bit basis)

1 Lls
P5FC write

Internal data bus

R

Output latech A

S

Selector

[

P5write

Output buffer

1
yd
N \I:‘_CL"—<— P5 read

Figure 3.5.7 Port 5

Port 5
P50 to P57
(A8 to A15)
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Port 5 register
7 6 5 4 3 2 1 0
P5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(0014H) [Read/Write R/W
Reset State Data from external port (Output latch register is cleared to “0”)
Port 5 Control register
7 6 5 4 3 2 1 0
P5 Bit symbol P57C P56C P55C P54C P53C P52C P51C P50C
(0016H) |Read/Write W
Reset State 0 o | o | o | o -l 0o ] o | o
Function 0: Input 1: Output
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
Reset State 0 o | o [ ol 0o | o]0 .| o
Function 0: Port_-1:'Address bus (A8 to A15)
Notel: Read-modify-write is prohibited for PSCR and P5FC.
Note2: When set to address bus A8 to A15, set P5FC after set PS5CR.
Figure 3.5.8 Register for Port 5
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3.5.5

Port 6 (P60 to P67)

Port 6 is an 8-bit general-purpose I/0 port. Bits can be individually set as either inputs or

outputs by control register P6CR and function register P6FC.

In addition to functioning as a general-purpose I/O port, port 6 can also function as an

address bus (A16 to A23).

Moreover, after reset release, since a device is set as an input port, when using it as a
address bus (A16 to A23), it needs to set it as P6CR and P6FC.

Reset

‘ 1’

2Internal address buse

Direction control
(on bit basis)

Al6 to A23

|

P6CR write

Function control
(on bit basis)

I

-

P6FC write

—{B

Internal data bus

R

Outputiatch

A

Selector

:

Output buffer

f

P6 write

e
e
N \I\l_@'—(— P6 read

Figure 3.5.9 Port 6

Port 6
P60 to P67
(A16 to A23)
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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
Reset State 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) |rRead/Write W
Reset State o | o | o | o | ot 0o | o | o
Function 0: Input 1: Output

Port 6 Function register

7 6 5 4 3 2 1 0
P6FC Bit symbol P67F P66F P65F P64F P63F P62F P61F P60F
(001BH) |Read/Write W
Reset State o | o | o | o] o | o ] 0o | o
Function 0: Port 1: Address bus (A16 to A23)

Notel: Read-modify-write is prohibited for P6CR and-P6FC.
Note2: When set to address bus A16 to A23, set P6FC after set P6CR.

Figure 3.5.10 Register for.Port 6
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3.5.6

Port 7 (P70 to P74, P76, P77)

As for a port7, P70 to P73, and P76 and P77 are general-purpose 1I/O ports, and P74 is a
port only for inputs.

P76 and P77 become an open drain output, when it is set as an output port. Moreover,
P70 to P73 are ports with pull-up resistance. 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, port7 can also function as a
CPU’s control. P70 to P73 has the function of RD strobe signal output as an object for
external memory connection, and the output for SRAM control (SRWR, SRLLB and SRLUB).
P74 has the function of an external interrupt input (INT0). P76 and P77 have the function
of a low-frequency resonator connection (XT1, XT2). These setups become effective by
setting "1" as the applicable bit of P7CR and a P7FC (register. The edge of the external
interruption INTO and level selection are set up in IIMC2 and IIMC3 register in an
interruption controller. P70 to P74 become input mode by the reset action, and P76 and P77
become output mode (high impedance output).

Reset
N\
Direction control
(on bit basis)
P7CR write
tb—l
Function _
(on bit basis) b
P7FC write
—J P-ch [Programmable]
é S S Pull-up
o] Output latch A
g Selector Port P7
= B P70 (rD)
£ \ Output buffer P71 (SRwR )
= P7 write P72 (srLie)
2 P73 (srLus )
RD+SRWR V
SRLLB , SRLUB
S
B
<|| Selector
T A
P7 read
N

Figure 3.5.11 Port 7 (P70 to P73)
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Internal data bus

Reset

|

Function control
(on bit basis)

P7FC write

d

{I—D P74 (INTO)

P7 read

INTO (_G—_ Select Le\éellEdge

an
Select Rising/Falling

IIMC2<I0LE>
IIMC3<IOEDGE>

Figure 3.5.12 Port 7(P74)
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Internal data bus

Reset

Enable signal for low

frequency.oscillator

. l
S
Directino contorl
(on bit basis)
P7CR write
[
S {1 P76
Output latch L~ P76 (XT1)
Output buffer
T (Open drain
P7 write output)
S
B
?lf Selector
P7 read A
3 (ON by 1) E)\ }; s
Directino control
(on bit basis)
P7CR write
> N
Output Jatch L * 0 P77 (XT2)
Output -buffer
(Open. drain
P7 write output) Low frequency clock

—

!

T] Selector
A

P7 read

S
B

Figure’3.5.13 Port7 (P76, P77)
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Port 7 register
7 6 5 4 3 2 1 0

P7 Bit symbol P77 P76 P74 P73 P72 P71 P70
(001CH) | Read/Write R/W R R/IW

Reset State | Data from external port Data from

) ) Data from external port
(Output latch register is external . )
(Output latch register-is set to “1”)
set to “1") port
Function 0(Output latch register): Pull-up resistor OFF

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

Port 7 Control register

7 6 5 4 3 2 1 0
P7CR Bit symbol p77C P76C P73C pP72C p71C P70C
(O01EH) | Read/Write W W
Reset State 1 | 1 0 0 | 0 0
Function 0: Input 1: Output 0: Input 1: Output
Port 7 Function register
7 6 5 4 3 2 1 0
P7FC Bit symbol P74F P73F P72F P71F P70F
(001FH) | Read/Write W
Reset State 0 0 0 0 0
Function 0:Port 0: Port 0: Port 0: Port 0: Port
1: INTO 1. srLuB 1: SRLLB 1: srRwr 1: RD

Note 1: When port P70 to P73 is/used in the input mode; P7 register controls the built-in pull-up resistor.

Read-modify-write is prohibited'in the input mode or the 1/0 mode: Setting the built-in pull-up resistor may be

depended on the states of the input pin.
Note 2: Read-modify-write prohibited for register P7CR, P7FC.

Note 3: On using low-frequency resonator to P76, P77, it is necessary to set the following procedures to reduce the

consumption power supply.

-connecting-to-a resonator

P7CR <P76C,P77C>="11", P7 <P76,P77>="00"
-connecting an oscillator

P7CR <P76C,P77C> ="11",/P7 <P76,P77> ="10"

Figure 3.5.14 Register for Port 7
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3.5.7

Port 8 (P80 to P83)

Port 80 to 82 are 3-bit output ports, and Port 83 is 1-bit I/O port.

In addition to an output and an I/O port function, as for P80 and P81, a standard chip
select signal output (€S0, CS1) and a 8-bit timer output (TA1OUT, TA3SOUT), and P82 have
a standard chip select signal output (CS2), and P83 has the function of a standard chip
select signal output (CS3), a 8-bit timer output (TA50UT), and a wait input ( WAIT ).

These functions operate by setting the bit concerned of PSCR, PS8FC, and PS8FC2 register
as “1”. All the bits of PSFC and PS8FC2 are cleared to "0" by the reset action, and P80 to P83
becomes an output port. Moreover, the output latch of P82 iscleared to “0” and the output
latch of P80 to P81 and P83 is set to “1”.

(1) P80 (CSo, TA1OUT), P81 (CSL, TA30OUT)

In addition to an output port function, ports P80.and P81 function as-a standard chip
select signal output (CS0,CS1) and a 8-bit timer output (TA1OUT, TASOUT).

Reset

' 1
Functino control
(on bit basis)

P8FC write

o—l

Functino control2
(on bit basis)

A S 2
P8FC2 write S

Selector A o
| B Selector —[>—E| P80 (cso , TALOUT)

S B P81 (cst, TA3OUT)
Output latch’ /[—9¢

Internal data bus

P8 write
— s TA1OUT, TA3OUT

d

P8 read

Figure 3.5.15 Port 8 (P80, P81)
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(2) P82 (CS2)

In addition to an output port function, a port P82 functions as a standard chip select
signal output (€S2 ).

Reset

"—l
Function control
(on bit basis)

f

P8FC write

R

S
Output latch A S

Selector —l>—|:| P82 (cs2)

Internal data bus

P8 write B

e

P8 read

Figure 3.5.16 Port 8 (P82)
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(3) P83(CS3, WAIT, TASOUT)

In addition to an I/O port function, a port P83 functions as a standard chip select
signal output (CS3) and an 8-bit timer output (TA50UT), and a wait input (WAIT).

Reset

Function control
(on bit basis)

I

P8FC write
Function control2
(on bit basis)

Py

P8FC2 write
S
Direction control
(on bit basis)

P8CR write

Internal data bus

Output latch A A -
Selector Selector P83 (waiT cs3, TAS0UT)

P8 \Tvrite E S I_) B

cs3 TAS0UT <P83C>

S Qe

d

P8 read

|
Internal Pz

WAITsignal

Selector
A

Figure 3.5.17 Port 8 (P83)
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P8
(0020H)

PSCR
(0022H)

P8FC
(0023H)

P8FC2
(0021H)

Port 8 Register

7 6 5 4 3 2 1 0
Bit symbol P83 P82 P81 P80
Read/Write R/W
Reset State Data from
external port 0 1 1
(Notel)

Port 8 Control Register

7 6 5 4 3 2 1 0
Bit symbol P83C
Read/Write W
Reset State 1
0: Input
17 Output

Port 8 Function Register

7 6 5 4 3 2 1 0
Bit symbol P83F P82F P81F P8OF
Read/Write W
Reset State 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1 WAIT, 1:/Cs2 1: Cs1 1: Cso
Cs3

Port 8 Function Register-2

7 6 5 4 3 2 1 0
Bit symbol P83F2 P81F2 P80OF2
Read/Write W W
Reset State 0 0 0
Function 0: <P83F> 0: <P81F> |0: <P80OF>
1: TAS0UT 1: TA3OUT | 1: TA1IOUT

—> waIt, cs3 ,TA50UT setting

<P83C>
0 1
<P83F:P83F23
0 0 Input port | Output port
0 1 Reserved TA50UT
1 0 WAIT CS3
1 1 Reserved Reserved

Note 1: Output latch register.is-set-to“1”".

Note 2: Read-modify-write instructions are prohibited for PBCR, P8FC and P8FC2.

Note 3: When using P83 as a-WAIT input, while setting it as PSCR <P83C> = “0", PBFC<P83F> = “1", it is necessary
to set memory control register BXCSL <BxWW?2:0> or <BxXWR2:0> as “011".

Note 4: When setting a standard chip select signal (cso to cs3) as an output, P8CR is set up after setting up PSFC.

Figure 3.5.18 Register for Port 8
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3.5.8 Port C (PCO to PC3)

Port C is a 4-bit input port.

In addition to the input port function, Port C has the input function (TAOIN) of a 8-bit
timer, and an external interrupt input function (INT1 to INT3). These functions operate by
setting the bit concerned of PCFC register as “1”. Edge selection of external interrupt is set
up in IIMC2 and IIMC3 register in an interrupt controller. All the bits of PCFC are cleared
to "0" by the reset action, and all bits serve as an input port.

(1) PCO (TAOIN)
In addition to an I/O port function, a port PCO has a function as a TAOIN input of the

timer channel 0.

N\
———1 PCO(TAOIN)
(2]
a E;
©
L
T J‘
c
QL
c
- PCread
TAOIN
N

Figure 3.5.19 Port C(PCO)
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(2) PC1(INT1), PC2 (INT2), PC3 (INT3)
In addition to an Input port function, port PC1 to PC3 has a function as an external
interrupt input (INT1 to INTS3).

N\ Reset
Functhn cor_ltrol CIPC1 (INT1)
(on bit basis) PC2 (INT2)
T PC3 (INT3)
PCFC write V
[2]
a e
)
: )
= PC read
s INT1 Select levelledge
E INT2 «—o [ | and
INT3 Select Rising/Falling
IIMC2 <I1LE,I2LE, ISLE>
IIMC3 <I1EDGE, I2EDGE, IBEDGE>
A

Figure-3.5.20 Port C (PC1, PC2 and PC3)
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Port C Register
6 5 4 3 2 1 0
PC Bit symbol PC3 PC2 PC1 PCO
(O030H)  |Read/Write R
Reset State Data from external port
Port C Function Register
6 5 4 3 2 1 0
PCFC Bit symbol PC3F PC2F PC1F PCOF
(0033H) |Read/Write W
Reset State 0 0 0 0
Function 0: Port 0:Port 0: Port 0: Port
1: INT3 1: INT2 1: INT1 1: TAOIN

Notel: Read-modify-write instructions are prohibited for PCFC.

Note2: PCO is not based on a functional setup of a port, but is inputted into TAOIN of a 8-bit timer (TMRAQ).

Figure 3.5.21 Register for Port C

92FD23A-81

2007-12-18




TOSHIBA

TMP92FD23A

3.5.9 Port D (PDO to PD4)

Port D is 4-bit I/0 port (PDO, PD2 to PD4) and 1-bit input port (PD1).

There are I/O of the serial channel 2, I/O of a 16-bit timer (TMRBO, TMRB1), and an
external interrupt input (INT4 to INT7) function in addition to an I/O port function. These
functions operate by setting the bit concerned of PDCR, PDFC and PDFC2 register as “1”.
Edge selection of external interrupt is set up in IIMC2 and IIMC3 register in an interrupt
controller. All the bits of PDCR, PDFC and PDFC2 are cleared to “0” by the reset action,
and all bits serve as an input port.

(1) PDO (INT4, TBOOUTO)

In addition to an I/O port function, a port PDO hasa function as a 16-bit timer output
(TBOOUTO) and an external interrupt input (INT4).

Reset

Direction control

(on bit basis)

PDCR write
‘ 1

Function control

(on bit basis)

PDFC write

]

Internal data bus

R
Output latch  [[>]A

B

S

Selector 1~

PD write
TBOOUTO

S
B

PD/read

Selector
A

v

INT4 < E Select level/edge
and

Select Rising/Falling

IIMC2<I4LE>
IIMC3<I4EDGE>

Figure 3.5.22 Register for Port D (PDO0)

{1 PDO (INT4, TBOOUTO)
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(2) PD1 (INT5,TB1INO)
In addition to the input port function, the port PD1 has a function as a 16-bit timer
input (TB1INO) and an external interrupt input (INT5). In a port setup, when choosing
a 16-bit timer input and performing capture control, INT5 disregards a setup of IIMC2
and IIMC3 register, and operates according to a setup of TBIMOD <TB1CPM1:0>.

Function control
(on bit basis)

—1-PD1 (INT5,TB1INO)

PDFC write

1

Function control2

(on bit basis)
Y4

PCFC2 write

d

PD read

Selectlevel/edge
INT5 and w

Select Rising/Falling

Internal data bus

IIMC2<I5LE>
~ IIMC3<ISEDGE>

TB1INO

Figure 3.5.23 Port D(PD1)
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(3) PD2 (INT6, TB1IN1, TXD2)

In addition to the I/O port, PD2 has a function as a 16-bit timer input (TB1IN1), an

external interrupt input (INT6), and a TXD output (TXD2) of the serial channel 2.
When using this port as TXD output (TXD2), it can be set as open drain.

In a port setup, when choosing a 16-bit timer input and performing capture control,

INT6 disregards a setup of IIMC2 and IIMC3 register, and operates according to a

setup of TBIMOD <TB1CPM1:0>.

Reset
‘ 1

Direction control

(on bit basis)

I

PDCR write

J

Function control

(on bit basis)

|

PDFC write
‘ 1

Function control2

Internal data bus

(on bit basis)

PDFC2 write

—>

R S
Output latch A

Open drain possible
<PD2F2,PD2F>="11",

Selector

TXD2 —{B

b

PD write

\[\I

PD read

]

Selector
A

N sPD2C>="1"
> [PD2
(INT6, TB1IN1,TXD2)

Y

INT6<—CﬁI_C|07—

Select level/edge
and
Select Rising/Falling

IIMC2<I6LE>
IIMC3<I6EDGE>

TBLIN1

Figure 3.5.24 Port D (PD2)
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(4)

PD3 (INT7, TB1OUTO, RXD2)

In addition to the I/O port function, the portD3 has a function as a 16-bit timer
output (TB10UTO0), an external interrupt input (INT7), and a RXD input (RXD2) of the

serial channel 2.

[PD3

=)

Selector

™
L~

Y

A

A~ Reset
"ﬁ
Direction control
(on bit basis)
PDCR write
‘ 1
Function control
(on bit basis)
o) PDFC write
3 q
o ' ]
©
o Function control2
g (on bit basis)
Q
<
PDFC2 write
R S
—>{ Output latch A
Selector
TB1OUTO —{B
PD write
e
PD read
wrr 2 p=r o
N

RXD2

Select level/edge
and
Select Rising/Falling

IIMC2<I7LE>
IIMC3<I7TEDGE>

Figure 3.5:25 Port D (PD3)

(INT7, TB1OUTO,RXD2)
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(5) PD4 (TB10OUT1, SCLK2,CTS2)

In addition to the I/O port function, PD4 has a function as a 16-bit timer output
(TB10OUT1), SCLK I/O (SCLK2) of the serial channel 2, or a CTS input (CTS2).

A~ Reset
‘ 1
Direction control
(on bit basis)
PDCR write
0—\1,
Function control
(on bit basis)
@ PDFC write
L
F !
©
o Function control2
g (on bit basis)
Q
IS
PDFC2 write
R S
—>| Output latch A S
Selector A
T TB1OUT1 —|B Selector
PD write —B
SCLK2 S A
d Selector
\[\I B
PD read
N
SCLK2, CTS2

Figure 3.5.26 Port D (PD4)

PD4 -
(TB1OUT1,SCLK2, CTS2)
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Port D Register
7 6 5 4 3 2 1 0
PD Bit symbol PD4 PD3 PD2 PD1 PDO
(0034H) Read/Write R/W R R/W
Reset State Data from
Data from
Data from external port (Notel) external port
external port
(Notel)
Port D Control Register
7 6 5 4 3 2 1 0
PDCR Bit symbol PD4C PD3C PD2C PDOC
(0036H)  |Read/Write W
Reset State 0 | 0 I 0 0
Function 0: I Oat 0: Input
- input- L Lulpu 1: Output
Port D Function Register
7 6 5 4 3 2 1 0
PDFC Bit symbol PD4F PD3F PD2F PD1F PDOF
(0037H)  |Read/Write W
Reset State oo o | o] o 0
Function Refer to.following table
Port D Function Register 2
7 6 5 4 3 2 1 0
PDFC2 Bit symbol PD4F2 PD3F2 PD2F2 PD1F2
(0035H) | Read/Write w
Reset State 0 | 0 | 0 | 0
Function Refer to following table
PD4 to PDO function setting
<PDxF2, PDxF, PDxC> PD4 PD3 PD2 PD1 (Note 3) PDO (Note 4)
0,0,0 Input port Input port Input port Input port Input port
0,0,1 Qutput-port Output port Output port Output port
0,1,0 Reserved RXD2 TB1IN1 TB1INO INT4
0,1,1 TB1OUT1 TB1OUTO TXD2(3-state) TBOOUTO
SCLK2, cTs2
1,0,0 . INT7 INT6 INT5
input
,0,1 SCLK2 output Reserved Reserved
, 1,0 Reserved Reserved Reserved Reserved
1,1 Reserved Reserved TXD2(0.D)

Note. : <PDxF2>,<PDxF> and <PDxC> are the bits x of PDFC2,PDFC and PDCR registers.

Note 1: Output latch register-is cleared to “0”.

Note 2: There is no output latch register in PD1.
Note 3: Read-modify-write instructions are prohibited for PDCR, PDFC and PDFC2.
Note 4: TB1INO and TB1IN1 input is inputted into the 16-bit timer TMRB1 irrespective of a functional setup of a port.

Note 5: RXD2, SCLK2 input, and cTs2 input are inputted into the serial channel 2 irrespective of a functional setup of

a port.

Note 6: PD2 does not have a register for 3-state/open drain setup. Moreover, there is no open drain function at the

time of an output port.

Figure 3.5.27 Register for Port D
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3.5.10

Port F (PFO to PF5)

Port F is a 6-bit general-purpose I/O ports.
All the bits of PFCR, PFFC and PFFC2 are cleared to “0” by the reset action, and all bits
serve as an input port.
In addition to an I/O port, there are I/O of the serial channels 0 and 1, high speed serial
channel and an internal clock output function. These functions operate by setting the bit
concerned of PFCR, PFFC, PFFC2, HSCSEL register as “1”. All the bits of PFCR, PFFC,
PFFC2 and HSCSEL are cleared to “0” by the reset action, and all bits'serve as an input

port.

(1) Port FO (TXDO)
In addition to an I/O port function, PFO have a function as an output (TXDO) of the
serial channels O .
Moreover, when using it as a TXD output-terminal; the output buffer has the open

drain function in which a program is possible. Anopen drain function can be set up by

the PFFC <PFOF>, PFCR <PF0C> register.

Internal data bus

Reset

P

Direction control
(on bit basis)

PFCR write

I

Function-control
(on hit basis)

PFFC write

A\ )}

Qutput latch

R

TXDO

e ]
PF write

S
A
Selector

B

Open drain possible
<PFOF,PFOC>= “10"

e

PFO (TXDO)

PF read

Figure 3.5.28 Port F (PF0)

S

Selector

B

Ale——
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(2) PF1(RXDO)
In addition to the I/O port, PF1 have a function as an input (RXDO) of the serial

channels O .

Reset

ibﬁ
Direction control
(on bit basis) D

|

PFCR write

0—\1,

Function control
(on bit basis)

PFFC write

]

R
Output latch

Internal data bus

PF1 (RXDO)

PF write

S

B
<] Selector
/-\'/ PF read A -

RXDO

Figure 3.5.29 Port-F (PF1)
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(3) PF2 (cTso, SCLKO, CLK)
In addition to the I/O port, PF2 has a function as the CTS input (cTSo0), SCLK I/O

(SCLKO0), and the internal clock output (CLK) of the serial channel 0.

Reset

OPF2
(SCLKO, CTS0,CLK)

N\
‘ 1
Direction control
(on bit basis)
PFCR write
‘ 1
Function control
(on bit basis)
9 PFFC write
L
,‘«3 [
[
o Function control2
g (on bit basis)
[J]
=
PFFC2 write
R S
—> Output latch A [
Selector/+—1 A
T SCLKO output—>B Selector
PF write —>{ B
CLK output S 5
il Selector
N A
PF read
N o)
SCLKO, CTSO0 input

Figure 3.5.30 Port F (PF2)
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(4) Port F3 (TXD1, HSSO)
In addition to an I/O port function, PF3 have a function as an output (TXD1) of the
serial channels 1 and output (HSSO) of the high speed serial channels.

Moreover, when using it as a TXD output terminal, the output buffer has the open
drain function in which a program is possible. An open drain function can be set up by
the PFFC <PF3F>, PFCR <PF3C> register.

Reset
l)—l
Direction control
(on bit basis) ) O—

I

PFCR write

J

Function control
(on bit basis)

PFFC write

' 1

UART/HSC
control

Internal data bus

HSCSEL write
—l Open drain possible
<PF3F,PF3C>= “10"

R S N
Output latch A | >—$—TIPF3 (TXD1 HSSO)

Selector
B

PF write

S

TXD1L —>{A
Selector
HSSO'—>|B

s v

B[

<] Selector

e PF read Al< ‘

Figure 3.5.31 Port F (PF3)
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(5) PF4(RXD1, HSSD
In addition to the I/O port, PF4 have a function as an input (RXD1) of the serial
channels 0 and input (HSSD) of high speed serial channels.

Reset

ibﬁ
Direction control
(on bit basis) D

PFCR write

J

Function control
(on bit basis)

PFFC write

‘ l

UART/HSC
control

Internal data bus

HSCSEL write

1

R
Output latch * N PF4 (RXD1, HSSI)

f

PF write

S

B
<] Selector
N PF read Al< *

S
RXD1 «<—B

Selector,
HSS| «—A

Figure 3.5.32 Port F (PF4)
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(6) PF5 (cTs1, SCLK1, HSCLK)
In addition to the I/O port function, PF5 has a function as the input (CTS1) or I/O
(SCLK1) of the serial channel 1 and output (HSCLK) of high speed serial channels.

Reset

' 1
Direction control
(on bit basis)

I

PFCR write

»—l

Function control
(on bit basis)

PFFC write

0—\],

UART/HSC
control

Internal data bus

HSCSEL write

R S
Output latch A |l>—<>—|:l PF5 (SCLK1, CTS1, HSCLK)
Selector

B

PF write

S

SCLK1 output —— (A
Selector

HSCLK output ———|B

S V4

A B

Selector
e PF read A

CTS1
SCLK1 input

Figure 3.5.33 Port F (PF5)
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Port F Register
5 4 3 2 1 0
PF Bit symbol PF5 PF4 PF3 PF2 PF1 PFO
(003CH) | Read/Write R/W
Reset State Data from external port (Output latch register is cleared to “0”)
Port F Control Register
5 4 3 2 1 0
PFCR Bit symbol PF5C PF4C PF3C PF2C PF1C PFOC
(0O03EH) Read/Write W
Reset State 0 0 0 | 0 0 | 0
Function 0: Input 1: Output
Port F Functon Register
5 4 3 2 1 0
PFFC Bit symbol PF5F PF4F PE3F PF2F PF1F PFOF
(003FH)  |Read/Write W
Reset State 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 07 Port 0: Port 0: Port
1: SCLK1 1: RXD1 1: TXD1 1: SCLKO 1: RXDO 1: TXDO
CTS1 CTSO
Port F Functon Register 2
5 4 3 2 1 0
PFFC2 Bit symbol PF2F2
(O03DH)  JRead/Write W
Reset State 0
Function 0: <PF2F>
1: CLK
S101/ HSC Control Register
5 4 3 2 1 0
HSCSEL |Bit symbol - = — — — SIOCNT
(00F4H)  |Read/Write R RIW
Reset State 0 0 0 0 0 0
Function 0: SIo1
1: HSC
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PF5 to PFO function setting

<PFxF2, PFxF, PFxC> PF2 PF1 PFO
0,0,0 Input port Input port Input port
0,0,1 Output port Output port Output port
0,1,0 ELKO’ RXDO input TXDO

CTSo input (O.D output)

0,1,1 SCLKO output Reserved TXDO (3-state)
1,0,0 Reserved
1,0,1 CLK output
1,1,0 Reserved
1,1,1 Reserved

<SIOCNT, PFxF, PFxC> PF5 PF4 PF3
0,0,0 Input port Input port Input port
0,0,1 Output port Output port Output port
0,1,0 EL.KL RXD1 input TXD1

CTsS1 input (O.D output)

0,1,1 SCLK1 output Reserved TXD1 (3-state)
1,0,0 Reserved Reserved Reserved
1,0,1 Reserved Reserved Reserved
1,1,0 Reserved HSSIA A Reserved
1,1,1 HSCLK output Reserved HSSO (3-state)

Note : <PFxF2>,<PFxF> and <PFxC> are the bits x of PFFC2,PFFC and PFCR registers.

Note 1: Read-modify-write instructions are prohibited for PDCR,/PDFC and PDFC2.
Note 2: PFO and PF3 does not have a register for 3-state/open drain setup. Moreover, there is no open drain function

at the time of an output port.

Figure 3.5.34 Register-for Port F
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3.5.11

Port G (PGO to PG7)

Port G is 8-bit general-purpose input ports. In addition to an input port function, there
are an analog input for AD converters (ANO to AN7) and a key input (KIO to KI7) function
for a Key on wake up. These functions operate by setting the bit concerned of PGFC, KIEN
register as "1". Moreover, edge selection of a key input is set up by the KICR register.

By the reset action, all the bits of PGFC are set to "1", and all the bits of KIEN are cleared
to "0", and it becomes all bit analog input ports (port input disable).

A key input is enabled by the KIEN register, and when the edge chosen in the KICR
register is detected, the Key on wake up input KWI occurs. Although a Key on wake up

input can release all HALT mode states, there is no function asinterrupt.

Internal data bus

KWI

T 8 input OR

Reset

PGO to PG7

Rising/Falling edge
detection

Function
control

(on bit basis)

D
PGFC write

Reset

|

Kei input
rising/falling

control
(on bit basis)

KICR write
Reset

Key/input
enable

(on bit basis)

£
KIEN write

|
NN

PG read

<&

Conversion
result
register

AD
Converter

Channel
Selector

ADREG read

Figure 3.5.35 Port G

—{1 PG to PG7

(KIO to KI7)
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Port G Register
7 6 5 4 3 2 1 0
PG Bit symbol PG7 PG6 PG5 PG4 PG3 PG2 PG1 PGO
(0040H)  |Read/Write R
Reset State Data from external port (Notel)
Port G Function Register
7 6 5 4 3 2 1 0
PGFC Bit symbol PG7F PG6F PG5F PG4F PG3F PG2F PG1F PGOF
(0043H)  |Read/Write W
Reset State 1 1 | 1 | 1 | 1 | 1 1 | 1
Function 0: Analog input 1: Input port/Key input
Key input Enable Register
7 6 5 4 3 2 1 0
KIEN Bit symbol KI7EN KIGEN KISEN KI4EN KISEN KI2EN KILEN KIOEN
(13A0H) |Read/Write W
Reset State 0 0 0 0 0 0 0 0
Function KI7 input KI6 input KI5 input Kl4'input KI3 input KI2 input K1 input KIO input
0: Disable |[0O: Disable |O0: Disable [0: Disable |0: Disable [0:Disable |0: Disable [0: Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
Key input Control Register
7 6 5 4 3 2 1 0
KICR Bit symbol KI7TEDGE | KIGEDGE | KISEDGE | KI4EDGE | KI3EDGE || KI2EDGE | KI1IEDGE [ KIOEDGE
(13A1H) |Read/Write W
Reset State 0 0 0 0 0 0 0 0
Function K17 edge K16 edge KI5 edge Kl4 edge K13 edge KI2 edge KI1 edge K10 edge
0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising
1: Falling 1:Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling
PG7 to PGO function setting
<PGxF>
0 1
<KIXEN>
0 Input port Analog input
1 Key input Reserved
Note : <PGxF> and <KIXEN> are the bits x of PGFC and KIEN registers.
Note 1: It operates as an analog input port (Input port disable).
Note 2: Read-modify-write instructions are prohibited for PGFC,KIEN and KICR.
Note-3: Input channel selection of an AD conberter is set up by AD mode control register ADMOD1.
Figure 3.5.36 Register for Port G
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3.5.12

Port L (PLO to PL3)

Port L is a 4-bit input port. In addition to an input port function, Port L has the analog
input function of an AD converter. Moreover, PL3 has the ADTRG function of an AD
converter. When you use PL3 as an ADTRG , set PLFC <PL3F> as “0”. All the bits of a PLFC

register are set to “1” by the reset action, and Port L become analog input port (port input

disable).

Reset

|

Function

control
(on bit basis)

PLFC write

!

PL read

Conversion
result
register

Internal data bus

AD
Converter

Channel
Selector

» [ PLO(ANS)
PL1(AN9)
PL2(AN10)
PL3(AN11, ADTRG)

AD read

ADTRG (PL3 only) <—o<}

Figure 3.5.37 Port L
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Port L Register
5 4 3 2 1 0
PL Bit symbol PL3 PL2 PL1 PLO
(0054H)  JRead/Write R
Reset State Data from external port (Notel)
Port L Function Register
5 4 3 2 1 0
PLFC Bit symbol PL3F PL2F PL1F PLOF
(0057H)  |Read/Write w
Reset State 1 I 1 | 1 | 1
Function 0: Analog input 1:Input port (Note3)

Note 1: It operates as an analog input port (Input port disable).

Note 2: Read-modify-write instructions are prohibited for PLFC.

Note 3: Input channel selectino of an AD converter is set up by AD-maode control register’ ADMOD1<ADCH3:0>.

Moreover, a set up of AD trigger (ADTRG ) input oermission is set up by ADMOD2<ADTRGE>!

Figure 3.5.38 Register for-Port L
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3.5.13

Port N (PNO to PN5)

Port N is 6-bit general-purpose I/0 ports. Moreover, PN1, PN2, PN4, and PN5 serve as an

open drain output, when it is set as an output.
There are the following functions in addition to an I/O port.

+ The I/0O function of the serial bus interface 0 (SCK0, SO0/SDAO, SI0/SCLO0)

» The I/O function of the serial bus interface 1 (SCK1, SO1/SDA1, SI1/SCL1)
These functions operate by setting the bit concerned of PNCR, PNFC register as “1”. All
the bits of PNCR and PNFC are cleared to "0" by the reset action, and all bits serve as an

input port. Moreover, all the bits of an output latch are set to“1”.

(1) PNO (SCKO0), PN3 (SCK1)

PNO and PN3 are general-purpose 1/0 ports. It is also used as a SCK (clock I/O signal

in SIO mode).
Reset
N\
‘ 1
Direction control
(on bit basis)
PNCR write
‘ 1
(2]
a Function control
% (on bit basis)
©
E
o PNFC write
ol |
S S
Output fatch A N
Selector |>_"_D PNO(SCKO)
) B PN3(SCK1)
PN write
SCKO output <
SCK gutput S 5 N/
Selector
N PN read A
SCKO input
SCK1 input
Figure 3.5.39 Port N (PNO, PN3)
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(2) PN1 (SDA0/SO0), PN4 (SDA1/SO1)

PN1 and PN4 are general-purpose I/O ports. It is also used as a SO (data output
signal in SIO mode), and SDA (data signal in I2CBUS mode). Moreover, these ports

serve as an open drain output.

Internal data bus

Reset

1 1‘

Direction control

(on bit basis)

I

PNCR write
) l

Function control

(on bit basis)

PNFC write

.

S

Output latch

PN write
SDAO/SDAL output
SO0/S0O1 output

A

B

S

Selector

Qutput buffer
(Open drain output)

W

PN read

SDAO/SDAL input

Figure 3.5.40 Rort N'(PN1, PN4)

B

Selector

A

|l>—u—|:| PN1(SDA0,SO0)
PN4(SDA1,S01)
\/
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(3) PN2 (SCL0/SI0), PN5 (SCL1/SI1)

PN2 and PN5 are general-purpose I/O ports. It is also used as a SI (data input signal
in SIO mode), and SCL (clock signal in I2CBUS mode). Moreover, these ports serve as

an open drain output.

Reset

0—1,

Direction control
(on bit basis)

PNCR write
‘ 1

Function control

(on bit basis)

PNFC write

1

S

Internal data bus

Output latch

PN write
SCLO/SCL1
output

e

A

B

S

Selector

Output buffer
(Open drain output)

N PN read

SI0/SI1 input
SCLO/SCL1 input

Figure 3.5.41 Port N(PN2, PN5)

S

B

Selector

A

|l>—"—|:| PN2(SCLO,SI0)

PN5(SCL1,SI1)
N/
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Port N Register
7 6 5 4 3 2 1 0
PN Bit symbol PN5 PN4 PN3 PN2 PN1 PNO
(005CH)  |Read/Write RIW
Reset State Data from external port (Output latch register is set to “1")
Port N Control Register
7 6 5 4 3 2 1 0
PNCR Bit symbol PN5C PN4C PN3C PN2C PN1C PNOC
(OO5EH) | Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function 0: Input_1:Output
Port N Function Register
7 6 5 4 3 2 1 0
PNFC Bit symbol PN5F PN4F PN3F PN2F PN1F PNOF
(005FH)  |Read/Write w
Reset State 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1. SI1, SCL1 |1 SO1,SDAI1JLl: SCK1 1: S10,” SCLO[1:'SO0 SDAQ[1: SCKO

PN5 to PNO function setting

<PNxF, PNxC> PN5 PN4 PN3 PN2 PN1 PNO
0,0,0 Input port Input port Input port Input port Input port Input port
0,0,1 Qutput port Qutput port Output port Output port Output port Output port
0,1,0 SI1 input SO1 output SCK1 input SI0 input SO0 output SCKO input
SCL1 SDAl SCLO SDAO
0,1,1 ) ) SCK1 output . ) SCKO output
input/output input/output input/output input/output

Note : <PNxF> and <PNxC> are the bits'x of PNFC and PNCR registers.

Note 1: Read-modify-write instructions are prohibited for PNFC and PNCR.

Figure-3.5.42 Register for Port N
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3.6 Memory Controller

3.6.1 Functions

TMP92FD23A 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.

(2) Connecting memory specifications

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

(3) Data bus size selection

Whether 8 bits, 16 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 6 modes mentioned below.

0 waits, 1 walit,
2 waits, 3 waits, 4 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) 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:

e Page ROM control register: PMEMCR
Sets to executed ROM page mode acc¢essing.

(2) Operation after reset release

After reset, only control register (B2CSH/B2CSL) of the block address area 2 is
automatically valid (B2CSH<B2E> is set to “1” by reset).

Since the bus width specification bit of the control register of the block address area
2 becomes unfixed, please be sure to set up before accessing the external block address
area 2.

The block address area 2'is set to address from 000000H to FFFFFFH after reset
(B2CSH<B2M> is cleared to “0”).

After reset release, the block address areas are specified by the memory start
address register (MSARnR) and the memory address mask register (MAMRDN). Then the
control register (BnCSH/L) is set.

Set the enable bit (BnCSH<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 (MSARnN) 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 1s 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”.

(1) Setting memory start address register

The <MS23:MS16> bits of the memory start address register respectively
correspond with addresses from/A23 to-A16. The lower start'addresses from A15
to AO are always set to address 0000H. Therefore the start addresses of the block
address area are set to addresses from 000000H to FEFOO0O0H 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.

Size (bytes)
256 512 32K 64K |1 128K | 256 K | 512K 1M 2M 4 M 8M
CS Area
CS0 o o o o o o o o o
CS1 o o o o o o o o o
CS2toCS3 o o o o o o o 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 from
000000H to FFFFFFH. Setting <B2M> bit to “1” specifies the start address and the address area size asitis in

the other block address area.
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(iii) Example of register setting

To set the block address area from 1 to 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 value 0 0 0 1 0 0 0 1

<M1S23:16> bits of the memory start address register MSAR1 correspond with
address from A23 to A16.

From Al15 to AO are cleared to “0”. Therefore setting MSAR1 to the
above-mentioned value specifies the start address of the block address area to
address 110000H.

MAMR1 Register

7 6 5 4 3 2 1 0
Bit symbol M1V15to
M1v21 M1V20 M1V19 M1Vv18 Miva7 M1V16 M1VE M1Vv8
Specified value 0 0 0 0 0 0 0 1

<M1V21:M1V16> and <M1V8> bits of the memory address mask register
MAMRI1 set whether address from A21 to A16 and A8 are compared or not. Set the
register to “0” to compare, or to “1” not'tocompare. From M1V15 to M1V9 bits set
whether address from A15to A9 are‘compared or not with 1 bit. A23 and A22 are
always compared!

If set like above setting, from A23 to A9 compare with the values set as the start
addresses. Therefore 512 bytes of addresses 110000H to 1101FFH are set as the
block address area’1. If compared with the addresses on the bus, the chip select
signal CS1 is'set to “LOW”.

A23t0A21 are always compared in the block address area 0. Whether from A20
to A8 are-compared or not is set to register.

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

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

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

Setting the <BnOM1:0> 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.

<BnOM1:0> Bit (BnCSH register)

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

(3) Data bus width specification

The data bus width is set for every block address-area. The bus size is set by the
<BnBUS1:0> bits of the control register (BnCSH) as follows.

<BnBUS1:0> Bit (BnCSHreqgister)
BnBUS1 BnBUSO Function

0 0 8-bit bus mode (Note 2)
0 1 16-bit bus mode

1 0 (Reserved)

1 1 (Reserved)

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:

Notel: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 placed on both memories with one command.

Note2: Since after reset becomes unfixed, please be sure to set up bus width specification bit B2CSH <B2BUS1:0>

of the control register of the block address\area2 before accessing the external block address area 2.
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Operand Data Ops?;?tnd MemglryeData CPU CPU Data
Size (Bit) Address (EISZit) Address | p32top24 | D23to D16 | D15t0 D8 | D7to DO
4n + 0 8/16 4n + 0 XXXXX XXXXX XXXXX b7 to b0
n+1 8 an+1 XXXXX XXXXX XXXXX b7 to b0
8 16 dn+1 XXXXX XXXXX b7 to b0 XXXXX
an + 2 8/16 an + 2 XXXXX XXXXX XXXXX b7 to b0
4n + 3 8 4n + 3 XXXXX XXXXX XXXXX b7 to b0
16 4n + 3 XXXXX XXXXX b7 to b0 XXXXX
4an +0 8 (1)4n+0 XXXXX XXXXX XXXXX b7 to b0
(2)4n+1 XXXXX XXXXX XXXXX b15 to b8
16 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 () 4n+1 XXXXX XXXXX b7 to b0 XXXXX
16 (2)4n +2 XXXXX XXXXX XXXXX b15 to b8
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
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
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 b31to b24 | b23to bl6
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 () 4n+1 XXXXX XXXXX b7 to b0 XXXXX
(2)4n +2 XXXXX XXXXX b23to b16 | b15to b8
32 3)4n+4 XXXXX XXXXX XXXXX b31 to b24
4n + 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
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

xxxxx:_ During aread, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe

signal remainsto non active.
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(4) Wait control

The external bus cycle completes a wait of two states at least (100 ns at fsys = 20
MHz).

Setting the <BnWW2:0> and <BnWR2:0> of BnCSL specifies the number of waits in
the read cycle and the write cycle. <BnWW2:0> is set with the same method as
<BnWR2:0>. A setup is performed as follows.

<BnWW?2:0>/<BnWR2:0> Bit (BnCSL Register)

BnWw2 | BhWw1 | BhWWO )
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)

(1) 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 6 states (4 waits).

(i1) WAIT pin input mode
This mode/samples the WAIT input pins. It continuously samples the WAIT
pin state andinserts 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.
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(5) Insert recovery cycle
If a lot of connected pertain ROM and etc. (Much data-output-floating-time (tpr)),
each other’s data-bus-output-recovery-time is trouble. However, by setting <BnREC>
of control register (BnCSH), can to 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.

e  When not inserting a dummy cycle (0 waits)

cx _ /N /S N\
Address X X

csm /
Csn \ /
"5 ™\ Y A

e When inserting a dummy cycle (0 waits)

le— Dummy.—{

ck __/ /N S
Address X
csm /
csn \ /2
RD / \ /A
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(6) Basic bus timing
e IExternal read/write bus cycle (0 waits)
T1 T2
(conirz) — \ \
20MHz) = /_ /_
= TN
Address
SRxxB /_
RD
Read
D15~ Do { Input> B
SRR /— Write
D15 ~ DO / T
\
I ! -
e External read/write bus cycle (1 wait)
T1 ™ T2
CLK
(20MHz) — N\ /_\ / /
cs \
Address )L
SRxxB \ /
RD
Read
D15 ~ DO ‘, Input>
SRWR
Write
D15 ~ DO ( Output
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e External read/write bus cycle (0 waits at WAIT pin input mode)
T1 T2
CLK =
(20MHz) \_V/ \ / \
cs
Address
SRxxB \ /_
RD
Read
~ / \
D15 ~ DO \ Input/ N
SRWR /_
Write
D15 ~ DO ( Output
WAIT [ 2\
Sampling
e External read/write bus cycle (n waits at WAIT pin input mode)
T1 T™W T2
CLK
(20MHz) \ / \48' /
as \ «
)
Address XX
SRxxB (( /
RD « /
) Read
- « /o
D15 ~ DO ) |nput/
SRWR « /_
a4 Write
01500 C T T Jowpn
WAIT \ QS-L/ \
A A
Sampling Sampling
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Example of WAIT input cycle (5 waits)

WAIT

FF4

RES

—PCK

FF3

RES

O

— CK

FF2

CK
RES

[¢]

FF1

|

CK
RES

FFO

L

RES

— CK

SRWR
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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

TMP92FD23A 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 <OPWR1:0> bits of the PMEMCR register.

<OPWR1:0> Bit (PMEMCR register)

OPWR1 OPWRO 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) (/> 3)
1 0 3 state (n-3-3-3 mode) (n > 4)
1 1 (Reseryed)

Note: Set the number of waits “n” to the control register (B2CSL) in block address area 2.

The page size (the number of bytes) of ROM in the CPU size is set to the <PR1:0> bit
of the PMEMCR 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.

<PR1:0> Bit (PMEMCR register)

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

(2)Signal timing pulse

1
1 1 1 1 1 1 1 1 1
CLK _h . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1
o N T O S S S S T S
A0 t0 A23 :?g P w01 1 X oy X1 v2 . K1 w31 K
N N | | D |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
¢ Ny
oL vdtaps 0 b L tapz o f| itabz o | itabz 4l tHa
1 T T T T { 1 T T 1 1 T T U 1 T T 1 ﬁ
d 1 1 1 i 1 1 1 1 1 1 1 Il 1 1 1 1 1
- 1 -I‘ 1 1 1 i 1 1 1 1 1 1 1 i 1 1 1 1 1
RD 1 1 | | | | 1! | | | 1! ! | | | ! | |
AR T N T O T A A
| | T T T (R T | | AT | AT [ o |
DO~D15 A - R = R - ﬁ
| | | | | ; |nDu1! | | ; InDUt! 1 | t_ inp t!7- 1 | * in t!

Figure 3.6.1 Timing Pulse diagram (8-bit setting)
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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 BnWWwO0 BnWR2 BnWR1 BnWRO
Read/Write W W
After reset 0 | 1 | 0 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)
<BnWR2:0> 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 made
Others = (Reserved)
B2CSH
7 6 5 4 3 2 1 0
Bit symbol B2E B2M - B2REC B20M1 B20OMO B2BUS1 B2BUSO
Read/Write
After reset 1 | 0 | 0 | 0 0 0 | Undefined | Undefined

<B2E>: Enable hit
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 0f' 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.

<B2REC>: Sets the dummy cycle for data output recovery time.

0 = Not insert a dummy-cycle (Default).
1 = Insert a dummy cycle:

<B20M1:0>
00 = SRAM or ROM (Default)
Others = (Reserved)
<B2BUSL1:0> Sets the data bus width.
00 = 8 bits
01 = 16 bits
10 = (Reserved)
11 = (Reserved)

Note: The value of <B2BUS> bit is set according to the state of AM<1:0> pin after reset release.
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BNnCSH (n=0, 1, 3

7 6 5 4 3 2 1 0
Bit symbol BnE BnREC | BnoM1 | Bnomo | BnBUSL | 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.
<BnOM1:0>

00 = SRAM or ROM (Default)

01 = (Reserved)

10 = (Reserved)

11 = (Reserved)
<BnBUS1:0> Sets the data bus width.

00 = 8 bits (Default)

01 = 16 hits

10 = (Reserved)

11 = (Reserved)

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 0 | 1 | 0

<BEXWW?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)
<BEXWR2:0> 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 BEXREC BEXOM1 BEXOMO | BEXBUS1 | BEXBUSO
Read/Write W
After reset 0 | 0 | 0 | 0 | 0

<BEXOM1:0>

00 = SRAM or ROM (Default)

01 = (Reserved)

10 = (Reserved)

11 = (Reserved)
<BEXBUS1:0>

00 = 8 bits (Default)

01 = 16 bits

10 = (Reserved)

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.

MSARn (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 | 1 1 1 | 1 1 1 | 1

<MnS23:16> Sets a start address.

Sets the start address of the block address areas. <MnS23:16> are corresponding to the address from A23 to A16.

MAMRO
7 6 5 4 3 2 1 0
Bit symbol MOV14 to
MOV20 MOV19 MOV18 MOV17 MOV16 MOV15 MOV9 MOVv8
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
<M0V20:8>

Enables or masks comparison of the addresses. <M0V20:8> are corresponding to addresses from A20 to A8.
<MO0V14:9> are corresponding to address from 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
. M1V15 to
Bit symbol Miv21l M1V20 M1V19 M1V18 M1v17 M1V16 M1V9 M1Vv8
Read/Write R/W
After reset 1 1 1 1 1 1 1 1
<M1Vv21:8>

Enables or masks comparison of the addresses. <M1V21:8> are corresponding to addresses from A21 to A8.
<M1V15:9> are corresponding to address from 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.

92FD23A-118

2007-12-18



TOSHIBA TMP92FD23A
MAMRnN (n =2 to 3)
7 6 5 4 3 2 1 0
Bit symbol MnV22 MnV21 MnV20 MnVv19 MnVv18 MnV17 MnV16 MnV15
Read/Write RIW
After reset 1 1 1 | 1 | 1 1 1 | 1
<MnVv22:15>

Enables or masks comparison of the addresses. <MnV22:15> are corresponding to addresses from 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 MSAR3 and MSARO to MAMR3 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
<OPWRZ1:0> 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 block address area.
<PR1:0> ROM page size

00 = 64 bytes

01 = 32 bytes

10 = 16 bytes (Default)

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

BOCSL |Bit symbol BOWW2 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 (Notel) 0 (Notel) 0 0 0 0 0
MAMRO |Bit symbol MOV20 MOV19 MOV18 MOov17 MOV16 MOV15 MOV14-V9 MOV8
(0142H) |Read/Write R/IW

After reset 1 1 1 1 1 1 1 1
MSARO |Bit symbol M0S23 M0S22 M0S21 M0S20 M0S19 M0S18 MO0S17 MO0S16
(0143H) |Read/Write R/W

After reset 1 1 1 1 1 1 1 1
B1CSL |Bit symbol B1WW2 B1wWw1l B1WWO0 B1WR2 B1WR1 B1WRO
(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 0
MAMR1 |Bit symbol M1v21l M1V20 M1V19 M1Vv18 M1Vv17 M1V16 M1V15-V9 M1V8
(0146H) |Read/Write R/IW

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

After reset 1 1 1 1 1 1 1 1
B2CSL  |Bit symbol B2WW2 B2wWw1 B2WWO0 B2WR2 B2WR1 B2WRO
(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 (Notel) 0 0 0 Note3 Note3
MAMR2 |Bit symbol M2Vv22 M2Vv21 M2V20 M2V19 M2v18 M2v17 M2V16 M2V15
(014AH) |Read/Write R/IW

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

After reset 1 1 1 1 1 1 1 1
B3CSL |Bit symbol B3WW2 B3ww1l B3WWO0 B3WR2 B3WR1 B3WRO
(014CH) ‘|Read/Write W W

After reset 0 1 0 0 1 0
B3CSH - |Bit symbol B3E < - B3REC B30OM1 B30OMO B3BUS1 B3BUSO
(014DH) |Read/Write W

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMR3 |Bit symbol M3Vv22 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/W

After reset 1 1 1 1 1 1 1 1
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Table 3.6.2 Control Register (1/2)
7 6 5 4 3 2 1 0

BEXCSH |Bit symbol BEXREC BEXOM1 BEXOMO BEXBUS1 [ BEXBUSO
(0159H)  |Read/Write W

After reset 0 0 0 0 0
BEXCSL Bit symbol BEXWW2 [ BEXWW1 BEXWWO0 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 RIW

After reset 0 o (| o 1 0

Note 1: Always write “0".

Note 2: Read-modify-write instruction is prohibited for BhCSL, BnCSH registers (n=0 to 3, EX).

Note3: Since after reset release becomes undefined, please be sure to set up before accessing the block address

space 2.
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3.6.6 Cautions

(1) The notes of the timing between CSandRD.

If the parasitic capacitance of the read signal (Output 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 3.6.2.

(20 MHz)
Address X X

Memory 1

chip select / \
Memory 2 \ /

chip select

" \ /S

>

@)
Figure 3.6.2 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 3.6.3 an unintended
read cycle like the one shown in (b) may occur.

Toggle bit
“QE’E;‘;;V RD cycle 1
CLK 3
(20 MHz) \ /

Address

1

Flash'EEPROM
chip-select

RD

Toggle bit

r

(

(b)

Figure, 3.6.3 Flash EEPROM Toggle Bit Read Cycle

When the toggle bit reverse with this unexpected read cycle, TMP92FD23A always
reads same value of the toggle bit, and cannot read the toggle bit correctly. To avoid this
phenomenon, the data polling control recommended.
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Internal

External

Internal

External

(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.

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 set as CSn .

5 Internal address bus n X C.xx D |\ n+2 X
& ) Function control signal
Output port ¢==p» c5q
E{ Pxx (_h
: -
® 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 ‘sighal 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. Prohibition of use of an NMI function

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

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

4. (Access to a functional change register is corresponded by 16-bit command.
(LDW ¢ommand))

Aportis setascsn. Dummy access

Internal address bus — (_ xX ; — Cxx+1)___ X n+2 A

©
c
.UQ) Function control signal !
Output port<—:—> csn

L
c_g{ PXX | |
5
@ A23to AO n ){ n+2
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3.7 8-Bit Timers (TMRA)
The TMP92FD23A features 6 built-in 8-bit timers.
These timers are paired into three modules: TMRAO1, TMRA23 and TMRA45. 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 3.7.3 show block diagrams for TMRAQO1, TMRA23 and TMRA45.
Each channel consists of an 8-bit up counter, an 8-bit comparator and an‘8-bit timer register.
In addition, a timer flip-flop and a prescaler are provided for each pair of channels.
The operation mode and timer flip-flops are controlled by five controls SFR (special function
registers).
Each of the three modules (TMRAO1, TMRA23 and TMRA45) can be operated independently.
All modules operate in the same manner; hence only the operation-of TMRAO1 is explained
here.
Table 3.7.1 Registers and Pins for Each Module
Module
o TMRAO1 TMRA23 TMRA45
Specification
Input pin for external TAOIN
clock (Shared with PCO) None None
External pin
Output pin for timer TA10UT TA30UT TA50UT
flip-flop (Shared with P80) (Shared with P81) (Shared with P83)
Timer RUN register TAOL1RUN (1100H) TA23RUN (1108H) TA45RUN (1110H)
. . TAOREG (1102H) TA2REG (110AH) TA4REG (1112H)
Timer register
SFR (Address) TALREG (1103H) TA3REG (110BH) TASREG (1113H)
Timer mode register TA01MOD(1104H) TA23MOD(110CH) TA45MOD(1114H)
Timer flip-flop control
register TALFFCR(1105H) TA3FFCR(110DH) TASFFCR(1115H)
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Block Diagrams
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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 by 4 the CPU clock frpH and input to this prescaler.
The prescaler’s operation can be controlled using TAOIRUN <TAOPRUN> in the

timer control register. Setting <TAOPRUN> to “1” starts the count; setting
<TAOPRUN> to “0” clears the prescaler to “0” and stops operation. Table 3.7.2 shows
the various prescaler output clock resolutions.

Table 3.7.2 Prescaler Output Clock Resolution

Clock Value Sylstekm Timer counter input-clock
cloc TMRA prescaler
SYSCR1 SYSCR1
. - TAXMOD<TAXCLK1:0>
<GEARZ2:0>
<SYSCK> OTL(LI2) OTA(L/8) 0T16(1/32) | | ¢T256(1/512)
- 1 (fs) fs/8 fs/32 fs/128 fs/2048
000 (1/1) fc/8 fcl32 fc/128 fc/2048
001 (1/2) ya fc/16 fcl64 fc/256 fc/4096
010 (1/4) 0 (fc) fc/32 fc/128 fc/512 fc/8192
011 (1/8) fc/64 fc/256 fc/1024 fc/16384
100 (1/16) fc/128 fc/512 £¢/2048 fc/32768

(2) Up counters (UCO and UC1)

These are 8-bit binary counters which countup 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 pinorone-of the three internal clocks ¢T1, $T4 or ¢T16. The clock setting is
specified by the'value set in TAOIMOD<TAQCLK1:0>.

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 TA1REG)

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

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

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

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when a 2» 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 0, set <TAORDE> to “1”, and write the following
data to the register buffer. Figure 3.7.4 show the configuration/of TAOREG.

Timer register A0 (TAOREG) |

2\
B (_C(:: Match detecting PPG cycle
n
Shift trigger PWM-2" overflow
Selector
| Register buffer 0 | S A Write to TAOREG
AN
Write
2 Internal data bus e )/JOIRUN<TAORDE>

Figure 3.7.4 Configuration of TAOREG

Note: The same memory address is allocated to the timerregister 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
TA4REG: 001112H TA5REG: 001113H

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

(5)

Comparator (CP0, CP1)

The comparator compares the value in an up counter with the value set in a timer
register. If they match, the up counter is cleared to “0” and an interrupt signal
(INTTAO or INTTA1) is generated. If timer flip-flop inversion is enabled, the timer
flip-flop is inverted at the same time.

Timer flip-flop (TA1FF)

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

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TA1FFIE> in the timer flip-flops control register a reset clears the value of
TA1FF to “0”. Writing “01” or “10” to TA1IFFCR<TA1FFC1:0> sets TA1FF to “0” or “1”.
Writing “00” to these bits inverts the value of TA1FF (this is known as software
inversion).

The TA1FF signal is output via the TALOUT pin (which can also be used as P80).

When this pin is used as the timer 'output, the timer flip-flop—should be set
beforehand using the port 8 function register PSCR and P8FC.
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3.7.3 SFR
TMRAO1 Run Register
7 5 4 3 2 1 0
TAO1RUN |[Bit symbol TAORDE 12TA0O1 | TAO1PRUN [ TA1RUN TAORUN
(1100H)  |Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double IDLE2 TMRAO1 Uel UCo
buffer 0: Stop prescaler
0: Disable 1: Operate | 0yStop and clear
1: Enable 1:'Run (Count up)
I
TAOREG double buffer control I—>Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run.(Count up)
Note: The values of bits 4 to 6 of TAOLIRUN are undefined whenread.
TMRA23 Run Register
7 5 4 3 2 1 0
TA23RUN |Bit symbol TA2RDE 12TA23 [ TA23PRUN | TA3RUN TA2RUN
(1108H) | Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double IDLE2 TMRA23 U3 UC2
buffer 0: Stop prescaler
0: Disable 1:-Operate /| 0: Stop and clear
1: Enable 1: Run (Count up)
I
TA2REG double buffer.control |—>Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)

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

Figure 3.7.5 Register for TMRA
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TMRAA45 Run Register
7 5 4 3 2 1 0
TA45RUN |Bit symbol TA4RDE 12TA45 TA45PRUN [ TASRUN TA4RUN
(1110H)  |Read/write RIW RIW
Reset State 0 0 0 0 0
Function Double IDLE4 TMRA45 Ucs Uca
buffer 0: Stop prescaler
0: Disable 1: Operate [ 0: Stop and clear
1: Enable 1: Run (Count up)
I |
TA4REG double buffer control I—>Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)

Note: The values of bits 4 to 6 of TA45RUN are undefined when read.

Figure 3.7.6 Register for TMRA
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAO01MOD |Bit symbol TA01M1 TA01MO PWMO01 PWMO00 TA1CLK1 | TAI1CLKO [ TAOCLK1 | TAOCLKO
(1104H) |Read/Write RIW
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRAL | Source clock for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin input (Note)
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 107/¢T4
11: 8-bit PWM mode 11: 28 11: ¢T256 11: ¢T16
TMRAO input clock
00 TAOIN (External input)
<TAOCLK1:0> 01 AES
10 T4
11 ¢T16
TMRAL input clock
TAOIMOD<TAQ1M1:0>#201 | TAOIMOD<TA01M1:0>=01
00 Matching output-for TMRAQ
Overflow-output from
<TA1CLK1:0> o1 6Tl TMRAO
10 9145 (16-bit-timer mode)
11 $T256
PWM cycle selection
00 Reserved
<PWMOL:00> 01 Zj xClock source
10 2" xClock source
11 2® x Clock source
TMRAO1 operation mode selection
00 8-bit timer x'2ch
01 16-bit timer
<TAO1MAL:0> 10 8-bit PPG
11 8-bit PWM (TMRADO),
8-bittimer (TMRA1)

Note: When set TAOIN, set TAOLMOD after set port €O.

Figure 3.7.7 Register for TMRA
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TMRA23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD |Bit symbol TA23M1 TA23M0 PWM21 PWM20 TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
(110CH)  |Read/Write RIW
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRA3 | Source clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode 01: 2° 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
TMRAZ input clock
00 Reserved
<TA2CLK1:0> = ¢TL
10 T4
11 ¢T16
TMRAS input clock
TA23MOD<TA23M1:0>%01 | TA23MOD<TA23M1:0>=01
00 Matching output for
TMRA2 Overflow-output from
<TA3CLK1:0> 01 oT1 TMRA2
10 $T16 (16-bit-timer'mode)
11 $T256
PWM cycle selection
00 Reserved
<PWM23:00> 01 2‘: x Clock source
10 2" x Clock source
11 2® x Clock source

TMRAZ23 operation mode selection

<TA23MA1:0>

00 8-bit timer x 2ch

01 16-bit timer

10 8-bit PPG

11 8-bit PWM (TMRA2),

8-hit timer (TMRA3)

Figure 3.7.8 Register for TMRA
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TMRAA45 Mode Register
7 6 5 4 3 2 1 0
TA45MOD |Bit symbol TA45M1 TA45M0 PWM41 PWM40 TA5CLK1 | TA5CLKO | TA4CLK1 | TA4CLKO
(1114H) Read/Write RIW
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRAS5 | Source clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TAATRG 00: Reserved
01: 16-bit 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
TMRA4 input clock
00 Reserved
<TA4CLK1:0> = ¢TL
10 T4
11 ¢T16
TMRAS input clock
TA45MOD<TA45M1:05%01 | TA45MOD<TA45M1:0>=01
00 Matching output for
TMRA4 Overflow output from
<TA5CLK1:0> 01 oT1 TMRA4
10 $T16 (16-bit timer,mode)
11 $T256
PWM cycle selection
00 Reserved
<PWMAS:00> 01 2‘: xClock solrce
10 2" x Clock source
11 2® xClock source
TMRAA45 operation mode selection
00 8-bit timer x 2ch
01 16-bit timer
<TA45MAL:0> 10 8-bit PPG
11 8-bit PWM (TMRA4),
8-hit timer (TMRA5)

Figure 3.7.9 Register for TMRA
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TMRAL Flip-Flop Control Register

7 6 5 4 3 2 1 0

TA1FFCR |Bit symbol TA1FFC1 TA1FFCO TALFFIE TAL1FFIS
(1105H) | Read/Write RIW

Reset State 1 | 1 0 0
Read Function 00: Invert TALFF TALFF TALFF
modify 01: Set TALFF control for | inversion
write 10: Clear TALEFE inversion | select
instruction 11: Don'’t care 0: Disable | 0: TMRAO
is 1: Enable |1: TMRAl
prohibited.

