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TOSHIBA TMP92CM22

CMOS 32-Bit Microcontrollers
TMP92CM22FG

1. Outline and Device Characteristics

TMP92CM22 is high-speed advanced 32-bit microcontroller developed for controlling equipment,
which processes mass data.

TMP92CM22FG is a microcontroller, which has a high-performance CPU (900/H1 CPU) and
various built-in I/Os. TMP92CM22F is housed in a 100-pin flat package.

Device characteristics are as follows:

(1) CPU: 32-bit CPU (900/H1 CPU)
e  Compatible with TLCS-900, 900/L, 900/L.1, 900/H, and 900/H2’s instruction code
e 16 Mbytes of linear address space
e  General-purpose register and register banks

e Micro DMA: 8 channels (250 ns/4 bytes at fsys = 20 MHz, best case)
(2) Minimum instruction execution time: 50 ns (at fsys = 20 MHz)

(3) Internal memory
e Internal RAM: 32 Kbytes (32-bit 1-clock access, programmable)
e Internal ROM: None

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

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

e  Separate bus system

(5) Memory controller

e  Chip select output: 4 channels
(6) 8-bit timers: 4 channels
(7) 16-bit timers: 2 channels

030619EBP1

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

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

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid
situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to
property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

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

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

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

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

= Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to use
these components in an I2C system, provided that the system conforms to the I2C Standard
BUS| Specification as defined by Philips.
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(8) General-purpose serial interface: 2 channels
o  UART/synchronous mode
e IrDA
(9) Serial bus interface: 1 channel
e I2C bus mode
e  Clock synchronous mode
(10) 10-bit AD converter: 8 channels
(11) Watchdog timer
(12) Interrupts: 41 interrupts
° 9 CPU interrupts: Software interrupt instruction and illegal instruction
o 25 internal interrupts: Seven selectable priority levels

. 7 external interrupts: Seven selectable priority levels INTO to INT5 and NMI )
(INTO to INTS3 selectable edge or level interrupt)

(13) Input/output ports: 58 pins (at external 8-bit data bus memory)
(14) Standby function

e  Three HALT modes: IDLE2 (Programmable), IDLE1, STOP
(15) Dual-clock controller

e  PLL: fc = foSCH x 4 (fc = 40 MHz at fosCH = 10 MHz)

e  Clock gear function: Select a high-frequency clock fc to fc/16
(16) Operating voltage

¢ DVCC=3.0Vto3.6V (fc max =40 MHz)

(17) Package
e 100-pin QFP: P-LQFP100-1414-0.50F
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Figure 1.1 TMP92CM22 Block Diagram
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2. Pin Assignment and Functions

The assignment of input/output pins for the TMP92CM22FG, their names and functions are as
follows.

2.1 Pin Assignment
Figure 2.1.1 shows the pin assignment of the TMP92CM22FG.
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Figure 2.1.1 Pin Assignment Diagram (100-Pin QFP)
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2.2 Pin Names and Functions
The following tables show the names and functions of the input/output pins.
Table 2.2.1 Pin Names and Functions (1/2)
Pin Names Num_ber 110 Functions
of Pins
DO to D7 8 110 Data (Lower): Data bus DO to D7.
P10 to P17 110 Port 1: 1/O port that allows 1/O to be selected at the bit level.
8 (when used to the external 8-bit bus.)

D8 to D15 110 Data: Data bus D8 to D15.
P40 to P47 8 110 Port 4: 1/0 port.
A0 to A7 Output | Address: Address bus AO to A7.
P50 to P57 8 110 Port 5: 1/0 port.
A8 to A15 Output | Address: Address bus A8 to A15.
P60 to P67 8 110 Port 6: 1/0 port.
A16 to A23 Output | Address: Address bus A16 to A23.
P70 1 Output Port 70: Output port.
RD Output | Read: Strobe signal for reading external memory.
Ii 1 Output Port 71: Output port.
WRLL Output | Write: Strobe signal for writing data to pins DO to D7.
P72 1 Output Port 72: Output port.
WRLU Output | Write: Strobe signal for writing data to pins D8 to D15.
P73 1 Output Port 73: Output port.
P74 1 Output Port 74: Output port.
CLKOUT Output | Clock: Output system clock.
P75 1 Output Port 75: Output port.
R/'w Output Read/write: This port is 1 when read and dummy cycle. This port is 0 when write cycle.
P76 1 110 Port 76: 1/0 port.
WAIT Input Wait: Pin used to request bus wait to CPU.
P80 1 Output Port 80: Output port.
CS0 Output Chip select 0: Outputs 0 when address is within specified address area.
P81 1 Output Port 81: Output port.
cs1 Output Chip select 1: Outputs 0 when address is within specified address area.
P82 1 Output Port 82: Output port.
CS2 Output Chip select 2: Outputs 0 when address is within specified address area.
P83 1 Output Port 83: Output port.
CS3 Output Chip select 3: Outputs 0 when address is within specified address area.
P90 1 110 Port 90: 1/O port.
SCK 110 Serial bus interface clock 1/0O data at SIO mode.
Po1 110 Port 91: 1/O port.
SO 1 Output Serial bus interface send data at SIO mode.
SDA 110 Serial bus interface send/receive data at I°C mode.

(Open-drain output mode by programmable.)
P92 110 Port 92: 1/0 port.
Sl 1 Input Serial bus interface receive data at SIO mode.
SCL 110 Serial bus interface clock I/0 data at 1°C mode.

(Open-drain output mode by programmable.)
Eﬁg to PAZ, 4 Input Port AO to A2, A7: Input port (with pull-up resistor).

92CM22-5
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Table 2.2.2 Pin Names and Functions (2/2)

Number
Pin Names I/O Functions

of Pins
PCO 1 110 Port CO: 1/0O port.
TAOIN Input Timer input: 8-bit timer AO input.
PC1 110 Port C1: I/O port.
INT1 1 Input Interrupt request pin 1: Interrupt request pin with programmable level/rising edge/falling edge.
TAL1OUT Output | Timer output: 8-bit timer AO or timer A1 output.
PC3 1 110 Port C3: 1/0 port.
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge/falling edge.
PC5 110 Port C5: 1/0 port.
INT2 1 Input Interrupt request pin 2: Interrupt request pin with programmable level/rising edge/falling edge.
TA30UT Output | Timer output: 8-bit timer A2 or timer A3 output.
PC6 110 Port C6: 1/0 port.
INT3 1 Input Interrupt request pin 3: Interrupt request pin with programmable level/rising edge/falling edge.
TBOOUTO Output | Timer output: 16-bit timer BO output.
PDO 110 Port DO: 1/O port.
INT4 1 Input Interrupt request pin 4: Interrupt request pin with programmable rising edge/falling edge.
TB1INO Input Timer input: 16-bit timer B1 input 0.
PD1 110 Port D1: I/O port.
INT5 1 Input Interrupt request pin 5: Interrupt request pin with programmable rising edge/falling edge.
TB1IN1 Input Timer input: 16-bit timer B1 input 1.
PD2 1 110 Port D2: 1/0O port.
TB1OUTO Output | Timer output: 16-bit timer B1 output 0.
PD3 1 110 Port D3: 1/0 port.
TB1OUT1 Output | Timer output: 16-bit timer B1 output 1.
PFO 1 110 Port FO: 1/O port.
TXDO Output | Serial send data 0: (Open-drain output mode by programmable.)
PF1 1 110 Port F1: 1/O port.
RXDO Input Serial receive data 0.
PF2 110 Port F2: 1/0O port.
SCLKO 1 110 Serial 0 clock 1/0.
CTS0 Input Serial data send enable 0 (Clear to send).
PF3 1 110 Port F3: 1/0O port.
TXD1 Output | Serial send data 1: (Open-drain output mode by programmable.)
PF4 1 110 Port F4: 1/0O port.
RXD1 Input Serial receive data 1.
PF5 110 Port F5: 1/0O port.
SCLK1 1 110 Serial 1 clock 1/0.
cTsL Input Serial data send enable 1 (Clear to send).
PF6 to PF7 2 110 Port F6 to F7: 1/O port.
PGO to PG7 Input Port GO to G7: Input port.
ANO to AN7 8 Input Analog input 0 to 7: Pin used to input to AD converter.
ADTRG Input AD trigger: Pin used to request AD converter start (Share with PG3).
NMI 1 Input Non-Maskable interrupt request pin.

Operation mode:
AMO, AM1 2 Input Fixed to AM1 =“0", AMO = “1": External 16-bit bus start, 8-/16-bit dynamic sizing.
Fixed to AM1 =“1", AMO = “0": External 8-bit bus start, 8-/16-bit dynamic sizing.

X1/X2 2 110 High-frequency oscillator connection pin.
RESET 1 Input Reset : Initialize TMP92CM22 (Schmitt input, with pull-up resistor).
VREFH 1 Input Pin for reference voltage input to AD converter (H).
VREFL 1 Input Pin for reference voltage input to AD converter (L).
AVCC 1 Power supply pin for AD converter.
AVSS 1 GND pin for AD converter (0 V).
DvCC 3 Power supply pins (All Vcc pins should be connected with the power supply pin).
DVSS 4 - GND pins (0 V) (All DVSS pins should be connected with GND (0 V)).
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3. Operation

This section describes the basic components, functions and operation of the TMP92CM22.

3.1 CPU

The TMP92CM22 incorporates a high-performance 32-bit CPU (The TLCS-900/H1 CPU). For
a description of this CPU’s operation, please refer to the section of this data book which
describes the TLCS-900/H1 CPU.

The following sub-sections describe functions peculiar to the CPU used in the TMP92CM22;
these functions are not covered in the section devoted to the TLCS-900/H1 CPU.

3.1.1 Outline

“TLCS-900/H1 CPU” is high-speed and high-performance CPU based on

“TLCS-900/L1 CPU”. “TLCS-900/H1 CPU” has expanded 32-bit internal and external
data bus to process instructions more quickly.

Outline of “TLCS-900/H1” CPU are as follows:

Table 3.1.1 Outline of CPU

Width of CPU address bus 24 bits

Width of CPU data bus 32 bits

Internal operating frequency 20 MHz

Minimum bus cycle 1-clock access
(50 ns at 20 MHz)

Function of data bus sizing 8 bits

Internal RAM 32 bits
1-clock access

Internal I/O 8-/16-bit 2-clock access 900/H1 1/0
8-/16-bit 5-to 6-clock access 900/H1 1/0

External device

8 bits
2-clock access (can insert some waits)

Minimum instruction execution cycle

1 clock (50 ns at 20 MHz)

Conditional jump

2 clocks (100 ns at 20 MHz)

Instruction queue buffer

12 bytes

Instruction set

Compatible with TLCS-900, 900/L, 900/H, 900/L1, and 900/H2
instruction codes (However, NORMAL, MAX, MIN, and LDX
instructions is deleted)

CPU mode Only maximum mode
Micro DMA 8 channels
92CM22-7 2004-07-02
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3.1.2 Reset Operation

When resetting the TMP92CM22 microcontroller, ensure that the power supply voltage
is within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then hold the RESET input to low for at least 20 system clocks (16 ps at fc = 40
MHz).

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

e  Sets the program counter (PC) as follows in accordance with the reset vector stored
at address FFFFOOH to FFFFO2H:
PC<7:0> < Data in location FFFFOOH
PC<15:8> <« Datain location FFFF01H
PC<23:16> <« Data in location FFFF02H
e Sets the stack pointer (XSP) to 00000000H.

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

e Clears bits <RFPO0:1> of the status register to 00 (Thereby 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/0, ports and other pins as follows.

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

e Sets the input or output port to general-purpose input port.

Internal reset is released as soon as external reset is released and RESET input pin is set to “H”.
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 TMP92CM22 may be spoiled because the control signals are
unstable until power supply becomes stable after power on reset.

Figure 3.1.1 shows the timing of a reset for the TMP92CM22.
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Figure 3.1.1 Reset Timing Example

3.1.3  Outline of Operation Mode

D

—>!
0 [s] (Min)

j

Set AM1 and AMO pins to “10” to use 8-bit external bus, or set it to “01” to use 16-bit

external bus.

Table 3.1.2 Operation Mode Setup Table

Mode Setting Input Pin

8-/16-bit dynamic bus sizing

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

92CM22-9
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3.2 Memory Map
Figure 3.2.1 shows memory map of TMP92CM22.

000000H

) 7 K
Int I'1/0 .
FBelzgites) Direct area(n)
000100H |------mmmmmm e S S
001FEOH
002000H 64-Kbyte area
Internal RAM (nn)
(32 Kbytes)
00AO00H
010000H | ===mmmmmm e 3
External memory
FOO000H —
Provisinal emulator
control area
F10000H (64 Kbytes)
External memory
16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)
FFFFOOH
Vector table (256 bytes)
FFFFFFH

([ = Internal area)
Figure 3.2.1 Memory Map

Note 1: When use emulator, optional 64 Kbytes of 16-Mbyte area are used to control emulator.
Therefore, don’t use this area.

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

Note 3: On emulator wrLL signal, wrLu signal and RD signal are asserted, when provisional
emulator control area is accessed.

Be careful to use extend memory.

92CM22-10 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP92CM22

3.3 Clock Function and Standby Function

TMP92CM22 contains (1) Clock gear, (2) Standby controller and (3) Noise-reducing circuit. It
is used for low-power, low-noise systems.
This chapter is organized as follows:

3.3.1 Block Diagram of System Clock
3.3.2 SFRs

3.3.3 System Clock Controller

3.3.4 Clock Doubler (PLL)

3.3.5 Noise Reduction Circuits

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

Reset
(foscH/32)

IDLE2 mode
(I/O operation)

Instruction

Release reset
v

(Wrmpt\\

IDLE1 mode
(Operate only oscillator)

_Instruction

| Interrupt _—»|

NORMAL mode

Instruction

(foscH/gear value/2) |«

Interrupt ”

(@)

Reset
(foscH/32)

IDLE2 mode
(/O operation)

Release reset

lnstuction
|

nterrupt

_Instruction

IDLE1 mode
(Operate only oscillator)

| Interrupt |

NORMAL mode

Single clock mode transition figure

Instruction

STOP mode
(Stop all circuit )

Interrupt ”

(foscH/gear value/2) |«

Instruction

IDLE2 mode Instruction
(/0 operation) Interrupt
IDLET mode Jnstruction

(Operate
oscillator and PLL )

| Interrupt >

NORMAL mode
(4 x foscnh/gear value/2)

(b)

(Using PLL)

Dual clock mode transition figure

Figure 3.3.1 System Clock Block Diagram

STOP mode
(Stop all circuit )

The clock frequency input from the X1 and X2 pins is called foscH and the clock frequency selected by

SYSCR1<GEAR2:0> is called the system clock frpH. The system clock fgys is defined as the divided 2 clocks of

frpH, and one cycle of fgyg is defined to as one state.

92CM22-12
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3.3.1  Block Diagram of System Clock
SYSCR2<WUPTM1:0>
PLLCR<PI1UPFG>
Warm-up timer (for high-frequency
oscillator)/lockup (for PLL) timer
> ¢T

fpLL =foscH x 4

PLLCR<PLLON>
PLL
- $(Clock doubler)
X1 [ ; High-
requency
X2 [ oscillator | foscH Clock gear
PLLCR<FCSEL>
fsvs TMRAO to TMRA3 and CcPU
fio TMRBO to TMRB1
> B
¢TO0 > Prescaler RAM
Interrupt
controller
SI00 and SIO1
b N ;l ADC
> Prescaler
— 1/0 port
SBI
>
o7 > Prescaler
WDT

Figure 3.3.2 Block Diagram of Dual Clock and System Clock
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3.3.2 SFRs

7 6 5 4 3 2 1 0
SYSCRO | Bit symbol - -
(10E0H) | Read/write |  RW RIW
After reset 1 0
Function Always Always
write “17. write “0”.
SYSCR1 | Bit symbol - GEAR2 GEAR1 GEARO
(10ETH) | Read/write RIW RIW
After reset 0 1 0 0
Function Always Select gear value of high-
write “0”. | frequency oscillator

000: High-frequency oscillator
001: High-frequency oscillator/2
010: High-frequency oscillator/4
011: High-frequency oscillator/8
100: High-frequency oscillator/16
101:

110: } Reserved

111:

SYSCR2 | Bit symbol - WUPTM1 | WUPTMO [ HALTM1 | HALTMO | SELDRV DRVE
(10E2H) | Readrite | RW RIW
After reset 0 1 0 1 | 1 0 0
Function Always Select WUP time for Select HALT mode <DRVE> |1: Pin
write “0”. oscillator 00: Reserved Select state
00: Reserved 01: STOP mode using control
01: 2%/Input frequency | 10: IDLE1 mode mode in
14 0: STOP STOP/
10: 2"%/Input frequency [ 11: IDLE2 mode : DLE1
11: 2'%/Input frequency 1: IDLE1 mode

Note: The unassigned register, SYSCRO0<bit6:3>, SYSCRO<bit1:0>, SYSCR1<bit7:4>, and SYSCR2<bit6> are

RD as undefined value.

Figure 3.3.3 SFR for System Clock
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7 6 5 4 2 1 0
PLLCR Bit symbol PLLON FCSEL LWUPFG
(10E8H) | Read/Write R/W R/W R
After reset 0 0 0
Function 0: PLL 0: fc= PLL
stop OSCH warm-up
1: PLL 1:fc= flag
run PLL (x 4) | 0: Don't
end up
or stop
1: End up
Note: Logic of PLLCRO<LWUPFG> is different DFM of 900/L1.
Figure 3.3.4 SFR for PLL
7 6 5 4 2 1 0
EMCCRO | Bit symbol |PROTECT EXTIN [DRVOSCH -
(10E3H) | Read/Write R R/W R/W R/W
After reset 0 0 1 1
Function Protect 1: fc fc oscillator | Always
0: OFF external | griver abilty | Write “1".
1: ON clock 1: Normal
0: Weak
EMCCR1 | Bit symbol
(10E4H) | Read/Write
After reset Switching the protect ON/OFF by write to following 1st-KEY, 2nd-KEY
Function 1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H in succession write
EMCCR2 | Bit symbol 2nd-KEY: EMCCR1 = A5H, EMCCR2 = 5AH in succession write
(10E5H) | Read/Write
After reset
Function
Figure 3.3.5 SFR for Noise
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3.3.3

System Clock Controller

The system clock controller generates the system clock signal (fsyg) for the CPU core and
internal I/0. It is used as input that fc outputted from high-frequency oscillation circuit and
PLL (Clock doubler) SYSCR1<GEAR2:0>, 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.

Single clock mode is set by resetting, initialized to <GEAR2:0> = “100”. This setting will
cause the system clock (fSYS) to be set to fc/32 (fc/16x1/2).

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

(1) Clock gear controller

fFPH 1is set according to the contents of the clock gear select register
SYSCR1<GEARZ2:0> to either fc, fc/2, fc/4, fc/8, or fe/16. Using the clock gear to select a

lower value of fFPH reduces power consumption.

Example:
Changing to a high-frequency gear
SYSCR1 EQU 10E1H
LD (SYSCRT1), XXXX0100B ;  Changes system clock fgyg to fc/32.

X: Don’t care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEAR2:0>
register. It is necessary the warm-up time until changing after writing the register
value.

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

Example:

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

Instruction to be executed
after clock gear has changed.
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3.3.4  Clock Doubler (PLL)

PLL outputs the fp1], clock signal, which is four times as fast as fOSCH. A reset initializes
PLL to stop status, setting to PLLCR register is needed before use.
Like an oscillator, this circuit requires time to stabilize. This is called the lockup time.

Note 1: Input frequency limitation for PLL
The limitation of input frequency (High-frequency oscillation) for PLL is the following.
foscH=4to 10 MHz (Vcc=3.0Vto 3.6 V)

Note 2: PLLCR<LWUPFG>
The logic of PLLCR<LUPFG> is different from 900/L1’s DFM.
Be careful to judge an end of lockup time.

The following is a setting example for PLL starting and PLL stopping.

Example 1: PLL starting

PLLCR EQU 10E8H
LD (PLLCR), 10XXXXXXXB ; Enables PLL operation and starts lockup.
LUP: BIT 5, (PLLCR) ;
Detects end of lockup.
JR Z, LUP ;
LD (PLLCR), 11XXXXXXB ; Changes fc from 10 MHz to 40 MHz.

X: Don’t care

<PLLON> /I //D
/

<FCSEL> i
PLL output: fp, AVAVAVAVAVA'lVAVAVAVAVAVAWAVAV

During lockup After lockup

VAN\VAVAVAVAVAVAVAV

Changes from 10 MHz to 40 MHz.
Ends of lockup

<LWUPFG>

SN

System clock fgys

Lockup timer V4 Count-up by fosch J\
]
]
]
]
]
|

<{--4---}4

\
Starts PLL operation and
starts lockup.

<---
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Example 2: PLL stopping
PLLCR EQU 10E8H
LD (PLLCR), 10XXXXXXB ; Changes fc from 40 MHz to10 MHz.
LD (PLLCRY), 00XXXXXXB ; Stop PLL.

<FCSEL>

<PLLON>

X: Don’t care

\
)

[}
R TR VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

System clock fgys \/\/\/\/\/\/W\ / E\/ \ /\ / \/\ /

v
Changes from 40 MHz to 10 MHz. \:(

Stops PLL
operation.

Limitation point on the use of PLL

1.

It's prohibited to execute PLL enable/disable control in the SLOW mode (fs)
(Writing to PLLCRO and PLLCR1). You should control PLL in the NORMAL mode.

If you stop PLL operation during using PLL , you should execute following setting in the
same order.

LD (PLLCRO), 00H ; Change the clock fp | to fosch
LD (PLLCR1),00H ; PLL stop
If you stop high frequency oscillator during using PLL, you should stop PLL before you stop

high frequency oscillator.

(1) Examples of settings are below.

Start Up / Change Control

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

LUP:

— High frequency oscillator start up — High frequency oscillator operation mode(fosch )

—PLL start up — PLL use mode (fp. )

LD (SYSCRO0), 11---1--B ; High frequency oscillator start/ Warming up start
WUP: BIT 2,(SYSCRO0) ;} Check for the i ‘ . d

JR  NZWUP ; eck for the flag of warming up en

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

LD  (PLLCR1),1------- B ; PLL start up / lock up start

BIT 5, (PLLCRO) ;

Check for the flag of lock up end
JR  ZLUP ;
LD (PLLCRO),-1------ B ; Change the system clock fosch to fpi
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(OK) Low frequency oscillator operation mode(fs) (high frequency oscillator Operate)

— High frequency oscillator operation mode(foscy ) —PLL start up — PLL use mode (fp )

LD
LD

LUP: BIT
JR
LD

(SYSCR1), ----0---B ; Change the system clock fs to fosch
(PLLCR1), 1------- B ; PLL start up / lock up start

> (PLLCRO) ;} Check for the flag of lock d
ZLUP ; eck for the flag of lock up en
(PLLCRO),-1------ B ; Change the system clock fosch to fpil

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

— High frequency oscillator start up — PLL start up — PLL use mode (fp., )

LD

WUP:  BIT
JR
LD

LUP: BIT
JR
LD
LD

(SYSCRO0),11---1--B ; High frequency oscillator start/ Warming up start
2,(SYSCRO) ; } Check for the flag of warming up end
NZ,WUP ;

(PLLCR1),1------- B ; PLL start up / lock up start

5 (PLLCRO) ; } Check for the flag of lock up end

ZLUP ;

(PLLCRO),-1------ B ; Change the internal clock foscy to fp

(SYSCR1), --—--- 0---B ; Change the system clock fs to fp

92CM22-19 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP92CM22

(2) Change / Stop Control

(OK) PLL use mode (e )— High frequency oscillator operation mode(foscy )— PLL Stop

— Low frequency oscillator operation mode(f;)—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 foscy to fs
LD (SYSCRO0), 0----—-- B ; High frequency oscillator stop

(NG) PLL use mode (fp. )— Low frequency oscillator operation mode(f;)— PLL stop

—High frequency oscillator stop

LD (SYSCR1), ----1---B ; Change the system clock fp | to fs

LD (PLLCRO), -0------ B ; Change the internal clock (fc) feLL to fosch
LD  (PLLCR1), 0----- B ; PLL stop

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

(OK) PLL use mode (fp . )—Set the STOP mode
—High frequency oscillator operation mode (foscnu)— PLL stop

— HALT(High frequency oscillator stop)

LD (SYSCR2), ----01--B ; Set the STOP mode
(This command can execute 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

(NG) PLL use mode (fp ) —Set the STOP mode— HALT(High frequency oscillator stop)

LD (SYSCR2), ----01--B ; Set the STOP mode
(This command can execute before use of PLL)
HALT : Shift to STOP mode
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3.3.5 Noise Reduction Circuits

Noise reduction circuits are built in for reduction EMI (Unnecessary radius noise) and
reinforcement EMS (Measure of endure noise), allowing implementation of the following
features.

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

(3) SFR protection of register contents
These functions need setting by EMCCRO to EMCCR2.

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

Reduces noise and power for oscillator when connect oscillator to outside.

(Block diagram)
| iDO—{>O—> fosch
c1 X1 pin
—— Oscillation enable ( STOP + EMCCRO < EXTIN > )
Oscillator
= EMCCRO<DRVOSCH>

2y —l_ {1

X2 pin
”7

(Setting method)

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

Note: When use drivability reduction function of oscillator, please use in case of
foscH =4 MHz to 10 MHz condition.
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(2) Single drive for high-frequency oscillator
(Purpose)

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

(Block diagram)
| foscH
X1 pin
1 Oscillation enable ( STOP + EMCCRO < EXTIN > )
EMCCRO<DRVOSCH>
X2 pin

(Setting method)

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

By reset, <EXTIN> is initialized to “0”.
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(3) Runaway provision with SFR protection register
(Purpose)
Provision in runaway of program by noise mixing.
Write operation to specified SFR is prohibited so that provision program in
runaway prevents that is in the state which is fetch impossibility by stopping of

clock, memory control register (Memory controller) is changed.

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list

1. Memory controller
BOCSL/H, B1CSL/H, B2CSL/H, B3CSL/H, BEXCSL/H,
MSARO, MSAR1, MSAR2, MSAR3,
MAMRO, MAMR1, MAMR2, MAMR3, and PMEMCR

2. Clock gear (EMCCR1, EMCCR2 write enable)
SYSCRO, SYSCR1, SYSCR2, and EMCCRO

(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: Succession writes in 5AH at EMCCR1 and A5H at EMCCR2.
2nd-KEY: Succession writes in A5SH at EMCCR1 and 5AH at EMCCR2.

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

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

(1) HALT modes

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

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

The subsequent actions performed in each mode are as follows:

a. IDLE2: Only the CPU halts.

The internal 1/O is available to select operation during IDLE2 mode by setting the
following register.

Table 3.3.1 shows the registers of setting operation during IDLE2 mode.

Table 3.3.1 SFR Seting Operation during IDLE2 Mode
Internal I/O SFR

TMRAO1 TAOTRUN<I2TA01>
TMRA23 TA23RUN<I2TA23>
TMRBO TBORUN<I2TB0>
TMRB1 TB1RUN<I2TB1>
SI00 SCOMOD1<I2S0>

SI01

SC1MOD1<I251>

AD converter

ADMOD1<I2AD>

WDT

WDMOD<I2WDT>

SBI

SBIOBRO0<I2SBI0>

b.

IDLE1:Only internal oscillator operate.
STOP: All internal circuit stop.

The operation of each of the different HALT modes is described in Table 3.3.2.

Table 3.3.2 Each Block Operation in HALT Mode

HALT Mode

IDLE2

IDLE1 STOP

SYSCR2<HALTM1:0>

11

10 01

CPU

Stop

1/0 port

Keep the state when the HALT
instruction is executed.

Refer Table 3.3.5, Table 3.3.6

TMRA, TMRB

SIO, *SBI

Operation block

AD converter

WDT

* Selection enable operation
block to programmable

Stop

*: Except clocked-synchronous 8-bit SIO mode for SBI.
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(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt
release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for release the halt status
are shown in Table 3.3.3.

Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before executing the HALT
instruction exceeds the value of interrupt mask register, the interrupt due to the
source 1s processed after release the HALT mode, and CPU status executing an
instruction that follows the HALT instruction. When the interrupt request level
set before executing the HALT instruction is less than the value of the interrupt
mask register, release the HALT mode is not executed. (In non-maskable
interrupts, interrupt processing is processed after release the HALT mode
regardless of the value of the mask register.) However only for INTO to INT3
interrupts, even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, release the the
HALT mode is executed. In this case, interrupt processing, and CPU starts
executing the instruction next to the HALT instruction, but the interrupt request
flag is held at “1”.

Release by resetting
Release all halt status is executed by resetting.

When the STOP mode is released by RESET, it is necessary enough resetting
time (Refer Table 3.3.4) to set the operation of the oscillator to be stable.