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

0 Inversion by TMRAO
TALFFIS -
1 Inversion by TMRA1
Inversion of TALFF
Disabled
TALFFIE
Enabled
Control of TALFF
00 Inverts the value of TALFF (Software inversion)
01 Sets TALFF to “1”
<TA1FFC1:0>
10 Clears TAL1FF to “0”
11 Don't care

Note: The values of bits4 to 6 of TALFFCR are undefined when read:

Figure 3.7.10 Register-for TMRA
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TMRAS Flip-Flop Control Register

7 6 5 4 3 2 1 0

TA3FFCR |Bit symbol TA3FFC1 | TA3FFCO TA3FFIE TA3FFIS
(110DH) | Read/Write RIW

Reset State 1 | 1 0 0
Read Function 00: Invert TA3FF TA3FF TA3FF
modify 01: Set TA3FF .controll for [inversion
write 10: Clear TA3FF nversion | select
instruction 11: Don'’t care 0: Disable [0: TMRA2
is 1: Enable |1: TMRA3
prohibited.

Inversion signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)

0 Inversion by TMRA2
TA3FFIS -
1 Inversion by TMRA3
Inversion of TA3FF
Disabled
TA3FFIE
1 Enabled
Control of TA3FF
00 Inverts the value of TA3FF (Software inversion)
01 Sets TA3FF to “1”
<TA3FFC1:0>
10 Clears TA3FF to “0”
11 Don't care

Note: The values of bits4 to 6 of TASFFCR are undefined when read.

Figure 3.7.11 Register for TMRA
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TMRADS Flip-Flop Control Register

7 6 5 4 3 2 1 0

TASFFCR |Bit symbol TASFFC1 | TAS5FFCO TASFFIE TASFFIS
(1115H)  |Read/Write RIW

Reset State 1 | 1 0 0
Read Function 00: Invert TASFF TASFF TASFF
modify 01: Set TA5FF .controll for [inversion
write 10: Clear TASFF nversion | select
instruction 11: Don'’t care 0: Disable [0: TMRA4
is 1: Enable |1: TMRA5
prohibited.

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

0 Inversion by TMRA4
TASFFIS -
1 Inversion by TMRAS
Inversion of TASFF
Disabled
TASFFIE
1 Enabled
Control of TASFF
00 Inverts the value of TASFF (Software inversion)
01 Sets TASFF to “1”
<TA5FFC1:0>
10 Clears TASFF to “0”
11 Don't care

Note: The values of bits4 to 6 of TASFFCR are undefined when read.

Figure 3.7.12 Register for TMRA
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TMRA Register
5 4 0
TAOREG |Bit symbol —
(1102H) |Read/Write w
Reset State Undefined
TA1REG |Bit symbol —
(1103H) |Read/Write W
Reset State Undefined
TA2REG |Bit symbol —
(110AH) |Read/Write w
Reset State Undefined
TA3REG |Bit symbol —
(110BH) |Read/Write W
Reset State Undefined
TA4REG |Bit symbol —
(1112H) |Read/Write W
Reset State Undefined
TA5REG |Bit symbol =
(1113H) |Read/Write W
Reset State Undefined
Note: Read-modify-write instruction is prohibited for.above registers.
Figure 3.7.13 Register for TMRA
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3.7.4  Operation in Each Mode

(1) 8-bit timer mode

Both TMRAO and TMRA1 can be used independently as 8-bit interval timers. When
set function and count data, TMRAO and TMRA1 should be stopped.

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

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

Example: To generate an INTTA1L interrupt every 40 ps at fc = 40 MHz, set each

register as follows:
*Clock state: Clock gear : 1/1(fc)

MSB LSB
B 76 5 43210
TAO1IRUN “— X X X - - - Stop. TMRA1 and clear it to “0"
TAOLIMOD  « 0 X X 0 1 - - Select 8-bit timer mode and select ¢T1 (= (8/fc)s @fc = 40
MHz) as the input clock.
TALREG «<~ 1 1 0 0 1 0 0 O Set 40 ps + ¢T1 = 200 = C8H to TAREG.
INTETAO1 «— 101 - - - = Enable INTTAL and set it to level 5.
L TAO1RUN « - X X X - 1 1 - Start TMRA1 counting.

X: Don't care, —: No change

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 fc.=40 MHz) Resolution
$T1 (8/fC) 0.2 usto'51.2 s 0.2 ps
$T4 (32/fC) 0.8 usto204.8 us 0.8 us

$T16 (128/fC) 3.2 1S t0'819.2us 3.2 us

$T256.(2048/fC) 51.2 us to-13:11 ms 51.2 us

Note: The input clocks for TMRAO and TMRAL differ-as follows:
TMRAO: Uses TMRAO 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.

Example:

TAO1RUN
TA01MOD

TA1REG
TA1FFCR

P8FC
TAO1RUN

$T1

TAO1RUN

Generating a 50 % duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and its

status output via the timer output pin (TA10UT).

To output a 1.2-us square wave pulse from the TATOUT pin at fc = 40 MHz, use
the following procedure to make the appropriate register settings. This example

uses TMRA1; however, either TMRAO or TMRA1 may be used.
*Clock state: Clock gear : 1/1(fc)
7 6 5 4 3 2 1 O

«~ - X X X - - 0 - Stop TMRA1 and clear-it to “0”".

«<~ 0 0 X X 0 1 - - Select 8-bit timer mode and select ¢T1 (= (8/fc)s @ fc = 40
MHz) as the input clock.

<~ 0 0 0 0 0 0 1 1 Set the timer registerto 1.2 us + ¢T1+2=3

«~ X X X X 1 0 1 Clear TAL1FFto“0” and set it to invert on the match detect
signal from TMRA1.

«— X X X X - X -1 Set P80 to function as the TALOUT pin.

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

.- X: Don't care, —: No change

<TAO1RUN> I

Bto o | 1 [ 2 ]3¢\t |2 f3lo) 1 |_2 |3 ]o

Bit7 to Bit2

Up Bitl
counter

Comparator

timing

=

Comparator output
(Match detect)

2

INTTAL

UCL1 clear

Vo

I

TALFF

TA1OUT

N |

/ \

0.6 us at fc =40 MHz |
1

Figure 3.7.14 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 TMRAL.

Comparator output |-| |-|
(TMRAO match)

TMRAO t
(when TAOREG = 5) X2 )G X X X X2 X Xa X X X2 X3)

TMRAZ1 up counter
(when TALIREG = 2) 1 X 2 X L
TMRAL match output ﬂ

Figure 3.7.15 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
TMRAL1.

To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded together,
set TAOIMOD<TAO1M1:0> to “01”%

In 16-bit timer mode, the overflow output from TMRAO isused as the input clock for
TMRA1, regardless of the value set in”TAOIMOD<TAO1CLK1:0>. Table 3.7.2 shows
the relationship between the timer (interrupt) cycle and the input clock selection.

To set the timer interrupt interval, set thelower 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).

Setting example: To generate an INTTAL interrupt every 0.2 s at fc = 40 MHz, set the
timer registers TAOREG and TA1REG as follows:
*Clock state: Clock gear : 1/1(fc)

If $T16 (=(128/fc)s @fc =40 MHz) is used as the input clock for counting, set the
following value in the registers:

0,2 s + (128/fc)s = 62500 = F424H; e.g. set TAIREG to F4H and TAOREG to 24H.
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, though the up counter UCO is not be cleared.

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 TA1IREG match.
When the match detect signal is output simultaneously from both the comparator
TMRAO and TMRAI1, the up counters UCO and UC1 are cleared to “0” and the
interrupt INTTA1 is generated. Also, if inversion is enabled, the value of the timer
flip-flop TA1FF is inverted.

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

Value of up counter 0080H  0180H  0280H - 0380H _0480H  0080H
(UC1, UCO)

TMRAO comparator M M [ [ 1 I

match detect signal

TMRA1 comparator
match detect signal

Interrupt INTTAO

1

I

:

)
Interrupt INTTAL rl

I

I

Timer output TALOUT Inversion

Figure 3.7.16 Timer Qutput 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 dactive low or active high. In this mode TMRA1 cannot be
used.

TMRADO outputs pulses on the TA1OUT pin (which can also be used as P80).

1 tH | tL |
<TA1lFFC1:.0> ="10" I—ll I I—ll

1 1 |

) 1

]
<TA1FFC1:0> ="“01" —|_|—|_I—

1 t |

) 1
Example: <TA1FFC1:0>="01"
TAOREG and UCO match £1 A1
(Interrupt INTTAOQ)
TAIREG and UCO match / £1 ( £l
(Interrupt INTTAL) (
TA1OUT

TAOREG
TAL1REG

Figure 3.7.17 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 (UC0) 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 3.7.18 shows a block diagram representing this mode.

TAOIRUN<TAORUN> _ 1ATOUT

Selector
TAOIN 8bi
6T1 — -bit — TALFFCR<TALFFIE>
Ta up counter TALFF
¢ (Uco)
6T16 — T T | |
TAOIMOD<TAOCLK1:0> b Inversion
* INTTAQ
N
| Comparator | Comparator I INTTAL
AN
Selector | TAOREG |
Shift trigger/\
TAOREG-WR —|
| Register buffer 0 | | TALREG |
TAO1RUN<TAORDE>

T_ —f

Internal data bus

Figure 3.7.18 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 TATREG matches UCO.

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

Match with TAOREG
and up counter rI J
(Up counter = Q1) (Up counter =Qy)
Match with- TAIREG

[ Shift from register buffer 0

TAOREG N
(Value to-be’compared) Q1 X Q2

/A

Register buffer Q2 X Q3

KTAOREG (Register buffer 0)
write

Figure 3.7.19 Operation of Register Buffer 0
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Example: To generate 1/4 duty 62.5 kHz pulses (at f¢c = 40 MHz)
I I

———>
" 16pus

*Clock state: Clock gear : 1/1(fc)

Calculate the value that 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 ps

¢T1 (= (8/fc)s @fc = 40 MHz);
16 us + (8/fc)s = 80

Therefore set TAIREG = 80 = 50H

The duty is to be set to 1/4: t x 1/4 = 16 us x 1/4 = 4 us
4 us + (8/fc)s = 20

Therefore, set TAOREG = 20 = 14H

7 6 5 4 3 2 1 0
[ TAOIRUN « 0 X X X - 0 0 O Stop TMRAO and TMRAL and clear it to “0".
TA01MOD «< 1 0 X X X X 0.1 Set the 8-bit PPG mode, ‘and select ¢T1 as input clock.
TAOREG «< 0 0 0 1 0 1 0 0O Write 14H.
TAIREG «< 0 1 0 1 0 0/0-0 Write 50H.
TA1FFCR «~ X X X X Q % 1 X Set TAL1FF, enabling both inversion and the double buffer.
10 generate a negative logic pulse.
P8FC2 « X X X X - X = 1 Set P80.as the TA1OUT pin.
TAO1RUN «~ 1 X X X - 11 1 Start TMRAO.and TMRA1 counting.
L. X: Don't care, —: No change
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(4) 8-bit PWM output mode

This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum

resolution of 8 bits can be output.

When TMRAO is used the PWM pulse is output on the TAIOUT pin (which is also
used as P80). TMRAL1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UCO) matches the value set in the

timer register TAOREG or when 2" counter overflow occurs (n =6, 7 or 8 as specified by
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

TAOREG and
UCO match /ﬂ

Al

» /
overflow

AL

(INTTAO interrupt)

(

TA10OUT

1
! tpwMm

(PWM cycle)

Figure 3.7.20 8-Bit PWM Waveforms

Figure 3.7.21 shows!a block diagram representing this mode.

TAOIRUN<TAORUN> TAl?UT
TAOIN
T1—sl b «<— TALFFCR
$T4 Selector 8-bit (uSgg)unter Clear TALFF <TA1FFIE>
6T16 .
T T Inversion
TAOIMOD<TAOCLK1:0> 2" overflow TAOIMOD
ﬂ control C <PWMO01:00>
| Overflow
| Comparator |
2\
* INTTAO
| TAOREG |
Selector Shift trigger
TAOREG-WR —>
| Register buffer 0 |
TAO1RUN<TAORDE>
2 Internal data bus 2
Figure 3.7.21 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 rl rl

TAOREG

Up counter = Q1 Up counter = Q2
2" overflow )ﬂ
[ shiftinto TAOREG
TAOREG Q
(Value to be compared) Q1 X //‘ Q2
Register buffer Q2 X Q3

KTAOREG (Register buffer 0)
write

Figure 3.7.22 Register Buffer Operation

Example: To output the following PWM waves on the TA1OUT pin (at f¢ =40 MHz).
] [ [ 1

18.0 us

25.6 us

*Clock state: Clock gear : 1/1(fc)

To achieve a 25.6-us PWM cycle by setting ¢T1 (= (8/fc)s @fc = 40 MHz):
25.6 ps + (8/fc)s = 128 =2n
Therefore n should be set to 7.
Since the low level period is 18.0 us when ¢T1 = (8/fc)s,
set the following value for TREGO:

18.0 ps + (8/fe)s = 90 = 5AH

MSB LSB
B 7 65 4 3 2 1 O
TAO1RUN — = X XX - - -0 Stop TMRAO and clear itto 0
TA01IMOD “— 1 1 0 - = 1 Select 8-bit PWM mode (cycle: 27) and select ¢T1 as the
input clock.
TAOREG «~ 01 0 1 1-0 0 Write 5AH.
TAL1FFCR «— X X 1 0 Clear TALFF to 0, enable the inversion and double buffer.
P8FC2 “« - - - /- - -1 Set P80 as the TA1OUT pin.
TAO1IRUN «~ 1 X X X'i- 1 - 1 Start TMRAO counting.

L X: Don't care, —: No change
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Table 3.7.4 PWM Cycle
PWM cycle
Clock gear | System TAXXMOD<PWMx1:0>
value clock _ 5 7 3
syscrl | syscro 2° (x64) 2°(x128) 2°(x256)
<GEARZ2:0>| <SYSCK> TAXXMOD<TAXCLK1:0> | TAxXxMOD<TAXCLK1:0> TAXXMOD<TAXCLK1:0>
OTL(x2) | 6T4(x8) |[¢T16(x32)] ¢T1(x2) 0TA4(x8) | ¢T16(x32) ]/ dT1(x2) OT4(x8) $T16(x32)
- 1(fs) 512/fs 2048/fs 8192/fs 1024/fs 4096/fs 16384/fs 2048/fs 8192/fs 32768lfs
000(x1) 512/fc 2048lfc 8192/fc 1024/fc 4096/fc 16384/fc 2048/fc 8192/fc 32768/fc
001(x2) g | 1024 4096/fc 16384/fc 2048lfc 8192/fc 32768/fc 4096/fc 16384/fc 65536/fc
010(x4) 0(fc) 2048lfc 8192/fc 32768/fc 4096/fc 16384/fc | 65536/fc 8192/fc 32768/fc 131072/fc
011(x8) 4096/fc | 16384/fc | 65536/fc 8192/fc 32768/fc || 131072/fc | 16384/fc 65536/fc 262144/fc
100(x16) 8192/fc | 32768/fc | 131072/fc | 16384/fc | 65536/fc | 262144/fc | 32768/fc | 131072/fc | 524288/ic
(5) Settings for each mode
Table 3.7.5 shows the SFR settings for each mode.
Table 3.7.5 Timer Mode Setting Registers
Register name TAO1MOD TALFFCR
<Bit Symbol> <TAO1M1.0> | <PWMO01:00> | <TA1CLK1.0> | <TAOCLK1:0> <TA1FFIS>
Upper Timer| '\ + Timer F/F
. . ower Timer
Function Timer Mode PWM Cycle Invert Signal
Input Clock | “Input Clock
Select
Lower timer match, | External clock, )
L 0: Lower timer output
8-hit timer x 2 channels 00 = 0T1, $T16, $T256.| ¢T1, ¢T4, ¢T16 .
1: Upper timer output
(00701, 10, 11) (00, 01, 10, 11)
External clock,
16-bit timer mode 01 - - OT1, T4, 6T16 -
(00, 01, 10, 11)
External clock,
8-bit PPG x 1 channel 10 - - 0T, §T4, ¢T16 -
(00, 01, 10, 11)
25 27 23 External clock,
8-bit PWM x 1 channel 11 N - ¢T1, T4, ¢T16 -
(01,10, 11)
(00, 01, 10, 11)
T1, $T16, $T256 .
8-bit timer x 1 channel 11 - oTL ¢ o - Output disabled
(01, 10, 11)
—: Don't.care
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3.8 16-Bit Timer/Event Counters (TMRBO)

The TMP92FD23A incorporates two multifunctional 16-bit timer/event counter (TMRBO and
TMRB1) which has the following operation modes:

e  16-bit interval timer

e 16-bit event counter

e  16-bit programmable pulse generation (PPG)

Can be used following operation modes by capture function.

e Frequency measurement mode

e Pulse width measurement mode

e Time differential measurement mode

Figure 3.8.1 to Figure 3.8.2 show block diagram of TMRBO and TMRBI1. Timer/event counter
consists of a 16-bit up counter, two 16-bit timer registers (One of them with a double buffer

structure), two 16-bit capture registers, two comparators, a capture input controller, a timer

flip-flop and a control circuit.
Timer/event counter is controlled by an 11-byte control SFR.Each channel(TMRB0,TMRB1)
operate independently.In this section, the explanation describes only for TMRB1 because each

channel is identical operation except for the difference as follows;

Table 3.8.1 (Pins.and SFR of TMRB

Channel
TMRBO TMRB1
Spec
External clock/ None TB1INO (Share with PD1)
External pin Caputre triggr input pin TB1IN1 (Share with PD2)
) . ) TBOOUTO TB1OUTO (Share with PD3)
Timer flip-flop output pin . .
(Share with PDOQ) TB1OUT1 (Share with PD4)
Timre run register TBORUN (1180H) TB1RUN (1190H)
Timrer mode register TBOMOD (1182H) TB1MOD (1192H)
Timre-flip-flop control register TBOFFCR (1183H) TB1FFCR (1193H)
TBORGOL (1188H) TB1RGOL (1198H)
) . TBORGOH (1189H) TB1RGOH (1199H)
SFR Timer register
TBORGIL (118AH) TB1RGIL (119AH)
(Address)
TBORG1H (118BH) TB1RG1H (119BH)
TBOCPOL (118CH) TB1CPOL (119CH)
. TBOCPOH (118DH) TB1CPOH (119DH)
Capture register
TBOCP1L (118EH) TB1CP1L (119EH)
TBOCP1H (118FH) TB1CP1H (119FH)
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Block Diagrams

3.8.1

TOSHIBA
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3.8.2  Operation of Each Block

(1) Prescaler
The 5-bit prescaler generates the source clock for TMRB1. The prescaler clock (¢T0)
is divided clock (Divided by 4) from selected clock by the register SYSCR1<SYSCK> of
clock gear.
This prescaler can be started or stopped using TBIRUN<TB1PRUN>. Counting
starts when <TBOPRUN> is set to 1; the prescaler is cleared to 0 and stops operation
when <TBOPRUN> is cleared to 0.

Table 3.8.2 Prescaler Clock Resolution

System Timer counter input-clock
Gear Value
SYSCRI clock TMRB prescaler
SYSCR1 - TBXMOD<TBXCLK1:0>
<GEAR2:0>
<SYSCK> oT1(1/2) ¢T4(1/8) | $T16(1/32)
- 1 (fs) fs/8 fs/32 fs/128
000 (1/1) fc/s fc/32 fc/128
001 (1/2) 1a fc/16 fc/64 fc/256
010 (1/4) 0 (fc) fc/64 fc/128 fc/512
011 (1/8) fc/64 fc/256 fc/1024
100 (1/16) fc/128 fc/512 fc/2048

(2) Up counter (UC12)

UC12 is 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 can be selected as the
input clock. Counting or stopping and clearing of the counter is controlled by
TB1RUN<TB1RUN>. TMRBO cannot choose an external clock as an input clock (there
is no external clock input terminal):

When clearing is‘enabled, the up counter UC12 will be cleared to 0 each time its
value matches the value in the timer register TB1IRG1H/L. If clearing is disabled, the

counter operates as a free-running counter. Clearing can be enabled or disabled using
TB1MOD<TB1CLE>.

A timer overflow interrupt INTTBOF1) is generated when UC12 overflow occurs.
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(3) Timer registers (TBIRGOH/L and TB1RG1H/L)

These 16-bit registers are used to set the interval time. When the value in the up
counter UC12 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 2-byte data transfer instruction or using 1-byte data transfer
instruction twice for lower 8 bits and upper 8 bits in order.

The TB1RGO timer register has a double-buffer structure, which is paired with
register buffer. The value set in TBIRUN<TB1RDE> determines whether the
double-buffer structure is enabled or disabled: it 1s-disabled when <TB1RDE> = 0, and
enabled when <TB1RDE>=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 (UC12) and the timer register
TB1RG1 match.

After a reset, TBIRGOH/L and TB1RG1H/L are undefined. If the 16-bittimer is to be
used after a reset, data should be written to’it beforehand.

On a reset <TB1RDE> is initialized to 0, disabling the double buffer. To use the
double buffer, write data to the timer register, set <TBIRDE>to 1, then write data to
the register buffer as shown below.

TB1RGOH/L and the register buffer both have the 'same memory addresses (1188H
and 1189H) allocated to them. If <TB1IRDE> =0, the value is written to both the timer
register and the register buffer. If <TB1IRDE> = 1, the value is written to the register
buffer only.

The addresses of the timer registers are as follows:

- TMRBO == =m - mm mmmm o m e e e e e e e e e e o ’
! TBORGOH/L TBORG1H/L !
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
! (TBORGOH) (TBORGOL) (TBORG1H) (TBORG1L) !
: 1189H 1188H 118BH 118AH '
1 1
P A A . A . N 1
== TMRBl -----fmmmmm T = oy o oo !
! TB1RGOH/L TB1RGI1H/L !
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
! (TB1RGOH) (TB1RGOL) (TB1RG1H) (TB1RGL1L) !
! 1199H 1198H 119BH 119AH '
1 1

The timer registers are write.only registers and thus cannot be read.

92FD23A-154

2007-12-18



TOSHIBA

TMP92FD23A

4

Capture registers (TB1CPOH/L and TB1CP1H/L)
These 16-bit registers are used to latch the values in the up counters UC12.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or two 1-byte data load instructions twice for lower 8 bits and

upper 8 bits in order.

The addresses of the capture registers are as follows:

- TMRBO ittt ittt e S CE bl
! TBORGOH/L TBORG1H/L '
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
! (TBORGOH) (TBORGOL) (TBORG1H) (TBORG1L) !
! 1189H 1188H 118BH 118AH '
1 1
IR, . =y A 1
- TMRB1 ittt iieieieieeielebelelitiey S § (aiutnh Ny St §
! TB1RGOH/L TB1RGI1H/L !
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
! (TB1RGOH) (TB1RGOL) (TBIRG1H) (TB1IRGL1L) !
! 1199H 1198H 119BH 119AH '
1 ]

1

The capture registers are read-only registers and thus cannot be written to.

(6))

(6)

(D

Capture input control

This circuit controls the timing to latch the walue of up counter UC12 into
TB1CPOH/L and TB1CP1H/L.

Interrupt timing of capture register and selection'edge of external interrupt are set
by TBIMOD<TB1CPM1:0>. (TMRBO does not include the selection edge of external
interrupt.)

The value in the up counter can be loaded into a capture register by software.
Whenever 0 is programmed to TBIMOD<TB1CPOI>, the current value in the up
counter is loaded {into capture register TB1CPOH/L. It is necessary to keep the
prescaler in run mode (e.g., TBIRUN<TB1PRUN> must be held at a value of 1).

Comparators (CP12, CP13)

CP12.is 16-bit comparators which compare the value in the up counter UC12 with
the value set'in TB1RGOH/L or TB1RG1H/L respectively, in order to detect a match. If
a’ match is detected, the comparator generates an interrupt (INTTB10 or INTTB11
respectively).

Timer flip-flops (TB1FF0 and TB1FF1)

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 TB1FFCR<TB1C0T1, TB1E1T1 and TB1EOT1>.

After a reset the value of TB1FFO is undefined. If “00” is programmed to TB1FFCR
<TB1FF0C1:0> or <TB1FF1C1:0>, TB1FFO0 will be inverted. If “01” is programmed to
the capture registers, the value of TB1FF0 will be set to “1”. If “10” is programmed to
the capture registers, the value of TB1FFO0 will be cleared to “0”.

The values of TB1FFO and TB1FF1 can be output via the timer output pins
TB10OUTO (which is shared with PD3), TB10OUT1 (which is shard with PD4). The timer
output pin of TMRBO is one pin (TBOOUTO: which is shard with PDO0). Timer output
should be specified using the port D function register.
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3.83 SFRs
TMRBO Run Register
7 6 5 4 3 2 0
TBORUN | Bit symbol TBORDE — 12TBO TBOPRUN TBORUN
(1180H)  |Read/Write R/W RIW RIW
Reset State 0 0 0 0 0
Function Double Always IDLE2 TMRBO Up counter
buffer write “0 0: Stop prescaler (UC10)
0: Disable 1: Operate |0:Stop and clear
1: Enable 1:'Run (Count up)
Count operation
Stop and clear
<TBOPRUN>, <TBORUN>
Count up
Note: The 1, 4 and 5 of TBORUN are read as underfined value.
TMRB1 Run Register
7 6 5 4 3 2 0
TB1RUN |Bit symbol TB1RDE — 12TB1 TB1PRUN TB1RUN
(1190H) Read/Write R/IW R/W. R/W
Reset State 0 0 0 0 0
Function Double Always IDLE2 TMRB1 Up counter
buffer write *0 0:Stop prescaler (UC12)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)
Count operation
<TBIPRUN>, <TBIRUN> Stoppand cear
Countup
Note: The 1, 4 and 5 of TBORUN are read as underfined value.
Figure’3.8.3 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) Read/Write RIW W* R/IW
Reset State o | o 1 o | o 0 o | o
Read-modify] Function Always write “0” Software Capture timing Up counter | TMRBO source clock
write capture 00: Disable control 00: Reserved
instruction is control 01: Reserved 0: Disable | o1; 0Tl
prohibited. 0: Software | 10: Reserved 1: Enable 10: ¢T4
capture 11: TAlouT? 11: $T16
1 TA10UTY
Undefined

TMRBO source clock

00 Reserved
<TBOCLK1:0> 01 9Tl

10 $T4

11 $T16

Control clearing for up counter (UC10

<TBOCLE> 0 Disable
1 Enable clearing by match with TBORG1H/L
Capture timing
Capture control
00 Disable
01 Reserved
<TBOCPM1:0> 10 Reserved
1 Capture to. TBOCPOHI/L at rising edge of TATOUT
Capture to TBOCP1H/L at falling edge of TAIOUT

Software capture

The value of up counter is captured to TBOCPOH/L
Undefined

<TBOCPOI>

Figure 3.8.4 The Registers for TMRBO
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TMRBO Mode Register
7 6 5 4 3 2 1 0
TB1MOD Bit symbol TB1CT1 TB1ET1 TB1CPOI TB1CPM1 | TB1CPMO TB1CLE TB1CLK1 TB1CLKO
(1192H) Read/Write RIW W* R/IW
Reset State o | o 1 o | o 0 o | o
Read-modify | Function TB1FF1 Inversion trigger | Software Capture timing Up counter | TMRBL1 source clock
-write 0: Trigger disable capture 00: Disable clear 00: TB1INO pin input
instruction is 1: Trigger enable control INT5 is rising edge | control 01: ¢T1
prohibited. Invert when |Invert when | 0: Software [01: TB1INO T TBLIN1 T 0 10: §T4
capture INTS is rising edge Disabl{"
the UC10  |match UC10 é 11: ¢T16
e i 1: 10: TB1INO T TBLINO
alueis It Undefined INT5 is falling edge_[1:Enable
loaded into [TB1IRG1H/L 11: TA30UT 1
TB1CP1H/L TA30UT {
INTS is rising edge
TMRBL1 source clock
00 TB1INO pin input
<TB1CLK1:0> 01 |¢ma
10 oT4
11 $T16
Control clearing for up counter (UC12
<TB1CLE> 0 Disable . :
1 Enable clearing by match with TBIRG1H/L
Capture/interrupt timing
Capture control INT5 control
00 Disable INT5 occurs at the rising
o1 Capture to TBLICPOHIL at rising edge of TB1INO | €dge of TBlINOJ_
Capture to TBL1CP1H/L at rising edge of TB1IN1
<TBOCPM1:0> 10 Capture to TBICPOH/L at rising edge of TB1INO | INT5 occurs at the rising
Capture to TBICP1H/L at falling edge of TB1INO | edge of TB1INO
1 Capture to TBICPOH/L at rising edge of TA30UT [ INT5 occurs at the rising
Capture'to TBICP1HIL at falling edge of TA30UT | edge of TBLINO __ /"

Software capture

<TB1CPOI>

The value of up counter is captured to TB1CPOH/L

Undefined

TB1FF1 control

Inverted when UC12 value matches the valued in TBIRG1H/L

<TB1ET1>

0

Disable inversion

1

Enable inversion

TB1FF1 control

Inverted when UC10 value is captured into TB1CP1H/L

<TB1CT1>

0

Disable inversion

1

Enable inversion

Note:When controlling capture by using TBIMOD<TB1CPM1:0>, control capture after setting SYSCR2<DRVE>
to "0".

Figure 3.8.5 The Registers for TMRBO
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TMRBO Flip-Flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR Bit symbol — — TBOC1T1 TBOCOT1 TBOE1T1 TBOEOT1 | TBOFFOC1 | TBOFFOCO
(1183H) Read/Write W* R/W W*
Reset State 1 | 1 0 | 0 | 0 0 1 | 1
Read-modify | Function Always write “11”. TBOFFO inversion trigger Control TBOFFO
-write 0: Disable trigger 00: Invert
instruction is 1: Enable trigger 01: Set
prohibited. Invert when |Invert when [Invert when [Invert when {210: Clear
the UC valuelthe UC value the UC value [the UC'value| 11: Don't care
is loaded in [is loaded in |matches the |matches the | * Always read as 11.
to to value in value in
ITBOCP1H/L [TBOCPOH/L [TBORGI1H/L.[TBORGOH/L.

Timer flip-flop control (TBOFFO)

<TBOFFCL1:0>

00 Invert

01 Set to “11”
10 Clear to “00”
11 Don’t-care

TBOFFO control
Inverted when UC10 value matches the valued in TBORGOH/L
<TBOEOT1> 0 Disable inversion
1 Enable inversion
TBOFFO control
Inverted when UC10 value matches the valued in TBORG1H/L
Disable inversion
<TBOE1T1> 0 isab ell ve §|o
1 Enable inversion
TBOFFO-control
Inverted when UC10 value is captured into, TBOCPOH/L
Disable inversion
LbocoTé 0 isab e-l ve §|o
1 Enable inversion
TBOFFO control

Inverted when UC10 value is captured

<TBOC1T1>

into TBOCP1H/L
0 Disable inversion
1 Enable inversion

Figure 3.8.6 The Registers for TMRB
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TMRBL1 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TB1FFCR Bit symbol TB1FF1C1 | TB1IFF1CO | TB1C1T1 TB1COT1 TB1E1T1 TB1EOT1 TB1FFC1 TB1FFCO
(1193H) Read/Write W* R/W W*
Reset State 1 | 1 0 | 0 | 0 | 0 1 | 1
Read-modify | Function TB1FF1 control TBOFFO inversion trigger Control TB1FFO
-write 00: Invert 0: Disable trigger 00: Invert
instruction is 01: Set 1: Enable trigger 01: Set
prohibited. 10: Clear Invert when [Invert when |Invert when |Invert when |[10:Clear
11: Don't care the UC valuelthe UC value the UC value [the UC value| 11: Don't care
* Always read as “11".  fis Joaded in |[is loaded in |matches the [matches the | * Always read as 11.
to to value in value in
TB1CP1H/L [TB1CPOH/L [TB1IRGI1H/L.[TB1IRGOH/L.
Timer flip-flop control(TB1FFO)
00 Invert
<TBIFFC1:0> 01 }Settorl
10 Clear to “00”
11 Don'tcare

TB1FFO control

Inverted when UC12 value matches the valued in TBIRGOH/L

<TB1EOT1>

Disable inversion

Enable inversion

TB1FFO control

Inverted when UC12 value matches the valued in TBIRG1H/L

<TB1E1T1>

Disable inversion

Enable inversion

TB1FFO-control

Inverted when UC12 value is captured into TB1CPOH/L

<TB1COT1>

0

Disable inversion

1

Enable inversion

TB1FFO control

Inverted when UC12 value is captured

into TBICP1H/L

TB1CITL> 0 Disable inversion
1 Enable inversion
TB1FF1 control
00 Invert value of TB1FF1
<TBIFFICI0> 01 Set TB1FF1to “1
10 Set TB1FF1to “0”
11 Don't care

Figure 3.8.7 The Registers for TMRB
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Timer register
6 5 4 0
TBORGOL bit Symbol -
(1188H) Read/Write W
Reset State Undefined
TBORGOH | bit Symbol -
(1189H) Read/Write W
Reset State Undefined
TBORG1L bit Symbol -
(118AH) Read/Write W
Reset State Undefined
TBORG1H | bit Symbol -
(118BH) Read/Write W
Reset State Undefined
TB1RGOL bit Symbol -
(1198H) Read/Write W
Reset State Undefined
TB1RGOH | bit Symbol -
(1199H) Read/Write W
Reset State Undefined
TB1RG1L bit Symbol -
(119AH) Read/Write W
Reset State Undefined
TB1RG1H | bit Symbol -
(119BH) Read/Write W
Reset State Undefined
Note: Read-modify-write instructuio is prohibited.
Figure 3.8.8 The Registers for TMRB
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Capture register
6 5 4 0

TBOCPOL bit Symbol —
(118CH) Read/Write R

Reset State Undefined
TBOCPOH bit Symbol -
(118DH) Read/Write R

Reset State Undefined
TBOCP1L bit Symbol —
(118EH) Read/Write R

Reset State Undefined
TBOCP1H bit Symbol -
(118FH) Read/Write R

Reset State Undefined
TB1CPOL bit Symbol —
(119CH) Read/Write W

Reset State Undefined
TB1CPOH bit Symbol —
(119DH) Read/Write R

Reset State Undefined
TB1CP1L bit Symbol =
(L19EH) Read/Write R

Reset State Undefined
TB1CP1H bit Symbol -
(119FH) Read/Write R

Reset State Undefined

Note: Read-modify-write instructuio is prohibited.
Figure 3:8.9 The Registers for TMRB
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3.8.4  Operation in Each Mode

(1) 16-bit interval timer mode

Generating interrupts at fixed intervals in this example, the interval time is set the
timer register TB1IRG1H/L to generate the interrupt INTTB11.

7 6 5 4 3 2 1 0
[T TB1RUN «~ 0 0 X X - 0 X O Stop TMRBL1.
INTETB1 «~ X 1 0 0 X 0 0 O Enable INTTB11 and set interrupt level 4. Disable INTTB10.

TB1FFCR «~ 1 1 0 0 0 0 1 1 Disable the trigger.
TB1MOD «~ 0 0 1 0 0 1 * = Select internal clock for input and disable the capture function.
(** =01, 10, 11)
TBIRGIH/L « * * * * * * % %
* * * * * * * *
| TBIRUN « 0 0 X X - 1 X 1 Start TMRBL1.
X: Don't care, —: No change

Set the interval time (16 bits).

(2) 16-bit event counter mode

In 16-bit timer mode as described in above; the timer can be used as anevent counter
by selecting the external clock (TB1INO pin input) as the input clock:

Up counter counting up by rising edge of TB1INO pin input. And execution software
capture and reading capture value enable reading count value.

_ 7 6 5 4 3 2 1/0
TB1RUN «~ 0 0 X X - 0 X0 Stop TMRBL1.
PDCR « X X X X - =0 =
PDFC2 « X X X X - - 0-X Set PD1'to TB1INO.input mode.
PDFC «— X X X X A-=_1 =
INTETB1 «~ X 1 0 0 X.0 0 0 Set INTTB11 to enable (Interrupt level4).
Set INTTB10 to disable.
TB1FFCR «<~ 1 1 0/0 O 11 Set trigger to disable.
TB1MOD «<~ 0 0 1.0._0/'12 O Set input clock to TB1INO pin input.
TBIRGIH/L « * * *,*x % * % * .
« L/ « « « « Set.number of count. (16 bits)
| TBIRUN <« 0,0 XX - 1 X 1 Start TMRBL1.

X: Don't care, —: No change

Note: When used as an event counter, set the prescaler to “RUN” (TBIRUN<TB1PRUN> = “1").
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(3) 16-bit programmable pulse generation (PPG) output mode

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

The PPG mode is obtained by inversion of the timer flip-flop TB1FFO0 that is to be
enabled by the match of the up counter UC12 with timer register TBIRGOH/L or
TB1RG1H/L and to be output to TB1OUTO. In this mode the following conditions must
be satisfied.

(Value set in TB1RGOH/L) < (Value set in TB1RG1H/L)

Match with TBIRGOH/L
(IS‘IPTBVXI(J inerrupt) /ﬂ rl rl rl ﬂ
Match with TBIRG1H/L
(INa'tI'CTBVﬁ interrupt) (ﬂ rl rl ﬂ
1
TB1OUTO pin } 7{ | L] || L]

Figure 3.8.10 Programmable Pulse Generation (PPG) Output Waveforms

When the TB1RGOH/L double/buffer-is,enabled in this mode, the value of register
buffer 12 will be shifted into TB1RGOH/L at match-with TB1RG1H/L. This feature
facilitates the handling of low'duty waves.

Match with rl rl

TBIRGOH/L Up counter =Qj Up counter = Q2
Match with /ﬂ
TBIRG1H/L [ Shift into theTBIRGOH/L
TBIRGOH/L Q1 X Q2
(Compare value) /)\

Register buffer 12 Q2 X Q3
Write into the TBIRGOH/L

Figure 3.8.11 Operation of Register Buffer
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The following block diagram illustrates this mode.

TB1OUTO (PPG output)

TB1RUN<TB1RUN>
Selector
TB1INO —>
OT1— 16-bit up counter FIF
$T4—] UC12 Clear (TB1FFO)
6T16 — | |
- Match - AV
| 16-bit comparator |—>— | 16-bit comparator |—<
AN AN
Selector
| TB1RGOH/L |
e
AN
TB1RGOH/L-WR —>
|Registerbuffer12| | TBIRGLHIL |
TB1RUN<TB1RDE>
¢ Internal data bus {

Figure 3.8.12 Block Diagram of 16-Bit Mode

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

[ TB1RUN « 0 0 X X - 0
TBIRGOHIL « * * * * [ * ‘&) x

o

Disable the TBIRGOH/L double buffer and stop TMRBO.
Set the duty ratio (16 bits).

TBIRGIH/L « * * */ > x/ % * % .
Set the frequency (16 bits).
TB1RUN «~ 1 00X X-—0 X O Enable the TBIRGOH/L double buffer.
(The duty and frequency are changed on an INTTB11 interrupt.)
TB1FFCR «~-1 1. 001 1 1 O Set the mode to invert TBOFFO at the match with TBIRGOH/L,
TBL1RG1H/L. Clear TB1FFOH/L to O.
} Select the internal clock as the input clock and disable
the capture function.

TB1IMOD ./ 0

o
=
o
o
=

*

*

PDFC2 «— XX X - 0= - X
PDEC X X X - 1 —— - Set PD3 to function as TB1OUTO.
PDCR . X X X -1 - X =

— TB1RUN « 1 0 X X /- 1 X 1 Start TMRB1.

X:!Don't care, —: No change
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(4) Capture function examples

Used capture function, they can be applicable in many ways, for example:
One-shot pulse output from external trigger pulse
Frequency measurement

Pulse width measurement

- W o=

Measurement of difference time

1. One-shot pulse output from external trigger pulse

Set the up counter UC12 in free-running mode with the internal input clock,
input the external trigger pulse from TBIINO pin, and load the value of up
counter into capture register TB1CPOH/L at the rise edge of external trigger
pulse.

When the interrupt INT5 is generated at the rise edge of external trigger pulse,
set the TB1CPOH/L value (c) plus a delay time (d) to TBIRGOH/L (= ¢ +d), and set
the above set value (c + d) plus a one-shot width (p) to TBIRGIH/L (= ¢ + d + p).
And, set “11” to timer flip-flop control register TBIFFCR<TB1E1T1, TB1EOT1>.
Set to trigger enable for be inverted timer flip-flop TB1FFO0 by UC0O/matching with
TB1RGOH/L and with TB1RG1H/L. When interrupt INTTB11 occurs, this
inversion will be disabled after one-shot pulse is output.

The (¢), (d), and (p) correspond to c, d, and p in Figure 3:8.13.

Set the counter.in-free-running mode.

Count clock
(internal ciock) AL oo - 11111
TB1INO pin input
(External trigger pulse) l l
Load into capture register (TBLCPOH/L)

) and-‘generate INT5.
Match with TBIRGOH/L ,ﬂ

1 1
1 1
1 1
1 1
] ' ]
! Inversion X Generate !
) enable ! INTTB11. |
1 ]
1
1
1
1

Match with TBIRG1H/L

Set it todisables that | 1Inversion !

inversion caused by \1enable
Timer ouput pin TBIOUTO ,loading.into TB1CPOH/
' . ;
1
: Delay time I Pulse width
' d ; o .

Figure 3.8.13 ~One-shot Pulse Output (with delay)
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Example: To output a 2 [ms] one-shot pulse with a 3 [ms] delay to the external trigger pulse

Setting in Main

TB1MOD
TB1FFCR
PDCR
PDFC
PDFC2
INTE45

INTETB1
TB1RUN

TB1RGOH/L
TB1RG1H/L

INTETB1

«—

«—

T

O

Setting in INT5

<«
<«

«—

* Clock state

[System clock:
High speed clock gear: 1/1 (fc)

[—

via the TB1INO pin.

High frequency (fc)

Set free running.
Count using ¢T1.

XX 101001
- Load into TB1CPO by rising edge of TB1INO pin input.
XX 000010
L'“'—) Clear TB1FFO to.0.

Disable inversion-of TB1FFO.
XX X -1 - X -
XX X -1 - - - Set PD3to function-as the TB1OUTO.pin.
X X X - - - X
X1 0 0 X .

Enable INT5. Disable INTTB10 and INTTB11.
X000 X 00
- 0 X X -1 X1 Start TMRB1.

TB1CPOH/L + 3 ms/¢T1
TB1RGOH/L + 2 ms/¢T1

TBIFFCR « X X - - 1 1 -
L

X100 X —=

Setting in INTTB11

TBIFFCR <« X X - = 040 -
L
INTETB1 «~ X.0/0 0 X - -

X : Don'tcare,. : No change

Enable inversion-of TB1FFO when match with
TBIRGOH/L or TB1IRG1H/L.
SetINTTB11 to enable.

Disable inversion of TB1FFO when match with
TB1RGOH/L or TBIRG1H/L.
Disable INTTB11.

When delay time is-unnecessary, invert timer flip-flop TB1FFO0 when up counter

value is loaded into capture register (TB1CPOH/L), and set the TB1CPOH/L value
(¢) plus the one-shot pulse width (p) to TBORG1H/L when the interrupt INT5
occurs. The TB1FFO inversion should be enable when the up counter (UC12) value
matches TB1RG1H/L, and disabled when generating the interrupt INTTB11.
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Count clock
(Prescaler output clock) _I-l.l-l.l-l.l-l.l-l_”. ______ .I-l.l-l.l-l.l-l.l-l. _______ |-|_|-|_|-|.|-|.|-|. _————
c c+p
ABLINO input Load int t ister TBLCPOH/L
i ~—Load into capture register L ) .
(External trigger pulse) P 9 "X | oad into capture register 1

and generate INT5.
g _~> Generate INTTB11. TB1CP1HI/L.

]
|
1
Match with TBIRGIH/L :
|
]

Inversion enable

Timer output TB1OUTO pin
| Pulse width ' /
)
' () Set it to disable that inversion caused by
Set it to enable that inversion loading into TB1CP1H/L.
caused by loading into
TB1CPOH/L.

Figure 3.8.14 One-shot Pulse Output (without delay)

2. Frequency measurement
The frequency of the external clock' can be measured in this mode. Frequency is
measured by the 8-bit timers TMRA23 and'the 16-bit timer/event counter.
TMRAZ23 is used to setting of measurement time by inversion TA3FF.
Counter clock in TMRB1 select TB1INO pin input,-and count by external clock
input. Set to TBIMOD<TB1CPM1:0> = “11”. The value of the up counter (UC12) is

loaded into the capture register TB1CPOH/L at the'rise edge of the timer flip-flop
TAS3FF of 8-bit timers (TMRA23), and into TBOCPI1H/L at its fall edge.

The frequency iscalculated by“difference between the loaded values in
TB1CPOH/L and TBICP1H/L when the interrupt (INTTA2 or INTTA3) is
generates by either 8-bit'timer.

Count clock _"I_ﬂ_”_”_”_ﬂ_
(TB1INO pin input ) - - - _”_”_”_”. _________

c1 c2
TA3FF | | l
Z (:] (e : |
Load into TB1CPOH/L C1 ! “Cl l
l I \ | I
1 1
Load into TB1CPLH/L ; c2 . [lc2
1 1

1 1
INTTA2/INTTAS \n J J

Figure 3.8.15 Frequency Measurement

For example, if the value for the level 1 width of TASFF of the 8-bit timer is set
to 0.5 s and the difference between the values in TB1ICPOH/L and TB1CP1H/L is
100, the frequency is 100 + 0.5 s = 200 Hz.
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3.

Prescaler output clock

TB1INO pin input
(External pulse)
Load into TB1CPOH/L

Load into TB1CP1H/L

INT5

Pulse width measurement

This mode allows measuring the high level width of an external pulse. While
keeping the 16-bit timer/event counter counting (Free running) with the prescaler
output clock input, external pulse is input through the TB1INO pin. Then the
capture function is used to load the UC12 values into TB1CPOH/L and
TB1CP1H/L at the rising edge and falling edge of the external trigger pulse
respectively. The interrupt INT5 occurs at the falling edge of TB1INO.

The pulse width is obtained from the difference| between the values of
TB1CPOH/L and TB1CP1H/L and the internal clock cycle.

For example, if the prescaler output clock-is 0.8 us and the difference between
TB1CPOH/L and TB1CP1H/L is 100, the pulse width will be 100 x 0.8 us = 80 ps.

Additionally, the pulse width that is over(the UC12 maximum count time
specified by the clock source can be measured by changing software.

JUUUIIL

_ U .

[ flos I
Wi
N

Figure 3.8:16- Pulse Width Measurement

R R
O
N

Note: Pulse Width measure by setting “10”.to TBIMOD<TB1CPM1:0>.The external interrupt INT5 is generated in

timing of falling edge of TB1INQ/input. In other modes, it.is generated in timing of rising edge of TB1INO input.

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

This mode is used to measure the difference in time between the rising edges of
external pulses input through TB1INO and TB1IN1.

Keep the 16-bit timer/event counter (TMRB1) counting (Free running) with the
prescaler output clock, and load the UC12 value into TB1CPOH/L at the rising
edge of the input pulse to TB1INO. Then the interrupt INT5 is generated.

Similarly, the UC12 value is loaded into TB1CP1H/L-at the rising edge of the
input pulse to TB1IN1, generating the interrupt INT6.

The time difference between these pulses can be obtained by multiplying the
value subtracted TB1CPOH/L from TB1CP1H/L ‘and the internal clock cycle
together at which loading the UC12 value into TB1CPOH/L and TB1CP1H/L has
been done.

Prescaler output clock _I-LI-U-“-U-L J-I_I-I_I-I_I-I_I-l_

TB1INO pin input

TB1IN1 pin input

Load into TB1CPOH/L

Load intoTB1CP1H/L

INTS

INT6

C1l Cc2

—

-

Difference time

.
:

Figure 3.8.17 Measurement of Difference Time
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3.9

Serial Channels

TMP92FD23A includes 3 serial I/O channels. Each channel is called SIO0, SIO1 and SIO2.
For each channels either UART mode (asynchronous transmission) or I/O interface mode

(synchronous transmission) can be selected.

1/0 interface mode

UART mode

For transmitting and receiving I/O data using the

synchronizing signal SCLK for extending I/0.

Mode 0:

Mode 1: 7-bit data
—E Mode 2: 8-bit data

Mode 3: 9-bit data

In mode 1 and mode 2 a parity bit can be added. Mode 3 has a wakeup function for making the

master controller start slave controllers via a serial link (a multi controller system).

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

Each channel can be used independently.

Each channel operates in the same function except/for the following peints; hence only the

operation of channel 0 is explained below.

Table 3.9.1 Differences between Channels 0 to /1

Channel 0 Channel 1 Channel 2
Pin name TXDO (PFO0) TXD1 (PF3) TXD2 (PD2)
RXDO (PF1) RXD1 (PF4) RXD2 (PD3)
CTS0 /SCLKO (PF2) CTS1/SCLKL1/(PF5) cTS2 /SCLK2 (PD4)
IrDA mode Yes Yes Yes
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Mode 0 (I/O interface mode)

T EioYX 1 X 2 X 3 X

<—— Transfer direction

N
><
o
><
o
><
~
3
1
1

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 Yparity/Stop
Mode 2 (8-bit UART mode)
Noparity — ~ \startBitoX 1 X 2 X 3 X 4 X 5. X 6 X 7 Ystop
Parity " \start{BitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparity/stop
Mode 3 (9-bit UART mode)
" \startfBitoX 1 X 2 X 3 X4 X5 X6 X7 X8 Vstop
wakeup \StartABito X 1 X 2 X 3 X 4 X 5 X 6 X 7 XsisYstop
\ y

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 [1632]64]
oT2  ¢T8 ¢T32
- -Serial clock generation circuit - - - - - - - - o ______________ :
1
! BROCR<BROCK1:0> TAOTRG :
i (from TMRAO) :
| |
! 1
! 1
! 1 |
! 1 1
1 1 1
: 5 b 1 1
. = El | 5 | UART (|7 5|
| S a ! 3 | _mode 5 | 1/'SIOCLK
' ) <] ! 7] (7]
i o a : © o |
1 | | n n \
! 1 1 1
: 1 1 :
! [ BROCR !
! : <BROADDE> | ! I 1 i
' -—- Baud rate generator {-—. SCOMODO SCOMODO ,
¢ ! <SC1:.0> <SM1:0>!
sys Tt i
| —‘ |
1 1
1 — 1
| S )
1 [S] 1
_ : 2 3 :
SCLKQO input [ D 11/0 interface mode !
(Shared with ! I
PF2) s | G N Y 6 U2 '
SCOCR
. <|OoC>
I/O interface mode
SCLKO output[} INT request
(Shared with INTRXO
PF2) | INTTXO
. ; Transmision
Receive counter S\?VOMODE) Serial channel counter
(UART only + 16) | [<WU> interrupt control (UART only + 16)
RXDCLK | 1 ™xock | ]
le—
SCOMODO| Receive Transmission
<RXE> control control 1 cTso
(Shared with PF2)
SCOCR
<PE> <EVEN> SCOMODO
l l <CTSE>
RXDO [ IReceive buffer 1 (Shift register)| | Parity control |
(Shared with
PF1) 1
| RB8 | Receive buffer.2 (SCOBUF) | Error flag | | TB8 |Transmission buffer (SCOBUF) |——>|:| TXDO
T (Shared with PFO)
SCOCR
<OERRI> <PE||?R> <FERR>]
N/
{ Internal data bus {
Figure 3.9.2 Block Diagram of the Serial Channel 0
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Prescaler
010 +—— 2 [ 4| 8 ]16[32]64|
6T2  ¢T8 ¢T32
- -Serial clock generation circuit - - - — - - - oo ______ :
1
! BR1CR<BR1CK1:0> i
1 1
i B ""BRICR  BRIADD | TAOTRG |
| <BR1S3:0> <BRIK3:0>! (from TMRAO) !
! 1 1
! 1 1
i oTO . 5 ! :
| T2 2 g : 5 | UART | 5| 1
| T8 3 2 ! 5 [ mode | ©-| |SIOCLK
1 n E 1 — - 1
132 | 3 8] |
! 1 1 1
: 1 1 :
1 ! BR1CR !
: i <BRIADDE> | ! 11 (I i
' «--- Baud rate generator {--. SC1MODO0 SC1MODO,
f ; <SC1:0> <SM1:0> !
sys T i
| —‘ |
! 1
1 £ 1
1 8 1
1 . (8] 1
: 2] 5 !
SCLK1 input O D |10 interface mode !
(Shared with ! i
PFS) | S N :
SC1CR
. <loC>
I/O interface mode
SCLK1 output [T INT request
(Shared with INTRX1
PF5) | INTTX1
Receive counter | [ SCIMODO | Jqrial channel Trigir:;:;on
(UART only + 16) <Wu> interrupt control (UART only = 16)
RXDCLK | 1 TXDCLK] i
|
SCIMODOQ|  Receive Transmission [
<RXE> control control — cTs1
(Shared with PF5)
SCICR
<PE> <EVEN> SC1MODO
l l <CTSE>
RXD1[1 IReceive buffer 1 (Shift register)| | Parity. control |
(Shared with
PF4) l
| RB8 | Receive buffer 2 (SC1BUF) | Error flag | | B8 | T“a”f's“cisfé‘ﬂ}?““er |——>|:| TXD1
T (Shared with PF3)
SCI1CR
<OERR> <PEII:{R> <||:ERR>
N
{ nternal data bus {
Figure 3.9.3 Block Diagram of the Serial Channel 1
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Prescaler
¢10 +—— 2| 4| 8 [1632]64]
Vol
6T2  ¢T8 ¢T32
- -Serial clock generation circuit - - — - - -« - o oo ___ .
1
: BR2CR<BR2CK1:0> i
1 1
i - ""BR2CR ~ T BR2ADD | TAOTRG |
| <BR2S3:0> <BR2K3:0>! (from TMRAO) !
1 \ |
1 | |
| 470 g a : :
L gT2 2 3 ! 5 | UART | 5| 1
| $T8 o a ! 5 | mode 8| 1 SlocLK
1 n E 1 = - I
| 9T32 : & & o
! 1 1 1
: 1 1 :
1 ! BR2CR !
! i <BR2ADDE> | ! 1 11 i
[ \—-- Baud rate generator |--. SC2MODO0 SC2MODO
£ : <SC1:0> <SM1:0> !
SYs 7 !
1 _‘ 1
1 1
1 — 1
1 9 1
1 O 1
_ : 2] 3 !
SCLK2 input [H~ 91110 interface mode !
(Shared with ! i
PD4) | o :
SC2CR
. <loC>
I/O interface mode
SCLK2 output [J INT request
(Shared with INTRX2
PD4) | INTTX2
Receive counter | [ SCZMODO | .Serial channel Trigir:;gon
(UART only + 16) <Wu> interrupt control (UART only + 16)
RXDCLK | i TXDCLK] i
e
SC2MODOQ|  Receive Transmission [
<RXE> control control 1 cTS2
(Shared with PD4)
SC2CR
<PE> ' '<EVEN> SC2MODo
<CTSE>
RXD2[1 IReceive buffer 1 (Shift register)| | Parity control |
(Shared with
PD3) |
| RB8 | Receive buffer 2 (SC2BUF) | Error flag | | TBS8 | i |——>|:| TXD1
T (Shared with PD2)
SC2CR
<OERR> <PEII:{R> <||:ERR>
N/
{ nternal data bus {
Figure 3.9.4 Block Diagram of the Serial Channel 2
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3.9.2  Operation for Each Circuit

(1) Prescaler

There is a 6-bit prescaler for generating a clock to SIO0. The prescaler can be run

only case of selecting the baud rate generator as the serial transfer clock.

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

Table 3.9.2 Prescaler Clock Resolution to Baud Rate Generator

System Clock Gear Clock Resolution
S\((:Isc)éle SYSCR1 _ BROCR<BROCK1:0>
<SYSCK> <GEAR2:0> $TO oT2(1/4) $T8(1/16)_ | ¢T32(1/64)
1(fs) — fs/4 fs/16 fs/64 fs/256
000(1/1) fcl4 fc/16 fc/64 fc/256
001(1/2) 14 fc/8 fc/32 fc/128 fc/512
0 (fc) 010(1/4) fc/16 fc/64 fc/256 fc/1024
011(1/8) fc/32 fc/128 fc/512 fc/2048
100(1/16) fc/64 fc/256 fc/1024 fc/4096

The baud rate generator selects between 4 clock inputs: ¢T0, ¢T2, ¢T8, and ¢T32
among the prescaler outputs.

92FD23A-176

2007-12-18



TOSHIBA TMP92FD23A

(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 SIO 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, determining the transfer rate:

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

e In UART mode
(1) When BROCR<BROADDE> = 0
The settings BROADD<BROKS3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set'in BROCK<BR0S3:0>. N =1, 2, 3
...16)
(2) When BROCR<BROADDE> =1
The N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16-using the value of N set in
BROCR<BR0S3:0> (N = 2,-3...15).and the value of K set in BROADD<BROK3:0>
(K=1,2,3...15)
Note: If N=1or N =16, the N + (16 — K)/16 divisionfunction 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. Clear
BROCR<BROADDE> to 0 before dividing by N.

The method for calculating the transfer rate when the baud rate generator is
used 1s explained below.

¢ InUART mode

Baud rate Input clock of baud rate generator .16
~_Frequency divider for baud rate generator

e In I/O interface mode

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

Baud rate =
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Integer divider (N divider)

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

* Clock state [High speed Clock gear : 1/1 (fc)

Input clock of baud rate generator

Baud rate = Frequency divider for baud rate generator N
5

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

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

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

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the input clock is
¢TO (fc/4), the frequency divider ‘N (BROCR<BROS3:0>) = 3, K
(BROADD<BROK3:0>) = 7, and BROCR<BROADDE> = 1, the baud rate in UART
mode is as follows:

* Clock state E—th speed Clock gear. : 1/1/(fc)

Input elock of baud rate generator

Baud rate = Frequency divider for baud rate generator 16
_ foi
-7+ (169 +16
16

13
=4.8x106+4+(7 +1—6) +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 2). The method for calculating the baud rate is explained below:

e InUART mode

Baud rate = external clock input frequency + 16

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

Baud rate = external clock input frequency

Itis necessary to satisfy (External clock input cycle) > 16/f¢
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Table 3.9.3 Selection of Transfer Rate
(when baud rate generator is used and BROCR<BROADDE> = 0)
Unit (Kbps)
£ IMH Input Clock] ¢TO T2 ¢T8 $T32
c [MHz] Frequency Divider (fc/4) (fc/16) (fc/64) (fc/256)

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

T 8 19.200 4.800 1.200 0.300

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

T 6 38.400 9.600 2.400 0.600

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

T 4 76.800 19.200 4.800 1:200

T 8 38.400 9.600 2.400 0.600

T 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
T 2 192.000 48.000 12.000 3.000

T 4 96.000 24.000 6.000 1.500

T 5 76.800 19.200 4.800 1.200

T 8 48.000 12.000 3.000 0.750

T A 38.400 9.600 2.400 0.600

T 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 timeroutput 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.
e In I/O interface mode

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

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

e In UART mode
The SCOMODO0<SC1:0> setting determines whether the baud rate generator

clock, the internal clock fsys, the match detect'signal from TMRAO or the external
clock (SCLKO) is used to generate the basic clock STOCLK.

(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 receive1'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 bitis 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

e InI/O interface mode

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

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

e In UART mode

The receiving control block has 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 cause an INTRXO interrupt to
be generated. The CPU only reads receiving buffer 2 (SCOBUF). Even before the CPU
reads receiving buffer 2 (SCOBUF), the received data can be stored in receiving buffer 1.
However, unless receiving buffer 2 (SCOBUF) is read before all bits of the next data are
received by receiving buffer 1, an overrun error occurs. If an overrun error occurs, the
contents of receiving buffer 1 will be lost, although the contents of receiving buffer 2
and SCOCR<RB8> will be preserved.

SCOCR<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<RB8>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 STOCLK clock pulses; a TXDCLK pulse is
generated every 16 SIOCLK clock pulses.

TXDCLK

(€]

15 16 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 1 2

il

Figure’3.9.5 Generation of the Transmission Clock

Transmission controller
o In1/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

Use of CTS 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 CTS0 pin goes high on completion of the current data send, data
transmission is halted until the CTS0 pin goes low again. However, the INTTXO0
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 ean 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.

TMP92FD23A TMP92FD23A
TXD RXD
CTSO RTS (Any poft)
Sender Receiver

Figure 3.9.6 Handshake Function

Timing to writing to the
transmission buffer I | s( ((
T 1
((

- )
CTS :>T/ Send is suspended ]\ ((

1) from (1) and (2) ©
2 3 14
L 1
(
)

13 . 14 15
SIOCLK ( | | ﬂ ﬂ
{{
XD ) \ Start bit « ( bit0
1)

16

=
[é;]
=
[«2)

—N
I:(.O

j:H

1
Nl
TXDCLK _5() |_|

Note 1:1f 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 INTTXO0
interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register isset-to “1”, it is possible to
transmit and receive data with parity. However, parity can be ‘added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even or odd parity to be selected.

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

In the case of receiving, data is shifted intoreceiving 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<RB&8> 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
¢) Readreceiving buffer
d) Read error flag
€)’ Set to enable receiving (Write “1” to SCOMODO<RXE>)
) - Request to transmit again
4)  Other
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2. Parity error <PERR>

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

parity error is generated.

3. Framing error <FERR>

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

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

(12) Timing generation
1. In UART mode

Receiving
Mode 9 Bits . . 8 Bits, 7 Bits + Parity,
(Note) 8 Bits +Parity (Note) ~ Bits
Interrupt Timing C(:sirtlg)er of last bit c(:sgrtﬁ)r/ (I;fitl)ast 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

Center of stop bit

(parity bit)
Overrun Error Timing ?Ei?é?r of last byt ?;2::; E];tl)aSt bit Center.of stop bit

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

Nede 9 Bits

8 Bits + Parity

8 Bits, 7 Bits + Parity,
7 Bits

Interrupt Timing Just before stop bit.is

transmitted

Just before stop bit is
transmitted

Just before stop bit is
transmitted

2. ~I/O/interface

N\ Immediately after last bit data.
Etae?rslgltssmn SCLK output mode (See Figure 3.9.25))
imi . Immediately after rise of last SCLK signal rising mode, or
Timing
SCLK input mode immediately after fall in falling mode. (See Figure 3.9.26.)
Timing used to transfer received to data receive
Receiving SCLK output mode glg]f;%) 2(S (SCOBUF) (e.g. immediately after last
Interrupt ) - \Wee
Timing Figure 3.9.27.)
SCLK irbut mode Timing used to transfer received data to receive buffer 2 (SCOBUF)
P (e.g. immediately after last SCLK). (See Figure 3.9.28.)
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3.9.3 SFR
7 6 5 4 3 2 1 0
SCOMODO | Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(1202H) Read/Write R/W
Reset State 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 shake function function 00: 1/O interface made (UART)
0: QTS 0: Receive 0: Disable | 1. 7_pit UART mode 00: TMRAO trigger
disable disable 1: Enable i 01: Baud rate generator
- 8- : Bau
1: CTS 1: Receive 10: 8 b!t UART /mode g
enable enable 11: 9-bit UART mode 10: Internal clock fsys
11: External clcok
(SCLKO input)
|

———Serial transmission clock source (UART)

00 [ TMRAO match- detect signal

01 | Baud rate generator

10 | Internal clock fsys

11 | Externalclock (SCLKO input)

Note:-The clock selection for the 1/O interface

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

L——>Serial transmission mode

00 | /O interface mode

01

10 | UART mode

11

7-bit mode
8-bit mode
9-bit mode

L—————Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

only when

1 | Interrupt generated

SCOCR<RB8>=1

Don’t care

Receiving function

0 | Receive disabled

Receive enabled

Handshake function (CTS pin)

0 | Disabled (always transferable)

1 | Enabled

Figure 3.9.8 Serial Mode Control Register (for SIO0)

Transmission data bit8
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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 RIW
Reset State 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 shake function function 00: I/O interface mode (UART)
0:CTS 0: Receive |[O: Disable |1: 7-bit UART mode 00: TMRAO trigger
disable disable | 1:Enable |10: g-bit UART mode 01: Baud rate generator
1: CTS 1: Receive 11: 9-bit UART mode 10: Internal clock fsys
enable enable 11: External clock
(SCLK1 input)

]

——>Serial transmission clock source (for UART)

00 [ TMRAO match detect signal

01 | Baud rate generator

10 | Internal clock fsy.s

11 | External clock (SCLK1 input)

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

—————Serial transmission mode

00 | 1/O_ Interface mode

01

10 | WART mode

11

7-bit mode
8-bit mode
9-bit mode

L———Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

only when

1 | Interrupt generated

SC1CR<RB8>=1

Don’t care

Receiving function

0 | Receive disabled

1 | Receive enabled

Handshake function (CTS pin)

0 | Disabled (always transferable)

Enabled

Figure 3.9.9 Serial Mode Control Register (for SIO1)

Transmission data bit8
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7 6 5 4 3 2 1 0
SC2MODO| Bit symbol TB8 CTSE RXE WU SM1 SMO sc1 SCO
(1212H) | Read/write RIW
Reset State 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand Receive Wakeup Serial transmission mode | Serial transmission clock
data bit8 shake function function 00: I/O interface mode (UART)
0:CTS 0: Receive |[O: Disable |1: 7-bit UART mode 00: TMRAO trigger
disable disable | 1:Enable |10: g-bit UART mode 01: Baud rate generator
1. CTS 1: Receive 11: 9-bit UART mode 10: Internal clock fsys
enable enable 11: External clock
(SCLK2 input)

]

——>Serial transmission clock source (for UART)

00 [ TMRAO match detect signal

01 | Baud rate generator

10 | Internal clock fsy.s

11 | External clock (SCLK2 input)

Note: The clock selection forthe 1/O interface
mode is-controlled by the serial control
register (SC2CR).

—>Serial transmission mode

00 | 1/O_ Interface mode

01

10 | WART mode

11

7-bit mode
8-bit mode
9-bit mode

—— >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

Handshake function (CTS pin)

0 | Disabled (always transferable)

1 | Enabled

Figure 3.9.10 Serial Mode Control Register (for SIO2)

Transmission data bit8
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7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1201H) | Read/Write R R/W R (Cleared to 0 when read) R/W
Reset State | Undefined 0 0 0 | 0 | 0 0 0
Function Received Parity Parity 1E 0: SCLKO |0: Baud rate
data bit8 0: Odd addition - =fror [ _T_] generator
1: Even 0: Disable Overrun Parity Framing 1 S'CI._KO
1: Enable [1 ] pin input

p— |

|—>I/O interface input clock selection

0_| Baud rate generator
1 | SCLKO pin input

L——>Edge selection for SCLK-pin (I/O mode)
0 | Transmits and receivers

data on rising-edge of SCLKO.[_T_]
1 | Transmits and receivers

data‘on-falling edge SCLKO. [_l—]
——>Framing error flag

——>Parity error flag

Overrunerror flag

Cleared to 0
when read

Parity-additions enable
0 | Disabled
1 [ Enabled

Even parity addition/check
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 (for SIO0)
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7 6 5 4 3 2 1 0
SC1CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1209H) | Read/Write R RIW R (cleared to 0 when read) R/W
Reset State | Undefined 0 0 0 0 0 0 0
Function Received Parity Parity 1E 0: SCLK1 [ 0: Baud rate
data bit8 0: Odd addition - Eror [ _T_] generator
1: Even 0: Disable Overrun Parity Framing 1: SCLK1
1: Enable 1: SCLK1 pin input
| | |
|

|—>|/O interface input clock select

0

Baud rate generator

1

SCLK1 pin input

L——>Edge selection for SCLK pin_(Input/Output mode)

0

Transmits and receives

data on rising-edge‘of SCLK1.

()

Transmits and-receives

data‘on-falling edge of SCLKl.[_l—]

—————Framing error flag
—>Parity error flag
— >Overrun error flag

Cleared to 0
when read

Parity-additions enable

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 (for SIO1)
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7 6 5 4 3 2 1 0
SC2CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1211H) | Read/Write R RIW R (cleared to 0 when read) R/W
Reset State | Undefined 0 0 0 0 0 0 0
Function Received Parity Parity ] 0: SCLK2 [ 0: Baud rate
datahit8 | g: Oqdd addition 1 Error [ _T_] generator
1: Even 0: Disable Overrun Parity Framing 1: SCLK2
1: Enable 1:S pin input
| | |
|

|—>|/O interface input clock select

0

Baud rate generator

1

SCLK2 pin input

L——>Edge selection for SCLK pin_(Input/Output mode)

0

Transmits and receives

data on rising-edge‘of SCLK2.

()

Transmits and-receives

data‘on-falling edge of SCLK2.

L)

—————Framing error flag
—>Parity error flag
— >Overrun error flag

Cleared to 0
when read

Parity-additions enable

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 3.9.13 Serial Control Register (for SIO2)
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7 6 5 4 3 2 1 0
BROCR Bit symbol - BROADDE | BROCK1 BROCKO BROS3 BR0OS2 BROS1 BROSO
(1203H) | Read/write R/W
Reset State 0 0 o | o o | o | o | o
Function Always +(16 — K)/16[ 00: ¢TO
write “0”. division 01: ¢T2 o ]
0: Disable | . 4T8 Divided frequency setting
1: Enable 11: ¢T32
+(16 — K)/16 division enable Setting the input clock of baud rate'generator
0 | Disable 00 | Internal clock ¢TO
1 |[Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD | Bit symbol BROKS3 BROK2 BROK1 BROKO
(1204H) Read/Write R/W
Reset State o | o ] o | o
Function
Sets frequency divisor “K”
(divided by N + (16 — K)/16).
I
Sets baud rate generator.frequency divisor
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0001 (N'=1) (Only UART)
<BROS3:0> 0000 (N =16)| 0010 (N=2) o
EBRSQIE):?O> 0001(z|r\| =1 | 1111 (t; =15) 1111 (N =15)
) 0000 (N =16)
0000 Disable Disable
0001 (K =1) ] Divided by Divided by N
to Disable
N +(16 - K)/16
1111 (K = 15)
Notel:Availability of +(16-K)/16 division function
N UART mode I/0O 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 BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when the +(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 (for SIO0)
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7 6 5 4 3 2 1 0
BRICR | Bit symbol - BR1ADDE | BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(120BH) | Read/write RIW
Reset State 0 0 0 | 0 0 | 0 | 0 | 0
Function Always + (16 — K)/16] 00: $TO
write “0”.  |division 01: ¢T2 o )
0: Disable | 10: 478 Divided frequency setting
1:Enable |11:¢T32
l l
+ (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.
Reset State 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
BR1CR 0001«(N =1)(Only UART)
<BR1S3:0> 0000 (N-= 16)-{-0010 (N = 2) 9
BRIADD A o 1111 (N = 15)
: 0001 (N=1) | 1111 (N=15
<BR1K3:0> ( ) ( ) 0000 (N = 16)
0000 Disable Disable
0001 (K=1 -
( ) . Divided by Divided by N
to Disable
N+ (16 — K)/16
1111 (K=15)

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

N UART mode 1/O mode
210 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 l/O interface mode.

Note2:Set BR1CR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BR1IADD<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 (for SIO1)
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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 R/W
Reset State 0 0 o | o o | o | o | o
Function Always +(16 — K)/16[ 00: ¢TO
write “0”. division 01: ¢T2
- Di Divided frequency settin
0: Disable 10: ¢T8 q y [¢]
1: Enable 11: ¢T32
+(16 — K)/16 division enable Setting the input clock of baud rate generator
0 | Disable 00 | Internal clock ¢TO
1 |Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BR2ADD | Bit symbol BR2K3 BR2K?2 BR2K1 BR2KO
(1214H) Read/Write R/W.
Reset State 0 | 0 | 0 | 0
Function
Sets frequency divisor “K”
(divided by N + (16 — K)/16).
I
Sets baud rate generator frequency divisor
BR2CR<BR2ADDE> =1 BR2CR<BR2ADDE>=0
BR2CR 0001+(N'='1)-(Only UART)
<BR2S3:0> 0000 (N-= 16) {0010 (N = 2) 9
BR2ADD A o 1111 (N = 15)
: 0001 (N.=1) | 1111 (N=15
<BR2K3:0> ( ) ( ) 0000 (N = 16)
0000 Disable Disable
0001 (K=1 -
( ) ] Divided by Divided by N
to Disable NN —RVTE
1111 (K = 15) +(16-K)

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 /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 (for SIO2)
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7 6 5 4 3 2 1 0
TB7 TB6 TBS TB4 B3 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 (for SI00)

7 6 5 4 3 2 1 0
scomoD1 | Bit symbol 12S0 FDPX0
(1205H) Read/Write R/IW
Reset State 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure 3.9.18 Serial Mode Control Register 1 (for SIO0)
7 6 5 4 3 2 1 0
™87 | 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 (for SIO1)
7 6 5 4 3 2 1 0
SC1MOD1 Bit symbol 12S1 EDPX1
(120DH) Read/Write R/W
Reset State 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure3.9.20 Serial Mode Control Register 1 (for SIO1)
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7 6 5 4 3 2 1 0
TB7 TB6 TBS TB4 B3 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 SC2BUF.
Figure 3.9.21 Serial Transmission/Receiving Buffer Registers-(for-S102)

7 6 5 4 2 1 0
SC2MO0D1 Bit symbol 1252 FDPX2
(1215H) Read/Write R/IW
Reset State 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure 3.9.22 Serial Mode Control Register 1 (for S102)
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3.9.4  Operation in Each Mode

(1) Mode 0 (I/O interface mode)

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

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

Output extension Input extension
TMP92FD23A Shift register Al TMP92FD23A Shift register Al «—
Bl — B|<«—
TXD SI C|l— RXD QH Cl|<—
D| —> D[«
SCLK SCK E|— SCLK CLOCK E|<«—
F|— F| <«
Port RCK G| > Port S/t G|«
Hl —> H|<«—
TC74HC595 or equivalent TC74HC165 or equivalent
Figure 3.9.23 SCLK Output/ Mode Connection Example
Output extension Input extension
TMP92FD23A Shift register TMP92FD23A Shift register
Al — Al <—
B[— B|<«
TXD Sl C|— RXD QH C|l<
D|— D| <«
SCLK SCK El— SCLK CLOCK E|<—
Fl|— F |
Port RCK G|— Port S/L G|«
H|— H| <
TC74HC595 or equivalent TC74HC165 or equivalent
——_ External clock — External clock

Figure 3.9.24 Example of SCLK Input Mode Connection
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1. Transmission

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

Timing to write
transmisison data

[

SCLKO output

N\

-
=~

(<SCLKS>=0:
rising edge mode)

SCLKO output
(<SCLKS>=1:

L
l

\I*_T
l

1

-1
T

L1

1 T
L(Interpal
~Cldock timing)

L
!

falling edge mode)

TXDO

-

_ T

X

Bit6

X

Bit7

-

ITX0C
(INTTXO interrupt

1
) 1
X Bito X Bitl
1 1

—

request)

s
<~

Figure 3.9.25 Transmitting Operation in I/O Interface Mode (SCLKO output' mode)

In SCLK input mode, 8-bit'data is output on the TXDO0 pin when the SCLKO
input becomes active after the data has been written to the transmission buffer by

the CPU.
When all data is output, INTESO<ITX0C> will be set to generate INTTXO

interrupt.
SCLKO input
(<SCLKS>=0:
rising edge mode) !_T !_T !_SSJ !_T !_IT
SCLKO input ' ' ' ' —
(<SCLKS> = 1: LT I‘”‘l [ LT 1
falling edge mode) X ' X . ' ' '
TXDO X Bito X " Bit1 DQ,’ Bits X Bite X Bit7

1 1 1 ) ] ] ]

ITX0C | : : | o
(INTTXO intterrupt |
regest) (,‘,

Figure 3.9.26 Transmitting Operation in I/O Interface Mode (SCLKO input mode)
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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 SCLKO output.

IRX0C _*\ I—

(INTRXO interrupt (,(,

request) \ !

SCLKO output

(<SCLKS> = 0: > L] |_“J [
1

rising edge mode) ! !

e [ e Y e 8 e

falling edge mode) ]

| |
___________ ! ! ( ! — -
RXDO }( Bito X Bitl D(j,’ X Bits X Btz n

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<IRX0C> 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)
SCLKO input
(<SCLKS>=1:
falling edge mode)

RXDO

1L
L
t.

L

L

- -

|

)

Bito. X Bit1 !
1

R e

IRX0C

(INTRXO interrupt request) |

T

Figure 3.9:28 Receiving Operation in 1/O Interface Mode (SCLKO input mode)

Note: The system must be putin 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 = 14.7456 MHz

Main routine
7 6 5 4 3 1 0

INTESO X 0 0 1 X 0 Set the INTTXO level to 1.
Set the INTRXO.level to 0.

PFCR - - - - -1 0 1 Set PFO;-PF1 and PF2 to function as the TXDO,

PFEC - _ -1 1 1 RXDO0.and SCLKO pins respectively.

SCOMODO 0 0 0 0O OO 0O Select I/O interface mode:

SCOMOD1 11 0 0 0 0 0 O Select full duplex mode:

SCOCR 0 0 0 0O OO 0O Set the SCLK output; transmit on-negative edge,
and receive on positive edge.

BROCR 0 01 1 0 0,1 1 Set to 9600 bps.

SCOMODO 0 0 1 0 O 0 0 Set receive to enable:

SCOBUF *ox ok ok x OORNX Set the transmit data and start.

INTTXO interrupt routine

Acc <« SCOBUF Read thereceiving buffer.

SCOBUF *oxox FAFE O NT * Set the next transmit data.

X: Don't care, —: No change

(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 eontrol register SCOCR<PE> bit; whether even parity
or odd parity will be used is 'determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (enabled).

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

\start{Bio X_ 1 X 2 X 3 X 4 X 5 X 6 X&) stop

<— Transmission direction (Transmission rate: 2400 bps at fsys = 19.6608 MHz)
7 6 5 43 2 1 0

PFCR NN AL - - ) )
}Set PFO to function as the TXDO pin.

PFFC « N -1

SCOMODO « X 0 =X 0 1 0 1 Select 7-bit UART mode.

SCOCR « X 1 1 X X X 0 0 Add even parity.

BROCR «~ 0 0 1 01 0 0O Set to 2400 bps.

INTESO «~ X 1 0 0 - - - - Set INTTXO interrupt to enable and set to level 4.

SCOBUF « F o kR Kk x k% Set the transmit data.

X: Don't care, —: No change
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(3) Mode 2 (8-bit UART mode)

8-bit UART mode is selected by setting SCOMODO0O<SM1:0> to 10. In this mode a
parity bit can be added (use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (enabled).

Setting example:

When receiving data of the following format;, the control

registers should be set as described below.

\startBio X_1 X 2 X 3 X 4 X 5 X 6 X7 X2 Ystop

Main settings

<«——— Transmission direction (Transmission rate: 9600 bps atfgys = 19.6608 MHz)

76 5 4 3 2 1 0
PFCR - - - - - - 0 - Set PF1 to function as the RXDO pin.
PFFC <« - - - -1 -
SCOMODO « - 0 1 X 1 0 0 1 Enable receiving in 8-bit UART mode.
SCOCR « X 0 1 X X X 0 O Add odd parity.
BROCR «< 0 0 0O 1 121 0 0 O Set to 9600 bps.
INTESO «~ - - - - X1 0 0 Set INTTXO interrupt to enable and set'to level 4.
Interrupt processing
Acc < SCOCR AND 00011100

if Acc # O0then ERROR
Acc <« SCOBUF

X: Don't care, —: No change

} Check for errors

Read the received data
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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<TBS>. In the
case of receiving it is stored in SCOCR<RB8&8>. When the buffer is written and read, the
<TB8>, <RB8&8> 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 RXD TXD RXD TXD RXD TXD RXD
Master Slavel Slave 2 Slave 3
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.

2.
3.

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

The master controller transmits 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 (<TB&>) is set
to 1.

" \startfBitoX 1 X 2 X 3 X 4 X5 X6 X7 Y 8 Vstop'”

Select code of slave controller 1

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

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.

\statBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 \Bigd /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 INTRXO0 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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Setting example: To link two slave controllers serially with the master controller using the

internal clock fsys as the transfer clock.

1

TXD RXD

Master

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

e Setting the master controller

Main
PFCR « - - - _
PFFC - - - _ _
INTESO « X 1 00
SCOMODO <~ 1 010
SCOBUF « 0 00O
INTTXO interrupt
SCOMODO « 0 - - -
SCOBUF « * x x x
e  Setting the slave controller
Main
PFCR o - -\\_
PFFC =
INTESO « X 100
SCOMODO « 0 0 1 1
INTRXO interrupt
Acc « SCOBUF
if Acc = select code
ThenSCOMODO - - — 0

|
=

Set PFO.and PF1 to function as the TXD0 and RXDO pins
respectively.

Set INTTXO to enable, and set interrupt level to level 4.
Set INTRXO to enable, and set interrupt level to level 5.
Set fgys as the transmission-clock for 9-bit UART mode.
Set the select code for slave controller 1.

Set TB8 t0-0:
Set the fransmission data.

Set PF1 and PFO to function as the RXD0 and TXDO pins
}respectively.
Set INTRXO to enable, and set interrupt level to level 4.
Set INTRXO to enable, and set interrupt level to level 5
Setto <WU> =“1"in 9-bit UART mode transfer clock fgys.

Clear <WU>to 0
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3.9.5  Support for IrDA

SIO0, SIO1 and SIO2 include support for the IrDA 1.0 infrared data communication
specification.
Figure 3.9.30 shows the block diagram.

Transmisisop] Fos -~~~ ~~~ TXDO :-I """""""

IR modulator R transmitter & LED-————>
data | r——--ZZ22_-_ 1 e m - = IR OUtpUt
SI00 Modem
ive | r=-------- RXDO[ r-=-=-=----- ===~
Receive | I\2 demodulator! ] IR receiver e .
data | t-—-----—== L D e IR input
TMP92FD23A

Figure 3.9.30 Block Diagram

(1) Modulation of the transmission data

When the transmit data is 0, the modem ‘outputs 1 to TXDO0 pin with either 3/16 or
1/16 times for width of baud rate. The pulse width is selected by the SIROCR<PLSEL>.

When the transmit data is 1, the modem outputs O.

Transmission Start 0 1 0 | 0 1 1 0 : 0 Stop |

data ! h \ ! \ | ! 1
1 1 1 1 1
I ! ) ! 1 I ! !
IEEIE i L T
! 1 | ! ! ! ! !

TXDO pin

Figure 3.9.31 Transmission Example (SIO0)

(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 SIO0. The effective pulse width is selected
by SIROCR<SIROWD3:0>.

Receiving pulse r*\ r*\ n R

<RXSEL>="0" \

Data after modulation Startl | I 1 | 0 I 1 1 | 0 |Stop

Figure 3.9.32 Receiving Example (SIO0)
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(3) Data format
The data format is fixed as follows:
e Data length: 8 bits
e  Parity bits: none

e  Stop bits: 1 bit

(4) SFR

Figure 3.9.33, Figure 3.9.34 and Figure 3.9.35 shows the control register STROCR,
SIR1CR and SIR2CR. Set the data SIRXCR during SIOx-is stopping. The following
example describes how to set this register:

1) SIO setting ; Setthe SIO to UART mode.
|

2) LD (SIROCR), 07H ; Setthe receive data pulse width to 16x+100ns.

3) LD (SIROCR), 37H i TXEN, RXEN Enablethe transmission-and receiving.
|

4) Start transmission ; The modem operates as follows:
and receiving for SIO0 «-SIO0 starts transmitting.

* |R receiver/starts receiving.
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(5) Notes
1. Baud rate for IrDA
When IrDA is operated, set 01 to SCOMODO0<SC1:0> to generate baud rate.
The setting except above (TAOTRG, fio and SCLKO input) can not be used.
2. The pulse width for transmission
The IrDA 1.0 specification is defined in Table 3.9.4.

Table 3.9.4 Baud Rate and Pulse Width Specifications

) Rate Tolerance | Pulse Width Pulse Width Pulse Width

Baud Rate Modulation .
(% of rate) (min) (typ.) (max)
2.4 Kbps RZI +0.87 1.41 ps 78.13 us 88.55 s
9.6 Kbps RZI +0.87 1.41 ps 19.53 us 22.13 us
19.2 Kbps RZI +0.87 1.41 pus 9.77 us 11.07 s
38.4 Kbps RZI +0.87 1.41 ps 4.88 us 5.96 us
57.6 Kbps RZI +0.87 1.41 ps 3.26 us 4.34us
115.2 Kbps RZI +0.87 1.41 s 1.63 us 2.23 us

The pulse width is defined either baud rate T x 3/16 or 1.6 us (1.6 ps is equal to
3/16 pulse width when baud rate is 115.2 Kbps).

The TMP92FD23A 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.

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 divisions function
cannot 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 o o
Tx 1/16 — - X o o o

O: Can be used (16 — K)/16 division function.
x: Cannot be used (16 — K)/16 division function.
—: Cannot be set to 1/16 pulse width.
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7 6 5 4 3 2 1 0
SIROCR Bit symbol PLSEL RXSEL TXEN RXEN SIROWD3 SIROWD?2 SIROWD1 SIROWDO
(1207H) | Read/Write R/W
Reset State 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) + 100 ns
0: 3/16 1: “L”" pulse Can be set: 1to 14
1:1/16 Can not be set: 0, 15

|—> Select receive pulse width

Formula: Effective pulse width > 2x x (value + 1) + 100 ns

X =1UfppH
0000. |- Cannot be set
0001, | Equal or more than-4x + 100-ns
to
1110 [ Equal or more than 30x +.100 ns
1111 | Can notbe set

————— > Receive operation

0 Disable (Received input is ignored)

1 Enable

Transmit.operation

0 Disable (Input from SIO is ignored)

1 Enable

Select transmit pulse width

0 3/16

1 1/16

Note: If a pulse width complying with IrDA1.0 standard

(1.6 ps min.) can be guaranteed with a low

baud rate, setting this bit activetion, resulting in

reduced power dissipation.

Figure 3.9.33 IrDA Control Register (for SIO0)
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7 6 5 4 3 2 1 0
SIR1CR Bit symbol PLSEL RXSEL TXEN RXEN SIR1IWD3 SIR1IWD2 SIR1IWD1 SIR1IWDO
(120FH) | Read/write R/W
Reset State 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 | o: “H” pulse | 1: Enable | 1: Enable | (value + 1) + 100 ns
0: 3/16 1: “L”" pulse Can be set: 1to 14
1:1/16

Can not be set: 0, 15

|—> Select receive pulse width

Formula: Effective pulse width > 2x x (value +1) +100 ns

X =1UfgpH
0000. |- Cannot be set
0001, | Equal or more than-4x + 100-ns
to
1110 [ Equal or more than 30x +.100 ns
1111 | Can notbe set

————— > Receive operation

0 Disable (Received input is ignored)

1 Enable

Transmit.operation

0 Disable (Input from SIO is ignored)

1 Enable

Select transmit pulse width

0 3/16

1 1/16

Note: If a pulse width complying with IrDA1.0 standard

(1.6 ps min.) can be guaranteed with a low

baud rate, setting this bit activetion, resulting in

reduced power dissipation.

Figure 3.9.34 IrDA Control Register 1 (for SIO1)
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7 6 5 4 3 2 1 0
SIR2CR Bit symbol PLSEL RXSEL TXEN RXEN SIR2WD3 SIR2WD2 SIR2WD1 SIR2WDO
(1217H) | Read/write R/W
Reset State 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) + 100 ns
0: 3/16 1: “L”" pulse Can be set: 1to 14
1:1/16

Can not be set: 0, 15

|—> Select receive pulse width

Formula: Effective pulse width > 2x x (value + 1) + 100 ns

x=1lfgys
0000. |- Cannot be set
0001, | Equal or more than-4x + 100-ns
to
1110 [ Equal or more than 30x +.100 ns
1111 | Can notbe set

————— > Receive operation

0 Disable (Received input is ignored)

1 Enable

Transmit.operation

0 Disable (Input from SIO is ignored)

1 Enable

Select transmit pulse width

0 3/16

1 1/16

Note: If a pulse width complying with IrDA1.0 standard

(1.6 ps min.) can be guaranteed with a low

baud rate, setting this bit activetion, resulting in

reduced power dissipation.

Figure 3.9.35 IrDA Control Register 2 (for SIO2)
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3.10 Serial Bus Interface (SBI)

The TMP92FD23A has 2-channel serial bus interface which employs a clocked-synchronous
8-bit SIO mode and an I2C bus mode. They are called SBIO and SBI1.

The serial bus interface is connected to an external device through PN1 (SDA0O) and PN2
(SCL0), PN4 (SDA1) and PN5 (SCL1) in the I2C bus mode; and through PNO (SCKO0), PN1 (S00),
PN2 (S10), PN3 (SCK1), PN4 (SO1) and PN5 (SI1) in the clocked-synchronous 8-bit SIO mode.

Each of the channels can be operated independently. Since bothSBIO and SBI1 channels
operate in the same manner, a channel explains only the case of SBIO:

Each pin is specified as follows: (SBI0)
PNCR<PN2C, PN1C, PNOC> [PNFC<PN2F, PN1F, PNOF>

I°C Bus Mode 11X 11X
Clocked Synchronous 011 i1
8-Bit SIO Mode 010

Each pin is specified as follows: (SBI1)
PNCR<PN5C, PN4C, PN3C> |PNFC<PN5F, PN4F, PN3F>

I°C Bus Mode 11X 11X
Clocked Synchronous 011 Y11
8-Bit SIO Mode 010

X: Don't care
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3.10.1 Configuration

—> INTSBEO interrupt request (Address/data)

SCL
SCK
—L1 PNO (SCKO)
SIO
clock
control [
Input/
l output
control
- —1 PN1
¢T—>{ Divider —> SIo SO (SO0/SDAO)
l Transfer _| data control S|
control <:
I°C bus circuit ]
clock 1. ¢ AN —1 PN2
i sync. + SI0/SCLO
sy Noise e ol Shift °C bus ) ( )
canceller contro : Noise SDA
register data control ||
canceller
AN i i
V4 |
SBIOCR2/ I2COAR SBIOBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBIO control 12C bus 0 SBIO data SBIO control SBI0 baudrate
register 2/ address buffer register 1 register 0, 1
SBIO status register register
register
Figure 3.10.1 Serial Bus Interface 0 (SBI0)
—> INTSBEL interrupt request (Address/data)
SCL
SCK
1 PN3 (SCK1)
SIO
clock
control / [<7]
Input/
l output
control
— —1 PN4
¢T—>{ Divider — SIO SO (SO1/SDA1)
l Transfer _| data control S|
control <:
I°’C bus circuit 1
clock, | ¢ AN —1 PN5
L] Noise sync. + . 2 (SI1/SCL1)
trol Shift 1°C bus .
canceller con ) Noise SDA
register data control ||
canceller
AN I i
N2 |
SBIICR2/ I2C1AR SBI1BR SBI1CR1 SBI1BRO, 1
SBI1SR
SBI1 control 12C bus 1 SBI1 data SBI1 control SBI1 baud rate
register 2/ address buffer register 1 register 0, 1
SBI1 status register register
register
Figure 3.10.2 Serial Bus Interface 0 (SBI1)
2007-12-18
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3.10.2

3.10.3

Serial Bus Interface (SBI) Control

The following registers are used to control the serial bus interface and monitor the
operation status.

e Serial bus interface 0 control register 1 (SBIOCR1), (SBI1CR1)

e Serial bus interface 0 control register 2 (SBIOCR2), (SBI1CR2)

e Serial bus interface 0 data buffer register (SBIODBR), (SBIIDBR)
e I2C bus 0 address register (I2COAR), I2C1AR)

e Serial bus interface 0 status register (SBIOSR), (SBI1SR)

e Serial bus interface 0 baud rate register 0 (SBIOBRO), (SBI1BR0)
e Serial bus interface 0 baud rate register 1 (SBIOBR1), (SBI1BR1)

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”.

The Data Formats in the I°C Bus Mode

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

(a) Addressing format

| 8 bits | 1| 1 to 8 bits ——}.1 }«——— 1 to 8 bits ——>|'1/|
T T T 1T [/la A p
S Slave address /l|C Data C Data C|P
w| K K K
} 1 } 1 or more: |

(b) Addressing format (with restart)

| 8 hits | 1 1to 8 bits | 1] | 8 bits ———>| 1 «——— 1 to 8 bits ——| 1 |
T T T T T xla T T I T T T 1T [&la A
S Slave address o |C Data c|s Slave address l]|C Data CcC|P
W 'K K w | K K
f 1 } 1 or more 1 1 | 1 or more |

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

8 bits | 1| 1t0 8'bits ——{ 1 «—— 1 t0 8 bits ——| 1 |

T T (A A N

S Data C Data C Data c|P
K K K
} 1 } 1 or more |
S: Start condition
R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.10.3 Data Format in the I°C Bus Mode
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3.104

SBIOCR1
(1240H)

Prohibit
read-modify-|
write

I’C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBIO, SBI1) in the I2C bus mode.
Serial Bus Interface 0 Control Register 1
7 6 5 4 3 2 1 0
) SCKO0/
Bit symbol BC2 BC1 BCO ACK SCK2 SCK1
SWRMON
Read/Write W R/W w R/W
Reset State o | o 0 0 . | o 0/1 (Note 3)
Eunction Number of transferred bits IAcknowledge Internal/serial clock selection and
(Note 1) edge mode software reset monitor
specification (Note 2)
0: Not
generate
1:Generate
— |
Internal serial clock selection <SCK2:0>at write
000 [ n=5 |- (Note 4)
001 [-n=6 |- (Note4) System clock: fSYS
010 [ n=7 |- (Noted) [fsys=20MHz
011 [ n=8 |- (NoteA4) (internal SCL output)
100 | n=9-|76.9kHz
101 | n'=10 [38.8 kHz fygx2
fscL =—— =——[Hz]
110 ['n=11 | 19.5kHz 2"+8
111 | Reserved [ (Reserved)
Software reset state monitor <SWRMON> at Read
0 During software reset
1 Initial data
—

Note 1: Set the <BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.

Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal

1 Generate clock pulse for acknowledge signal

Number of bits transferred

<ACK>=0 <ACK>=1
<BC2:0> | Number of . 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

Note 2: For the frequency of the SCL pin clock, see 3.10.5 (3) “Serial clock”.

Note 3: Initial data of SCKO is “0”, SWRMON is “1”.

Note 4: This I°C bus circuit does not support Fast mode, it supports standard mode only. Although the I°C bus circuit

itself allows the setting of a baud rate over 100 kbps, the compliance with the I°C specification is not

guaranteed in that case.

Figure 3.10.4 Registers for the 1°C Bus Mode (SBIO)
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Serial Bus Interface 1 Control Register 1
7 6 5 4 3 2 1 0
SBI1CR1 . SCKO/
Bit symbol BC2 BC1 BCO ACK SCK2 SCK1
(1248H) SWRMON
Read/Write w R/W W R/W
Prohibit  |Reset State o | o 0 0 o | o 0/1 (Note 3)
read-modify-| Function Number of transferred bits IAcknowledge Internal serial clock selection and
write (Note 1) edge mode software reset monitor
specification (Note 2)
0: Not
generate
1: Generate

Note 1:Set the <BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.

|

Internal serial clock selection <SCK2:0> at write

000 [n=5 — . (Note 4)
001 |n=6 — (Note 4) System clock: fsys
010 [n=7 — (Note 4) |fsys=20MHz
011 (n=38 — (Note 4) (internal"'SCL output)
100 [n=9 |76.9 kHz
101 [n=10 |38.8 kHz fgysx2

feod ==, —— [Hz]
110 [n=11 |19.5 kHz 2'+8
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

<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

Note 2:For the frequency of the SCL pin clock, see 3.10.5 (3) “Serial clock”.
Note 3: Initial data of SCKQ is “0”, SWRMON is “1".

Note 4: This I°C bus circuit does not support Fast mode, it supports standard mode only. Although the 1°C bus circuit

itself allows the setting of a baud rate over 100 kbps, the compliance with the I’c specification is not

guaranteed in that case.

Figure 3.10.5 Registers for the I°C Bus Mode (SBI1)
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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)
Reset State 0 0 0 1 o | o o | o
Read- Function Master/ Transmitter | Start/stop Cancel Serial bus interface Software reset generate
modify-write slave _ /recei\_/er conditio_n _INTSBEO operating mode ‘selection writ‘e “10” and “01”, then
instruction is selection selection generation | interrupt (Note 2) ap mte.rnal software reset
- request 00: Port mode signal is generated.
prohibited. 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 | 1°C bus mode
11 |(Reserved)
—> INTSBEO interrupt request
0 —
1._[Cancel interrupt request
— 1 _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 3.10.6 Registers forthe I°C Bus Mode (SBIO)
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Serial Bus Interface 1 Control Register 2
7 6 5 4 3 2 1 0
SBI1CR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 [ SWRSTO
(124BH) Read/Write W W (Note 1) W (Note 1)
Reset State 0 0 0 1 o | o o | o
Read- Function Master/ Transmitter | Start/stop Cancel Serial bus interface Software reset generate
modify-write slave _ /recei\_/er conditio_n _INTSBEl operating mode ‘selection writ‘e “10” and “01”, then
instruction is selection selection generation | interrupt (Note 2) ap mte.rnal software reset
- request 00: Port mode signal is generated.
prohibited. 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 | 1°C bus mode
11 |(Reserved)
—> INTSBEL1 interrupt request
0 —
1._[Cancel interrupt request
————— 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 SBI1SR 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 3.10.7 Registers forthe I°C Bus Mode (SBI1)

92FD23A-216

2007-12-18




TOSHIBA TMPO92FD23A
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
Reset State 0 0 0 1 0 0 0 0
Read- Function Master/ Transmitter | 1°C bus INTSBEO Arbitration | Slave GENERAL | Last
modify-write slave Ireceiver status interrupt lost address CALL received bit
. L status status monitor request detection match detection monitor
instruction is ) ) . . . .
- selection selection monitor monitor detection monitor 0: “0”
prohibited. monitor monitor 0 - monitor 0‘Undetected | 1 *1”
1: Detected | O:Undetected | 1: Detected
1: Detected

—

|—> Last received bit monitor

0

Last received bit was.“0”

1

Last received bit was “1”

——> GENERAL CALL detection monitor

0

Undetected

1

GENERAL CALL detected

L > sl

ave address match detection monitor

0

Undetected

1

Slave address match or GENERAL
CALL detected

+—— > Arbitration lost detection monitor

0

1

Arbitration lost

— > INTSBEQ interrupt request monitor

0

Interrupt requested

1

Interrupt canceled

2

C bus status monitor

0

Free

1

Busy

Tr

ansmitter/receiver status monitor

0

Receiver

Transmitter

Note: Writing in this register functions as SBIOCR2.

Slave

1
Master/slave status monitor
0
1

Master

Figure 3.10.8 'Registers for the 1°C Bus Mode (SBIO)
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Serial Bus Interface 1 Status Register
7 6 5 4 3 2 1 0
SBI1SR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(124BH) Read/Write R
Reset State 0 0 0 1 0 0 0 0
Read- Function Master/ Transmitter | I12C bus INTSBE1 Arbitration | Slave GENERAL | Last
modify-write slave Ireceiver statu_s interrupt lost _ address CALL _ rece?ved bit
instruction is status' status' monitor requgst deteptlon match_ deteptlon monitor
- selection selection monitor monitor detection monitor 0: “0”
prohibited. monitor monitor 0 - monitor 0‘Undetected | 1 *7”
1: Detected | O:Undetected | 1: Detected
1: Detected
T ' |
|—>Lalst 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
1 Slave address match or GENERAL
CALL detected
———>Arbitration lost detection monitor

Arbitration lost

TSBEL1 interrupt request monitor

Interrupt requested

Interrupt canceled

2

C bus status monitor

0

Free

=

Busy

Tr

ansmitter/receiver status monitor

Receiver

Transmitter

Note: Writing in this register functions as SBI1CR2.

aster/slave status monitor

Slave

0
1
M
0
1

Master

Figure 3.10.9 Registers for the 1°C Bus Mode (SBI1)
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Serial Bus Interface 0 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO Bit symbol — 12SBI0
(1244H) Read/Write w RIW
Read- Reset State 0 0
modify-write | Function Always IDLE2
instruction is write “0”. | 0: Stop
prohibited. 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
Read- Reset State 0 0
modify-write | Function Internal Always
instruction is clock write “0”.
prohibited. 0: Stop
1: Run
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 (Receiving)/W (Transmission)
Reset State Undefined
Read- Note 1: When writing transmission-data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
modify-write  Note 2: SBIODBR can't be réad the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
instruction is prohibited:
prohibited. Note 3: Written data'in SBIODBR is cleared by INTSBEO signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
12COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(1242H) Read/Write w
Reset State o | o' ] o | o | o | o | o 0
Read- Function Slave address selection for when device is operating as slave device Address
modify-write recognition
instruction.is mode
prohibited. specification

J

Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition

Figure3.10.10 Registers for the I°C Bus Mode (SBIO)
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Serial Bus Interface 1 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBI1BRO Bit symbol — 12SBI0
(124CH) Read/Write w R/W
Read- Reset State 0 0
modify-write | Function Always IDLE2
instruction is write “0”. | 0: Stop
prohibited. 1: Run
Operation during IDLE2 mode
0 |[Stop
1_[Operation
Serial Bus Interface 1 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBI1BR1 Bit symbol P4EN —
(124DH) Read/Write W
Read- Reset State 0 0
modify-write | Function Internal Always
instruction is clock write “0”.
prohibited. 0: Stop
1: Run
Baud rate clock control
0 | Stop
1 | Operate
Serial Bus Interface 1 Data Buffer Register
7 6 5 4 3 2 1 0
SBI1DBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1249H) Read/Write R (Receiving)/W (Transmission)
Reset State Undefined
Read- Note 1: When writing transmission-data, start from the MSB (Bit7). Receiving data is placed from LSB (Bit0).
modify-write Note 2: SBI1DBR can'’t’be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
instruction is prohibited.
prohibited. Note 3: Written datain SBI1DBR is cleared by INTSBEL1 signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
12C1AR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(124AH) Read/Write W
Reset State o | o ] o | o [ o | o [ o 0
Read- Function Slave address.selection for when device is operating as slave device Address
modify-write recognition
instruction is mode
prohibited: specification

!

Address recognition mode specification

0 | Slave address recognition

1 | Non slave address recognition

Figure 3.10.11 Registers for the 1°C Bus Mode (SBI1)
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3.10.5 Control in I°C Bus Mode

eY)

2

(€))

Acknowledge mode specification

Set the SBIOCR1<ACK> to “1” for operation in the acknowledge mode. The
TMP92FD23A 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 tothe low in order to
generate the acknowledge signal.

Clear the <ACK> to “0” for operation in the non-acknowledge mode. The
TMP92FD23A does not generate a clock pulse for the acknowledge signal when
operating in the master mode.

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.

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 12C bus,
such as the smallest pulse width of tLow.

i tHieH | | tLow i L/tscl i

t =2

LOW = : 1SBI SBIOCR1<SCK2:0> n

tHIGH =2/ fisp) + 8/fspi 000 5

fsel = V(tLow+tHIGH) 001 6

- _fsBI 010 7
2°+8

011 8

100 9

101 10

110 11

Notel: fggj shows fgys.

Note2: In a setup of prescaler-of SYSCRO, the fc/16 mode cannot be used at the time of SBI circuit use.

Figure 3.10.12 Clock Source
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2.  Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock line to low level, in the first place, invalidate a clock pulse of another
master device which generates a high-level clock pulse. The master device with a
high-level clock pulse needs to detect the situation and implement the following
procedure.

The TMP92FD23A has a clock synchronization function for normal data
transfer even when more than one master exists on the bus.

The example explains the clock synchronization procedures'when two masters
simultaneously exist on a bus.

Wait counting high-level
width of a clock pulse

! «—— i Start couting high-level width of a clock pulse

A\

Internal SCL output
(Master A)

| Reset a counter of
rhigh-level width of

Internal SCL output
(Master B)

SCL pin

{

O-H----f -

c
Figure 3.10.13 Clock Synchronization

As master A pulls down the internal SCL output to the low level at point “a”, the
SCL line of the bus becomes the low level. After detecting this situation, master B
resets a counter of high-level width of ‘an-own clock pulse and sets the internal
SCL output to the low level.

Master A finishes counting low-level width of an own clock pulse at point “b”
and sets the internal SCL output to-the high level. Since master B holds the SCL
line of the-bus at the low level, master A waits for counting high-level width of an
own clock pulse, After master B finishes counting low-level width of an own clock
pulse at point “c” and-master A detects the SCL line of the bus at the high level,
and/starts-counting high level of an own clock pulse. The clock pulse on the bus is
determined by the master device with the shortest high-level width and the
master device with the longest low-level width from among those master devices
connected to the bus.

(4)-Slave address and address recognition mode specification

When this device is to be used as a slave device, set the slave address <SA6:0> and
<ALS> in 12C0AR.

Clear the <ALS>to “0” for the address recognition mode.

(5) Master/slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP92FD23A as a master device.
Clear the SBIOCR2<MST> to “0” for operation as a slave device. The <MST> is cleared
to “0” by the hardware after a stop condition on the bus is detected or arbitration is lost.
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(6) Transmitter/receiver selection

Set the SBIOCR2<TRX> to “1” for operating the TMP92FD23A as a transmitter.
Clear the <TRX> to “0” for operation as a receiver. In slave mode, when transfer data in
addressing format, when received slave address is same value with setting value to
I12CO0AR, or GENERAL CALL is received (All 8-bit data are “0” after a start condition),
the <TRX> is set to “1” by the hardware if the direction bit AR/ W) sent from the master

device is “1”, and <TRX> is cleared to “0” by the hardware if the bit is “0”.

In the master mode, after an acknowledge signal is returned from the slave device,
the <TRX> is cleared to “0” by the hardware if a transmitted direction bit is “1”, and is
set to “1” by the hardware if it is “0”. When an acknowledge signal is not returned, the
current condition is maintained.

The <TRX> is cleared to “0” by the hardware after a stop condition on the bus is
detected or arbitration is lost.

(7) Start/stop condition generation

When the SBIOSR<BB> = “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.

1
SCL pin ! ' 1 2 3 4 5 6 7 8 9 __
L
1
_— ! -
SDA pin N/ A6 X A5 X A4 X A3 X A2 X AL X A0 X RIw /
(e
Start condition ! Slave address and the direction bit ! g;':\r;?Wbdge

Figure 3.10.14 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.

SCL line /S -
3 |
—— — I —— -
SDA line o\ /
1

Stop condition

Figure 3.10.15 Stop Condition Generation

The state of the bus can be ascertained by reading the contents of SBIOSR<BB>.
SBIOSR<BB> will be set to 1 (Bus busy status) if a start condition has been detected on
the bus, and will be cleared to 0 if a stop condition has been detected (Bus free status).

In addition, since there is a restrictions matter about stop condition generating in
master mode, please refer to 3.10.6. (4) “Stop condition generation”.
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9

Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request 0 (INTSBEO) occurs, the SBIOSR2
<PIN> is cleared to “0”. During the time that the SBIOSR2<PIN> is “0”, the SCL line is
pulled down to the low level.

The <PIN> is cleared to “0” when end of transmission or receiving 1 word of data.
And when writing data to SBIODBR or reading data from SBIODBR, <PIN> is set to
“1”'

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

In the address recognition mode (KALS> = “0”), <PIN> is cleared to “0” when the
received slave address is the same as the value set.at the I2COAR or when a GENERAL
CALL is received (All 8-bit data are “0” after a start condition). Although
SBIOCR2<PIN> can be set to “1” by the program, the <PIN> is not clear it to “0” when
it is programmed “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 in12C 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 ean exist simultaneously on the bus in 12C bus
mode, a bus arbitration procedure has been'implemented-in order to guarantee the
integrity of transferred data.

Data on the SDA pin 1s used for 12C 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 “I” 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 outputin-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\ ST

_\_/—\—)/_I Internal SDA output becomes “1” after

arbitration has been lost.

Figure 3.10.16 Arbitration Lost
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The TMP92FD23A compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBIOSR<AL> is set to “1”.

When SBIOSR<AL> is set to “1”, SBIOSR<MST, TRX> are cleared to “00” and the
mode is switched to slave receiver mode. Thus, clock output is stopped in data transfer
after setting <AL> = “1".

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

Internal
Master <SCL output

Internal \ D7A XD6A\ D5A /D4A X D3A X D2A X D1A X DOA / \D7A’XD6A X D5A’ 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 levelas losing arbitration

SDA output

<AL> 7 |

<MsT> P\

(
<TRX> |/ \
/
1

Accessed to
SBIODBR or SBIOCR2

Figure3.10.17 Example of a Master Device B (D7A = D7B, D6A = D6B)

(11) Slave addressmatch detection monitor

SBIOSR<AAS> operates following in/during slave mode; In address recognition mode
(e.g., when I2COAR<ALS> = “0”), when received GENERAL CALL or same slave
address with value set to I2COAR; SBIOSR<AAS> is set to “1”. When <ALS> = “1”,
SBIOSR<AAS> is set to“1” after the first word of data has been received.
SBIOSR<AAS> is cleared to“0” when data is written to SBIODBR or read from
SBIODBR.

(12) GENERAL CALL detection monitor

SBIOSR<ADO>operates following in during slave mode; when received GENERAL
CALL (all’8-bit'data is “0”, after a start condition), SBIOSR<ADO> is set to “1”. And
SBIOSR<ADO> is cleared to “0” when a start condition or stop condition on the bus is
detected.

(13) Last received bit monitor
The value on the SDA line detected on the rising edge of the SCL line 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.

When write first “10” next “01” to SBIOCR2<SWRST1:0>, reset signal is inputted to
serial bus interface circuit, and circuit is initialized. All command registers except
SBIOCR2<SBIM1:0> and status flag except SBIOCR2<SBIM1:0> are initialized to
value of just after reset. SBIOCRI<SWRMON> is set to “1” automatically when
completed initialization of serial bus interface.

(15) Serial bus interface data buffer register (SBIODBR)

The received data can be read and transmission data can be written by reading or
writing SBIODBR.

In the master mode, after the slave address and the direction bit are set in this
register, the start condition is generated.
(16) I2C bus address register (I2COAR)

I2C0AR<SAG:0> is used to set the slave address when the TMP92FD23A functions
as a slave device.

The slave address outputted from [the master device is-recognized by setting the
I2CO0AR<ALS> to “0”. And, the data format becomes the addressing format. When set
<ALS> to “17, the slave address is not recognized, the data format becomes the free
data format.

(17) Baud rate register (SBIOBR1)
Write “1” to baud rate circuit control register SBIOBR1<P4EN> before using I2C bus.

(18) Setting register for IDLE2 mode operation (SBIOBR0)

SBIOBRO<I2SBIO>1s the register setting operation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.10.6 Data Transfer in I°C Bus Mode

(1) Device initialization

In first, set the SBIOBR1<P4EN>, SBIOCR1<ACK, SCK2:0>. Set SBIOBR1<P4EN>
to “1” and clear bits 7 to 5 and 3 in the SBIOCR1 to “0”.

Next, set a slave address <SA6:0> and the <ALS> (<ALS> = “0” when an addressing
format) to the I2COAR.

And, write “000” to SBIOCR2<MST, TRX, BB>, “1” to <PIN>, “10” to <SBIM1:0> and
“00” to <SWRST1:0>. Set initialization status to slave receiver mode by this setting.

(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.

In first, check a bus free status (when SBIOSR<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 SBIOSR<BB> = “0”, the/start condition are generated by writing “1111” to
SBIOCR2<MST, TRX, BB, PIN>. Subsequently to thestart condition, nine clocks
are output from the SCL pin. While eight clocks are output, the slave address and
the direction bit which are set to the SBIODBR: At the 9th clock, the SDA line is
released and the acknowledge signal is received from the slave device.

An INTSBEO interrupt request generate at the falling edge of the 9th clock.
The <PIN> is cleared to “0”. In the master mode; the SCL pin is pulled down to the
low level while <PIN> is “0”. When an interrupt request is generated, the <TRX>
is changed according to the direction bit only when an acknowledge signal is
returned from/the slave device.

2. Slave mode

In the slave‘mode, the start condition and the slave address are received.

After the start condition is received from the master device, while eight clocks
are output from the SCL pin; the slave address and the direction bit that are
output from the master device are received.

When a GENERAL CALL or the same address as the slave address set in
I2CO0AR 1is received, the SDA line is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBEO.interrupt request is generated on the falling edge of the 9th clock.

The <PIN>"is cleared to “0”. In slave mode the SCL line is pulled down to the low
level while the <PIN> = “0”.

92FD23A-227 2007-12-18



TOSHIBA TMP92FD23A

. -
SCL pin ro 1 2 3 4 5 6 7 8 9
L
1
I
SDA pin P\ / A6 X A5 X A4 X A3 X A2 X AL X A0 X RIW A ACK /
SN ~ J Acknowledge
iti signal from a
Start condition Slave address + Direction bit nge device
<PIN> l_
INTSBEO (
interrupt request rl

Output of master
— — — Output of slave

Figure3.10.18 Start Condition Generation and Slave Address Transfer

(3) 1-word data transfer

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

1. If <MST> =“1" (Master mode)

Check the <TRX> and determine whether the mode is a transmitter or receiver.

When the <TRX> = “1” (Transmitter mode)

Check the <LRB>. When <LRB> is “1”, a receiver does not request data.
Implement the process to'generate a stop condition (Refer to (4)) and terminate
data transfer.

When the <LLRB>is “0”, the receiver is requests new data. When the next
transmitted data is'8 bits, write the transmitted data to SBIODBR. When the
next transmitted data is other than 8 bits;set the <BC2:0> <ACK> and write
the transmitted data to SBIODBR. After written the data, <PIN> becomes “1”,
a serial clock pulse is generated for transferring a new 1-word of data from the
SCLOpin, and then the 1-word data is transmitted. After the data is
transmitted, an INTSBEO interrupt request generates. The <PIN> becomes
“0”.and the SCLOline is pulled down to the low level. If the data to be
transferred is more than one word in length, repeat the procedure from the
<LRB> checking above.

SCL pin 1 2 3 4 5 6 7 8 9
— Write to SBIODBR

SDA pin \_D7 X D6 X D5 X D4 X D3 X D2 X DI X DO A ACK /

Acknowledge
signal from a
receiver
<PIN> | |_
INTSBEO (
interrupt request rl

Output from master
- = = Output from slave

Figure3.10.19 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 <BC2:0> <ACK> and
read the received data from SBIODBR to release the SCLO line (Data which is
read immediately after a slave address is sent is undefined). After the data is read,

<PIN> becomes “1”. Serial clock pulse for transferring new 1 word of data is
defined SCL and outputs “L” level from SDAO pin with acknowledge timing.

An INTSBEO interrupt request then generates and the <PIN> becomes “0”,
Then the TMP92FD23A pulls down the SCL pin(to the low level. The
TMP92FD23A outputs a clock pulse for 1 word of data transfer and the
acknowledge signal each time that received data is read from the SBIODBR.

SCL pin 1 2 3 4 5 6 7 8 9
{— Read SBIODBR
--------- =N == TA i =T TN =T TN T oSTN T ST\ -==
SDA pin D7 W D6 W D5 W D4 w D3 W D2 w DL W DO ACK_ANew D7

Acknowledge signal
to a transmitter

<PIN> | L
[

INTSBEO (
interrupt request

Output from master
- = = Output from slave

Figure3.10.20 Example of when <BC2:0> =*000", <ACK> ="1" in Receiver Mode

In order to terminate 'the transmission of data to-a transmitter, clear <ACK> to
“0” before reading data which is 1 word before the last data to be received. The last
data word does not generate a clock pulse-as the acknowledge signal. After the
data has been transmitted and an interrupt request has been generated, set
<BC2:0> to “001” and read the data. The TMP92FD23A generates a clock pulse for
a 1-bit data transfer. Since the master device is a receiver, the SDAO line on the
bus remains high. The transmitter receives the high signal as an ACK signal. The
receiver indicates to the transmitter-that the data transfer is completed.

After the one data bit has'been received and an interrupt request has been
generated, the TMP92FD23A generates a stop condition (See section (4)) and
terminates data transfer:

N e - AV alliolal Vol fediale Vallelolulh Vallelotalh Vol it ¥ afinfvinih Valnlotaind b sl
SDA pin D7 W D6 W D5 W Di W D3 W D2 W DI w DO /A
cknowledge signal
sent to a transmitter
<PIN> | I |_| |
( |
1
_IL I

INTSBEO (I_l : C
1
L

interrupt request
T— “0" — <ACK> read SBIODBR T—“001" — <BC2:0>
read SBIODBR

Output of master
- — — Output of slave

Figure3.10.21 Termination of Data Transfer in Master Receiver Mode
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When the <MST> is “0” (Slave mode)

In the slave mode the TMP92FD23A operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, an INTSBEO interrupt request generate when the
TMP92FD23A receives a slave address or a GENERAL CALL from the master
device, or when a GENERAL CALL is received and data transfer is completed, or
after matching received address. In the master mode, the TMP92FD23A operates
in a slave mode if it losing arbitration. An INTSBEO interrupt request is
generated when a word data transfer terminates after losing arbitration. When an
INTSBEO interrupt request is generated the <PIN>1is cleared to “0” and the SCL
pin is pulled down to the low level. Either reading/writing from/to the SBIODBR or
setting the <PIN> to “1” will release the SCL pin-after taking tLOW time.

Check the SBIOSR<AL>, <TRX>, <AAS>, and <ADO> 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 The TMP92FD23A detects arbitration Set the number of bits of single word to
lost when transmitting a slave address, [ <BC2:0>, and write the transmit data to
and receives a slave address for which | SBIODBR.

the value of the direction bit sent from
another master is “1”.

0 1 0 In slave receiver mode, the
TMP92FD23A receives a slave address
for which the value of the direction bit
sent from the master is “1".

0 0 In salve transmitter mode, transmission | Check the <LRB>, If <LRB> is set to “1”,
of data of single word is terminated. set <PIN> to 1", reset “0” to <TRX> and
release the bus for the receiver no request
next data. If <LRB> was cleared to “0”, set
bit number of single word to <BC2:0> and
write the transmit data to SBIODBR for the
receiver requests next-data.

0 1 1 1/0 The TMP92FD23A detects arbitration Read the SBIODBR for setting.the <PIN>
lost when transmitting a slave address, | to “1” (Reading dummy data) or set the
and receives a slave address or <PIN> to “1".

GENERAL CALL for which'the value of
the direction bit sent from-another
master is “0".

0 0 The TMP92FD23A detects arbitration
lost when transmitting a slave address
or data, and transfer.of word terminates.

0 1 1/0 In slave receiver mode the

TMP92FD23A receives a slave address
or GENERAL CALL for which thevalue
of the direction bit sent from'the master

is “0"
0 1/0 In'slave receiver mode the Set bit number of single word to <BC2:0>,
TMP92FD23A terminates receiving and read the receiving data from
word data. SBIODBR.
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(4) Stop condition generation

When SBIOSR<BB> = “1”, the sequence for generating a stop condition is started by
writing “111” to SBIOCR2<MST, TRX, PIN> and “0” to SBIOCR2<BB>. Do not modify
the contents of SBIOCR2<MST, TRX, PIN, BB> until a stop condition has been
generated on the bus. When the bus’s SCL line has been pulled low by another device,
the TMP92FD23A generates a stop condition when the other device has released the

SCL line and SDAO pin rising.

“1" — <MST>
“1" — <TRX>
“0" — <BB> Stop.condition
“1" — <PIN> /7

Internal SCL

SCL pin

SDA Pin

<PIN>

<BB> (Read) /

Figure3.10.22 Stop Condition Generation (Single-master)

" — <MST>
" — <TRX>
" — <BB>
" — <PIN>

Internal SCL [ /

The case of pulled low ----
by-another device /

— Stop condition

H3BRg

.
SCL Pin !
1

SDA Pin

<PIN> J“ /
<BB> (Read) |

Figure3.10.23 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 SDAO line remains the high level and the SCLO 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 SCLO pin
of this device is released. Check the <LRB> until it becomes 1 tocheck 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 (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> “17 5 <TRX>
“0” - <BB> “1"—<BB>
1" - <PIN> “1"— <PIN>
|<— 4.7 ps (Min) /— Start condition
SCL line [\ / [
\
Internal SCL / \ / ; i
output \ ' '
1 1
SDA line 2 / ! |
N IR
<LRB> [ k
88> | |
<PIN> | I

Figure-3.10.24 Timing Diagram when Restarting
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3.10.7 Clocked-synchronous 8-Bit SIO Mode Control

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked-synchronous 8-bit SIO mode.

Serial Bus Interface 0 Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(1240H) Read/Write W w
Reset State 0 0 o | o o o | o
Read- Eunction Transfer Continue/ | Transfer mode select Serial clock selection and reset monitor
modify-write start abort 00: Transmit mode
instruction is 0: Stop transfero1: (Reserved)
prohibited. 1:start  [0: Continue |10: Transmit/receive
transfer mode
1:Abort 11: Receive mode
transfer
Internal serial clock selection <SCK2:0> at write
000 {n=4 25 MHz
001 |n=5 1.25 MHz System clock: fgys
010|n=6 |625.0 kHz fsys =20 MHz
011 |n=7 312.5 kHz (internal SCL output)
100 [n=8 156,3 kHz
101 [n=9 [78.1 ‘kHz fsygx2
fsee =—" _,— [HZ]
110 |n=1 39.1 kHz 2
111 | = External clock: SCKO
—> Transfer mode selection
00 [ 8-bit transmitmode
01 /|(Reserved)
10 | 8-hit transmit/receive mode
11" |8-hit 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
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1241H) Read/Write R (Receiver)/W (Transfer)
Read- Reset State Undefined
modify-write
instruction is
prohibited.

Figure 3.10.25 Register for the SIO Mode (SBIO)
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Serial Bus Interface 1 Control Register 1
7 6 5 4 3 2 1 0
SBI1CR1 Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(1248H) Read/Write W W
Reset State 0 0 o | o o | o | o
Read- Function Transfer Continue/ | Transfer mode select Serial clock selection and reset monitor
modify-write start abort 00: Transmit mode
instruction is 0: Stop transfer 01: (Reserved)
prohibited. 1: Start 0: Continue | 19: Transmit/receive mode
transfer |11 Receive mode
1:Abort
transfer
J
Internal serial clock selection <SCK2:0> at write
000 =4 (125 ~MHz
001 |n=5 1.25 MHz System clack: fSYS
010 [n=6, [625.0kHz fsys'=20 MHz
011 |n=7 312.5 kHz (internal SCL-output)
100 |n=8 156.3 kHz
101|n=9 ([78.1 kHz fsygx2
110 [n=10 |39 Kz |7 [Hz]
111 |~ External clock:' SCK1
——> 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
T4 6 5 4 3 2 1 0
SBI1DBR |Bit,symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1248H) Read/Write R (Receiver)/W (Transfer)
Read- Reset State Undefined
modify-write
instruction.is
prohibited.