When release the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is executed. However the other settings
contents are initialized. (Release due to interrupts keeps the state before the
“HALT” instruction is executed.)
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Table 3.3.3 Source of Halt State Release and Halt Release Operation

. Interrupt Enable Interrupt Disable
Status of Received Interrupt (Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT Mode Programmable IDLE2 IDLEA STOP Programmable IDLE2 IDLE1 STOP
NMI . . . - - -

% INTWDT * X X - - -
% INTO to 3 (Note1) . . **1 o o o*1
% '§. INT4 to 5 * X X x X X
ﬁ E INTTAO to 3, * x x x X X
%‘ £ | INTTBOO, 01, 10, 11, 00, O1 . x x x x x
ko] INTRXO0 to 1, TXO to 1 * x x x X X
g INTAD . X X x X X
& INTSBEO . x x x x x

Reset Initialize LSI

. After release the HALT mode, CPU starts interrupt processing.

o: After release the HALT mode, CPU resumes executing starting from instruction following the HALT
instruction. (Interrupt don’t process.)

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

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

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

Note 1: When the HALT mode is released by INTO to INT3 interrupts of the level mode in the interrupt
enabled status, hold this level until starting interrupt processing. Changing level before holding level,
interrupt processing is correctly started.

Note 2: When use external interrupt INT4 to INT5 are used during IDLE2 mode, set 16-bit timer RUN

register TBIRUN<I2TB1> to “1”.

(Example release HALT mode)
An INTO interrupt release the halt state when the device is in IDLE1 mode.
|

Address

8203H LD (lIIMC), 00H ; Selects INTO interrupt rising edge.
8206H LD (INTEOAD), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets CPU interrupt level to 5.
820BH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.

820EH HALT ! ; Halts CPU.
I

INTO »INTO interrupt routine
_/ \_ frup

]
wﬂ
820FH LDI XX, XX
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(3) Operation

a. IDLE2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the
IDLEZ2 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.

SR VA VA VA VA VA VA VAWAWA V. VA VA YAV

AO to A23 _X

DO to D15 - =[-=-=4===|-== Data } — = —[- -

& \

WR

-r—-—=|-—-=-T1-—-—-—-|-—-—- Data } -

Interrupt of
releasing halt

IDLE2
mode

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

b. IDLE1 mode
In IDLE1 mode, only the internal oscillator operate. The system clock stops.

And, pin state in IDLE1 mode depend on setting SYSCR2<SELDRYV, DRVE>
register. Table 3.3.5, Table 3.3.6 shows pin state in IDLE1 mode.

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

Figure 3.3.7 shows the timing for release of the IDLE1 mode halt state by an
interrupt.

Ve Ve Ve VeV aWaWaWaV i Ve Valal
. A

A0 to A23

<

4
-

= ====T—-—=|-——71T———| Data -

DO to D15 ==|-— =4 -}~ pata - = =4 -k === - - I
{
RD \ ’

WR

e~

_—

4~
-

Interrupt of
releasing halt

I ;l \ S(
)] ! T
[}

—

Figure 3.3.7 Timing Chart for IDLE1 Mode Halt State Released by Interrupt
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VA Va VA VaVa Ve sV ava VaVaVavaval

c. STOP mode

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

After STOP mode has been released system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to stabilize. Warm-up time
set by SYSCR2<WUPTM1:0> register. See the sample warm-up times in Table
3.3.4.

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

Warm-up time

— [
20 to 223 e |
| | ' !
[} [}
DO to D15 ==~ = =4 === = = Data } == 4=+ = §f= = A= ff= === = - (O PR SR SR PR ooy O
[} [}
_ : P (« |
RD \ i\_”"ﬁl ) \
- S
WR :\_SS__:
Interrupt of i : ‘,—\
releasing halt : () ! (’()
—>
STOP
mode

Figure

3.3.8 Timing Chart for STOP Mode Halt State Released by Interrupt

Table 3.3.4 Sample Warm-up Times after Rrelease of STOP Mode

at foscH =10 MHz

SYSCR2<WUPTM1:0>

01 (2% 10 (2™ 11 (2'°)
25.6 us 1.638 ms 6.554 ms
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Table 3.3.5 Input Buffer State Table

Input Buffer State
In HALT IDLE1/STOP
Inout Input Buffer State Input Buffer State - .n mode( /_8_ OP)
Port . npu _ Condition A (Note) Condition B (Note)
Name nr;?ntlgn During ™ \when When When When When When When When
Reset | Usedas | Usedas | Usedas | Usedas | Used as | Used as | Used as | Used as
function Input function Input function Input function Input
Pin Port Pin Port Pin Port Pin Port
DO-7 D0-7 ON - - - —
OFF upon OFF OFF OFF
P10-17 D8-15 external ON OFF OFF OFF
read
P40-47 -
P50-57 - OFF - ON - OFF - OFF - OFF
P60-67 -
P76 WAIT ON ON ON OFF OFF OFF OFF OFF OFF
P90 SCK
Pt SSDIA ON ON ON ON OFF OFF OFF OFF OFF
P92
o SCL
PA0-7(*1) - ON - ON - ON - ON - ON
Pco TAON ON ON ON ON OFF OFF OFF OFF OFF
PC1 INT1 ON ON
PC3 INTO ON ON ON ON ON ON ON ON ON
Pcs INT2 ON ON ON ON OFF ON OFF ON OFF
PC6 INT3
INT4,
PDO TB1INO
INTS ON ON ON ON OFF OFF OFF OFF OFF
PD1 '
TB1IN1
Pp2 - ON - ON - OFF - OFF - OFF
PD3 —
PFO - - - OFF - -
PF1 RXDO
SOLKO, ON ON ON OFF OFF
PF2 CTSO0
ON ON OFF OFF
PF3 - - - OFF - -
PF4 RXD1
PE5 SCLK1, ON ON ON OFF OFF
CTS1
PFo - ON - ON - ON - OFF - OFF
PF7 -
PGO0-2, B B ON B B B
PG4-7("2) OFF “p%‘;{‘ OFF OFF OFF
PG3(2) | ADTRG ON read ON ON ON
INMI -
RESETCY) | - ON ON - ON - ON - ON -
AMO,1 -
X1

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

the input buffer if the input pin is not driven.

OFF: The buffer is always turned off.

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

*2:AIN input does not cause a current to flow through the

buffer.
—: No applicable
(Note) Condition A/B are as follows.

(SYSCR2) register setting HALT mode

<DRVE> <SELDRV> IDLEA STOP
0 0 Condition B .

Condition A
0 1 Condition A
1 0 - -
p 1 Condition B Condition B
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Table 3.3.6 Output Buffer State Table

Output Buffer State
i In HALT mode (IDLE1/STOP
Outout WheO” the CPU is In HALT mode(IDLE2) N mode ( TOP)
Port E u Ft)_U . perating Condition A (Note) Condition B (Note)
Name nr;?nlgn DRurlng When When When When When When When When
eset Used as Used as Used as Used as Used as Used as Used as Used as
Function Output Function Output Function Output Function Output
Pin Port Pin Port Pin Port Pin Port
DO-7 DO-7 ON upon - - — _
OFF external OFF OFF OFF
P10-17 D8-15 read ON ON ON ON
P40-47 A0-7
P50-57 A8-15 ON ON ON ON ON OFF OFF ON ON
P60-67 A16-23
P70 RD
P71 WRILL
P72 WRLU
ON ON ON OFF ON
P73 WRUL ON ON OFF ON
P74 WRUU
P75 R/W
P76 - OFF - - - -
P80 CS0
P81 CS1
ON ON ON ON ON OFF OFF ON ON
P82 CS2
P83 CS3
P90 SCK
P91 SO OFF ON ON ON ON OFF OFF ON ON
P92 SCL
PCO - - - - -
PCA1 TA10UT ON ON OFF ON
PC3 - OFF - ON - ON - OFF - ON
PCS TASOUT ON ON OFF ON
PC6 TBOOUT
PDO -
OFF - ON - ON - OFF - ON
PD1 -
PD2 TB1OUT N
ouTo OFF © ON ON ON OFF OFF ON ON
PD3 TB10OUT1
PFO TXDO ON ON OFF ON
PF1 - - - - -
PF2 SCLKO
OFF ON ON ON ON OFF OFF ON ON
PF3 TXD1
PF4 - - - - -
PF5 SCLK1 ON ON OFF ON
PF6 -
OFF - ON - ON - OFF - ON
PF7 -
X2 - - ON - IDLE1: ON, STOP: High level output
ON: The buffer is always turned on. When the bus is released,
however ,output buffers for some pins are turned off.
OFF: The buffer is always turned off.
—: No applicable
(Note) Condition A/B are as follows.
(SYSCR2) register setting HALT mode
<DRVE> <SELDRV> IDLEA STOP
0 0 Condition B Condition A
0 1 Condition A
1 (1) Condition B Condition B
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3.4

Interrupt

Interrupts of TLCS-900/H1 are controlled by the CPU interrupt mask flip-flop (IFF2:0) and
by the built-in interrupt controller.
The TMP92CM22 has a total of 41 interrupts divided into the following types:

e Interrupts generated by CPU: 9 sources
(Software interrupts: 8 sources, illegal instruction interrupt: 1 source)

External interrupts (NMI and INTO to INT5): 7 sources

e Internal I/O interrupts: 17 sources

High-speed DMA interrupts: 8 sources

Aindividual interrupt vector number (Fixed) is assigned to each interrupt.

One of seven priority level (Variable) can be assigned to each maskable interrupt.

The priority level of non-maskable interrupts are fixed at 7 as the highest level.

When an interrupt is generated, the interrupt controller sends the priority of that interrupt
to the CPU. If multiple interrupts are generated simultaneously, the interrupt controller sends
the interrupt with the highest priority to the CPU. (The highest priority is level 7 using for
non-maskable interrupts.)

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

The interrupt mask register <IFF2:0> value can be updated using the value of the EI
instruction (EI num sets <IFF2:0> data to num).

For example, specifying “EI3” enables the maskable interrupts which priority level set in the
interrupt controller is 3 or higher, and also non-maskable interrupts.

Operationally, the DI instruction (<IFF2:0> = 7) is identical to the EI7 instruction. DI
instruction is used to disable maskable interrupts because of the priority level of maskable
interrupts is 0 to 6. The EI instruction is valid immediately after execution.

In addition to the above general-purpose interrupt processing mode, TLCS-900/H1 has a
micro DMA interrupt processing mode as well. The CPU can transfer the data (1/2/4 bytes)
automatically in micro DMA mode, therefore this mode is used for speed-up interrupt
processing, such as transferring data to the internal or external peripheral I/0. Moreover,
TMP92CM22 has software start function for micro DMA processing request by the software not
by the hardware interrupt.

Figure 3.4.1 shows the overall interrupt processing flow.
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( Interrupt processing >

Interrupt
specified by
micro DMA start

Micro DMA
soft start request

— vector? -
Clear interrupt request flag |
T
Interrupt vector “V” read Data transfer by
Interrupt request F/F clear micro DMA
General-purpose ! | Micro DMA processing
interrupt PUSH PC COUNT « COUNT -1
processing PUSH SR
SR<IFF2:0> «Level of
accepted Generating INTTC
interrupt + 1 Yes | finterrupt
COUNT=0 )
INTNEST <~ INTNEST +1 clear micro DMA start
ector
A 4 No -
- | PC<(FFFFOOH) + V) |

7

Interrupt process
program

A

Y
RETI instruction
POP SR
POP PC
INTNEST « INTNEST-1

C e D

Figure 3.4.1 Interrupt and Micro DMA Processing Sequence
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34.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. That is also the same as TLCS-900/L, TLCS-900/H, and TLCS-900/L.1.

(1) The CPU reads the interrupt vector from the interrupt controller.
If the same level interrupts occur simultaneously, the interrupt controller generates an
interrupt vector in accordance with the default priority and clears the interrupt
request.
(The default priority is already fixed for each interrupt: The smaller vector value has
the higher priority level.)

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

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

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

(5) The CPU jumps to the address indicated by the data at address “FFFFOOH + Interrupt
vector” and starts the interrupt processing routine.

When the CPU completed the interrupt processing, use the RETI instruction to return to
the main routine. RETI restores the contents of program counter (PC) and status register
(SR) from the stack and decreases the interrupt nesting counter INTNEST by 1(-1).

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

If an interrupt request which has a priority level equal to or greater than the value of the
CPU interrupt mask register <IFF2:0> comes out, the CPU accepts its interrupt. Then, the
CPU interrupt mask register <IFF2:0> is set to the value of the priority level for the
accepted interrupt plus 1(+1).

Therefore, if an interrupt is generated with a higher level than the current interrupt
during it’s processing, the CPU accepts the later interrupt and goes to the nesting status of
interrupt processing.

Moreover, if the CPU receives another interrupt request while performing the said (1) to
(5) processing steps of the current interrupt, the latest interrupt request is sampled
immediately after execution of the first instruction of the current interrupt processing
routine. Specifying DI as the start instruction disables maskable interrupt nesting.

A reset initializes the interrupt mask register <IFF2:0> to “7”, disabling all maskable
interrupts.

Table 3.4.1 shows the TMP92CM22 interrupt vectors and micro DMA start vectors. The
address FFFFOOH to FFFFFFH (256 bytes) is assigned for the interrupt vector area.
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Table 3.4.1 TMP92CM22 Interrupt Vectors and Micro DMA Start Vectors
Address .
Default Priority|  Type Interrupt Source Vector Refer to Micro DMA
Value Start Vector
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 “SWI7" instruction 001CH FFFF1CH
9 NMI: External interrupt input pin 0020H FFFF20H
10 INTWD: Watchdog Timer 0024H FFFF24H
- Maskable | Micro DMA (Note 2) - - -
11 INTO: External interrupt input pin 0028H FFFF28H O0AH (Note 1)
12 INT1: External interrupt input pin 002CH FFFF2CH OBH (Note 1)
13 INT2: External interrupt input pin 0030H FFFF30H OCH (Note 1)
14 INT3: External interrupt input pin 0034H FFFF34H ODH (Note 1)
15 (Reserved) 0038H FFFF38H OEH
16 (Reserved) 003CH FFFF3CH OFH
17 (Reserved) 0040H FFFF40H 10H
18 (Reserved) 0044H FFFF44H 11H
19 (Reserved) 0048H FFFF48H 12H
20 (Reserved) 004CH FFFF4CH 13H
21 INTPO: Protect 0 (WR to special SFR) 0050H FFFF50H 14H
22 (Reserved) 0054H FFFF54H 15H
23 INTTAO: 8-bit timer 0 0058H FFFF58H 16H
24 INTTAL: 8-bit timer 1 005CH FFFF5CH 17H
25 INTTAZ2: 8-bit timer 2 0060H FFFF60H 18H
26 INTTA3: 8-bit timer 3 0064H FFFF64H 19H
27 INTTBOO: 16-bit timer O 0068H FFFF68H 1AH
28 INTTBOL1: 16-bit timer O 006CH FFFF6CH 1BH
29 (Reserved) 0070H FFFF70H 1CH
30 (Reserved) 0074H FFFF74H 1DH
31 INTTBOO: 16-bit timer O (Overflow) 0078H FFFF78H 1EH
32 (Reserved) 007CH FFFF7CH 1FH
33 INTRXO: Serial 0 (SIOO0) receive 0080H FFFF80H 20H (Note 1)
34 INTTXO: Serial 0 (SIO0) transmission 0084H FFFF84H 21H
35 INTRX1: Serial 1 (SIO1) receive 0088H FFFF88H 22H (Note 1)
36 INTTX1: Serial 1 (SIO1) transmission 008CH FFFF8CH 23H
37 (Reserved) 0090H FFFF90H 24H
38 (Reserved) 0094H FFFF94H 25H
39 (Reserved) 0098H FFFF98H 26H
40 (Reserved) 009CH FFFFOCH 27H
41 (Reserved) 00AOH FFFFAOH 28H
42 INT4: External interrupt input pin 00A4H FFFFA4H 29H
43 INTS5: External interrupt input pin 00A8H FFFFA8H 2AH
44 INTTB10: 16-bit timer 1 00ACH FFFFACH 2BH
45 INTTB11: 16-bit timer 1 00BOH FFFFBOH 2CH
46 INTTBOL: 16-bit timer 1 (Overflow) 00B4H FFFFB4H 2DH
47 (Reserved) 00B8H FFFFB8H 2EH
48 INTSBEO: SBI I°C bus transfer end (Channel 0) 00BCH FFFFBCH 2FH
49 (Reserved) 00COH FFFFCOH 30H
50 (Reserved) 00C4H FFFFC4H 31H
51 (Reserved) 00C8H FFFFC8H 32H
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Address .
Default Priorit Type Interrupt Source Vector Refer to Micro DMA
y yp P Value Start Vector
Vector
52 INTAD: AD conversion end 00CCH FFFFCCH 33H
53 INTTCO: Micro DMA end (Channel 0) 00DOH FFFFDOH 34H
54 INTTC1: Micro DMA end (Channel 1) 00D4H FFFFD4H 35H
55 INTTC2: Micro DMA end (Channel 2) 00D8H FFFFD8H 36H
56 INTTC3: Micro DMA end (Channel 3) 00DCH FFFFDCH 37H
57 Maskable | |NTTC4: Micro DMA end (Channel 4) 00EOH FFFFEOH 38H
58 INTTCS5: Micro DMA end (Channel 5) 00E4H FFFFE4H 39H
59 INTTC6: Micro DMA end (Channel 6) OOE8H FFFFE8H 3AH
60 INTTC7: Micro DMA end (Channel 7) 00ECH FFFFECH 3BH
(Reserved) O0OFOH FFFFFOH -
O0FCH FFFFFCH
Note 1: When standing-up micro DMA, set at edge detect mode.
Note 2 : Micro DMA stands up prior to other maskable interrupt.
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3.4.2

Micro DMA

In addition to general-purpose interrupt processing, the TMP92CM22 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.

Micro DMA is supported 8 channels and can be transferred continuously by specifying
the micro DMA burst function in the following.

(1) Micro DMA operation

When an interrupt request specified by the micro DMA start vector register is
generated, the micro DMA triggers a micro DMA request to the CPU at interrupt
priority highest level and starts processing the request in spite of any interrupt
source’s level. The micro DMA is ignored on <IFF2:0> = “7”. The 8 micro DMA channels
allow micro DMA processing to be set for up to 8 types of interrupts at any one time.

When micro DMA is accepted, the interrupt request flip-flop assigned to that
channel is cleared.

The data are automatically transferred once (1/2/4 bytes) from the transfer source
address to the transfer destination address set in the control register, and the transfer
counter is decreased by 1 (-1).

If the decreased result is “0”,
e CPU send micro DMA transfer end interrupt INTTCn) to interrupt controller
e Interrupt controller is generated micro DMA transfer end interrupt

e Micro DMA start vector register is cleared to 0, the next micro DMA operation is
disabled

e Micro DMA processing terminates

If the decreased result is not “0”, the micro DMA processing completes if it isn’t specified
the say later burst mode. In this case, the micro DMA transfer end interrupt INTTCn)
aren’t generated.

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 (e.g., interrupt requests should be
disabled).

The priority of the micro DMA transfer end interrupt is defined by the interrupt level and
the default priority as the same as the other maskable interrupt. If a micro DMA request is
set for more than one channel at the same time, the priority is not based on the interrupt
priority level but on the channel number. The smaller channel number has the higher
priority (Channel 0 (High) > Channel 7 (Low)).

While the register for setting the transfer source/transfer destination addresses is a
32-bit control register, this register can only effectively output 24-bit addresses.
Accordingly, micro DMA can access 16 Mbytes.

Three micro DMA transfer modes are supported: one-byte transfers, 2-byte transfer and
4-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/0 to I/O. For details of the various transfer modes, refer Section 3.4.2 (4)
“Detailed description of the transfer mode register”.
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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 32 different interrupts — the 31

interrupts shown in the micro DMA start vectors in Table 3.4.1 and a micro DMA soft start.

Figure 3.4.2 shows 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 based on an external 8-bit bus, 0 waits, source/transfer destination addresses both

even-numbered values.

/]

C.

/]

d.

/]

1 state
f—
a.
ck N/ 1
A0 to A23

src

dst

Figure 3.4.2 Timing for Micro DMA Cycle

States 1to 2:

State 3:
State 4:
State 5:

(2) Soft start function

In addition to starting the micro DMA function by interrupts, TMP92CM22 includes
a micro DMA software start function that starts micro DMA on the generation of the
write cycle to the DMAR register.

Writing “1” to each bit of DMAR register causes micro DMA once. At the end of
transfer, the corresponding bit of the DMAR register is automatically cleared to “0”.

Instruction fetch cycle (Gets next address code).

If the instruction queue buffer is FULL , this cycle becomes a dummy

cycle.

Micro DMA read cycle.
Micro DMA write cycle.
(The same as in state 1, 2.)

Only one channel can be set once for micro DMA.

When programming again “1” to the DMAR register, check whether the bit is “0”
before programming “1”.

When a burst is specified by DMAB register, data is continuously transferred until
the value in the micro DMA transfer counter is “0” after start up of the micro DMA.

Symbol | Name | Address 7 6 5 4 3 2 1 0
DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1 | DREQO
109H
pmMar | PMA 1 pronibit RIW
request RMW) 0 0 0 0 0 0 0 0
1: DMA request in software
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(3) Transfer control registers

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

Channel 0
DMASO DMA Source address register 0: only use LSB 24 bits.
DMADO DMA Destination address register 0: only use LSB 24 bits.
DMACO DMA Counter register 0: 1 to 65536.
DMAMO | DMA Mode register 0.
I
[}
]
I
i
Channel 7
DMAS7 DMA Source address register 7.
DMAD7 DMA Destination address register 7.
DMAC7 DMA Counter register 7.
DMAM7 | DMA Mode register 7.
8 bits
) bits
) 32 bits
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(4) Detailed description of the transfer mode register

|ooo|
1 |

Mode | DMAMO to DMAM?7
| | |

;’7

DMAM [4:0]

Operation

Execution Time

000 zz

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

If DMACn = 0 then INTTC

5 states

001 zz

Source address DEC mode

(DMADnN -) « (DMASn)

DMACn <~ DMACn-1
If DMACn = 0 then INTTC

5 states

010 zz

Source address INC mode
(DMADnN) « (DMASh +)
DMACnN <« DMACn-1

If DMACn = 0 then INTTC

5 states

011 zz

Source address DEC mode
(DMADn) <« (DMASh -)
DMACN <~ DMACn-1

If DMACn =0 then INTTC

5 states

100 zz

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

If DMACn =0 then INTTC

6 states

101 zz

Source address DEC mode
(DMADnN -) <« (DMASN -)
DMACn <« DMACn-1

If DMACn =0 then INTTC

6 states

110 zz

Destination address fixed mode
(DMADN) <« (DMASN)
DMACn « DMACn-1

If DMACn =0 then INTTC

5 states

11100

Counter mode

DMASn <« DMASn +1

DMACn <« DMACn-1
If DMACnh = 0 then INTTC

5 states

ZZ 00 = 1-byte transfer

: 01 = 2-byte transfer

: 10 = 4-byte transfer
: 11 = (Reserved)

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

Note 2: “n” shows micro DMA channel number (0 to 7).
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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 33 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 zero in the following cases:

e  When reset occurs

e  When the CPU reads the channel vector after accepted its interrupt

e When executing an instruction that clears the interrupt (Write DMA start vector to
INTCLR register)

e  When the CPU receives a micro DMA request

e  When the micro DMA burst transfer is terminated

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEOAD or INTE12). 6 interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source. If interrupt request with the same level are
generated at the same time, the default priority (The interrupt with the lowest priority or,
in other words, the interrupt with the lowest vector value) is used to determine which
interrupt request is accepted first.

The 3rd and 7th bits of the interrupt priority setting register indicate the state of the
interrupt request flag and thus whether an interrupt request for a given channel has
occurred.

The interrupt controller sends the interrupt request with the highest priority among the
simultaneous interrupts and its vector address to the CPU. The CPU compares the priority
value <IFF2:0> in the status register by the interrupt request signal with the priority value
set; if the latter is higher, the interrupt is accepted. Then the CPU sets a value higher than
the priority value by 1 (+1) in the CPU SR<IFF2:0>. Interrupt request where the priority
value equals or is higher than the set value are accepted simultaneously during the
previous interrupt routine.

When interrupt processing is completed (after execution of the RETI instruction), the
CPU restores the priority value saved in the stack before the interrupt was generated to
the CPU SR<IFF2:0>.

The interrupt controller also has registers (8 channels) used to store the micro DMA start
vector. Writing the start vector of the interrupt source for the micro DMA processing (See
Table 3.4.1), enables the corresponding interrupt to be processed by micro DMA processing.
The values must be set in the micro DMA parameter register (e.g., DMAS and DMAD) prior
to the micro DMA processing.
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Figure 3.4.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers
Symbol Name | Address | 7 6 | 5 | 4 3 2 | 1 | o
INT2 INT1
12C i2v2 [ v [ i2mo 11C M2 [ imi [ Mo
INTE12 | INT1&INT2 DOH | | | |
enable R RIW R RIW
0 o | o | o 0 o | o | o
- INT3
- - - - 13C is3M2 | 13v1 [ 13m0
inTEs | INT3 D1H | |
enable R RIW
Note: Always write “0”. 0 0 I 0 | 0
INTTAL (TMRAL) INTTAO (TMRAQ)
INTTAO& iTatc [ imaim2 | itaim [ imaiMo [ imaoc [ imAom2 [ iTAomi | iTAomo
INTETAOL | INTTAL D4H
enablo R RIW R RIW
0 o | o | o 0 o | o | o
INTAT3 (TMRA3) INTAT2 (TMRA2)
INTTAZ& iTA3C | 1Taam2 [ iTaam1 | iTA3mo | iTAa2c | ITA2m2 | ITA2M1 | ITA2MO
INTETA23 | INTTA3 DS5H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO& ITB01C | ITB01M2 | ITBOIM1 [ 1TBOIMO | TBOOC [ ITBOOM2 [ ITBOOMI | ITBOOMO
INTETBO | INTTBO1 D8H
enable R RIW R RMW
0 o | o | o 0 o | o | o
- INTTBOO (TMRBO)
INTTBOO — - - T - ITBOOC | ITBOOM2 [ ITBOOM1. [ ITBOOMO
INTETBOO | (Overflow) DAH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTXO INTRXO
INTRX0& iTxoc [ imxom2 | imxom1 [ imxomo | IRxoc | IRxom2 | IRxom1 | IRX0MoO
INTESO | INTTXO DBH
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1& iTxtc [ mxam2 [ imxame | imxamo | IRxac | IRxam2 [ IRxim1i | IRX1MO
INTESL | INTTX1 DCH
enable R R/W R RIW
0 o | o | o 0 o | o | o
INTS INT4
INT4& I5C isM2 | 15M1 | 15MO l4C lav2 [ 1ami [ 1amo
INTE45 | INT5 EOH
enable R RIW R RMW
0 o | o | o 0 o | o | o
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTB10& ITB11C | ITB11M2 | ITB11M1 | ITB11MO | ITB10C [ ITB10M2 | ITB10OM1 | ITB10MO
INTETB1 | INTTB11 E1H
enable R RIW R RIW
0 o | o | o 0 o | o | o
- INTTBO1 (TMRB1)
INTTBO1 - - - - ITBO1C [ ITBO1M2 [ ITBOIML [ ITBOIMO
INTETBO1 | (Overflow) E2H
enable _ _ _ _ R RIW
Note: Always write “0”. 0 0 I 0 | 0
- INTSBEO
- - - - ISBEOC [ 1sBEOM2 [ ISBEOM1 [ ISBEOMO
INTESBo | NTSBEO E3H | |
enable _ _ _ _ R RIW
Note: Always write “0”. 0 o | o | o
- INTPO
- - - - ipoc_ [ 1pom2 [ 1Pom1 [ 1PomoO
INTEPO | INTPO EEH | |
enable R RIW
Note: Always write “0”. 0 o | o | o
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Symbol Name Address 7 6 | 5 | 4 3 2 | 1 | 0
INTAD INTO
IADC | 1ADM2 | 1ADML | 1ADMO l0C I0M2 I0M1 I0MO
wrEonp | NTORNTAD | gy L 1AD [ o | X [_iows_|
0 o | o | o 0 o | o | o
INTTC1 (DMAL) INTTCO (DMAO)
INTTCO& itcic [ ircamz [ imcame [ ireamo | itcoc [ ircomz | ircomi | itcomo
INTETCO1 | INTTC1 F1H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTC3 (DMA3) INTTC2 (DMA2)
INTTC2& itcac [ iream2 [ imeamt [ ireamo | itcac [ imcamz [ ircama | imcamo
INTETC23 | INTTC3 F2H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTC5 (DMAS) INTTC4 (DMA4)
INTTCA& ITcsC | 1Tcsm2 | 1TcsM1 | iTesMo | iTcac [ Imcamz | iTcami | imcamo
INTETC45 | INTTC5 F3H
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTTC7 (DMA7) INTTC6 (DMAG)
INTTC6& itczc [ imezmz | imerme [ imermo | imeec [ imeemz2 | imcemi | imcemo
INTETC67 | INTTC? F4H
enable R RIW R RIW
0 o | o | o 0 o | o | o
_ INTWD
INTWDT g:mg F7H — - [ - 1 - ITCF:ND — - -
Note: Always write “0”. 0 - - -
Interrupt request flag <€ J.' N
A
IXxxM2 IXxxM1 IXxMO Function (Write)
0 0 0 Disables interrupt request.
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 request.
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(2) External interrupt control
Symbol Name Address 7 5 4 3 2 1 0
I3BEDGE 12EDGE I11EDGE I0EDGE IOLE NMIREE
W w w w R/W R/W
0 0 0 0 0 0
Interrupt
inout O0O0F6H INT3EDGE | INT2EDGE | INT1EDGE [ INTOEDGE | INTO NMI
IIMC mgde (Prohibit 0: Rising/ [0: Rising/ | 0: Rising/ |0: Rising/ | 0: Edge 0: Falling
control RMW) high high high high 1: Level edge
1: Falling/ |1: Falling/ | 1: Falling/ | 1: Falling/ 1: Falling
low low low low and
rising
edges
ISLE 12LE 11LE
Initrt]erruutpt O00FAH W W w
limMc2 mg’ je | (Pronibit 0 0 0
control2 RMW) INT3 INT2 INT1
0: Edge 0: Edge 0: Edge
1: Level 1: Level 1: Level
H level
L level
Level
T edge
ising
D
etect edge Falling
IXEDGE IXLE
Note 1: Disable INTO to INT3 before changing INTO to 3 pins mode from “level” to “edge”.
Setting example for case of INTO:
DI
LD (IIMC) ,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: When release halt by INTO to INT3 interrupt of level-mode in interrupt request enable, keep setting level by
<IXEDGE> until be started interrupt process. If changed “level” before interrupt process starting, interrupt
isn’t processed correctly.