Figure 3.10.26 Register for the SIO Mode (SBI1)
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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
Reset State 0 | 0 0 0
Read- Function Serial bus interface Always Always
modify-write operation mode ‘selection | write “0”. write “0”.
instruction is 00: Port mode
rohibited 01: SIO mode
P : 10: I°C bus mode
11: (Reserved)

l

Note 1. Set the SBIOCR1<BC2:0> “000” before switching to _Se€rial 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
Reset State 0 0
Function Serial Shift
transfer operation
operation ' /| status
status monitor
monitor

!

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 - 12SBI0
(1244H) Read/Write W R/W
Read- Reset State 0 0
modify-write | Function Always IDLE2
instruction is write “0"./| 0: Stop
prohibited. 1: Operate
l Operation in IDLE mode
Note: Clocked-synchronous mode cannot operate in IDLE2 mode. 0 |Stop
1 [Operate
Serial Bus Interface 0 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 | Bit.symbol P4EN -
(1245H) Read/Write w
Prohibit Reset State 0 0
read- Function Internal Always
mz?dify- clock write “0”.
write 0: Stop
1: Operate
Baud rate clock control
0 |Stop
1 | Operate

Figure 3.10.27 Registers for the SIO Mode (SBI1)
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Serial Bus Interface 1 Control Register 2
7 6 5 4 3 2 1 0
SBI1CR2 Bit symbol SBIM1 SBIMO — —
(124BH)  |Read/Write W
Reset State o | o 0 0
Read- Function Serial bus interface Always Always
modify-write operation mode selection | write “0”. write “0".
instruction is 00: Port mode
rohibited 01: SIO mode
P : 10: I°C bus mode
11: (Reserved)
Note 1: Set the SBILCR1<BC2:0> “000” before switching to _Serial bus interface operation/mode selection
a clocked-synchronous 8-hit 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 |I1°C’bus mode
11 | (Reserved)
Serial Bus Interface 1 Status-Register
7 6 5 4 3 2 1 0
SBI1SR Bit symbol SIOF SEF
(124BH) Read/Write R
Reset State 0 0
Function Serial Shift
transfer operation
operation| | status
status monitor
monitor
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 1 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBI1BRO Bit symbol — 12SBI1
(124CH) Read/Write w RIW
Read- Reset State 0 0
modify-write | Function Always IDLE2
instruction is write “0%._ ;| 0: Stop
prohibited. 1: Operate
l Operation in IDLE mode
Note: Clocked-synchronous mode cannot operate in IDLE2 mode. 0 |Stop
1 | Operate
Serial Bus Interface 1 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBI1BR1 Bit symbol P4EN -
(124DH) Read/Write w
Read- Reset State 0 0
modify-write | £ynction  [internal Always
instruction is clock write “0”.
prohibited. 0: Stop
1: Operate
Baud rate clock control
0 [Stop
1 | Operate
Figure 3.10.28 Registers for the SIO Mode (SBI1)
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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, anautomatic 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|| ||| ||||||||||||

SO0 pin output a2 as¥as¥(az, | Xbo)Xbs baXbs)be)b7)coXci)c2
\/

Write
transmitted data X b XC

Figure 3.10.29 Automatic Wait Function

External clock (<SCK2:0> = “111")

An external clock inputvia the SCK pin is used as the serial clock. In order to
ensure the integrity of shift operations, both the high and low-level serial clock
pulse widths shown below must be maintained. The maximum data transfer
frequency is 2.5 MHz (when fsys = 20 MHz).

SCKO/pin _l |_| |—‘>‘)—| | | |

tscKL tsckH

tscKL, tsckH > 4/fsys

Figure 3.10.30 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 | S A T A L A B

SO pin output N\_Bio X i X Bz X_sis X sia X Bits X Bis X Bi

Shift register X76543210%x 7654321 Xex 765432 Ko 76543 Xorwsn7654 Xwwers 765 w76 Ymnern T

(a) Leading edge

SCK pin [ N Oy S A S O I S A

Sl pin

]
1

\ Bito X Bitt /X Bi2 X Bit3a X Bitd X 'Bits X Bit6 X Bit7
1

Shift register Xo X10 X210x X 3210005 4321054 X5432104 X6543210+X76543210

(b) Trailing edge
*: Don'’t care

Figure 3.10.31 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 cloeck 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 <STOINH> is set to “1”. When the <SIOS>
is 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 elock 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.

92FD23A-240 2007-12-18



TOSHIBA TMP92FD23A

! Clear <SIOS>
1
<SIOS> : |
é ! N\
<SIOF> I
1 1
1 1
SEF ! !
<SEF> i L S

1 1
SCKO pin (Output) g \ !
1 1

SO0 pin

INTSBEO interrupt
request

\
SBIODBR XaX b
()

Write transmitted data

(a) Internal clock

1
|
<slos> <| |
]
1

<SIOF>

Clear <SIOS>

<SEF>
SCKO pin (Input)

SO0 pin

INTSBEO interrupt
request

\
SBIODBR XaX b
(=)

Write transmitted data

(b) External clock

Figure 3.10.32 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, (PN) ;  1f SCKO = 0 then loop
JR Z, STEST2
LD (SBIOCR1), 00000111B ; <SIOS>«0
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2.

SCKOpin |

<SIOF>

I
7

SO0 pin Bit6 X Bit7

>
1 1

tsopH = 3.5/frpH [s] (Min)

Figure 3.10.33 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 i1sinput. 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 1s 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 “1”, 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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<SI0S>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBEQ interrupt

request

SBIODBR

——— Clear<sios> ——]

Read receiver data Read receiver data

Figure 3.10.34 Receiver Mode (Example: Internal clock)

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write datato the SBIODBR.
After the data 1is written, set. the SBIOCR<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the data is output from the
SO0 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 1s 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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— clear<sios> —]
<SI0S> ‘G o |
<SIOF> I

<SEF>

SCKO pin (Output)

SO0 pin

SI0 pin

INTSBEQO 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 3.10.35 Transmit/Received Mode (Example: Internal-clock)

<SIOF>

L

SCKO pin | |
1
1
]
]
1

. . 1
SO0 pin Bit6 X Bit7 in last transmitted word /
>

1 1
tsopH = 4/fsys [s] (Min)

Figure 3.10.36  Transmitted Data Hold Time at End of Transmit/Receive
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3.11 High Speed SIO (HSC)

Multifunction High Speed SIO (HSC) for 1 channel is contained. HSC supports only the
master mode in I/O interface mode (synchronous transmission).

Its features are summarized as follows:

1) Double buffer (Transmit/Receive)
2) Generates the CRC-7 and CRC-16 values for transmission and reception
3) Baud Rate : 10Mbps (max)
4) Selects the MSB/LSB-first
5) Selects the 8/16-bit data length
6) Selects the Clock Rising/Falling edge
7) One types of interrupt: INTHSC
Select Read/Mask/Clear interrupt/ Clear enable for 4 interrupts:
RFRO (Receive buffer of HSCORD: Full),
RFWO (Transmission buffer of HSCOTD: Empty),
RENDO (Receive buffer of HSCORS: Full),
TENDO (Transmission buffer of HSCOTS: Empty).
RFRO,RFWO can be processed data/at-high-speeed by using micro DMA.

Table 3.11.1 Registers and Pins for HSC

HSC
Pin-name HSSO (PF3)
HSSI (PF4)
HSCLK (PF5)
SFR HSCOMD (CO0H/CO1H)
(address) HSCOCT (C02H/CO3H)

HSCOST (CO4H/CO5H)
HSCOCR (COBH/CO7H)
HSCOIS (CO8H/CO9H)
HSCOWE (COAH/COBH)
HSCOIE (COCH/CODH)
HSCOIR (COEH/COFH)
HSCOTD (C10H/C11H)
HSCORD (C12H/C13H)
HSCOTS (C14H/C15H)
HSCORS (C16H/C17H)
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3.11.1 Block diagram

Figure 3.11.1 shows a block diagram of the HSC.

fsys
Y
[%2]
=}
Qo
8
©
o
3
<
IS
£
N
INTHSC

Baud Rate
Generator

16bits

N\

16bits )|

Tote >

16bits

16bits>

L

| HSCORS | | HSCOTS |

~

—

Transmitt,Receive Controller

16bits

[ ]HSCLK

[] HSSO

| HSCOCR | |HSCOIE/IS/WE| | HSCORD | | HSCOTD | |HSCOMD/CTHSCOST|

[} Hss!

Note : The HSSO, HSSI, HSCLK pins are set to configured as input ports (Ports PF3, PF4 and PF5) by upon reset.

Thus; these pins require pull-up resistors to fix their voltage levels.

Figure 3.11.1 HSC Block diagram
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3.11.2 SFR
This section describes the SFRs of the HSC are as follows. These area connected to the
CPU with 16 bit data buses.
(1) Mode setting register
The HSCOMD register specifies the operating mode, clock operation, etc.
HSCOMD Register

7 6 5 4 3 2 1 0
HSCOMD [bit Symbol XENO CLKSELO2 [ CLKSELO1 | CLKSELOO
(OCO0H) |Read/Write R/W R/W
Reset State 0 1 | 0 | 0
Function SYSCK Select baud rate
0: Disable 000: Reserved 100: fgys/16
1: Enable 001: fgyg/2 101: fgys/32
010: fgys/4 111: fgys/64
011: fgys/8 111:Reserved
15 14 13 12 11 10 9 8
(0OCO1H) |bit Symbol LOOPBACKO| MSB1STO | DOSTATO TCPOLO RCPOLO TDINVO RDINVO
Read/Write R/IW RV
Reset State 0 1 1 0 0 0 0
Function LOOPBACK |[Start Bit for | HSSOO Pin Synchroniza- |Synchroniza- {Data ) Data
test Mode Transmission|When Not tion Clock tion Clock Inversm_n fOf Inversion
O:Disbale /Reception | Transmitting Edge Select |Edge Select Traqsmlssmn for Reception
1:Enable 0:LSB 0: Fixed For for Reception 2: Ef:;l!: 0: Disable
1:MSB to "0” Transmission (O: fall ' 1: Enable
1: Fixed 0: Falling 1:rise
to "1” edge
1: Rising
edge

Figure 3.11.2 HSCOMD. Register

(a) <LOOPBACKO>

The internal HSSO output to be internally connected to the HSSI input. This setup
can be'used, for testing.

Also, a clock signal is generated from the HSCLK pin, regardless of whether data
transmission or reception-is in progress when setting the XENO and LOOPBACKO bits
to 1 enables:

Data transmission or reception must not be performed while changing the state of

this bit.
Transmitting data l>—’|:| HSSO pin
Receiving data <—Y B
Al—<J—0O
|S HSSI pin
HSCOMD<LOOPBACKO0>

Figure 3.11.3 <LOOPBACKO> Register Function

() <MSB1STO>

This bit specifies whether to transmit/receive byte with the MSB first or with the
LSB first. Data transmission or reception must not be performed while changing the
state of this bit.
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(0 <DOSTATO>

This bit specifies the status of the HSSO pin of when data transmission is not
performed (i.e., after completing data transmission or during data reception). Data
transmission or reception must not be performed while changing the state of this bit.

(d) <TCPOLO>
This bit specifies the polarity of the active edge of the synchronization clock for data

transmission.
The XENO bit should be cleared to 0 for changing the state of this bit. At the same
time, RCPOLO should also be cleared to 0.

HSSO pin XsB X XL UX X e XMsBX

Bit0O  Bitl—Bit2- Bit3 Bit4 Bit7

Figure 3.11.4 <TCPOLO> Register function

(e) <RCPOLO>

This bit specifies the polarity of the active-edge of the synchronization clock during
for data reception.

The <XENO> bit should be cleared to 0 for changing the state of this bit. TCPOLO
should also be cleared to-0.

HSCLK pin (<RCPOLO>="0") I | I | I | I | I | ....... I |

HSCLK pin (€RCPOLO>="1") | | | | | | | | | ....... |_| |
HSSI pin XtsBX. X X X e XmseX_

Bit0-. Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.11.5 <RCPOLO> Register function

() <TDINVO>

This bit specifies-whether to logically invert the data transmitted from the HSSO pin
or not. Data transmission or reception must not be performed while changing the state
of this bit.

Data which is inputted to CRC calculation circuit is transmission data which is
written to HSCOTD. This input data is not corresponded to <TDINVO0>.

<TDINVO0> is not corresponded to <DOSTATO0>: it set condition of HSSO pin when it
1s not transferred.

(g) <RDINVO>

This bit specifies whether to logically invert the data received from the HSSI pin or
not. Data transmission or reception must not be performed while changing the state of
this bit.

Data which is inputted to CRC calculation circuit is selected by <RDINV0>.
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(h)

@

<XENO>

This bit enables or disables the internal clock signal.

<CLKSEL02:00>

This bit selects the baud rate. The baud rate is generated using the system clock fsys
and 1s programmable as shown below according to the system clock settings.

Data transmission or reception must not be performed while changing the state of

these bits

Table 3.11.2 Example of baud rate

Baud rate [Mbps]
<CLKSELO02:0 fsys =12MHz | fsys =16MHz | fsys =20MHz

foys/2 6 8 10
foys/a 3 4 5

fsys/8 15 2 25
fsys/16 0.75 1 1.25
foys/32 0.375 05 0,625
fsys/64 0.1875 0.25 0.3125
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HSCOCT
(0CO2H)

(0CO3H)

(2) Control Register
The HSCOCT register specifies data length, CRC, etc.

HSCOCT Register

7 6 5 4 3 2 1 0
bit Symbol - - UNIT160 ALGNENQ |- RXWENO RXUENO
Read/Write R/IW RIW
Reset State 0 1 0 0 0 0
Function Always Always Data Length Full Duplex |Sequential |Receive
write “0”". write “1”. 0: 8 bits Alignment’ /|Reception0: |UNIT
1: 16 bits 0: Disable [Disable 0: Disable
1:Enable—{1: Enable 1: Enable
15 14 13 12 11 10 9 8
bit Symbol [ CRC16_7_BO0 |CRCRX_TX_BO|CRCRESET_BO DMAERFWO|DMAERFRO
Read/Write RIW RIW RIW
Reset State 0 0 0 0 0
Function CRC Select [CRC Data [CRC MicroDMA  [Micro DMA
0: CRC7 0: Transmit [Calculation 0: Disable ~ {0: Disable
1: CRC16 [1: Receive [Register 1:Enable 1: Enable
0:Reset
1: Reset
Release

Figure 3.11.6 HSCOCT Register

(a) <CRC16_7_B0>
This bit selects the CRC calculation algorithm from the CRC7 and CRC16.

(b) <CRCRX_TX_B0>
This bit selects the data to be sent to the CRC generator.

(¢ <CRCRESET B0>

This bit'is-used to initialize the CRC calculation register.

This section describes how to.calculate the CRC16 of the transmit data and to append the
calculated CRC value at the end of the transmit data. Figure 3.11.7 below illustrates the
flow chart of the CRC calculation procedures.

a.~ Program the HSCOCT<CRC16_7_B> bit to select the CRC algorithm from CRC7 and
CRC16. Then,alsoprogram the CRCRX_TX_B bit to specify the data on which the CRC
calculation is performed.

b. To reset the HSCOCR register, write a 0 to the CRCRESET_B bit and then write a 1 to
the same bit.

c. Load the HSCOTD register with the transmit data, and wait until transmission of all
data is completed.

d. Read the HSCOCR register and obtain the result of the CRC calculation.
e. Transmit the CRC obtained in step (d) in the same way as step (c).

The CRC calculation on the receive data can be performed in the same procedures.
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( Start )

\4
<CRC16_7_B0>="1",
<CRCRX_TX_B0>="0"

A 4
<CRCRESET_B0>="0"—>"1"

v

Transmit all data

v

Read CRC from HSCOCR

v

Write CRC in HSCOTD and
send

End

Figure 3.11.7 Flow Chart of the CRC Calculation Procedures

(d <DMAERFWO0>
This bit sets the interrupt clearing using to unnecessary because be supported RFWO0
interrupt to Micro DMA. If this bit is set to“1”, it is set to one-shot interrupt, clearing
interrupt by HSCOWE register become to unnecessary. HSCOST<RFWO0> flag generate
1-shot/interrupt when change from “0”to “1”(Rising).

() <DMAERFRO>

This bit sets the interrupt clearing using CPU to unnecessary because be supported
RFRO interrupt to Micro DMA. If this bit is set to “1”, it is set to one-shot interrupt,
clearing/interrupt by HSCOWE register become to unnecessary. HSCOST<RFRO> flag
generate 1-shot interrupt when change from “0” to “1”’(Rising).

(f)  <UNIT160>

This bit selects the data length for transmission and reception. The data length is
hereafter referred to as the UNIT. Data transmission or reception must not be
performed while changing the state of this bit

(g <ALGNENO>

This bit should be set to 1 when performing the full-duplex communication. This bit
specifies whether to align the transmit and receive data on the UNIT-size boundaries.

Data transmission or reception must not be performed while changing the state of
this bit.
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(h) <RXWENO>

This bit enables or disables the Sequential mode reception.

(i) <RXUENO>
This bit enables or disables the Unit mode reception.

For <RXWENO> = “1”, this bit is disabled. Data transmission or reception must not
be performed while changing the state of this bit.

[Data Transmission/Reception Modes]
This HSC Controller supports six operating modes as listed below.

These are specified by the <ALGNENO0>, <RXWENO0>, <RXUENO> bits.

Table 3.11.3 transmit/receive operation-mode

) Bit Settings .
Operation mode Description
<ALGNENO> | <RXWENO> | <RXUENO>

(1) UNIT transmission 0 0 0 Transmit written data per UNIT

(2) Sequential transmission 0 0 0 Transmit written data sequentially

(3) UNIT reception 0 0 1 Receive only one UNIT-size data

(4) Sequential reception 0 1 0 Automatically receive data if buffer
has any empty space

(5) UNIT transmission and Transmit/receive one UNIT-size

reception 1 0 1 data with the addresses of
transmit/receive data aligned on
UNIT-size boundaries

(6)Sequential transmission Transmit/receive data sequentially

and reception 1 1 0 with the addresses of
transmit/receive data aligned on
UNIT-size boundaries
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Difference between the UNIT-mode and Sequential-mode transmission

UNIT mode transmission transmits one-UNIT by writing data after confirming
HSCOST<TENDO>=1.

In the Sequential-mode transmission, transmit data written into the HSCOTD is loaded
sequentially.

In hard ware, this mode of transmission keeps transmitting data aslong as the transmit data
exists.. This mode of transmission keeps transmitting data as long as'the transmit data exists.
Therefore, the Sequential-mode transmission continues as long as the next'data is written to it
when HSCOST<RENDO>=1.

Unit-mode transmission and Sequential-mode transmission depend on the way of using.
Hardware doesn’t depend on.

Figure 3.11.8 show Flow chart of UNIT-mode transmission and Sequential-mode

transmission.

Does HSCOTD have space?
HSCOST<RFWO0>=12

HSCOST<TENDO>=

Write transmission data to Write transmission data to
HSCOTD HSCOTD

Transmission all data
end?

Transmission all data
end?

Transmission end?
HSCOST<TENDO>=1? SCOST<TENDO>=1?

Transmission Transmission
end end

UNIT-mode Sequential-mode
transmission transmission

Transmission end?

Figure 3.11.8 Flow chart of UNIT-mode transmission and Sequential-mode transmission
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Differences Between the UNIT-mode and Sequential-mode Receptions

The UNIT-mode reception receives only one UNIT-size data.

Writing a 1 to the HSCOCT<RXUENO> bit initiates a receive operation of one UNIT data.
Then, it is stored the received data into the receive data register (HSCORD).

Reading the HSCORD register after writing a 0 to the HSCOCT<RXUENO> bit.

If the HSCORD register is read again when the HSCOCT<RXUENO> bit is set tol, one-UNIT
data is additionally received.

In hardware, this mode receives sequentially by Single buffer.

HSCOST<RENDO> is changed during UNIT receiving.

The Sequential-mode reception automatically receives the data as long as the receive Buffer
has any empty space.

This mode of reception keeps receiving the next data automatically unless the data receive
Buffer becomes full. Therefore, the reception continues sequentially without stopping at every
UNIT-sized reception by reading it after data is loaded in) HSCORD.

In hardware, this mode receives sequentially by Double buffer.

Figure 3.11.9 show Flow chart of UNIT-reception and Sequential-mode reception.
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( Start )

A

Write “1” to HSCOCT<RXUENO>

Receiving end?
HSCOST<RFR0>=12

i
Read receive data from
HSCORD

Program receive number -1
Receiving end?

Last receiving end?
SCOST<RFR0>=1?

Write “0” to
HSCOCT<RXUENO>

v

Read last receiving data from
HSCORD

End

UNIT-mode reception

Receiving end?
HSCOST<RFR0O>=17?

N
Read receiving data from
HSCORD

Program receive number -2

Write “0” to HSCOCT<RXWENO>

A 4

Read second data from last
from HSCORD

P
)l

Does last-data exist in HSCORD?
SCOST<RFRO>=

Y

Read last receiving data from
HSCORD

End

Sequential-mode reception

Figure 3.11.9 Flow chart of UNIT-mode reception and Sequential-mode reception
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(3) Interrupt , Status register
Read of condition, Mask of condition, Clear interrupt and Clear enable can control each 4
interrupts; RFRO (HSCORD receiving buffer is full), RFW0 (HSCOTD transmission buffer is
empty), RENDO (HSCORS receiving buffer is full), TENDO (HSCOTS transmission buffer is
empty).
RFRO, RFWO can high-speed transaction by micro DMA.

Following is description of Interrupt * status (example RFWO).

Status register HSCOST<RFWO0> show RFWO (internal signal that show whether
transmission data register exist or not). This register is “0” when transmission data exist.
This register is “1” when transmission data doesn’t exist. It can read internal signal directly.
Therefore, it can confirm transmission data at any time!

Interrupt status register HSCOIS<RFWISO0> is set by rising edge of RFWO. This register
keeps that condition until write “1” to this register and reset when HSCOWE<RFWWEO> is
“1”.

RFWO interrupt generate when interrupt enable register HSCOIE<RFWIEO> is “1”.

When it is “0”, interrupt is not generated.

Interrupt request register HSCOIR<RFWIR0> show whether interrupt-is generating or
not.

Interrupt status write enable register HSCOWE<RFWWEO0>/set that enables reset for
reset interrupts status register by mistake.

Circuit config of transmission data shift register (HSCOTS), receiving register (HSCORD),
receiving data shift register (HSCORS) are same with above register.

Control register HSCOCT<DMAERFWO0>, HSCOCT<DMAERFRO0> is register for using
micro DMA. When micro DMA transfer is executed by using RFWO interrupt, set “1” to

<DMAERFWO0>, and (when\ it is executed. by using RFRO interrupt, set “1” to
<DMAERFRO0>, and prohibit other interrupt.

Control register
HSCOCT<DMAERFW0>

Stattus (RFWO) of Transmission data register (HSCOTD):. exist data:0, No data: 1 ,

Interrupt-enable register
HSCOIE<RFWIEO>

Control register

Status register HSCOCT<DMAERFRO>

No transmit of HSCOST<RFWO0>
tansmission data
register (HSCOTD)

Interrupt request register
HSCOIR<RFWIR0>

T INTHSC

0

0: exist data, Rising edge
1:no data detection

—)
Write “3 Interrupt status register
b HSCOIS<RFWIS0>
Interrupt status write enable register
CK_Ipscowe<rRFWWEO>
Status (TENDO) of Transmission data shift register (HSCOST) f ‘
0: exist data, 1: no data

Status (RFRO) of Receiving data register (HSCORD) ?
0: exist data, 1: no data

Status (RENDO) of Receiving data shift register (HSCORS) f
0: exist data, 1: no data

Figure 3.11.10 Figurer for interrupt, status
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(3-1) Status register

This register contains four bits that indicates the status of data communication.

HSCOST Register

7 6 5 4 3 2 1 0
HSCOST  |bit Symbol TENDO RENDO RFWO RFRO
(0C04H)  |Read/Write R
Reset State 1 0 1 0
Function Receiving |Receive Transmit  [Receive
0O:operation [Shift buffer buffer
1: no register Ozuntransm |0:no valid
operation |g: no data -itted data
1 existdata| dataexist|1: valid
1: no data exist
Untrans-
mitted
data
15 14 13 12 11 10 9 8
(OCO5H)  [bit Symbol
Read/Write
Reset State
Function

Figure 3.11.11 HSCOST Register

(a) <TENDO>

This bit is cleared to |0 when the transmit register (HSCOTS) contains valid data;
otherwise, it is-set to 1.

(b) <RENDO>

This bit is-set to 1 when completing the data reception and valid data is stored into
the receive data register (if there is any valid data). This bit is cleared to 0 when the
receive register (HSCORS) contains'no valid data, or when the reception is in progress.

It is cleared to “0”, when CPU read the data and shift to receive read register.

() <RFWO0>

After wrote the received data to receive data write register, shift the data to receive
data shift register. This bit keeps “0”until all valid data has moved. And this bit is set
to “1” when 1t can accept the next data and contains no valid data.

(d <RFRO>
This bit is set to “1” when received data is shifted from received data shift register to
received data read register and there is any valid data. It is set to “0” when the data is
read and contains no valid data.
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(3-2) Interrupt status register
This register is used for reading four interrupts status and clearing interrupts.

This register is cleared to “0” by writing “1” to applicable bit. Status of this register show
interrupt source state. This register can confirm changing of interrupt condition, even if
interrupt enable register is masked.

HSCOIS Register

7 6 5 4 3 2 1 0
HSCOIS |bit Symbol TENDISO. [ RENDISO'|< RFWISO RFRISO
(0C08H) |Read/write RW
Reset State 0 0 0 0
Function Read Read Read Read
0:no 0:no 0:no 0:nointerrupt

interrupt interrupt interrupt” | L:iinterrupt
Linterrupt |l:interrupt [l:interrupt

Write
Write Write Write 0:Don't care
0:Don’t 0:Don't 0:Don’t 1:clear
care care care
1:clear 1:.clear 1:.clear
15 14 13 12 11 10 9 8
(0OCO9H) |bit Symbol
Read/Write
Reset State
Function

Figure 3.11.12 HSCOIS Register

(a) <TENDISO>

This bit is used for reading the status of TEND interrupt and clearing interrupt.
If writing this bit, set “1”"to HSCOWE<TENDWEO0>.

(b) <REMDISO0>
This bit is used for reading the status of REND interrupt and clearing interrupt.
If writing this bit, set “1” to HSCOWE<RENDWE0>.

() <RFWDIS0>

This bit is used for reading the status of RFW interrupt and clearing interrupt.
If writing/this bit, set “1” to HSCOWE<RFWWEO0>.

(d) <RFRISO>
This bit is used for reading the status of RFR interrupt and clearing interrupt.
If writing this bit, set “1” to HSCOWE<RFRWEQ0>.
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(3-3) Interrupt status write enable register

This register enables or disables the clearing status bit of four types of interrupts.

HSCOWE Register

7 6 5 4 3 2 1 0
HSCOWE |bit Symbol TENDWEO [ RENDWEO | RFWWEO | RFRWEO
(OCOAH)  |Read/Write RIW
Reset State 0 0 0 0
Function Clear Clear Clear Clear
HSCOIS HSCOIS HSCO0IS HSCOIS
<TENDISO> [<RENDIS0> |<TFWISO> |<RFRISO>
0: Disable |0: Disable, [0: Disable |0: Disable
1: Enable [1: Enable 1. Enable 1: Enable
15 14 13 12 11 10 9 8
(0OCOBH)  |bit Symbol
Read/Write
Reset State
Function
Figure 3.11.13 HSCOWE Register
(a) <TENDWEO0>
This bit enables or disables clearing the HSCOIS<TENDISO0>.
(b) <RENDWEO>
This bit enables or-disables clearing the HSCOIS<RENDIS0>.
(0 <RFWWEO0>
This bit’'enables or disables clearing the HSCOIS<RFWIS0>.
(d) <RFRWEO0>
This bit enables or disables clearing the HSCOIS<RFRIS0>.
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(3-4) Interrupt enable register

This register enables or disables the generation of four types of interrupts.

HSCOIE Register

7 6 5 4 3 2 1 0
HSCOIE ]bit Symbol TENDIEO | RENDIEO [ -RFWIEO RFRIEO
(OCOCH) |Read/Write RIW
Reset State 0 0 0 0
Function TENDO RENDO RFWO RFRO
interrupt interrupt interrupt interrupt
0: Disable |0:Disable. |0: Disable [O: Disable
1: Enable [|1: Enable ., |1: Enable |1: Enable
15 14 13 12 11 10 9 8
(OCODH) [bit Symbol
Read/Write
Reset State
Function
Figure 3.11.14 -HSCOIE Register
(a) <TENDIEO>
This bit enables or disables the TENDO interrupt.
(b) <RENDIEO>
This bit enables or disables the RENDO interrupt.
() <RFWIEO>
This bit)enablesor disables the RFWO0 interrupt.
(d) <RFRIEO>
This bit enables or disables the RFRO interrupt.
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(3-5) Interrupt request register
This register is used for showing generation condition for 4 interrupts.

This register is set to the reading “0” (interrupt doesn’t generate) always when Interrupt
enable register is masked.

HSCOIR Register

7 6 5 4 3 2 1 0
HSCOIR  |bit Symbol TENDIRO | RENDIRO. | ‘RFWIRO | RFRIRO
(OCOEH)  |Read/Write R
Reset State 0 0 0 0
Function TENDO RENDO RFWO RFRO

interrupt interrupt interrupt interrupt
0: None 0: None 0: None 0: None
1:Generate |1.Generate |1:Generate |1:Generate

15 14 13 12 11 10 9 8

(OCOFH) [bit Symbol
Read/Write
Reset State

Function

Figure 3.11.15 HSCOIR Register

(a) <TENDIRO>
This bit is used for showing the condition of TENDO interrupt generation.

(b) <TENDIRO>
This bit is used for showing the condition.of RENDO interrupt generation.

(0 <REWIRO0>

This bit is used for showing the condition of RFWO0 interrupt generation.

(@) ~<RFRIRO>

This bit is used for showing the condition of RFRO interrupt generation.
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(4) HSCOCR (HSCO CRC register)

This register contains the CRC calculation result for transmit/receive data.

HSCOCR register

7 6 5 4 3 2 1 0
HSCOCR |bit Symbol CRCDO007 | CRCD006 | CRCD005 | CRCD004 | CRCD003 | CRCD002 [ CRCD001 | CRCDO00
(0CO6H) |Read/Write R
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function CRC calculation result load register [7:0]
15 14 13 12 11 10 9 8
(0C0o7H) |bit Symbol CRCDO015 | CRCD014 | CRCD013 | CRCDO012 [ CRCDO011 [ \CRCDO010 | CRCD009 | CRCDO008
Read/Write R
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function CRC calculation result-load-register [15:8]

Figure 3.11.16 HSCOCR register

(a) <CRCDO015:000>

The CRC result which is calculated according to the settings of the CRC16_7_b0,
CRCRX_TX_B0 and CRCRESET_BO0 bits in the HSCOCT register are loaded into this
register. When using the. CRC16 algorithm, all the bits participate in the CRC
generation. When using the CRC7 algorithm, only the lower seven bits participates in
the CRC generation. The following describes the steps required to calculate the CRC16
for the transmit data.

First, initialize the CRC calculation register by writing a 1 to the CRCRESET_BO bit
after programming three bits as follows: CRC16_7_b0 =1, CRCRX_TX_ B0 = 0, and
CRCRESET B0O'= 0.

Then, by writing the transmit’ data into the HSCOTD register, complete the
transmission of all bits, for which the CRC should be calculated.

The HSCOST<TENDO> bit. should be checked to confirm whether the reception is
completed.

By reading the HSCOCR register after the transmission is completed, the CRC16 for
the transmit data can be obtained.
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(5) Transmit Data Register
This register is used for writing the transmit data.
HSCOTD Register
7 6 5 4 3 2 1 0
HSCOTD |bit Symbol TXDO007 TXDO006 TXDO005 TXDO004 TXDO003 TXDO002 TXD001 TXDO000
(0C10H) |Read/Write RIW
Reset State 0 0 0 | 0 | 0 | 0 0 0
Function Transmit data bits [7:0]
15 14 13 12 11 10 9 8
(0C11H) [bit Symbol TXD015 TXD014 TXD013 TXD012 TXDO011 TXD010 TXDO009 TXD008
Read/Write R/IW
Reset State 0 0 | 0 | 0 | 0 | 0 0 0
Function Transmit data bits [15:8]

Figure 3.11.17 HSCOTD Register

(a) <TXDO015:000>

This register is used for writing the transmit data. When this register is read, the

last-written data is read out.

This register is overwritten if the next data is written with this register being full.

Please check the state of the RFWO bit before starting a write operation.

HSCOCT<UNIT160>= “17/ all bits are valid.

HSCOCT<UNIT160>= 0", lower 7 bits-are valid.
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(6) Receive Data Register

This register is used for reading the received data.

HSCORD Register

7 6 5 4 3 2 1 0
HSCORD bit Symbol RXD007 RXD006 RXD005 RXD004 RXD003 RXD002 RXD001 RXD000
(0C12H)  |Read/Write R
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Receive data register [7:0]
15 14 13 12 11 10 9 8
(0C13H) bit Symbol RXDO015 RXDO014 RXDO013 RXDO012 RXDO011 RXD010 RXDO009 RXD008
Read/Write R
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Receive data register [15:8]

Figure 3.11.18 HSCORD Register

(a) <RXDO015:000>

The HSCORD register is used for reading the received data. Please check the state of
the RFRO bit before starting a read operation.

HSCOCT<UNIT160> = “1”,-all bits are valid.
HSCOCT<UNIT160> =“0", lower 7 bits are valid.
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(7) Transmit data shift register

This register is used for changing the transmission data to serial. This register is used for
confirming the changing condition when LSI test.

HSCOTS Register

7 6 5 4 3 2 1 0
HSCOTS  |bit Symbol TSDO07 TSDO06 TSDO05 TSDO004 TSDO003 TSDO002 TSDO01 TSDO00
(0C14H) |Read/Write R
Reset State 0 0 0 | 0 | 0 | 0 0 0
Function Transmit data shift register [7:0]
15 14 13 12 11 10 9 8
(0C15H) [bit Symbol TSDO015 TSD014 TSDO013 TSDO012 TSDO11 TSDO010 TSDO009 TSD008
Read/Write R
Reset State 0 0 0 | 0 | 0 | 0 0 0
Function Transmit data shift register[15:8]

Figure 3.11.19 HSCOTS Register

(a) <TSD015:000>
This register is used for reading the status of transmission data shift register.
HSCOCT<UNIT160>= “17, all bits are valid.
HSCOCT<UNIT160>=“0”, lower 7 bits are valid.
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(8) Receive data shift register
This register is used for reading the receive data shift register.
HSCORS Register
7 6 5 4 3 2 1 0
HSCORS |[bit Symbol RSD007 RSD006 RSD005 RSD004 RSD003 RSD002 RSD001 RSD000
(0C16H) |Read/Write R
Reset State 0 0 0 | 0 | 0 | 0 0 0
Function Receive data shift register [7:0]
15 14 13 12 11 10 9 8
(0C17H) [bit Symbol RSDO015 RSD014 RSDO013 RSDO012 RSDO011 RSD010 RSDO009 RSDO008
Read/Write R
Reset State 0 0 0 | 0 | 0 | 0 0 0
function Receive data shift register [15:8]

Figure 3.11.20 HSCORS Register

(a) <RSD015:000>

This register is used for reading the status of receive data shift register.

HSCOCT<UNIT160>= “17, all bits are valid-
HSCOCT<UNIT160>=“0", lower 7 bits are valid.
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3.11.3 Operation timing
Following examples show operation timing.
e  Setting condition 1:
Transmission in UNIT=8bit, LLSB first
HSCOTD
Write pulse I | ﬂ
INTHSC : |
Interrupt signal , ﬂ X
A | A
| 1 | ]
HSCOIS<RFWISO> ! ! ; \;_/
Clear write pulse L ! ! .
HSCOIS<RFWIS0> E . : :
HSCOIR<RFWO> | ! : :
(HSCOIE<RFWIEO>=”1"2 I X ,
1 1 | ]
[ — Y 1
HSCOST<RFWO0> -

HSCOIR<TENDIRO>
(HSCOIE<TENDIEO>"1")

HSCOIS<TENDIS0>

HSCOST<TENDO> |

HSCLK pin
(KTCPOLO>="0")
HSCLK pin
(<TCPOLO>="1")
HSSO pin

T T

LML L LT =
i pEp Ny e Wy W I i B P o
XEEX XXX -~ XTSEXEE X XXX -+ XX

Bit0 Bitl~ Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.11.21 Transmission timing

In above condition, HSCOST<REFWO> flag is set to “0” just after wrote transmission data.
When data of HSCOTDregister finish shifting to transmission register (HSCOTS),
HSCOST<RFWO> is set to “1”;-1t is informed that can write next transmission data, start
transmission clock and data from HSCLK pin and HSSO pin at same time with inform.

In this case, HSCOIS, HSCOIR change and INTHSC interrupt generate by
synchronization to rising of HSCOST<RFWO0> flag. When HSCOIR register is setting to “1”,
interrupt is not generated even if HSCOST<RFWO0> was set to “1”.

When finish' transmission and lose data that must to transmit to HSCOTD register and
HSCOTS register, transmission data and clock are stopped by setting “1” to
HSCOST<TENDO>;.and INTHSC interrupt is generated at same time. In this case, if
HSCOST<TENDO> is set to “1” at different interrupt source, INTHSC is not generated.
Therefore must to clear HSCOIS<RFWO0> to “0”.
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e  Setting condition 2:
UNIT transmission in UNIT=8bit, LSB first

HSCORD |-|
Read pulse

HSCOST<RFRO> [ | [
HSCOST<RENDO>

HSCOIS<RFRISO>

HSCOIS<RENDISO

(<RCPOLO>="0"

sscucpn ] [ - LT L L

(<RCPOL0>="1")

XEEX X XX - XEEEX T XX X O -+ XX

BitO  Bitl Bit2 Bit3 Bit4 Bit7 Bit0O  Bitl » Bit2. -Bit3 /Bit4 Bit7

Figure 3.11.22 UNIT receiving (HSCOCT<RXUENO0>=1)

If set HSCOCT<RXUENO> to “1” without valid receiving data to HSCORD register
(HSCOST<RFRO0>=0), UNIT receiving is started. When receiving is finished and stored
receiving data to HSCORD register, HSCOST<RFRO0>flag is-set to “1”, and inform that can
read receiving data. Just after read HSCORD register, HSCOST<RFRO0> flag is cleared to
“0” and it start receiving next data automatically.

If be finished UNIT receiving, set HSCOCT<RXUENO> to “0” after confirmed that
HSCOST<RFRO> was/set to“1”.
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e  Setting condition 3:

Sequential receiving in UNIT=8 bit, LSB first

HSCORD

Read pulse ﬂ

HSCOST<RFRO> | l

HSCOST<RENDO> [

HSCOIS<RFRISO> [
HSCOIS<RENDISO> |_

wsctkpn LU - T L - LU -
(<RCPOFI)_I8>:”O") J_l_
Hsckpin T LT --

RePOL oo 1) I I S I I O S B P
HSS! pin XSO XX - - MEsEXESEX XXX = - XPSBYEsEX T X X X - XV

Bit0 Bitl Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2 'Bit3 Bit4 Bit7 - Bit0 'Bitl  Bit2 Bit3 Bit4 Bit7

Figure 3.11.23 continuous receiving (HSCOCT<RXWENO0>=1)

If set HSCOCT<RXWENO> to “1” without valid receiving, data in HSCORD register
(HSCOST<RFR0>=0), sequential receiving is started. When first receiving is finished and
stored receiving data to HSCORD register, HSCOST<RFR0>flag is set to “1”, and inform
that can read receiving data. Sequential receiving is received until receiving data is stored
to HSCORD and HSCORS' ' registers If finished sequential receiving, set
HSCOCT<RXWENO> to “0™after confirmed that HSCOST<RENDO> was set to “1”.
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e  Setting condition 4:
Transmission by using micro DMA in UNIT=8bit, LSB first

INTHSC Interrupt J-| ﬂ n
pulse f f ?
HSCOTD 1 1 1
Write pulse —ﬂ : n : n v
1
L 1
I ] |

HSCOST<RFWO0> | |
HSCOST<TENDO> |

HSCOIS<RFWIS0> |

HSCOIR<RFWIR0>

HSCOIS<TENDISO>

(<TCPOL0>="0")

(<TCPOL0>="1")

HSSO pin Xise X X XX ---Xwmss Xtse X X XX -1-XWMsBXLSB  ---

Bit0O Bitl Bit2 Bit3 Bit4 Bit7. - Bit0O “ Bitl Bit2 Bit3" Bit4 Bit7 Bit0

Figure 3.11.24 Micro DMA transmission (transmission)

If all bits of HSCOIE register are “0” and HSCOCT<DMAERFWO0> is “1”, transmission is
started by writing transmission data to HSCOTD. register.

If data of HSCOTD register is shifted to HSCOTS register and HSCOST<RFWO0> is set to
“1” and can write next transmission data, INTHSC interrupt (RFWO interrupt) is
generated. By starting Micro DMA at this interrupt, can transmit sequential data

automatically.
However, If transmit'it at Micro DMA, set Micro DMA beforehand.
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e  Setting condition 5:
Receiving by using micro DMA in UNIT=8bit, LSB first

INTHSC Interrupt pulse J 4[L
HSCORD J |-L

Read pulse

HSCOST<RFRO> | | | |

HSCOST<RENDO>

HSCOIS<RFRO0>

HSCOIS<RENDO>

(<RCPOLO>= “0")

(<RCPOLO>= “17)

T ) G G, GRS (5> GEm—" = € G S G 1=, ¢a) I

Bit0 Bitl Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.11.25 Micro DMA transmission-(UNIT-receiving (HSCOCT<REUENO>=1))

If all bits of HSCOIE register is “0” and HSCOCT<DMAERFRO0> is “1”, UNIT receiving is
started by setting HSCOCT<RXUENO> to “1”. If receiving data is stored to HSCORD
register and can read receiving data, INTHSC interrupt (RFRO interrupt) is generated. By
starting Micro DMA at this interrupt, it can be received sequential data automatically.

However, If receive it.at Micro DMA, set- Micro DMA beforehand.

92FD23A-271 2007-12-18



TOSHIBA TMP92FD23A

3.11.4 Example
Following is discription of HSC setting method.

(1) UNIT transmission

This example shows the case of transmission is executed by following setting, and it is
generated INTHSC interrupt by finish transmission.

UNIT: 8bit

LSB first

Baud rate : fsys/8
Synchronous clock edge: Rising

Setting expample

1d  (pffc), 0x38 ; Port setting PF3: HSSO; PF4: HSSI, PF5: HSCLK
1d  (pfer), 0x28 ; port setting PE3:HSSO, PF4: HSSI, PF5: HSCLK
1d  (hscsel), 0x01 ; port setting PF3:"HSSO, PF4: HSSI, PF5: HSCLK
ldw (hscOct), 0x0040 ; Set datalength to-8bit

ldw (hscOmd), 0x2c43 ; System clock enable, baud rate selection: fSYS/8

; LSBfirst; synchronous clock edge setting: set to Rising

1d  (hscOie), 0x08 y'Set.to TENDO interrupt enable
1d  (inteslhsc), 0x10 ;3. Set INTHSC interrupt level to\l
el ; Interrupt enable (iff=0)
loop ;7 Confirm that transmission data register doesn’t have no transmission data
bit 1, (hscOst) ; <RFW0>=1?

jr  z,loop

1d  (hseOtd), 0x3a ; Write Transmission data and Start transmission

HSCOTD

Write pulse L

HSSO output l_, l_l

INTHSC
Interrupt signal IL

Figure 3.11.26 Example of UNIT transmission
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(2) UNIT receiving
This example shows case of receiving is executed by following setting, and it is generated
INTHSC interrupt by finish receiving.

UNIT: 8bit

LSB first

Baud rate selection : fsys/8
Synchronous clock edge: Rising

Setting example

1d  (pffc), 0x38 ; Port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
1d  (pfer), 0x28 ; port setting PF3: HSSO, PF4: HSSI; PF5: HSCLK
1d  (hscsel), 0x01 ; port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
ldw  (hscOct), 0x0040 ; Set data length to 8bit

ldw  (hscOmd), 0x2c43 ; System clock enable, baud rate selection: fSys/8

; LSB first, synchronous clock edge setting: set to'Rising

1d  (hscOie), 0x01 ; Set to RFRO-interrupt enable
1d (inteslhsc), 0x10 ; Set INTHSC interrupt level to 1
el ; Interrupt enable (iff=0)
set  0x0, (hscOct) 5 Start UNIT receiving
HSCOCT
Write pulse —"

HSSlinput | r | l l—li

INTHSC |-L
Interrupt signal

HSCORD data XX X 0x3A

Figure 3.11.27 Example of UNIT receiving
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(3) Sequential transmission
This example shows case of transmission is executed by following setting, and it is
executed 2byte sequential transmission.

UNIT: 8bit

LSB first

Baud rate selection: fsys/8
Synchronous clock edge: Rising

Setting example

1d  (pffc), 0x38 ; Port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
1d  (pfer), 0x28 ; port setting PF3: HSSO, PF4: HSSI; PF5: HSCLK
1d  (hscsel), 0x01 ; port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
ldw  (hscOct), 0x0040 ; Set data length to-8bit

ldw  (hscOmd), 0x2c43 ; System clock enable; baud rate selection: fsys/8

; LSB first, synchronous clock edge setting: set to Rising

loop1: ; Confirm that transmission data register doesn’t’have no transmission data
bit 1, (hscOst) ; <RFWO0>=1?
jr 1z, loopl
1d  (hscOtd), 0x3a 3 Write transmissiondata of first byte and start transmission
loop2 ; Confirm that transmission data register'doesn’t have no-transmission data
bit 1, (hscOst) s <RFW0>=1?
jr  z, loop2
1d  (hscOtd), 0x55 ; Write transmission data of second byte
loop3: ; Confirm that transmission data register doesn’t have no-transmission data
bit 3, (hscOst) s <TENDO>=1"7?
jr z,loop3

; Finish transmission

HSCOTD
Write pulse " "

HSCLK output
HSSO output

INTHSC (RFWO)
Interrupt signal [L "

Note: Timing of this figure is an example. There is also that transmission interbal between first byte and sescond byte

generate. (High baud rate etc.)

Figure 3.11.28 Example of sequential transmission
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(4) Sequential receiving

This example shows case of receiving is executed by following setting, and it is executed

2byte sequential receiving.

UNIT: 8bit

LSB first

Baud rate selection: fsys/8
Synchronous clock edge: Rising

Setting example

; Port setting PF3: HSSO, PF4: HSSI; PF5: HSCLK
; Port setting PF3: HSSO, PF4:HSSI, PF5: HSCLK
; Port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK

; Set data length to 8bit
; System clock enable, baud rate selection: fsys/8
; LSB first, synchronous clock edge setting:/set to Rising

; Start sequential receiving

; Confirm that receiving data register has receiving data of first byte

; <RFRO>=1?

; Confirm that receiving data register-has receiving data of second byte

; <RENDO>=1?

; Sequential receiving disable

; Read receiving data of first byte

; Confirm that receiving data of second byte is shifted from receiving data

shift register to receiving data register

1d  (pffc), 0x38

1d  (pfer), 0x28

1d  (hscsel), 0x01

ldw  (hscOct), 0x0040

ldw  (hscOmd), 0x2c43

set  0x01,(hscOct)
loop1:

bit 0, (hscOst)

jr 1z, loopl
loop2:

bit 2, (hscOst)

jr  z, loop2

res 0x01, (hscOct)

1d  a, (hscOrd)
loop3:

bit 0, (hscOst)

jr 1z, loop3

1d>  w, (hscOrd)

HSCORD

; <RFRO>=1?

; Read receiving data of second byte

Read pulse

HSCLK output

HSSI input

HSCORS data XX

HSCORD data XX

<RFRO>

<RENDO>

Figure 3.11.29 Example of sequential receiving
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(5) Sequeintial Transmission by using micro DMA

This example shows case of sequential transmission of 4byte is executed at using micro
DMA by following setting.

UNIT: 8bit

LSB first

Baud rate : fsys/8
Synchronous clock edge: Rising

Setting example

Main routine
;-- micro DMA setting --
ld (dmaOv), 0x1D ; Set micro DMAO to INTHSC
1d  wa, 0x0003 ; Set number of micro DMA transmission to that number -1 (third time)
lde  dmacO, wa
1d a, 0x08 ; micro DMA mode setting: source INC mode, 1 byte transfer

lde dmamO, a

1d  xwa, 0x806000 ; Set souree-address
lde dmas0, xwa
1d  xwa, 0xC10 ; Set-source address to HSCOTD register

lde dmadoO, xwa

;-- HSC setting --

1d  (pffc), 0x38 ;. Port setting PF3: HSSO; PF4: HSSI, PF5: HSCLK
1d  (pfer), 0x28 i Port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
1d  (hscsel), 0x01 ; Port setting PE3: HSSO, PF4: HSSI, PF5: HSCLK
ldw  (hscOct), 0x0040 ; Set datalength to 8bit

ldw  (hscOmd), 0x2c43 ; System- clock enable, baud rate selection: fsys/8

; LSB first, synchronous clock edge setting: set to Rising

1d  (hscOie), 0x00 ; Set to-interrupt disable
set 1, (hscOet+1) ; Set miero DMA operation by REWO to enable
1d > (intetc01), 0x01 ;. Set INTTCO interrupt level to 1
ei ; Interrupt enable (iff=0)
loop1: ; Confirm that transmission data register doesn’t have no transmission data
bit~ 1, (hscOst) ; <RFW0>=1?
jr 1z, loopl
1d  (hscOtd), Ox3a ; Write Transmission data and Start transmission

Interrupt routine INTTCO)

loop2:
bit 1, (hscOst) ; <RFW0>=17?
jr  z, loop2
bit 3, (hscOst) ; <TENDO>=17?
jr  z,loop2
nop
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(6) UNIT receiving by using micro DMA

This example shows case of UNIT receiving sequentially 4byte is executed at using micro
DMA by following setting.

UNIT: 8bit

LSB first

Baud rate : fsys/8
Synchronous clock edge: Rising

Setting example

Main routine
;-- micro DMA setting --
ld (dmaOv), 0x1D ; Set micro DMAO to INTHSC
1d  wa, 0x0003 ; Set number of micro DMA transmission to that number -1 (third time)
lde  dmac0, wa
1d a, 0x00 ; micro DMA mode setting: source INC mode, 1 byte transfer

lde dmamO, a

1d  xwa, 0xC12 ; Set source-address to HSCORD register
lde dmas0, xwa

1d xwa, 0x807000 ; Set-source address

lde dmadO, xwa

;-- HSC setting --

1d  (pffc), 0x38 ;. Port setting PF3: HSSO; PF4: HSSI, PF5: HSCLK
1d  (pfer), 0x28 i Port setting PF3: HSSO, PF4: HSSI, PF5: HSCLK
1d  (hscsel), 0x01 ; Port setting PE3: HSSO, PF4: HSSI, PF5: HSCLK
ldw  (hscOct), 0x0040 ; Set data‘length to 8bit

ldw  (hscOmd); 0x2c43 ; System clock enable, baud rate selection: fsys/8

; LSB first; synchronous clock edge setting: set to Rising

1d  (hscOie), 0x00 ; Set-tointerrupt disable

set 0, (hscOct+1) ; Set micro DMA operation by RFRO to enable
1d/ (intetc01), 0x01 +Set INTTCO interrupt level to 1

el ; Interrupt enable (iff=0)

set | 0x0, (hscOct) ; Start UNIT receiving

Interrupt routine (INTTCO)

loop2: ; Wait receiving finish case of UNIT receiving
bit 0, (hscOst) ; <RFRO>=17?
jr  z, loop2
res 0, (hscOct) ; UNIT receiving disable
1Id  a, (hscOrd) ; Read last receiving data
Nop
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3.12 Analog/Digital Converter

The TMP92FD23A incorporates a 10-bit successive approximation type analog/digital
converter (AD converter) with 12-channel analog input.

Figure 3.12.1 is a block diagram of the AD converter. The 12-channel analog input pins (ANO
to AN11) are shared with the input only port (Port G and Port L) so they can be used as an input
port.

Note: When IDLE2, IDLE1 or STOP mode is selected, as to reduce the power, withsome timings the system may
enter a stand-by mode even though the internal comparator is still enabled. Therefore be sure to check that

AD converter operations are halted before a HALT instruction is executed.

e Internal data bus 2
G g i
AD mode control registers 1 and 2 J AD.mode control register O
ADMOD, 2<ADTRGE> ADMODO
<ADCH3:0><VREFON> <EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>
Scan
Repeat
Decoder Int
JO nterrupt
Busy ADTRG
End
Analog input Start
Channel select AD converter
ANL1/ADTRG (PL3) LI control circuit _):r,:lt-gﬁt? t
AN10 (PL2) O—] P
AN9 (PL1) O—>
AN8 (PLO) O—

AD conversion result
register
Sample and ADREGOL to ADREGBL
hold

AN7 (PG7) ——|
AN6 (PG6) [J——>|
ANS5 (PG5) ——|
AN4 (PG4) J——5
AN3 (PG3) —<~ |
AN2 (PG2) —— Comparator
AN1 (PG1) O— ]
ANO (PGO) ——|

Avccavee)
DA converter < ::

AVSS(VREFL) [}

Multiplexer

IADREGOH to ADREGBH

Figure 3.12.1 Block Diagram of AD Converter
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3.12.1 Analog/Digital Converter Registers

ADMODO
(12B8H)

The AD converter is controlled by the three AD mode control registers: ADMODO,
ADMOD1 and ADMOD2. The 24 AD conversion data result registers (ADREGOH/L to
ADREGBH/L) store the results of AD conversion.

Figure 3.12.2 to Figure 3.12.10 show the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
Read/Write R R/W
Reset State 0 0 0 0 0 0 0 0
Function AD AD Always write | Always write |interrupt Repeat mode | Scan mode AD
conversion ;onveﬂrsmn “0” “0” specification-in specification | specification | conversion
usy fla -Si . i start
end flag Y 9‘ comversion 0:Single . 0:Conversion
. . 0:Conversion . conversion channel 0: Don'’t care
0:Conversion d channel fixed LR fixed mode -
in progress stoppe :Repeat ixed mode |1:Start
- Conversion 1:Conversion repeat mode conversion [1:Conversion conversion
' complete in progress 0:Every mode channel
gogversion scan'mode | Always “0”
1:Every fourth when read
conversion

————————> Spe

|—> AD conversion start

0 | Don’tcare

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

AD single conversion mode

AD repeat conversion mode

repeat conversion mode

cify 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 3.12.2 Register for AD Converter
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AD Mode Control Register 1
7 6 5 4 2 1 0
ADMODL1 | Bit symbol | VREFON I2AD - - ADCH3 ADCH2 ADCH1 ADCHO
(12B9H) Read/Write RIW
Reset 0 0 0 0 0 0 0
State
Function VREF IDLE2 Always Always Analog input channel selection
application | o: Stop write “0” write “0”
control 1: Operate
0: Off
1:On
I R
Analog input channel selection
<SCAN> 0 1
Channel Channel
<ADCH3:0> Fixed Scanned
0000 ANO ANO
0001 AN1 ANO —AN1
0010 AN2 ANO — AN1 — AN2
0011 AN3 ANO — AN1 — AN2 — AN3
0100 AN4 ANO - AN1 —> AN2 —» AN3 — AN4
0101 AN5 ANO —AN1 — AN2 - AN3 —»> AN4 — AN5
0110 AN6 ANO —~ AN1 — AN2 - AN3 - AN4 — AN5
— AN6
0111 AN7 ANO.— AN1 — AN2 —» AN3 — AN4 — AN5
—> AN6 — AN7
1000 ANS ANO — AN1 — AN2 —» AN3 — AN4 — AN5
“/AN6 — AN7 — AN8
1001 AN9 ANO — AN1 —» AN2 —» AN3 — AN4 — AN5
— AN6 —> AN7 —> AN8— AN9
1010 AN10 ANO — AN1 —» AN2 - AN3 — AN4 — ANS
— AN6 — AN7 — AN8— AN9— AN10
1011 AN11 ANO — AN1 — AN2 —» AN3 — AN4 — AN5
— AN6 — AN7 — AN8— AN9— AN10
— AN11
1100~1111 Please do not set up.

IDLE2 control

0 | Stopped

1 | In operation

Control of application of reference voltage to AD
converter

o | Off

1 |On

Note: As pin AN11 also functions as the ADTRG input pin, do not set ADMOD1<ADCH3:0> = “1011” when using
ADTRG With ADMOD2<ADTRGE> set to “1".

Figure 3.12.3 Register for AD Converter
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AD Mode Control Register 2
7 6 5 4 3 2 1 0
ADMOD2 |Bit symbol — — — — — — — ADTRGE
(12BAH) | Read/Write R/IW
Reset State 0 0 0 0 0 0 0 0
Function Always Always Always Always Always Always Always AD external
write “0” write “0” write “0” write “0” write “0” write “0” write “0” trigger start
control
0: Disable
1: Enable

L AD conversion start-control by external trigger
( ADTRG/input)

0 | Disabled
1 | Enabled

Figure 3.12.4 Register for AD Converter
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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
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1:Conversion
result
stored

AD Conversion Result Register 0 High

7 6 5 4 3 2 1 0
ADREGOH | Bit symbol ADRO09 ADRO0O8 ADRO7 ADRO6 ADRO05 ADRO04 ADRO3 ADRO2
(12A1H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits 'of AD conversion result.

AD Conversion Result Register 1 Low

7 6 5 4 3 2 1 0
ADREGLL | Bit symbol ADR11 ADR10 ADRI1RF
(12A2H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1:Conversion
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
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGXH ) ) ADREGXL
7 6 5 4.3 2 1 0 7 6 5 4 3 2 1 0

- _/
~—

e Bits 5to 1 are always read as “1".

e 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 3.12.5 Register for AD Converter
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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
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag

1:Conversion
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
Reset State Undefined
Function Stores upper 8 bits 0f/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
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1: Conversion
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
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGxH l l ADREGXL
7 65 4 3 2 1 0 7 6 5 4 3 2 1 0

- _/
~—

e Bits 5to 1 are always read as “1”".

e 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 3.12.6 Register for AD Converter
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AD Conversion Result Register 4 Low

7 6 5 4 3 2 1 0
ADREGAL | Bit symbol ADR41 ADR40 ADRORF
(12A8H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1:Conversion
result
stored

AD Conversion Result Register 4 High

7 6 5 4 3 2 1 0
ADREG4H| Bit symbol ADR49 ADR48 ADR47 ADR46 ADR45 ADR44 ADR43 ADR42
(12A9H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits-of AD. conversion result.

AD Conversion Result Register 5'Low

7 6 5 4 3 2 1 0
ADREGSL | Bit symbol ADR51 ADR50 ADR5RF
(12AAH) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. storage flag
1:Conversion
result
stored

AD (Conversion Result Register 5 High

7 6 5 4 3 2 1 0
ADREGS5H | Bit symbol ADR59 ADR58 ADR57 ADR56 ADR55 ADR54 ADR53 ADR52
(12ABH) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGxH l l ADREGXL
7,6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

~—

e Bits 5to 1 are always read as “1".

e 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 3.12.7 Register for AD Converter
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AD Conversion Result Register 6 Low

7 6 5 4 3 2 1 0
ADREGS6L | Bit symbol ADR61 ADRG0 ADR6RF
(12ACH) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. ::Z;a storage

1: Conversion
result
stored

AD Conversion Result Register 6 High

7 6 5 4 3 2 1 0
ADREG6H | Bit symbol ADR69 ADR68 ADR67 ADR66 ADR65 ADRG64 ADRG63 ADRG62
(12ADH) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of’AD conversion result.

AD Conversion Result Register 7 Low

7 6 5 4 3 2 1 0
ADREGTL | Bit symbol ADR71 ADR70 ADR7RF
(12AEH) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1: Conversion
result
stored

AD Conversion Result Register 7 High

7 6 5 4 3 2 1 0
ADREG7H] Bit symbol ADR79 ADR78 ADR77 ADR76 ADR75 ADR74 ADR73 ADR72
(12AFH) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGxH l l ADREGXL
7 65 4 3 2 1 0 7 6 5 4 3 2 1 0

- _/
~—

e Bits 5to 1 are always read as “1”".

e 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 3.12.8 Register for AD Converter
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AD Conversion Result Register 8 Low

7 6 5 4 3 2 1 0
ADREGSL | Bit symbol ADRS81 ADRS0 ADRSRF
(12BOH) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1: Conversion
result
stored

AD Conversion Result Register 8 High

7 6 5 4 3 2 1 0
ADREGB8H | Bit symbol ADR89 ADRS88 ADRS87 ADRS86 ADRS85 ADR84 ADRS83 ADRS82
(12B1H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits-of AD. conversion result.

AD Conversion Result Register 9'Low

7 6 5 4 3 2 1 0
ADREGOL | Bit symbol ADRO91 ADR90 ADRORF
(12B2H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. storage flag
1: Conversion
result
stored

AD (Conversion Result Register 9 High

7 6 5 4 3 2 1 0
ADREGYH | Bit symbol ADR99 ADR98 ADR97 ADR96 ADR95 ADRY94 ADR93 ADR92
(12B3H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGxH l l ADREGXL
7,6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

~—

e Bits 5to 1 are always read as “1".

e 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 3.12.9 Register for AD Converter
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AD Conversion Result Register A Low

7 6 5 4 3 2 1 0
ADREGAL | Bit symbol ADRA1 ADRAOQ ADRARF
(12B4H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. ::Z;a storage

1: Conversion
result
stored

AD Conversion Result Register A High

7 6 5 4 3 2 1 0
ADREGAH | Bit symbol ADRA9 ADRAS ADRA7 ADRAG ADRA5 ADRA4 ADRA3 ADRA2
(12B5H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of’AD conversion result.