Example)  Case of set “H” level interrupt (<IXLE> = 1, <IXEDGE> = 0).

Keep “H” level until be started interrupt process. If changed to “L” level before interrupt process starting,
interrupt isn’t processed correctly.
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Table 3.4.2 Function Setting of External Interrupt Pin
Interrupt Pin | Shared Pin Mode Setting Method
__ £ Rising edge IIMC<IOLE> = 0, INTOEDGE =0
Falli IIMC<IOLE> = 0, INTOEDGE =1
INTO PC3 " alling edge C<I0 0, OEDG
7*__ High level IIMC<IOLE> = 1, INTOEDGE =0
-\ _/~ Lowlevel IIMC<IOLE> = 1, INTOEDGE =1
4 Rising edge IIMC2<I1LE> =0, INTIEDGE =0
Falling edge IIMC2<I1LE> =0, INTIEDGE =1
INT1 PC1 _\ - Ing edg
7" High level IIMC2<I1LE> =1, INTIEDGE =0
—\ /[~ Lowlevel IIMC2<I1LE> =1, INTIEDGE =1
__f Rising edge IIMC2<I2LE> = 0, INT2EDGE =0
Falling ed IIMC2<I2LE> =0, INT2EDGE =1
INT2 PC5 _ é ng edge
77 High level IIMC2<I2LE> = 1, INT2EDGE =0
T\ _ /[~ Lowlevel IIMC2<I2LE> =1, INT2EDGE = 1
4 Rising edge IIMC2<I3LE> =0, INT3EDGE =0
Falling ed IIMC2<I3LE> =0, INT3EDGE = 1
INT3 PC6 Y é ng edge
7*__ High level IIMC2<I3LE> =1, INT3EDGE =0
—\ _ /~ Lowlevel IIMC2<I3LE> =1, INT3EDGE = 1
INT4 PDO £ Rising edge TB1MOD<TB1CPM1:0>=0,00r0,10r1,0
—y  Falling edge TB1IMOD<TB1CPM1:0>=1, 0
INT5 PD1 4 Rising edge -
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(3) SIO receive interrupt control
Symbol | Name | Address 7 6 5 4 3 1 0
IR1LE IROLE
W w
SIO F5H 1 1
SIMC | Interrupt | (Prohibit 0: INTRXL  [0: INTRXO
control RMW) edge mode| edge mode
1: INTRX1 1: INTRXO
level mode level mode
*INTRX1 level enables
0 Detect edge INTRX1 P
1 “H” level INTRX1
*INTRXO rising edge enable
0 Detect edge 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
CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt F8H W
INTCLR clear (Prohibit
control RMW) 0 | 0 | 0 I 0 I 0 | 0
Interrupt clear
(5) Micro DMA start vector registers

This register assigns micro DMA processing to which interrupt source. The interrupt
source with a micro DMA start vector that matches the vector set in this register is
assigned as the micro DMA start source.

When the micro DMA transfer counter value reaches “0”, the micro DMA transfer
end interrupt corresponding to the channel is sent to the interrupt controller, the micro
DMA start vector register is cleared, and the micro DMA start source for the channel is
cleared. Therefore, to continue micro DMA processing, set the micro DMA start vector
register again during the processing of the micro DMA transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one
channel, the channel with the lowest number has a higher priority. Accordingly, if the
same vector is set in the micro DMA start vector registers of two channels, the
interrupt generated in the channel with the lower number is executed until micro DMA
transfer is completed. If the micro DMA start vector for this channel is not set again,
the next micro DMA is started for the channel with the higher number (Micro DMA
chaining).
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Symbol Name | Address 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV | DMAOVO
DMAO ey
DMAOV start 100H
T T o T o [ v [ oo
DMAOQ start vector
DMA1V5 | DMA1V4 | DMA1V3 | DMALV2 | DMALVI [ DMALVO
DMAL1 ey
DMA1V start 101H
vetor o | o | o [ o [ o [ o
DMAL start vector
OrAD DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2VO
RIW
DMA2V start 102H
T T o T o [ v [ o T
DMAZ2 start vector
OMAS DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3VL | DMA3VO
RIW
DMA3V start 103H
Jector o | o | o | o J o [ o
DMAZ3 start vector
DMA4V5 | DMA4V4 | DMA4v3 | DMA4V2 | DMA4VL | DMA4VO
DMA4 "
DMA4V start 104H
vector o | o | o | o | o | o
DMAA4 start vector
DMA5V5 | DMASV4 | DMASV3 | DMASV2 | DMASVI | DMASVO
DMAS vy
DMASV start 105H
voctor o | o | o | o | o | o
DMAS start vector
DMA6V5 | DMA6V4 | DMA6V3 | DMAGV2 | DMA6VI | DMAGVO
DMAG vy
DMA6V start 106H
voctor o [ o | o | o | o | o
DMAG start vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7VL | DMA7VO
DMA? vy
DMA7V start 107H
T R R R R
DMAZ7 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 burst 108H RIW
0 o | o | o | o [ o o | o
1: DMA request on burst mode
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(7) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore if, immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag (Note), 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 an interrupt enable again by
EI instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 3-instructions (e.g., “NOP”x 1 times).

If placed EI instruction without waiting NOP instruction after execution of clearing
instruction, interrupt will be enable before request flag is cleared. Thus, when be
changed interrupt request level to “0”, change it after cleared corresponding interrupt
request by INTCLR instruction.

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

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

In level mode INTO to INT3 are not an edge-triggered interrupt. Hence, in level
mode the interrupt request flip-flop for INTO to INT3 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 INT x (x=0, 1, 2,
or 3) going from 0 to 1, INTx must then be held at 1 until the interrupt response
sequence has been completed. If INTx is set to Level mode so as to release a

Halt state, INTx must be held at 1 from the time INTx 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 INTx to revert to O before the Halt state has been
INTO to INT3 level mode | released.)

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

DI

LD (IIMC), 00H ; Changes from level to edge.
LD (INTCLR), OAH ; Clears interrupt request flag.
NOP ; Wait El execution.

NOP

NOP

El

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

INTRX serial channel receive buffer. It cannot be cleared by an instruction.

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

INTO to INT 3: Instructions which switch to level mode after an interrupt request has
been generated in edge mode.

The pin input change from high to low after interrupt request has
been generated in level mode. (“H” — “L”, “L” —»"H")

INTRX: Instruction which read the receive buffer.
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3.5 Port Function

The TMP92CM22 features 58-bit settings which relate to the various I/O ports.

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

Table 3.5.2 and Table 3.5.3 lists I/O registers and their specifications.

Table 3.5.1 Port Function (R: U = with pull-up resistor)

Port . Number L Direction Pin Names for Built-In
Pin Names . Direction R . . .
Names of Pins Setting Unit Function
Port 1 P10 to P17 8 110 — Bit D8 to D15
Port 4 P40 to P47 8 1/0* — 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* A16 to A23
Port 7 P70 1 Output — (Fixed) RD
P71 1 Qutput — (Fixed) WRLL
P72 1 Output — (Fixed) WRLU
P73 1 Output — (Fixed)
P74 1 QOutput — (Fixed) CLKOUT
P75 1 Output - (Fixed) R/IW
P76 1 110 — Bit WAIT
Port 8 P80 1 Output — (Fixed) CS0
P81 1 Output - (Fixed) CS1
P82 1 Output — (Fixed) CS2
P83 1 Output - (Fixed) CS3
Port 9 P90 1 110 — Bit SCK
P91 1 110 — Bit SO, SDA
P92 1 110 — Bit Sl, SCL
Port A PAQ 1 Input U (Fixed)
PAl 1 Input U (Fixed)
PA2 1 Input U (Fixed)
PA7 1 Input U (Fixed)
Port C PCO 1 110 — Bit TAOIN
PC1 1 110 — Bit INT1, TALIOUT
PC3 1 110 — Bit INTO
PC5 1 110 — Bit INT2, TASOUT
PC6 1 110 — Bit INT3, TBOOUTO
Port D PDO 1 110 — Bit INT4, TB1INO
PD1 1 110 — Bit INTS5, TB1IN1
PD2 1 110 — Bit TB1OUTO
PD3 1 110 — Bit TB1OUT1
Port F PFO 1 110 — Bit TXDO
PF1 1 110 — Bit RXDO
PF2 1 110 — Bit SCLKO, CTSO
PF3 1 110 — Bit TXD1
PF4 1 110 — Bit RXD1
PF5 1 110 - Bit SCLK1, CTs1
PF6 1 110 — Bit
PF7 1 110 — Bit
Port G PGO 1 Input — (Fixed) ANO
PG1 1 Input — (Fixed) AN1
PG2 1 Input — (Fixed) AN2
PG3 1 Input — (Fixed) AN3, ADTRG
PG4 1 Input — (Fixed) AN4
PG5 1 Input — (Fixed) AN5
PG6 1 Input — (Fixed) ANG6
PG7 1 Input — (Fixed) AN7

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

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

) L 1/0 Register Setting Value
Ports Input Pins Specification
Pn | PnCR | PnFC | PnODE
Port 1 P10 to P17 Input port x 0 0
Output port X 1 None
D8 to D15 bus x x 1
Port 4 P40 to P47 Input port* X 0* o
Output port* X 1* None
A0 to A7 output x x 1
Port 5 P50 to P57 Input port* X 0* 0
Output port* X 1* None
A8 to A15 output X X 1
Port 6 P60 to P67 Input port* X 0* o
Output port* x 1* None
A16 to A23 output X x
Port 7 P70 to P75 Output port X None 0
P70 RD output
P71 WRLL output
P72 WRLU output x None 1
P74 CLKOUT output None
P75 R/ W output
P76 Input port x 0 0
Output port x 0
WAIT Input x 1
Port 8 P80 to P83 Output port X 0
P80 CS0 output x 1
P81 CS1 output x None 1 None
P82 CS2 output x 1
P83 CS3 output x 1
Port 9 P90 to P92 Input port X 0 0
Output port X 0 0
P90 SCK input x x 1
SCK output X X 1 None
P91 SDA input x x 1 0
SO, SDA output X X 1 0
SO, SDA (Open drain) x x 1 1
P92 Sl, SCL input X x 1 0
SI, SCL output X X 1 0
Sl, SCL (Open drain) x x 1 1
X: Don'’t care

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

used as address bus in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output

port.

Please be careful when using this setting.
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Table 3.5.3 I/O Port Setting List (2/2)

. . 1/0 Register Setting Value
Ports Input Pins Specification
Pn PnCR | PnFC |PnODE
Port A Eﬁg Eﬁ% Input port X None None None
Port C PCO, PC1, Input port X 0 0
Egg PCS, Output port « 1 0
PCO TAOIN input X X 1
PC1 TA1OUT output X 1 1
INT1 input x 0 1 None
PC3 INTO input X X 1
PC5 INT2 input x 0 1
TA30UT x 1 1
PC6 INT3 input X 0 1
TBOOUTO X 1 1
Port D PDO to PD3 Input port X 0 0
Output port X 1 0
PDO TB1INO, INT4 input X 0 1
None
PD1 TB1IN1, INT5 input X 0 1
PD2 TBOOUTO output X 1 1
PD3 TBOOUT1 output x 1 1
Port F PFO to PF7 Input port X 0 0
Output port X 1 0
PFO TXDO (Open drain) X 0 1
TXDO X 1 1
PF1 RXDO input X 0 None
PF2 SCLKO input/output X 0/1 1
CTSO input x 0 1 None
PF3 TXD1 (Open drain) X 0 1
TXD1 X 1
PF4 RXD1 input X None
PF5 SCLK1 input/output X 0/1 1
CTS1 input x 0 1
Port G PGO to PG7 Input port X
ANO to AN7 input x None None None
PG3 ADTRG input x
X: Don't care

By resetting, these port pins become general-purpose input port.

I/0 pin is reset to input pin. When use built-in function, process all function by software.
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351

Port 1 (P10 to P17)

Portl is an 8-bit general-purpose I/O port. Bits can be individually set as either
inputs or outputs by control register P1ICR and function register P1FC.

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

After released reset, device set portl to pins of follow function by combination of AM1
and AMO pins.

AM1 | AMO Function Setting after Reset
0 0 Don't use this setting
0 1 Data bus (D8 to D15)
1 0 Input port (P10 to P17)
1 1 Don'’t use this setting
Reset
N\
Y
Direction control
(on bit basis)
P1CR write
Function control .
(on byte batch) <— External access (Data write)
2]
a P1FC write
<
< 1
=] Y
© S
s > Output latch A
= Port 1
Selector p—1[1 P10to P17
P1 write (D8 to D15)
D8 to D15 e Output buffer
jﬂ—@
pd
e = =
pd
N \I\_"G-& External access (Data read)

Figure 3.5.1 Port1
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Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0004H) | Read/write R/W
After reset Data from external port (Output latch register is clear 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
After reset 0 0 0 o | o 0 0 0
Function Refer to port 1 function setting
)
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC | Bit symbol P1F
(0007H) | Read/Write w
After reset 0/1*
Function Refer to port 1 function setting
—> Port 1 Function setting
Note 1: Read-modify-write instruction is prohibited for registers P1FC<P1F>
P1FC and P1CR. 0 1
P1CR<P1xC>
Note 2: <P1XC> shows “X bit” of P1CR register. Data bus
0 Input port
(D15 to D8)
Don't use this
1 Output port setting
*: When AM1=0,AM0=1, 1,
when AM1=1, AM0O=0, 0
Figure 3.5.2 Register for Port 1
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3.5.2  Port4 (P40 to PA7)

Port 4 is an 8-bit general-purpose I/O port*. Bits can be individually set as either inputs
or outputs by control register PACR and function register P4FC*,

In addition to functioning as a general-purpose I/0O port, port 4 can also function as a
address bus (A0 to A7).

After released reset, device set Port 4 to pins of follow function by combination of AM1

and AMO pins.
AM1 AMO Function Setting after Reset

0 0 Don't use this setting

0 1 Address bus (A0 to A7)

1 0 Address bus (A0 to A7)

1 1 Don't use this setting

Reset
N\
c»—i elnternal address buse
AO to A7
Direction control
(on bit basis)*
. P4CR write
Function control
9 (on bit basis) )
=2 S
£ . 18
‘:; P4FC write Port 4
£ v Selector —[>—<>—[1 P40 to P47
2 (AO to A7)
> Output latch > A Output buffer
P4 write
< pd
pd
N <— P4 read

*: When these ports are used as general-purpose I/O port, each bit can be set individually for input or output. However, each
bit cannot be set individually for input or output even if 1bit or more bits are used as address bus in same port.
All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.3 Port 4
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Port 4 Register
7 6 5 4 3 2 1 0
P4 Bit symbol P47 P46 P45 P44 P43 P42 P41 P40
(0010H) | Read/write R/W
After reset Data from external port (Output latch register is cleared to “0".)
Port 4 Control Register
7 6 5 4 3 2 1 0
P4CR | Bit symbol P47C P46C P45C P44C P43C P42C P41C P40C
(0012H) Read/Write w
After reset 0 o | o | o | o | o | o 0
Function 0: Input 1: Output (Note2)
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC | Bit symbol P4TF P46F P45F P44F P43F P42F P41F P40F
(0013H) | Read/write w
After reset 1 1 [ o1 | 1 | 1 ] o1 ] 1 1
Function 0: Port 1: Address bus (AO to A7)

Notel: Read-modify-write instruction is prohibited for registers PACR and P4FC.
Note2: When these ports are used as general-purpose 1/O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address bus

in same port.
All of general-purpose 1/O ports except for port that used as address bus are operated as output port.

Please be careful when using this setting.

Figure 3.5.4 Register for Port 4
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3.5.3  Port5 (P50 to P57)

Port 5 is an 8-bit general-purpose I/O port*. Bits can be individually set as either inputs
or outputs by control register P5CR and function register P5FC*,

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

After released reset, device set port 5 to pins of follow function by combination of AM1

and AMO pins.
AM1 AMO Function Setting after Reset

0 0 Don't use this setting

0 1 Address bus (A8 to A15)

1 0 Address bus (A8 to A15)

1 1 Don't use this setting

Reset
N\
c»—i elnternal address buse
A8 to A15
Direction control
(on bit basis)*
P5CR write
| Function control [g
o (on bit basis) l,
o S
% > B
‘:; P5FC write Port 5
S v Selector —[>—<>—[1 P50 to P57
2 (A8 to A15)
> Output latch > A Output buffer
P5 write
< pd
pd
N <—P5 read

*: When these ports are used as general-purpose I/O port, each bit can be set individually for input or output. However, each
bit cannot be set individually for input or output even if 1bit or more bits are used as address bus in same port.
All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.5 Port5
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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 RIW
After reset Data from external port (Output latch register is cleared to “0".)
Port 5 Control Register
7 6 5 4 3 2 1 0
P5CR | Bit symbol P57C P56C P55C P54C P53C P52C P51C P50C
(0016H) | Read/write w
After reset 0 0 o | o | o | o 0 0
Function 0: Input 1: Output (Note2)
Port 5 Function Register
7 6 5 4 3 2 1 0
P5FC | Bit symbol P57F P56F P55F P54F P53F P52F P51F P50F
(0017H) | Read/Write w
After reset 1 1 1 | 1 ] 1 ] 1 1 1
Function 0: Port 1: Address bus (A8 to A15)

Notel: Read-modify-write instruction is prohibited for registers PSCR and P5FC.

Note2: When these ports are used as general-purpose I/O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address bus

in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output port.

Please be careful when using this setting.

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

Port 6 is an 8-bit general-purpose I/O 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/0O port, port 6 can also function as a
address bus (A16 to A23).

After released reset, device set port 6 to pins of follow function by combination of AM1

and AMO pins.
AM1 AMO Function Setting after Reset

0 0 Don't use this setting

0 1 Address bus (A16 to A23)

1 0 Address bus (A16 to A23)

1 1 Don't use this setting

Reset
N\
q)—i elnternal address buse
A16 to A23
Direction control
(on bit basis)*
PBCR write
| Function control [g
9 (on bit basis) l,
Q S
£ . 1B
‘:; P6FC write Port 6
£ v Selector —[>—<>—[1 P60 to P67
2 (A16 to A23)
> Output latch > A Output buffer
P6 write
< pd
pd
N -<——P6 read

*: When these ports are used as general-purpose I/O port, each bit can be set individually for input or output. However, each
bit cannot be set individually for input or output even if 1bit or more bits are used as address bus in same port.
All of general-purpose 1/O ports except for port that used as address bus are operated as output port.
Please be careful when using this setting.

Figure 3.5.7 Port 6
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Port 6 Register
7 6 5 4 3 2 1 0
P6 Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0018H) [ Read/write R/W
After reset Data from external port (Output latch register is cleared to “0".)
Port 6 Control Register
7 6 5 4 3 2 1 0
P6CR | Bit symbol P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) | Read/Write w
After reset 0 0 o | o | o | o 0 0
Function 0: Input 1: Output (Note2)
Port 6 Function Register
7 6 5 4 3 2 1 0
PBFC | Bit symbol P67F P66F P65F P64F P63F P62F P61F P60F
(001BH) | Read/write w
After reset 1 1 1 | 1 ] 1 ] 1 1 1
Function 0: Port 1: Address bus (A16 to A23)

Notel: Read-modify-write instruction is prohibited for registers PEGCR and P6FC.

Note2: When these ports are used as general-purpose I/O port, each bit can be set individually for input or output.
However, each bit cannot be set individually for input or output even if 1bit or more bits are used as address bus

in same port.

All of general-purpose 1/O ports except for port that used as address bus are operated as output port.

Please be careful when using this setting.

Figure 3.5.8 Register for Port 6
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3.55

Port 7 (P70 to P76)

Port 7 is a 7-bit general-purpose I/O port (P70 to P75 are used for output only).
Bits can be individually set as either inputs or outputs by control register P7CR and

function register P7FC.

In addition to functioning as a general-purpose I/O port, P70 to P73 pins can also
function as output pin of read/write strobe signals to connect with an external memory. P74
pin can also function as CLKOUT output pin when outputted internal clock. P76 pin can

also function as wait input.

After reset, P71 to P75 pins are set to output port mode, and P76 pin is set to input port

mode.

P70 pin set port 1 to pins of follow function by combination of AM1 and AMO pins.

AM1 AMO Function Setting after Reset
0 0 Don't use this setting
0 1 CPU control pin (RD )
1 0 CPU control pin (RD )
1 1 Don't use this setting

Reset
. l
Function control
(on bit basis)
8 P7FC write
o)
< 1
© \
e S
c > Output latch > A
Q
o
- i Selector |’> O
P7 write Output buffer
|—> B
\/II\I
P7 read
RD, WRLL , WRLU ,
CLKOUT, R/wW
I~

Note: P73 is fixed to VCC.

Figure 3.5.9 Port 7 (P70 to P75)

Port 7

P70 (RD)

P71 (WRLL )
P72 (WRLU )
P73

P74 (CLKOUT)
P75 (R/W)
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Reset
N\
L2
Direction control
(on bit basis)
P7CR write
.| Function control
1) (on bit basis)
a
8
3 P7FC write
<
£ 1
g S N
IS Port P7
Output latch —{ ] P76 (WATT)
T Output buffer
P7 write @
B e
< pd
~~ <— P7 read %
Internal WAIT signal <
Figure 3.5.10 Port 7 (P76)
Port 7 Register
7 6 5 4 3 2 1 0
pP7 Bit symbol P76 P75 P74 P73 P72 P71 P70
(001CH) | Read/write R/W
After reset Data from 1 1 1 1 1 1
external port
(Note)
Note: Output latch register is cleared to 0.
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR | Bit symbol P76C
(001EH) | Readwrite w
After reset 0
. 0: Input
Function
1: Output
Port 7 Function Register
7 6 5 4 3 2 1 0
P7FC Bit symbol P76F P75F P74F P73F P72F P71F P70F
(001FH) | Read/Write W
After reset 0 0 0 0 0 0 1
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: WAIT 1:RIW 1: CLKOUT | 1: Don'tset |1: WRLU 1: WRLL 1. RD

Note: Read-modify-write instruction is prohibited for registers P7CR and P7FC.

Figure 3.5.11 Register for Port 7
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3.5.6 Port 8 (P80 to P83)

Port 8 is 4-bit output port. Resetting sets output latch of P82 to “0” and set output
latches of P80, P81, and P83 to “1”.

In addition to functioning as a output port, port 8 can also function as a output chip select
signal (CS0 to CS3).

These settings operate by programming “1” to the corresponding bit of PSFC.

Resetting set all bits of P8FC to “0”, these pits set output mode.

1 Reset
‘ l
Function control
(on bit basis)
3 P8FC write
o)
o
© y
o S
g > Output latch > A
Q J—
c | > 0 P80 (Cso0)
‘ Selector P81 (Cs1)
P8 write P82 (Cs2)
B P83 (CS3)
\/II\I
P8 read
cso, Csi, Cs2, CS3
I~
Figure 3.5.12 Port 8
Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P83 P82 P81 P80
(0020H) | Read/Write R/W
After reset 1 | 0 | 1 | 1
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC Bit symbol P83F P82F P81F P8OF
(0023H) Read/Write W
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: Cs3 1. Cs2 1: Cs1 1: CSo

Note 1: Read-modify-write instruction is prohibited for the registers P8FC.

Note 2: When set P82 pin as CS2 after release reset, set function register (P8FC<P82F> = 1) in keep output latch
of P82 to “0” (P8<P82> = 0).
If set function register (P8FC<P82F> = 1) after set output latch to “1” (P8<P82> = 1), maybe operation
become to error because CS2 output don’t output correctly.

Figure 3.5.13 Register for Port 8
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3.5.7  Port9 (P90 to P92)

Port 9 is 3-bit general-purpose I/O port. Each bit can be set individually for input or
output.

In addition to functioning as a general-purpose I/O port, port 9 can also function as a
serial bus interface input (SCK (Clock signal in SIO mode), SO (Data output signal in SIO
mode), SDA (Data signal in I2C bus mode), SI (Data input signal in SIO mode) and SCL
(Clock signal in I2C bus mode)).

These settings operate by programming “1” to the corresponding bit of POFC.

Resetting set value of P9CR and P9FC to “0”, all bits are set to input port. And all bits of
output latch are set to “1”.

Reset
‘ l

Direction control
(on bit basis)

PICR write

0—¢

Function control
(on bit basis)

PIFC write
l vy
S S

Output latch ” ASeIector
Open-drain enable

T . B P9ODE<P910DE>
P9 write v <P920DE>
SCK output
SO output 5
SDA output B

] Selector
A

Internal data bus

P90 (SCK),

P91 (SO/SDA)
P92 (SI/SCL)

I~ P9 read

SCKinput « d
SDA input ~
SI/SCL input

Figure 3.5.14 Port 9 (P90 to P92)
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Port 9 Register

7 6 5 4 3 2 1 0
P9 Bit symbol P92 Po1 P90
(0024H) | Read/write R/W
After reset Data from external port

(Output latch register is set to 1)

Port 9 Control Register

7 6 5 4 3 2 1 0
P9CR | Bit symbol P92C pP91C P90C
(0026H) [ Read/write w
After reset 0 | 0 I 0
Function O: Input  1: Output

Port 9 Function Register

7 6 5 4 3 2 1 0
PO9FC | Bit symbol P92F P91F P9OF
(0027H) | Read/write w
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: SI, SCL |1: SO, SDA | 1: SCK

Port 9 ODE Register

7 6 5 4 3 2 1 0
P9ODE | Bit symbol P920DE P910DE
(0025H) | Read/Write W
After reset 0 0
Function 1:Open drain | 1:0Open drain

Note: Read-modify-write instruction is prohibited for the registers P9CR, P9FC, and P9ODE.

Figure 3.5.15 Register for Port 9
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3.5.8 Port A (PAO to PA2, PA7)
Port A is 4-bit general-purpose input port with pull-up resistor.
N\
Pull-up resistor
[%2]
a
8
©
% B PAO, PAL,
g€ ?}: PA2, PA7
L
c
- PA read
N
Figure 3.5.16 PortA
Port A Register
7 5 4 2 1 0
PA Bit symbol PA7 PA2 PAl PAO
(0028H) | Read/write R R
After reset | Data from Data from external port
external port

Figure 3.5.17 Register for Port A
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3.5.9 Port C (PCO, PC1, PC3, PC5, and PC6)

Port C is 5-bit general-purpose I/O port. Each bit can be set individually for input or
output. Resetting sets port C to input port.

In addition to functioning as a general-purpose I/O port, port C can also function as a
input/output pin (TAOIN, TA10UT, TA30UT, and TBOOUTO0) and external interrupt pin

(INTO to INTS3).
These settings operate by programming “1” to the corresponding bit of PCCR and PCFC.

Resetting resets the PCCR and PCFC to “0”, and sets all bits to input port.

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

timer channel 0.