AD Conversion Result Register B Low

7 6 5 4 3 2 1 0
ADREGBL | Bit symbol ADRB1 ADRBO ADRBRF
(12B6H) Read/Write R R
Reset State Undefined 0
Function Stores lower 2 bits of IAD conversion
AD conversion result. data storage
flag
1: Conversion
result
stored

AD Conversion Result Register B High

7 6 5 4 3 2 1 0
ADREGBH | Bit symbol ADRB9 ADRBS ADRB7 ADRB6 ADRB5 ADRB4 ADRB3 ADRB?2
(12B7H) Read/Write R
Reset State Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result

ADREGxH l l ADREGXL
7 65 4 3 2 1 0 7 6 5 4 3 2 1 0

- _/
~—

e Bits 5to 1 are always read as “1”".

e 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 3.12.10 Register for AD Converter
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3.12.2 Description of Operation

(1) Analog reference voltage

A high level analog reference voltage is applied to the AVCC pin; a low level analog
reference voltage is applied to the AVSS pin. To perform AD conversion, the reference
voltage, the difference between AVCC and AVSS, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between AVCC and AVSS, write 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-onthe operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO<SCAN> = “0”)
Setting ADMOD1<ADCH1:0> selects one of the input pins ANO-to AN3 as the
input channel.
e In analog input channel scan mode (ADMODO0<SCAN> = 1?)
Setting ADMOD1<ADCH1:0>/selects one of the four/scan-modes.

Table 3.12.1 illustrates analog input channel selection ineach’ operation mode.

On a reset, ADMODO0<SCAN> is set to 0 and ADMOD1<ADCH3:0> is initialized to
“00”. Thus pin ANO is selected as the fixed input channel. Pins not used as analog input
channels can be used as standard input port pins.

Table 3.12.1 Analog Input Channel Selection

Channel Fixed Channel Scan
<ADCH3:0> . wq
<SCAN>="0 <SCAN>="“1

0000 ANO ANO

0001 AN1 ANO — AN1

0010 AN2 ANO — AN1 — AN2

0011 AN3 ANO — AN1 — AN2 — AN3

0100 AN4 ANO — AN1 — AN2 — AN3
— AN4

0101 AN5 ANO — AN1 — AN2 — AN3
— AN4 — AN5

0110 AN6 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6

0111 AN7 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7

1000 AN8 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8

1001 AN9 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8—> AN9

1010 AN10 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8— AN9— AN10

1011 AN11 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8—> AN9—> AN10— AN11
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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<ADBEF> will be set to “1”, indicating that AD conversion is in progress.
During AD 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
e Channel scan single conversion mode
¢ Channel fixed repeat conversion mode

¢ Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings-in. AD “mode control
register 0 determine the AD mode setting.

Completion of AD conversion triggers an INTAD AD conversion end interrupt
request. Also, ADMODO<EOCF> will be setto “1” to indicate that’ AD conversion has
been completed.

1. Channel fixed single conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “00” selects conversion
channel fixed single conversion mode.

In this mode data on one specified channel is converted once only. When the
conversion has been completed, the ADMODO<EOCF> flag is set to “1”,
ADMODO0<ADBF> iscleared to “0”, and an INTAD interrupt request is generated.

2. Channel scan single conversion mode
Setting ADMODO<REPEAT>and ADMODO0<SCAN> to “01” selects conversion

channel 'sean single conversion-mode:

In this mode data on the specified scan channels is converted once only. When
scan/ conversion has  been- completed, ADMODO<EOCF> 1is set to “17,
ADMODO<ADBE> is cleared to “0”, and an INTAD interrupt request is generated.
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Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “10” selects 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
ADMODO0<ADBEF> is not cleared to “0” but held at “1”. INTAD interrupt request
generation timing is determined by the setting of ADMODO<ITMO>.

Clearing <ITMO> to “0” generates an interrupt request every time an AD
conversion is completed.

Setting <ITMO0> to “1” generates an interrupt request on completion of every
fourth conversion.

Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “11” selects 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=>1s 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., incases 3. and 4.), write “0”
to ADMODO<REPEAT>. After the current conversion has been completed, the
repeat conversion mode terminates and ADMODO<ADBF> is cleared to “0”.

Switching to a halt state (IDLE2 mode with ADMOD1<I2AD> cleared to “0”,
IDLE1 mode or STOP mode) immediately stops operation of the AD converter
even when AD conversion is still in progress. In repeat conversion modes (e.g., in
cases 3. and 4.), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g.,/in cases 1. and 2.), conversion does not restart
when the halt is released (the converter remains stopped).

Table '3:12.2' shows the relationship between the AD conversion modes and
interrupt requests.

Table 3.12.2 Relationship between AD Conversion Modes and Interrupt Requests

Yode 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 forth conversion

Channel scan repeat | After completion of every X 1 1
conversion mode scan conversion

X: Don'’t care
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(5) AD conversion time

84 states (4.2us at fsys = 20 MHz) are required for the AD conversion of one channel.

(6) Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREGOH/L to ADREGBH/L)
store the results of AD conversion. (ADREGOH/L to ADREGBH/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers from ADREGOH/L to ADREGBH/L:. In-other modes from ANO
to AN11 conversion results are stored in from ADREGOH/L to ADREGBH/L
respectively.

Table 3.12.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.12.3 Correspondence between Analog Input Channels and AD Conversion'Result Registers

AD Conversion Result Register
Analog Input
Channel Conversion Modes Other Chgg;‘s‘lazi):;d'\?: dp:at
(Port G/Port L) than at Right ADMODO<ITMb>2 41y
ANO ADREGOH/L
AN1 ADREGIH/L
AN2 ADREG2H/L
AN3 ADREG3H/L ADREGOH/L
AN4 ADREG4H/L J
AN5 ADREGS5H/L ADREG1H/L
ANG6 ADREG6H/L J
AN7 ADREGT7H/L ADREG2H/L
AN8 ADREGS8H/L J
AN9 ADREGYH/L ADREG3H/L
AN10 ADREGAH/L
AN11 ADREGBH/L

<ADRxRF>, bitO0 of the AD conversion data lower register, is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a conversion result is stored in the AD

conversion result register, the flag is set to 1. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to “0”.

Reading the 'AD ‘conversion result also clears the AD conversion end flag
ADMODO<EOCF=>to “0”.
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Setting example:
1. Convert the analog input voltage on the AN3 pin and write the result, to memory address 2800H using the AD
interrupt (INTAD) processing routine.

Main routine:
- 7 6 5 4 3 2 1 0
INTEPAD «~ X - - - X 1 0 0 Enable INTAD and set it to‘interrupt level 4.
ADMOD1 «~ 1 1 0 0 0 0 1 1 Set pin AN3 to be the analog input-channel.
L ADMODO «~ X X 0 0 0 0 0 1 Start conversion in channel fixed single conversion mode.
- Interrupt routine processing example:
WA < ADREG3H/L Read value of ADREG3L-and ADREG3H into 16-bits
general-purpose register WA.
WA «— >>6 Shift contents read.into WA six times to right and zero fill
upper bits.
L (2800H) «— WA Write contents of WA to memory address 2800H.

2. This example repeatedly converts the analog input voltages on.the three pins ANO, AN1 and AN2;.using channel
scan repeat conversion mode.

INTEPAD «~ X - - - X 0 0 O Disable INTAD.
ADMOD1 «~ 1 1 0 0 0 0 1 O Set pins ANO to AN2 to be the analog input channels.
ADMODO «~ X X 0 0 0 1 1 1 Start.conversion in channel scan.repeat conversion mode.

X: Don't care, —: No change
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3.13 Watchdog Timer (Runaway detection timer)

The TMP92FD23A 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.)

3.13.1 Configuration

Figure 3.13.1 is a block diagram of the watchdog timer (WDT).

fsys

Internal reset

WDMOD<RESCR>

l

Reset control

RESET pin

Internal reset

:

7
WDMOD
<WDTP1:0> Selector
215 217 219 221
Q
Binary counter
(22 stages) R s

Reset

Write Write

4EH BiH WDMOD
<WDTE>

WDT control register WDCR

7S

L

Internal data bus

Figure 3:13.1 Block Diagram of Watchdog Timer

INTWD interrupt

Note: It needs to care designing the total machine set, because Watchdog timer can’t operate completely by external

noise.
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3.13.2

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be cleared “0” 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 to 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 halted in IDLE1 or STOP mode.

When the device is in IDLE2 mode, the /operation of WDT ,depends on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before'the device enters
IDLE2 mode.

The watchdog timer consists of a 22-stage binary ecounter which uses the'clock fsys as the
input clock. The binary counter can output 215/4sys, 217/fsys, 219/fsys and 221/fsys.

WDT counter n X Overflow X ((

WDT interrupt | | (
1)}

Write clear code \F)_‘—
WDT clear (:(;

(Soft ware)

. ><
o

Figure 3.13.2 Normal Mode

The runaway detection result can also be connected to the reset pin internally.

In this case, the reset time will be between 22 and 29 system clocks (70.4 to 92.8 us at
foscH = 10 MHz) as shown in Figure 3.13.3. After a reset, the fsys clock is frpH/2, where
fFpH is generated by dividing the high-speed oscillator clock (foscr) by sixteen through the
clock gear function

Overflow

WDT counter n x \ (

WDT- interrupt

Internal reset |

| |
! 22 to 29 clocks (70.4 to 92.8 ps at foscH = 10 MHz) !

Figure 3.13.3 Reset Mode
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3.13.3 Control Registers

The watchdog timer (WDT) is controlled by two control registers WDMOD and WDCR.
(1) Watchdog timer mode register (WDMOD)
1. 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 time for WDT is 215/fsys [s].
2. 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”:

3. 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>1s initialized to “0” 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.

e 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 « 01 /0 0 1 1 1-0 Write the clear code (4EH).
WDMOD « 0 - - X 0 <£—-0 Clear WDMOD <WDTE> to “0".
WDCR &< 1 0 11 0-0.0 1 Write the disable code (B1H).

e “ Enable control
Set WDMOD<WDTE> to “1™

¢ / Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code
(4EH) to the WDCR register.
WDCR «0-1-0 0 1 1 1 0 Write the clear code (4EH).

Notel: If it is used disable control,-set the disable code (B1H) to WDCR after write the clear code (4EH) once. (Please
refer to setting example.)

Note2: If it is changed Watchdog timer setting, change setting after set to disable condition once.
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7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO — 12WDT RESCR —
(1300H) Read/Write R/W R/W
Reset State 1 o | o 0 0 0 0
Eunction WDT Select detecting time Always IDLE2 1: Internally | Always
control 00: 2%/fsys write “0” 0: Stop connects | Write “0”
1:Enable | 01: 2/fgys 1: Operate | WDT out
10: 2%/gys to the
11: 2"figys reset pin

—> Watchdog timer out.control
0 =
1 || Connects WDT out to a reset

L———— IDLE2 control

0 | Stop

1 | Operation

Watchdog timer detection.time

00 | 2%/fsys (Approximately1.64 ms at fsys = 20 MHz)

01 | 2"/fsys (Approximately 6.55 ms at fgys = 20 MHz)

10 | 2%Hsys (Approximately 26.2 ms at fgys = 20 MHz)

11 | 2%fsys/(Approximately 104.9 ms at fgyg = 20 MHz)

Watchdog timer enable/disable control
0 | Disabled
1| Enabled

Figure 3.13.4 Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
WDCR Bit symbol —
(1301H) Read/Write w
Read Reset State —
-modify Function B1H: WDT disable code
-write 4EH: WDT clear code
instruction is
prohibited

L——— WDT disable/clear control

B1H Disable code

AEH Clear code

Others Don'’t care

Figure 3.13.5 Watchdog Timer Control Register
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3.14 Special timer for CLOCK

The TMP92FD23A includes a timer which is used for a clock operation.

An interrupt INTRTC) can be generated each 0.0625[s] or 0.125[s] or 0.25[s] or 0.50[s] by
using a low-frequency clock of 32.768 kHz. A clock function can be easily used.

Special timer for Clock can operate in all modes in which a low-frequency oscillation is
operated. In addition, INTRTC can return from each standby mode except STOP mode.

RTCCR <RTCSEL> Selector Interrupt
request

INTRTC

RTCCR <RTCRUN>

RUN [ /CLEAR 211 212 213 214

fs 14-stage binary counters
(32.768 kHz)

Figure 3.14.1 Block Diagram for Special timer for CLOCK

The Special timer for CLOCK is controlled by Special timer for CLOCK control register
(RTCCR).

Figure 3.14.2 shows the timer for real time clock control register.

7 6 5 4 3 2 1 0
RTCCR Bit Symbol - RTCSEL1 [ RTCSELO [ RTCRUN
(1310H) Read/Write R/W RIW
Reset State 0 0 | 0 0
Function Always 00:2 /s 0:Stop &
write “0” o1: 2%s Clear
10: 2"%s 1:Run
11:2Ms

I

|—> Counting operation
0 |Stop & clear
1 |[Count

L Interrupt generation cycle
(fs = 32.768 kHz)

00 |0.50s
11 |0.25s
10 |0.125s
11 |0.0625s

Figure 3.14.2 Register for Special timer for CLOCK
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3.15

Program patch logic

The TMP92FD23A has a program patch logic, which enables the user to fix the program code
in the Internal ROM. Patch program must be read into Internal RAM from external memory
during the startup routine.

Up to eight 4-byte sequences or banks (32-bytes in total) can be replaced with patch code.
More significant code correction can be performed by replacing program code with 1-byte
instruction code which generates a software interrupt (SWI) to make a branch to a specified
location in the Internal RAM area.

The program patch logic only compares addresses in the Internal ROM area; it cannot fix the
program code in the Internal peripheral, Internal RAM and external ROM areas.

Each of eight banks is independently programmable,-and functionally equivalent. In the
following sections, any references to bank0 also apply to other banks.

3.15.1 Block Diagram

ROMRD ROMRD
CPU > ROM
i
/ |
Address bus | Data bus
N\ V4 [/ NN\
| g/i'aﬁgll Output — :
L1 Address compare register (BANKO) o 9 N enable /| Address substitution regiser
| (ROMCMPOOto ROMCMPO02) i > 7 (BANKO)
(ROMSUBOHH/HL/LH/LL)
Address compare register (BANK1) Address substitution regiser
— (ROMCMP10 to ROMCMP12) > > > (BANK1)
(ROMSUB1HH/HL/LH/LL)
L__lAddress compareregister (BANK2) Address substitution regiser
— (ROMCMP20 to. ROMCMP22) > > > (BANK2)
o (ROMSUB2HH/HL/LH/LL)
S 3
L Address compare register (BANK3) N Jd 5 .| Address S(lélf’g%gfn regiser
| ROMCMP ROMCMP32 > = 7l = >
(ROMCMES0 to ROMCMP32) g o (ROMSUB3HH/HL/LH/LL)
g IS
8 8
Address compare register (BANK4) 8 - Address substitution regiser
—1-. (ROMCMP40 to ROMCMP42) d 7)) > a > (BANKA4)
o 5 (ROMSUB4HH/HL/LH/LL)
°
o o
< — .
— ~|Address compare register (BANKS5) - N .| Address substitution regiser
(ROMCMP50 to ROMCMP52) > > > (BANKS)
(ROMSUBSHH/HL/LH/LL)
—|Address compare register (BANKG6) N .| Address substitution regiser
(ROMCMP60 to ROMCMP62) > > B )
(ROMSUBGHH/HL/LH/LL)
" |Address compare register (BANK7) Address substitution regiser

\4
A

(BANK?

(ROMCMP70 to ROMCMP72)

)
(ROMSUB7HH/HL/LH/LL)

Figure 3.15.1 Program Patch Logic Diagram

Note: Don't set the same value to an address compare register (BankO to 7).
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3.15.2 SFR Descriptions

The program patch logic consists of eight banks (0 to 7). Each bank is provided with
3-bytes of address compare registers (ROMCMP00 to ROMCMP72) and 4-bytes of address
substitution registers (ROMSUBLL, ROMSUBLH, ROMSUBHL and ROMSUBHH).

BANKO Address Compare Register 0

7 6 5 4 3 2 1 0
ROMCMPOQO | Bit symbol ROMCO7 | ROMCO06 | ROMCO05 | ROMC04 | ROMC03 [ ROMCO02
(1400H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Lower 6 hits)
BANKO Address Compare Register.1
7 6 5 4 3 2 1 0
ROMCMPO1 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12/|.ROMC11 | ROMC10 | ROMCO09 | ROMCO08
(1401H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 0 0
Function
Target ROM address (Middle 8 /bits)
BANKO Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMPO02 | Bit symbol ROMC23 | ROMC22{ ROMC21 | ROMC20 [ ROMC19 | ROMC18 [ ROMC17 | ROMC16
(1402H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 0 0
Function
Target ROM address (Upper 8 bits)

Note 1: The ROMCMP00, ROMCMPO01, and ROMCMPO2 registers'do not support read-modify-write operation.
Note 2: BitO and Bit1 of the' ROMCMPOQO is read as undefined:

Figure 3.15.2 Address Compare Registers (BankO0)
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BANK1 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP10 | Bit symbol ROMCO07 | ROMC06 | ROMCO05 [ ROMC04 [ ROMC03 [ ROMCO02
(1408H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Lower 6 bits)
BANK1 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP11 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11. | “ROMC10 | ROMCO09 | ROMCO0S8
(1409H) Read/Write Wi
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Middle 8 bits)
BANK1 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP12 | Bit symbol ROMC23 [ ROMC22 | ROMC21-| ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(140AH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function

Target ROM address (Upper 8 bits)

Note 1: The ROMCMP10, ROMCMP11, and ROMCMP12 registers do not'support read-modify-write operation.
Note 2: BitO and Bitl of the ROMCMP10 is.read as undefined.

Figure 3.15.3 Address Compare Registers (Bank1)
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BANK?2 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP20| Bit symbol ROMCO07 | ROMC06 | ROMCO05 [ ROMC04 [ ROMC03 [ ROMCO02
(1410H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Lower 6 bits)
BANK?2 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP21| Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11. | “ROMC10 | ROMCO09 | ROMCO0S8
(1411H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Middle 8 bits)
BANK2 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP22| Bit symbol ROMC23 [ ROMC22 | ROMC21-| ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(1412H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function

Target ROM address (Upper 8 hits)

Note 1: The ROMCMP20, ROMCMP21, and ROMCMP22 registers do not'support read-modify-write operation.
Note 2: BitO and Bitl of the ROMCMP20 is.read as undefined.

Figure 3.15.4 Address Compare Registers (Bank?2)
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BANKS3 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP30| Bit symbol ROMCO07 | ROMC06 | ROMCO5 | ROMC04 | ROMCO03 | ROMC02
(1418H) Read/Write w
Reset State 0 0 | 0 | 0 | 0 | 0
Function
Target ROM address (Lower 6 hits)
BANKS3 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP31| Bit symbol ROMC15 | ROMC14 [ ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMCQ09 | ROMCO08
(1419H) Read/Write W
Reset State 0 0 | 0 | 0 | 0 | 0 0 | 0
Function
Target ROM address (Middle'8 bits)
BANKS3 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP32| Bit symbol ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
(141AH) Read/Write W
Reset State 0 0 0 | 0 | 0 | 0 0 | 0
Function
Target ROM address-(Upper 8 bits)

Note 1: The ROMCMP30, ROMCMP31,-and ROMCMP32 registers do not support read-modify-write operation.

Note 2: Bit0 and Bitl of the ROMCMP30 is read as undefined.

Figure 3/15.5 Address Compare Registers (Bank3)
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BANK4 Address Compare Register 0
7 6 5 4 3 2 1 0
ROMCMP40 | Bit symbol ROMCO7 | ROMCO06 [ ROMCO5 [ ROMCO04 | ROMC03 | ROMCO02
(1420H) Read/Write w
Reset State o | o | o | o | o | o
Function
Target ROM address (Lower 6 bits)
BANK4 Address Compare Register 1
7 6 5 4 3 2 1 0
ROMCMP41 | Bit symbol ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO08
(1421H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Function
Target ROM address (Middle 8 bits)
BANK4 Address Compare Register 2
7 6 5 4 3 2 1 0
ROMCMP42 | Bit symbol ROMC23 [ ROMC22 | ROMC21 { ROMC20 | ROMC19 | ROMC18 [ ROMC17 | ROMC16
(1422H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Function
Target ROM address-(Upper 8 bits)

Note 1: The ROMCMP40, ROMCMP41,-and ROMCMPA42 registers do not support read-modify-write operation.
Note 2: BitO and Bitl of the ROMCMP40 is read as undefined.

Figure 3.15.6 Address Compare Registers (Bank4)
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BANKS5 Address Compare Register O

7 6 5 4 3 2 1 0
ROMCMPS50| Bit symbol ROMCO07 | RoMco6 | RoMco5 | RoMco4 | RoMco3 | RoMCOo2
(1428H) Read/Write wW
Reset State o | o | o | o | o | o

Function
Target ROM address (Lower 6 hits)

BANKS5 Address Compare Register 1

7 6 5 4 3 2 1 0
ROMCMP51| Bit symbol ROMC15 | ROMC14 | ROMC13 [ ROMC12 | ROMC11 | ROMC10 | ROMCO09 [ ROMCO08
(1429H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Middle 8 bits)

BANKS5 Address Compare Register 2

7 6 5 4 3 2 1 0
ROMCMP52| Bit symbol ROMC23 [ ROMC22 | ROMC21 | ROMC20 [ ROMC19 | ROMC18.| ROMC17 [ ROMC16
(142AH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Upper 8 bits)

Note 1: The ROMCMP50, ROMCMP51, and ROMCMP52 registers-do-not support-read-modify-write operation.
Note 2: Bit0 and Bitl of the ROMCMP50.is read as undefined.

Figure 3.15.7 ‘Address Compare Registers (Bank5)
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BANKG6 Address Compare Register 0

7 6 5 4 3 2 1 0
ROMCMP60| Bit symbol ROMCO07 [ ROMC06 | ROMCO05 | ROMC04 [ ROMCO03 | ROMCO02
(1430H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Lower 6 hits)

BANKG6 Address Compare Register 1

7 6 5 4 3 2 1 0
ROMCMP61| Bit symbol ROMC15 | ROMC14 | ROMC13 [ ROMC12 | ROMC11 | ROMC10 | ROMCO09 [ ROMCO08
(1431H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Middle 8 bits)

BANKG6 Address Compare Register 2

7 6 5 4 3 2 1 0
ROMCMP62| Bit symbol ROMC23 [ ROMC22 | ROMC21 | ROMC20 [ ROMC19 | ROMC18.| ROMC17 [ ROMC16
(1432H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Upper 8 bits)

Note 1: The ROMCMP60, ROMCMP61, and ROMCMP62 registers-do-not support-read-modify-write operation.
Note 2: Bit0 and Bitl of the ROMCMPG60.is read as undefined.

Figure 3.15.8 “Address Compare Registers (Bank6)
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BANK7 Address Compare Register 0

7 6 5 4 3 2 1 0
ROMCMP70| Bit symbol ROMCO07 | RoMco6 | RoMco5 | RoMco4 | RoMco3 | RoMCOo2
(1438H) Read/Write wW
Reset State o | o | o | o | o | o

Function
Target ROM address (Lower 6 hits)

BANK7 Address Compare Register 1

7 6 5 4 3 2 1 0
ROMCMP71| Bit symbol ROMC15 | ROMC14 | ROMC13 [ ROMC12 | ROMC11 | ROMC10 | ROMCO09 [ ROMCO08
(1439H) Read/Write Wi
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Middle 8 bits)

BANK7 Address Compare Register 2

7 6 5 4 3 2 1 0
ROMCMP72| Bit symbol ROMC23 [ ROMC22 | ROMC21 | ROMC20 [ ROMC19 | ROMC18.| ROMC17 [ ROMC16
(143AH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Function
Target ROM address (Upper 8 bits)

Note 1: The ROMCMP70, ROMCMP71, and ROMCMP72 registers-do-not support-read-modify-write operation.
Note 2: Bit0 and Bitl of the ROMCMP70.is read as undefined.

Figure 3.15.9 “Address Compare Registers (Bank7)
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BANKO Address substitution Register LL
7 6 5 4 3 2 1 0
ROMSUBOLL | Bit symbol ROMS07 | ROMS06 | ROMSO05 | ROMS04 | ROMS03 [ ROMS02 | ROMSO1 [ ROMSO00
(1404H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 hits)
BANKO Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUBOLH | Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMSI1t. [ -ROMS10 | ROMS09 | ROMS08
(1405H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
BANKO Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUBOHL | Bit symbol ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19 || ROMS18 | ROMS17 | ROMS16
(1406H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower-8 bits)
BANKO Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUBOHH | Bit symbol ROMS31 | ROMS30 | ROMS29 | /ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(1407H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
Note: The ROMSUBOLL, ROMSUBOLH, ROMSUBOHL, and ROMSUBOHH registers do not support

read-modify-write operation.

Figure 3.15.10 | Address Substitution Registers (Bank 0)
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BANK1 Address substitution Register LL
7 6 5 4 3 2 1 0
ROMSUBI1LL | Bit symbol ROMSO07 ROMS06 ROMSO05 ROMS04 [ ROMSO03 ROMS02 ROMSO01 ROMSO00
(140CH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK1 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB1LH| Bit symbol ROMS15 | ROMS14 | ROMS13 ROMS12 ROMS11 ROMS10 ROMS09 ROMS08
(140DH) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
BANK1 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUB1HL | Bit symbol ROMS23 [ ROMS22 ROMS21 ROMS20 [ ROMS19 ROMS18 ROMS17 ROMS16
(140EH) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower-8 bits)
BANK1 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB1HH | Bit symbol ROMS31 | ROMS30 | ROMS29 | /ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(140FH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
Note: The ROMSUBI1LL, ROMSUB1LH, ROMSUBI1HL, and ROMSUB1HH registers do not support

read-modify-write operation.

Figure 3.15.11 | Address Substitution Registers (Bank 1)
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BANK?2 Address substitution Register LL
7 6 5 4 3 2 1 0
ROMSUB2LL | Bit symbol ROMSO07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
(1414H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK?2 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB2LH| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMSO08
(1415H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
BANK?2 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUB2HL | Bit symbol ROMS23 [ ROMS22 [ ROMS21 [ ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
(1416H) Read/Write Wi
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK?2 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB2HH | Bit symbol ROMS31 [ ROMS30 [ ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(1417H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
Note: The ROMSUB2LL, ROMSUB2LH, ~ROMSUB2HL, and ROMSUB2HH registers do not support

read-modify-write,operation.

Figure 3.15.12 (Address Substitution Registers (Banks 2)
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BANKS3 Address substitution Register LL
7 6 5 4 3 2 1 0
ROMSUB3LL | Bit symbol ROMS07 [ ROMS06 [ ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMSO00
(141CH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANKS3 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB3LH| Bit symbol ROMS15 [ ROMS14 [ ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
(141DH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
BANKS3 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUB3HL | Bit symbol ROMS23 [ ROMS22 [ ROMS21 [ ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
(141EH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANKS3 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB3HH | Bit symbol ROMS31 [ ROMS30 [ ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(141FH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Upper 8 bits)
Note: The "ROMSUB3LL, ROMSUB3LH, . ROMSUB3HL, and ROMSUB3HH registers do not support

read-modify-write,operation.

Figure 3.15.13 , Address Substitution Registers (Banks 3)
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BANK4 Address substitution Register LL

7 6 5 4 3 2 1 0
ROMSUBA4LL | Bit symbol ROMS07 [ ROMS06 [ ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMSO00
(1424H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK4 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB4LH| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11. | “ROMS10 | ROMS09 | ROMS08
(1425H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code|(Upper 8 bits)
BANK4 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUB4HL | Bit symbol ROMS23 [ ROMS22 [ ROMS21-{ ROMS20 | ROMS19 | ROMS18-| ROMS17 | ROMS16
(1426H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK4 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB4HH | Bit symbol ROMS31 [ /ROMS30 [ ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(1427H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch-code (Upper 8 bits)

Note: The "'ROMSUBA4LL, 'ROMSUB4LH, ROMSUB4HL, and ROMSUB4HH registers do not support

read-modify-write operation.

Figure 3.15.14 Address Substitution Registers (Banks 4)
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BANKS5 Address substitution Register LL

7 6 5 4 3 2 1 0
ROMSUBSLL | Bit symbol ROMS07 [ ROMS06 [ ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMSO00
(142CH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANKS5 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB5LH| Bit symbol ROMS15 [ ROMS14 [ ROMS13 | ROMS12 | ROMS11. |“ROMS10 | ROMS09 | ROMSO08
(142DH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code|(Upper 8 bits)
BANKS5 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUBSHL | Bit symbol ROMS23 [ ROMS22 [ ROMS21-{ ROMS20 | ROMS19 | ROMS18-| ROMS17 | ROMS16
(142EH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANKS5 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUBSHH | Bit symbol ROMS31 [ /ROMS30 [ ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(142FH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch-code (Upper 8 bits)

Note: The "ROMSUBSLL, "ROMSUBS5LH,. ROMSUB5HL, and ROMSUBS5HH registers do not support

read-modify-write operation.

Figure 3.15.15 , Address Substitution Registers (Banks 5)
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BANKG6 Address substitution Register LL
7 6 5 4 3 2 1 0
ROMSUBG6LL | Bit symbol ROMS07 [ ROMS06 [ ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMSO00
(1434H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK®G6 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB6LH | Bit symbol ROMS15 [ ROMS14 [ ROMS13 | ROMS12 | ROMS11. |“ROMS10 | ROMS09 | ROMSO08
(1435H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code|(Upper 8 bits)
BANKG6 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUBGHL | Bit symbol ROMS23 [ ROMS22 [ ROMS21-{ ROMS20 | ROMS19 | ROMS18-| ROMS17 | ROMS16
(1436H) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANKG6 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB6HH | Bit symbol ROMS31 |/ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 [ ROMS24
(1437H) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch-code (Upper 8 bits)
Note: The. ROMSUB6LL, '/ROMSUB6LH, - ROMSUB6HL, and ROMSUBG6HH registers do not support

read-modify-write operation.

Figure 3.15.16 Address Substitution Registers (Banks 6)
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BANK7 Address substitution Register LL

7 6 5 4 3 2 1 0
ROMSUB7LL | Bit symbol ROMS07 [ ROMS06 [ ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMSO00
(143CH) Read/Write w
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK?7 Address substitution Register LH
7 6 5 4 3 2 1 0
ROMSUB7LH| Bit symbol ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11. | “ROMS10 | ROMS09 | ROMS08
(143DH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code|(Upper 8 bits)
BANK7 Address substitution Register HL
7 6 5 4 3 2 1 0
ROMSUB7HL | Bit symbol ROMS23 [ ROMS22 [ ROMS21-{ ROMS20 | ROMS19 | ROMS18-| ROMS17 | ROMS16
(143EH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch code (Lower 8 bits)
BANK7 Address substitution Register HH
7 6 5 4 3 2 1 0
ROMSUB7HH | Bit symbol ROMS31 [ /ROMS30 [ ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
(143FH) Read/Write W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function
Patch-code (Upper 8 bits)

Note: The "'ROMSUB7LL, 'ROMSUB7LH,. ROMSUB7HL, and ROMSUB7HH registers do not support

read-modify-write operation.

Figure 3.15.17 Address Substitution Registers (Banks 7)
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3.15.3 Operation

(1) Replacing data

Correction procedure:

Load the address compare registers ROMCMPx0 to ROMCMPx2 (banks No. x = 0 to
7) with the target address where ROM data need be replaced. Store 4-byte patch code
in the ROMSUBxLL, ROMSUBxLH, ROMSUBxHL and ROMSUBxHH (banks No. x =
0 to 7) registers.

After each register store , when the CPU address matches the value stored in the
ROMCMPx0 to ROMCMPx2 (banks No. x = 0 to 7) registers, the program patch logic
disables RD output to the internal ROM and drives out’' the code stored in the
ROMSUBxLL to ROMSUBxHH (banks No. x = 0/to 7). to the internal bus. The CPU

thus fetches the patch code.

The following shows some examples:

Examples:

a. Replacing O0H at address FF1230H with AAH

[ ROMCMPOO
ROMCMPO1
ROMCMP02

ROMSUBOLL
ROMSUBOLH
ROMSUBOHL
| ROMSUBOHH

6 5 4 3

T
O o N
» o o
O R
e
» O o

Tt
o O O Bk
o O o o
N =l
P O L O
O O O Bk

000000H

002000H

FFOO0OH

FF1230H
FF1231H
FF1232H
FF1233H

FFFFFFH

2

= O O

o O O o

1

(=)

=

/O O O

= O Fr O

Internal 1/0

Internal’ RAM

External area

Stores 30H in-address-compare register O for bankO.
Stores 12H in address compare register 1 for banko.
Stores FFH.in-address compare register 2 for bank0.

Store AAH in'address substitution register LL for bankO.

Store.11H in address substitution register LH for bank0.

Store 22H in address substitution register HL for bankO.

Store 33H in address substitution register HH for bankO.

Internal ROM

00H

l<— Replace with AAH

11H

l—— Replace with 11H

22H

l—— Replace with 22H

33H

Replace with 33H

(11H, 22H and 33H

same as current

Vector table

value)

Figure 3.15.18 Example Patch Code Implementation
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b. Replacing 33H at address FF1233H with BBH

ROMCMPO00
ROMCMPO1
ROMCMPO02

ROMSUBOLL

ROMSUBOLH
ROMSUBOHL
ROMSUBOHH

T

T

» O o
r O O
R O K
e N S
= O O
— O O

» Oo o
o oo o
r P, O o
r Or O
» ©Oo o
o oo o

000000H

002000H

FFOOOOH

FF1230H
FF1231H
FF1232H
FF1233H

FFFFRFH

1 0
0 0
1 0
1 1
0 0
0 1
1 0
1 1
Internal 1/0
Internal RAM

External area

Internal ROM

00H

[<— Replace with‘00H

114

l—— Replace with 11H

22H

[<— Replace with 22H

33H

<— Replace with BBH

(00H, 11H and 22H

Vector table

same as current
value)

Figure 3.15:19 Example Patch Code Implementation

Stores 30H in address compare register 0 for bankO.
Stores 12H in address compare register 1 for bankO.
Stores FFH in address compare register 2 for bankO.

Store O0H in address substitution register LL for bankO
Store 11H in address substitution register LH for bank0
Store 22H in address substitution register HL for bankO.
Store BBH in address substitution register HH for bankO.
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c. Replacing O0H at address FF1230H with AAH, 11H at address FF1231H with
BBH, 22H at address FF1232H with CCH and 33H at address FF1233H with

DDH
- 7 6 5 4 3
ROMCMPO0O < 0 0 1 1 O
ROMCMPO1 « 0 0 0 1 o
ROMCMP02 « 1 1 1 1 1
ROMSUBOLL « 1 0 1 0 1
ROMSUBOLH 1 0 1 1 1
ROMSUBOHL « 1 1 0 0 1
ROMSUBOHH « 1 1 0 1 1
000000H
002000H
FFOO00OH
FF1230H
c FF1231H
FF1232H
FF1233H
FFFFFFH

Stores 30H in address compare register 0 for bankO.
Stores 12H in address‘compare register 1 for bankO.
Stores FFH in address compare register 2 for bankO.

Store AAH in address substitution register LL for bankO

Store BBH in address-substitution register LH for bankO.
Store CCH in address substitution register HL for bankO.
Store DDH in address substitution register HH for bankO.

2 1 0

0O 0 O

0 1 0

1 1 1

0 1 0

0 1 1

1 0 O

1 0 1
Internal 110
Internal RAM

External area

Internal ROM

00H

[<— Replace with AAH

11H

l<—— Replace with BBH

22H

l«<—— Replace with CCH

33H

Replace with DDH

Vector table

Figure 3.15.20 Example Patch Code Implementation
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d. Replacing 11H at address FF1231H with AAH, 22H at address FF1232H with
BBH, 33H at address FF1233H with CCH and 44H at address FF1234H with
DDH (Requiring two banks)

- 7 6 5 4 3 2 1 0
ROMCMPO0O « 0 0 1 1 0 0 0 O Stores 30H in address compare register 0 for bankO.
ROMCMPO1 « 0 0 0 1 0 0 1 O Stores 12H in address‘compare register 1 for bankO.
ROMCMPO02 « 1 1 1 1 1 1 1 1 Stores FFH in address compare register 2 for bank0.
ROMSUBOLL « 0 O O O O O O O Store O0H in address substitution register LL for bankO
ROMSUBOLH « 1 0 1 0 1 0 1 O Store AAH in address-substitution register LH for bankO.
ROMSUBOHL « 1 0 1 1 1 0 1 1 Store BBH'in.address substitution register HL for bankO
ROMSUBOHH ~ 1 1 0 0 1 1 0 O Store CCH in address substitution register HH for bank0
B ROMCMP10 « 0 1 1 O 0 0 Stores 34H in address compare register 0 for bank1.
ROMCMP11 « 0 0 1 Stores 12H in.address compare register.1 for bank1.
ROMCMP12 « 1 1 1 1 1 1 Stores FFH in‘address compare register 2 for bank1.
ROMSUBILL « 1 1 0 1 1 1 0 1 Store DDH in“address substitution register LL for bankl
ROMSUBILH ~ 0 1 0 1 0 1 0 1 Store 55H in address substitution register LH for bank1
ROMSUBIHL « 0 1 1 0 0 1 1 O Store 66H in address substitution register’HL for bank1.
| ROMSUBIHH « 0 1 1 1 0 1 1 1 Store, 77H in address substitution register HH for bank1.
000000H
Internal /O
002000H
Internal RAM
External area
FFO000H
Internal ROM
(FF1230H O0H Replace with 00H
FF1231H 11H Replace with AAH
FF1232H 22H Replace with BBH
d < FF1233H 33H Replace with CCH
FF1234H 44H Replace with DDH
FF1235H 55H <— Replace with 55H
FF1236H 66H [<— Replace with 66H
\(FF1237H 77H [<— Replace with 77H
(OOH, 55H, 66H
and 77H same as
current value)
Vector table
FFFFFFH

Figure 3.15.21 Example Patch Code Implementation
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(2) Using an interrupt to cause a branch

A wider range of program code can also be fixed using a software interrupt (SWI).
With a patch code loaded into on-chip RAM, the program patch logic can be used to
replace program code at a specified address with a single-byte SWI instruction, which
causes a branch to the patch program.

Note that this method can only be used if the original ROM data has been developed
with on-chip RAM addresses specified as SWI vector addresses.

Correction procedure:

Load the address compare registers ROMCMPx0 to ROMCMPx2 (x = bank No. 0 to
7) with the start address of the program code that isto be fixed. If it is an even address,
store an SWI instruction code (e.g., SWI: F9H) in ROMSUBxLL or ROMSUBxHL. If
the start address is an odd address, store an SWIinstruction code in ROMSUBxLH or
ROMSUBxHH. When the data for the purpose of substitution is required only for 1 to 3
bytes, please set the same data as original ROM data to the remaining data.

When the CPU address matches the value'stored in the ROMCMPx0 to ROMCMPx2
registers, the program patch logic disables RD output to the internal ROM and drives
out the SWI instruction code to theinternal bus. Upon fetching the: SWI code, the CPU
makes a branch to the internal RAM area to execute the preloaded code.

At the end of the patch program executed from the internal RAM, the CPU directly
rewrites the saved PC value so that-it points to the address following the patch code,
and then executes a RETI

The following shows an example:

Example: Fixing a program‘within the range from FF5000H to FF507FH

Before developing the original ROM data, set the SWI1 vector reference address to
002500H (on-chip RAM area).

Use the ‘startup routine to load the patch code to on-chip RAM (002500H to
0025EFH). Store the start address (FF5000H) of the ROM area to be fixed in the
ROMCMPO0 to ROMCMPO2. Store the SWI1 instruction code (F9H) in the
ROMSUBOLL and the current data at FF5001H (AAH) in the ROMSUBOLH and the
current data at FF5002H (BBH) in the ROMSUBOHL and the current data at FF5003
(CCH) in the ROMSUBOHH. When the CPU address matches the value stored in
ROMCMPO0 to ROMCMPO02, the program patch logic replaces the ROM-based code at
FE5000H with FOH. The CPU then executes the SWI1 instruction, which causes a
branch to-002500H in the on-chip RAM area. After executing the patch program the
CPU finally rewrites the saved PC value to FF5080H and executes a RETI.
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Defective
area

\

000000H

Internal 1/0 002500H
002000H o7 Program body
Internal RAM - 5
002500H
Patch program  [<7] .
0025EFH Nl Re""gtETsltaC"
1=~ 0025EFH
002800H
-
=
n
External area 2 -
3 Zz
°lc
FFOOOOH 5| 5
S| ©
5 @
Internal ROM
FF5000H S5H — Replace the start address with. FOH (SWI1 instruction code)
FF5001H AAH Replace with AAH
FF5002H BBH Replace with BBH
FF5003H CCH Replace with CCH
(AAH, BBH and CCH
same-as-current
value)
FF507FH
FF5080H
FFFFOOH
Vector table
FFFFO4H
! 002500H SW1 Vector
FFFFO7H

Figure 3.15.22 Example Patch Code Implementation
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3.16 Flash Memory

The TMP92FD23A incorporates flash memory that can be electrically erased and
programmed using a single 3V power supply.

The flash memory is programmed and erased using JEDEC-standard commands. After a
program or erase command is input, the corresponding operation is automatically performed
internally. Erase operations can be performed by the entire chip (chip erase) or on a sector basis
(sector erase).

The configuration and operations of the flash memory are described below.

3.16.1 Features

e Power supply voltage for program/erase operations ® Sector size

Vee = 3.0 V to 3.6 V (-10 °C to 40 °C) 4 Kbytes x 128
e Configuration e Mode control
128 K x 32 bits (512 Kbytes) JEDEC-standard commands
e Functions ® Programming method
Single-long word programming On-board programming
Chip erase Parallel programmer
Sector erase e Security
Data polling/Toggle bit Write protection

Read protection

3.16.2 Block Diagram

< Internal address bus >
VAN

A\

< Internal data bus

< Internal control’bus

Mode NZ 272 I

setting pins —[Mode control l—)| ROM controller /-Interleave control

VAN VAN
Control Address Data
<7 <z Flash memory
@ VAN VAN
7 A4
Control | Address latch | | Data latch |
circuit
(including
autyrhatic Column decoder/Sense amp
sequence
control
circuit) P
s Flash memory cells
Command &
register g 512 KB
(9]

:|>| Erase sector decoder |

Figure 3.16.1 Block Diagram of Flash Memory Unit
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3.16.3 Operation Modes

3.16.3.1 Overview

The following three types of operation modes are available to control program/erase

operations on the flash memory.

Table 3.16.1 Description of Operation Modes

Operation Mode Name

Description

Single Chip mode

Normal mode

T
]
]
Fmmm e e e e e

iUser Boot mode

After reset release, the device starts up from the internal flash memory-.

Single Chip mode is further divided into two modes: “Normal mode” is‘a mode in which user application
programs are executed, and “User Boot mode” is used to program the flash memory on-board.

The means of switching between these two modes can be set by the user as desired. For example, it can
be set so that Port 00 = “1” selects Normal mode and Port' 00 = “0” selects User Boot mode. The user

In this mode, the flash memory can be programmed by a user-specified method-:

Single Boot mode

After reset release, the device starts up from the internal boot ROM (mask ROM).The boot ROM includes|
an algorithm which allows a program for programming/erasing the flash memory on-board via a serial port
to be transferred to the device’s internal RAM. The transferred program is.then executed in the internal
RAM so that the flash memory can be programmed/erased by receiving data from-an‘external host and
issuing program/erase commands.

Programmer mode

This mode enables the internal flash-memory to be programmed/erased using a general-purpose

programmer. For programmers that can be used, please contact-your local Toshiba sales representative.

Of the modes listed in Table 3.16.1, the internal flash- memory can be programmed

in User Boot mode, Single Boot- mode and Programmer mode.

The mode in which the flash memory can be programmed/erased while mounted on

the user board is defined as the on-board programming mode. Of the modes listed

above, Single Boot mode /and User Boot mode are classified as on-board programming

modes. Single Boot. mode supports Toshiba’s ‘proprietary programming/erase method

using serial I/0O. User Boot mode (within Single Chip mode) allows the flash memory to

be programmed/erased by a user-specified method.

Programmer mode is provided with a read protect function which prohibits reading

of ROM data. By enablingthe read protect function upon completion of programming,

the user can protect ROM data‘from being read by third parties.
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The operation mode — Single Chip mode, Single Boot mode or Programmer mode —
is determined during reset by externally setting the input levels on the AMO0, AM1 and
BOOT (P80) pins.

Except in Programmer mode which is entered with RESET held at “0”, the CPU
will start operating in the selected mode after the reset/state is released. Once the
operation mode has been set, make sure that the input levels'on the mode setting pins
are not changed during operation. Table 3.16.2 shows how to set each operation mode,
and Figure 3.16.2 shows a mode transition diagram.

Table 3.16.2 Operation Mode Pin Settings

Input-Pins

Operation Mode ——
RESET ~|BOOT (P80)| AM1-| AMO

(1) [Single Chip mode (Normal or User Boot mode) J_ 1 1
(2) |Single Boot mode

(3) [Programmer mode 0 — 1 0

Although P80 is an output port, it becomes' an input port with pull-up resistor only during a
reset. After a reset, P80 operates as follows depending on the operation mode.

e Single chip mode: Output port (Without pull-up resistor)

e Single boot mode: Pull-up (Input gate is invalid, ‘and joutput gate is in high
impedance.)

Reset state

£ Dsermoar Y 10
Normal mode RN mode )l S

- ‘Jon-board programming->
Switching method ... mode
to be set by user

Numbers in () correspond to the operation mode pin settings shown in Table 3.16.2.
Figure 3.16.2 Mode Transition Diagram

3.16.3.2 Reset Operation

To reset the device, hold the RESET input at “0” for at least 20 system clocks while
the power supply voltage is within the rated operating voltage range and the internal
high-frequency oscillator is oscillating stably. For details, refer to 3.1.2 “Reset
Operation.”
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3.16.3.3 Memory Map for Each Operation Mode

000000H
002000H

00AO00H

F80000H

FFFFOOH
FFFFFFH

In this product, the memory map varies with operation mode. The memory map and

sector address ranges for each operation mode are shown below.

Single Chip mode

Internal /0

Internal RAM
32KB

External memory

Internal Flash ROM
512KB

(Interrupt vector 256B)

000000H
002000H

0O0AOO00H

010000H 4

090000H ;

FFFOOOH

FFFFOOH
FFFFFFH

Single Boot mode

Internal I/O

Internal RAM
32KB

External memory

Internal Flash ROM
512KB

External memory

Internal Boot ROM
4KB

(Interrupt vector 256B)

Programmer mode

000000H

Internal Flash ROM

512KB

# 080000H

FFFFFFH

Reserved

Figure. 3:16.3 TMP92FD23A Memory Map for Each Operation Mode
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Table 3.16.3 Sector Address Ranges for Each Operation Mode
Single Chip Mode Single Boot Mode
Sector-0 F80000H to F8OFFFH 10000H to 10FFFH
Sector-1 F81000H to F81FFFH 11000H to 11FFFH
Sector-2 F82000H to F82FFFH 12000H to 12FFFH
Sector-3 F83000H to F83FFFH 13000H to 13FFFH
Sector-4 F84000H to F84FFFH 14000H to 14FFFH
Sector-5 F85000H to F85FFFH 15000H to 15FFFH
Sector-6 F86000H to F86FFFH 16000H to 16FFFH
Sector-7 F87000H to F87FFFH 17000H to 17FFFH
Sector-8 F88000H to F88FFFH 18000H.to 18FFFH
Sector-9 F89000H to F89FFFH 19000H to 19FFFH
Sector-10 F8AQ00H to FSAFFFH 1A000H to 1AFFFH
Sector-11 F8BO0OOH to F8BFFFH 1B000H.to 1BFFFH
Sector-12 F8CO00H to F8CFFFH 1C000H to 1CFFFH
Sector-13 F8DOOOH to F8DFFFH 1DO00H to 1DFFFH
Sector-14 F8EOOOH to FSEFFFH 1EQ00H to 1EFFFH
Sector-15 F8FO00H to F8FFFFH 1FO00H to 1FFFFH
Sector-16 F90000H to FOOFFFH 20000H to 20FFFH
Sector-111 FEFOOOH to FEFFFFH 7F000H to 7FFFFH
Sector-112 FFO000H to FFOFFFH 80000H to 80FFFH
Sector-113 FF1000H-to FF1FFFH 81000H to 81FFFH
Sector-114 FF2000H to FF2FFFH 82000H,to 82FFFH
Sector-115 FF3000H.to FF3FFFH 83000H to 83FFFH
Sector-116 FF4000H to FF4FFFH 84000H to 84FFFH
Sector-117 FF5000H to FF5FFFH 85000H to 85FFFH
Sector-118 FF6000H to FF6FFFH 86000H to 86FFFH
Sector-119 FF7000H to FF7FFFH 87000H to 87FFFH
Sector-120 FF8000H to FF8FFFH 88000H to 88FFFH
Sector-121 FF9000H to FFOFFFH 89000H to 89FFFH
Sector-122 FFAQOOH to FFAFFFH 8A000H to BAFFFH
Sector-123 FFBOOOH to FFBFFFH 8BO0OH to 8BFFFH
Sector-124 FFCO00H to FFCFFFH 8CO00H to 8CFFFH
Sector-125 FFDOOOH to FFDFFFH 8DO0OH to 8DFFFH
Sector-126 FFEQOOH to FFEFFFH 8EO000H to 8EFFFH
Sector-127 FFEOQOH to FFFFFFH 8FO00H to 8FFFFH
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3.16.4

Single Boot Mode

In Single Boot mode, the internal boot ROM (mask ROM) is activated to transfer a
program/erase routine (user-created boot program) from an external source into the
internal RAM. This program/erase routine is then used to program/erase the flash memory.
In this mode, the internal boot ROM is mapped into an area containing the interrupt vector
table, in which the boot ROM program is executed. The flash memory is mapped into an
address space different from the one into which the boot ROM is mapped (see Figure
3.16.3).

The device’s SIO (SIO1) and the controller are connected to transfer the program/erase
routine from the controller to the device’s internal RAM. This program/erase routine is
then executed to program/erase the flash memory.

The program/erase routine is executed by sending commands and write data from the
controller. The communications protocol between the device and the controlleris described
later in this manual. Before the program/erase routine can be transferred to the RAM, user
password verification is performed to ensure the security of user. ROM'data. If the
password is not verified correctly, the RAM ‘transfer operation cannot be performed. In
Single Boot mode, disable interrupts and use the interrupt request flags to check for an
interrupt request.

Notel: In Single Boot mode, the boot-ROM programs are executed/in Normal mode. Do not change to
another operation mode in.the program/erase routine.

Note2: In the initial routine of the boot-ROM program, after changing the clock gear from fc/16 to fc, PLL is
active. Therefore, fc is/set to four times as fast as foscH.
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3.16.4.1 Using the program/erase algorithm in the internal boot ROM

(Step-1) Environment setup

Since the program/erase routine and write data are transferred via SIO (SIO1),

connect the device’s SIO (SIO1) and the controller on the board. The user must prepare
the program/erase routine (a) on the controller.

_______________

Flash memory

Old user application
program
(or erased state)

RAM

New user application
program

|(a) Program/erase routine |

(Step-2) Starting up the internal boot ROM

(Controller)

Release the reset with therelevant input pins set for‘entering Single Boot mode.

(TMP92FD23A)

When the internal boot ROM starts up, the program/erase routine (a) is transferred
from the controller to the internal RAM wvia SIO- according to the communications
procedure for Single Boot-mode. Before this can be carried out, the password entered
by the user is verified against the password written in the user application program.
(If the flash memory has been erased, 12 bytes of “OxFF” are used as the password.)

New user application
program

(1/0)

Boot ROM

Flash memory

0 —> 1 RESET

1

Old user application
program
(or erased state)

Condition for entering|
Single Boot mode

RAM

|(a) Program/erase routine |

(Controller)
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(Step-3) Copying the program/erase routine to the RAM

After password verification is completed, the boot ROM copies the program/erase
routine (a) from the controller to the RAM using serial communications. The
program/erase routine must be stored within the RAM address range of 002000H to

009DFFH.
New user application
program
(i70) |(a) Program/erase routine |
TMP92FD23A
( ) (Controller)

Boot ROM SIo1

Flash memory

Old user applcation
program (a) Program/erase routine

(or erased state)

RAM

(Step-4) Executing the program/erase routine in the RAM
Control jumps to the program/erase routine (a) in' the RAM. If necessary, the old

user application program‘s erased (sector erase or chip erase).

Note: The boot ROM is provided with-an erase command, which enables the entire chip to be erased from the
controller without using the program/erase routine. If it is necessary to erase data on a sector basis,

incorporate the necessary code in-the program/erase routine.

New user application
program

(/0) ) Programverase routine |

(TMP92FD23A)

Flash memory

(a) Program/erase routine
Erased
RAM

(Controller)
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(Step-5) Copying the new user application program

(TMP92FD23A)

The program/erase routine (a) loads the new user application program from the
controller into the erased area of the flash memory.

In the example below, the new user application program is transferred under the
same communications conditions as those used for transferring the program/erase
routine. However, after the program/erase routine has been transferred, this routine
can be used to change the transfer settings (data bus and transfer source). Configure
the board hardware and program/erase routine as desired.

(1/0)

Boot ROM

Flash memory

New user application

program

(a) Program/erase routine

RAM

New user application
program

|(a) Program/erase routine |

(Step-6) Executing the new user application program

(TMP92FD23A)

Boot ROM |

Flash memory

SIo1

0 —> 1 RESET

New user application

program

RAM

—

Condition for
entering Single Chip
mode (Normal
mode)

(Controller)

After the programming operation has been completed, turn off the power to the
board and remove the cable connecting the device and the controller. Then, turn on the
power again and start up the device in Single Chip mode to execute the new user
application program.

(Controller)
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3.16.4.2 Connection Examples for Single Boot Mode

In Single Boot mode the flash memory is programmed by serial transfer. Therefore,

on-board programming is performed by connecting the device’s SIO (SIO1) and the

controller (programming tool) and sending commands from the controller to the device.

Figure 3.16.4 shows an example of connection between the target board and a

programming controller. Figure 3.16.5 shows an example of connection between the
target board and an RS232C board.

On-Board Programming Controller

Target Board

l TMP92FD23A

VCC
Power supply m VCC VCC >
Mode control
MCU
Program
controller
RESET
Mode control O C
Boot
| Target board N mode
operation L BOOT J switching
I I N i circuit
ROM RAM
PF5 |
I PF2 I
I RXD I
RS232C i T
TXD
VSS

DvCC

AMO
AM1

RESET

BOOT (P80)

PF5
PF2

RXD1 (PF4)

TXD1 (PF3)

DVSS

Figure 3.16.4 Example of Connection with an External Controller in Single Boot Mode
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RS232C Board

Power supply (J‘—> VCC

RS232C

O

Target Board
VCC
VCC l TMP92FD23A
DvCC
AMO
AM1
s % | RESET
© RESET
Boot
R mode
oo & BOOT switching
/J7 circuit BOOT- (P80)
> RXD RXD1 (PF4)
TXD
e TXD1 (PF3)
VSS
DVSS

VSS T

Figure 3.16.5 Example of Connection with an RS232C Board in Single Boot Mode
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3.16.4.3 Mode Setting

To perform on-board programming, the device must be started up in Single Boot
mode by setting the input pins as shown below.

+AMO,AM1 =1
- BOOT =0
. RESET =01

Set the AMO, AM1, and BOOT pins as shown above with-the RESET pin held at
“0”. Then, setting the RESET pin to “1” will start up the device in Single Boot mode.

3.16.4.4 Memory Maps

Figure 3.16.6 shows a comparison of the memory map for Normal mode (in Single
Chip mode) and the memory map for Single Boot mode. In Single Boot mode, the flash

memory is mapped to addresses 10000H to SFFFFH (physical addresses) and the boot
ROM (mask ROM) is mapped to addresses FFF000H to FFFFFFH.

Single Chip mode
000000H

Single Boot mode

Internal I/O i Internal /0O
002000H Internal RAM 002000H Internal RAM
32KB 32KB
00A000H 00AOQ0H
External
Memory
010000H 4
External
Memory Internal Flash ROM
512KB
090000H ;
External
F80000H Memory
Internal Flash ROM P
512KB :.~": FFFO00H Internal Boot ROM
4KB
FFFFOOH FFFFOOH
FFEFFEH |_(Interrupt vector 256B) | FFFFFFH |_(Interrupt vector 256B)

Figure 3.16.6 Comparison of Memory Maps
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3.16.4.5 Interface Specifications

The SIO communications format in Single Boot mode is shown below. The device

supports the UART (asynchronous communications) serial operation mode.

To perform on-board programming, the same communications format must also be

set on the programming controller’s side.

@® UART (asynchronous ) communications

+ Communications channel: SIO channel 1 (For the pins to be used, see Table 3.16.4.)

+ Serial transfer mode
+ Data length
- Parity bit

+ Stop bi

t

- Baud rate

: UART (asynchronous communications) mode

: 8 bits

: None

11 bit

: See Table 3.16.5 and Table 3.16.6.

Table 3.16.4 Pin Connections

Pins UART

Power supply DVCC ©)
pins DVSS o
Mode setting pins | AM1,AMO,

BOOT ©
Reset pin RESET O
Communications | TXD1 ©)
pins RXD1 O

Note: Unused pins are in the initial state after reset release.

Table 3.16.5 Baud‘Rate Table

SIO

Transfer Rate (bps)

UART

115200 |

57600 /| > 38400 | 19200 | 9600
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Table 3.16.6 Correspondence between Operating Frequency and Baud Rate in Single Boot Mode

0'0T~v6'6 ot
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Ov’6~¥0'6 0912’6
v1.8~€8°L 8
N 0T~9
(%) (sda) (%) (sda) (%) (sda) (%) (sda) (9%) Jou3 oumw_.%:mm_ om:mmﬁh_m_\u,“w&:m >uco:_ommNu__._ M,_“Wcmhmhmm
00cSTT 009259 00v8¢€ 00c6T 0096 (sdq) syey pneg soualsjey
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3.16.4.6 Data Transfer Formats

Table 3.16.7 to Table 3.16.13 show the operation command data and the data
transfer format for each operation mode.

Table 3.16.7 Operation Command Data

Operation Command Operation Mode
Data
10H RAM Transfer
20H Flash Memory SUM
30H Product Information Read
40H Flash Memory Chip Erase
60H Flash Memory Protect Set
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Table 3.16.8 Transfer Format of Single Boot Program [RAM Transfer]

Transfer Byte Transfer Data Baud Transfer Data
Number from Controller to Device Rate from Device to Controller
Boot 1st byte Baud rate setting Desired —
ROM UART 86H |baud
rate
(Note 1)
2nd byte — ACK response to baud rate setting
Normal (baud rate OK)
-UART 86H
(If the desired baud rate cannot be set,
_____ operation is terminated.)
3rd byte Operation command data (10H) —
4th byte — ACK response to operation command (Note 2)
Normal 10H
Error x1H
Protection applied’(Note 4) X6H
Communications error x8H
5th byte Password data (12 bytes) - -
to
16th byte (OBFEF4H to 08FEFFH)
17th byte CHECKSUM value for 5th to 16th bytes —
18th byte — ACK response to CHECKSUM value (Note 2)
Normal 10H
Error 11H
Communications error 18H
19th byte RAM storage start address 31 to 24 (Note 3) —
20th byte RAM storage start address 23 to 16 (Note 3) —
21st byte RAM storage start address 15to'8 (Note 3) —
22nd byte RAM storage start address .7 to 0 (Note 3) —
23rd byte RAM storage byte count 15to 8 (Note 3) —
24th byte RAM storage byte .count 7 to O (Note 3) —
25th byte CHECKSUM value for|19th to 24th bytes (Note-3) —
26th byte — ACK response to CHECKSUM value (Note 2)
Normal 10H
Error 11H
Communications error 18H
27th byte RAM storage data —
to
m'th byte
(m + Dth-byte | CHECKSUM value for 27th to m’th bytes —
(m + 2)th byte — ACK response to CHECKSUM value (Note 2)
Normal 10H
Error 11H
Communications error 18H
RAM (m+ 3)th byte — Jump to RAM storage start address
Note 1: For the desired baud rate setting, see Table 3.16.6.
Note 2: After sending an error response, the device waits for operation command data (3rd byte).
Note 3: The data to be transferred in the 19th to 25th bytes should be programmed within the RAM address range of
002000H to 009DFFH (32.256 Kbytes).
Note 4: When read protection or write protection is applied, the device aborts the received operation command and waits
for the next operation command data (3rd byte).
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Table 3.16.9 Transfer Format of Single Boot Program [Flash Memory SUM]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Boot ROM |1st byte Baud rate setting Desired —
UART 86H baud rate
(Notel)
2nd byte — ACK response to.baud rate setting
Normal (baud rate OK)
-UART 86H
(If the desired. baud rate cannot be set,
________ operation’is terminated.)
3rd byte Operation command data (20H) —
4th byte — ACK response to operation command (Note 2)
Normal 20H
Error x1H
Communications error x8H
5th byte — SUM (upper)
6th byte — SUM (lower)
7th byte — CHECKSUM value for 5th and 6th bytes
8th byte (Wait for the next operation command data) —

Note 1: For the desired baud rate setting, see Table 3.16.6.
Note 2: After sending an error response, the device waits for operation command data (3rd byte).
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Table 3.16.10 Transfer Format of Single Boot Program [Product Information Read] (1/2)

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Boot ROM |1st byte Baud rate setting Desired —
UART 86H |baud rate
(Note 1)
2nd byte — ACK response to baud rate setting
Normal (baud rate OK)
-UART 86H
(If the /desired baud rate cannot be set,
operation.is terminated.)
3rd byte Operation command data (30H) —
4th byte — ACK response to operation command (Note 2)
Normal 30H
Error x1H
Communications error x8H
5th byte — Flash memory data (address 08FEFOH)
6th byte — Flash memory data (address 08FEF1H)
7th byte — Flash memory data (address 08FEF2H)
8th byte — Flash memory data (address 08FEF3H)
9th byte — Part number (ASCII code, 12 bytes)
to ‘TMP92FD23-~_/_’ (from 9th byte)
20th byte
21st byte — Password comparison start address (4 bytes)
to F4H, FEH,; 08H, 00H (from 21st byte)
24th byte
25th byte /£ RAM start address (4 bytes)
to 00H, 20H, 00H, 00H (from 25th byte)
28th byte
29th byte — RAM (user area) end address (4 bytes)
to FFH, 9DH, 00H, 00H (from 29th byte)
32nd byte
33rd byte — RAM end address (4 bytes)
to FFH, 9FH, 00H, 00H (from 33rd byte)
36th byte
37th byte — Dummy data (4 bytes)
to 00H,00H,00H,00H (from 37th byte)
40th byte
41st byte — Dummy data (4 bytes)
to 00H, 00H, 00H, 00H (from 41st byte)
44th byte
45th byte i FUSE information (2 bytes from 45th byte)
to Read protection/Write protection
46th byte 1) Applied/Applied : O0H, OOH
2) Not applied/Applied : 01H, OOH
3) Applied/Not applied : 02H, OOH
4) Not applied/Not applied : 03H, 00H
47th byte — Flash memory start address (4 bytes)
to 00H, 00H, 01H, 00H (from 47th byte)
50th byte
51st byte — Flash memory end address (4 bytes)
to FFH, FFH, 08H, O0H (from 51st byte)
54th byte
55th byte — Number of sectors in flash memory (2 bytes)
to 80H, 00H (from 55th byte)
56th byte
57th byte — Start address of flash memory sectors of the
to same size (4 bytes)
60th byte 00H, 00H, 01H, 00H (from 57th byte)
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Table 3.16.11 Transfer Format of Single Boot Program [Product Information Read] (2/2)

Note 2:

After sending an error response, the device waits for operation command data (3rd byte).