Reset

. l

Direction control
(on bit basis)

>y

PCCR write

0—4’

Function control
(on bit basis)

PCFC write
S
Output latch 4 ™ PCO (TAOIN)

Internal data bus

. L4
PC write S

A B

< Selector
~—_ \]
A

PC read

TAOIN <

Note: Can not read the output latch data when output mode.

Figure 3.5.18 Port C (PCO0)
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(2) PC1 INT1, TA1OUT), PC5 (INT2, TA3OUT), PC6 (INT3, TBOOUT0)
In addition to function as I/O port, port PC1, PC5, and PC6 can also function as
external interrupt input pin INT1 to INT3 and output pin of timer channel TA1OUT,
TA3OUT, and TBOOUTO.

Reset

"ﬁ

Direction control
(on bit basis)

PCCR write
"ﬁ

Function control "

(on bit basis) %j
1

PCFC write
L4
S

B A N ( )
PC1 (INT1, TALOUT
Output latch PC5 (INT2, TA3OUT)

>
B PC6 (INT3, TBOOUTO)
PC erte
TALOUT !
ﬁ

Internal data bus

TA30UT S
TBOOUTO B
Selector

A

PC read

A
INT1 Selector _G_—{ Select rising/falling l—o

INT2 «<——
INT3

B IIMC <I1EDGE, I12EDGE, I3EDGE>
2

IIMC2<I1LE, I2LE, I3LE> —| High level/low level selectioni—

—>n

Note: Can not read the output latch data when output mode.

Figure 3.5.19 Port C (PC1, PC5, and PC6)
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(3) PC3 (INTO)

In addition to function as I/0 port, port PC3 can also function as external interrupt

pin INTO.
~ Reset
| Direction control
(on bit basis)
PCCR write
‘ l
2]
a Function control
8 (on bit basis)
©
k=]
E
o PCFC write
c ﬁ
B S
Output latch * ’I[\/ 1 PC3 (INTO)
PC read N
S
B
<] Selector
e PC read A<
Select level/edge
INTO <_G_— and <
Select rising/falling
IIMC<IOLE, IOEDGE>
Figure 3.5.20 Port C (PC3)
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Port C Register

7 6 5 4 3 2 1 0
PC Bit symbol PC6 PC5 PC3 PC1 PCO
(0030H) | Read/write RIW RIW R/W
After reset Data from external port Data from Data from external port
(Note) external port (Note)
(Note)

Note: Output latch register is set to 1.

Port C Control Register

7 6 5 4 3 2 1 0
PCCR | Bit symbol PC6C PC5C PC3C PCi1C pPCoC
(0032H) Read/Write w w w
After reset 0 | 0 0 0 | 0
Function 0: Input 1: Output 0: Input 0: Input 1: Output
1: Output

Port C Function Register

7 6 5 4 3 2 1 0
PCFC | Bit symbol PC6F PC5F PC3F PC1F PCOF
(0033H) | Read/write w w w
After reset 0 0 1 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT3 1: INT2 1: INTO 1: INT1 1: TAOIN
TBOOUTO TA3OUT TALOUT
I
|—> INT1, TALOUT setting
<PC1C>|
<PC1F> 0 1
0 Input port Output port
1 INT1 TA1OUT

> INT2, TA30OUT Setting
<PC5C>

<PC5F> 0 1
0 Input port Output port
1 INT2 TA30UT

> INT3, TBOOUTO setting
<PC6C>

<PC6F> 0 1
0 Input port Output port
1 INT3 TBOOUTO

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

Note 2: PCO/TAOIN pins do not have a register changing PORT/FUNCTION. For example, when it is used as an
input port, the input signal is inputted to 8-bit timer as the input 0.

Note 3: Can not read the output latch data when PCO, PC1, PC5, and PC6 are output mode.

Figure 3.5.21 Register for Port C
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3.5.10 Port D (PDO to PD3)

Port D is 4-bit general-purpose I/O port. Each bit can be set individually for input or
output. Resetting sets port D to input port.

In addition to functioning as a general-purpose 1/0O port, port D can also function as a
input pin (INT4 and INT5)/output pin (TBOIN, TB10UT, TB3OUT, and TB10UT1).

These settings operate by programming “1” to the corresponding bit of PDCR and PDFC.

Resetting resets the PDCR and PDFC to “0”, and sets all bits to input port.

(1) PDO (INT4, TB1INO), PD1 (INT5, TB1IN1)

In addition to function as I/O port, port PDO and PD1 can also function as external
interrupt input pins INT4, INT5, timer channel input pins TB1INO and TB1IN1.

Reset

‘ l
Direction control
(on bit basis)

r
PDCR write
‘ l

Function control o

(on bit basis) b
1

PDFC write
S

Output latch \ ¢ rII\/ o—1{ 1 PDO (INT4, TB1INO)
PD1 (INTS5, TB1IN1)

Internal address bus

PD write v
S
B
e
< Selector
PD read A

INT4, TB1INO «——(_

INTS5, TB1IN1

A

Note: Can not read the output latch data when output mode.

Figure 3.5.22 Port D (PDO and PD1)
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(2) PD2 (TB10UTO) and PD3 (TB1OUT1)

In addition to function as I/O port, port PDO and PD1 can also function as timer
channel output pins TB1IOUTO and TB1OUT1.

Reset
‘ l
Direction control )
"] (on bit basis) D

PDCR write

‘ 1

Function control
(on bit basis)

PDFC write

P

S A
S N PD2 (TB1OUTO)
»  Output latch A * >—¢—0 pp3(tB10UTY

Selector

T B
PD write
TB1OUTO S

< Bl <] Selecto:3

PF read A

Internal data bus

Figure 3.5.23 Port D (PD2 and PD3)
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Port D Register

7 6 5 4 3 2 1 0
PD Bit symbol PD3 PD2 PD1 PDO
(0034H) | Read/write R/W
After reset Data from external port

(Output latch register is set to 1)

Port D Control Register

7 6 5 4 3 2 1 0
PDCR Bit symbol PD3C PD2C PD1C PDOC
(0036H) | Read/write w w w W
After reset 0 0 0 0
Function 0: Input 0: Input 0: Input 0: Input
1: Output |1: Output |1: Output [1: Output

—®

> Port D 1/O setting

0| Input
1 | Output
Port D Function Register
7 6 5 4 3 2 1 0
PDFC Bit symbol PD3F PD2F PD1F PDOF
(0037H) | Read/write w w w w
After reset 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: TB1OUT1 | 1: TBIOUTO [ 1. tROINI | 1: TBOINO
INT5 input INT4 input

|—> PD2 output setting asTB1OUTO

Note 1: Read-modify-write instruction is prohibited for the registers PDFC<PD2F> 1
PDFC and PDCR.
Note 2: Can not read the output latch data when PDO and PD1 are . 1

output mode.
P ———> PD3 output setting as TB1OUT1

PDFC<PD3F> 1
PDCR<PD3C> 1

Figure 3.5.24 Register for Port D
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3.5.11 Port F (PFO to PF7)

Port F is 8-bit general-purpose I/O port. Each bit can be set individually for input or
output. Resetting resets the PFCR and PFFC to “0”, and sets all bits to input port. And all
bits of output latch register to “1”.

In addition to functioning as a general-purpose I/O port, port F can also function as I/0
function of serial channel 0 and 1.

These settings operate by writing “1” to the corresponding bit of PFFC.

Resetting resets the PDCR and PDFC to “0”, and sets all bits to input port.

(1) Port PFO and PF3 (TXD0/TXD1)
In addition to function as I/O port, port PFO and PF3 can also function as TXD output
pin of serial channel.

Thus, output buffer feature a programmable open-drain function, and setting enable by
PFFC<PFOF, PF3F> and PFCR<PFOC, PF3C> register.

~ Reset
| Direction control
(on bit basis) ) )
PFCR write
‘ l
2]
a Function control
8 (on bit basis)
3
S
k5 PFFC write
= S Y
S
Output latch A = 0 EIEg EP)EB%
Selector Open-drain enable
£ Txpo, TXD1—>{B
PF write \ <PFOF =1, PFOC =0
S PF3F=1, PF3C =0>
B
< <] Selector
N PF read A€

Figure 3.5.25 Port F (PFO and PF3)
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(2) Ports PF1 and PF4 (RXDO and XD1)
In addition to function as I/O port, port PF1 and PF4 can also function as RXD input

pin of serial channel.

N Reset

Y
Direction control
(on bit basis)

PFCR write

1

S
Output latch P o—1{] PF1 (RXDO)
PF4 (RXD1)

. 2
PF write S

B
D <] Selector
PF read Al®

Internal data bus
7

A

RXDO, RXD1 <

Figure 3.5.26 Port F (PF and PF4)
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(3) Port PF2 (CTS0, SCLKO) and port PF5 (CTS1, SCLK1)
In addition to function as I/O port, port PF2 and PF5 can also function as CTS input
pin of serial channel or SCLK I/O pin.

A~ Reset

Direction control
(on bit basis)

PFCR write
‘ l

Function control

(on bit basis) %
f )

PFFC write

S A 4
S ™
S N ° ° PF2 (SCLKO, CTS0)
A 150

Output latch Selector L~ PF5 (SCLK1, CTS1)
$ sciko, sciki —>{B
PF write outout \

S
| °

3 Selector
e PF read A

Internal data bus

CTSO, CTS1 <
SCLKO, SCLK1

input
Figure 3.5.27 Port F (PF2 and PF5)

(4) Port PF6 and port PF7
These port are general-purpose I/O port.
N\

Reset

Y

R
Direction control
(on bit basis)

PFCR write

1

S
> Output latch |I> {1 PF6 to PF7

o

Internal data bus

PF write S

B

P A Selector
Y A

PF read

Figure 3.5.28 Port F (PF6 and PF7)
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Port F Register
7 6 5 4 3 2 1 0
PF Bit symbol PF7 PF6 PF5 PF4 PF PF2 PF1 PFO
(003CH) | Read/write R/W
After reset Data from external port (Output latch register is set to 1)
Port F Control Register
7 6 5 4 3 2 1 0
PFCR | Bit symbol PF7C PF6C PF5C PF4C PF3C PF2C PF1C PFOC
(003EH) | Read/write w
After reset 0 o | o | o | o | o 0 0
Function 0: Input 1: Output
Port F Function Register
7 6 5 4 3 2 1 0
PFFC | Bit symbol - - PF5F PF3F PF2F PFOF
(003FH) [ Read/write w w w W w w
After reset 0 0 0 0 0 0
Function Always Always 0: Port 0: Port 0: Port 0: Port
write “0". | write “0". | 1: SCLK1 1: TXD1 |1: SCLKO 1: TXDO
output output
Port function setting
<PF3C>|
<PF3F> 0 1 A
0 Input port Output port
1 TXD1 TXD1
(Open drain)
<PFOC>| <
<PFOF> 0 1
0 Input port Output port
1 TXDO TXDO
(Open drain)
Note 1: Read-modify-write instruction is prohibited for the registers PFCR and PFFC.
Note 2: PF1/RXDO0 and PF4/RXD1 pins do not have a register changing PORT/FUNCTION. For example, when it is used as
an input port, the input signal is inputted to SIO as the serial receive data.
Note 3: PFO and PF3 pins do not have a register (PFODE) for open-drain setting. Please conduct the open-drain setting

according to above setting.

Figure 3.5.29 Register for Port F
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3.5.12 Port G (PGO to PG7)

Port G is 8-bit input port and can also be used as the analog input pins for the internal
AD converter. PG3 can also be used as ADTRG pin for the AD converter.

PG
(0040H)

N\
< {1 Port G
9 \I\l PGO to PG7
a2 PG read (ANO to AN7)
©
§ Convertion
T pd Orevsiltlo AD | | Channel
E register converter selector
£ AD read
ADTRG
. (only PG3)
Figure 3.5.30 Port G
Port G Register
7 6 5 4 3 2 1 0
Bit symbol PG7 PG6 PG5 PG4 PG3 PG2 PG1 PGO
Read/Write R

After reset

Data from external port

Note:

register ADMOD1.

Figure 3.5.31 Register for Port G

The input channel selection of AD converter and the permission of ADTRG input are set by AD converter mode
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3.6 Memory Controller
3.6.1 Function

TMP92CM22 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-bit or 16-bit 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 5 mode mentioned below.

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

This section describes the registers to control the memory controller, the state after reset
release and necessary settings.

(1) 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.

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

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

In addition to setting of the above-mentioned registers, it is necessary to set the
following registers to control ROM page mode access.
e Page ROM control register: PMEMCR
Sets to executed ROM page mode accessing.

(2) Operation after reset release

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

AM1 AMO Start Mode
Don't use this setting
Start with 16-bit data bus
Start with 8-bit data bus
Don't use this setting

ala|lo|o
= |1O|=|O

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

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

The data bus width which is specified by AM1/AMO pin is loaded to the bit to
specify the bus width of the control register in the block address area 2.

The block address area 2 is set to address 000000H to FFFFFFH by reset.

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

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

(1

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.

Block address area specification
The block address area is specified by two registers.

The memory start address register (MSAR) 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 (MAMR) is not compared by the memory controller. The block address
area size is determined by setting the memory address mask register. The set value in
the register is compared with the block address area on the bus. If the compared result
is a match, the memory controller sets the chip select signal (CS) to “low”.

(i) Setting memory start address register

The MS23 to MS16 bits of the memory start address register respectively
correspond with addresses A23 to A16. The lower start address A15 to AO are
always set to address 0000H.

Therefore the start address of the block address area are set to addresses
000000H to FFOO00H every 64 Kbytes.

(i1) 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.

ze(bytes) | 256 | 512 | 32K | 64K | 128K [ 256K | 512K | 1M | 2M | 4M | 8M
CS area

CSO o [¢) o [¢) [¢) ) o o )

CSs1 o o o o
CS2to CS3 o o )

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

To set the block address area 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
Setting value 0 0 0 1 0 0 0 1

M1S23 to M1S16 bits of the memory start address register MSAR1 correspond
with address A23 to A16.

A15 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.

The start address is set as it is in the other block address areas.

MAMR1 Register

7 6 5 4 3 2 1 0
Bit symbol M1V21 M1v20 [ M1V19 M1V18 M1V17 M1V16 | M1V15-9 | M1V8
Setting value 0 0 0 0 0 0 0 1

M1V21 to M1V16 and M1V8 bits of the memory address mask register
MAMRI1 set whether address A21 to A16 and A8 are compared or not. Set the
register to “0” to compare, or to “1” not to compare. A23 and A22 are always
compared.

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

The other block address area sizes are specified like this.

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

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

Built-in 1/0 > Built-in memory > Block address area 0 >1 > 2 > 3 > CSEX

Also that any accessed areas outside the address spaces set by CS0 to CS3
are processed as the CSEX space. Therefore, settings of CSEX apply for the
control of wait cycles, data bus width, etc.
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(2) Connection memory specification
Setting the BnOM1 to BnOMO 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. TMP92CM22 prohibit changing default

(SRAM/ROM).

BnOM1, BnhOMO 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 and BnBUSO bits of the control register (BnCSH) as follows.

BnBUS Bit (BnCSH register)

BnBUS1 BnBUSO Function
0 0 8-bit bus mode (Default)
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.

Note: Since there is a possibility of abnormal writing/reading of the data if two memories
with different bus width are put in consecutive address, do not execute a access to
placed on both memories with one command.
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Data Size Start Data Width in CPU CPU Data
(Bit) Address | Memory Side (Bit) Address D15 to D8 D7 to DO
8 4n+0 8/16 4n+0 XXXXX b7 to b0
4n +1 8 4n +1 XXXXX b7 to b0
16 4n +1 b7 to b0 XXXXX
4n +2 8/16 4n+2 XXXXX b7 to b0
4n+3 8 4n+3 XXXXX b7 to b0
16 4n +3 b7 to b0 XXXXX
16 4n+0 8 (1)4n+0 XXXXX b7 to b0
(2)4n +1 XXXXX b15 to b8
16 4n+0 b15 to b8 b7 to b0
4n+1 8 (1)4n+1 XXXXX b7 to b0
(2)4n+2 XXXXX b15 to b8
16 (1)4n+1 b7 to b0 XXXXX
(2)4n+2 XXXXX b15 to b8
4n+2 8 (1)4n+2 XXXXX b7 to b0
(2)4n +1 XXXXX b15 to b8
16 4n+2 b15 to b8 b7 to b0
4n+3 8 (1)4n+3 XXXXX b7 to b0
(2)4n+4 XXXXX b15 to b8
16 (1)4n+3 b7 to b0 XXXXX
(2)4n+4 XXXXX b15 to b8
32 4n+0 8 (1)4n+0 XXXXX b7 to b0
(2)4n +1 XXXXX b15 to b8
3)4n+2 XXXXX b23 to b16
(4)4n+3 XXXXX b31 to b24
16 (1)4n+0 b15 to b8 b7 to b0
(2)4n+2 b31 to b24 b23 to b16
4n+1 8 (1)4n+0 XXXXX b7 to b0
(2)4n +1 XXXXX b15 to b8
(3)4n+2 XXXXX b23 to b16
(4)4n+3 XXXXX b31 to b24
16 (1)4n+1 b7 to b0 XXXXX
(2)4n+2 b23 to b16 b15 to b8
3)4n+4 XXXXX b31 to b24
4n+2 8 (1)4n+2 XXXXX b7 to b0
(2)4n+3 XXXXX B15 to b8
3)4n+4 XXXXX b23 to b16
(4)4n+5 XXXXX b31 to b24
16 (1)4n+2 b15 to b8 b7 to b0
(2)4n+4 b31 to b24 b23 to b16
4n+3 8 (1)4n+3 XXXXX b7 to b0
(2)4n +4 XXXXX b15 to b8
(3)4n+5 XXXXX b23 to b16
(4)4n +6 XXXXX b31 to b24
16 (1)4n+3 b7 to b0 XXXXX
(2)4n+4 b23 to b16 b15 to b8
(3)4n+6 XXXXX b31 to b24

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

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

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

BnWW/BnWR Bit (BnCSL Register)

BnWW2 BnWR1 BnWWO .
Function
BnWR2 BnWW1 BnWRO
0 0 1 2 states (0 waits) access fixed mode
0 1 0 3 states (1 wait) access fixed mode (Default)
1 0 1 4 states (2 waits) access fixed mode
1 1 0 5 states (3 waits) access fixed mode
0 1 1 WAIT pin input mode
Others (Reserved)
(i) Waits number fixed mode

(1)

The bus cycle is completed with the set states. The number of states is selected
from 2 states (0 waits) to 5 states (3 waits).

WAIT pin input mode

This mode samples the WAIT input pins. It continuously samples the WAIT
pin state and inserts a wait if the pin is active. The bus cycle is minimum 2 states.
The bus cycle is completed when the wait signal is non-active (“High” level) at 2
states. The bus cycle extends if the wait signal is active at 2 states and more.

If a lot of connected pertain ROM and etc. (Much data-output-flowting-time
(tDF)), 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 (BhCSH register)

0 No dummy cycle is inserted (Default).

1 Dummy cycle is inserted.
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e  When not inserting a dummy (0 waits)

ckoutr __ /0 \_/ _/ \_/ \

X X
CSm /
= /\ /a—

e  When inserting a dummy cycle (0 waits)

Dummy
clkout  / / / /S
Address t ’\ X
cSm /
csn \ /

Y e Y A—
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External read/write bus cycle (0 waits)

CLKOUT
(20 MHz)

(5) Bus access timing
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(5 waits)

Example of WAIT input cycle
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(6) Connecting external memory

Figure 3.6.1 shows an example of how to connect external memory to the
TMP92CM22.

This example connects ROM and SRAM in 16-bit width.

TMP92CM22 16-bit SRAM
RD > OF
L —
WRLL 1|
WO ——1 T &
WRLU uB
R/IW > R/W
CS0 > CE
D [15:0] [« L 4 »| /0 [16:1]
AO | —>.Not connetion|
A1 > A0
A2 > A1
A3 > A2
16-bit ROM
L3 OFE
Cs2 CE
> DQ [15:0]
A0
> A1
> A2

Figure 3.6.1 Example of External Memory

By resetting, TMP92CM22 function as output port. Output latch of P82 (CS2)
is cleared to “0”, and output “L”. Output latch of P80 (CS0), P81 (CS1) and P83
(CS3) are set to “1”, and output “H”.

When set port 8 from port function to CS function, set need bit of PSFC register
tO “1”.

Note: When set P82 as CS2 after release reset, set function register remain output
latch of P82 is “0” (P8<P82> = 0). (P8FC<P82F> = 1)

If set function register (PBFC<P82F> = 1) after set output latch of P82 to “1”
(P8<P82> =1), maybe don't read ROM data during changing from port
functionto CS2.
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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
TMP92CM22 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> 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> bit of the PMEMCR register.

OPWR1/OPWRO Bit (PMEMCR register)

OPWR1 OPWRO0 Number of Cycle in A Page
0 0 1 state (n-1-1-1 mode) (n > 2)
0 1 2 states (n-2-2-2 mode) (n > 3)
1 0 3states (n-3-3-3 mode) (n>4)
1 1 (Reserved)

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

The page size (The number of bytes) of ROM in the CPU side is set to the <PR1:0>
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/PRO 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 pulse
For the signal timing pulse, refer to ROM read cycle in section 4.3.2.
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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 list of special function registers in section 5.

(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 | BhWW1 | BhWWO BnWR2 BnWR1 BnWRO
Read/Write w w
After reset 0 1 | o 0 1 0
BnWWI[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
011 = WAIT pin input mode
Others = (Reserved)
BnWRJ[2:0] Specifies the number of read waits.
001 = 2 states (0 waits) access 010 = 3 states (1 wait) access
101 = 4 states (2 waits) access 110 = 5 states (3 waits) access
011 = WAIT pin input mode
Others = (Reserved)
B2CSH
7 6 5 4 3 2 1 0
Bit symbol B2E B2M B2REC B20M1 B20OMO | B2BUS1 | B2BUSO
Read/Write w
After reset 1 0 o | o 0 0 0
B2E Enable bit.
0 = No chip select signal output
1 = Chip select signal output (Default)
Note: After reset release, only the enable bit B2E of B2CSH register is valid (“17).
B2M Specifies the block address area.
0 = Sets the block address area of CS2 to addresses 000000H to FFFFFFH (Default)
1 = Sets the block address area of CS2 to programmable
Note: After reset release, the block address area 2 is set to addresses 000000H to FFFFFFH.
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B2REC Sets the dummy cycle for data output recovery time.
0 = Not insert a dummy cycle (Default)
1 =Insert a dummy cycle
B20M[1:0]
00 = SRAM or ROM (Default)
Others = (Reserved)
B2BUS[1:0] Sets the data bus width.
00 = 8 bits (Default)
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.

BnCSH (n=0, 1, 3)

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

BnE Enable bit.
0 = No chip select signal output (Default)
1 = Chip select signal output
Note: After reset release, only the enable bit B2E of B2CSH register is valid (“1”).
BnREC Sets the dummy cycle for data output recovery time.
0 = Not insert a dummy cycle (Default)
1 =Insert a dummy cycle
BnOM[1:0]
00 = SRAM or ROM (Default)
01 = (Reserved)
10 = (Reserved)
11 = (Reserved)
BnBUS[1:0] Sets the data bus width.
00 = 8 bits (Default)
01 =16 bits
10 = (Reserved)
11 = (Reserved)
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BEXCSL
7 6 5 4 3 2 1 0
Bit symbol BEXWW2 [ BEXWW1 | BEXWWO BEXWR2 BEXWR1 BEXWRO0
Read/Write W w
After reset o | 1 ] o 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
011 = WAIT pin input mode
Others = (Reserved)
BEXWR[2:0] Specifies the number of read waits.
001 = 2 states (0 waits) access 010 = 3 states (1 wait) access
101 = 4 states (2 waits) access 110 = 5 states (3 waits) access
011 = WAIT pin input mode
Others = (Reserved)
BEXCSH
7 6 5 4 3 2 1 0
Bit Symbol - - - BEXOM1 | BEXOMO | BEXBUS1 | BEXBUSO
Read/Write w
After reset Always write 0. 0 0 0 0
BEXOM][1:0]
00 = SRAM or ROM (Default)
01 = (Reserved)
10 = (Reserved)
11 = (Reserved)
BEXBUS[1:0]
00 = 8 bits (Default)
01 =16 bits
10 = (Reserved)
11 = (Reserved)
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(1) Block address area specification register
A start address and range in the block address are specified by the memory start
address register (MSARn) and the memory address mask register (MAMRn). The
memory start address register sets all start address similarly regardless of the block
address areas. The bit to be set by the memory address mask register is depended on
the block address area.

MSARnN (n=0to 3)

7 6 5 4 3 2 1 0
Bitsymbol | MnS23 | Mns22 | Mns21 [ Mns20 | Mns19 | Mns18 | MnS17 | Mns16
Read/Write R/W
After reset e
MnS<23:16>

Sets a start address.

Sets the start address of the block address areas. The bit are corresponding to the address A23 to A16.

MAMRO
7 6 5 4 3 2 1 0
Bitsymbol | Mov20 | Movie | Movis | Moviz | Movie | Movis | mMovi4-9 | Movs
Read/Write R/W
After reset e
MOV<20:8>

Enables or masks comparison of the addresses. MOV20 to MOV8 are corresponding to addresses A20 to A8.
The bit of MOV14 to MOV9 is corresponding to address A14 to A9 by 1 bits. 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.

MAMRA1
7 6 5 4 3 2 1 0
Bitsymbol | M1v21 | M1v20 [ M1vi9 | M1v1s | M1vi7 | M1Vie | MIVi59 | M1vs
Read/Write R/W
After reset e
M1V<21:8>

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

MAMRnN (n=2to 3)

7 6 5 4 3 2 1 0
Bitsymbol | Mnv22 | Mnv21 | Mnv20 | Mnv19 | Mnvig | Mnv17 | Mnvie | Mnv15
Read/Write R/W
After reset 1+ o 1 T o T ] 1 ] 1 ]
MnV<22:15>

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

After a reset, MASRO to MASR3 and MAMRO to MAMRS3 are set to “FFH". BOCSH<BOE>, B1CSH<B1E>, and
B3CSH<B3E> are reset to “0”. This disables 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 the number of
waits specified in BEXCSHY/L are used for accessing address except the specified CS0 to CS3 area.
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(2) 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 5 4 3 2 1 0
Bit symbol OPGE | OPWR1 | OPWR0 | PRI PRO
Read/Write R/W
After reset 0 0 0 1 | o

OPGE Enable bit.

0 = No ROM page mode accessing (Default)

1 = ROM page mode accessing
OPWR [1:0] Specifies the number of waits.
00 = 1 state (n-1-1-1 mode) (n > 2) (Default)
01 = 2 states (n-2-2-2 mode) (n > 3)
10 = 3 states (n-3-3-3 mode) (n > 4)

11 = (Reserved)

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

PR[1:0] ROM page size.
00 = 64 bytes
01 = 32 bytes
10 = 16 bytes (Default)
11 = 8 bytes
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Table 3.6.1 Control Register

7 6 5 4 3 2 1 0
BOCSL Bit symbol BOWW?2 BOWW1 BOWWO BOWR2 BOWR1 BOWRO
(0140H) | Read/Write w w
After reset 0 1 0 0 1 0
BOCSH Bit symbol BOE — — BOREC BOOM1 BOOMO BOBUS1 BOBUSO
(0141H) Read/Write W
After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMRO | Bit symbol MOV20 MOV 19 MOV18 MOV17 MOV16 MOV 15 MOV 14-V9 MOV8
(0142H) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
MSARO Bit symbol M0S23 M0S22 MO0S21 M0S20 M0S19 M0S18 MO0S17 MO0S16
(0143H) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
B1CSL Bit symbol B1WW2 B1WW1 B1WWO B1WR2 B1WR1 B1WRO
(0144H) | Read/Write w w
After reset 0 1 0 0 1 0
B1CSH Bit symbol B1E - — B1REC B10OMA1 B10OMO B1BUS1 B1BUSO
(0145H) | Read/Write W
After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMR1 Bit symbol M1V21 M1V20 M1V19 M1V18 M1V17 M1V16 M1V15-V9 M1V8
(0146H) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
MSAR1 Bit symbol M1S23 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
(0147H) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
B2CSL | Bit symbol B2WW2 B2WW1 B2WWO0 B2WR2 B2WR1 B2WRO0
(0148H) | Read/Write w w
After reset 0 1 0 0 1 0
B2CSH Bit symbol B2E B2M — B2REC B20M1 B20OMO B2BUS1 B2BUSO
(0149H) | Read/Write W
After reset 1 0 0 (Note) 0 0 0 0 0
MAMR2 Bit symbol M2Vv22 M2v21 M2V20 M2V19 M2V18 M2v17 M2V16 M2V15
(014AH) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
MSAR2 Bit symbol M2S23 M2S22 M2S21 M2S20 M2S19 M2S18 M2S17 M2S16
(014BH) | Read/Write R/W
After reset 1 1 1 1 1 1 1 1
B3CSL Bit symbol B3Ww2 B3WwW1 B3WWO 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 M3V22 M3V21 M3V20 M3V19 M3V18 M3V17 M3V16 M3V15
(014EH) | Read/Write R/W
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
BEXCSH | Bit symbol BEXOM1 BEXOMO BEXBUS1 | BEXBUSO
(0159H) | Read/Write w
After reset 0 0 0 0
BEXCSL | Bit symbol BEXWW2 | BEXWW1 | BEXWWO0 BEXWR2 | BEXWR1 BEXWRO0
(0158H) | Read/Write w w
After reset 0 1 0 0 1 0
PMEMCR] Bit symbol OPGE OPWR1 OPWRO0 PR1 PRO
(0166H) | Read/Write R/W
After reset 0 | 0 | 0 | 1 | 0

Note1: Always write “0”.
Note2: Read-modify-write instruction is prohibited for BnCSL, BnCSH registers (n=0 to 3, EX).
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3.6.6 Caution

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 3.6.1

cwour /TN /T N\ S
Address X X:

Memory 1

chip select / \
Memory 2 \ /

chip select

RD \ [

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
Memory
access RD cycle 1

o \__/ N/ \__/

Address

Flash EEPROM
chip select

|

Read

Toggle bit

|

Figure 3.6.3 Flash EEPROM Toggle Bit Read Cycle

When the toggle bit reverse with this unexpected read cycle, TMP92CM22 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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3.7 8-Bit Timers (TMRA)

The TMP92CM22 features 4 built-in 8-bit timers.
These timers are paired into four modules: TMRAO1 and TMRAZ23. Each module consists of two
channels and can operate in any of the following four operating modes.
e  8-bit interval timer mode

e 16-bit interval timer mode

e  8bit programmable square wave pulse generation output mode (PPG: Variable duty
cycle with variable period)

e  8bit pulse width modulation output mode (PWM: Variable duty cycle with constant
period)

Figure 3.7.1 to Figure 3.7.2 show block diagrams for TMRAO1 and TMRA23.