Transfer Byte Transfer Data Baud rate Transfer Data
Number from Controller to Device from Device to Controller
Boot ROM [61st byte — Size (in half words) of flash memory sectors
to of the same size (4 bytes)
64th byte 00H, 08H, 00H, 00H (from 61st byte)
65th byte — Number of flash memory sectors of the same
size (1 byte) 80H
66th byte — CHECKSUM value for,5th to 65th bytes
67th byte (Wait for the next operation command data) —
Note 1: For the desired baud rate setting, see Table 3.16.6.
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Table 3.16.12 Transfer Format of Single Boot Program [Flash Memory Chip Erase]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Boot ROM |1st byte Baud rate setting Desired —
UART 86H [baud rate
(Note 1)
2nd byte — ACK response to.baud rate setting
Normal (baud rate OK)
-UART 86H
(If the desired. baud rate cannot be set,
operation’is terminated.)
3rd byte Operation command data (40H) —
4th byte — ACK response to operation command (Note2)
Normal 40H
Error x1H
Communications error x8H
5th byte Erase Enable command data (54H) AN
6th byte — ACK response to’‘operation command (Note 2)
Normal 54H
Error x1H
Communications.error x8H
7th byte — ACK responseto Erase command
Normal 4FH
Error 4CH
8th byte — ACK response
Normal 5DH
Error 60H
9th byte (Wait for the next operation command data) —

Note 1: For the desired baud rate setting, see Table 3.16.6.
Note 2: After sending an error response, the device waits for operation command data (3rd byte).
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Table 3.16.13 Transfer Format of Single Boot Program [Flash Memory Protect Set]

Transfer Byte Transfer Data Baud Rate Transfer Data
Number from Controller to Device from Device to Controller
Boot ROM | 1st byte Baud rate setting Desired —
UART 86H baud rate
(Note 1)
2nd byte — ACK response to baud rate setting
Normal (baud rate OK)
-UART 86H
(If the desired baud rate cannot be set,
operation is terminated.)
3rd byte Operation command data (60H) —
4th byte — ACK response to operation command (Note2)
Normal 60H
Error X1H
Communications error x8H
5th byte Password data (12 bytes) —
to
16th byte (O8FEF4H to 08FEFFH)
17th byte CHECKSUM value for 5th to 16th bytes N
18th byte — ACK response to.checksum value (Note 2)
Normal 60H
Error 61H
Communications error 68H
19th byte — ACK response to Protect Set command
Normal 6FH
Error 6CH
20th byte — ACK’'response
Normal 31H
Error 34H
21st byte (Wait for the next operation command —
data)
Note 1: For the desired baud rate setting, see Table 3.16.6.
Note 2: After sending an error response, the device waits for operation command data (3rd byte).
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3.16.4.7 Boot Program
When the device starts up in Single Boot mode, the boot program is activated.

The following explains the commands that are used in the boot program to
communicate with the controller when the device starts up in Single Boot mode. Use
this information for creating a controller for using Single Boot mode or for building a
user boot environment.

1. RAM Transfer command

In RAM transfer, data is transferred from the controller and stored in the device’s
internal RAM. When the transfer completes normally, the boot program will start
running the transferred user program. Up/ to-32.256 Kbytes of data can be
transferred as a user program. (This limit is implemented in the boot program to
protect the stack pointer area.) The user program starts executing from the RAM
storage start address.

This RAM transfer function enables auser-created program/erase routine to be
executed, allowing the user to implement their own on-board programming
method. To perform on-board programming witha user program, the flash
memory command sequences (see section 3.16.6) must be used. After the RAM
Transfer command has been completed, the entire internal RAM area can be used.

If read protection or write protection‘is applied on the-device or a password error
occurs, this command will not be executed.

2. Flash Memory SUM command

This command caleulates the SUM of 512 Kbytes of data in the flash memory and
returns the result. There is no operation command available to the boot program
for reading data from the entire area of the flash memory. Instead, this Flash
Memory SUM/ command can be used. Reading the SUM value enables revision
management of the application program.

3. Product Information Read command

This command returns the information about the device including its part number
and’ memory details stored-in the flash memory at addresses OS8FEFOH to
08FEF3H. This command can also be used for revision management of the
application program.

4. Flash Memory Chip.Erase command
This command erases all the sectors in the flash memory. If read protection or
write protection is-applied on the device, all the sectors in the flash memory are
erased and the read protection or write protection is cleared.

Since this command is also used to restore the operation of the boot program when
the password is forgotten, it does not include password verification.

5. Flash Memory Protect Set command
This command sets both read protection and write protection on the device.
However, if a password error occurs, this command will not be executed.

When read protection is set, the flash memory cannot be read in Programmer
mode. When write protection is set, the flash memory cannot be written in
Programmer mode.
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3.16.4.8 RAM Transfer Command (See Table 3.16.8)

1. From the controller to the device
The data in the 1st byte is used to determine the baud rate. The 1st byte is
transferred with receive operation disabled (SCIMODO<RXE> = 0). (The baud
rate is determined using an internal timer.)

* To communicate in UART mode
Send the value 86H from the controller to the target board using UART
settings at the desired baud rate. If the serial operation mode is determined
as UART, the device checks to see whether or not the desired baud rate can be
set. If the device determines that the desired baud rate cannot be set,
operation is terminated and no communications ¢an'be established.

2. From the device to the controller
The data in the 2nd byte is the ACK response returned by the device for the serial
operation mode setting data sent in the 1st byte. If the data in the 1lst byte is
found to signify UART and the desired baud rate can be set, the device returns
86H.

* Baud rate determination

The device determines whether or not the desired baud rate can be set. If it is
found that the baud rate can be set, the boot program rewrites the BR1ICR
and BR1ADD values and returns 86H. If it is found that the desired baud
rate cannot be set, operation is terminated and no data is returned. The
controller sets a time-out time (5 seconds) after it has finished sending the
1st byte. If the controller does not receive the response (86H) normally within
the time-out time; it should be considered that the device is unable to
communicate. Receive operation is enabled (SCIMODO<RXE> = 1) before
86H is written to the transmission buffer.

3. From the controllerto the device

The data in/the 3rd byte is operation command data. In this case, the RAM
Transfer command data (10H) is sent from the controller to the device.

92FD23A-343 2007-12-18



TOSHIBA TMP92FD23A

4. From the device to the controller

The data in the 4th byte is the ACK response to the operation command data in
the 3rd byte. First, the device checks to see if the received data in the 3rd byte
contains any error. If a receive error is found, the device returns the ACK response
data for communications error (bit 3) x8H and waits for the next operation
command data (3rd byte). The upper four bits of the ACK response data are
undefined (They are the upper four bits of the immediately preceding operation
command data).

Next, if the data received in the 3rd byte corresponds to one of the operation
commands given in Table 3.16.7, the device echoes back the received data (ACK
response for normal reception). In the case of the RAM Transfer command, if read
or write protection is not applied, 10H is echoed back and then execution branches
to the RAM transfer processing routine. If protection is applied, the device returns
the corresponding ACK response data (bit 2/1) x6H and waits for the next
operation command data (3rd byte). The upper four bits of the ACK response data
are undefined. (They are the upper four bits of the immediately preceding
operation command data.)

After branching to the RAM transfer processing routine, the device checks the
data in the password area. For details; see 3.16.4.15 “Password”.

If the data in the 3rd byte does not correspond to/any operation command, the
device returns the ACK response data for operation command error (bit0) x1H and
waits for the next operation command data (3rd byte). The upper four bits of the
ACK response data are undefined. (They are the upper four bits of the
immediately preceding operation command data.)

5. From the controller to the device

The 5th to 16th bytes contain password data(12 bytes). The data in the 5th to
16th bytes is/verified against the data at addresses 08FEF4H to 0SFEFFH in the
flash memory, respectively.

6. From the controller to the device

The 17th byte contains CHECKSUM data. The CHECKSUM data sent by the
controller is the two’s complement of the lower 8-bit value obtained by summing
the data in the/5th to 16th bytes by unsigned 8-bit addition (ignoring any
overflow). For details on CHECKSUM, see 3.16.4.17 “How to Calculate
CHECKSUM.”
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7. From the device to the controller

The data in the 18th byte is the ACK response data to the 5th to 17th bytes (ACK
response to the CHECKSUM value). The device first checks to see whether the
data received in the 5th to 17th bytes contains any error. If a receive error is found,
the device returns the ACK response data for communications error (bit 3) 18H
and waits for the next operation command data (3rd byte). The upper four bits of
the ACK response data are the upper four bits of the immediately preceding
operation command data, so the value of these bits is “1”.

Next, the device checks the CHECKSUM data in the 17th-byte. This check is
made to see if the lower 8-bit value obtained by summing the data in the 5th to
17th bytes by unsigned 8-bit addition (ignoring any overflow) is 00H. If the value
is not 00H, the device returns the ACK response data for CHECKSUM error (bit
0) 11H and waits for the next operation command data (3rd byte).

Finally, the device examines the result of password verification. If all the data in
the 5th to 16th bytes is not verified correctly, the device returns the ACK response
data for password error (bit 0) 11H and waits for the next operation command
data (3rd byte).

If no error is found in all the above checks; the device returnsthe ACK response
data for normal reception 10 H.

8. From the controller to the device
The data in the 19th to 22nd bytes indicates the RAM start address for storing
block transfer data. The 19th byte corresponds to-address bits 31 to 24, the 20th
byte to address bits 23 to 16, the 21st byte to.address bits 15 to 8, and the 22nd
byte to address bits 7 to 0.

9. From the controller;to the-device
The data in the 23rd and 24th bytes indicates the number of bytes to be
transferred. The 23rd byte corresponds to bits 15 to 8 of the transfer byte count
and the 24th'byte correspondsto bits7 to 0.

10.From the controller to the device
The data in the 25th byteis CHECKSUM data. The CHECKSUM data sent by the
controller is the two’s-complement of the lower 8-bit value obtained by summing
the data in the 19th to 24th bytes by unsigned 8-bit addition (ignoring any
overflow). For details on CHECKSUM, see 3.16.4.17 “How to Calculate
CHECKSUM .”

Note: The data in the 19th to 25th bytes should be placed within addresses 002000H to 009DFFH (32.256 Kbytes) in
the internal RAM.
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11.From the device to the controller

The data in the 26th byte is the ACK response data to the data in the 19th to 25th
bytes (ACK response to the CHECKSUM value).

The device first checks to see whether the data received in the 19th to 25th bytes
contains any error. If a receive error is found, the device returns the ACK response
data for communications error (bit 3) 18H and waits for the next operation
command (3rd byte). The upper four bits of the ACK response data are the upper
four bits of the immediately preceding operation command data, so the value of
these bits is “1”7.

Next, the device checks the CHECKSUM data in| the 25th byte. This check is
made to see if the lower 8-bit value obtained by summing the data in the 19th to
25th bytes by unsigned 8-bit addition (ignoring any overflow) is 00H. If the value
is not 00H, the device returns the ACK response data for CHECKSUM error (bit
0) 11H and waits for the next operation command data (3rd byte).

12.From the controller to the device

The data in the 27th to m’th bytes is'the’data to be stored in'the RAM. This data is
written to the RAM starting at the address specified in-the! 19th /to 22nd bytes.
The number of bytes to be written is specified in the 23rd and 24th bytes.

13.From the controller to the device

The data in the (m+1)th byte is CHECKSUM data. The CHECKSUM data sent by
the controller is the two’s complement of the lower 8-bit value obtained by
summing the data in the 27th to m’th bytes by unsigned 8-bit addition (ignoring
any overflow). For details’'on CHECKSUM, see 3.16.4.17 "How to Calculate
CHECKSUM.”

14.From the device to the controller

The data in the (m+ 2)th byte is the ACK response data to the 27th to (m+1)th
bytes (ACK response to the CHECKSUM value).

The device first checks to see whether the data in the 27th to (m+1)th byte
contains any error. If'a receiveerror is found, the device returns the ACK response
data’ for communications error (bit 3) 18H and waits for the next operation
command (3rd byte). The upper four bits of the ACK response are the upper four
bits of the immediately preceding operation command data, so the value of these
bits is “1”.

Next, the device checks the CHECKSUM data in the (m+1)th byte. This check is
made to see if the lower 8-bit value obtained by summing the data in the 27th to
(m+1)th bytes by unsigned 8-bit addition (ignoring any overflow) is 00H. If the
valueis not 00H, the device returns the ACK response data for CHECKSUM error
(bit 0). 11H and waits for the next operation command data (3rd byte).

If no error-is found in all the above checks, the device returns the ACK response
data for normal reception 10H.

15.From the device to the controller

If the ACK response data in the (m + 2)th byte is 10H (normal reception), the boot
program then jumps to the RAM start address specified in the 19th to 22nd bytes.
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3.16.4.9 Flash Memory SUM command (See Table 3.16.9)

1. The data in the 1st and 2nd bytes is the same as in the case of the RAM Transfer
command.

2. From the controller to the device

The data in the 3rd byte is operation command data. The Flash Memory SUM
command data (20H) is sent here.

3. From the device to the controller

The data in the 4th byte is the ACK response data to the.operation command data
in the 3rd byte.

The device first checks to see if the data in the 3rd byte contains any error. If a
receive error is found, the device returns. the ACK response data for
communications error (bit 3) x8H and waits for the next operation command data
(3rd byte). The upper four bits of the ACK response data are undefined. (They are
the upper four bits of the immediately preceding operation command data.)

Then, if the data in the 3rd byte corresponds to one of the operation command
values given in Table 3.16.7, the device echoes back the received data (ACK
response for normal reception). In this case, 20H is echoed back and execution
then branches to the flash memory SUM processing routine. If the data in the 3rd
byte does not correspond to any operation command, the device returns the ACK
response data for operation command error (bit-0) x1H and waits for the next
operation command data (8rd byte). The upper four bits of the ACK response data
are undefined. (They are the upper four bits of the immediately preceding
operation command data.)

4. From the device to the controller

The data in the 5th and 6th bytes is the upper and lower data of the SUM value,
respectively. For details on SUM, see 3.16.4.16 “How to Calculate SUM .”

5. From the device to the controller

The data in the 7th byte is CHECKSUM data. This is the two’s complement of the
lower 8-bit-value obtained by summing the data in the 5th and 6th bytes by
unsigned 8-bit addition (ignoring any overflow).

6.  From the controller to the device
The data in the 8th byte is the next operation command data.

92FD23A-347 2007-12-18



TOSHIBA TMP92FD23A

3.16.4.10 Product Information Read command (See Table 3.16.10 and Table 3.16.11)

1. The data in the 1st and 2nd bytes is the same as in the case of the RAM Transfer
command.

2. From the controller to the device

The data in the 3rd byte is operation command data. The Product Information
Read command data (30H) is sent here.

3. From the device to the controller

The data in the 4th byte is the ACK response data to the operation command data
in the 3rd byte.

The device first checks to see if the data in the 3rd byte contains any error. If a
receive error is found, the device returns the ACK response data for
communications error (bit 3) x8H and waits for the next operation command data
(3rd byte). The upper four bits of the ACK response data are undefined. (They are
the upper four bits of the immediately preceding operation command data.)

Then, if the data in the 3rd byte corresponds to one of the operation command
values given in Table 3.16.7, the device echoes back the received data (ACK
response for normal reception). In this case, 30H is returned and execution then
branches to the product information read processing routine. If the data in the 3rd
byte does not correspond to any operation command,; the-device returns the ACK
response data for operation command error (bit'0) x1H and waits for the next
operation command data (3rd byte). The upper four bits of the ACK response data
are undefined. (They are the upper four bits of the immediately preceding
operation command data.)

4. From the devicetothe controller

The data in the 5th to 8th bytes-is the data stored at addresses O8FEFOH to
08FEF3H in the flash memory. By writing the ID information of software at these
addresses, the version of the software can be managed. (For example, 0002H can
indicate that the software is now in version 2.)

5. From the device to the controller
The data in the 9th to 20th bytes denotes the part number of the device.
‘TMP92FD23_ _ _’is sentin ASCII code starting from the 9th byte.

Note: An underscore (‘_’) indicates a space.

6. From the device to the controller

The data in(the 21st to 24th bytes is the password comparison start address. F4H,
FEH, 08H and O0H are sent starting from the 21st byte.

7. From the device'to the controller

The data in the 25th to 28th bytes is the RAM start address. 00H, 20H, 00H and
O00OH are sent starting from the 25th byte.

8. From the device to the controller

The data in the 29th to 32nd bytes is the RAM (user area) end address. FFH, 9DH,
00H and O0OH are sent starting from the 29th byte.
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9. From the device to the controller

The data in the 33rd to 36th bytes is the RAM end address. FFH, 9FH, 00H and
00H are sent starting from the 33rd byte.

10.From the device to the controller
The data in the 37th to 44th bytes is dummy data.

11.From the device to the controller

The data in the 45th and 46th bytes contains the protection status and sector
division information of the flash memory.

e Bit 0 indicates the read protection status.
*0: Read protection is applied.
*1: Read protection is not applied.
oBit 1 indicates the write protection status.
*0: Write protection is applied.
*1: Write protection is not applied.
e Bit 2 indicates whether or not the flash memory is divided into sectors.
+0: The flash memory is divided into sectors.
+1: The flash memory is not divided into sectors,
eBits 3 to 15 are sent as “0™

12.From the device to the controller

The data in the 47th‘to 50th bytes is the flash - memory start address. 00H, 00H,
01H and O0H are sent-starting from the 47th byte.

13.From the device to the controller

The data in the 51st to 54th bytes is the flash memory end address. FFH, FFH,
08H and O0H are sent starting from the 51st byte.

14.From the device to the controller

The data in the 55th’and 56th’bytes indicates the number of sectors in the flash
memory. 80H and 00H are sent starting from the 55th byte.

15.From the device to the controller

The data in the 57th to 65th bytes contains sector information of the flash memory.
Sector information is comprised of the start address (starting from the flash
memory start address), sector size and number of consecutive sectors of the same
size. Note that the sector size is represented in word units.

The/data in the 57th to 65th bytes indicates 4 Kbytes of sectors (sector 0 to sector
127).

For the data to be transferred, see Table 3.16.10 and Table 3.16.11.

16.From the device to the controller

The data in the 66th byte is CHECKSUM data. This is the two’s complement of
the lower 8-bit value obtained by summing the data in the 5th to 65th bytes by
unsigned 8-bit addition (ignoring any overflow).

17.From the controller to the device
The data in the 67th byte is the next operation command data.
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3.16.4.11 Flash Memory Chip Erase Command (See Table 3.16.12)

1. The data in the 1st and 2nd bytes is the same as in the case of the RAM Transfer
command.

2. From the controller to the device

The data in the 3rd byte is operation command data. The Flash Memory Chip
Erase command data (40H) is sent here.

3. From the device to the controller

The data in the 4th byte is the ACK response data to the operation command data
in the 3rd byte.

The device first checks to see if the data in the 3rd byte contains any error. If a
receive error is found, the device returns the ACK response data for
communications error (bit 3) x8H and waits for the next operation command data
(3rd byte). The upper four bits of the ACK response data are undefined. (They are
the upper four bits of the immediately preceding operation command data.)

Then, if the data in the 3rd byte corresponds to one of the operation command
values given in Table 3.16.7, the device echoes back the received data (ACK
response for normal reception), In this case, 40H is echoed back. If the data in the
3rd byte does not correspond to any.-operation command, the device returns the
ACK response data for operation command error (bit 0) x1H and waits for the next
operation command data (3rd byte). The upper four bits of the ACK response data
are undefined. (They' are the upper four bits of the immediately preceding
operation command data.)

4. From the controller to the device
The data in the 5th byte is Erase Enable command data (54H).

5. From the deviece'to the controller

The data in the 6th byte is the ACK response data to the Erase Enable command
data in the 5th byte.

The' device first checks to-see if the data in the 5th byte contains any error. If a
receive. error 1is found, the device returns the ACK response data for
communications error (bit 3) x8H and waits for the next operation command data
(3rd byte). The upper four bits of the ACK response data are undefined (They are
the upper four bits of the immediately preceding operation command data.)

Then, if the data'in the 5th byte corresponds to the Erase Enable command data,
the device echoes back the received data (ACK response for normal reception). In
this case, 54H 1s echoed back and execution jumps to the flash memory chip erase
processing routine. If the data in the 5th byte does not correspond to the Erase
Enable command data, the device returns the ACK response data for operation
command error (bit 0) x1H and waits for the next operation command (3rd byte).
The upper four bits of the ACK response data are undefined. (They are the upper
four bits of the immediately preceding operation command data.)

6. From the device to the controller
The data in the 7th byte indicates whether or not the erase operation has
completed successfully. If the erase operation has completed successfully, the
device returns the end code (4FH). If an erase error has occurred, the device
returns the error code (4CH).

92FD23A-350 2007-12-18



TOSHIBA TMP92FD23A

7. From the device to the controller

The data in the 8th byte is ACK response data. If the erase operation has
completed successfully, the device returns the ACK response for erase completion
(5DH). If an erase error has occurred, the device returns the ACK response for
erase error (60H).

8. From the controller to the device
The data in the 9th byte is the next operation command data.
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3.16.4.12 Flash Memory Protect Set command (See Table 3.16.13)

1. The data in the 1st and 2nd bytes is the same as in the case of the RAM Transfer
command.

2. From the controller to the device

The data in the 3rd byte is operation command data. The Flash Memory Protect
Set command data (60H) is sent here.

3. From the device to the controller

The data in the 4th byte is the ACK response data to the operation command data
in the 3rd byte.

The device first checks to see if the data in the 3rd byte contains any error. If a
receive error is found, the device returns the ACK response data for
communications error (bit 3) x8H and waits for the next operation command data.
The upper four bits of the ACK response data are undefined. (They are the upper
four bits of the immediately preceding operation command data.)

Then, if the data in the 3rd byte corresponds to one of the operation command
data values given in Table 3.16.7, the device echoes back the received data (ACK
response for normal reception). In this case, 60H is echoed back and execution
branches to the flash memory protect’set processing routine.

After branching to this routine, the data in the password area is checked. For
details, see 3.16.4.15 "Password.”

If the data in the 3rd byte does not correspond to any operation command, the
device returns the ACK response data for operation command error (bit 0) x1H
and waits for the next operation command data (3rd byte). The upper four bits of
the ACK response data are undefined. (They are the upper four bits of the
immediately preceding operation command data.)

4. From the controller to the device

The data in the 5th to 16th bytes is password data (12 bytes). The data in the 5th
byte is verified against the data’at address 08FEF4H in the flash memory and the
data in the 6th byte against the data at address OSFEF5H. In this manner, the
received data is verified consecutively against the data at the specified address in
the flash memory. The data in the 16th byte is verified against the data at address
08FEFFH in the flash memory.

5. From the controller to the device

The data in the 17th byte is CHECKSUM data. The CHECKSUM data sent by the
controller is the two’s complement of the lower 8-bit value obtained by summing
the data in 5th to 16th bytes by unsigned 8-bit addition (ignoring any overflow).
For details on CHECKSUM, see 3.16.4.17 "How to Calculate CHECKSUM.”
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6. From the device to the controller

The data in the 18th byte is the ACK response data to the data in the 5th to 17th
bytes (ACK response to the CHECKSUM value).

The device first checks to see whether the data in the 5th to 17th bytes contains
any error. If a receive error is found, the device returns the ACK response data for
communications error (bit 3) 68H and waits for the next operation command data
(3rd byte). The upper four bits of the ACK response data are the upper four bits of
the immediately preceding operation command data, so'the value of these bits is
“6”.

Then, the device checks the CHECKSUM data in the 17th byte. This check is
made to see if the lower 8 bits of the value obtained by summing the data in the
5th to 17th bytes by unsigned 8-bit addition (ighoring any overflow) is 00H. If the
value is not 00H, the device returns the ACK response data for CHECKSUM error
(bit 0) 61H and waits for the next operation command data (3rd byte).

Finally, the device examines the result of password verification. If all-the data in
the 5th to 16th bytes is not verified correctly, the device returns the ACK response
data for password error (bit 0) 61H and waits for the next operation command
data (3rd byte).

If no error is found in the above checks, the device returns the ACK response data
for normal reception 60H.

7. From the device to the controller
The data in the 19th byte indicates whether or not the protect set operation has
completed successfully. If the operation has completed successfully, the device

returns the end code (6FH). If an error has occurred, the device returns the error
code (6CH).

8. From the device to the controller

The data-in the 20th byte is ACK response data. If the protect set operation has
completed 'successfully, the device returns the ACK response data for normal
completion (31H). If an error has occurred, the device returns the ACK response
data forerror (34H).

9. From the device to the controller
The data in the 21st byte is the next operation command data.
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3.16.4.13 ACK Response Data

The boot program notifies the controller of its processing status by sending various
response data. Table 3.16.14 to Table3.16.19 show the ACK response data returned for
each type of received data. The upper four bits of ACK response data are a direct
reflection of the upper four bits of the immediately preceding operation command data.

Bit 3 indicates a receive error and bit 0 indicates an operation command error,
CHECKSUM error or password error.

Table 3.16.14 ACK Response Data to Serial Operation Mode Setting Data

Transfer Data Meaning

86H The device can communicate in UART mode: (Note)

Note: If the desired baud rate cannot be set, the device returns no data and terminates operation:

Table 3.16.15 ACK Response Data to Operation Command Data

Transfer Data Meaning
x8H (Note) A receive error occurred in the operation command data.
x6H (Note) Terminated receive operation due to protection setting.
x1H (Note) Undefined operation command data was received normally:
10H Received the RAM Transfer command.
20H Received the Flash Memory SUM command.
30H Received the Product Information Read command.
40H Received the Flash Memory Chip Erase command.
60H Received the Flash Memory Protect Set command.
Note: The upper four bits are a direct reflection of the upper four bits of the immediately preceding
operation command data.

Table 3.16.16° ACK Response data to CHECKSUM Data for RAM Transfer Command

Transfer Data Meaning
18H Alreceive error occurred.
11H A CHECKSUM error or password error occurred.
10H Received the correct CHECKSUM value.

Table\3.16.17 ACK Response Data to Flash Memory Chip Erase Operation

Transfer Data Meaning
54H Received the Erase Enable command.
4FH Completed erase operation.
4CH An erase error occurred.

SDH (Note)  |Reconfirmation of erase operation

60H (Note) Reconfirmation of erase error

Note: These codes are returned for reconfirmation of communications.

92FD23A-354 2007-12-18



TOSHIBA TMP92FD23A

Table 3.16.18 ACK Response Data to CHECKSUM Data for Flash Memory Protect Set Command

Transfer Data Meaning
68H A receive error occurred.
61H A CHECKSUM or password error occurred.
60H Received the correct CHECKSUM value.

Table3.16.19 ACK Response Data to Flash Memory Protect Set Operation

Transfer Data Meaning
6FH Completed the protect (read/write) set operation.
6CH A protect (read/write) set error occurred.

31H (Note) Reconfirmation of protect (read/write) set operation

34H (Note) Reconfirmation of protect (read/write) set error

Note: These codes are returned for reconfirmation of communications.
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3.16.4.14 Determining Serial Operation Mode

To communicate in UART mode, the controller should transmit the data value 86H
as the first byte at the desired baud rate. Figure 3.16.7 shows the waveform of this

operation.
Start bit0O bitl bit2 bit3 bit4 bit5- bit6 bit7 Stop
Point A Point B Point C Point D
UART (86H) : : : : : :
1 T 1
i (AB g | |
1 1 1 1
1 tAC 1 | |
T s s

Figure 3.16.7 Data for Determining Serial Operation Mode

The boot program receives the first byte (86H) -after reset release not as serial
communications data. Instead, the boot program uses the first byte to determine the baud
rate. The baud rate is determined by the output periods of tAB, tAC and tAD as shown in
Figure 3.16.7 using the procedure shown'in Figure 3.16.8.

The CPU monitors the level of the receive pin. Upon detecting a level change, the CPU
captures the timer value to determine the baud rate.
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(s )

Initialize 16-bit timer BO
(6T1 = 8/fc, clear counter)
Start the prescaler

Receive pin changed from
High to Low?

| Start counting up of 16-bit timer BO
I

Receive pin changed
from Low to High?

| Capture timer value (tAB) by software
I

Receive pin changed
from High to Low?

| Capture timer value (tAC) by software
I

Receive pin changed
from Low to High?

| Capture timer value (tAD)-by software |

| Stop 16-bit timer BO |

tAC > tAD? YES
Back up tAD value
Stop operation
( End ) (Endless loop)

Figure 3.16.8 Flowchart for Serial Operation Mode Receive Operation
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3.16.4.15 Password

When the RAM Transfer command (10H) or the Flash Memory Protect Set
command (60H) is received as operation command data, password verification is
performed. First, the device echoes back the operation command data (10H to 60H)
and checks the data (12 bytes) in the password area (addresses 0SFEF4H to
0SFEFFH).

Then, the device verifies the password data received in the 5th to-16th bytes against
the data in the password area as shown in Table 3.16.20.

Unless all the 12 bytes are verified correctly, a.password error will occur.

A password error will also occur if all the 12 bytes of password data contain the same
value. Only exception is when all the 12 bytes are (‘FFH” and verified correctly and the
reset vector area (addresses 08FFOOH to 08FF02H) is-all “FFH”. In this case, a blank
device will be assumed and no password error will occur.

If a password error has occurred, the device returns the ACK response data for
password error in the 18th byte.

Table 3.16.20 Password Verification Table

Receive data Data to be verified against
5th byte Data at address 08BFEF4H
6th byte Data at address 08FEF5H
7th byte Data at address 08FEF6H
8th byte Data at address 08FEF7H
9th byte Data at address 08FEF8H
10th byte Data at address 08FEF9H
11th byte Data at address 0BFEFAH
12th byte Data at address 08FEFBH
13th byte Data at address 08FEFCH
14th byte Data-at address 08FEFDH
15th byte Data at addressO8FEFEH
16th byte Data at address 08FEFFH

Example of data that cannot be specified as a password

For blank products (Note)
+ The password of a blank product must be all“FFH” (FFH, FFH, FFH, FFH, FFH, FFH, FFH, FFH, FFH, FFH, FFH, FFH).

Note: A-blank product is a product in which all the bytes in the password area (addresses 08FEF4H to O8FEFFH)
and the reset vector area (addresses 08FFOOH to 08FF02H) are “FFH".

For programmed-products
- The 'same 12 consecutive bytes cannot be specified as a password.
The table below shows password error examples.

Programmed
product

1 2 3 4 5 6 7 8 9 10 11 12 Note

Error example 1

FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | All"FF”

Error example 2

OOH | OOH | OOH | 00OH | OOH | OOH | OOH | OOH | O0OH | OOH | 00H | OOH | All"00"

Error example 3

5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | 5AH | All"5A”
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3.16.4.16 How to Calculate SUM

SUM is calculated by summing the values of all data read from the flash memory by
unsigned 8-bit addition and is returned as a word (16-bit) value. The resulting SUM
value is sent to the controller in order of upper 8 bits and lower 8 bits. All the 512
Kbytes of data in the flash memory are included in the calculation of SUM. When the
Flash Memory SUM command is executed, SUM is calculated in this way.

Example:

ALH When SUM is calculated from the four data entries
shown to the left, the resultis as follows:

B2H A1H + B2H + C3H 4 D4H = 02EAH

can SUM upper 8 bits: 02H

SUM lower 8 bits: EAH

D4H Thus, the SUM value is sent to the controller in order of

02H and EAH.

3.16.4.17 How to Calculate CHECKSUM

CHECKSUM is calculated by taking the two’s complement of the lower 8-bit value
obtained by summing the values of received data by unsigned 8-bit addition (ignoring
any overflow). When the Flash Memory SUM command or the Product Information
Read command is executed, CHECKSUM is calculated in this way. The controller
should also use this CHECKSUM calculation method for sending CHECKSUM

values.

Example: Calculating CHECKSUM for the Flash Memory SUM command

When the upper 8-bit data of SUM is E5H and the lower 8-bit data is F6H,
CHECKSUM is calculated as shown below.

First, the upper 8 bits and lower 8 bits of the SUM value are added by
unsigned operation.

E5H + F6H = 1DBH

Then, the two’s complement of the lower 8 bits of this result is obtained as
shown below. The resulting CHECKSUM value (25H) is sent to the
controller.

0 - DBH =25H
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3.16.5

User Boot Mode (in Single Chip Mode)

User Boot mode, which is a sub mode of Single Chip mode, enables a user-created flash
memory program/erase routine to be used. To do so, the operation mode of Single Chip
mode must be changed from Normal mode for executing a user application program to User
Boot mode for programming/erasing the flash memory.

For example, the reset processing routine of a user application program may include a
routine for selecting Normal mode or User Boot mode upon entering Single Chip mode. Any
mode-selecting condition may be set using the device’s I/O to suit'the user system.

To program/erase the flash memory in User Boot mode, a program/erase routine must be
incorporated in the user application program in advance. Since the processor cannot read
data from the internal flash memory while it is being programmed or erased, the
program/erase routine must be executed from the outside of the flash memory. While the
flash memory is being programmed/erased in User Boot mode, interrupts must be disabled.

The pages that follow explain the procedure for programming the flash - memory using
two example cases. In one case the program/erase routine is stored in the internal flash
memory (1-A); in the other the program/erase routine is transferred from an external
source (1-B).
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3.16.5.1 (1-A) Program/Erase Procedure Example 1
When the program/erase routine is stored in the internal flash memory
(Step-1) Environment setup

First, the condition (e.g. pin status) for entering User Boot mode must be set and the
I/O bus for transferring data must be determined. Then, the device’s peripheral
circuitry must be designed and a corresponding program-must be written. Before
mounting the device on the board, it is necessary to write the following four routines
into one of the sectors in the flash memory.

(a) Mode select routine  : Selects Normal mode or User Boot-mode.

(b) Program/erase routine: Loads program/erase data from an external source and
programs/erases the flash memory.

(c) Copy routine 1 : Copies routines (a) (to (d) into the internal RAM or
external memory.
(d) Copy routine 2 :Copies routines ((a) to (d) from the /internal RAM or

external memory into the flash memory.

Note: The above (d) is a routine for reconstructing the program/erase routine on the flash memary. If-the entire flash
memory is always programmed and the program/erase routine is included in the new user application program,

this copy routine is not needed.

New user application
program

(TMP92FD23A) (0)

Flash memory

(Controller)

Old user application
program

[Reset processing program]

I

a) Mode select routine

(b) Program/erase routine

RAM
c) Copy routine 1

II

d) Copy routine 2

(Step-2) Entering User Boot mode (using the reset processing)

After reset release, the reset processing program determines whether or not the
device should enter User Boot mode. If the condition for entering User Boot mode is
true, User Boot mode is entered to program/erase the flash memory.

| New user application

program
(TMP92FD23A) o) |
Flash memory 0 —» 1 RESET (Controller)
Old user application (_ I
program pll
[Reset processing program] Condition for
" entering User Boot
(a) Mode select routine mode
|(b) Program/erase routine|

(user-specified)

RAM

[(©) Copy routine 1

[(d) Copy routine 2
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(Step-3) Copying the program/erase routine
After the device has entered User Boot mode, the copy routine 1 (c) copies the
routines (a) to (d) into the internal RAM or external memory (The routines are copied
into the internal RAM here.)

New user application
program
(TMP92FD23A) (o) |
Flash memory (Controller)
Old user application
program

[@) Mode select routine” |

[(b) Program/erase routine]

[c) Copy routine 1 |

[(d) Copy routine 2 |
RAM

[Reset processing program]

[@) Mode select routine |

[(b) Program/erase routine|

(c) Copy routine 1

[(d) Copy routine 2 |

(Step-4) Erasing the flash memory by the program/erase routine

Control jumps to the program/erase routine in the RAM and the old user program
area is erased (sector erase or chip erase). (In this case, the flash memory erase
command is issued from the RAM.)

Note: If data is erased on a sector basis and the routines (a) to (d) are left in the flash memory, only the

program/erase routine (b) need be copied into the RAM.

New user application
program
(TMP92FD23A) C)
Flash memory (Controller)

[@) Mode select routine |

(b)Program/erase routine

[(c) Copy routine 1 |
Erased [(d) Copy routine 2 |
RAM
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(Step-5) Restoring the user boot program in the flash memory

The copy routine 2 (d) in the RAM copies the routines (a) to (d) into the flash
memory.

Note: If data is erased on a sector basis and the routines (a) to (d) are left in the flash memory, step 5 is not needed.

New user application
program
(TMP92FD23A) (i10)
Flash memory (Controller)

[@) Mode select routine_]
|(b) Program/erase routine|

[Reset processing program]
c) Copy routine 1

(a) Mode select routine |( ) Copy - |
(d) Copy routine 2

(b) Program/erase routine RAN

(c) Copy routine 1

(d) Copy routine 2

(Step-6) Writing the new user application program- to the flash memory

The program/erase routine in the RAM is executed to load the new user application
program from the controller into the erased area of the flash memory.

New user application
program
(TMP92FD23A) (o)
Flash memory (Controller)

New user application
program
[(@) Mode select routine |

(b) Program/erase routine

[c) Copy routine 1 |

[(d) Copy routine 2 |
RAM

[Reset processing program]

[(2) Mode select routine |

[(b) Program/erase routine|

[(c) Copy routine 1 |

[(d) Copy routine 2 |

92FD23A-363 2007-12-18



TOSHIBA

TMP92FD23A

(Step-7) Executing the new user application program

The RESET input pin is driven Low (“0”) to reset the device. The mode setting
condition is set for Normal mode. After reset release, the device will start executing

the new user application program.

(TMP92FD23A) (Vo)
Flash memory 0—> 1 RESET

New user application
program

[Reset processing program Condition for entering

: Normal mode
(a) Mode select routine

|(b) Program/erase routine|

T

RAM

[(c) Copy routine 1 |

[(d) Copy routine 2 |

(Controller)
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3.16.5.2 (1-B) Program/Erase Procedure Example 2

In this example, only the boot program (minimum requirement) is stored in the
flash memory and other necessary routines are supplied from the controller.

(Step-1) Environment setup

First, the condition (e.g. pin status) for entering User Boot mode must be set and the
I/O bus for transferring data must be determined. Then, the device’s peripheral
circuitry must be designed and a corresponding program must be written. Before
mounting the device on the board, it is necessary to write the following two routines
into one on the sectors in the flash memory.

(a) Mode select routine  : Selects Normal mode or User/Boot mode.
(b) Transfer routine : Loads the program/erase. routine from an external
source.

The following routines are prepared on the controller:
(c) Program/erase routine : Programs/erases the flash memory.

(d) Copy routine 1 : Copies routines (a) and (b) into the internal RAM or
external memory.
(e) Copy routine 2 : Copies routines (a) and (b) from the internal RAM or

external memory into the flash-memory.

New user application

program
(I/0)
(TMP92FD23A) [(c) Programyerase routine |
Flash memory |(d) Copy routine 1 |

[e) Copy routine 2

Old user application

program (Controller)

[Reset processing routine]

a) Mode select routine
AT
(b) Transfer routine

(Step-2) Entering User Boot mode (using the reset processing)

The following explanation-assumes that these routines are incorporated in the reset
processing program. After reset release, the reset processing program first determines
whether or not the device should enter User Boot mode. If the condition for entering
User Boot mode is true, User Boot mode is entered to program/erase the flash memory.

New user application
program

(1/0)
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[Reset processing routine] entering User Boot
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(a)Mode Select routine RAM (user-specified)
[(0)Transfer routine |
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(Step-3) Copying the program/erase routine to the internal RAM

After the device has entered User Boot mode, the transfer routine (b) transfers the

routines (c) to (e) from the controller to the internal RAM (or external memory). (The

routines are copied into the internal RAM here.)

New user application
program

() Program/erase routine |

(TMP92FD23A) (/0)

Flash memory

Old user application
program

(c) Program/erase routine
[Reset processing routine]| | | BT

[(@ Mode select routine || | (IS C IR
(b) Transfer routine RAM

[(d) Copy routine 1 |
[e) Copy routine 2 |

(Step-4) Executing the copy routine 1.in the internal RAM

(Controller)

Control jumps to the internal RAM and the copy routine 1 (d) copies the routines (a)

and (b) into the internal RAM.

(TMP92FD23A) (/)

Flash, memory

Oid uSer application (a)Mode select routine
program (b) Transfer routine

|(c) Program/erase routine |

[Reset processing routine]| | | R eI

[(2) Mode select routine ] [(e) Copy routine 2 |
[(b) Transfer routine | RAM

New user application
program

|(c) Program/erase routine |

[(d) Copy routine 1 |
[(e) Copy routine 2 |

(Controller)
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(Step-5) Erasing the flash memory by the program/erase routine

The program/erase routine (c) erases the old user program area.

New user application
program

|(c) Program/erase routine|

(TMP92FD23A) (o)) (@) Copy routine 1 |
[(e) Copy routine 2 |
Flash memory (Controller)

[@)Mode select routine |

[(o)Transfer routine |

(c) Program/erase routine

[(d) Copy routine 1 |

Erased

[e) Copy routine 2 |
RAM

(Step-6) Restoring the user boot programin the flash memory

The copy routine (e) copies the routines (a) and (b) from 'the internal RAM into the
flash memory.

New user application
program

|(c) Program/erase routine |

[(d) Copy routine 1 |
(/0) [e) Copy routine 2 |

(TMP92FD23A)

(Controller)

Flash-memory

[@)Mode select routine |

[(0) Transfer routine |

|(c) Program/erase routine|
[Reset processing program] |(d) Copy routine 1 |

(a) Mode select routine (e) Copy routine 2
(b) Transfer routine RAM
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The program/erase routine (c¢) in the RAM is executed to load the new user

(Step-7) Writing the new user application program to the flash memory

application program from the controller into the erased area of the flash memory.

(TMP92FD23A)

(1/0)

New user application
program

|(c) Program/erase routine

Flash memory

New user application
program

[Reset processing program]

[@)Mode select routine |

(b)Transfer routine
(c) Program/erase routine

[(d) Copy routine 1

[@) Mode select routine |

[e) Copy routine 2

[(b) Transfer routine |

RAM

(Step-8) Executing the new user application program

[(d) Copy routine 1

[(e) Copy routine 2

(Controller)

The RESET input pin is driven Low (“0”) to reset the device. The mode setting
condition is set for Normal'mode. After reset release, the device will start executing
the new user application program.

(TMP92FD23A)

(1/0)

Flash memory

New user application
program

[Reset processing program]

(a)Mode select routine

[(0) Transfer routine |

T

RAM

0—> 1RESET

Condition for

entering Normal
mode

(Controller)
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3.16.6 Flash Memory Command Sequences

The operation of the flash memory is comprised of six commands, as shown in Table

3.16.21. Addresses specified in each command sequence must be in an area where the flash

memory is mapped. For details, see Table 3.16.3.

Table 3.16.21 Command Sequences

Command 1st Bus 2nd Bus 3rd Bus 4th Bus 5th Bus 6th Bus
Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle Write Cycle
Sequence
Addr. Data | Addr. Data Addr. Data Addr. Data Addr. Data Addr. Data
Single Long Word PA PD
1 AA8H | AAH | 550H 55H AA8H AOH
Program (Note 1) |(Note 1)
Sector Erase SA
2 AA8H | AAH | 550H 55H AA8H 80H AA8H AAH 550H 55H 30H
(4-KB Erase) (Note 2)
Chip Erase
3 AA8H | AAH | 550H 55H AA8BH 80H AA8H AAH 550H 55H AA8H 10H
(All Erase)
4 |Product ID Entry AA8H | AAH | 550H 55H AA8H 90H
Product ID Exit xxH FOH
5
Product ID Exit AA8H | AAH | 550H 55H | “AA8H FOH
FOH
Read Protect Set AA8H | AAH | 550H 55H AA8H A5H 778H
(Note3)
6
; OFH
Write Protect Set AA8H | AAH | 550H 55H AA8H A5H 778H
(Note3)
Note 1: PA = Program Long Word address, PD = Program Long Word data
Set the address and-data to be programmed. Program-addresses must be specified in multiples of 4.
Note 2: SA = Sector Erase address, Each sector erase range-is selected by address A23 to A12.
The A2 of address must-be specified to “1”.
Note 3: When apply read-protect and write protect, be-sure'to program the data of O0H.
Table 3/16.22 Hardware Sequence Flags
Status D7 D6
Single Long Word Program D7 Toggle
During auto Sector Erase/Chip Erase 0 Toggle
operation
. C t b
Read Protect Set/Write Protect Set annotbe Toggle
used
Note: D31 to D8 and D5 to DO are “don’t care”.
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3.16.6.1 Single Long Word Program

The Single Long Word Program command sequence programs the flash memory on a
long word basis. The address and data to be programmed are specified in the 4th bus
write cycle. It takes a maximum of 60 us to program a single long word. Another
command sequence cannot be executed until the write operation has completed. This
can be checked by reading the same address in the flash memory repeatedly until the
same data is read consecutively. While a write operation is in progress, bit 6 of data is
toggled each time it is read.

Note: To rewrite data to Flash memory addresses at which data (including FFFF_FFFFH) is already written, make

sure to erase the existing data by “sector erase” or “chip erase” before rewriting data.

3.16.6.2 Sector Erase (4-Kbyte Erase)

The Sector Erase command sequence erases 4 Kbytes of data in the flash memory at
a time. The flash memory address range to'be‘erased is specified in the 6th bus write
cycle. For the address range of each sector; see Table 3.16.3. The A2 of address must be
specified to “1”. This command sequence cannot be used/in Programmer mode.

It takes a maximum of 75 ms toerase 4 Kbytes. Another command sequence cannot
be executed until the erase operation has completed. This can be checked by reading
the same address in the/flash memory repeatedly’until the same data is read
consecutively. While a erase operation is in progress; bit 6 of data is toggled each time
it is read.

3.16.6.3 Chip Erase (All Erase)
The Chip Erase command sequence-erases the entire area of the flash memory.

It takes a maximum of 300 ms to erase the entire flash memory. Another command
sequence cannot be executed until the-erase operation has completed. This can be
checked by reading the same address in the flash memory repeatedly until the same
data is read consecutively. While a-erase operation is in progress, bit 6 of data is
toggled each time it is read.

Erase operations clear-data to FFH.

3.16.6.4 Product'ID Entry

When the Product ID Entry command is executed, Product ID mode is entered. In
this mode, the vendor ID, flash macro ID, flash size ID, and read/write protect status
can be read from the flash memory. In Product ID mode, the data in the flash memory
cannot be read.

3.16.6.5 Product ID Exit

This command sequence is used to exit Product ID mode.
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3.16.6.6 Read Protect Set

The Read Protect Set command sequence applies read protection on the flash
memory. When read protection is applied, the flash memory cannot be read in
Programmer mode and the RAM Transfer and Flash Memory Program commands
cannot be executed in Single Boot mode.

To cancel read protection, it is necessary to execute the Chip Erase command
sequence. To check whether or not read protection is applied, read xxx778H in Product
ID mode. It takes a maximum of 60 us to set read protection-on the flash memory.
Another command sequence cannot be executed until the read protection setting has
completed. This can be checked by reading the same address in the flash memory
repeatedly until the same data can be read consecutively. While a read protect
operation is in progress, bit 6 of data is toggled each time|it is read.

3.16.6.7 Write Protect Set

The Write Protect Set command sequence applies write protection,on the flash
memory. When write protection is applied, the flash memory'cannot be written to in
Programmer mode and the RAM Transfer-and Flash Memory Program commands
cannot be executed in Single Boot mode.

To cancel write protection, it-is necessary to execute the Chip Erase command
sequence. To check whether/ or not write protection, is applied, read xxx778H in
Product ID mode. It takes a' maximum of 60 us' to /set write protection. Another
command sequence cannot be executed” until the write protection setting has
completed. This can be checked by reading the same address in the flash memory
repeatedly until the [same data can be read consecutively. While a write protect
operation is in progress, bit'6 of data is toggled each time it is read.

3.16.6.8 Hardware Sequence Flags

The following hardware sequence flags are available to check the auto operation
execution status of the flash memory:

1) Data polling (D7)

When data is written to the flash memory, D7 outputs the complement of its
programmed data until the write operation has completed. After the write operation
has _completed, D7 ,outputs the proper cell data. By reading D7, therefore, the
operation status can be checked. While the Sector Erase or Chip Erase command
sequence is being executed, D7 outputs “0”. After the command sequence is completed,
D7 outputs “17 {cell data). Then, the data written to all the bits can be read after
waiting for 1 us.

When read/write protection is applied, the data polling function cannot be used.
Instead, use the toggle bit (D6) to check the operation status.
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2) Toggle bit (D6)

When the Flash Memory Program, Sector Erase, Chip Erase, Write Protect Set, or
Read Protect Set command sequence is executed, bit 6 (D6) of the data read by read
operations outputs “0” and “1” alternately each time it is read until the processing of
the executed command sequence has completed. The toggle bit (D6) thus provides a
software means of checking whether or not the processing of each command sequence
has completed. Normally, the same address in the flash memory is read repeatedly
until the same data is read successively. The initial read of the toggle bit always
returns “1”.

Note: The flash memory incorporated in the TMP92FD23A does not have an exceed-time-limit bit (D5). It is therefore
necessary to set the data polling time limit and toggle bit polling time'limit so'that polling can be stopped if the

time limit is exceeded.

3.16.6.9 Data Read

Data is read from the flash memory/in byte units or word units orlong word units. It
is not necessary to execute a command sequence to read/data from the flash memory.
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3.16.6.10 Programming the Flash Memory by the Internal CPU

1)

2)

The internal CPU programs the flash memory by using the command sequences and
hardware sequence flags described above. However, since the flash memory cannot be
read during auto operation mode, the program/erase routine must be executed outside
of the flash memory.

The CPU can program the flash memory either by using.Single Boot mode or by
using a user-created protocol in Single Chip mode (User Boot).

Single Boot:

The microcontroller is started up in Single Boot mode to-program the flash memory
by the internal boot ROM program. In this mode, the internal boot ROM is mapped to
an area including the interrupt vector table, in which the boot ROM program is
executed. The flash memory is mapped to an address area different from the boot
ROM area. The boot ROM program loads data into the flash memory by serial transfer.
In Single Boot mode, interrupts must be disabled including non-maskable interrupts
(N_MI, etc.).

For details, see 3.16.4 “Single Boot Mode”

User Boot:

In this method, the flash/ memory is programmed by executing a user-created
routine in Single Chip mode (normal operation mode): In this mode, the user-created
program/erase routine must-also be executed outside of the flash memory. It is also
necessary to disable interrupts including non-maskable interrupts.

The user should prepare a flash memory program/erase routine (including routines
for loading write data and writing the loaded data into the flash memory). In the main
program, normal operation is switched to flash memory programming operation to
execute the flash- memory program/erase routine outside of the flash memory area. For
example, the flash' memory program/erase routine may be transferred from the flash
memory to the internal RAM and executed there or it may be prepared and executed
in‘external memory.

For details, see 3.16.5 “User Boot Mode (in Single Chip Mode)”
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Flowcharts: Flash memory access by the internal CPU

Single Long Word Program

(s )

Program command sequence

Address = Address + 4
(long word units)

(See the flowchart below)

Timeout (60 us)

Toggle bit (D6)

Long word read
Addr. = Program address

Read data matched
program data?

Yes

Long word read
Addr. = Program address

Read data matched
program data?

Lastaddress?

Program end

Abnormal end

Program Command Sequence (Address/Data)

XXXAA8H/AAH

xxx550H/55H

XXXAA8H/AOH

Program address (A1 = A0 = 0)
/ Program data (long word units)
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Chip Erase/Sector Erase

=)

Erase command sequence
(See the flowchart below)

Timeout
(Chip: 300 ms, Sector: 75 ms)

Toggle bit (D6)

Read data = blank?

Erase end Abnormal end

Note: In Chip Erase, whether or not the entire flash memory is blank'is checked.
In Sector Erase, whether or not the selected sector is blank is checked.

Chip Erase Command Sequence Sector Erase Command Sequence
(Address/Data) (Address/Data)
XXXAABH/AAH XXXAA8H/AAH
xxx550H/55H xxx550H/55H
XXxAA8H/80H XXxAA8H/80H
XXXAABH/AAH XXXAABH/AAH
xxx550H/55H xxx550H/55H
XXXAA8H/10H Sector address (A2 = 1) /30H
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Read/Write Protect Set

=)

Protect Set com

mand sequence

(See the flowchart below)

Toggle

bit (D6)

Timeout (60 ps)

Product

ID Entry

Byte read (D7 to DO)
Addr. = xxx778H

Product ID Exit

Read data-matched
program data?

Protect

Set end

Abnormal end

Protect Set Command Sequence

(Address/Data)

XXXAA8H/AAH

xxx550H/55H

XXXAA8H/A5H

Set read protect

Set write protect

XXX778H/FOH

XXX778H/OFH
Set both read protect and write protect

XXX778H/00H
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Data Polling (D7)

( Start >
|

Byte read (D7 to DO)
Addr. = VA

(VA: Valid Address)

No
D7 = Data?

Yes

Operation end

Toqgale Bit (D6)

( Start >
|

Byte read (D7 to DO)
Addr. = VA

Byte read (D7 to DO)
Addr. = VA

Yes
D6 = Toggle?

No

Operation-end

Note: Hardware sequence flags‘are read from the flash memory in byte units or word units or long word units.

VA: InSingle Long-Word Program, VA denotes the address to be programmed.
In Sector Erase, VA denotes any address in the selected sector.
In Chip Erase, VA denotes any address in the flash memory.
In Read Protect Set, VA/denotes the protect set address (xxx778H).
In Write Protect Set, VA denotes the protect set address (xxx778H).
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Product ID Entry

Start >

XXXAA8H/AAH

xxx550H/55H

XXXAA8H/90H

Wait for 300 nsec or longer
(ID access and exit time = max.'300 nsec)
[Product ID mode start]

(See the table below)

Product ID read

Read Values in Product ID Mode

Address Read Value
Vendor ID XXXXF8H XxxX_xx98H (D7 to DO)
Flash macro ID XXXXE8H xxxx_4BxxH (D15 to D8)
Flash size ID XXXXF8H XX7F_xxxxH (D23 to D16)
Read/Write XXX778H Data programmed when protection is set.
Protect status When protection is not set, FFH. (D7 to DO)

Product ID Exit

(o)

=

XXXAA8H/AAH

XXXXXXH/FOH

Xxx550H/55H

Wait for 300 nsec or longer
(ID access and exit time = max. 300 nsec)

XXXAA8H/FOH

Product ID mode end

Wait for 300fnsec or longer
(ID access and exit time = max.300 nsec)

Product ID mode end
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(Example: Program to be loaded and executed in RAM)

Erase the flash memory (chip erase) and then write F047_0706H to address FS0000H.

i Flash memory chip erase processing #HHH

1d XIX, 0xF80000 ; set start address
CHIPERASE:

1d (0xF80AAS), 0xAA ; 1st bus write cycle
1d (0xF80550), 0x55 ; 2nd bus write cycle
1d (0xF80AAS), 0x80 ; 3rd bus write cycle
1d (0xF80AAS), 0xAA ; 4th bus write cycle
1d (0xF80550), 0x55 ; 5th bus write cycle
1d (0xF80AAS), 0x10 ; 6th bus write cycle
cal TOGGLECHK ; check toggle bit

CHIPERASE_LOOP:

1d XWA, (XIX+) ; read data from flash memory

cp XWA, 0xFFFFFFFF ; blank data?

j ne, CHIPERASE_ERR ; if not blank data, jump to error processing
cp XIX, 0xFFFFFF ; end address (OxFFFFFF)?

j

s Flash memory program processing #HH

ULT, CHIPERASE_LOOP

; check entire memory area and then end loop processing

1d XIX, 0xF80000 ; set program address

1d XWA, 0xF0470706 ; set program data
PROGRAM:

1d (0xF80AAS), OxAA ; 1st bus write cycle

1d (0xF80550), 0x55 ; 2nd bus write cycle

1d (0xF80AAS), 0xA0 »-3rd bus write cycle

1d (XIX), XWA y’4th bus write cycle

cal TOGGLECHK ; check toggle bit

1d XBC, (XIX) ;read data from flash memory

cp XWA, XBC.

j ne, PROGRAM_ERR ; if programmed data cannot be read, error is determined

1d XBC, (XIX) ; read data from flash memory

cp XWA, XBC

j

ne, PROGRAM_ERR

PROGRAM_END:

j

s Toggle bit (D6) check processing #iHH

PROGRAM_END

; if programmed data-cannot be read, error is determined

; program operation end

TOGGLECHK:

1d L, (XIX)

and L,/0y01000000 i check toggle bit (D6)

1d H, L ; save first toggle bit data
TOGGLECHK1:

1d L, (XIX)

and L, 0y01000000 ; check toggle bit (D6)

cp LyH ; toggle bit = toggled?

j z, TOGGLECHK2 ; if not toggled, end processing

1d H,L ; save current toggle bit state

3 TOGGLECHK1 ; recheck toggle bit
TOGGLECHK2:

ret

A Error processing #HHE
CHIPERASE_ERR:

J

CHIPERASE_ERR

PROGRAM_ERR:

J

PROGRAM_ERR

; chip erase error

; program error
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(Example: Program to be loaded and executed in RAM)
Erase data at addresses F90000H to FOOFFFH (sector erase) and then write FO47_0706H to address
F90000H.