Each channel consists of an 8-bit up counter, an 8-bit comparator and an 8-bit timer register.
In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by five controls SFR (Special-function
registers).

Each of the two modules (TMRAO1 and TMRAZ23) can be operated independently. All
modules operate in the same manner; hence only the operation of TMRAO1 is explained here.

The contents of this chapter are as follows.

3.7.1 Block diagrams
3.7.2 Operation of Each Circuit
3.7.3 SFRs
3.7.4 Operation in Each Mode
(1) 8-bit timer mode
(2) 16-bit timer mode
(3) 8-bit PPG (Programmable pulse generation) output mode
(4) 8-bit PWM (Pulse width modulation) output mode
(5) Mode settings

Table 3.7.1 Registers and Pins for Each Module

Module . .
e Timer AO1 Timer A23
Specification
. TAOIN
' Input pin for external clock (Shared with PCO) None
External pin - -
Output pin for timer TA1OUT TA30UT
flip-flop (Shared with PC1) | (Shared with PC5)
Timer RUN register TAO1RUN (1100H) | TA23RUN (1108H)
Timer redister TAOREG (1102H) TA2REG (110AH)
SFR 9 TALREG (1103H) | TA3REG (110BH)
TA01MOD TA23MOD
Address i i
( ) Timer mode register (1104H) (110CH)
Timer flip-flop control TALFFCR TA3FFCR
register (1105H) (110DH)
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Block Diagrams

3.7.1
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3.7.2  Operation of Each Circuit

(1) Prescaler
A 9-bit prescaler generates the input clock to TMRAO1.
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 zero and stops operation. Table 3.7.2 shows
the various prescaler output clock resolutions.

Table 3.7.2 Prescaler Output Clock Resolution

at fgys =20 MHz

Gear Value Cycle
<GEAR2:0> ¢T1 oT4 $T16 $T256
000 (fsys) 2%fgys (0.4 ps) 2°lfgys (1.6 ps) 2lfgys (6.4 ps) 2%fgys (102.4 ps)

001 (fsys/2)

2ffsys (0.8 ps)

2%lfsys (3.2 ps)

2%/fsys (12.8 ps)

2%/fgys (204.8 ps)

010 (fsys/4)

2°lfsys (1.6 ps)

2'lfsys (6.4 ps)

2%lfgys (25.6 ps)

28/fgys (409.6 pis)

011 (fsys/8)

26/fSYS (3.2 us)

2%lfsys (12.8 ps)

210/fSYS (51.2 ps)

2Yfgys (819.2 ps)

100 (fsys/16)

2lfsys (6.4 ps)

2°lfsys (25.6 ps)

2%fgys (102.4 ps)

2%/fgys (1638.4 ps)

(2) Up counters (UCO and UC1)

These are 8-bit binary counters which count up the input clock pulses for the clock
specified by TAOIMOD.
The input clock for UCO is selectable and can be either the external clock input via the
TAOIN pin or one of the three internal clocks ¢T1, $T4, or $T16. The clock setting is
specified by the value set in TAOIMOD<TA01CLK1:0>.

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 Dbits
TAO1RUN<TAORUN> and TAOIRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset release both up counters, stopping the
timers.
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(3) Timer registers (TAOREG and TAIREG)

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

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

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

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

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

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

Up counter

4

| Comparator (CPO0) |

AN
| Timer register AO (TAOREG) |
AN
P B (_G::: Match detecting PPG cycle
"~ Shift trigger PWM 2" overflow
99 Selector
| Register buffer 0 | ? Ale <— Write to TAOREG
AN
" Write
2 Internal data bus 2 TAOIRUN<TAORDE>

Figure 3.7.3 Timer Register A0 (TAOREG)

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

The address of each timer register is as follows.
TAOREG: 001102H TA1REG: 001103H
TA2REG: 00110AH TA3REG: 00110BH

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

(5)

Comparator (CP0)

The comparator compares the value in an up counter with the value set in a timer
register. If they match, the up counter is cleared to 0 and an interrupt signal INTTAO
or INTTAL) 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”. Programming “01” or “10” to TAITFFCR<TA1FFC1:0> sets TA1FF to O or
1. Programming “00” to these bits inverts the value of TA1FF. (This is known as
software inversion.)

The TA1FF signal is output via the TA1OUT pin (which can also be used as PC1).
When this pin is used as the timer output, the timer flip-flop should be set beforehand
using the port C function register PCFC.
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3.7.3 SFRs
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1RUN| Bit symbol TAORDE 12TAO1 TAOLPRUN| TA1RUN TAORUN
(1100H) Read/Write R/W R/W
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable

TAOREG double buffer control

0 Disable
1 Enable

‘—>Count operation

0 |Stop and clear
1 |Count

12TAO1: Operation in IDLE2 mode
TAO1PRUN: Run prescaler
TALRUN: Run TMRA1
TAORUN:  Run TMRAO
Note: The values of bits 4 to 6 of TAOIRUN are undefined when read.
TMRAZ23 Run Register
7 6 5 4 3 2 1 0
TA23RUN| Bit symbol TA2RDE 12TA23 | TA23PRUN | TA3RUN TA2RUN
(1108H) Read/Write R/W R/W
After reset 0 0 0 | 0 | 0
Function Double IDLE2 8-bit timer run/stop control

buffer 0: Stop 0: Stop and clear

0: Disable 1: Operate | 1: Run (Count up)

1: Enable

TA2REG double buffer control ‘—>Count operation
0 [Disable 0 |Stop and clear
1 |Enable 1 |Count

12TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler
TA3RUN:  Run TMRA3
TA2RUN:  Run TMRA2

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

Figure 3.7.4 Register for TMRA
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TAOIMOD
(1104H)

TMRAO1 Mode

Register

7 6 5 4

3

2

1 0

Bit symbol

TAO1IM1 TAO01IMO PWMO1

TA1CLK1

TA1CLKO

TAOCLK1 | TAOCLKO

Read/Write

RW

After reset

o | o o | o

o |

0

o | o

Function

Operation mode PWM cycle
00: 8-bit timer mode 00: Reserved
01: 16-bit timer mode 01: 2°

10: 8-bit PPG mode 10: 2

11: 8-bit PWM mode 11: 28

00: TAOTRG
01: ¢T1

10: ¢T16

11: $T256

TMRAL1 source clock

TMRAO source clock

00: TAOIN pin input (Note)
01: ¢T1

10: ¢T4

11: ¢T16

Note:

|—)TMRAO input clock

00

TAOIN (External input)

01

¢T1 (Prescaler)

10

T4 (Prescaler)

11

$T16 (Prescaler)

—> TMRAL1 input clock

TA01IMOD
<TAO01M1:0> =01

TA01IMOD
<TA01M1:0> =01

00 | Matching output for TMRAQ

01 |¢T1

10 |¢T16

11 | $T256

Overflow output for TMRAO

(16-bit timer mode)

Select cycle in PWM mode

00 |Reserved

01 |2° x Clock source

10 |27 x Clock source

11 |[2® x Clock source

> Select operation mode for TMRO1

00 | Two 8-bit timers

01 | 16-bit timer

10 |8-bit PPG

11 |8-bit PWM (TMRAO),

8-bit timer (TMRA1)

When set TAOIN pin, set TAOIMOD after set port C.

Figure 3.7.5 Register for TMRAO1
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TMRAZ23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 TA23MO PWM21 PWM20 TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
(110CH) Read/Write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS3 source clock TMRA2 source clock
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 2 10: ¢T16 10: T4
11: 8-bit PWM mode 11: 2° 11: $T256 11: ¢T16
|
|—)TMRAZ input clock
00 |Don't set
01 |¢T1 (Prescaler)
10 |¢T4 (Prescaler)
11 |¢T16 (Prescaler)
—> TMRA3 input clock
TA23MOD TA23MOD

<TA23M1:0> =01

<TA23M1:0> =01

00 |Matching output for TMRA2

Overflow output for

01 |¢T1

TMRA2

10 |¢T16

11 |¢T256

(16-bit timer mode)

L Select cycle in PWM mode

00 |Reserved

01 |2° x Clock source

10 |27 x Clock source

11 |[2® x Clock source

> Select operation mode for TMRA23

00 | Two 8-bit timer

01 | 16-bit timer

10 |8-bit PPG

11 |[8-bit PWM (TMRA2),

8-bit timer (TMRA3)

Figure 3.7.6 Register for TMRA23
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TMRAL Flip Flop Control Register
5 4 3 2 1 0
TA1FFCR | Bit symbol TA1lFFC1 TAL1FFCO | TALFFCIE | TALFFCIS
(1105H) Read/Write R/W
After reset 1 | 1 0 0
Read-modify Function 00: Invert TALFF TAL1FF TAL1FF
-write 01: Set TA1FF to “1” control for  |Inversion
instruction is 10: Cl TALFF to “0” . . signal select
prohibited. - Clear to inversion 9
11: Don't care 0: Disable 0: TMRAO
1:Enable |1 TMRAL

— 1

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

Figure 3.7.7 Register for TMRA

Inversion signal for timer flip

-flop 1 (TALFF)

(Don’t care except in 8-bit timer mode)

0 |Inversion by TMRAO

1 |Inversion by TMRA1

TALFF control for inversion

0 |Disable inversion

1 |Enable inversion

TFF1 control

00 (Invert TA1FF

01 [Set TALFFto “1”

10 |Clear TA1FF to “0”

11 |Don't care
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TMRAS3 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 | TA3FFCO | TA3FFCIE | TA3FFCIS
(110DH) Read/Write R/W
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA3FF TA3FF TA3FF
instiction s ey |iversion [select
prohibited. 12 gfﬁ{ Z:rzFF O 0 bisale  |o: TMRA2
1: Enable 1: TMRA3
— l
Inverse signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)
0 |Invert TMRA2
1 [Invert TMRA3
— TA3FF control for inversion
0 [Disable inversion
1 | Enable inversion
—> TA3FF control
00 | Invert TA3FF
Note:  The values of bits 4 to 7 of TA3FFCR are undefined when read. 01 |Set TASFF to "'

10 | Clear TA3FF to “0”

11 | Don't care

Figure 3.7.8 Register for TMRA
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Timer Register (TAOREG to TA3REG)
Symbol | Address 7 6 5 4 0
TAOREG 1102H w
Undefined
TALIREG 1103H w
Undefined
TA2REG 110AH w
Undefined
TA3REG 110BH w
Undefined

Note: Read-modify-write instruction is prohibited for above registers.

Figure 3.7.9 Register for 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 INTTAL interrupt every 40 us at fgygs = 20 MHz, set each
register as follows:

7 6 5 4 3 2 1 0

TAO1RUN «~ - X X X - 0 - Stop TMRAL1 and clear it to 0.

TAOIMOD «+ 0 0 X X 0 1 - - Select 8-bit timer mode and select ¢T1 (0.4 us at fgys =
20 MHz) as the input clock.

TALREG «~ 0 1 1 0 0 1 0 O Set 40 ps + ¢T1 = 100 = 64H to TAREG.

INTETAO1 «~ X 1 0 1 - - - - Enable INTTAL and set it to Level 5.

TAO1RUN « - X X X - 1 1 - Start TMRA1 counting.

X :Don'tcare, -:No change

Select the input clock refer to Table 3.7.3.

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

Input clock Interrupt Interval (at fgys = 20 MHz) Resolution
§T1 (8/fsys) 0.4 ps to 102.4 us 0.4 pus
¢T4 (32/fsys) 1.6 us to 409.6 ps 1.6 s
$T16 (128/fsys) 6.4 pusto 1.639 ms 6.4 us
$T256 (2048/fsys) 102.4 us to 26.22 ms 102.4 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. Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF1) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 2.4 us square wave pulse from the TALOUT pin at fgys = 20 MHz,
use the following procedure to make the appropriate register settings. This
example uses TMRA1; however, either TMRAO or TMRA1 may be used.

MSB LSB
_ 7 6 5 4 3 2 1 0
TAO1RUN «~ - X X X - - 0 - Stop TMRAL1 and clear it to 0.
TAOIMOD «+ 0O 0 X X 0 1 - - Select 8-bit timer mode and select ¢$T1 (0.4 ps at fgys =
20 MHz) as the input clock.
TALIREG «~ 0 0 0 O 0 1 1 Set the timer register to 2.4 ps + ¢T1 +2=3.
TA1FFCR “— X X 1 0 1 Clear TA1FF to 0 and set it to invert on the match detect
signal from TMRAL.
PCCR X - - X - X 1 - } , ,
Set PC1 to function as the TA1OUT pin.
PCFC « X - - X - X 1 -
| TAOIRUN «~ - X X X - 1 1 - Start TMRA1 counting.

X : Don't care, —: No change

¢T1

TAO1RUN

<TA1IRUN>

Bit7 to 2

Up counter Bitl

gio o [ 1 | 2 [3df\\2 2 [3]o] 1 2 [ 3]o]
[

Comparator
timing

Comparator output
(Match detect)

£ 1
2
Up counter clear (
5
/

—

TAL1FF

et S

TA1OUT

| 1.2 s at fgys = 20 MHz 1

[t

Figure 3.7.10 Square Wave Output Timing Chart (50% duty)
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3.

(2

Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the input
clock to TMRA1.

Comparator I—I I—I
(Match output forTMRAOQ)

TMRAO up counter 1 aanananﬂﬂﬂﬂa

(when TAOREG = 5)

TMRAL1 up counter 1 X > X n
(when TAIREG = 2)
Match output for TMRAL I_I

Figure 3.7.11 TMRAL Count up on Signal from TMRAO

16-bit timer mode

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

To make a 16-bit interval timer, in which TMRAO and TMRA1 are cascaded together,
set TAOIMOD<TAQ1M1:0> to 01.

In 16-bit timer mode, the overflow output from TMRAO is used as the input clock for
TMRAI1, regardless of the value set in TAOIMOD<TA01CLK1:0>. Table 3.7.3 shows
the relationship between the timer (Interrupt) cycle and the input clock selection.

To set the timer interrupt interval, set the lower eight bits in timer register TAOREG
and the upper eight bits in TAIREG. Be sure to set TAOREG first (As entering data in
TAOREG temporarily disables the compare, while entering data in TA1IREG starts the
compare).

Example: To generate an INTTAL interrupt every 0.4 s at fgyg = 20 MHz, set the timer
registers TAOREG and TALREG as follows:

If $T16 (6.4 us at 20 MHz) is used as the input clock for counting, set the following value
in the registers:

0.4 s+ 6.4 us = 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
TMRA1, the up counters UCO and UC1 are cleared to 0 and the interrupt INTTAI is
generated. Also, if inversion is enabled, the value of the timer flip-flop TA1FF is inverted.

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

Value of up counter 0000H  0080H  0180H  0280H  0380H  0480H
(UC1 and UCO)
TMRAO comparator match
detect signal I_I I_I I_I I_I !_I

[}
Interrupt INTTAL |'|

[}

I
Timer output TAIOUT X Inversion

Figure 3.7.12 Timer Output by 16-Bit Timer Mode

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

Square wave pulses can be generated at any frequency and duty ratio by TMRAO.
The output pulses may be active-low or active-high. In this mode TMRA1 cannot be
used.

TMRAO outputs pulses on the TA1IOUT pin (Shared with PC1).

1 tH 1 L |
1 1
1
! t !
TAOREG and UCO match
(Generate INTTAOQ) )ﬂ /ﬂ
TA1REG and UCO match
(Generate INTTA1L) ( )ﬂ ( )ﬂ
TA1OUT \
I TAOREG ! :
>
3 TALREG |

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

The value set in TAOREG must be smaller than the value set in TA1IREG.

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

Figure 3.7.14 shows a block diagram representing this mode.

TAOIRUN<TAORUN> TALOUT
Selector
611 —> 8-bit up counter «— TA1FFCR<TALFFIE>
oT4 —> (Uco) TAL1FF
$T16 —>|
1 |
TAOLMOD<TAOCLK1:0> | Inversion
S > INTTAO
| Comparator | Comparator I, > INTTAL
J \

Selector | TAOREG |
Shift trigger
TAOREG-WR —>|

| Register buffer | | TALREG |

T___ 7

Internal data bus

TAO01RUN<TRORDE>

Figure 3.7.14 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer will
be shifted into TAOREG each time TAIREG matches UCO.
Use of the double buffer facilitates the handling of low-duty waves (when duty is varied).

Match with TAOREG I_I I_I
and UCO (Up counter = Q) (Up counter = Q)
Match withTALREG
( Shift into register buffer
R
TAOREG (Value of compare) Q1 X /7‘ Q2
Register buffer Q2 X Q3

KWrite TAOREG (Register buffer)

Figure 3.7.15 Operation of Register Buffer
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Example: To generate 1/4 duty 62.5 kHz pulses (at fsys = 20 MHz):

JJ Sy

e—>!
16 ps

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 us
¢T1 = 0.4 us (at 20 MHz);
16 ps/0.4 us =40
Therefore set TAIREG to 40 (28H)
The dutyistobe setto 1/4: t x 1/4 =16 us x 1/4 =4 us
4 us/0.4 us =10
Therefore, set TAOREG = 10 = OAH

7 6 5 4 3 2 1 0
[(TAO1RUN «~ 0 X X X - 0 0 O Stop TMRAO and TMRA1 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 0 1 0 1 0 Write OAH.
TALREG «~ 0 0 1 0 1 0 0 O Write 28H.
TALFFCR «~ X X X X 0 1 1 X Set TALFF and set inversion to enable.
l_l_'—> Writing “10” provides negative logic pulse.
PCCR “« X - — X - X 1 - } _
Set PC1 to TA1OUT pin.
PCFC «— X - - X - X 1 -
L TAOLRUN «~ 1 X X X - 1 1 1 Start TMRAO and TMRAL counting.
X:Don't care, —-:No change
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(4) 8-bit PWM (Pulse width modulation) output mode
This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.

When TMRAO is used the PWM pulse is output on the TA1OUT pin (which is also
used as PC1). TMRAL1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UC0) matches the value set in
the timer register TAOREG or when 2» counter overflow occurs (n = 6, 7, or 8 as
specified by TAOIMOD<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 of set for 2» counter overflow
Value set in TAOREG = 0

Match with
TAOREG and UCO /ﬂ /ﬂ ﬂ
2" / /

overflow /ﬂ /ﬂ
(Interrupt INTTAO) (

TALIOUT N

L tpwMm |
(PWM cycle)

Figure 3.7.16 8-Bit Output Wave Form

Figure 3.7.17 shows a block diagram representing this mode.

TAOLRUN<TAORUN> TAlTOUT
TALFFCR
Tl —> .
$T4 —>| Selector 8-bit up counter TALFF | <TAIFFIE>
¢T16 (UCO) Clear
T T Inversion
TAO1LMOD<TAOCLK1:0> 2" TA01MOD
:> overflow  K— <PWMO01:00 >
control
1 Overflow
| Comparator >

il

® > INTTAO
| TAOREG |
Selector Shift trigger
TAOREG-WR —>

| Register buffer |

T

) Internal data bus 2

TAO01RUN<TAORDE>

Figure 3.7.17 Block Diagram of 8-Bit PWM Output Mode
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In this mode, the value of the register buffer will be shifted into TAOREG if 2» overflow is
detected when the TAOREG double buffer is enabled.
Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG I_I I_I
Up counter = Q; Up counter = Q,
2" overflow
( Shift from TAOREG (Register buffer)
TAOREG Q X Qs
(Value of compare) ﬁ
Register buffer Q2 X Q3
&Write to TAOREG

Figure 3.7.18 Operation of Register Buffer

Example: To output the following PWM waves on the TA1OUT pin at fsys = 20 MHz:

[

N

1

36.0 us

51.2 ps

To achieve a 51.2 us PWM cycle by setting ¢T1 to 0.4 us (at fsys = 20 MHz):
51.2 us/0.4 us =128 = 2"
Therefore n should be setto 7.
Since the low-level period is 36.0 us when ¢T1 = 0.4 pus,
set the following value for TAOREG:
36.0 pus/0.4 us =90 = 5AH

MSB LSB
7 6 5 4 3 2 1 0
[(TAOIRUN  « - X — — - Stop TMRAO and clear it to 0.
TA01MOD «— 11 0- - 0 1 Select 8-hit PWM mode (cycle: 27) and select ¢T1 as the
input clock.
TAOREG «~ 0 1 0 1 1 0 1 O Write 5AH.
TALFFCR «— X X X 1 0 1 X Clear TA1FF to O; set inversion to enable.
PCCR X - — X - X 1 _} _
Set PC1 to TA1OUT pin.
PCFC « X - - X - X 1 -
| TAOIRUN «~ 1 X X X - 1 -1 Start TMRAO counting.

X : Don't care, —: No change

92CM22-119 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP92CM22
Table 3.7.4 Relationship of PWM Cycle and 2" Counter
PWM Cycle (at fsys = 20 MHz)
2" Counter #T1 oT4 ¢T16
2° 25.6 ps (39.1 kHz) 102.4 ps (9.77 kHz) 409.6 us  (2.44 kHz)
2’ 51.2 us (19.5 kHz) 204.8 ps (4.88 kHz) 819.2 us (1.22kHz)
28 102.4 ps (9.77 kHz) 409.6 ps (2.44 kHz) 1.64 ms (0.61 kHz )

(5) Mode settings

Table 3.7.5 shows the SFR settings for each mode.

Table 3.7.5 Timer Mode Setting Registers

Register Name TA01MOD TALFFCR
<Bit symbol> <TA01M1:0> <PWMO01:00> <TA1CLK1:0> <TAOCLK1:0> <TALFFIS>
i L i Ti FIF
Function Timer mode PWM cycle Qpper tmer .ower timer . '”?er /
input clock input clock inversion select
0:Lower timer
Lower timer match, | External outout
8-bit timer x 2 channels 00 - ¢T1, ¢T16, $T256 0T1, ¢T4, $T16 ) P .
(00, 01, 10, 11) (00, 01, 10, 11) | 1-Uppertimer
output
External
16-bit timer mode 01 - - 0T1, ¢T4, $T16 -
(00, 01, 10, 11)
External
8-bit PPG x 1 channel 10 - - 0T, ¢T4, $T16 -
(00, 01, 10, 11)
26 o7 o8 External
8-bit PWM x 1 channel 11 (Ol’ lO’ 11) - oT1, ¢T4, $T16 -
T (00, 01, 10, 11)
e B ¢0T1, $T16, $T256 B .
8-bit timer x 1 channel 11 (01, 10, 11) Output disable
—: Don't care
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3.8 16-Bit Timer/Event Counters (TMRB)

The TMP92CM22 contains 2 channels 16-bit timer/event counter (TMRB) which have the
following operation modes:

e 16-bit interval timer mode
e 16-bit event counter mode

e  16-bit programmable square wave pulse generation output mode (PPG: Variable duty
cycle with variable period)
Can be used following operation modes by capture function:
e Frequency measurement mode
¢ Pulse width measurement mode
¢ Time differential measurement mode
Figure 3.8.1 to Figure 3.8.2 show block diagram of TMRBO and TMRB1. Each 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.

Each timer/event counter is controlled by 11-byte control register (SFR).
This chapter consists of the following items:

3.8.1 Block diagram

3.8.2 Operation

3.8.3 SFRs

3.8.4 Operation in Each Mode
(1) 16-bit interval timer mode

(2) 16-bit event/counter mode

(3) 16-bit programmable pulse generation (PPG) output mode

(4) Capture function examples

Table 3.8.1 Pins and SFR of TMRB

Channel
TMRBO TMRB1
Spec
External clock/ None TB1INO (Share with PDO0)
External pin Caputre triggr input pin TB1IN1 (Share with-PDl)
) ; . TBOOUTO TB1OUTO (Share with PD2)
Timer flip-flop output pin ) .
(Share with PC6) TB1OUT1 (Share with PD3)
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 TBORGL1L (118AH TB1RGI1L (119AH
(Address) ( ) ( )
TBORG1H (118BH) TB1RG1H (119BH)
TBOCPOL (118CH) TB1CPOL (119CH)
) TBOCPOH (118DH) TB1CPOH (119DH)
Capture register
TBOCPIL (118EH) TB1CP1L (119EH)
TBOCP1H (118FH) TB1CP1H (119FH)
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Block Diagram

3.8.1
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Figure 3.8.1 Block Diagram of TMRBO
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Figure 3.8.2 Block Diagram of TMRB1
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3.8.2  Operation

(1) Prescaler

The 5-bit prescaler generates the source clock for TMRBO. The prescaler clock (¢T0)
is divided clock (Divided by 8) from selected clock by the register SYSCRO<PRCK1:0>

of clock gear.

This prescaler can be started or stopped using TBORUN<TBOPRUN>. Counting
starts when <TBOPRUN> is set to 1; the prescaler is cleared to zero and stops
operation when <TBOPRUN> is cleared to 0.

Table 3.8.2 show prescaler output clock resolution.

Table 3.8.2 Prescaler Output Clock Resolution

at fgys = 20 MHz

Gear Value Cycle
<GEAR2:0> W11 oT4 o116
000 (fsys) fsys/2® (0.4 pus) fsys/2® (1.6 us) fsys/2’ (6.4 us)

001 (fsysr2)

fsys/2* (0.8 ps)

fsys/2°® (3.2 us)

fsys/2® (12.8 ps)

010 (fsvs/a)

fsys/2® (1.6 ps)

fsys/2’ (6.4 ps)

fsys/2® (25.6 ps)

011 (fsyssg)

fsys/2® (3.2 ps)

fsys/2® (12.8 ps)

fsys/2™° (51.2 ps)

100 (fsys/ie6)

fsys/2’ (6.4 us)

fsys/2® (25.6 ps)

fsys/2' (102.4 ps)

(2) Up counter (UCO)
UCO is a 16-bit binary counter that counts up according to input from the clock
specified by TBOMOD<TBOCLK1:0> register.

As the input clock, one of the prescaler internal clocks ¢T1, ¢T4, and ¢T16 can be
selected. Counting or stopping and clearing of the counter is controlled by timer
operation control register TBORUN<TBORUN>. And an external clock from TB1INO
pin can be seleced in TB1IMOD.

When clearing is enabled, the up counter UCO will be cleared to zero each time its
value matches the value in the timer register TBORG1H/L. Clearing can be enabled or
disabled using TBOMOD<TBOCLE>.

If clearing is disabled, the counter operates as a free-running counter.

A timer overflow interrupt INTTBOFO) is generated when UCO overflow occurs.
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(3) Timer registers (TBORGOH/L and TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up
counter UCO 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 TBORGOH/L and TBORG1H/L
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 TBORGO timer register has a double-buffer structure, which is paired with
register buffer 0. The value set in TBORUN<TBORDE> determines whether the
double-buffer structure is enabled or disabled: It is disabled when <TBORDE> =0, and
enabled when <TBORDE> = 1.

When the double buffer is enabled, data is transferred from the register buffer to the
timer register when the values in the up counter (UC0) and the timer register TBORG1
match.

After a reset, TBORGO and TBORG1 are undefined. If the 16-bit timer is to be used
after a reset, data should be written to it beforehand.

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

TBORGO and the register buffer both have the same memory addresses (001188H
and 001189H) allocated to them. If <TBORDE> = 0, the value is written to both the
timer register and the register buffer. If <TBORDE> = 1, the value is written to the
register buffer only.

The addresses of the timer registers are as follows:

r== TMRBO === mm oo oo o oo oo
! TBORGO TBORG1 '
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
' (TBORGOH) (TBORGOL) (TBORG1H) (TBORGIL) !
| 1189H 1188H 118BH 118AH i
1 1
1 1
i L =
! TB1RGO TB1RG1 ,
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
! (TB1RGOH) (TB1RGOL) (TB1RG1H) (TB1RG1L) \
' 1199H 1198H 119BH 119AH |
1 1
1 1

__________________________________________________________________

The timer registers are write-only registers and thus cannot be read.
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(4) Capture registers (TBOCPOH/L, TBOCP1H/L, TB1CPOH/L, TB1CP1H/L)

These 16-bit registers are used to latch the values in the up counters UCO.

Data in the capture registers should be read both upper and lower all 16 bits. For

example, 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 addresses of the capture registers are as follows:

r== TMRBO === mm oo oo o oo oo
! TBOCPO TBOCP1

i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

' (TBOCPOH) (TBOCPOL) | | (TBOCP1H) (TBOCP1L)

' 118DH 118CH 118FH 118EH

1

1

i TMRBL === === s o m oo e e e e e e e e e -
! TB1CPO TB1CP1

i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

! (TB1CPOH) (TB1CPOL) | | (TB1CP1H) (TB1CP1L)

i 119DH 119CH 119FH 119EH

1

__________________________________________________________________

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

(5) Capture and external interrupt control

This circuit controls the timing to latch the value of up counter UCO into TBOCPO,
TBOCP1 and generating for external interrupt.

Interrupt timing of capture register and selection edge of external interrupt are set
by TBOMOD<TBOCPM1:0>. (TMRBO does not include the selection edge of external
interrupt.) External interrupt INT5 is fixed to rising edge.

The value in the up counter (UCO) can be loaded into a capture register by software.
Whenever 0 is programmed to TBOMOD<TBOCPOI>, the current value in the up
counter is loaded into capture register TBOCPO. It is necessary to keep the prescaler in
Run mode (e.g., TBORUN<TBOPRUN> must be held at a value of 1).
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(6)

(7

Comparators (CP0O and CP1)

CPO and CP1 are 16-bit comparators which compare the value in the up counter UCO
with the value set in TBORGO or TBORG1 respectively, in order to detect a match. If a
match is detected, the comparator generates an interrupt INTTBOO or INTTBO1
respectively).

Timer flip-flop (TBOFFO and TBOFF1)

These flip-flops (TBOFFO and TBOFF1) are inverted by the match detect signals from
the comparators and the latch signals to the capture registers. Inversion can be
enabled and disabled for each element using TBOFFCR<TBOCO0T1, TBOE1T1,
TBOEOT1>.

After a reset the values of TBOFFO and TBOFF1 are undefined. If “00” is
programmed to TBOFFCR<TBOFF0C1:0> or <TBOFF1C1:0>, TBOFFO will be inverted.
If“01” is programmed to the capture registers, the value of TBOFF0 will be set to “1”. If
“10” is programmed to the capture registers, the value of TBOFFO will be cleared to “0”.

The values of TBOFFO can be output via the timer output pins TBOOUTO (which is
shared with PC6). Timer output should be specified using the port C function register.
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3.8.3 SFRs
TMRBO Run Register
7 6 5 4 3 2 1 0
TBORUN Bit symbol TBORDE - 12TBO TBOPRUN TBORUN
(1180H) | Readmrite RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Function Double Always IDLE2 16-bit timer run/stop control
buffer write “0”. 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count)
1: Enable

TB1RUN
(1190H)

Note: The values of bits 1, 4, and 5 of TBORUN are undefined when read.

TMRB1 Run Register

|—)Count operation

0

Stop and clear

1

Count

12TBO: Operation in IDLE2 mode
TBOPRUN: Run of prescaler
TBORUN: Run of TMRBO

7 6 5 4 3 2 1 0

Bit symbol TB1RDE - 12TB1 TB1PRUN TB1RUN
Read/Write R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
Function Double Always IDLE2 16-bit timer run/stop control

buffer write “0". 0: Stop 0: Stop and clear

0: Disable 1: Operate | 1: Run (Count)

1: Enable

Note: The values of bits 1, 4, and 5 of TB1RUN are undefined when read.

Figure 3.8.3 Register for TMRB

|—>Count operation

0

Stop and clear

1

Count

12TB1: Operation

of IDLE2 mode

TB1PRUN: Run of prescaler
TB1RUN: Run of TMRB1
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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 RIW w RW
After reset 0 0 1 o | o 0 o | o
Reéd—modify Function | Always Always Software  |Capture timing Up counter |TMRBO source clock
-write write “0”. write “0”. capture 00: Disable control 00: (Reserved)
instruction is control 01: (Reserved) 0:Clear 01: ¢T1
prohibited 0: Software 4, (Reserved) disable  |10: ¢T4
capturer )
1 Undefined| *X TA10UTT TA10UTY | L:Clear 11: $T16
enable
1
I—>Input clock
00 | Reserved
o1 |¢T1
10 [¢T4
11 | ¢T16

——> Clear up counter 0(UCO0)

0 | Clear disable

1 | Clear by matching with TBORG1

————> Capture/interrupt timing

Capture control

00 | Disable

01 | (Reserved)

10 [ (Reserved)

11 [CAPO by TALTRG rising

CAP1 by TAL1TRG falling

——— > Software capture

Capture value of up counter to TBOCPO

Undefined

Figure 3.8.4 Register for TMRB
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TMRB1 Mode Register

7 6 5 4 3 2 1 0
TB1MOD Bit symbol TB1CT1 TB1ET1 TB1CPOI TB1CPM1 | TB1CPMO TB1CLE TB1CLK1 | TB1CLKO
(1192H) | Read/rite RIW w RIW
After reset 0 0 1 o | o 0 o | o
Read-modify | Function  [TB1FF1 Inversion trigger | Software Capture timing Up counter | TMRB1 source clock
-write 0: Trigger disable capture 00: Disable control 00: TB1INO pin input
instruction is 1: Trigger enable gog"?tlw INT4 is rising edge | 0:Clear 01: ¢T1
o : Software . i )
prohibited Invert when | Invert when | = oot e oL: ;r,\?_|}4NO fT ;[BlIN(;L T| disable  |10:¢T4
captureto | match UCO | .\ e Is afling €dge | 1:Clear 11: ¢T16
capture with -ndetined) 10: - TB1INO T TB1INO V| enable
register 1 TB1RG1 INT4 is falling edge
11: TAITRG T
TALITRG 4
INT4 is rising edge

|—> Input clock

00 | Reserved
01 |¢T1
10 |¢T4
11 |¢T16

—> Clear up counter (UCO)

0 [ Clear disable
1 | Clear by matching with TBIRG1

—> Capture/interrupt timing

Capture control INT4 control

00 [ Capture disable Generate INT4 by TB1INO
01 |CAPO by TBLINO rising rising
CAP1 by TB1IN1 rising
10 |CAPO by TB1INO rising Generate INT4 by TB1INO
CAP1 by TB1INO falling falling

11 |CAPO by TALTRG rising | Generate INT4 by TB1INO
CAP1 by TALTRG falling | rising

;

——> Software capture

0 | Capture value of up counter to TB1CPO
1 | Undefined

Figure 3.8.5 Register for TMRB
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TMRBO Flip-flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR | Bit symbol - - TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 | TBOFFC1 | TBOFFCO
(1183H) Read/Write wW R/W WH
After reset 1 1 0 0 0 0 1 1
Read-modify Function Always write “11". TBOFFO inversion trigger TBOFFO control
_write 0: Trigger disable 00: Invert
instruction is 1: Trigger enable 01: Set
prohibited Invert when | Invert when | Invert when | Invert when | 10: Clear
the UC the UC the UC the UC 11: Don't care

value is value is

TBOCP1. TBOCPO.

loaded in to | loaded in to | with TBORGO.

matches match with |« Always read as “11".

TBORG1.

— |

|—> Timer flip-flop TBO (TBOFFO) control

00 |Invert
01 [Setto*“l".
10 [Setto“0".
11 (Don't care.
Inversion trigger of TBOFFO when the UC match with
> TBORGO
0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)
Inversion trigger of TBOFFO when the UC match with
TBORG1
0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)
Inversion trigger of TBOFFO when the UC value is
> loaded in to TBOCPO
0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)
Inversion trigger of TBOFFO when the UC value is
> loaded in to TBOCP1
0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

Figure 3.8.6 Register for

TMRB

92CM22-131

2004-07-02



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP92CM22

TMRBL1 Flip-flop Control Register

7 6 5 4 3 2 1 0
TB1FFCR | Bitsymbol | TB1FF1C1 | TB1FF1CO | TB1C1T1 | TB1COT1 | TB1E1T1 | TB1EOT1 | TB1FFC1 | TB1FFCO
(1193H) Read/Write W RIW wr
After reset 1 1 0 0 0 0 1 1
Read-modify | Function TB1FF1 control TB1FFO inversion trigger TB1FFO control
-write 00: Invert 0: Trigger disable 00: Invert
instruction is 01: Set 1: Trigger enable 01: Set
prohibited 10: Clear 10: Clear
11: Don't care Invert when | Invertwhen | Invert when | Invertwhen | 11: Don’t care
* Always read as “11". the UC value | the UC value | the UC the UC * Always read as "11”.
is loaded in is loaded in matches with | match with
to TBICP1. |to TB1CPO. |TB1RGL. TB1RGO.

| |

|—> Timer flip-flop TB1 (TB1FFO) control

00 [ Invert
01 |Setto“1".
10 | Setto“0".

11 | Don't care

Inversion trigger of TB1FFO when the UC match with
—> TB1RGO

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB1FFO when the UC match with
—> TB1RG1

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB1FFO When the UC value is
—> loaded in to TB1CPO

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB1FFO When the UC value is
——> |oaded in to TB1CP1

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TB1FF1 control
00 | Invert value of TB1FF1
01 |Set TB1FF1to “1".
10 | Set TB1FF1 to “0".
11 | Don't care

A

Figure 3.8.7 Register 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 TBORG1 to generate the interrupt INTTBO1.

TBORUN « 00 X X -0XDO0 Stop TMRBO.
INTETBO « X1 00XO0O0O Enable INTTBO1 and set interrupt level 4. Disable
INTTBOO.
TBOFFCR « 1 1 0 0 0 0 1 1 Disable the trigger.
TBOMOD <« 0 0 1 0 0 1 * * Set input clock to prescaler clock, and set capture function
(** =01, 10, 11) to disable.
TBORG1 — Fox ox ok ok kX% Set the interval time (16 bits).
* * * * * * * *
| TBORUN «~ 00 XX -1X1 Start TMRBO.

X: Don't care, —: No change

(2) 16-bit event counter mode
In 16-bit timer mode as described in above, the timer can be used as an event 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.
76 543210

B TB1RUN «~ 0 0 XX -0XD0 Stop TMRB1.
PDCR «—~ X X XX - - -0 Set PDO to TB1INO input mode.
PDFC «~ X X X X - - -1
INTETBL « X 1 0 0 X 0 0 O Set INTTB11 to enable (Interrupt level4).
Set INTTBOO to disable.
TBIFFCR <« 1 1 0 0 O 11 Set trigger to disable.
TB1MOD «< 00100100 Set input clock to TB1INO pin input.
TB1RG1 — F R R ok ox ok kX Set number of count. (16 bits)
TB1RUN «~ 0 0 XX -1 X1 Start TMRB1.

X: Don't care, —: No change

Note: When used as an event counter, set the prescaler to “RUN” (TBLRUN<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 TBOFFO that is to be
enabled by the match of the up counter UCO with timer register TBORGO or TBORG1
and to be output to TBOOUTO. In this mode, the following conditions must be satisfied.

(Set value of TBORGO) < (Set value of TBORG1)
Match with TBORGO
(INTTBOO interrupt ) /ﬂ I_I I_I I_I I_I
Match with TBORG1 ﬂ I‘I I‘I I‘I

(INTTBO1 interrupt) ( |

TBOOUTO pin U U |_| |_]

Figure 3.8.8 Programmable Pulse Generation (PPG) Output Waveforms

When the TBORGO double buffer is enabled in this mode, the value of register buffer
0 will be shifted into TBORGO at match with TBORG1. This feature makes easy the
handling of low-duty waves.

Match with TBORGO I_I I_I
Up counter = Q1 Up counter = Q2
Match with TBORGL A1
[ shift in to TBORG1
TBORGO 01 X Q2
(Compare value) VA
Register buffer Q2 X Q3
Write TBORGO

Figure 3.8.9 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBOOUTO (PPG output)

TBORUN<TBORUN>
Selector
TI4—>] I
T1—> _hi
$T4 16-bit up counter | Cjeq (TBOFFO)
oT16—> U0
[
N L Matching { J
| 16-bit comparator |—>— | 16-bit comparator |—<
Selector |  TBORGO |

TBORGO-WR —>»

Register buffer 0 | | TBOREG1 |

TBORUN<TBORDE> T T i r

Internal data bus

Figure 3.8.10 Block Diagram of 16-Bit PPG Mode

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

TBORUN “— 0 X X-0XD0 Disable the TBORGO double buffer and stop TMRBO.
TBORGO — F R ok ox ok ko Set the duty ratio (16 bits).
* * * * * * * *
TBORG1 — F R ok ox ok ko Set the frequency (16 bits).
* * * * * * * *
TBORUN «~ 10 XX -0XD0 Enable the TBORGO double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR « X X 0 0 1 1 1 O Set the mode to invert TBOFFO at the match with
TBORGO/TBORGL. Clear TBOFFO to 0.
TBOMOD «< 001001 * * Set input clock to prescaler output clock and disable the
capture function.
(** =01, 10, 11)
PCCR <_x1—x—x——?r ,
Set PC6 to function as TBOOUTO.
PCFC « X1 - X - X - -
TBORUN «~ 1 0 X X -1X1 Start TMRBO.

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

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

Pulse width measurement

Y e

Measurement of difference time

1. One-shot pulse output from external trigger pulse

Set the up counter UCO in free-running mode with the internal input clock,
input the external trigger pulse from TB1INO pin, and load the value of up
counter into capture register TB1CPO at the rise edge of external trigger pulse.

When the interrupt INT4 is generated at the rise edge of external trigger pulse,
set the TB1CPO value (c) plus a delay time (d) to TB1IRGO (= ¢ + d), and set the
above set value (c + d) plus a one-shot width (p) to TBIRG1 (=c + d + p). And, set
“11” to timer flip-flop control register TBIFFCR<TB1E1T1, TB1EOT1>. Set to
trigger enable for be inverted timer flip-flop TB1FFO by UCO matching with
TB1RGO and with TB1RG1. When interrupt INTTB11 occurs, this inversion will
be disabled after one-shot pulse is output.

The (¢), (d), and (p) correspond to ¢, d, and p in Figure 3.8.11.

(7 Set the counter in free-running mode.

Count clock

(internal clock) o U 1 111
TB1INO pin input

External trigger pulse

( goere ) Load into capture register 1

and generate INT4. /ﬂ

[} [}
| |
I I
i : ! i
! Inversion ' Generate !
! enable ' INTTB11. !
i I
I

[}

Match with TB1IRGO

Match with TBIRG1

] .
1Inversion

ienable

Set it to disables that
inversion caused by

Timer ouput pin TB1OUTO W loading into CAP1.

1
I

Delay time J, Pulse width
€ >

(d) (

]
|
|
[
€

Figure 3.8.11 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 via the TB1INO pin.

* Clock state

System clock: High frequency (fc)
High speed clock gear: 1 time (fc)
Prescaler: fEPH

Setting in Main

TB1MOD

TB1FFCR

PDCR

PDFC

INTE45

INTETB1
TB1RUN

Set free running.

——> Count using ¢T1.

«~ XX 101001
! » Load into TB1CPO by rising edge of TB1INO pin input.

«~ XX 000O0T1O0
LH—) Clear TB1FFO to 0.

» Disable inversion of TB1FFO.

} Set PD2 to function as the TB1OUTO pin.

«~ X - - -X100 .

Enable INT4. Disable INTTB10 and INTTB11.
«~ X 000XO0O0O0
«~ -0 XX -1X1 Start TMRBO.

Setting in INT4

TB1RGO
TB1RG1
TB1FFCR

INTETB1

< TB1CPO + 3 ms/¢T1
< TB1RGO + 2 ms/¢T1

Setting in INTTB11

TB1FFCR

INTETB1

«~ XX - =11 - -
I_'_,———> Enable inversion of TB1FFO when match with
TB1RGO or TB1RG1.
«~ X100 X - - - Set INTTB11 to enable.
«~ XX -=-00 - -

L'_'———> Disable inversion of TB1FFO when match with
TB1RGO or TB1RG1.
«~ X000 X - - - Disable INTTB11.

X: Don't care, —: No change

When delay time is unnecessary, invert timer flip-flop TB1FFO when up counter
value is loaded into capture register (TB1CP0), and set the TB1CPO value (c) plus the
one-shot pulse width (p) to TBORG1 when the interrupt INT4 occurs. The TB1FF0
inversion should be enable when the up counter (UC0) value matches TBIRG1, and
disabled when generating the interrupt INTTB11.
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Count clock

(Prescaleroutputclock)_lu|_||_||_||.”_ _______ |_||_||_||_||_ _______ _II_H_H_”_H_____
o c+p

TB1INO input _ _

(External trigger pulse) Load into capture register TB1CPO

and generate INT4 | Load into capture register 1

]
]
1 > Generate INTTB11. | TBI1CPL
Match with TBIRG1 : i
T 1 T
; Inversion enable l i i
Timer output TB1OUTO pin X‘ |
! Pulse width : Vad
' () Set it to disable that inversion caused by
Set it to enable that inversion loading into TB1CP1.
caused by loading into
TB1CPO.

Figure 3.8.12 One-shot Pulse Output of External Trigger Pulse (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 TMRBO select TB1INO pin input, and count by external clock
input. Set to TBIMOD<TB1CPM1:0> = “11”. The value of the up counter (UCO) is
loaded into the capture register TBOCPO at the rise edge of the timer flip-flop
TA1FF of 8-bit timers (TMRA1), and into TBOCP1 at its fall edge.

The frequency is calculated by difference between the loaded values in TB1CPO
and TB1CP1 when the interrupt INTTA2 or INTTA3) is generates by either 8-bit

timer.
Count clock _HMU'U'U'L
(TB1INO pin input ) - - _|—|_|_|_|_|_|—|_ __________
C1 Cc2
TA3FF
| | -
| : | :
Load into TB1CPO C1 ! HCl '
t i | | :
Load into TB1CP1 ! HCZ ! ﬂCZ
\i_‘ | | |
INTTA2/INTTA3 ” ﬂ ﬂ

Figure 3.8.13 Frequency Measurement

For example, if the value for the level 1 width of TA3FF of the 8-bit timer is set
to 0.5 s and the difference between the values in TB1CP0 and TB1CP1 is 100, the
frequency is 100 + 0.5 s = 200 Hz.
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3. 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 UCO values into TB1CPO and TB1CP1 at the
rising edge and falling edge of the external trigger pulse respectively. The
interrupt INT4 occurs at the falling edge of TB1INO.

The pulse width is obtained from the difference between the values of TB1CPO
and TB1CP1 and the internal clock cycle.

For example, if the prescaler output clock is 0.8 ps and the difference between
TB1CPO and TB1CP1 is 100, the pulse width will be 100 x 0.8 ps = 80 ps.

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

Prescaler output clock ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ

C1 C2
TB1INO pin input |
(External pulse) A | | |
|
c1 ! c1 1

Load into TBOCPO

\

Figure 3.8.14 Pulse Width Measurement

INT4

— 1 " """
Q
N

\ \:
Load into TBOCP1 HCZ
]
1

Note: Pulse Width measure by setting “10” to TBIMOD<TB1CPM1:0>. The external interrupt
INT4 is generated in timing of falling edge of TB1INO 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 INT4 interrupt.
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Prescaler output clock

TB1INO pin input

TB1IN1 pin input

Load into TB1CPO

Load intoTB1CP1

INT4

INTS

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 UCO value into TB1CPO at the rising edge of
the input pulse to TB1INO. Then the interrupt INT4 is generated.

Similarly, the UCO value is loaded into TB1CP1 at the rising edge of the input
pulse to TB1IN1, generating the interrupt INT5.

The time difference between these pulses can be obtained by multiplying the
value subtracted TB1CPO from TB1CP1 and the internal clock cycle together at
which loading the UCO value into TB1CPO and TB1CP1 has been done.

Difference time

Figure 3.8.15 Measurement of Difference Time
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3.9 Serial Channels (S10)

TMP92CM22 includes 2 serial I/O channels. Each channel is called SIO0 and SIO1. For both
channels either UART Mode (Asynchronous transmission) or I/O interface mode (Synchronous

transmission) can be selected.

e |/O interface mode

e UART mode

—— Mode 0:

For transmitting and receiving I/O data using the

synchronizing signal SCLK for extending I/O.

Mode 1: 7-bit data
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 (Multi-controller system).
Figure 3.9.2 and Figure 3.9.3 are block diagrams for each channel. Each channel is

structured in prescaler, serial clock generation circuit, receiving buffer and control circuit, and

transfer buffer and control circuit.

Serial channels 0 and 1 can be used independently.

Both channels operate in the same function except for the following points; hence only the
operation of channel 0 is explained below.

Table 3.9.1 Differences between Channels 0 to 1

Channel 0 Channel 1
Pin name TXDO (PFO0) TXD1 (PF3)
RXDO (PF1) RXD1 (PF4)
CTS0 /SCLKO (PF2) CTS1/SCLK1 (PF5)
IrDA mode Yes No

This chapter contains the following sections:

3.9.1 Block Diagram

3.9.2 Operation of Each Circuit

3.9.3 SFRs

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

T XBioX 1 X 2 X s Xa X5 Xe X7V

<«— Transfer direction

e Mode 1 (7-bit UART mode)
Noparity — \Start{BitoX 1 X 2 X 3 X 4 X 5 X 6 Ystop
Parity " \startfBioX 1 X 2 X 3 X 4 X 5 X 6 Yparity/stop
e Mode 2 (8-bit UART mode)
Noparity — ~~ "\startBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 Ystop
Parity " \startfBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparity/stop

e Mode 3 (9-bit UART mode)

" \start{BioX 1 X 2 X 3 X4 X5 X6 X7 X8 Ystop
wakeup \StartBitoX 1 X 2 X 3 X 4 X5 X 6 X 7 XBitgY'stop

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

Figure 3.9.1 Data Format
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3.9.1 Block Diagram
Prescaler
470 > 2[4 [8 [16[32[64]
6T2  ¢T8 ¢T32
» - -Serial clock generation Circuit - - - - - oo o oo
1
! BROCR<BROCK1:0> |
1 1
I S I 1
! ! BROCR ~~ " BROADD TAOTRG i
! ! <BR0S3:0> <BROK3:0>! (from TMRAO) :
1 1 | \
970 — : \_, :
: L B :]__J ! 1
072 =7 3 S ! 5 | UART !
! Iy @ ? —> = !
| 0T8 2 e ' S mode 1+ SIOCLK
! ! [%) = L 5 = o |
i $T32 : o ! K K '
1 1 : % 1
1 1 1
! - BROCR ! ) @ |
1 1
1 i <BROADDE> ! !
' L__. Baud rate generater |__ SCOMODO0 T T i
fio > <8C1:0> '
i SCOMODO !
i <SM1:0> 1
! 5 !
1
: —| +2 > § 1
SCLKO input L .| & | /O interface mode i
(Shared e g i
with PF2) ! !
SCOCR
. <loC>
SCLKO output 3 I/O‘mterface mode Interrupt
(Shared > INTRXO0
with PF2) [ , > INTTXO0
Receive counter Serial channel Transmission
SCOMODO_, interrupt control counter
(UART only +16)| <WU> (UART only +16)
RXDCLK Y, A 0 A TXDCLKY, 0
. Transsmission [€«—
SCOMO_DEReceNe control <: > control L0
<RXE> CTSO
SCOCR (Shared with PF2)
<PE> <EVEN> SCOMODO
{ ¥ <CTSE>
RXDO O >IReceive buffer 1 (Shift register)| | Parity control |
(Shared l
with PF1) v e
| RBS | Receive buffer 2 (SCOBUF) | Ermlr flag | | B8 | ran?énCISOSIIBOUnF)u er |—->E]
A
SCOCR ™o
<OERR> <PERR> <FERR> (Shared with PF0)
| |
v N/ \
{ Internal data bus ¢
Figure 3.9.2 Block Diagram of SIO0
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¢TO

Prescaler

2] 4] 8 [1632]64]

oT2  $T8 ¢T32

- -Serial clock generation circuit
BR1CR<BR1CK1:0>

BR1CR

BR1ADD !

\ TAOTRG
<BR183:0> <BR1K3:0>1 (from TMRAO)
1

SCLK1 input

A\ 4

(Shared
with PF5)

Y

I/0

1

1

1

1

\ i

1 1

1 1

: |

1 : :

s o) i '

> 8 El Ll 5 | UART :
> 2 N ! S | _mode | 1 SIOCLK

1 %) = ! — = |

! > i B gl

I ! @ '

1 ! 0] 1

: BR1CR ! T T n !

1 <BR1ADDE> 1 !

1

----Baud rate generater -! SES@/:OOEO T T '

SC1MODO!

<SM1:0>

S i

—| =2 > 3 |

| & | VO interface mode \

> 1

i

1

interface mode

SCLK1 output 3

<

Interrupt request

(Shared 3 INTRX1
with PF5) N [ v > INTTX1
i Transmission
Receive control s 1\opo_| Serial channel countor
(UART only = 16) <wWu> interrupt control (UART only =+ 16)
RXDCLKY, A 1 ) TXDCLKY, A
ecinn €
—>{Receive buffer Transmission e
SC1MODO <: control CTS1
<RXE> (Shared
SC1CR with PF5)
<PE>  <EVEN> 3<CC1¥'SOEEO
v v
RXD1 O rIReceive buffer 1 (Shift register)| | Parity control |
(Shared l
with PF4) v o
| RB8 | Receive buffer 2 (SC1BUF)| Error flag | | TB8 | ran?g‘éisé%}:)u er |—->E] TXD1
T T 7} (Shared
SC1CR with PF3)
<OERRI> <PE||?R> <FERR>|
A4 N/ y
! Internal data bus ¢
Figure 3.9.3 Block Diagram of SIO1
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3.9.2  Operation of Each Circuit

(1) Prescaler

There is a 6-bit prescaler for generating a clock to SIO0. The clock selected using
SYSCR1<GEAR2:0> is divided by 8 and input to the prescaler as ¢T0. 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

Input Clock Prescaler Input Clock Resolution
$TO 2%/ fsys
0T2 24 fsys
$T8 2% fsys
$T32 2% fsys

The serial interface baud rate generator selects between 4 clock inputs: ¢T0, ¢T2,
0T8, and ¢T32 among the prescaler outputs.
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(2) Baud rate generator
The baud rate generator is a circuit that generates transmission and receiving clocks

that determine the transfer rate of the serial channels.

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

The baud rate generator includes a frequency divider, which divides the frequency by
1 or N + (16 — K)/16 to 16 values, determining the transfer rate.
The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0> and
BROADD<BROKS3:0>.
e In UART mode
(1) When BROCR<BROADDE> =0
The settings BROADD<BROK3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N (N = 1, 2, 3 ... 16), which is set in
BROCR<BR0S3:0>.
(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 (N = 2,

3 ... 15) set in BROCR<BR0S3:0> and the value of K (K = 1, 2, 3 ... 15) set in
BROADD<BROKS3:0>.

Note: IfN=1and N =16, the N + (16 — K)/16 division function is disabled.
Clear BROCR<BROADDE> register 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 is explained below.

e UART mode

Input clock of baud rate generator

Baud rate = +16
Frequency divider for baud rate generator
e [/O interface mode
Baud rate = Input clock of baud rate generator 29

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

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

* Clock state

{System clock:  High speed (fsys)

High speed gear: 1 time (fsys)

Baud rate = M +-16

=12.288 x 10° + 16 + 5+ 16 = 9600 (bps)

Note: The N + (16 — K)/16 division function is disabled and setting BROADD<BROK3:0>
is invalid.
e N+ (16 — K)/16 divider (UART mode only)

Accordingly, when fsys = 4.8 MHz, the input clock frequency = ¢TO, the
frequency divider N (BROCR<BR0S3:0>) = 7, K (BROADD<BR0K3:0>) = 3, and
BROCR<BROADDE> = 1, the baud rate is as follows:

* Clock state

{System clock:  High speed (fsys)

High speed gear: 1 time (fgys)

—Ijgsf‘; - 16
7+—16

=48 x 106+4+(7+%)+16:9600 (bps)

Baud rate =

Table 3.9.3 and Table 3.9.4 show examples of UART mode transfer rates.