#HHE Flash memory sector erase processing ##H#H#

1d XIX, 0xF90004 ; set sector erase address (A2 = 1)
SECTORERASE:

1d (0xF80AAS), 0xAA ; 1st bus write cycle

1d (0xF80550), 0x55 ; 2nd bus write cycle

1d (0xF80AAS), 0x80 ; 3rd bus write cycle

1d (0xF80AAS), 0xAA ; 4th bus write cycle

1d (0xF80550), 0x55 ; 5th bus write cycle

1d (XIX), 0x30 ; 6th bus write cycle

cal TOGGLECHK ; check toggle bit

1d XIX, 0xF90000 ; set start address
SECTORERASE_LOOP:

1d XWA, (XIX+) ; read data from flash memory

cp XWA, 0xFFFFFFFF ; blank data?

j ne, SECTORERASE_ERR ; if not blank data, jump, to error processing

cp XIX, 0xF90FFF ; end address (0xF9OFFF)?

j ULT, SECTORERASE_LOOP ; check erased sector area and then end loop processing

i Flash memory program processing #HH

1d XIX, 0xF90000 ; set program address
1d XWA, 0xF0470706 ; set program-data
PROGRAM
1d (0xF80AAS), 0xAA ; 1st bus write cycle
1d (0xF80550), 0x55 ; 2nd bus write cycle
1d (0xF80AAS), 0xA0 ;. 3rd bus write cycle
1d (XIX), XWA ;/4th bus write cycle
cal TOGGLECHK ;check toggle bit
1d XBC, (XIX) ;read data from flash memory
cp XWA, XBC
j ne, PROGRAM_ERR ;if programmed‘data cannot be read, error is determined
1d XBC, XIX) ; read data from flash memory
cp XWA, XBC
j ne, PROGRAM_ERR ; if programmed data cannot be read, error is determined

PROGRAM_END:
j PROGRAM END ; program operation end

s#HHHE Toggle bit (D6) check processing #iHHE

TOGGLECHK:

1d L, (XIX)

and L, 0y01000000 ;.check toggle bit (D6)

1d H, L ; save first toggle bit data
TOGGLECHK1:

1d L, (XIX)

and L, 0y01000000 ; check toggle bit (D6)

cp L/H ; toggle bit = toggled?

j z, TOGGLECHK2 ; If not toggled, end processing

1d H,L ; save current toggle bit state

J TOGGLECHK1 ; Recheck toggle bit
TOGGLECHK2:

ret
HHHH#E Error processing #HHE
SECTORERASE_ERR:

J SECTORERASE_ERR ; sector erase error
PROGRAM_ERR:

J PROGRAM_ERR ; program error
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(Example: Program to be loaded and executed in RAM)
Set read protection and write protection on the flash memory.
#HHE Flash Memory Protect Set processing ##H#H#
1d XIX, 0xF80778 ; set protect address
PROTECT:
1d (0xF80AAS), 0xAA ; 1st bus write cycle
1d (0xF80550), 0x55 ; 2nd bus write cycle
1d (0xF80AAS), 0xA5 ; 3rd bus write cycle
1d (XIX), 0x00 ; 4th bus write cycle
cal TOGGLECHK ; check toggle bit
cal PID_ENTRY ;
1d A, (XIX) ; read protected address
cal PID_EXIT ;
cp A, 0x00 ;(0xF80778)=0x00?
j ne, PROTECT_ERR ; protected?
PROTECT_END:
J PROTECT_END ; protect set operation completed
PROTECT_ERR:
j PROTECT_ERR ; protect set error
s Product ID Entry processing ###H##
PID_ENTRY:
1d (0xF80AAS), 0xAA ; 1st bus write cycle
1d (0xF80550), 0x55 ; 2nd bus write cycle
1d (0xF80AAS), 0x90 ; 3rd bus write cycle
; - wait for 300 nsec or longer (execute NOP instruction [50nsec/@frpH=40MHz] six times) ---
nop
nop
nop
nop
nop
nop s wait for 300 nsec
ret
s Product ID Exit processing #HH
PID_EXIT:
1d (0xF80000), 0xF0 ; 1st bus write cycle
; == wait for 300 nsec or longer (execute NOP instruction [50nsec/@frpH=40MHz] six times) ---
nop
nop
nop
nop
nop
nop ;-wait for 300 nsec
ret
s#HHt Toggle bit (D6) check processing ##H#H
TOGGLECHK:
1d L, (XIX)
and L, 0y01000000 ; check toggle bit (D6)
1d H, L ; save first toggle bit data
TOGGLECHK1:
1d L, XIX)
and L, 0y01000000 ; check toggle bit (D6)
cp L, H ; toggle bit = toggled?
j z, TOGGLECHK2 ; if not toggled, end processing
1d H, L ; save current toggle bit state
j TOGGLECHK1 ; recheck toggle bit
TOGGLECHK2:
ret
(Example: Program to be loaded and executed in RAM)
Read data from address FSOO00H.
s Flash memory read processing ##H#H
READ:
1d XWA, (0xF80000) ; read data from flash memory
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power Supply Voltage Vce -0.5t0 4.0 \
Input Voltage VIN -0.5t0 VCC +0.5 \%
Output Current (1 pin) Except PN1, PN2, PN4 and PN5 loL 2 mA
Output Current (1 pin) PN1, PN2, PN4 and PN5 loL2 3.5 mA
Output Current (1 pin) |l oH ~2 mA
Output Current (Total) ZloL 80 mA
Output Current (Total) 2 loH -80 mA
Power Dissipation (Ta = 85°C) Pp 600 mw
Soldering Temperature (10 s) TSOLDER 260 °C
Storage Temperature TsTG —65 to 150 °C
Operation Temperature ToPR —40to 85 °C

Note: The absolute maximum ratings are rated values which 'must not be exceeded during operation, even for an
instant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device
may break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to
the user. Thus, when designing products which 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 > 95%

The number-of times = one, Use of R-type flux
(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 (1/2)

Vce = 3.3 £ 0.3V/fc = 6 to 40 MHz/Ta = —-40 to 85°C

Parameter Symbol Min Typ. Max Unit Condition
Power Supply Volt
pply Vottage X1=6 to 10MHz
(DVCC = AVCC) Vee 3.0 36 \Y
XT1=30.to 34KHz
(DVSS = AVSS = 0V)
Power Supply Voltage
(DVCC = AVCC)
X1=6 t0. 10MHz
(DVSS = AVSS = 0V) Vce 3.0 3.6 Y

Ta= =10:to 40°C
for erase/program

operations of flash memory

Input Low Voltage for
P00 to P07 (DO~D7) ViLo 0.6
P10 to P17 (D8~D15)
Input Low Voltage for
P40 to P47 (AO to A7)
P50 to P57 (A8 to A15)
P60 to P67 (A16 to A23)
P76, P77

P80 to P82

Input Low Voltage for -0.3
P70 to P73, P83 \%
PCO to PC3, PDO to PD4 ViL2 0.25x VCC
PFO to PF5, PGO to PG7
PLO to PL3, PNO, PN3
RESET, NMI, P74(INTO) | ViL2a 0.2 x VCC
Input Low Voltage for
AMO, AM1

Input Low Voltage for
X1, XT1(P76)

Input Low Voltage for
PN1, PN2, PN4, PN5
Input High Voltage for
P00 to P07 (DO to D7) ViHo 2.0
P10 to P17 (D8 to D15)
Input High Voltage for
P40 to P47 (AO to A7)
P50 to P57 (A8 to A15) VIH1 0.7 x VCC
P60 to P67 (A16 to A23)
P76, P77, P80 to P82
Input High Voltage for

VL1 0.3 xVCC

Vi3 0.3

ViLa 0.2 xVCC

ViLs 0.3 xVCC

VCC+0.3

P70 to P73, P83 v
PCO to PC3; PD0O~PD4 ViH2 075 x VCC
PFO to PF5, PGO~PG7
PLO.to-PL3,-PNO, PN3
RESET,; NMI, P74(INTO) |  ViH2a 0.8 x VCC
Input High Voltage for

ViH3 B
AMO, AM1 VCC-0.3
Input High Voltage for v
X1, XT1(P76) IH4 0.8 x VCC
Input High Voltage for

ViHs 0.7 x VCC 5.5

PN1, PN2, PN4, PN5
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Ve = 3.3 £ 0.3V/fc = 6 to 40 MHz/Ta = -40 to 85°C

Parameter Symbol|[ Min Typ. Max Unit Condition
Output Low Voltage VoL 0.45 IOL=1.6 mA
Output Low Voltage for
PN1, PN2, PN4, PN5 VoL2 04 Vo |ieL=30mA
Output High Voltage VoH 2.4 IOH ==400 pA
Input Leakage Current I 0.02 +5 0.0 = Vin-=VecC
Output Leakage Current ILo 0.05 £10 hA 0.2 = Vin= VCC-0.2
Power Down Voltage at STOP Vstop 18 36 vV VIL2 = 0.2 x Vcc,

(for STOP, RAM back-up) VIH2=0.8 x Vcc

Pull-Up Resistor for RESET RRST

Programmable Pull-Up R 80 500 KQ

Resistor for P70 to P73

Pin Capacitance Cio 10 pF. |fc=1MHz
Schmitt Width for

P70 to P73, P83
PCO to PC3, PDO to PD4

VTH 0.2 \%
PFO to PF5, PGO to PG7
PLO to PL3, PNO to PN5
RESET , P74(INTO)
NORMAL (Note 2) IcC 55 70
o |fe=40mHz
IDLE2 Mode ICCIpLE2 13 22 fsys= 20 MHz
IDLE1 Mode ICCiDLE1 4 9
SLOW (Note 2) IcC 75 120
SLOW-IDLE2 Mod IcC 20 ) XT1=32.768 KHz
- ode
IDLEZ uA" [\(fsys = 16.384 KHz)
SLOW-IDLEL Mode ICCIpLEL 10 80
STOP ICCsTOP 15 50 VCC =3.6V

Peak current

. . . lccp-p 40 mA |[VCC =3.0V~3.6V
by intermitt operation

Note 1: Typical values are for when Ta = 25°C and VCC = 3.3 V unless-otherwise noted.

Note 2: ICC measurement conditions (NORMAL, SLOW):
All functions are operational; output pins are opened-and input pins are fixed. CL = 30 pF is loaded to data and
address bus,

When the program is operating by the flash memory, or when data reed from the flash memory,
the flash memory operate intermittently. Therefore, it outputs a peak current like a following
diagram; momentarily. In this case, the power supply current; lcc (NORMAL/SLOW mode) is the
sum of average value of a peak current and a MCU current value.

When designing the power.supply, set to a circuit which a peak current can be supplied. In SLOW
mode, a deference of peak current and average current is large.

Program counter (PC)

- - - - <— Flash current which flows momentarily.

lccp-p
[mA] _________ - _éTyp. current

Max. current
The average of Peak current
+ MCU current

< MCU current

Flash memory intermittent operation
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4.3

AC Characteristics

4.3.1 Basic Bus Cycle

Read cycle
Ve = 3.3 £ 0.3V/fc = 6 to 40 MHz/Ta = —40 to 85°C
No. Parameter Symbol vanable fsvs =20 MHzlfsys = 13.5MHz) iy
Min Max | (fc=40MHz) | (fc = 27 MHz)
1 | OSC period (X1/X2) tosc 25 25 37.0 ns
2 | System clock period (= T) tcyc 50 50 74.0 ns
3 | CLK Low Width tcL 0.5T-15 10 22 ns
4 | CLK High Width tcH 0.5T-15 10 22 ns
5-1 | AO to A23 Valid—

) taD 2.0T-50 50 98 ns

DO to D15 input at 0 WAIT
5-2 | AO to A23 Valid —»

) tAD3 3.0T - 50 100 172 ns

DO to D15 input at 1 WAIT
6-1| RD Falling —

DO to D15 input at O WAIT | RP £3\- 45 30 66 ns
6-2 | RD Rising —

DO to D15 input at 1 WAIT | RP3 25T =45 80 2o ns
7-1| RD Low Width at 0 WAIT tRR 1.5T=20 55 91 ns
7-2 | RD Low Width at 1 WAIT tRR3 2.5T-20 105 165 ns

8 | A0 to A23valid — RD Rising tAR 0.5T =20 5 17 ns
9 | RD Falling —s CLK Falling tRK 0.5T - 20 5 17 ns
10 [ A0 to A23 valid — DO to D15 Hold tHA 0 0 0 ns
11 | RD Rising - DO to D15 Hold MR 0 0 0 ns
12 | WAIT Set-up Time tTk 20 20 20 ns
13 | WAIT Hold Time kT 5 5 5 ns
14 | Data Byte Control Access Time for SRAM tsSBA 1.5T-45 30 66 ns
15 | RD High Width tRRH 0.5T - 15 10 22 ns
Write cycle
Ve = 3.3 £ 0.3V/fc = 6 to 40 MHz/Ta = —40 to 85°C
No. Parameter Symbol Vaniable fsvs = 20 MHzlisys = 13.5MHz) ) ¢
Min Max (fc =40 MHz) | (fc =27 MHz)

16 | SRWR Falling — CLK Falling tswk 0.5T -20 5 17 ns
17 | SRWR Rising = A0to A23 Hold tSWA 0.25T-5 75 135 ns
18 | RD Rising—>_ DO to D15 Output tRDO 0.5T-5 20 32 ns
19'| Write Pulse Width for SRAM tswp 1.25T-30 325 62.5 ns
20 | Data Byte Control to End of Write for SRAM tspw 1.25T - 30 325 62.5 ns
21 | Address Setup Time for SRAM tsas 0.5T-20 5 17 ns
22 | Write Recovery Time for SRAM tswr 0.25T -5 7.5 135 ns
23 | Data Setup Time for SRAM tsps 1.25T-35 27.5 57.5 ns
24 | Data Hold Time for SRAM tSpH 0.25T -5 7.5 135 ns

AC measuring condition

Output: High = 0.7 VCC, Low = 0.3 VCC, C_ =50 pF

Input: High = 0.9 VCC, Low = 0.1 VCC
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TOSHIBA

fc/1)

(1) Read cycle (0 waits, fc = foscH, fFPH
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Note: The phase relation between X1 input signal.and the other signals is undefined.

The above timing;chart is an example:
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(2) Write cycle (0 waits, fc = foscH, frPH = fc/1)

X1

CLK

WAIT

AO0~A23

CS0~Cs3

D0~D15

SRLLB, SRLUB

SRWR

Note: The phase relation between X1 input signal and.the other signals is undefined.

tosc
tcyc
tcL tcH
N
; N 0000/ —
tTK KT
/
X K
fswa
tSWR
tRDO { Data-output
_/ tSDH
tsBw
tsbs
t
SAS tSWK £S
L EE———————
N

The above timing chart is an example.
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fe/1)

(3) Read cycle (1 wait, fc = foscH, fFPH
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Page ROM Read Cycle

4.3.2

(1) 3-2-2-2 mode

3.3+ 0.3 V/fc = 6~40 MHz/Ta = -40~85°C
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AC measuring condition

=0.7 VCC, Low = 0.3 VCC, CL=50 pF
0.9 VCC, Low=0.1VCC

Output: High
Input: High

Timing Pulse Diagram(8-byte setting)
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4.3.3  Serial Channel Timing
(1) SCLK input mode (I/O interface mode)
Variable fsys =20 MHz fsys = 13.5MHz .
Parameter Symbol (fc = 40 MHz) (fc = 27 MHz) Unit
Min Max Min | Max | Min | Max
SCLK cycle tscy 16X 0.40 0.59 us
Output data — SCLK Rising/Falling * toss tscy/2 —4X-70 30 78 ns
SCLK Rising/Falling* — Output Data Hold toHs tscy/2+2X+0 250 370 ns
SCLK Rising/Falling* — Input Data Hold tHSR 3X+10 85 121 ns
SCLK Rising/Falling* — Input Data Valid tsrRD tscy -0 400 592 ns
Input Data Valid — SCLK Rising/Falling* tRDS 0 0 0 ns
(2) SCLK output mode (I/O Interface mode)
Variable fsys'=20 MHz fsys'= 13.5MHz .
Parameter Symbol (fc = 40 MHz) (fc =27 MHz) Unit
Min Max Min Max ' [ Min -{-Max

SCLK cycle tscy 16X 8192X 0.40 204 0.59 303 ps
Output data — SCLK Rising/Falling * toss tscy/2 — 40 160 256 ns
SCLK Rising/Falling* — Output Data Hold | tons tscy/2 —40 160 256 ns
SCLK Rising/Falling* — Input Data Hold tHSR 0 0 0 ns
SCLK Rising/Falling* — Input Data Valid tSRD tscy - 1X -180 195 375 ns
Input Data Valid — SCLK Rising/Falling* tRDS 1X+180 205 217 ns

*: SCLK rinsing/falling edge:

The rising edge is used in SCLK rising mode.

The falling edge-is'used in SCLK falling mode.
Note 1: tgcy = 16X at fgys = 20MHz or 13.5MHz
Note 2: Symbol x in the above table-means the period of clock fepy, it's half period of the system clock fgyg for CPU

core. The period of fepH depends on the clock gear setting.

SCLK

tscy

Output mode/
input Rising mode

S N V7 A I N S B

SCLK | ‘
(Input Falling mode) Im
toss {OHS
R G GRS
tsrp__'RDS
F i tHSR
Input data
" RXD XOX XIX XZX X3><
Valid Valid Valid Valid
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4.3.4  High Speed SIO Timing

Symbol Parameter Variable fsvs = 20MHz | fsys = 18MHz fisys = 135MHZ| ) .
Min Max (fc =40 MHz) | (fc =36 MHz) | (fc =27 MHz)
fpp  |HSCLK frequency (= 1/X) 10 10 9 6.75 MHz
tr HSCLK rising timing 8 8 8 8
tf HSCLK falling time 8 8 8 8
twr  |HSCLK Low pulse width 0.5X-8 42 47 66
twH |HSCLK High pulse width 0.5X-16 34 39 58
tobs1 Output data valid ) 0.5X-18 32 37 56
— HSCLK rise
t0DS2 Output data valid 0.5X-23 27 2 51 ns
— HSCLK fall
toDH HSCLK rise/fall 0.5X-10 40 45 64
— Output data hold
DS Input data valid - 0X420 50 20 >0
— HSCLK rise/fall
toH HSCLK riseffall O0X45 5 5 -
— |nput data hold

AC measuring conditions
Output level : High =0.7 VCC, Low = 0.2 VCC, CL = 25 pk
Input level : High=0.9 VCC, Low=0.1VCC

fep

ﬂ ¥ £
HSCLK output orvee Y| tf 4 Mt
(When HSMD<TCPOL,RCPOL>="11") / 02vee ¥ / ,
A tr
HSCLK output
(When HSMD<TCPOL,RCPOL>="00") _/_ _/_ _/_

HSSO output

-

topg topH
le—

HSSI input

tips tioH
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4.3.5 Interrupts

. fsys =20 MH fsys = 13.5MH
Variable SYS z SYs z _
Parameter Symbol (fc =40 MHz) (fc =27 MHz) Unit

MIN MAX MIN MAX MIN MAX

NMI ,INTO to INT7 T AX + 40 140 188
+
Low level Width INTAL ns

NMI, INTO~INT7
High level Width

TINTAH 4X + 40 140 188

Note : Symbol x in the above table means the period of clock fgpy, it's half period of the system clock fgys for CPU

core. The period of frpy depends on the clock gear setting.

4.3.6  Event Counter (TAOIN, TB1INO, TB1IN1)

Variable fsys =20 MHz fsys'=13.5MHz -
Parameter Symbol (fc = 40 MHz) (fc=27 MHz) Unit
MIN MAX MIN MAX MIN MAX
Clock period Tvck 8X + 100 300 396 ns
Clock Low level Width TvekL | 4X+40 140 188 ns
Clock High level Width | Tyckn | 4X+40 140 188 ns

Note : Symbol x in the above table means the period of clock fgpy, it's half/period of the system clock fgys for CPU

core. The period of frpy depends on'the clock gear setting.

4.4 AD Conversion Characteristics

Parameter Symbol Min Typ. Max Unit
AD Converter Power Supply Voltage Avcc vCC VCC VCC
AD Converter GND Avss VSS VSS VSS \
Analog Input Voltage AvIN Avss Avce
Total error
. - Et 1.0 +4.0 LSB
(Quantize error of +0.5LSB-is included)

Note 1: 1LSB = (VREFH - VREFL) /1024 [V]

Note 2: Minimum frequency for operation
AD/converter operatinon is generated-only using fc (high-frequency oscillator). fs is not guaranteed. However,
if clack frequency which is selected by clock is over than 4MHz, operation is guaranteed.

Note 3: The value for Icc includes-the current which flows through the AVcc pin.

45 Flash Characteristics

(1) Rewriting

Parameter Condition Min Typ Max Unit

Vce = 3.0V to 3.6V
Gurantee on Flash-memory rewriting X1 = 6MHz to 10MHz - - 100 Times
Ta=-10to 40°C
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4.6 Recommended Oscillation Circuit
The TMP92FD23A has been evaluated by the oscillator vender below. Use this information

when selecting external parts.

Note: The total load value of the oscillator 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 XT1 XT2
(| (|
Rf
2Rd Rd

—i— |
Clj; CZ,I Cl/I CZ,I

Figure 4.6.1 High-frequency oscillator Figure 4.6.2 Low-frequency oscillator

(2) Recommended ceramic oscillator: Murata Manufacturing Co., Ltd.

Oscillation Oscillator Parameterof elements Running Condition
MCU Frequency Product Item of Oscillator C1 c2 Rf Rd Voltage of
Number F F o o p N, Ta[°C]
[MHZ] [PF] [PF] 19]] (] ower [V]
6.00 SMD CSTCR6M00G55-R0 (39) (39)
TMP92CY23/ ' -
Lead CSTLS6M00G56-B0 (47) 47) Open 0 3.0-3.6 2080
TMP92FD23A 10.00 SMD CSTCE10M0G55-R0 (33) (33)
' Lead CSTLS10M0G56-B0 (47) 47)

Note 1: The figure in parentheses () under. C1 and C2 is the built-in condenser type.In CST **type oscillator,

capacitance C1 and C2 is built-in.
Note 2: The ‘product numbers and specifications of the oscillators 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/

92FD23A-393 2007-12-18




TOSHIBA TMP92FD23A

5. Table of Special function registers (SFRSs)

The SFRs include the I/0 ports and peripheral control registers allocated to the 8-Kbyte address
space from 000000H to O01FFFH.

(1) /O Port (90 UART/serial channel

(2) Interrupt control (10) I2CBUS/serial channel
(3) DMA controller (11) AD converter

(4) Memory controller (12) Watchdog timer

(5) Clock control/PLL (13) Special timer for CLOCK
(6) 8-bit timer (14) Key-on wake up

(7) 16-bit timer (15) Program patch function

(8) High speed serial channel

Table layout
Symbol Name Address 7 6 / / 1 0
\\ — Bit symbol
\ ~——>Read/Write
I —>Initial value after reset
/ —>Remarks

Note: “Prohibit RMW" in the table means-thatyou.cannot use RMW-instructions on these registers.
Example: When setting bitO only of the register PXxCR, the instruction “SET.0, (PXCR)” cannot be used. The LD (transfer)

instruction must be used to write all eight bits.

Read/Write
R/W: Both/read and write are possible.
R: Only read.is possible.
W: Only write 1s possible.
W Both read and write are possible (when this bit is read as1)

Prohibit RMW: Read-modify-write instructions are prohibited. (The EX, ADD, ADC,
BUS, SBC, INC,; DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET,
RLC,RRC, RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are
read modify write instructions.)

R/W*: Read-modify-write is prohibited when controlling the pull-up resistor.
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Table 5.1 I/O Register Address Map
[1] Port
Address Name Address Name Address Name Address Name
0000H | PO 0010H | P4 0020H | P8 0030H | PC

1H 1H 1H | P8FC2 1H
2H | POCR 2H | PACR 2H | P8CR 2H | PCCR
3H | POFC 3H | P4FC 3H | PSFC 3H| PCFC
4H | P1 4H| P5 4H 4H | PD
5H 5H 5H 5H | PDFC2
6H | P1CR 6H | PSCR 6H 6H | PDCR
7H| P1FC 7H| P5FC 7H 7H| PDFC
8H 8H | P6 8H 8H
9H 9H 9H 9H
AH AH | P6CR AH AH
BH BH | P6FC BH BH
CH CH|P7 CH CH| PF
DH DH DH DH | PFFC2
EH EH| P7CR EH EH | PFCR
FH FH | P7FC FH FH | PFFC

Address Name Address Name

0040H | PG 0050H
1H 1H
2H 2H
3H | PGFC 3H
4H 4H| PL
5H 5H
6H 6H
7H 7H| PLFC
8H 8H
9H 9H
AH AH
BH BH
CH CH| PN
DH DH
EH EH | PNCR
FH FH | PNFC
Note: Do not access no allocated name address.
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[2] INTC [3] DMA controller
Address Name Address Name Address Name Address Name
OODOH | INTEO1 OOEOH | INTETBO OOFOH | INTTCO1 0100H | DMAOV
1H | INTE23 1H | INTESTBOO IH | INTTC23 1H | DMA1V
2H | INTE45 2H | INTETB1 2H | INTTC45 2H | DMA2V
3H | INTE67 3H | INTSTBO1 3H | INTTC67 3H | DMA3V
4H | INTETAOL1 4H | INTEPAD 4H | HSCSEL 4H | DMA4V
5H | INTETA23 5H | INTERTC 5H | SIMC 5H | DMA5SV
6H | INTETA45 6H 6H | IIMC 6H | DMA6V
7H ] Reserved 7H 7H 7H | DMA7V

8H | INTESO 8H 8H | INTCLR 8H | DMAB
9H | INTES1HSC 9H 9H | Reserved 9H | DMAR
AH | INTES2 AH AH | IMC2 AH | Reserved
BH | Reserved BH BH | IIMC3 BH
CH | INTESBO CH CH | Reserved CH
DH | INTESB1 DH DH | Reserved DH
EH | Reserved EH EH | Reserved EH
FH | Reserved FH ] INTENMWDT FH |‘Reserved FH
[4] Memory controller [5] Clock control/PLL
Address Name Address Name Address Name Address Name

0140H | BOCSL 0150H | Reserved 0160H | Reserved 10EOH | SYSCRO
1H | BOCSH 1H | Reserved 1H| Reserved 1H | SYSCR1
2H | MAMRO 2H | Reserved 2H | Reserved 2H | SYSCR2
3H | MSARO 3H | Reserved 3H 3H | EMCCRO
4H | B1CSL 4H | Reserved 4H 4H | EMCCR1
5H | B1CSH 5H | Reserved 5H 5H | EMCCR2
6H | MAMR1 6H| Reserved 6H | PMEMCR 6H
7H | MSAR1 7H | Reserved 7H 7H
8H | B2CSL 8H.] BEXCSL 8H 8H | PLLCRO
9H | B2CSH 9H | BEXCSH 9H 9H | PLLCR1
AH | MAMR2 AH | Reserved AH AH
BH | MSAR2 BH | Reserved BH BH
CH | B3CSL CH CH | Reserved CH
DH | B3CSH DH DH DH
EH | MAMR3 EH EH EH
FH | MSAR3 FH FH FH
Note: ‘Do-not access no allocated name address.
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[6] 8-bit timer [7] 16-bit timer
Address Name Address Name Address Name Address Name
1100H | TAOIRUN 1110H | TA45RUN 1180H | TBORUN 1190H | TBIRUN
1H 1H 1H 1H
2H | TAOREG 2H | TAAREG 2H | TBOMOD 2H | TBIMOD
3H | TALIREG 3H | TASREG 3H | TBOFFCR 3H | TB1FFCR
4H | TA0OIMOD 4H | TA45MOD 4H 4H
5H | TALFFCR 5H | TASFFCR 5H 5H
6H 6H 6H 6H
7H 7H 7H 7H
8H | TA23RUN 8H 8H | TBORGOL 8H | TB1IRGOL
9H 9H 9H | TBORGOH 9H | TB1IRGOH
AH | TA2REG AH AH | TBORG1L AH | TBIRG1L
BH | TA3REG BH BH | TBORG1H BH | TB1IRG1H
CH | TA23MOD CH CH | TBoCPOL CH | TB1CPOL
DH | TASFFCR DH DH.| TBOCPOH DH | TB1CPOH
EH EH EH| TBOCPI1L EH | TB1CPI1L
FH FH FH |TBOCP1H FH | TB1CP1H
[8] High speed serial [8] UART/SIO
Address Name Address Name Address Name Address Name
0COOH | HSCOMD 0C10H | HSCOTD 1200H | sCoBUF 1210H | sc2BUF
1H | HSCOMD 1H | HSCOTD 1H| SCOCR 1H | SC2CR
2H | HSCoCT 2H | HSCORD 2H | scomoDo 2H | scamoDbo
3H | HscocT 3H | HSCORD 3H | BROCR 3H | BR2CR
4H | HscosT 4H |HscoTs 4H| BROADD 4H | BR2ADD
5H | HSCOST 5H | HSCOTS 5H | scomoD1 5H | scamob1
6H | HSCOCR 6H | HSCORS 6H 6H
7H | HSCOCR 7H | HSCORS 7H | SIROCR 7H | SIR2CR
8H | Hscols 8H 8H| SC1BUF 8H
9H | HSCOIS 9H 9H | scicRr 9H
AH | HsCowE AH AH | sC1IMODO AH
BH | HSCOWE BH BH | BR1CR BH
CH | HSCOIE CH CH | BR1IADD CH
DH | HsCoIE DH DH | scaimoD1 DH
EH | HSCOIR EH EH EH
FH | HSCoIR FH FH | SIR1CR FH
Note: ‘Do-not access no allocated name address.
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[9] I2C bus/SIO

[10] AD converter

[11] Watch dog timer

Address Name Address Name Address Name Address Name
1240H | sBIOCR1 12A0H | ADREGOL 12BOH | ADREGSL 1300H | wbmoD

1H | SBIODBR 1H | ADREGOH 1H | ADREGSH 1H | WDCR
2H | 12CO0AR 2H | ADREGIL 2H | ADREGOL 2H
3H |sBlocr2/sBIOSR 3H | ADREG1H 3H | ADREGYH 3H
4H | sBIOBRO 4H | ADREG2L 4H | ADREGAL 4H
5H | SBIOBR1 5H | ADREG2H 5H | ADREGAH 5H
6H 6H | ADREG3L 6H | ADREGBL 6H
7H 7H | ADREG3H 7H | ADREGBH 7H
8H | sBI1CR1 8H | ADREGAL 8H | ADMODO 8H
9H | SBI1DBR 9H | ADREG4H 9H | ADMOD1 9H
AH | 12c1AR AH | ADREG5L AH | ADMOD2 AH
BH |SBILCR2/SBI1SR BH | ADREG5H BH | Reserved BH
CH | SBI1BRO CH | ADREG6L CH | Reserved CH
DH | sBI1BR1 DH | ADREG6H DH DH
EH EH | ADREG7L EH EH
FH FH | ADREG7H FH FH

[12] Special timer for CLOCK [13] Key-on wake up

Address Name Address Name

1310H | RTCCR 13A0H | KIEN
1H 1H | KICR
2H 2H
3H 3H
4H 4H
5H 5H
6H 6H
7H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
Note: Do not access no allocated name address:
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[14] Program patch function

Address Name Address Name Address Name Address Name

1400H | ROMCMP00 1410H | ROMCMP20 1420H | ROMCMP40 1430H | ROMCMP60
1H | ROMCMPO1 1H | ROMCMP21 1H | ROMCMP41 1H | ROMCMP61
2H | ROMCMPO2 2H | ROMCMP22 2H | ROMCMP42 2H | ROMCMP62
3H 3H 3H 3H
4H | ROMSUBOLL 4H | ROMSUB2LL 4H | ROMSUBA4LL 4H | ROMSUBGLL
5H | ROMSUBOLH 5H | ROMSUB2LH 5H | ROMSUB4LH 5H | ROMSUB6LH
6H | ROMSUBOHL 6H | ROMSUB2HL 6H | ROMSUB4HL 6H | ROMSUBGHL
7H | ROMSUBOHH 7H | ROMSUB2HH 7H | ROMSUB4HH 7H | ROMSUBG6HH
8H | ROMCMP10 8H | ROMCMP30 8H | ROMCMP50 8H | ROMCMP70
9H | ROMCMP11 9H | ROMCMP31 9H | ROMCMP51 9H | ROMCMPT71
AH | ROMCMP12 AH | ROMCMP32 AH | ROMCMP52 AH | ROMCMP72
BH BH BH BH
CH | ROMSUB1LL CH | ROMSUB3LL CH | ROMSUBS5LL CH | ROMSUB7LL
DH | ROMSUB1LH DH | ROMSUB3LH DH | ROMSUBS5LH DH | ROMSUB7LH
EH | ROMSUB1HL EH | ROMSUB3HL EH | ROMSUB5HL EH ] ROMSUB7HL
FH | ROMSUB1HH FH | ROMSUB3HH FH{ ROMSUB5SHH FH | ROMSUB7HH

Note: Do not access no allocated name address.
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(1) 1/0 ports (1/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 P01 P00
PO Port 0 0000H R/W
Data from external port (Output latch register is cleared to “0”)
pi7 | P | pPis | P14 | P13 | P12 | P11 | P10
P1 Port 1 0004H R/W
Data from external port (Output latch register is cleared to “0”)
Pa7 | pPa6 | pPas | pPaa | pPaz |l 'pa2 |0 pPa1 | Pao
P4 Port 4 0010H R/W
Data from external port (Output latch register is cleared to “0”)
ps7 | pPs6 | P55 | pPsa [ ops3 | ps2 | Ps1i | pso
P5 Port 5 0014H R/W
Data from external port (Output latch register is cleared to “0”)
P67 | Pe6 | pPes | pPea | Pe3- | Pe2 | P61 | P60
P6 Port 6 0018H R/W.
Data from external port (Output latch register is cleared to “0”)
P77 | P76 P74 P73 | P72/ | P71 | P70
R/W R R/W
Data from extern.al po.rt Data from Data from extemal port
P7 Port 7 001CH |(Output latch register is external (/. r
setto “17) port (Output latch register.is set to “1”)
0 (Output latch-register): Pull-up resistor OFF
} ) 1 (Outputatch register): Pull-up resistor ON
pg3> | P82 | P81 P80
R/IW
Data from
external
P8 Port 8 0020H port
(Output 0 1 1
latch
register is
setto “1")
PC3 PC2 PC1 PCO
PC Port C 0030H R
Data from external port
PD4 PD3 | PD2 PD1 PDO
R/W R R/W
PD Port D 0034H4 Data from |Data from
Data from external port (Note 1) zgt:rnal S)gt:rnal
(Note 1)
PF5 PF4 | pPF3 | PR2 PF1 PFO
PF Port F 003CH R/W
Data from external port (Output latch register is cleared to “0”)
PG7 PG6 PG5 PGa | pPe3 | pe2 | pPc1 | PGO
PG Port G 0040H R
Data from external port (Note 2)
PL3 | P2 | pPL1 | PLO
PL Port L 0054H R
Data from external port (Note 2)
PN5 PN4 PN3 | PN2 | PN1 | PNO
PN Port N 005CH R/W
Data from external port (Output latch register is set to “1”)

Notel: Output latch register is cleared to “0”. (There is no output latch register.)

Note2: It operates as an analog input port.(Input port disable)
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I/O ports (2/4)
Symbol [ Name |Address 7 6 5 4 3 2 1 0
P07C P06C P05C P04C P03C P02C P01C PO0OC
Port 0 0002H W
POCR Control (Prohibit | | | |
register RMW) 0 0 0 0 0 0 0 0
0: Input 1: Output
POOF
Port0 | 0003H w
POFC | Function | (Prohibit 0
register RMW) 0:Port
1:Data bus
(DO to D7)
P17C P16C P15C P14C P13C pP12C P11C P10C
Port 1 0006H W
P1CR Control (Prohibit
register RMW) 0 0 0 0 8 0 0 0
0: Input-1: Output
P10F
Port 1 0007H W
P1FC Function (Prohibit 0
register RMW) 0:Port
1:Data bus
(D8 to D15)
P47C P46C P45C P44C P43C P42C P41C P40C
Port 4 0012H W
PACR Control (Prohibit | | | |
register RMW) 0 0 Q 0 0 0 0 0
0: Input 1: Output
PATF P46F PaskE | Pasr | Pa3r | Pa2F | PaiF PAOF
Port 4 0013H W
PAFC Function (Prohibit | | | |
register RMW) 0 g 0 0 0 0 0 0
0: Port 1: Address bus (A0 to A7)
P57C P56C P55C | P54C | P53C | P52Cc | Psic P50C
Port 5 0016H W
P5CR Control (Prohibit | | | |
register RMW) 0 9 0 0 0 0 0 0
0: Input 1: Output
P57F P56F P55F | . P54F | P53F | P52F | P51F P50F
Port 5 0017H W
P5FC Function (Prohibit | | | |
register RMW) 0 g g 0 0 0 0 0
0:-Port 1: Address bus (A8 to A15)
P67C P66C PesC | Peac | Peac | Pe2c | PeiC P60C
Port 6 001AH W
P6CR Control (Prohibit | | | |
register RMW) 0 0 0 0 0 0 0 0
0: Input 1: Output
P67F P66F P65F | P64F | P63F | P62F | P6IF P6OF
Port6 001BH W
P6FC Function (Prohibit | | | |
register RMW) 0 0 0 0 0 0 0 0
0: Port 1: Address bus (A16 to A23)
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I/O ports (3/4)

Symbol [ Name |[Address 7 6 5 4 3 2 1 0
p77C P76C pP73C P72C P71C P70C
Port 7 001EH W W
P7CR Control (Prohibit | | | |
register RMW) 1 1 0 0 0 0
0: Input 1: Output 0: Input 1: Output
P74F P73r | P2F | P7iF | P70F
Y
P7FC Fun'ction (Prohibit 0: Port 0: Port 0: Port 0: Port 0: Port
register RMW) input 1: SRLUB~{1:’SRLLB |1: SRWR [1: RD
1: INTO
input
P83F2 P81F2 P80OF2
Port 8 0021H \Wi A
P8FC2 Function (Prohibit 0 0 0
register 2 RMW) 0: <P83F> 0:<P81F> |0: <P80OF>
1: TASOUT 1: TA3OUT [1: TALOUT
P83C
Port 8 0022H w
P8CR Control (Prohibit 1
register RMW) 0: Input
1: Output
P83F P82F P81F P8OF
W
Port 8 0023H 0 0 0 0
P8FC Function | (Prohibit <P83F,P83C>|0: Port 0: Port 0: Port
register RMW) 00: Port input |1: CS2 1: Cs1 1: Cso
01: Port output
10: warr input
11: cs3output]
PC3F PC2F PC1F PCOF
Port C 0033H w
PCFC Function (Prohibit 0 0 0 0
register RMW) 0: Port 0: Port 0: Port 0: Port
1: INT3 1: INT2 1:INT1 1: TAOIN
PD4F2 PD3F2 PD2F2 PD1F2
Port D 0035H W
PDFC2 Function | {(Prohibit | |
register 2 RMW) 0 0 0 0
<Refer to PDFC>
pDaC | PD3C | PD2C PDOC
Port D 0036H w w
PDCR Control (Prohibit 0 | 0 | 0 0
register RMW) 0: Input
0: Input 1: Output 1: Output
PDaF | PD3F | PD2F PD1F PDOF
W
o | o | o 0 0
<PDxF2,PDxF,
o PD4 PD3 PD2 PD1 PDO
000 Input port | Input port | Input port | Input port | Input port
Port ‘D 0037_H_ 001 Qutput port | Output port | Output port Output port
PDFC Function (Prohibit 010 Reserved RXD2 TB1IN1 | TB1INO INT4
register RMW TXD2
g ) 011 TB1OUTL | TB1OUTO (3.STATE) TBOOUTO
0 SCLK2 input .
bl Sresinput | NT7 INTI INT5
101 ISCLK2 outputl Reserved | Reserved
110 Reserved | Reserved | Reserved | Reserved
111 Reserved | Reserved o ™2 .
pen Drain
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1/0 ports (4/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
PF2F2
Port F 003DH w
PFFC2 Function [ (Prohibit 0
register 2 RMW) 0:<PF2F>
1. CLK
PF5C PF4C PF3C PF2C PF1C PFOC
Port F 003EH W
PFCR Control (Prohibit | | | | |
register RMW) 0 0 0 0 0 0
0: Input-1: Output
PrsE | PFaF | Pr3r | Pr2F | PFIF | PFOF
W
o | o [/of o [ o | o
<PFXF2,PFXF,PFXC> PF2 PF1 PFO
000 Input port Input port Input port
001 Output port Output port Output port
SCLKO input TXDO
210 CTs0 ‘:;lll: i (Open Drain)
011 SCLKO output Reserved ¢ 3_‘?&?{)
100 Reserved Reserved Reserved
Port F 003FH 101 CLK output Reserved Reserved
PFFC Function (PrOhlblt 110 Reserved Reserved Reserved
register RMW) 111 Reserved Reserved Reserved
<SIOCNT,PFxF2,PFxF,PFXC> PF5 PF4 PF3
0000 Input port Input port Input port
0001 Output port Output port Output port
SCLKL input TXD1
po10 CTSL |rl1?JFLI;J RXDL (Open Drain)
0011 SCLK1 output Reserved ( 3_‘2_('_2#5
1000 Reserved Reserved Reserved
1001 Reserved Reserved Reserved
1010 Reserved HSSI input Reserved
1011 HSCLK output Reserved HSSO(3-stage)
PG7F PG6F PGsF | Pear | pPe3F | pe2F | pciF | PGoF
Port G 0043H W
PGFC Control (Prohibit | | | | |
register RMW) L ! L L - 1 - L L !
0:Port/Key input 1: Analog input
PL3F | PL2F | PLIF | PLOF
Port L 0057H W
PLFC Function (Prohibit | | |
register RMW) L _1 L - 1
0: Portinput  1: Analog input
PN5C PNAC PN3C | PN2c | PNiCc | PNOC
Port N 005EH W
PNCR Control (Prohibit | | | | |
register RMW) 0 0 0 0 0 0
0: Input 1: Output
PN5F | PNaF | PN3F | PN2F | PNIF | PNOF
W
Port N 005FH 0 | 0 | 0 | 0 | 0 | 0
PNFC Function (Prohibit
) |<PNXF,PNXC: PN5 PN4 PN3 PN2 PN1 PNO
register RMW) 00 Input port_| _Inputport | Inputport | Inputport | Inputport | Input port
01 Output port Output port | Output port [ Output port | Output port [ Output port
10 SI1 input SO1 output SCK1input | SIOinput SO0 output SCKO input
11 SCLLI/O SDALI/O | SCK1 output| SCLOI/O | SDAOIO | SCKO output

Notel: When port P70 to P73 is used in the input mode, P7 register controls the built-in pull-up resistor.

Read-modify-write is prohibited in the input mode or the 1/0 mode. Setting the built-in pull-up resistor may be

depended on the states of the input pin.
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Note 2: Notes on using low-frequency resonator to P76,P77, it is necessary to set the following procedures to reduce

the consumption power supply.

-connecting to a resonator

Set P7CR<P76C,P77C>="11",P7<P76,P77>="00".
-connectiion to an oscillator

Set P7TCR<P76C,P77C>="11",P7<P76,P77>="10".

Note 3: When using P83 as a WAIT input, while setting it as PBCR<P83C>= “0" and P8FC<P83F> = “1", it is
necessary to set memory control register BXxCSL<BXWW2:0> or <BxXWR2:0> as“011".

Note 4: When setting P80 to P83 as a standard chip select signal (ﬁ to @) output, P8CR'is set up after setting
up P8FC.

Note 5: PCO is not based on a functional setup of a port, but is inputted into. TAOIN of-a 8-bit timer (TMRAO)

Note 6: TB1INO and TB1IN1 input is inputted into the 16-bit timer TMRBX irrespective of a functional setup of a port.

Note 7: RXD2, SCLK2 input, and CTS2 input are inputted into the serial channel 2.irrespective of a functional setup of
a port.

Note 8: PD2 does not have a register for 3-state / open drain setup. Moreover, there is no open drain function at the
time of an output port.

Note 9: PFO and PF3 does not have a register for 3-state / opendrain setup. Moreover, there'is no,open-drain function
at the time of an output port.

Notel0: Input channel selection of an AD converter in"PG0 to-PG7 and PLO to PL3 is set.up,by-AD mode control
register ADMOD1 <ADCH3:0>. Moreover, a setup.of AD trigger (ADTRG )-input \permission is set up by
ADMOD2 <ADTRGE>.

Notell: Specify the HSCSEL<SIOCNT> when selecting. TXD1 or HSSO, RXD1 or HSSI and SCLK1 or HSCLK.
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(2) Interrupt control (1/4)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
INT1 INTO
ooy N0l |1Rc M2 | I;;\\/IA:;. | 1m0 |c;c lom2 | Ig/l\\/l/\:/[ | om0
enable
0 o | o | o 0 o | o | o
1:INT1 Interrupt request level 1:INTO Interrupt request level
INT3 INT2
e N2 L;c 13M2 | |2R?;\|\//|V1 | 13m0 |2Rc i2M2 | Ié/l\\/l/\:/[ | 12mo
enable
0 o | o | o 0 o | o | o
1:INT3 Interrupt request level 1:INT2 Interrupt request level
INTS INT4
I5C I5M2 ISM1 1I5MO 14C 14M2 14M1 14MO
INTE45 INT4 & INTS 00D2H R | R/IW | R | R/IW |
enable
0 o | o | o 0 o |0 | o
1: INT5 Interrupt request level 1: INT4 Interrupt request level
INT7 INT6
I7C I7M2 17M1 17MO 16C 16M2 16M1 16MO
INTEG7 INT6 & INT7 00D3H R | R/W | R | R/W |
enable
0 o | o o 0 o J 0o | o
1: INT7 Interrupt request level 1: INT6 Interrupt request level
INTTAL (TMRAL) INTTAO (TMRAO)
INTTAO & ITA1C ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 | ITAOMO
INTETAO1| INTTAl1 00D4H R R/W R R/W
enable 0 o | -0 ] o 0 o | o | o
1: INTTAL Interrupt request level 1. INTTAO Interrupt request level
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & ITA3C ITA3M2 | ITASM1 | ITA3MO ITA2C ITA2M2 | ITA2M1 | ITA2MO
INTETA23| INTTA3 00D5H R R/W R R/W
enable 0 o] o | o 0 o | o | o
1: INTTA3 Interrupt request level 1: INTTA2 Interrupt request level
INTTAS5 (TMRADB) INTTA4 (TMRA4)
INTTA4 & ITASC ITASM2 | ITASM1 | ITASMO ITA4AC ITAAM2 | ITAAM1 | ITAAMO
INTETA45| INTTAS 00D6H R R/W R R/W
enable 0 o | ;o] o 0 o | o | o
1 INTTAS Interrupt request level 1: INTTA4 Interrupt request level
INTTXO INTRXO0
INTRXO0 & ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO INTTXO 00D8H R R/W R R/W
enable 0 o |0 | o 0 o | o | o
1: INTTXO0 Interrupt request level 1: INTRX0 Interrupt request level
INTTX1/INTHSC INTRX1
INTRX1 &
NI mxic | rmxam2 | mxami | imxamo | IRxac | Rxam2 | IRxam1 | IRxamo
INTES1HSC NTHSC 00D9H R R/IW R R/IW
Sebre 0 o | o | o 0 o | o | o
1. INTTX1 Interrupt request level 1: INTRX1 Interrupt request level
INTTX2 INTRX2
INTRX2 & ITX2C ITX2M2 | ITX2M1 | ITX2MO IRX2C IRX2M2 | IRX2M1 | IRX2MO
INTES2 INTTX2 O00ODAH R R/W R R/W
enable 0 o | o | o 0 o | o | o
1: INTTX2 Interrupt request level 1: INTRX2 Interrupt request level
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TOSHIBA TMP92FD23A
Interrupt control (2/4)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
— INTSBEO
— — — — ISBEOC [ ISBEOM2 | ISBEOM1 | ISBEOMO
INTESBO INTSBEO 00DCH - | - | R | R/W |
enable
- - 1 - 1 - 0 o [ o [ o
Always write “0” 1: INTSBEO Interrupt request level
- INTSBE1
- - - - ISBE1C | ISBE1M2 | ISBE1M1 | ISBE1IMO
INTESB1 INTSBEL OODDH - | - | R | R/W |
enable
- - 1 - 1 - 0 o [ o [ o
Always write “0” 1. INTSBE1 Interrupt request level
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO & ITBO1C ITBO1M2 | ITBO1M1 | ITBO1MO ITBOOC ITBOOM2 | ITBOOM1 | ITBOOMO
INTETBO | INTTBO1 OOEOH R R/W R R/W
enable 0 o | o | o 0 o | 0o | o
1: INTTBO1 Interrupt request level 1: INTTBOO Interrupt request level
. INTTBOO (TMRBO)
INTTBOO - e iTBooc | irBoomz. | iTBoom1 | mBoomo
INTETBOO| (Overflow) | O0OE1H - - R RIW
enable — _ | - | = 0 0 | 0 | 0
Always write “0” 1: INTTBOO| Interrupt request level
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTB10 & ITB11C ITB11M2 | ITB11M1 | ITB11MO ITB10C ITB10M2 | ITB10M1 | ITB10MO
INTETB1 | INTTB11 00E2H R R/W R R/W
enable 0 o | -0 ] o 0 o | o | o
1: INTTB11 Interrupt request level 1. INTTB10 Interrupt request level
< INTTBO1 (TMRB1)
INTTBO1 - - ] = iTBoic | mBoim2 | iItBoim1 | ImBO1MO
INTETBO1| (Overflow) | O0OE3H - - R R/W
enable — > I - | - 0 0 | 0 | 0
Always write “0” 1: INTTBO1 Interrupt request level
INTPO INTAD
INTPO& IPOC ipoM2 | 1Pom1- [ 1POMO IADC iADM2 | 1ADM1 | IADMO
INTEPAD INTAD 00OE4H R R/W R R/W
enable 0 o | 7o ] o 0 o | o [ o
1: INTPO Interrupt request level 1: INTAD Interrupt request level
- INTRTC
INTRTC - - |- 1 - IRC RM2 | IRM1 | IRMO
INTERTC O0OE5H - - R R/W
enable
- - - 1 - 0 o | o | o
Always write “0” 1: INTRTC Interrupt request level
NMI INTWDT
NMI & INCNM - - 1 - INCWD - - 1 -
INTNMWDT{. "INTWD O0OEFH R R
enable 0 _ | _ | _ 0 _ | _ | _
1: NMmI Always write “0” 1: INTWDT Always write “0”
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TOSHIBA TMP92FD23A
Interrupt control (3/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
INTTC1 (DMA1) INTTCO (DMAO)
INTTCO & iTcic | ircam2 | itcami | ircamo | ircoc | imcomz2 | ircomi | itcomo
INTETCO1| INTTC1 | OOFOH R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTC1 Interrupt request level 1: INTTCO Interrupt request level
INTTC3 (DMA3) INTTC2 (DMA2)
INTTC2 & imc3ac | iream2 | imeam1 | iteamo | imeec | imeemz [oircami | imcamo
INTETC23| INTTC3 | O00F1H R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTC3 Interrupt request level 17INTTC2 Interrupt request level
INTTC5 (DMAS) INTTC4 (DMA4)
NTTC4 & iTesc | iresm2 | iresm1 | imesmo | (imcac [oimcamz | imcami | imcamo
INTETC45| INTTC5 | O00F2H R RIW R RIW
enable 0 o | o | o 0 o |~ o [ o
1: INTTC5 Interrupt request level 1: INTTC4 Interrupt request level
INTTC7 (DMA7) INTTC6 (DMAB)
NTTC6 & itczc | ircrm2 | irermr | mezmo | imesc | imeemz | imcemi | imcemo
INTETC67| INTTC7 | O0OF3H R RIW R RIW
enable 0 o | o /] o 0 o . 0o | o
1: INTTC7 Interrupt request level 1: INTTC6 Interrupt request level
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TOSHIBA TMP92FD23A

Interrupt control (4/4)

Symbol | Name |Address 7 6 5 4 3 2 1 0
— — — — — — — SIOCNT
HSC R RW
HSCSEL | Selection 00F4H 0 0 0 0 0 0 0 0
register 0: SIO1
1: HSC
- IR2LE IR1LE IROLE
slo W w
Interrupt | OOF5H 0 1 1 1
SIMC Mode (Prohibit |Always INTRX2  [INTRX1  [INTRXO
Control RMW) write “1”. 0: edge 0: edge 0: edge
register mode mode mode
1:level 1: level 1: level
mode mode mode
NMIREE
Int t W
nterru
Input Mc[v)de OOFG.H. S s
IIMC Control (Prohibit l\fMI )
] RMW) 0:Falling
register 1:Falling
and
Rising
I7LE I6LE ISLE 14LE I3LE 12LE I11LE I0LE
Interrupt
Input M(?de OOFAH 0 0 0 0 b 0 0 0 0
IIMC2 (Prohibit
control | "oy [INTZ INT6 INTS INT4 INT3 INT2 INT1 INTO
register2 0: Edge 0: Edge 0: Edge 0: Edge 0: Edge 0; Edge 0: Edge 0: Edge
1: Level 1: Level 1: Level 1: Level 1: Level 1: Level 1: Level 1: Level
I7TEDGE I6EDGE I5SEDGE I4EDGE IBEDGE 12EDGE I11IEDGE I0EDGE
W
Interrupt 0OEBH 0 0 0 0 0 0 0 0
IMc3 | 'Put Mode (Prohibit [INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
Control RMw) [0:Rising’ 7j0:Rising [0:Rising [0:Rising [0:Rising [0: Rising  [0: Rising [0: Rising
register3 /High /High /High /High /High /High /High /High
1: Falling [{1:Falling |1: Falling “|l:Falling |1:Falling [l:Falling |1: Falling |1: Falling
/Low /Low /Low [Low /Low /Low /Low /Low
Interrupt 00F8H CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
INTCLR | %8 | (pronibit W
Cor_1tr0l RMW) 0 0 0 0 0 0 0 0
register Clear the interrupt request flag by the writing of a micro DMA starting vector
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TOSHIBA TMP92FD23A
(3) DMA controller
Symbol | Name [Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOVL | DMAOVO
DMAOV DMAO 0100H RIW
start vector 0 | 0 | 0 | 0 | 0 | 0
DMADO start vector
DMA1V5 | DMA1v4 | DMA1v3 | DMA1v2 | DMA1VL | DMA1VO
DMA1V DMAL 0101H RIVY
start vector 0 | 0 | 0 | 0 | 0 | 0
DMAL1 start vector
DMA2V5 | DMA2v4 | DMA2V3 | DMA2v2 | DMA2v1 | DMA2VO
DMA2V DMA2 0102H RIW
start vector 0 | 0 | 0 | 0 | 0 | 0
DMA2 start vector
DMA3V5 | DMA3V4-| DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3V DMA3 0103H RIW
start vector 0 | 0 | 0 | 0 | 0 | 0
DMAS start vector,
DMA4V5 | DMAA4V4 | DMA4V3 | DMA4V2 | DMA4V1 | DMA4VO
DMA4V DMA4 0104H RIW,
start vector o/l 0o [ o | o ] 0 [ o
DMAA4 start vector
DMA5V5 | DMASV4 | DMASV3' | DMASV2 | DMASVL | DMASVO
DMASV DMAS 0105H RN
start vector 0 | 0 | 0 | 0 | 0 | 0
DMAGS start vector
DMA6V5 | DMA6V4 | DMA6V3 | DMABV2 | DMAGVI | DMABVO
DMABV DMAG 0106H RIW
start vector 0 | 0 | 0 | 0 | 0 | 0
DMAG6 start vector
DMA7V5 | DMA7v4 | DMA7V3 | DMA7V2 | DMA7VI | DMA7VO
DMA7V DMA7 0107H RIW
start vector 0 | 0 | 0 | 0 | 0 | 0
DMA7 start vector
pBST7 /| DBST6 | DBSTS | DBST4 | DBST3 | DBST2 | DBST1 | DBSTO
DMAB | DMA burst | /0108H RIW
o | o J o ] o | o | o | o | o
1: DMA request on burst mode
01001 |- DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1 | DREQO
DMAR DM& (Prohibit RIW
request RMW) o | 0 | 0 | 0 | 0 | 0 | 0 [ o
1: DMA request in software
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TOSHIBA TMP92FD23A
(4) Memory controller (1/2)
Symbol | Name |Address 7 6 5 4 3 2 1 0
BOWW?2 BOWW1 | BOWWO BOWR2 BOWR1 BOWRO
Block 0 W W
MEMC | 0140H o | 1 ]| o o [ 1 [ o
BOCSL | Control | (Prohibit Write waits Read waits
register RMW) 001: 0 WAIT 010: 1 WAIT 001:-0 WAIT 010: 1 WAIT
Low 101: 2 WAIT 110: %IT 101:2 WAIT 110: %IT
111: 4 WAIT 011: WAIT pin 111: 4 WAIT 011: WAIT pin
Others: Reserved Others:-Reserved
BOE BOREC BOOM1 BOOMO BOBUS1 | BOBUSO
W W
Block 0 0 0 0 0 o | o
MEMC 0141H |CS select 0: Not 00: ROM/SRAM Data Bus width
BOCSH Control | (Prohibit |O: Disable inserta |01: Reserved 00: 8-bit
register RMW) 1: Enable dummy/ [10: Reserved 01: 16-ibt
High cycle 11: Reserved 10: Reserved
1: insert a 11: Reserved
dummy.
cycle
B1WW?2 B1WW1 | -B1IWWO B1WR2 BIWR1 | B1WRO0
Block 1 W W
MEMC | 0144H 0 1 0 0 1 | o
B1CSL Control | (Prohibit Write waits Read walts
register | RMW) 001: 0 WAIT . 010:1 WAIT 0010 WAIT ~ 010: 1 WAIT
Low 101: 2 WAIT 110: SﬂMT 101: 2 WAIT 110: wIT
111: 4 WAIT 011: WAIT pin 111: 4 WAIT 011: WAIT pin
Others: Reserved Others: Reserved
B1E BIREC B1OM1 B1OMO B1BUS1 | B1BUSO
W W
Block1 | .. 0 0 0 0 o | o
MEMC CS select 0: Not 00:- ROM/SRAM Data Bus width
B1CSH control . |0:Disable inserta |01: Reserved 00: 8-bit
register | (oM 11:Enable dummy |10: Reserved 01: 16-ibt
High RMW) cycle 11: Reserved 10: Reserved
1:inserta 11: Reserved
dummy
cycle
B2WW2 B2WW1 | B2WWO0 B2WR2 B2WR1 | B2WRO0
Block 2 W w
MEMC | 0148H 0 1 0 0 1 | o
B2CSL control | (Prohibit Write waits Read waits
register RMW) 001: 0 WAIT 010: 1 WAIT 001: 0 WAIT 010: 1 WAIT
Low 101: 2 WAIT 110: %IT 101: 2 WAIT 110: %IT
111: 4 WAIT 011: WAIT pin 111: 4 WAIT 011: WAIT pin
Others: Reserved Others: Reserved
B2E B2M B2REC B20M1 B20OMO | B2BUS1 | B2BUSO
W W
Block 2 1 0 0 0 0 0/1 (Note) | 0/1 (Note)
MEMC 0149H ~|CS’select [0:16 MB 0: Not 00: ROM/SRAM Data Bus width
B2CSH control (Prohibit {0:Disable |1: Sets inserta |01: Reserved 00: 8-bit
register RMW) 1:Enable area dummy [10: Reserved 01: 16-ibt
High cycle 11: Reserved 10: Reserved
1: insert a 11: Reserved
dummy
cycle

Note: Since after reset becomes unfixed, please be sure to set up bus bit B2CSH<B2BUS1:0> of the control register

before accessing the external block address area 2.
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TOSHIBA TMP92FD23A
Memory controller (2/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
B3WW2 B3Ww1 B3WWO0 B3WR2 B3WR1 B3WRO0
Block 3 W W
MEMC | 014CH 0o | 1 | o o [ 1 [ o
B3CSL control | (Prohibit Write waits Read waits
register | RMW) 001: 0WAIT ~ 010: 1 WAIT 001:0 WAIT ~ 010: 1 WAIT
Low 101: 2 WAIT 110: %IT 101:2 WAIT 110: wIT
111: 4 WAIT 011: WAIT pin 111: 4 WAIT 011: WAIT pin
Others: Reserved Others:-Reserved
B3E B3REC B30OM1 B30OMO B3BUS1 | B3BUSO
W W
Block 3 0 0 0 0 0 | 0
MEMC 014D_H_ CS select 0: Not insert| 00: ROM/SRAM Data Bus width
B3CSH control | (Prohibit |4.pisaple a dummy[01: Reserved 00: 8-bit
register | RMW) |1:Epable cycle 10: Reserved 01: 16-ibt
High 1: inserta \|11: Reserved 10; Reserved
dummy 11: Reserved
cycle
BEXWW?2 | BEXWW1 | BEXWWO BEXWR2 | BEXWR1 | BEXWRO
BLOCK EX W W
MEMC | 0158H 0 1 0 0 T
BEXCSL | Control | (Prohibit Write waits Read waits
register | RMW) 001: 0 WAIT ~ £010: 1 WAIT 001:0 WAIT ~ 010: 1 WAIT
Low 101: 2 WAIT 110: MIT 1012 WAIT 110: MIT
111: 4 WAIT 011: WAIT pin 111: 4 WAIT 011: WAIT pin
Others: Reserved Others: Reserved
BEXREC [-BEXOM1 | BEXOMO | BEXBUS1 | BEXBUSO
'
BLOCK EX 0 0 0 0 | 0
MEMC | 0159H 0: Not inser{|00: ROM/SRAM Data Bus width
BEXCSH | Control | (Prohibit a dummy|01: Reserved 00: 8-hit
register RMW) cycle 10: Reserved 01: 16-ibt
High 1:inserta |11: Reserved 10: Reserved
dummy. 11: Reserved
cycle
oPGE | oPwRr1 | oPwrO | PR1 | PRO
R/W
0 o | o 1 | o
Page ROM ROM Wait number on page |[Byte number in a page
page 00:1 state 00:64 byte
PMEMCR Cor'ltrol 0166H access (n-1-1-1 mode) 01:32 byte
register 0: Disable [01:2 state 10:16 byte
1: Enable (n-2-2-2 mode) 11:8 byte
10:3 state
(n-3-3-3 mode)
11:Reserved
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TOSHIBA TMP92FD23A

Memory controller (3/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
mMov20 | Movig | movis | moviz | Movie | movis | Movia-9 | Movs
Memory W
MAMRO | Mask | 0142H R
) 1 | 1 12 ] 1 ] 2 ] 1 | 12 | 1
register O
0: Compare enable 1: Compare disable
Memory M0s23 | Mo0s22 | mos21 | mos20 | mosi9 | mosis | Mosiz | wmosie
Start R/W
MSARD | address | 02431 1 [ 1 ] 1 T 1 T T o T
register O Set start address A23 to A16
Miv2i | miv2o | mivio | mavis | miviz | mivie | mMvis9 | Mmivs
Memory RIVV
MAMRL | Mask | 0146H
) 1 | o1 12 ] 1 | a1 | 1 | 1
register 1
0: Compare enable 1: Compare disable
Memory M1S23 | Mi1s22 | mis21 | mis20 | misio | mi1si8 | misi7 | Misie
Start RIW
MSARL | address | 24" T N T T N
register 1 Set start-address A23 to A16
mM2v22 | m2v21 | m2vzo | wmavig | m2vis | m2viz | wm2vie | Mm2vis
Memory RIW
register 2 L 1 L 1 L 4 2 1
0: Compare enable 1: Compare disable
Memory M2523 | M2s22 | Mm2s21 | m2s20 | m2s19 (| m2s18 | M2S17 | M2S16
Start R/W
MSARZ | address | O14BH 1 | 1 | 1 | 1 | 1 I 1 | 1 | 1
register 3 Set start address A23t0'A16
M3v22 | m3v21 | maveo | m3vie | m3svis- | m3viz | Mm3vie | m3vis
Memory RIW
MAMR3 | Mask | O14EH | | | | | | |
register 3 1 1 1 1 1 1 1 1
0: Compare enable 1:'Compare disable
Memory M3S23 | Mm3s22 | m3s21 | m3s20 | m3s19 | m3sigs | m3siz | wm3sie
Start R/W
MSARS | | 014FH T 7 [ 1 T ] ] 1 ] 1 | 1
register 3 Set start address A23 to A16
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TOSHIBA TMP92FD23A
(5) Clock control/PLL (1/2)
Symbol | Name [Address 7 6 5 4 3 2 1 0
XEN XTEN WUEF
R/W R/W
1 0 0
High- Low- Warm-up
frequency [frequency timer
oscillator |oscillator 0: Write
f fs don't
System é; %?c?pH) (§: S)top care
SYSCRO Clock 10EQOH |1: Oscillation [1: Oscillation 1. Write
Control start
register 0 timer
0: Read
end
warm-up
1: Read
do not
end
warm-up
SYSCK GEAR2 GEAR1 GEARO
R/W
0 1 1 0 0
Select Select gear value of high-frequency
System system (fc)
clock 000: fc
SYSCR1 Cilﬁfr; 10E1H 0: fc 001:fc/2
register 1 1:fs 010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
j WUPTM1 [ WUPTMO | HALTM1 | HALTMO DRVE
W R/W R/W
System 0 1 0 1 [ 1 0
SYSCR2 Clock 10E2H |Always Warm-up timer HALT mode 1:
Control write-“0” 00: Reserved 00: Reserved The inside
register 2 01: 2%input frequency |01: STOP mode of STOP
10;2%/input frequency |10: IDLE1 mode mode also
11: 2%input frequency |11: IDLE2 mode drives a pin
FCSEL | LWUPFG
R/W R
0 0
pLLCRo |PHE Controlf ) oeen Selectfc - |Lock up
register.0 clock timer
0:foscH |[status flag
1: fpLL 0: Not end
1: End
PLLON
R/W
PLL-Control 0
PLLCRL | ister1 | 1OF%H [Contro
on/off
0: OFF
1: ON
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TOSHIBA TMP92FD23A