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

e In UART mode

Baud rate = External clock input frequency + 16

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

Baud rate = External clock input frequency

It is necessary to satisfy (External clock input cycle) > 16/fgys
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Table 3.9.3 UART Baud Rate Selection

(when using baud rate generater and BROCR<BROADDE> = 0)
Unit (kbps)

Input Clock
¢TO 0T2 T8 $T32

fsys [MHZz] Divider N
(4/fsys) (16/fsys) (64/fsys) | (256/fsys)

(Set to BROCR<BR0S3:0>)

18.432000 15 19.200 4.800 1.200 0.300
19.660800 8 38.400 9.600 2.400 0.600
0 16 19.200 4.800 1.200 0.300

Note 1: Transfer rates in 1/0O interface mode are eight times faster than the values given above.

Note 2: The values in this table are calculated for when fgysg is selected as the system clock, fgys /1 is
selected as the clock gear.

Table 3.9.4 UART Baud Rate Selection
(when using trigger output of TMRAO and input clcok of TMRAOQ is ¢T1.)

Unit (kbps)
f
SYS| 20 MHz 19.6608 MHz 16 MHz
TAOREGO
02H 76.8 62.5
04H 38.4 31.25
05H 31.25
08H 19.2
10H 9.6

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

Transfer rate = Jﬁﬂ—

TAOREG x 2" x 16
(When input clock of TMRAO is ¢T1)

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

Note 2: The values in this table are calculated for when fsys is selected as the system clock, fgys/1 is
selected as the clock gear.
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(3) Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
¢ In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the basic clock is
generated by dividing the output of the baud rate generator by 2, as described
previously.
In SCLK input mode with the setting SCOCR<IOC> = 1, the rising edge or falling
edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

e In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate generator
clocks, the internal system clock fSys, the trigger output signal from TMRAO or the
external clock (SCLKO pin) is used to generate the basic clock SIOCLK.

(4) Receiving counter

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

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

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

(5) Receiving control
e In I/O interface mode
In SCLK output mode with the setting SCOCR<IOC> = 0, the RXDO pin is

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

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

e In UART mode

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

The values of the data bits that are received are also determined using the
majority rule.
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(6)

(7

The receiving buffers

To prevent overrun errors, the receiving buffers are arranged in a double-buffer
structure.

Received data is stored one bit at a time in receiving buffer 1 (which is a shift
register). When 7 or 8 bits of data have been stored in receiving buffer 1, the stored
data is transferred to receiving buffer 2 (SCOBUF); this causes an INTRXO0 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 wake-up function for the slave controller is enabled by
setting SCOMODO<WU> to 1; in this mode INTRXO0 interrupts occur only when the
value of SCOCR<RB8>is 1.

Transmission counter

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

SOIT S | I | | | ) ] | |

TXDCLK

15 16 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 1 2
Figure 3.9.4 Generation of Transmission Clock
(8) Transmission controller

e In I/O interface mode

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

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

e In UART mode

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

Serial channels 0 and 1 each has a CTS pin. Use of this pin allows data can be sent
in units of one data format; thus, overrun errors can be avoided. The handshake
functions is enabled or disabled by the SCOMODO<CTSE> setting.

When the CTSO pin condition is high level, after completed the current data
transmission, data transmission is halted until the CTSO pin state is low again.
However, the INTTXO0 interrupt is generated, it requests the next send data to the CPU.
The next data is written in the transmission buffer and data transmission is halted.

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

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

TMP92CM22 TMP92CM22
TXD RXD
CTS |« RTS (Any port)
Transmission side Receiving side

Figure 3.9.5 Handshake Function

Timing of writing data to

transmission buffer s(
)
((

— 1]
cTS :>T/ Send is suspended ﬁ
b

a fromatob.

(
J

{
)]

2 3 1 3
P

14

13 15 1
SIOCLK _{)S I-I I-I I-I
TXDCLK __5(’ H
TXD — \ Start bit

16

( [

(
]

Note 1: Ifthe CTS signal goes high during transmission, will be stop next transmission data after completion of the
current transmission.
Note 2: Transmission starts on the first falling edge of the TXDCLK clock after the CTS signal has fallen.

Figure 3.9.6 CTS (Clear to send) Signal 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 in order. When all the bits are
shifted out, the transmission buffer becomes empty and generates an INTTXO0
interrupt.

(10) Parity control circuit

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

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in 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 into receiving buffer 1, and the parity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), and then compared
with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RB8> in 8-bit UART mode.
If they are not equal, a parity error is generated and the SCOCR<PERR> flag is set.

(11) Error flags

Three error flags are provided to increase the reliability of data reception.
1. Overrun error <OERR>

If all the bits of the next data item have been received in receiving buffer 1 while
valid data still remains stored in receiving buffer 2 (SCOBUF), an overrun error is
generated.

The below is a recommended flow when the overrun-error is generated.
(INTRX interrupt routine)

1) Read receiving buffer

2) Read error flag

3) if <OERR>=*%1"
then

4) Set to disable receiving (Program “0” to SCOMODO<RXE>)
5) Wait to terminate current frame

6) Read receiving buffer

7) Read error flag

8) Set to enable receiving (Program “1” to SCOMODO<RXE>)
9) Request to transmit again

10) 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 + Parity 8 Bits, 7 Bits + Parity, 7 Bits
Interrupt generation | Center of last bit Center of last bit Center of stop bit
timing (Bit8) (Parity bit)
Framing error Center of stop bit Center of stop bit Center of stop bit

generation timing

Parity error

Center of last bit .
Center of stop bit

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

Note:

In 9 Bits mode and 8 Bits + Parity mode, interrupts coincide with the ninth bit pulse. Thus, when servicing

the interrupt, it is necessary to wait for a 1-bit period (to allow the stop bit to be transferred) to allow

checking for a framing error.

Transmission

Mode 9 Bits 8 Bits + Parity 8 Bits, 7 Bits + Parity, 7 Bits
Interrupt generation | Just before stop bit is - -
timing transmitted

2. In I/O interface mode

Transmission SCLK output mode | Immediately after last bit data.

interrupt (See Figure 3.9.19.)

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

Receiving SCLK output mode | Timing used to transfer received to data receive buffer 2 (SCOBUF)

interrupt (e.g., immediately after last SCLK). (See Figure 3.9.21.)

timing SCLK input mode | Timing used to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.9.22.)
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393 SFRs
7 6 5 4 3 2 1 0
SCOMODO | Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCo
(1202H) | Read/Write RIW
After reset 0 0 0 0 o [ o o [ o
Function Transfer Handshake | Receive Wakeup Serial transmission Serial transmission clock
data bit8 function control function mode (UART)
control 0: Receive | 0: Disable [ 00: I/O interface mode 00: Timer AO trigger
0:CTS disable | 1: Enable | 01: 7-bit UART mode 01: Baud rate generator
disable | 1: Receive 10: 8-bit UART mode | 10: Internal clock i,
ROTS | enable 11: 9-bit UART mode | 11: External clook
(SCLKO input)

]

|—> Serial transmission clock source (UART)
00 | TMRAO trigger output signal
01 | Baud rate generator
10 [ Internal clock fio
11 | External clock (SCLKO input)
Note:

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

———> Serial transmission mode
00 | I/O interface mode

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

—————— Wakeup function

9-bit UART

0 | Interrupt generated
when data is received

1 Interrupt generated
only when RB8 =1

Other modes

Don't care

> Receiving function

0 | Receive disabled

1 Receive enabled

» Handshake function (CTS pin)

0 | Disabled (Always transferable)
1 Enabled

» Transmission data bit8

Figure 3.9.7 Serial Mode Control Register 0 (for SIO0 and SCOMODO)
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7 6 5 4 3 2 1 0
SC1MODO | Bit symbol TB8 CTSE RXE wu SM1 SMO SC1 SCO
(120AH) Read/Write R/W
After reset 0 0 0 0 o [ o o [ o
Function Transfer Handshake | Receive Wakeup Serial transmission Serial transmission clock
data bit8 | function control function mode (UART)
control 0: Receive | 0: Disable [00: I/O interface mode 00: Timer AO trigger
0:CTs disable | 1:Enable | 01: 7-bit UART mode 01: Baud rate generator
disable | 1: Receive 10: 8-bit UART mode 10: Internal clock fip
1:CTS enable 11: 9-bit UART mode 11: External clcok
enable (SCLK1 input)

]

|—> Serial transmission clock source (UART)

00 | TMRAO trigger output signal
01 | Baud rate generator
10 | Internal clock fig
11 | External clock (SCLK1 input)
Note: The clock selection for the I/O interface

mode is controlled by the serial control
register (SC1CR).

—> Serial transmission mode

———— > Wake

00 | I/O interface mode
01 7-bit mode
10 | UART mode 8-bit mode
11 9-bit mode
up function

9-bit UART Other modes
0 | Interrupt generated

when data is received

Don't care

1 Interrupt generated

only when RB8 =1

Receiving function

0 | Receive disabled

1

Receive enabled

>

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

» Transmission data bit8

Figure 3.9.8 Serial Mode Control Register (for SIO1 and SC1MOD)
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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
After reset | Undefined 0 0 o | o | o 0 0
Function Received | Parity Parity 1: Error 0: SCLKO _ | 0: Baud rate
data bit8 | 0: Odd addition Overrun Parity Framing [ £ ] generator
1: Even 0: Disable 1; SCLKO 1: SCLKO
1: Enable [1] pin input

— ' |

|—> 1/0 interface input clock selection
0 | Baud rate generator
1 | SCLKO pin input

—> Edge selection for SCLKO pin (I/O mode)

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

Transmits and receivers
! data on falling edge SCLKO. [1]

0

—> Framing error flag Cleared to 0
L———> Parity error flag when read
—— > Overrun error flag

> Parity addition enables
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 3.9.9 Serial Control Register (for SIO0 and SCOCR)
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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 R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 o | o | o 0 0
Function Received Parity Parity 1: Error 0: SCLK1 0: Baud rate
data bit8 | 0: Odd addition Overrun Parity Framing 0 generator
1: Even 0: Disable 1: SCLK1 |1: SCLK1
1: Enable 1 pin input

|—> 1/0 interface input clock selection

0 | Baud rate generator
1 [ SCLK1 pin input

—> Edge selection for SCKL1 pin (I/O mode)
0 | Transmits and receives
data on rising edge of SCLK1.[—T_]

1 | Transmits and receives
data on falling edge of SCLK1[1]

—> Framing error flag Cleared to 0
L > Parity error flag when read
—— > Overrun error flag

» Parity addition enables

0 | Disabled
1 | Enabled

\4

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

Received data bit8

A

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

Figure 3.9.10 Serial Control Register (for SIO1 and SC1CR)
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7 6 5 4 3 2 1 0
BROCR Bit symbol - BROADDE | BROCK1 | BROCKO BROS3 BR0S2 BR0S1 BROSO
(1203H) | Read/Write RIW
After reset 0 0 o | o o [ o [ o [ o
Function Always +(16 —K)/16 [ 00: ¢TO Setting of the divided frequency
write “0”. | division 01: ¢T2
0: Disable 10: $T8
1: Enable 11: $T32
+ (16 — K)/16 divisions enable Setting the input clock of baud rate generator
0 | Disable 00 Internal clock ¢TO
Enable 01 Internal clock ¢T2
10 Internal clock ¢T8
11 Internal clock $T32
7 6 5 4 3 2 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(1204H) | Read/Write RIW
After reset 0 I 0 | 0 I 0
Function Sets frequency divisor “K”
(Divided by N + (16 — K)/16).
Sets baud rate generator frequency divisor <
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0000 (N = 16) 0010 (N=2) 0001 (N = 1) (UART only)
<BR0S3:0> or l l
BROADD 0001 (N=1) 1111 (N=15) 1111 (N = 15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=1) Disable Divided by
l N + (16-K) /16
1111 (K=15)

Note1: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 and disable +(16-K)/16 division function.Don’t use in I/O

interface mode.

used.

Figure 3.9.11 Baud Rate Generator Control (for SIO0, BROCR, and BROADD)

Note2:Set BROCR <BROADDE?> to 1 after setting K (K = 1 to 15) to BROADD<BROKS3:0> when +(16-K)/16 division function is
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7 6 5 4 3 2 1 0
BR1CR Bit symbol - BR1ADDE | BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(120BH) | Read/Write RIW
After reset 0 0 o | o o [ o [ o [ o
Function Always + (16 — K)/16| 00: ¢TO
write “0”. | division 01: ¢T2 . )
0: Disable 10: 478 Divided frequency setting
1: Enable 11: ¢T32
+ (16 — K)/16 divisions enable Input clock selection for baud rate generator
0 | Disabled 00 Internal clock ¢ TO
Enabled 01 Internal clock ¢T2
10 Internal clock ¢T8
11 Internal clock $T32
7 6 5 4 3 2 1 0
BR1ADD | Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(120CH) | Read/write RIW
After reset 0 I 0 | 0 I 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 0000 (N = 16) 0010 (N=2) 0001 (N = 1) (UART only)
<BR1S3:0> or l to
1111 (N=15
) 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=1) Disable Divided by
t N+ (16 -K) /16
1111 (K=15)

Note1:Availability of +(16-K)/16 division function

N UART mode 1/0 mode
2to 15 O X
1,16 X b

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

interface mode.

Note2:Set BR1CR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BR1ADD<BR1K3:0> when +(16-K)/16 division function is

used.

Figure 3.9.12 Baud Rate Generater Control (for SIO1, BR1CR, and BR1ADD)
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7 6 5 4 3 2 1 0
[ 87 | 786 | TB5 [ TB4 [ TB3 | B2 | TB1 | TBO | (for transmission)

SCOBUF
(1200H)

7 6 5 4 3 2 1 0
[RB7 | RB6 | RB5 | RB4 [ RB3 | RB2 | RB1 | RBO | (for receiving)

Note: Prohibit read-modify-write for SCOBUF

Figure 3.9.13 Serial Transmission/Receiving Buffer Register (for SIO0 and SCOBUF)

7 6 5 4 3 2 1 0
SCOMOD1 | Bit symbol 12S0 FDPX0
(1205H) | Read/write |  R/W RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1:Run 1: Full

Figure 3.9.14 Serial Mode Control Regsiter (for SIO and SCOMOD1)

7 6 5 4 3 2 1 0
| 787 | TB6 | TB5 [ TB4 [ ™83 | B2 | TB1 | TBO | (for transmission)

SC1BUF
(1208H)

7 6 5 4 3 2 1 0
[ RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO | (for receiving)

Note: Prohibit read-modify-write for SC1BUF
Figure 3.9.15 Serial Transmission/Receiving Buffer Register (for SIO1 and SC1BUF)

7 6 5 4 3 2 1 0
SC1MOD1 | Bit symbol 1281 FDPX1
(120DH) | Readmrite |  RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.9.16 Serial Mode Control Regsiter (for SIO and SC1MOD1)
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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

TMP92CM22 Shift register TMP92CM22 Shift register
Al— Al <«
B|—> B| <«
TXD Sl C|—> RXD QH C|<«
D|— D| <«
SCLK SCK E|—> SCLK CLOCK E| <«
Fl—> F|<«
Port RCK G|—> Port S/C G|«
Hl— H| <
TC74HC595 or equivalent TC74HC165 or equivalent
Figure 3.9.17 Example of SCLK Output Mode Connection
Output extension Input extension
TMP92CM22 Shift register TMP92CM22 Shift register
Al—> Al <«
B|—> B| <«
TXD Sl C|—> RXD QH C|<«
D|— D| <«
SCLK SCK E|—> SCLK CLOCK E| <«
Fl—> F|<«
Port RCK G|—> Port S/C G|«
Hl— H| <
TC74HC595 or equivalent TC74HC165 or equivalent

—— External clock

—— External clock

Figure 3.9.18 Example of SCLK Output 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 outputted, INTESO<ITX0C> will be set to
generate the INTTXO interrupt.

Timing of writing
transmission data

SCLKO output
(<SCLKS>=0
rising mode)

SCLKO output
(<SCLKS>=1
falling mode)

TXDO

ITX0C
(INTTXO interrupt
request)

[t

L.

)

et 3 A

(Iniernal clock
timinig)

EeE

T

I 1
==
i

I

]

I

I

[}

I

1

I

I

[} ( I
(

[ |

Bit6 X Bit7
[}

(¢
)

—

Figure 3.9.19 Transmission Operation in I/O Interface Mode (SCLKO output mode)

In SCLK input mode, 8-bit data is output from the TXDO pin when the SCLKO
input becomes active after the data has been written to the transmission buffer by
the CPU.

When all data is outputted, INTESO<ITX0C> will be set to generate INTTX0
interrupt.

SCLKO input
(<SCLKS>=0
rising mode)
SCLKO input
(<SCLKS> =1
falling mode)

TXDO

ITX0C
(INTTXO interrupt
request)

L

JL
JL
It
JL

J

Bit1 Bit5 Bit6

=T~

el

W

3
.
_____E___
.
-
S ]

=

|

-
=~

Figure 3.9.20 Transmission Operation in I/O Interface Mode (SCLKO input mode)
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IRX0C

(INTRXO interrupt

request)
SCLKO output
(<SCLKS>=0:
rising mode)
SCLKO output
(<SCLKS>=1:
falling mode)

RXDO

Receiving

In SCLK output mode, the synchronous clock is outputted from SCLKO pin and
the data is shifted to receiving buffer 1. This starts when the receive interrupt flag
INTESO<IRX0C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred to receiving buffer 2 (SCOBUF according to
the timing shown below) and INTESO<IRX0C> will be set to generate INTRXO0
interrupt.

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

. ((
)

Bit1

[}
(L
,>d)
[4
[R))]

Figure 3.9.21 Receiving Operation in I/O Interface Mode (SCLKO output mode)

SCLKO input

(<SCLKS>=0

rising mode)
SCLKO input

(<SCLKS> = 1:

falling mode)

RXD1
IRX0C

(INTRXO interrupt

request)

In SCLK input mode, the data is shifted to receiving buffer 1 when the SCLK
input becomes active after the receive interrupt flag INTESO<IRX0C> is cleared
by reading the received data. When 8-bit data is received, the data will be shifted
to receiving buffer 2 (SCOBUF according to the timing shown below) and
INTESO<IRX0C> will be set again to be generate INTRXO0 interrupt.

L

JL
L
I,
L
J

@
=
o
@
=
=

Bit5 Bit6

e
=<
__::i:__
TR
el
I I
3
>

|

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

Note:

If receiving, set to the receive enable state (SCOMODO<RXE> = 1) in both SCLK input

mode and output mode.
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3. Transmission and receiving (Full duplex mode)

When the full duplex mode is used, set the level of receive interrupt to “0” and
set enable the interrupt level (1 to 6) to the transfer interrupts. In the transfer
interrupt program, the receiving operation should be done like the below example
before setting the next transfer data.

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fsys = 19.6608 MHz

* Clock state

System clock: High frequency and high speed (fsys)

High speed clock gear: 1 time (fgys)

Prescaler clock: fEPH
Main routine

76 543210
INTESO 0001 0O0O0OTDO Set transmission interrupt level, and disable receiving
interrupt.

PFCR - - - - - 101 Set to PFO (TXDO), PF1 (RXDO0), and PF2 (SCLKO).
PFFC - - - - =1 -1
SCOMODO 0000O0O0OO0ODO Set to I/0 interface mode.
SCOMOD1 11000000O0 Set to full duplex mode.
SCOCR 0 000O0OO0OODO Output SCLK, select rising edge.
BROCR 00110011 Set to 9600 bps.
SCOMODO 001 0O0O0O0OTO0 Set receive to enable.
SCOBUF ook ok kK x Kk Set transmission data.

Transmission interrupt routine

Acc SCOBUF Read receiving data.
SCOBUF Kook kR ok x Kk Set transmission data.
X: Don't care, —: No change
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(2) Mode 1 (7-bit UART mode)

7-bit UART mode is selected by setting serial channel mode register
SCOMODO0<SM1:0> to 01.

In this mode, a parity bit can be added. Use of a parity bit is enabled or disabled by
the setting of the serial channel control register SCOCR<PE> bit; whether even parity
or odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

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

"\ startBio X 1 X 2 X 3 X 4 X 5 X 6 Xga)stop

<«—— Transfer direction (Transfer speed 2400 bps at fgys = 19.6608 MHz)

* Clock state

System clock: High speed (fsys)
High speed clock gear: 1 time (fsys)
Prescaler clock: System clock

PFCR — - - - - - - = 1 .
Set PFO to as TXDO pin.
PFFC — - - - - - - = 1
SCOMOD « X 0 - X0 1 0 1 Set to 7-bit UART mode.
SCOCR « X1 1 XX XO00O0 Add even parity.
BROCR «~ 00100101 Set to 2400 bps.
INTESO « 1100 - - - - Set INTTXO interrupt to enable, set to level 4.
SCOBUF — ok ok ok ox k ok k% Set transmission data.

X : Don't care, —: No change

(3) Mode 2 (8-bit UART mode)
8-bit UART mode is selected by setting SCOMODO0<SM1:0> to 10. In this mode, a
parity bit can be added (Use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to 1 (Enabled).

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

"\ start{BitoX 1 X 2 X 3 X 4 X5 X 6 X 7 X328 YVstop

<«— Transfer direction (Transfer speed 9600 bps at fgys = 19.6608 MHz)
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* Clock state

System clock: High speed (fsys)

High speed clock gear: 1 time (fgys)

Prescaler clock: fEPH
Main routine

76 543210

PFCR «— - - - - - - 0 - Set PF1 (RXDO) to input pin.
SCOMOD « -01 X100 1 Set to 8-bit UART mode, set receives to enable.
SCOCR « X 01 XXXO00 Add odd parity.
BROCR «~ 00010101 Set to 9600 bps.
INTESO «~ - ---1100 Set INTTXO interrupt to enable, set to level 4.
Interrupt routine processing
Acc < SCOCR AND 00011100 }
. Check for error.
if Acc # 0then ERROR
Acc «~ SCOBUF Read receiving data.

X : Don't care, —: No change

(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 programmed to SCOMODO0<TBS8>. In
the case of receiving it is stored in SCOCR<RB8>. When the buffer is written and read,
the MSB is read or written first, before the rest of the SCOBUF data.

Wakeup function

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

]

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

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

Figure 3.9.23 Serial Link Using Wakeup Function

92CM22-166 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA

TMP92CM22

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

T\ startfBioX_ 1 X 2 X 3 X 4 X 5 X6 X7 X8 Vstop?

Select code of slave controller 1

Each slave controller receives the above frame. If it matches with own select code,
clears <WU> bit to “0”.

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

" \start{BitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 \Bitg8 /Stop*”

Data 0

The other slave controllers (whose <WU> bits remain at 1) ignore the received
data because their MSB (Bit8 or <RB8>) are set to “0”, disabling INTRXO
interrupts. The slave controller (KWU> bit = “0”) can transmit data to the master
controller, and it is possible to indicate the end of data receiving to the master
controller by this transmission.

92CM22-167 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA

TMP92CM22

Example: To link two slave controllers serially with the master controller using the system
clock fgyg as the transfer clock.

A
\

W

e  Master controller setting

Main routine
PFCR “— - - - - -
PFFC “— - - - - -

INTESO «<~ 11001

SCOMODO « 1 0 1 0 1
SCOBUF «<~ 0 00O00O0

Interrupt routine (INTTXO)

SCOMODO « 0 - - - -
SCOBUF <« # % * # =

o Slave setting

Main routine
PFCR «— - - - - -
PFFC «— - - - - -

INTESO «~ 11011
SCOMODO «~ 0 0 1 1 1

Interrupt routine (INTRXO)

Acc < SCOBUF
if Acc = Select code

Then «~ - - -0 -
SCOMODO0

}

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

Set PFO to TXDO, and set PF1 to RXDO pin.

Set INTTXO to enable, and set interrupt level to level 4.
Set INTRXO to enable, and set interrupt level to level 5.
Set to 9-bit UART mode, and set transfer clock to fgys.
Set select code of slave 1.

Set TB8 to “0”".
Set transmission data.

Set PFO to TXD (open-drain output), and PC1 to RXD.

Set INTTXO0 and INTRXO to enable.
Set to <WU>="1"in 9-bit UART mode transfer clock fgys.

Clear to <WU> = “0".
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3.9.5  Support for IrDA Mode

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.

Figure 3.9.24 shows the block diagram.

SO | ool
[Transmission| ™z Hiodulator | > /IR transmitter & LED———»
data LR ! e LR EEEEE IR output
SI00 Modem IR module
(Receive | ;=" k-~ [ [RXDO| 1=--qpiscgos Tl
- data ! demodulator | L L TR input
TMP92CM22

Figure 3.9.24 Block Diagram of IrDA

(1) Modulation of transmission data

When the transmission data is 0, output “H” level with either 3/16 or 1/16 times for
width of baud-rate (Selectable in software). When data is “1”, modem output “L” level.

0 1 0
[ [

Transmission Start

data
H

Output after

[ [

0 1 1 0 0 Stop

—]

modulation

Figure 3.9.25 Example of Modulation of Transmission Data

(2) Modulation of receiving data

When the receive data has the effective high level pulse width (Software selectable),

the modem outputs “0” to SIO0. Otherwise modem outputs “1” to SIO0. Receive pulse

logic is selectable by STIRCR<RXSEL>.

Receiving pulse i [_+\

<RXSEL> =“0" I
A

\

Receiving pulse
<RXSEL> =*1" !

&

A
A

Data after _| Start 1 0 0

modulation

Figure 3.9.26 Example of Modulation of Receiving Data
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(3

(4)

(5)

Data format

Format of transmission/receiving must set to data length 8-bit, without parity bit, 1 bit
of stop bit.

Any other settings don’t guarantee the normal operation.

SFR

Figure 3.9.27 shows the control register SIRCR. If change setting this register, must
set it after set operation of transmission/receiving to disable (Both <TXEN> and
<RXEN> of this register should be clear to 0).

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

The following example describes how to set this register:

1) SIO setting ; Set SIO side.
\2

2) LD (SIRCR), 07TH ; Set receiving effect pulse width to 16X.

3) LD (SIRCR), 37H ; TXEN, RXEN enable the transmission and receiving.
\2

4) Transmission/receiving ; The modem operates as follows:

e SIOO starts transmitting.
e IR receiver starts receiving.

Notes
1. Making baud rate when using IrDA

In baud rate during using IrDA, must set “01” to SCOMODO0<SC1:0> in SIO by
using baud rate generator.

TAOTRG, fsys, SCLKO input of except for it can not using.
2. Output pulse width and baud rate generator during transmission IrDA

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

Table 3.9.5 Specification of Transfer Rate and Pulse Width

Transfer Modulation Tr_all_gggnFé:te Minimum of | Typical of Pulse| Maximum of
Rate Pulse Width Width 3/16 Pulse Width
(% of Rate)

2.4 kbps RZI +0.87 1.41 s 78.13 ps 88.55 s
9.6 kbps RZI +0.87 1.41 ps 19.53 pus 22.13 us
19.2 kbps RZI +0.87 1.41 ps 9.77 us 11.07 ps
38.4 kbps RZI +0.87 1.41 ps 4.88 s 5.96 ps
57.6 kbps RZI +0.87 1.41 ps 3.26 us 4.34 s
115.2 kbps RZI +0.87 1.41 ps 1.63 pus 2.23 pus

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

The TMP92CM22 has function which is selectable the transmission pulse width
either 3/16 or 1/16. But T x 1/16 pulse width can be selected when the baud rate is
equal or less than 38.4 kbps only. When 57.6 kbps and 115.2 kbps, the output pulse
width should not be set to T x 1/16.
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SIRCR
(1207H)

As the same reason, + (16 — K)/16 division function in the baud rate generator of
SIOO0 cannot be used to generate 115.2 kbps baud rate.

Also when the 38.4 kbps and 1/16 pulse width, + (16 — K)/16 division function cannot
be used.

Table 3.9.6 shows baud rate and pulse width for (16 — K)/16 division function.