Clock control/PLL (2/2)

Symbol | Name [Address 7 6 5 4 3 2 1 0
PROTECT - - DRVOSCL
R R/W
EMC Control 0 0 1 1
EMCCRO register 0 10E3H  Iprotect flag Always Always fs oscillator
0: OFF write “0”  |write “1” driver ability
1: ON 1: Normal
0: Weak
EMC
EMCCR1 Control 10E4H
register 1 Switch the protect ON/OFF by writing the- following to 1st-KEY, 2nd-KEY
1st-KEY: write in sequence EMCCR1 = 5AH, EMCCR2 = A5H
EMC 2nd-KEY: write in sequence EMCCR1 = A5H, EMCCR2 = 5AH
EMCCR2 Control 10E5H
register 2
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TOSHIBA

TMPO92FD23A
(6) 8-bit timer (1/2)
Symbol | Name |Address 7 6 5 4 3 2 1 0
TAORDE I2TAO1 [TAO1PRUN| TA1RUN [ TAORUN
R/W R/W
8-bit timer 0 0 0 0 0
TAOIRUN|  RUN 1100H  Tpouble IDLE2  [TMRAO1 UeL UCo
register buffer 0: Stop prescaler
0: Disable 1: Operate |0: Stop and clear
1: Enable 1: Run (Count up)
o 1102H _
TAOREG ?:;'itsttl‘:%r (Prohibit W
RMW) Undefined
o 1103H _
TAIREG ?:;'itsttl‘:ir (Prohibit W
RMW) Undefined
TA0IML | TA0IMO | Pwmo1 | PwM00 | TA1CLKL | TALCLKO | TAOCLK1 | TAOCLKO
8-bit timer R/W
source 0 | 0 0 | o 0 | 0 0 | 0
TAOIMOD| CLK & 1104H |Operation mode PWM cycle Source clock for TMRAL|Source clock for TMRAO
mode 00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin input
register 01: 16-bit 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
TALIFFC1 | TAIEFCO | TAIFFIE | TALIFFIS
R/W R/W
8-bit timer
o 1105H 1 |1 0 0
TAtFFCR| PTOP L prohibit 00: Invert TALFF TAIFF TALFF
Cor.ltrol RMW) 01:Set TA1FF control for  |inversion
register 10: Clear TALFF inversion select
11: Don’t care 0: Disable |0: TMRAO
1: Enable 1: TMRA1
TA2RDE I2TA23 [TA23PRUN| TA3RUN | TA2RUN
R/W R/W
8-bit timer 0 0 0 0 0
TA23RUN|  RUN 1108H  pouble IDLE2  |[TMRA23 [, UG
register buffer 0: Stop prescaler
0: Disable 1: Operate |0: Stop and clear
1: Enable 1: Run (Count up)
110AH -
8-bit ti
TA2REG reg'ist';'ezr (Prohibit W
RMW) Undefined
110BH -
8-bit ti
TA3REG reg'ist';'zr (Prohibit W
RMW) Undefined
TA23M1 | TA23M0 | Pwm21 | PwM20 | TASCLK1 | TASCLKO | TA2CLK1 | TA2CLKO
8-bit timer RIW
source CLK| 0 | 0 0 | o 0 | 0 0 | 0
TA23MOD & 110CH |Operation mode PWM cycle Source clock for TMRA3 |Source clock for TMRA2
mode 00:-8-hit timer mode 00: Reserved 00: TA2TRG 00: Reserved
R P . b . .
register r 01: 16—P|t timer'mode 01: 27 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: ¢T256 11: ¢T16
TA3FFC1 | TASFFCO | TASFFIE | TA3FFIS
- RIW RIW
8;:?“ ;:mer 110DH 1 | 2 0 0
TA3FFCR| "PTOP 1 prohibit 00: Invert TA3FF TA3SFF TA3FF
Cor.1trol RMW) 01: Set TA3FF control for  |inversion
register 10: Clear TA3FF inversion select
11: Don't care 0: Disable |0: TMRA2
1: Enable 1: TMRA3
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TOSHIBA TMP92FD23A

8-bit timer (2/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
TA4RDE 12TA45 |TA45PRUN| TAS5RUN [ TA4RUN
R/W R/W
8-bit timer 0 0 0 0 0
TA45RUN | RUN 1110H Tpouble IDLE4  [TMRA45 . uCa
register buffer 0: Stop prescaler
0: Disable 1: Operate |0: Stop and clear
1: Enable 1: Run.(Count up)
o 1112H -
TAaReG | 8PN o it W
register 4 -
RMW) Undefined
o 1113H -
TAsREG | EPIIMEN ) o hibit W
register 5 -
RMW) Undefined
TA45M1 | TA45M0 | Pwm41 | pwmao | TAsCLK1 | TASCLKO | TA4CLKL [ TA4CLKO
8-bit timer R/W.
source CLK| 0 | 0 0 | o 0 | 0 0 | o
TA45MOD & 1114H |Operation mode PWM cycle Source clock-for TMRAS |Source,clock for TMRA4
mode 00: 8-bit timer mode 00: Reserved 00: TAATRG 00: Reserved
register 01: 16-pit timer mode 01: 2j 01: ¢T1 01:¢T1
10: 8-bit PPG mode 10: 2 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TASFEC1 | TASFFCO | TASFFIE | TASFFIS
R/W R/W
8-bit timer
o 1115H 1 1 0 0
TASEFCR | P OP 1 (prohibit 00:Invert TASFF TASFF TASFF
Cor.ltrol RMW) 01: Set TASFF control for  |inversion
register 10: Clear TASFF inversion select
11:Don’t care 0: Disable |0: TMRA4
1: Enable 1: TMRA5
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(7) 16-bit timer (1/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
TBORDE — 12TBO [ TBOPRUN TBORUN
R/W R/IW R/W
16-bit timer 0 0 0 0 0
TBORUN RQN 1180H  pouble Always IDLE2 TMRBO Up counter
register buffer write “0” 0: Stop prescaler (UCO)
0: Disable 1: Operate |0: Stop and clear
1: Enable 1: Run (Count up)
- — TBOCPOI | TBOCPM1 | TBOCPMO [ TBOCLE | TBOCLK1 | TBOCLKO
R/W W R/W
16-bit timer 0 0 1 0 0 0 0 | o
source 1182H Always write “0”  [Software  |Capture timing Up-counter| TMRBO source clock
TBOMOD CLK & (Prohibit capture 00: Disable control 00: Reserved
mode RMW) control 01: Reserved 0:Disable |01: ¢T1
register 0: Software |10: Reserved 1: Enable |10: ¢T4
9 capture  |11:TA1OUTTAL1OUTY 11:¢T16
1: Undefined
- | - TBOC1T1 | TBOCOTA | TBOE1T1 | TBOEOTL [ TBOFFC1 | TBOFFCO

W* R/W W*
1 | 1 0 o | o 0 1 [ 1
16-bit timer Always write “11”.  |TBOFFO inversion-trigger Control TBOFFO
. 1183H . ) .
flip-flop . 0: Disable trigger 00: Invert
TBOFFCR control (Prohibit 1: Enable trigger 01: Set
register RMW) Invert when{Invert when [Invert when. [Invertwhen [10: Clear

the UC valuelthe UC value|the UC value|the UC value|11: Don't care
is'loaded'in,’|is loaded in |matches'the |matches the |* Always read as 11.
to to value in value in
TBOCP1H/L |TBOCPOH/L |[TBORG1H/L [TBORGOH/L

16-bit timer| 1188H -

TBORGOL | register 0 | (Prohibit W
Low RMW) Undefined

16-bit timer| 1189H —

TBORGOH | register 0 | (Prohibit W
High RMW) Undefined

16-bit timer[ 118AH -

TBORGLL | register 1 | (Prohibit W
Low RMW) Undefined

16-bit timer| ~-118BH —

TBORG1H | register 1 | (Prohibit W
High RMW) Undefined

16-bit timer —

TBOCPOL | C3PWre N 118cH R

register .
OLow Undefined

16-bittimer —

TBOCPOH | 2P 1 1 1gpH R
re?;is;ir 0 Undefined

16-bit timer —

TBOCPLL |- C8PWre | 19gE R

register 1 .
Low Undefined

16-bit timer _

TBOCPIH | CAPWIe | q1gpy R

register 1 )
High Undefined
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TOSHIBA TMPO92FD23A
16-bitTimer (2/2)
Symbol | Name [Address 7 6 5 4 3 2 1 0
TB1RDE - 12TB1 TB1PRUN TB1RUN
R/W R/W R/W
16-bit timer 0 0 0 0 0
TBIRUN RFJN 1190H  [pouble Always IDLE2 TMRB1 Up counter
register buffer write “0” 0: Stop prescaler (UC1)
0: Disable 1: Operate (0: Stop-and clear
1: Enable 1: Run (Count up)
TB1CT1 TB1ET1 | TB1CPOI |TB1CPM1 |TB1CPMO | TB1CLE | TB1CLK1 | TB1CLKO
R/W W R/W
0 0 1 o | o 0 o | o
16-bit timer TB1FF1 Inversion trigger |Software Capture timing Up-counter [TMRB1 source clock
source 1192H |0: Trigger disable capture 00: Disable control 00: TB1INO pin input
TB1MOD CLK & (Prohibit [1: Trigger enable control INT5 is rising edge 0: Disable [01: ¢T1
mode RMW) [nvertwhen |invertwhen 0: Software [01: TBINO T TB1INT.T~ |1: Enable |10: ¢T4
register captureto  |match UCO capturfe INTS5 is rising-edge 11:¢T16
capture with 1: Undefined |10: TBUINO T TB1INO.
register 1 TB1RG1H/L INT5 is falling.edge
11, TA30UT T TA30UT {
INTS5 is rising.edge
TB1FF1C1|TB1FF1CO| TB1C1T1 | TB1COT1 | TB1E1T1 | TB1EOT1 | TB1IFFC1 | TB1FFCO
W RIW | W
1 1 0 o | o | o 1 | 1
16-bit timer TB1FF1 control TBOFFO inversion trigger Control TB1FFO
flip-flop 1193_H_ 00: Invert 0: Disable trigger 00: Invert
TBIFFCR| ol | (Prohibit 1o7: get 1. Enable trigger 01: Set
register RMW)  110: Clear Invert when. |Invert when |Invertwhen [Iinvert when [10: Clear
11: Don't care the UC value|the UCvalue|the UC value|the UC value|11: Don’t care
* Always read as “11”"._|is loaded in |is loaded in |matches the |matches the |* Always read as 11.
to to value in value in
TB1CP1H/L |[TB1CPOH/L |TB1RG1H/L.|TB1RGOHIL.
16-bit timer | 1198H <
TB1RGOL | register 0 | (Prohibit W
Low RMW) Undefined
16-bit timer | 1199H —
TB1RGOH | register 0 | (Prohibit W
High RMW) Undefined
16-bit timer | 119AH —
TB1RGL1L | register 1 | (Prohibit W
Low RMW) Undefined
16-bit timer | 119BH —
TB1RGI1H| register 1 | (Prohibit W
High RMW) Undefined
16-bit timer _
TBICPOL | C3PWIE | yi9ch R
register 0 )
Low Undefined
16-bittimer —
TBICPOH{ C3PWE | 199pH R
register 0 .
High Undefined
16-bit timer —
TBICPIL | C#PWe | g19EH R
regllztvir ! Undefined
16-bit timer —
TBICPIH| C3PWe | g19rH R
rei?;ir ! Undefined
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TOSHIBA TMPO92FD23A
(8) High speed serial (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
XENO CLKSELO2|CLKSELO1|CLKSELOO
R/W R/W
0 1 | o | o
0COOH SYSCK Select baud rate
0: Disable 000:Reserved 100:fsys/16
1: Enable 001: fsys/z 101: fsysl32
High Speed 010:fsysl/d 110: fgys/64
Serial 011: fsys/8 111:Reserved
HSCOMD | e LooPBACKO | MSB1STO | DOSTATO TCPOLO | -RCPOLO { TDINVO | RDINVO
register RIwW Riw
0 1 1 0 0 0 0
LOOPBACK | Start bit for[HSSO pin Synchronous | Synchronous |Invert data  |Invert data
0CO1H |test mode |transmit (no transmit) clock edge  [clock edge [During During
0: Disable |/receive |0: fixed during during transmitting |receiving
1: Enable |0:LSB to "0” transmitting | receiving 0:Disable 0:Disable
1:MSB 1:fixed 0: fall 0: fall 1iEnable 1:Enable
to "1” 1: rise 1: rise
— — UNIT160 ALGNENO“| RXWENO | RXUENO
R/W R/W
0 1 0 0 0 0
0Co2H Always Always Data Full duplex [Sequential |Receive
write “0”  [write “1”  |length alignment._[receive UNIT
0: 8bit 0:Disable |0:Disable |0:Disable
High Speed 1: 16bit 1:Enable |1:Enable |1:Enable
HscocT | Sed CRC16_7_BO [CRCRX_TX_B0| CROREST B0 DMAERFWO| DMAERFRO
Control RIW R/W
register 0 0 0 0 0
CRC CRC data_|CRC Micro DMA|Micro DMA
0CO3H  [select 0:Transmit |calculate 0: Disable |0: Disable
0:CRC7 1:Receive. [register 1: Enable |1: Enable
1:CRC16 0: Reset
1:Release
Reset
TENDO RENDO RFWO RFRO
R
1 0 1 0
Transmitting|Receive | Transmit |Receive
0:0peration | Shift buffer buffer
High Speed 0C04H 1: no . register 0: 0: no valid
Serial operation|0: no_data untransmitted dat_a
HSCOST 1: exist dataexist  |1: valid
Status data 1:no data
register untransmitted|  exist
data
0CO5H
CRCDO007 | CRCD006 | CRCD005 | CRCD004 | CRCD003 | CRCD002 | CRCD001 | CRCD000
0CO6H R
High Speed o o J o | o | o | o | o [ o
HSCOCR Serial CRC calculation result load register[7:0]
CRC CRCDO15 | CRCDO14 | cCRCD013 | cRCDO12 | CRCDO11 | CRCD010 | CRCDO0Y | CRCDO0S
register R
0CO7H
o | o | o | o | o | o | o [ o
CRC calculation result load register[15:8]
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TOSHIBA TMP92FD23A

High speed serial (2/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
TENDISO | RENDISO [ RFWISO | RFRISO
R/W
0 0 0 0
Read Read Read Read
0: no 0:.no 0: no 0: no
High Speed 0CO8H interrupt | interrupt | interrupt | interrupt
Serial 1: interrupt [1: interrupt |1: interrupt [1: interrupt
HSCOIS Interrupt
status Write Write Write Write
. 0: Don'’t care|0: Don't care|0: Don't care|0: Don't care|
register
1: clear 1: clear 1: clear 1: clear
0CO9H
TENDWEO|RENDWEO| REWWEOQ || RFRWEO
R/W
High Speed 0 0 0 0
Serial 0COAH Clear Clear Clear Clear
. HSCOIS HSCOIS HSCOIS HSCOIS
interrupt TENDIS0> |<RENDISO>[<RFWIS0O> |<RFRISO>
<
HSCOWE sta?us 0: Disable 0: Disable 0: Disable 0: Disable
write 1: Enable 1:Enable 1: Enable 1: Enable
enable
register
0COBH
TENDIEO | RENDIEO | RFWIEO | RFRIEO
R/W
0 0 0 0
High Speed [ OCOCH TENDO  |RENDO  |RFWO RFRO
Serial interrupt interrupt interrupt interrupt
HSCOIE Interrupt 0: Disable |0: Disable |O: Disable |O: Disable
enable 1: Enable 1: Enable 1: Enable 1: Enable
register
0CODH
TENDIRO | RENDIRO | RFWIRO | RFRIRO
R
0 0 0 0
High Speed [ OCOEH TENDO  |RENDO  |RFWO RFRO
Serial interrupt interrupt interrupt interrupt
HSCOIR Interrupt 0: None 0: None 0: None 0: None
request 1: generate |1: generate |1: generate |1: generate
register
0COFH
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TOSHIBA TMP92FD23A

High speed serial (3/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
TXD007 | TXD006 | TXD005 | TXD004 | TXD003 | TXD002 | TXDOO1 | TXD00O
RIW
i 0C10H
ngg S_"Ted o | o | o | o | o | o [ o [ o
erial — - -
HSCOTD |transmission Transmission data register [7:0]
data TXD015 | TxD014 | TxD013 | TXD012 | TXD011 | TXD010 | TXDOO9 | TXDOOS
register 0C11H RIW
o | o [ o | o | o | 0o [0 [ o

Transmission data register [15:8]
RXD005 | RXD004 | RXD003 | RXD002

RXD007 | RXD006 RXD001 | RXD0OO0O

. RIW
e speed| O o T T [0 [ o] 6 [ o [ o
HSCORD | receiving Receive data register [7:0]
data RxD015 | RxD014 | RXD013 | RxD012 | RXD011 | RXD010 | RXDO09 | RXDOOS
register 0C13H R/W
T o T o T o0 o & o o

Receive data register [15:8]
TSD005 | 7SD004 /| TSD003 | TSD002

TSD007 | TSD006 TSD001 | TSD00O

, RIW
onspeed| O T T 0 [ o T o 1 o [ & [ 0/ [ o
HSCOTS | transmit Transmit data shift register [7:0]
data shit TSD015 | TSDo14 | Tspoi3 | Tspoi12 | Tspoi1 | Tspoio | TsDoo9 | TsDoos
register 0C15H R/W
o | o o ] o | o~} o | o [ o

Transmit data shift register [15:8]
RSD005 | RSDO04 | RSD003 | RSD002

RSD007 | RSD006 RSD001 | RSD0O0O

. RIW
H'ggesri';eed 0C16H o | o ] 0o | o ] o | o | o | o
HSCORS receive Receive data shift register [7:0]
data <hit RSD015 | RSD014 | RsD013 | RSD012 | RSD0O11 | RSDO10 | RSDO09 | RSDOOS
register 0C17H RIW
oy o | o J-0o | o | o | o | o

Receive data shift register [15:8]
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TOSHIBA

TMP92FD23A
(9) UART/serial channel (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1200H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
scosur | Chamelo | o ohinit R (Receive)/W (Transmission)
Buffer RMW) Undefined
register
RB8 EVEN PE OERR | PERR | ‘FERR | sciks | 1oC
Serial R R/W R (Clealred to 0 Wth read) R/W
Undefined 0 0 0 0 0 0 0
SCOCR Crc];nnrzif 1201H  [Received [Parity Parity 1: Error 0:SCLKO T |0: Baud rate
register data bit8 |0: Odd addi_tion overrun Parity Framing 1:SCLKO | | generator
1: Even 0: Disable 1: SCLKO
1: Enable pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
_ 0 0 0 0 0 0 o | o
Serial Transfer [Hand Receive [Wakeup | |Serialtransmission Serial transmission clock
SCOMODO channel 0 1202H |data bit8 |shake function  |function mode (UART)
Mode0 0: CTS 0: Receive |0: Disable [00:1/O interface mode |00: TMRAO trigger
register disable disable |1: Enable/ |01: 7-bit UART mode [01: Baud rate generator
1. CTS 1. Receive 10: 8-bit UART mode. |10: Internal clock fsys
enable enable 11: 9-bit UART mode —|11:External clcok
(SCLKO input)
- BROADDE | BROCKL | BROCKO | BROS3 | BR0S2 | BROS1 | BROSO
Serial R/IW
channel 0 0 0 0 | 0 0 | 0 | 0 | 0
BROCR |Baudrate | 1203H |Always  |+(16-K) [00:¢TOQ
Control write “0”.  |/16 01: ¢T2
register divis.ion 10:¢T8 Divided frequency setting
0: Disable | 11: ¢T32
1: Enable
cerial BROK3 | BROK2 | BROK1 | BROKO
BR channel 0 K RIW
OADD setting 1204H o | o | o | 0
register Sets frequency di\{isor “K”
divided by N + (16 K)/16).
12S0 FDPX0
Serial R/IW
scomopi| a0 o05k 0 0
Model IDLE2 Duplex
register 0: Stop 0: Half
1: Run 1: Full
PLSEL RXSEL TXEN RXEN SIROWD3 | SIROWD?2 | SIROWD1 | SIROWDO
R/W
I'DA 0 0 0 0 o | o | o 0
SIROCR control 1207H |Select Receive |Transmit |Receive |Select receive pulse width
register 0 transmit__ [data 0: Disable |0: Disable |Set effective pulse width for equal or more than
pulse width{0: “H" pulse[1: Enable |1: Enable |2x x (value + 1) + 100 ns
0: 3/16 1:“L" pulse Can be set: 1to 14
1:.1/16 Can not be set: 0, 15
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TOSHIBA TMP92FD23A
UART/serial channel (2/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1208H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
scisur | Chamel Ll o ohibit R (Receive)/W (Transmission)
Buﬁer RMW) Undefined
register
RB8 EVEN PE OERR | PERR | FERR | sciks | 1oc
) R R/W R (Cleared to 0 when read) R/W
Serial Undefined| 0 0 o | o [ Th 0 0
SC1CR channel 1 12094 |Received |Parity Parity 1: Error 0:SCLK1 T |0: Baud
COIjltl'Ol data bit8 |0: Odd addition Overrun Parity, | Framing |1:SCLK1 | |rate
register 1: Even 0: Disable generator
1: Enable 1: SCLK1
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 o | o
ena Transfer [Hand Receive [Wakeup. ‘[Serial transmission mode |Serial transmission clock
SC1MODO channel 1 120AH [data bit8 [shake function  |function_ {00:1/O interface mode (UART)
Mo.deo 0: CTS 0: Receive |0: Disable |01 7-bit UART mode 00: TMRAO trigger
register 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 fgys
enable enable 11: External clock (SCLK1
input)
- BR1ADDE| BR1CK1 [-BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
Serial RIW
channel 1 0 0 0 | 0 0 | 0 | 0 | 0
BRICR |Baudrate | 120BH |Always  |+(16 —K)~[00: ¢TO
Control write “0”. [/16 01: T2
register divis_ion 10: ¢T8 Divided frequency setting
0: Disable_|11:¢T32
1: Enable
. BRI1K3 | BR1K2 | BR1K1 | BRIKO
Serial Y
channel 1 K
BR1ADD . 120CH
setting 0 | 0 | - O | 0
register S.e.ts frequency divisor “K”
(divided by N + (16 — K)/16).
12S1 FDPX1
Serial R/W
0 0
scimopz| MMe L oK
Model IDLE2 Duplex
register 0:Stop  |0:Half
1: Run 1: Full
PLSEL RXSEL TXEN RXEN SIR1IWD3 | SIRIWD? | SIR1IWD1 | SIRIWDO
R/W
e 0 0 0 0 o | o | o 0
r . . . . .
SIRICR control 120FH Select : Receive Tran.smlt RE‘Cl.?IVE Select rec.e|ve pulse _Wldth
register 1 transmit  [data 0: Disable |0: Disable [Set effective pulse width for equal or more than
pulse width(0: “H” 1: Enable [1: Enable [2x x (value +1) + 100 ns
0:3/16 pulse Can be set: 1to 14
1:1/16 1: “L” pulse) Can not be set: 0, 15
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TOSHIBA TMP92FD23A
UART/serial channel (3/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 1210H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
sc2BuF | Chamel 21 o onibit R (Receive)/W (Transmission)
Buﬁer RMW) Undefined
register
RB8 EVEN PE OERR | PERR | FERR | sciks | 1oc
) R R/W R (Cleared to 0 when read) R/W
Serial Undefined| 0 0 o | o [ Th 0 0
channel 2 - - ) . . 0: Baud
SC2CR Control 1211H |Received |Parity Parity 1: Error 0:SCLK2 1|0 Bau
) databits [0:0dd  |additon | Overrun | Parity/ | Framing |1:SCLK2 | |8t
register ) generator
1: Even 0: Disable 1: SCLK2
1: Enable pm input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 o | o
ena Transfer Hand shake |Receive Wakeup Serial transmission mode |Serial transmission clock
SC2MODO0 channel 2 1212H |data bit8 0: CTS function function 00:.1/0 interface mode (UART)
Mo_deo disable 0: Receive |0: Disable/ |01: 7-bit UART mode 00: TMRAO trigger
register 1: CTS disable 1: Enable )[10: 8-bit UART mode 01: Baud rate generator
enable 1: Receive 11: 9-bit UART mode 10: Internal clock fgys
enable 11: External clock (SCLK2
input)
- BR2ADDE | BR2CK1 [-BR2CKO BR2S3 | BR2S2 BR2S1 | BR2S0
Serial RIW
channel 2 0 0 0 0 0 | 0 | 0 | 0
BR2CR |Baudrate | 1213H |[Always  |+(16 —K)~[00: ¢TO
Control write 0", |/16 01: ¢T2
register divis_ion 10: ¢T8 Divided frequency setting
0: Disable_|11:¢T32
1: Enable
. BR2K3 | BR2K2 | BR2K1 | BR2KO
Serial Y
channel 2 K|
BR2ADD . 1214H
setting 0 | 0 | - O | 0
register Sets frequency divisor “K”
(divided by N + (16 — K)/16).
1252 FDPX2
Serial R/W
0 0
scamopz | MMNel 2|5 g5 gy
Model IDLE2 Duplex
register 0:Stop  |0:Half
1: Run 1: Full
PLSEL RXSEL TXEN RXEN SIR2WD3 | SIR2WD?2 | SIR2WD1 | SIR2WDO
R/W
e 0 0 0 0 o | o | o 0
r . . . . .
SIR2CR control 1217H Select : Receive Tran.smlt RE‘Cl.?IVE Select rec.e|ve pulse _Wldth
register 2 transmit  [data 0: Disable |0: Disable [Set effective pulse width for equal or more than
pulse width(0: *H” 1: Enable [1: Enable [2x x (value +1) + 100 ns
0:3/16 pulse Can be set: 1to 14
1:1/16 1: “L" pulse Can not be set: 0, 15
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TOSHIBA TMP92FD23A
(10) I2C Bus/Serial channel (1/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
SCKo/
1240H BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
(I°C bus W RIW W RIW
mode) 0 0 0 0 0 0 0/1
Number of transferred bits Acknowledge Setting of the divide value “n”
' (Prohibit 1000:8 ~ 001:1  010:2  [mode 000:5 . 001:6  010:7
Serial bus RMW) [011: 3 100: 4 101: 5 0: Disable 011:8 100: 9 101: 10
sBlocRy |nterface 0 110: 6 111: 7 1: Enable 110:11 ) {11: Reserved
control SI0S SIOINH SIOM1 SIOMO SCK2 | SCK1 | SCKO
register 1 | 1240H w W
(slo 0 0 0 0 o | o | o
mode) [ nefer |Transfer |Transfer mode Setting of the divide value “n”
. |o:stop  |0:Continue |09 8-bit transmit 000: 4 001:5 010: 6
(Prohibit 01: Reserved 011:7  100:8  101:9
RMW) 1: Start 1:Abort 10: 8-hit transmit/receive . i .
- ! 110: 10 111 External clock SCKO
11: 8-bit receive
SBI 1241H DB7 DB6 DB5 | DB4 DB3 pB2 /| DB1 | DBO
SBIODBR buffer (Prohibit R (Receiving)/W. (Transmission)
Register | RMW) Undefined
SA6 sA5 | saa | sSA3 sA2 | sa1 | sa0 | ALs
W
I’CBUS O | 1242H 0 o | 0/ ] o o ] _o0.] o 0
I2COAR address | (Prohibit address
Register | RMW) ) recognition
Setting Slave address 0-Enable
1:Disable
AL/ AAS/ ADO/ LRB/
MST TRX BB e SBIM1 SBIMO SWRST1 | SWRSTO
. R/W
SBIOSR 'Serlal bus 0 0 0 1 0 0 0 0
when interface 0 1243H |0:Slave O:Receive|Bus status [INTSBEO |Arbitration [Slave General Last
Read Status | (2c pys |1:Master [ |1:Transmit [monitor  |interrupt  [lost address  [call receive bit
Register mode) 0:Free O:request |detection |match detection |monitor
1:Busy 1:Cancel; |monitor [detection |1:Detect [O:“0”
(Prohibit 1:Detect z”llcl:))ni:ort 1: 41"
RMIW) :Detec
. Start/stop Operation mode selection |Software reset generate
Serial bus \/

SBIOCR2 interface 0 condition 00: Port mode write “10” and “01”, then an
when ol generation 10: I°C mode internal reset signal is
Write Co.n ro 0:Stop 01: SIO mode generated.

Register 2 1:Start 11: Reserved
SIOF/ SEF/
SBIM1 SBIMO
Serial bus Riw w
SBIOSR |. 0 0 0 0
hen interface 0 1243H
whe status Transfer Shift status
Read i (S0 status 0:Stopped
Register de) Stopp
mo 0:Stopped [1:In
o 1:in progress
(Prohibit progress
Serial bus RMW) Operation mode selection Always Always
SBIOCR?2 |. 00: Port mode write “0”.  [write “0”.
interface O »
when | 10: I°C mode
Write Co.ntro 01: SIO mode
Register 2 11: Reserved
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TOSHIBA TMP92FD23A

12C Bus/Serial channel (2/4)

Symbol| Name |Address 7 6 5 4 3 2 1 0
- 12SBI0
i W R/W
merace0| 24 [ 0
SBIOBRO (Prohibit
baud rate Always  |IDLE2
. RMW)
register 0 write “0”.  |0: Stop
1: Run
P4EN -
Serial b L
in?er:'?ac: ?) 1245H 0 0
SBIOBR1 baud rate (Prohibit |Internal Always
RMW o wA
register 1 ) |clock write “0”.
0: Stop
1: Run
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TOSHIBA TMP92FD23A

12C Bus/Serial channel (3/4)

Symbol | Name |Address 7 6 5 4 3 2 1 0
SCKO0/
BC2 BC1 B ACK K2 K1
1248H C C Cco C SC SC SWRMON
(I°C bus W RIW w RIW
mode) 0 0 0 0 0 0 0/1
Number of transferred bits Acknowledge Setting of the divide value “n”
_ (Prohibit |000: 8 001: 1 010: 2 mode 000: 5 001: 6 010: 7
Serialbus | RMW) [011:3 100: 4 101:5 0: Disable 011:8 100: 9 101: 10
SBliCR1 | Merface 1 110: 6 111: 7 1: Enable 110:11  )111: Reserved
control sios | sioiNH | siom1 | siomo sck2 | scki | scko
register 1 | 1248H w W
(Slo 0 0 0 0 o | o [ o
mode) [Transfer |Transfer |Transfer mode Setting of the divide value “n”
0: Stop 0:Continue |00: 8-bit transmit 000: 4 001: 5 010: 6
(Prohibit |1: Start ~ |1:Abort  [01: Reserved 011:7 100: 8 101: 9
RMW) 10: 8-bit transmit/receive 110: 10 111yExternal clock SCK1
11: 8-bit receive
SBI 1 1249H DB7 DB6 DB5 | DB4 DB3 DB2 /| DB1 | DBO
SBI1DBR buffer (Prohibit R (Receiving)/W. (Transmission)
Register | RMW) Undefined
sa6 | sas | sa4 | sa3 | sa2 | sa1 | sa0 | ALS
W
PCBUS 1| 124AH o | o [ o] 0o | o J o ] o 0
I2C1AR | address | (Prohibit Address
Register RMW) .
Setting Slave address recognition
0:Enable
1:Disable
AL/ AAS/ ADO/ LRB/
MST TRX BB PIN
S SBIM1 SBIMO SWRST1 | SWRSTO
) R/W
SBILSR .Serlal bus 0 0 0 1 0 0 0 0
when |1l 124BH [.Siave /0-Receive |Bus staus | NTsgel  |Arbitration|Slave General |Last
Read StalS | (2C bus | .praster |1 Transmit |menOr imermupt. 195t address |call receive bit
Register mode) O:Free \ detection [match detection |monitor
1:Busy Orequest’ | monitor  |detection |1:Detect |0: “0”
(Prohibit L.Cancel  [1:Detect rln.gm:ort 1:“1”
RMW) :Detec
Serial bus Start/stop Operation mode selection|Software reset generate
SBI1CR2 interface 1 condition 00: Port mode write “10” and “01”, then an
when generation 10: I°C mode internal reset signal is
. control
Write Register 2 0:-Stop 01: SIO mode generated.
1: Start 11: Reserved
SIOF/ SEF/
SBIM1 SBIMO
] R/W W
SBILSR .Serlal bus 5 5 5 5
interface 1
status Transfer Shift status
Read ; (S0 status 0:Stopped
Register d ~>topp
mode) 0:Stopped |1:In progress
1:n
(Prohibit progress
Serial bus RMW) Operation mode selection AI\{vayS Always
SBI1CR2 |. 00: Port mode write “0".  |write “0”.
interface 1 )
when | 10: 1°C mode
Write corltro 01: SIO mode
Register 2 11: Reserved
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12C Bus/Serial channel (4/4)

Symbol | Name |Address 7 6 5 4 3 2 1 0
- 12SBI1
i W R/W
B I B
SBI1BRO (Prohibit
baud rate Always  |IDLE2
. RMW)
register 0 write “0”.  |0: Stop
1: Run
P4EN —
Serial b L
in::‘enr‘:laceu S1 124DH 0 0
SBI1BR1 baud rate (Prohibit |internal Always
RMW o wA
register 1 ) |clock write “0”.
0: Stop
1: Run
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(11) AD converter (1/3)

Symbol | Name |[Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPEAT SCAN ADS
R R/W
0 0 0 0 0 0 0 0
AD AD Always Always Interrupt Repeat mode|Scan mode [AD
conversion |conversion write “0”.  |write “0". §pecification spe<_:ification specification |conversion
end flag busy flag in 0: Single 0: start
AD Mode 0: conversion |conversion-_|Conversion |0: Don't care
ADMODO | Control 12B8H Conversion |Conversion channel 1: Repeat channel 1: Start
register 0 in progress |stopped fixed repeat |conversion _[fixed mode [conversion
1: 1: mode mode 1:
Conversion |Conversion 0: Every Conversion |Always “0”
complete in progress conversion channel when read
1: Every scan mode
fourth
conversion
VREFON I12AD - — ADCH3 ADCH?2 ADCH1 ADCHO
R/IW
0 0 0 0 0 0 0 0
VREF IDLE2 Always Always Analog input channel selection
application |0: Stop write “0”.  [write™“0". /|go00: ANO -ANO
control 1: Operate 0001: AN1 ANO s AN
0- OFF 0010: AN2 ~ANO — ANT —> AN2
L-ON 0011: AN3 (ANO — AN1 — AN2 — AN3
0100: AN4 ~ANO —» AN1 — AN2 — AN3 — AN4
0101:AN5 » ANO-—= AN1 — AN2 — AN3 — AN4
— AN5
AD Mode 0110: “AN6._“ANO — AN1 — AN2 —» AN3 — AN4
ADMODL1 | Control 12B9H — AN5 — AN6
register 1 0111 AN7 ANO — AN1 — AN2 — AN3 — AN4
— AN5 — AN6 — AN7
1000: /AN8 ANO — AN1 —> AN2 — AN3 — AN4
— AN5 — AN6 — AN7 — AN8
1001: AN9 ANO — AN1 — AN2 —» AN3 —» AN4
— AN5 — AN6 — AN7 — AN8 — AN9
1010: AN10 ANO — AN1 — AN2 — AN3 — AN4
— AN5 — AN6 — AN7 — AN8
— AN9 — AN10
1011: AN11 ANO — AN1 — AN2 — AN3 — AN4
— AN5 — AN6 — AN7 — AN8
— AN9 — AN10 — AN11
1100 to 1111: Reserved
- - = - - - - ADTRGE
R/W
0 0 0 0 0 0 0 0

AD Mode
Always Always Always Always Always Always Always AD

ADMOD2 | Control 12BAH ) ) ) ) ) ) ) conversion
isfer 2 write “0”. ~ |write “0”. |write “0”. |write “0”. |write “0". |write “0”. |write “0". ;
register trigger start

control
0: Disable
1: Enable
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AD converter (2/3)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
AD result ADRO1 ADROO ADRORF
ADREGOL | register 0 12A0H R R
low Undefined 0
AD result ADRO09 | ADRO8 ADRO7 ADRO06 ADRO05 ADR04 ADRO3 ADRO02
ADREGOH)| register 0 12A1H R
High Undefined
AD result ADR11 | ADR10 ADRIRF
ADREGIL | register 1 12A2H R R
low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG1H)| 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
ADREG2H)| register 2 12A5H R
High Undefined
AD result ADR31 | ADR30 ADR3RF
ADREGS3L | 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 ADR41 | ADR40 ADRARF
ADREGAL | register 4 12A8H R R
low Undefined 0
AD result ADR49 | ADR48 ADR47 ADR46 ADR45 ADR44 ADR43 ADR42
ADREG4H)| register 4 12A9H R
High Undefined
AD result ADR51 | ADR50 ADR5RF
ADREGSL | register 5 | 12AAH R R
low Undefined 0
AD result ADR59 | ADR58 ADR57 ADR56 ADR55 ADR54 ADR53 ADR52
ADREGS5H)| register 5 [ < 12ABH R
High Undefined
AD result ADR61 | ADR60 ADR6RF
ADREGS6L | register 6 | 12ACH R R
low Undefined 0
AD result ADRG69 | ADRG68 ADRG67 ADR66 ADRG65 ADR64 ADR63 ADRG62
ADREG6H | register-6 [ 12ADH R
High Undefined
AD result ADR71 | ADR70 ADR7RF
ADREGTYL | register 7 | 12AEH R R
low. Undefined 0
AD result ADR79 | ADR78 ADR77 ADR76 ADR75 ADR74 ADR73 ADR72
ADREG7H)| register 7 12AFH R
High Undefined
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AD converter (3/3)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
AD result ADR81 ADRS80 ADR8RF
ADREGSL | register 8 12BOH R R
low Undefined 0
AD result ADR89 | ADR88 ADR87 ADR86 ADR85 ADR84 | ADR803 | ADRS82
ADREGS8H | register 8 12B1H R
High Undefined
AD result ADR91 | ADR90 ADRIRF
ADREGOL | register 9 12B2H R R
low Undefined 0
AD result ADR99 | ADR98 ADR97 ADR96 ADR95 ADR94 ADR93 ADR92
ADREG9H)| register 9 12B3H R
High Undefined
AD result ADRA1 | ADRAO ADRARF
ADREGAL | register A | 12B4H R R
low Undefined 0
AD result ADRA9 | ADRAS8 ADRA7 ADRA6 ADRA5 ADRA4 ADRA3 ADRA2
ADREGAHY| register A | 12B5H R
High Undefined
AD result ADRB1 | ADRBO ADRBRF
ADREGBL | register B | 12B6H R R
low Undefined 0
AD result ADRB9 | ADRB8 ADRB7 ADRB6 ADRB5 ADRB4 ADRB3 ADRB2
ADREGBHY| register B | 12B7H R
High Undefined
92FD23A-431 2007-12-18



TOSHIBA TMP92FD23A

(12) Watch dog timer

Symbol | Name [Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO - 12WDT RESCR -
R/W R/W
1 o | o 0 0 0 0
WDT WDT detection time Al IDLE2 1: Internally| Always
womop |WPT Mode | 5544 . ways yjAway
register control 00: 27/fsys write “0”. | 0:Step connects  |write “0”
1: Enable |01: 2"/fsys 1,Operate (WDT out to
10: 2%%fsys the reset
11: 2%fsys pin
wDT 1301H v_v
WDCR Control (Prohibit
register RMW) - —
B1H: WDT disable code | 4E: WDT clear code

(13) Special timer for CLOCK

Symbol | Name [Address 7 6 5 4 3 2 1 0
- RTCSEL1 | RTCSELO | RTCRUN
RIW RIW
0 P ) 0
RTCCR RTrgg?;re“rm' 1310H |Always 00: 2%/fs 0: Stop &
write “0” 01: 2"fs Clear
10:2%fg 1: RUN
11: 2%g

(14) Key-on wake up

Symbol | Name [Address 7 6 5 4 3 2 1 0
KI7TEN KIGEN KISEN KI4EN KIBEN KI2EN KI1EN KIOEN
KEY input W
13A0H
0 0 0 0 0 0 0 0
KIEN enable - o it
setting RMW) KI7Input” ~|KlI6Input  |KI5Input — [Kl4lnput  [KI3Input  |KI2Input |Klllnput [KIOInput
register 0: Disable’ |0: Disable |0: Disable |0:Disable |0: Disable |0: Disable |0: Disable |0: Disable

1: Enable~ |1: Enable |1:Enable{|1: Enable |1: Enable |1: Enable |1: Enable |[1:Enable
KIZEDGE | KI6DGE | KISEDGE' | KI4EDGE | KI3BEDGE | KI2EDGE | KILEDGE | KIOEDGE

. W
KEY input 13A1H

o 0 0 0 0 0 0 0 0
KICR Control (Prohibit
register RMW) KI7 edge [KI6 edge - [KI5 edge [KI4 edge ([KI3 edge [KI2edge |KI1edge [KIOedge

0: Rising |0: Rising {0:Rising |0: Rising [0: Rising |0: Rising [0: Rising |O: Rising
1: Falling |1rFalling |1:Falling [1:Falling |1:Falling [1:Falling |1:Falling [1:Falling
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(15) Program patch function (1/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
ROMCO07 | ROMC06 | ROMC05 | ROMC04 | ROMCO03 | ROMCO02
Address 1400H W
ROMCMPOO| compare [ (Prohibit 5 | o | o | o | o | o
register 00 RMW) -
Target ROM address (Lower 6 bit)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 [ ROMC10 | ROMC09 [ ROMC08
Address 1401H W
ROMCMPO1| compare | (Prohibit 0 | 5 | o | o | 5 | 5 | o | o
register 01 RMW) - -
Target ROM address (Middle 8 bit)
roMc23 | Romc22 | Romc21 | Romc20 | RoMc19 | RoMc1s | ROMC17 | ROMC16
Address 1402H W
ROMCMPO2| compare (PrOhlblt 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register 02 RMW)
Target ROM address (Upper-8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 1404H W
ROMSUBOLL | substitution | (Prohibit o | o | o | o | 5 | o | o | o
register OLL RMW) -
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10-| ROMS09 | ROMS08
Address 1405H
o - w
ROMSUBOLH | substitution | (Prohibit | | | | | | |
register OLH RMW) 0 0 0 0 0 Q p 0
Patch code (Upper 8 bits)
ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19 | ROMS18°| ROMS17 | ROMS16
Address 1406H
- L W
ROMSUBOHL | substitution | (Prohibit | | | | | | |
register OHL | RMW) 0 0 0 0 2N 0 0 0
Patch code (Lower 8 bits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 1407H W
ROMSUBOHH| substitution (Pr0h|b|t 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register OHH RMW) -
Patch code (Upper 8 bits)
ROMCO07 | ROMC06' | ROMC05 | ROMC04 | -ROMC03 | ROMC02
Address 1408H W
ROMCMP10| compare | (Prohibit 5 I 5 | 5 | 5 | 5 | 5
register 10 RMW) -
Target ROM address (Lower 6 bit)
ROMC15| ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO8
Address 1409H W
register 11 RMW) - -
Target ROM address (Middle 8 bit)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 [ ROMC18 | ROMC17 | ROMC16
Address 140AH W
ROMCMP12| compare (PrOthlt | | | | | | |
register 12 RMW) 0 L 0 0 0 0 0 0
Target ROM address (Upper 8 bit)
ROMS07 |/ ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 140CH W
ROMSUBLLL | substitution. | (Prohibit 0 | 5 | o | o | o | 5 | o | o
register 1LL RMW) -
Patch code (Lower 8 bits)
ROMS15 | ROMs14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMSO08
Address 140DH W
ROMSUBI1LH | substitution (PrOhlblt | | | | | | |
register 1LH| RMW) 0 0 0 0 0 0 0 0
Patch code (Upper 8 bits)
ROMS23 | ROMs22 | RoMs21 | ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
Address 140EH W
ROMSUBIHL | substitution | (Prohibit o | o | o | o | o | o | o | o
register 1HL RMW) -
Patch code (Lower 8 hits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 140FH
ituti ibi w
ROMSUB1HH| substitution | (Prohibit o | o | o | o | o | o | o | o
register 1HH RMW) -
Patch code (Upper 8 bits)
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Program patch function (2/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
address | 1410n |-RQMCO7 | ROMCO6 ROMCOSWROMC04 ROMCO03 | ROMCO02
ROMCMP20| compare (Prohibit 5 | o | o | o | o | o
register 20 [ RMW) -
Target ROM address (Lower 6 bit)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 [ ROMC10 | ROMC09 [ ROMC08
Address 1411H
= w
ROMCMP21 | compare | (Prohibit 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register 21 | RMW) - -
Target ROM address (Middle 8 bit)
roMc23 | Romc22 | Romc21 | Romc20 | RoMc19 | RoMc1s | ROMC17 | ROMC16
Address 1412H
= w
ROMCMP22| compare (Pr0h|b|t | | | | | | |
register 22 RMW) 0 0 0 0 0 0 0 0
Target ROM address (Upper-8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 1414H W
ROMSUB2LL | substitution | (Prohibit 5 | o | o | o | 5 | o | S | o
register 2LL | RMW) :
Patch code (Lower 8 hits)
ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10-| ROMS09 | ROMS08
Address 1415H
ROMSUB2LH | substitution | (Prohibit | | | | | | |
register 2LH | RMW) 0 0 0 Q 0 0 0 0
Patch code (Upper 8 hits)
ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19 | ROMS18°| ROMS17 | ROMS16
Address 1416H W
ROMSUB2HL | substitution | (Prohibit | | | | | | |
register 2HL | RMW) 0 0 0 0 o 0 0 0
Patch code (Lower 8 bits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 1417H W
ROMSUB2HH| substitution | (Prohibit 5 | o | o | 5 | 5 | o | o | o
register 2HH| RMW) :
Patch code (Upper 8 bits)
ROMCO07 | ROMC06' | ROMC05 | ROMC04 | -ROMC03 | ROMC02
Address 1418H
o w
ROMCMP30| compare [ (Prohibit 0 | > | 0 | 0 | 0 | 0
register 30 RMW) -
Target ROM address (Lower 6 bit)
ROMC15| ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO8
Address 1419H W
ROMCMP31| compare (Prohibit o | o | 3 | o | o | o | o | o
register 31 RMW) - -
Target ROM address (Middle 8 bit)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 [ ROMC18 | ROMC17 | ROMC16
Address 141AH
N w
ROMCMP32| compare (Prohlblt | | | | | | |
register 32 RMW) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bit)
ROMS07 |/ ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 141CH W
ROMSUBSLL | substitution. [ (Prohibit 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register 3LL |} [RMW) :
Patch code (Lower 8 bits)
ROMS15 | ROMs14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMSO08
Address 141DH
= ok w
ROMSUB3LH | substitution (Pr0h|b|t | | | | | | |
register 3LH | RMW) 0 0 0 0 0 0 0 0
Patch code (Upper 8 bits)
ROMS23 | ROMs22 | RoMs21 | ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
Address 141EH W
ROMSUB3HL | substitution | (Prohibit o | o | o | o | o | o | o | o
register 3HL | RMW) -
Patch code (Lower 8 hits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 141FH W
ROMSUB3HH| substitution | (Prohibit o | o | o | o | o | o | o | o
register 3HH| RMW) :
Patch code (Upper 8 bits)
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Program patch function (3/4)

Symbol | Name |Address 7 6 5 4 3 2 1 0
ROMCO07 | ROMC06 | ROMCO5 [ ROMC04 [ ROMCO03 [ ROMCO02
Address 1420H
L W
ROMCMP40( compare | (Prohibit o | o | o | o | o | o
register 40 RMW)

Target ROM address (Lower 6 bit)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO8
w
o | o | o | o [/0o-] o | o
Target ROM address (Middle 8 bit)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19-| ROMC18°| ROMC17 | ROMC16
W
o | o | o JT-wo [ o | o | o
Target ROM address (Upper 8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
W
o | o | o /[ 0o | o [0 | o
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMS12 |-ROMS11 | ROMS10 | ROMS09 | ROMS08
w
o | o | o | o | o} 0o | o
Patch code (Upper 8 bits)
ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19/| ROMS18 | ROMS17 | ROMS16
w
o | o ] o | o J o | o [ o
Patch code (Lower 8 bits)
ROMS31 | ROMS30 | ROMS29 | ROMS28-| ROMS27 | ROMS26 | ROMS25 | ROMS24
W
o 0o [ 0 [ wo [ o | o [ o
Patch code (Upper 8 hits)
ROMCO07 | ROMC06 | ROMC05 | ROMC04 | ROMC03 | ROMC02
w
o | o [ o [ o | o
Target ROM address (Lower 6 bit)
ROMC15 | ROMC14 | ROMC13 | ROME12 | ROMC11 | ROMC10 | ROMC09 | ROMCO08
w
o | ;oo o | o | o | o [ o
Target ROM address (Middle 8 bit)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 | ROMC18 | ROMC17 | ROMC16
w
oo | o | o | o | o | o | o
Target ROM address (Upper 8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
w
o | o | o | o [ o [ o [ o
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMS08
W
o | o | o | o | o | o | o
Patch code (Upper 8 bits)
ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
w
o | o | o | o [ o | o | o
Patch code (Lower 8 bits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
w
o | o | o | o | o | o [ o
Patch code (Upper 8 hits)

Address 1421H

ROMCMP41| compare [ (Prohibit 5 |
register 41 RMW)

Address 1422H

ROMCMP42| compare | (Prohibit |
register 42 RMW) 0

Address 1424H
ROMSUBALL | substitution | (Prohibit |

register 4LL RMW) 0

Address 1425H

ROMSUBA4LH | substitution | (Prohibit
RMW) 0 |

register 4LH

Address 1426H
ROMSUBA4HL | substitution | (Prohibit |
register 4HL RMW) 0

Address 1427H
ROMSUB4HH| substitution | (Prohibit 5 |
register 4HH RMW)

Address 1428H
ROMCMP50| compare | (Prohibit 5 |
register 50 RMW)

Address 1429H

ROMCMP51 | compare | (Prohibit 3 |
register 51 RMW)

Address 142AH

ROMCMP52| compare | (Prohibit |
register 52 RMW) 0

Address 142CH

ROMSUBSLL | substitution |. (Prohibit 5 |
register 5LL RMW)

Address 142DH
ROMSUBSLH |-substitution | (Prohibit |
register 5LH RMW) 0

Address 142EH
ROMSUBSHL | substitution | (Prohibit 5 |
register 5HL RMW)

Address 142FH

ROMSUBS5HH| substitution | (Prohibit o |
register 5HH RMW)
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Program patch function (4/4)
Symbol | Name |Address 7 6 5 4 3 2 1 0
ROMCO07 | ROMC06 | ROMC05 | ROMC04 | ROMCO03 | ROMCO02
Address 1430H W
ROMCMP60 | compare | (Prohibit 5 | o | o | o | o | o
register 60 RMW) -
Target ROM address (Lower 6 bit)
ROMC15 | ROMC14 | ROMC13 | ROMC12 | ROMC11 [ ROMC10 | ROMC09 [ ROMC08
Address 1431H W
ROMCMP61| compare [ (Prohibit 0 | 5 | o | o | 5 | 5 | o | o
register 61 RMW) - -
Target ROM address (Middle 8 bit)
roMc23 | Romc22 | Romc21 | Romc20 | RoMc19 | RoMc1s | ROMC17 | ROMC16
Address 1432H W
ROMCMP62| compare (PrOhlblt 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register 62 RMW)
Target ROM address (Upper-8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 1434H W
ROMSUBGLL | substitution | (Prohibit o | o | o | o | 5 | o | o | o
register 6LL RMW) -
Patch code (Lower 8 bits)
ROMS15 | ROMS14 | ROMS13 | ROMS12 | ROMS11 | ROMS10-| ROMS09 | ROMS08
Address 1435H
o - w
ROMSUBGLH | substitution | (Prohibit | | | | | | |
register 6LH RMW) 0 0 0 0 0 Q p 0
Patch code (Upper 8 bits)
ROMS23 | ROMS22 | ROMS21 | ROMS20 | ROMS19 | ROMS18°| ROMS17 | ROMS16
Address 1436H
- L W
ROMSUBGHL | substitution | (Prohibit | | | | | | |
register 6HL | RMW) 0 0 Q 0 g : 0 0 0
Patch code (Lower 8 bits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 1437H W
ROMSUBGHH| substitution (Pr0h|b|t 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
register 6HH RMW) -
Patch code (Upper 8 bits)
ROMCO07 | ROMC06' | ROMC05 | ROMC04 | -ROMC03 | ROMC02
Address 1438H W
ROMCMP70| compare | (Prohibit 5 I 5 | 5 | 5 | 5 | 5
register 70 RMW) -
Target ROM address (Lower 6 bit)
ROMC15| ROMC14 | ROMC13 | ROMC12 | ROMC11 | ROMC10 | ROMC09 | ROMCO8
Address 1439H W
register 71 RMW) - -
Target ROM address (Middle 8 bit)
ROMC23 | ROMC22 | ROMC21 | ROMC20 | ROMC19 [ ROMC18 | ROMC17 | ROMC16
Address 143AH W
ROMCMP72| compare (PrOthlt | | | | | | |
register 72 RMW) 0 0 0 0 0 0 0 0
Target ROM address (Upper 8 bit)
ROMS07 | ROMS06 | ROMS05 | ROMS04 | ROMS03 | ROMS02 | ROMS01 | ROMS00
Address 143CH W
ROMSUBTLL | substitution. | (Prohibit 0 | 5 | o | o | o | 5 | o | o
register 7LL RMW) -
Patch code (Lower 8 bits)
ROMS15 | ROMs14 | ROMS13 | ROMS12 | ROMS11 | ROMS10 | ROMS09 | ROMSO08
Address 143DH W
ROMSUB7LH | substitution (PrOhlblt | | | | | | |
register 7LH| RMW) 0 0 0 0 0 0 0 0
Patch code (Upper 8 bits)
ROMS23 | ROMs22 | RoMs21 | ROMS20 | ROMS19 | ROMS18 | ROMS17 | ROMS16
Address 143EH W
ROMSUBT7HL | substitution | (Prohibit o | o | o | o | o | o | o | o
register 7HL RMW) -
Patch code (Lower 8 hits)
ROMS31 | ROMS30 | ROMS29 | ROMS28 | ROMS27 | ROMS26 | ROMS25 | ROMS24
Address 143FH
ituti ibi w
ROMSUB7HH| substitution | (Prohibit o | o | o | o | o | o | o | o
register 7HH RMW) -
Patch code (Upper 8 bits)
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6. Port Section Equivalent Circuit Diagram

m  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.

m PO (DO to D7), P1 (D8 to D15), P4 (A0 to A7), P5 (A8 to A15), P6 (A16 to A23)

VCcC
Output data Pich
Output enablngI
STO
N-ch
Input data (1o
Input enable
m P70 (RD), P71 (SRWR), P72 (SRLLB), P73 (SRLUB)
VCC
Output data P-ch
Output enable ::)I
STOP
1 N-ch VCC
I__I>CH Programmable
Pill-up
Input data - hd Lo
Input enable
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B P74 (INTO0), PC1 to PC3 (INT1 to INTS3)

Input data: f O< w {]input

Input enable

Function input

Function enable

m P80 (cso,TA1OUT, BOOT )
vee

Output data P-ch

VCC

e {>o—< Pull-up resistor

STOP

Pull-up resistor enable
(Single boot mode)

- ] Output

m P81 (csi, TA3SOUT), P82 (¢s2)

vCC
Output data P-ch
Output
STOP N-ch

m P83 (Cs3, WAIT,TAS0UT), PDO (INT4,TBOOUT)

vCcC
Output data P-ch
Output enable j:)j
STOP
N-ch

input data —G_‘—ﬂ%%ﬂ /o

Input enable

Function input

Function enable
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B PCO (TAOIN)

Inputdata<—G_‘ SW { linput

Input enable

Funtion input

B PD1 (INT5, TB1INO), PD3 (INT7, TB10UTO0, RXD2)

Input data(—G_‘ \‘“‘I Wy D Input

Input enable

Function input<—<:l_‘—0

Function enable

-— ]

®  PD2 (INT6, TB1IN1, TXD2)

vCC
Output data P-ch

Open-drain output
enable .,_D)—' N-ch

STOP

Input data <—G_‘—‘ < L]0

Input enable

Function input <—G_‘—‘

Function enable

®  PD3 (INT7, TB1OUTO, RXD2)

vccC
Output data P-ch
Output enable j:}j
STOP
N-ch
Input data<—<:l_‘—‘ < w —{]o

Input enable

Function input <—G_‘—"

Function enable
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B PD4 (TB10UT1,SCLK2, cTs2), PF1 (RXDO0), PF2 (SCLKO, cTso ,CLK), PF4 (RXD1, HSSD),
PF5 (SCLK1, crs1, HSCLK), PNO (SCKO0), PN3 (SCK1)

VCC
Output data P-ch
Output enable j:)j
STOP
N-ch

Input data < 1o

Input enable
B PFO (TXDO), PF3 (TXD1, HSSO)
vce
Output data P-ch
Output enable j:)j
STOP
N-ch
Input data o W e

Input enable

B PN1 (SDA0,S00), PN2{(SCLO0, SI0), PN4(SDA1, SO1), PN5 (SCL1, SI1)

VCC
Output data D P-ch
Open-drain output
enable .,i)—' N-ch
STOP
Input data <—G_‘—‘ < 1o

Input enable
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B PG (ANO to AN7), PL (AN8 to AN11)

Analog input {>0
Channel select J_P'Ch

Analog input — | input

Input data O<} ~

Input enable

B RESET
VCC
O
RESET «——(_ | [ IInput
Schmitt
WDTOUT
Reset enable
m X1, X2
Clock
Oscillator {
| B S e Wi e U Gy 1
i * —w—{ | X2
! J !
! 1
! 1
! 1
High-frequency j—:—[>°_‘|§ P-ch F N-ch !
oscillation enable f * !
\ 1
! 1
! ——w—{ ] X1
1

m P76 (XTD), P77 (XT2)

Clock
Input enable

Input data —oq—@—l _- _(25_c_i||_a£o_r _____
» +—™ P77 (XT2)

Output data
Output-enable %_'

Input data <—%><]—@10<'—‘

Output data !
Output enable .E:>_| “~ | mmmmmmmmmmmmmmms

STOP
Low-frequency

oscillation enable ~®

' i
T
| 1
! |
i l
| 1
Input enable ! K |
| 1
! |
! :
! |

] P76 (XT1)
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B NMI
NMI o@ [ Input
®  AMO to AM1
Input data é} 1< vee
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7. Points to Note and Restrictions

(1) Notation

a. The notation for built-in/ I/O registers is as follows register symbol <Bit symbol>
(e.g., TAOIRUN <TAORUN> denotes bit TAORUN of register TAO1IRUN).

b. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAO1IRUN) ... Set bit 3 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), Ri# ADC  (mem),R/#
SUB (mem), Ri# 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)

c.. fe, fs, fFPH, fsySand one state

The clock frequency input on X1 and 2 is called foscH. The clock selected by
PLLCRO<FCSEL> is called fc.

The clock selected by SYSCR1<SYSCK> is called fFPH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fsys is referred to as one state.
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(2) Points to note
a. AMO and AM1 pins

This pin is connected to the Vcc or the Vgs pin. Do not alter the level when the pin is
active.

b. Reserved address areas

The 16-byte area from FFFFFOH to FFFFFFH is reserved as internal area and cannot be
used. When using Toshiba’s Flash programming service, prepare your ROM data (Hex file)
by leaving these 16 bytes blank or setting them all to “FF”’ and register it with our ROM
data entry system.

Moreover, when using an emulator, since it is used for control of an emulator, 64K bytes
with arbitrary 16M byte area of use cannot be performed.

c. HALT mode (IDLE1)

When the HALT instruction is executed in IDLE1 mode (in which only the oscillator
operates), the internal Special timer for CLOCK operate. When necessary, stop the circuit
by setting RTCCR<RTCRUN> to 0, before the HALT jinstructions is executed.

d. 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:

e. Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to beused, disable it.

f.  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.

g. CPU (Micro DMA)

Only /the “LDC-cr, ¥’ and “LDC r,/cr” instructions can be used to access the control
registers in the CPU (e.g., the transfer source address register (DMASn)).

h. Undefined SFR

The value of an undefined bit in an SFR is undefined when read.
i.  POP'SRinstruction

Please execute the POP SR instruction during DI condition.
j._~ Interrupt

When you use interruption, be sure to set "1" as the bit 7 of a SIMC register.
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8. Package Dimensions

Package Name: LQFP100-P-1414-0.50F
Unit: mm
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o 75 51
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Package Name: QFP100-P-1420-0.65A
Unit: mm

S
§T81§ %50
100% © %31
PTG,
0.575TYP 0.310.1M

J o

0.19+0.1 ||2.7£0.2
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