Table 3.9.6 Baud Rate and Pulse Width for (16 — K)/16 Division Function

o“ts\‘;it d;“'se ?1";‘; Es;‘: 57.6 kbps | 38.4 kbps | 19.2kbps | 9.6kbps | 2.4 kbps
Tx3/16 x o o o o o
Tx1/16 - - x ¢} o o
0: Can be used (16 — K)/16 division function.
x: Cannot be used (16 — K)/16 division function.
—: Cannot be set to T x 1/16 pulse width.
7 6 5 4 3 2 1 0
Bit symbol PLSEL RXSEL TXEN RXEN SIRWD3 SIRWD2 SIRWD1 SIRWDO
Read/Write R/W
After reset 0 0 0 0 o | o | o | o
Function Selection Receiving Transmission | Receiving Select receiving effective pulse width
transmission  data logic data operation Set effective pulse width for equal or
pulse width | 0: “H” pulse . .
0:3/16 1:°0" pulse 0:Disable 0:Disable more than 2x x (Value + 1) + 100 ns
1:Enable 1:Enable Can be set: 1to 14
1ane Cannot be set: 0, 15

]

Select receiving effective pulse width

Formula:

Receiving effective pulse width > 2x x (Setting value + 1) +
100 ns x = 1/fgys

0000

Cannot be set.

0001

Pulse width of equal or more than 4x + 100 ns is effective.

i

1110

Pulse width of equal or more than 30x + 100 ns is effective.

1111

Cannot be set.

——> Enable of receiving operation

0

Disable receiving operation.
(Received input is ignored.)

Enable receiving operation.

— > Enable of transmission operation

0

Disable transmission operation
(Input from SIO is ignored.)

Enable transmission operation.

> Select transmission pulse width

0

Pulse width of 3/16

1

Pulse width of 1/16

Note:

If a pulse width complying with the IrDA 1.0 standard (1.6us
min.) can be guaranteed with a low baud rate, setting this
bit to “1” shortens the duration of infrared ray activation
resulting in reduced power dissipation.

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

The TMP92CM22 has a 1-channel serial bus interface. Serial bus interface (SBIO) include
following 2 operation modes.

e I2C bus mode (Multi master)

o  (locked-synchronous 8-bit SIO mode

The serial bus interface is connected to an external device through P91 (SDA) and P92 (SCL)
in the I2C bus mode; and through P90 (SCK), P91 (SO), and P92 (SD) in the clocked-synchronous

8-bit SIO mode.

Each pin is specified as follows.

P9ODE PI9CR POFC
<P920DE, P910ODE> | <P92C, P91C, P90C> | <P92F, P91F, P9OF>
I°C bus mode 11 11X 11X
Clocked-synchronous| 011
8-bit SIO mode XX 010 X11
X: Don't care
3.10.1 Configuration
—> INTSBEO interrupt requests
SCL
SCK
A
1 P90
SIO (SCK)
clock
control [€7]
i 1 o
contro
. H Pa1
¢ T —»{ Divider —>] SIO SO (SO/SDA)
l Transfer — | data control |¢ s
> control <::
I°C bus circuit
< clock sync. )
<o TN AL —1 P92
Ly| Noise + ) ) C bus data (SI/sCL)
canceller Control Shift register Noise SDA
control |
A A canceller
AN A A
v V4 | |
SBIOCR2/ I2COAR SBIOBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBIO control register 2/ 12CO bus SBIO data SBIO control SBIO baud rate registers 0 and 1
buffer register register 1

SBIO status register

address register

Figure 3.10.1 Serial Bus Interface 0 (SBIO)
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3.10.2 Control

The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface 0 control register 1 (SBIOCR1)

e Serial bus interface 0 control register 2 (SBIOCR2)

e Serial bus interface 0 data buffer register (SBIODBR)
e 12C bus 0 address register (I2COAR)

e Serial bus interface 0 status register (SBIOSR)

e Serial bus interface 0 baud rate register 0 (SBIOBRO)
e Serial bus interface 0 baud rate register 1 (SBIOBR1)

The above registers differ depending on a mode to be used.
Refer to Section 3.10.4 “I2C Bus Mode Control Register” and 3.10.7 “Clocked-synchronous
8-Bit SIO Mode Control”.

3.10.3 Data Format in I°C Bus Mode

Data format in I2C bus mode is shown Figure 3.10.3.

(a) Addressing format

[¢——— 8bits ——>| 1 j«——1to 8 bits —>»| 1 j&——1to 8 bits —>»| 1|

| | | | | | R|A A A

S Slave address l]cC Data Cc Data C|P
w|K K K
|« 1 >le 1 or more >|

(b) Addressing format (with restart)

l——— 8bits ——>| 1 j«—— 1t08bits —> 1| k——— 8bits ———>| 1 k——— 1 to 8 bits ——>| 1|
T T 1T T

R|A A | | | | | | R{A A

S Slave address l]cC Data C|S Slave address l|cC Data C|P
w| K K w | K K
23 1 >l 1 or more > e 1 >le 1 or more———>|

(C) Free data format (transfer format transfer from master device to slave device)

l«——— 8bits —>| 1 «—— 1108 bits —>| 1 «——— 1 t0 8 bits —>] 1 |

T T T 17T [, A A
S Slave address C Data C Data C|P
K K K
l« 1 e 1 or more >
S: Start condition

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

Figure 3.10.2 Data Format in I°C Bus Mode
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3.10.4 I°C Bus Mode Control Register

The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 . SCKO0/
(1240H) Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
Read/Write w R/W W R/W
After reset 0 | 0 0 0 0 | 0 0/1 (Note 3)
Read- Function | Select number of transferred bits Acknowledge Internal serial clock selection and
modify-write (Note 1) mode software reset monitor
instruction is specn‘lcatlon (Note 2)
prohibited O:Not
: generate
1:Generate

]

Internal serial clock selection <SCK2:0> at write

000 n=5 |-kHz (Noted))
001 n=6 —kHz (Note4)
010 n=7 —kHz (Note4) | [ System clock: fsys
011 | n=8 75.8kHz B fgyg = 20 MHz (output to
100 n=9 38.5 kHz SCL pin)
Y
101 | n=10 19.4 kHz Frequency = —— [Hz]
110 | n=11 9.73kHz ) 2 +8
111 | (Reserved)| (Reserved)

Software reset state monitor <SWRMON> at read

0 | During software reset

1 Initial data

—> Acknowledge mode selection

0 | Not generate clock pulse for acknowledge signal

1 | Generate clock for acknowledge signal

3 Select number of bits transferred

<ACK>=0 <ACK>=1
<BC2:0> | Number of | Data length | Number of | Data length

clock clock

pulses pulses
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7

Note 1: Set the <BC2:0> to “000” before switching to a clocked-synchronous 8-bit SIO mode.

Note 2: For the frequency of the SCL line clock, see section 3.10.5 (3) “Serial clock”.

Note 3: Initial data of SCKO is “0”", SWRMON is “1".

Note 4: This I12C bus circuit does not support high-speed mode, it supports standard mode only. The fscl speed can
be selected over 100kbps by fc and <SCK2:0>, however it's irregular operation.

Figure 3.10.3 Register for I°C Bus Mode
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SBIOCR2
(1243H)

Read-
modify-write
instruction is
prohibited.

Serial Bus Interface Control Register 2

6 5 4

3 2

1 0

Bit symbol

MST

TRX BB PIN

SBIM1 SBIMO

SWRST1 | SWRSTO

Read/Write

W

W (Note 1)

W (Note 1)

After reset

0

0 0 1

o | o

o | o

Function

Master/
slave
selection

Transmitter/| Start/stop
receiver
selection

condition
generation

Release
INTSBEO
interrupt
request

Serial bus interface

(Note 2)

00: Port mode
01: SIO mode
10: 12C bus mode
11: (Reserved)

operation mode selection

Software reset control
write “10” and “01” in
order, then an internal
software reset signal is
generated.

Note 1:
Note 2:

|

L) Serial bus interface operating mode selection (Note 2)

00

Port mode (Serial bus interface output disabled)

01

Clocked-synchronous 8-bit SIO mode

10

I2C bus mode

11

(Reserved)

—> INTSBEQ interrupt request

0

1

Release 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

Reading this register function as SBIOSR register.

Switch a mode to port mode after confirming that the bus is free.

Switch a mode between I1°C bus mode and clocked-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.10.4 Register for I°C Bus Mode
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(1243H) Read/Write R
After reset 0 0 0 1 0 0 0 0
Read- Function Master/ Transmitter/ | 1°C bus INTSBEO |Arbitration | Slave address| GENERAL | Last
modify-write slave receiver status interrupt lost match CALL received bit
instruction is status status monitor request detection detection detection monitor
prohibited. selection selection monitor monitor monitor monitor 0:0
monitor monitor 0: - 0: Undetected| 0: Undetected| 1: 1
1: Detected | 1: Detected | 1: Detected

Note: Writing in this register functions as SBIOCR2.

—— > INTSBEO interrupt request monitor

— |

I—) Last received bit monitor

0 | Last received bit was 0.

1 | Last received bit was 1.

—> GENERAL CALL detection monitor
0 | Undetected
1 | GENERAL CALL detected

——> Slave address match detection monitor
0 | Undetected

Slave address match or

! GENERAL CALL detected

——> Arbitration lost detection monitor
0 —
1 [ Arbitration lost

0 | Interrupt requested

1 |[Interrupt released

Y

I°C bus status monitor

0 | Free
1 |Busy

Y

Transmitter/receiver status monitor

0 | Receiver

1 [ Transmitter

» Master/slave status monitor

0 | Slave
1 | Master

Figure 3.10.5 Register for I°C Bus Mode
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO Bit symbol - 12SBIO0
(1244H) Read/Write w R/W
After reset 0 0
Read- -
i .| Function Always IDLE2
modify-write write “0”. 0: Stop
instruction is 1: Run
prohibited.
> Operation during IDLE 2 mode
0 |Stop
1 Run
Serial Bus Interface Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN -
(1245H) Read/Write w w
Read- After reset 0 0
modify-write | Function Internal Always
) o clock write “0”.
instruction is 0: Stop
prohibited. 1: Run
> Operation during IDLE 2 mode
0 |Stop
1 Run
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR Bit symbol RB7/TB7 RB6/TB6 RB5/TB5 RB4/TB4 RB3/TB3 RB2/TB2 RB1/TB1 RBO/TBO
(1241H) Read/Write R (Receiving)/W (Transmission)
After reset 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 read 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
After reset 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

Figure 3.10.6 Register for I°C Bus Mode

Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition
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3.10.5 Control in I’C Bus Mode

(1

(2

3

Acknowledge mode specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The
TMP92CM22 generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In the
receiver mode during the clock pulse cycle, the SDA pin is set to the low in order to
generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge mode, the TMP92CM22
does not generate a clock pulse for the acknowledge signal when operating in the
master mode.

Select number of transfer bits

The SBIOCR1<BC2:0> is used to select a number of bits for next transmission/
receiving data.

Since the <BC2:0> is cleared to 000 as a start condition, a slave address and
direction bit are transferred 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 select a maximum transfer frequency outputted
on the SCL pin in master mode. Set the baud rates, which have been calculated
according to the formula below, to meet the specifications of the I2C bus, such as the

smallest pulse width of tLOW.

le tHIGH e tLow e 1/fscl |
I e N e N
tLow =2""fgp SBIOCR1<SCK2:0> n
tHigH = 2" Yffspi + 8/fsp) 000 5
fscl = /(tLow + tHIGH) 001 6
_ _fsai 010 7
2'+8 011 8
100 9
101 10
110 11

Note: fsg| shows fgys.

Figure 3.10.7 Clock Source
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Internal SCL output
(Master A)

Internal SCL output
(Master B)

SCL line

Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock line to low level, in the first place, invalidate a clock pulse of another
master device which generates a high-level clock pulse. The master device with a
high-level clock pulse needs to detect the situation and implement the following
procedure.

The TMP92CM22 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 o )
«——>; Start couting high-level width of a clock pulse

A

| Reset a counter of

1 high-level width of

VR

Oo-qd-——-4—----2>

o-—--

Figure 3.10.8 Clock Synchronization

As master A pulls down the internal SCL output to the low level at point “a”, the
SCL line of the bus becomes the low level. After detecting this situation, master B
resets a counter of high-level width of an own clock pulse and sets the internal
SCL output to the low level.

Master A finishes counting low-level width of an own clock pulse at point “b”
and sets the internal SCL output to the high level. Since master B holds the SCL
line of the bus at the low level, master A 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 the TMP92CM22 is used as a slave device, set the slave address <SA6:0> and
<ALS> to the I2C0AR. Clear the <ALS> to “0” for the address recognition mode.

(5) Master/slave selection

Set the SBIOCR2<MST> to “1” for operating the TMP92CM22 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 TMP92CM22 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
I2CO0AR, 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 (R/ 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 programmed “1111”7 to SBIOCR2 <MST, TRX, BB, PIN> in during
SBIOSR<BB> is “0”, slave address and direction bit which are set to SBIODBR and

start condition are output on a bus. And it is necessary to set transmitted data to the
data buffer register (SBIODBR) and set “1” to <ACK> beforehand.

elalalr
SCL line ___W/?\_/?\_/T\_/?\_/?\_“
' /a6 X m X as X as X a2 X At X a0 XRiw /
T

Start condition L Slave address and direction bit | Acknowledge
: 1 signal

1
1
SDA line '
1

Figure 3.10.9 Generation of Start Condition and Slave Address

When programmed “0” to SBIOCR2<BB> and “111” to <MST, TRX, PIN> in during
SBIOSR<BB> is “1”, start a sequence of stop condition output. Do not modify the
contents of <MST, TRX, BB, and PIN> until a stop condition is generated on a bus.

1

SCL line /o T
-—— - 1

soAline .\ AR

Stop condition

Figure 3.10.10 Generation of Stop Condition

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 0O if a stop condition has been detected (Bus free status).
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SCL (Line)

Internal SDA output

(Master A)

(®

€)

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 (<ALS> = 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

SBIOCR2<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBIOCR2<SBIM1:0> to “10” when the device is to be used in I2C bus mode after
confirming pin condition of serial bus interface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on the bus in I12C bus
mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I2C bus arbitration.

The following shows an example of a bus arbitration procedure when two master
devices exist simultaneously on the bus. Master A and master B output the same data
until point “a”. After master A outputs “L” and master B, “H”, the SDA line of the bus is
wire-AND and the SDA line is pulled down to the low level by master A. When the SCL
line of the bus is pulled up at point b, the slave device reads the data on the SDA line,
that is, data in master A. A data transmitted from master B becomes invalid. The state
in master B is called “ARBITRATION LOST”. Master B device that loses arbitration
releases the internal SDA output in order not to affect data transmitted from other
masters with arbitration. When more than one master sends the same data at the first
word, arbitration occurs continuously after the second word.

ai

?

Internal SDA output _\_/—\—/_E_'\ Set internal SDA output to “1”

(Master B)
SDA line

after arbitration has been lost.

\__/ \ /S S

©-—fb———-
o--F-——-

Figure 3.10.11 Arbitration Lost
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The TMP92CM22 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 SCL
Master| output

Linternal SDA ~ \ D7A X D6A \ D5A / D4A X D3A X D2A X D1A X DoA / \ D7A" X D6A" X D5A' X D4A’
output —> Stop the clock pulse

(" Internal SCL 1 2 3 4

Master| output
B

L Internal SDA D7B D6B

Keep internal SDA output to high level as losing arbitration
output P P 9 9

<AL> I/

I

A (
<TRX> I‘/ \
A

Accessed to
SBIODBR or SBIOCR2

Figure 3.10.12 Example of when TMP92CM22 is a Master Device B (D7A = D7B, D6A = D6B)

(11) Slave address match detection monitor

SBIOSR<AAS> operates following in during slave mode; In address recognition mode
(e.g., when I2CO0AR<ALS> = “0”), when received GENERAL CALL or same slave
address with value set to I2COAR, SBIOSR<AAS> is set to “1”. When <ALS> = “17,
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<SAG6:0> is used to set the slave address when the TMP92CM22 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 “1”, 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 (SBIOBRO)

SBIOBRO<I2SBIO> is the register setting operation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.10.6 Data Transfer in 1°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 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 the start condition, nine clocks
are output from the SCL pin. While eight clocks are output, the slave address and
the direction bit which are set to the SBIODBR. At the 9th clock, the SDA line is
released and the acknowledge signal is received from the slave device.

An INTSBE 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 is received, the SDA line is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBE 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”.
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-
SCL line ! 1 2 3 4 5 6 7 8 9 o
1
! PR—
SDA line T\ /A6 X Aas X a4 X A3 X A2 X AL X A0 X RIW A ACK /S
N

"= J ’R_ Acknowledge

. Y signal from a
Start condition Slave address + Direction bit

slave device
<PIN> I_ -
INTSBEO (
interrupt | L -
request

— Output of master
- — - Output of slave

Figure 3.10.13 Start Condition and Slave Address Generation

(3) 1-word data transfer

Check the <MST> by the INTSBEO interrupt process after the 1-word data transfer
is 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 3.10.6 (4)) and
terminate data transfer.

When the <LRB> is “0”, the receiver is requests new data. When the next
transmitted data is 8 bits, write the transmitted data to SBIODBR. When the next
transmitted data is other than 8 bits, set the <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 SCL pin,
and then the 1-word data is transmitted. After the data is transmitted, an
INTSBE interrupt request generates. The <PIN> becomes “0” and the SCL line 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_ o6 X b5 X pa X b3 X_ b2 X bt X oo A Ak /

Acknowledge signal
from a receive

<PIN> ] L.
INTSBEO (I—L -

interrupt
request

— Output of master
=== Output of slave

Figure 3.10.14 Example in which <BC2:0> = “000” and <ACK> = “1" (Transmitter mode)
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SCL line

SDA line

<PIN>

INTSBEO
interrupt
request

SCL

SDA

<PIN>

INTSBEO
interrupt
request

When the <TRX> is “0” (Receiver mode)

When the next transmitted data is other than 8 bits, set <BC2:0> <ACK> and
read the received data from SBIODBR to release the SCL line (Data which is read
immediately after a slave address is sent is undefined). After the data is read,
<PIN> becomes “1”. Serial clock pulse for transferring new 1 word of data is
defined SCL and outputs “L” level from SDA pin with acknowledge timing.

An INTSBE interrupt request then generates and the <PIN> becomes “0”, Then
the TMP92CM22 pulls down the SCL pin to the low level. The TMP92CM22
outputs a clock pulse for 1 word of data transfer and the acknowledge signal each
time that received data is read from the SBIODBR.

1 2 3 4 5 6 7 8 9
v Read receiving data
D7_W D6 A D5 A D4 W D3 W D2 A DL A DO X ACK (New D7

Acknowledge signal to
a transmitter

..

— Output of master
=== Output of slave

Figure 3.10.15 Example of when <BC2:0> = “000", <ACK> =“1" (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 TMP92CM22 generates a clock pulse for
a 1-bit data transfer. Since the master device is a receiver, the SDA line on the bus
remains high. The transmitter 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 TMP92CM22 generates a stop condition (See section 3.10.6 (4)) and
terminates data transfer.

9 1 2 3 4 5 6 7 8 1

“““ 57 W e W D5 W o W s W e W ol W oo S f\ SR
Acknowledge signal
“H” to transmitter

L
=1

[

T— After clear <ACK> to “0", reading receiving data. T— After set “001” to

<BC2:0>, reading
receiving data.

— Output of master
=== Output of slave

Figure 3.10.16 Termination of Data Transfer (Master receiver mode)
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If <MST> = 0 (Slave mode)

In the slave mode the TMP92CM22 operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, an INTSBEO interrupt request generate when the
TMP92CM22 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 TMP92CM22 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> is cleared to “0” and the SCL
pin is pulled down to the low level. Either reading/writing from/to the SBIODBR or
setting the <PIN> to “1” will release the SCL pin after taking tL,OW time.

Check the SBIOSR<AL>, <TRX>, <AAS>, and <ADO> and implements
processes according to conditions listed in the next table.

Table 3.10.1 Operation in the Slave Mode

<TRX> <AL> <AAS> | <ADO> Conditions Process
1 1 1 0 The TMP92CM22 detects arbitration lost | Set the number of bits of single word to
when transmitting a slave address, and | <BC2:0>, and write the transmit data to
receives a slave address for which the | SBIODBR.
value of the direction bit sent from
another master is “1”.
0 1 0 In salve receiver mode, the
TMP92CM22 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 off Check the <LRB>, If <LRB> is set to “1”,
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 TMP92CM22 detects arbitration lost | Read the SBIODBR for setting the <PIN>
when transmitting a slave address, and | to “1” (Reading dummy data) or set the
receives a slave address or GENERAL | <PIN>to “1".
CALL for which the value of the direction
bit sent from another master is “0".
0 0 The TMP92CM22 detects arbitration lost
when transmitting a slave address or
data, and transfer of word terminates.
0 1 1/0 In slave receiver mode the TMP92CM22
receives a slave address or GENERAL
CALL for which the value of the direction
bit sent from the master is “0”.
0 1/0 In slave receiver mode the TMP92CM22 | Set bit number of single word to
terminates receiving word data. <BC2:0>, and read the receiving data
from 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 TMP92CM22 generates a stop condition when the other device has released the
SCL line and SDA pin rising.

‘1" > <TRX>
‘0" —» <BB>

‘1" —» <MST> }
“1" — <PIN>

/— Stop condition
- l

SCL pin

SDA pin

<PIN> J
SBIOSR<BB>

(Reading)

Figure 3.10.17 Stop Condition Generation (Single master)

up
“1" — TRX iti
A Stop condition
“1" — PIN
Internal SCL / j
B} _V_ The case of pulled low il
. [ by another device
SCL pin b yanoler device E i
T\ | |
1
SDA pin | / i
i
1

<PIN> J‘ )
<BB> (Read)

Figure 3.10.18 Stop Condition Generation (Multi master)
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(5) Restart

SCL (bus)

SCL pin

SDA pin

<LRB>

<BB>

<PIN>

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

Clear the SBIOCR2<MST, TRX, BB> to “000” and set the SBIOCR2<PIN> to “1” to
release the bus. The SDA line remains the high level and the SCL pin is released. Since
a stop condition is not generated on the bus, other devices assume the bus to be in a
busy state. Check the SBIOSR<BB> until it becomes “0” to check that the SCL pin of
this device is released. Check the <LRB> until it becomes 1 to check that the SCL line
on a bus is not pulled down to the low level by other devices. After confirming that the
bus stays in a free state, generate a start condition with procedure described in 3.10.6

(2).

In order to meet setup time when restarting, take at least 4.7 us of waiting time by
software from the time of restarting to confirm that the bus is free until the time to
generate the start condition.

“0" - <MST> “1" — <MST>
“0" —» <TRX> “1” > <TRX>
“0" - <BB> “1” - <BB>
“1" — <PIN> “1” — <PIN>
|<— 4.7 ps (Min) /—Start condition

[\

{9\

)

|

Y

<
]
9

I

Figure 3.10.19 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 SIoOM1 SIOMO SCK2 SCK1 SCKO
(1240H) Read/Write w w w
After reset 0 0 o | o o | o 0
Read- Function Transfer Continue/ | Transfer mode select Serial clock selection and reset monitor
modify-write St-agto abort OOE Transmit mode
instruction is : P transfer 01: (Reserved)
prohibited. 1: Start 0:Continue |10: Trans_mit/receive mode
transfer | 11: Receive mode
1: Abort
transfer
Serial clock selection <SCK2:0> at write ¢
000 | n=4 | 1.25 MHz)
001 | n=5 | 625kHz
010 | n=6 | 313 kHz | [ System clock: fgys
011 | n=7 | 156 kHz > fsys = 20 MHz (SCL output to SCK pin)|
100 | n=8 | 78.1kHz | | fscl= fSYS [y
101 [ n=9 | 39.1 kHz 2
110 ([n=10| 19.5kHz)
111 - (External clock : SCKO)
L—» Transfer mode selection
00 | 8-bit transmit mode
01 | (Reserved)
10 [ 8-bit transmit/receive mode
11 [ 8-bit receive mode
L > 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 RB7/TB7 RB6/TB6 RB5/TB5 RB4/TB4 RB3/TB3 RB2/TB2 RB1/TB1 RBO/TBO
(1241H) Read/Write R (Receiver)/W (Transfer)
?]%%ciif;/.write After reset Undefined
instruction is
prohibited.

Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface 0 Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 Bit symbol SBIM1 SBIMO - -
(1243H) Read/Write w w w
After reset 0 0 0 0
Read- Function Serial bus interface (Note 2) (Note 2)
. . operation mode selection
modify-write 00: Port mode
instruction is 01: SI0 mode
prohibited. 10: °C bus mode
11: (Reserved)
Note 1: Set the SBIOCR1<BC2:0> to “000” before switching Serial bus interface operation mode selection
toa cIocked-synchronous 8-bit SIO mode. 00 | Port mode (Serial bus interface output disabled)
Note 2: Please always write “00” to SBICR2<1:0>. 01 | Clocked-synchronous 8-bit SIO mode
10 | I°C bus mode
11 | (Reserved)
Serial Bus Interface 0 Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol SIOF SEF
(1243H) Read/Write R
After reset 0 0
Function Serial 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 - -
(1244H) Read/Write w R/W
Read- After reset 0 0
modify-write | Function Always write| Always
instruction is ‘0" write “0".
prohibited.  Note:  Clocked-syncronous mode cannot operate in IDEL2 mode.
Serial Bus Interface 0 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN -
(1245H) Read/Write w w
Read- After reset 0 0
modify-write Eunction Internal Always write|
) S clock “0".
instruction is .
o 0: Stop
prohibited. 1: Operate

» Baud rate clock control

0

Stop

1

Operate

Figure 3.10.21 Register for the SIO Mode
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(1) Serial Clock
1. Clock source
SBIOCR1<SCK2:0> is used to select the following functions:
Internal clock

In internal clock mode one of seven frequencies can be selected. The serial clock
signal is output to the outside on the SCK pin. The SCK pin goes high when data
transfer starts. When the device is writing (in transmit mode) or reading (in
receive mode), data cannot follow the serial clock rate, so an automatic wait
function is executed which automatically stops the serial clock and holds the next
shift operation until reading or writing has been completed.

Automatic wait

l—]
sckpinouput | Jrl 2l s L 7lJe a2 sl st 2L s

50 pinoutpu 1D 0 GRS C) CI 6 & (0 ) €Y G
/\/

Writing
transmission X b Xc

data

Figure 3.10.22 Automatic Wait Function

External clock (<SCK2:0> = “111")

An external clock input via the SCK pin is used as the serial clock. In order to
ensure the integrity of shift operations, both the high and low-level serial clock
pulse widths shown below must be maintained. The maximum data transfer
frequency is 1.25 MHz (when fsys = 20 MHz).

sekpn 1L 1]

tsckL and tsckH > 8 fsys

Figure 3.10.23 Maximum Data Transfer Frequency when External Clock Input
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2. Shift edge

Data is transmitted on the leading edge of the clock and received on the trailing
edge.

Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of the
SCK pin input/output).

Trailing edge shift
Data is shifted on the trailing edge of the serial clock (on the rising edge of the
SCK pin input/output).

SCK pin 1 l l l l l l l

SO pin E\ Bit0 X Bitl X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

l
Shift register 76543210 7654321765432 X(x#+ 76543 x4 7654 K erx 765 X s 76 Xxx s 7

(a) Leading shift

SCK pin f: f: f: f: f: f: f: f:

Sl pin \ sto X sir X stz X Bits X Bita X mis X Bit6 X Bit7
I

Shift register ********IX7*******X76*m***X765*****X7654****X76543***X765432**X7654321*X76543210

(b) Trailing shift

+: Don't care

Figure 3.10.24 Shift Edge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive

mode.

1.

8-bit transmit mode

Set a control register to a transmit mode and write transmission data to the

SBIODBR.

After the transmit data has been written, set the SBIOCR1<SIOS> to “1” to
start data transfer. The transmitted data is transferred from the SBIODBR to the
shift register and output, starting with the least significant bit (LSB), via the SO
pin and synchronized with the serial clock. When the transmission data has been
transferred to the shift register, the SBIODBR becomes empty. The INTSBEO
(Buffer empty) interrupt request is generated to request new data.

When the internal clock is used, the serial clock will stop and the automatic
wait function will be initiated if new data is not loaded to the data buffer register
after the specified 8-bit data is transmitted. When new transmission data is
written, the automatic wait function is canceled.

When the external clock is used, data should be written to the SBIODBR before
new data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to the SBIODBR by the interrupt service program.

When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the
SO pin holds final bit of the last data until falling edge of the SCK.

For stopping data transmission, when the <SIOS> is cleared to “0” by the
INTSBEO interrupt service program or when the <SIOINH> 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> to be sensed. The SBIOSR<SIOF> is cleared to “0” when transmission
has been completed. When the <SIOINH> is set to “1”, transmitting datat stops.
The <SIOF> turns “0”.

When the external clock is used, it is also necessary to clear the <SIOS> to “0”
before new data is shifted; otherwise, dummy data is transmitted and operation
ends.
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Clear <SIOS>

<SIOS>

<SIOF>

<SEF>
SCK pin (Output)

SO pin

INTSBEO
interrupt request

SBIODBR — X=X
)

Writing transmission data

o

(a) Internal clock

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>
SCK pin (Input)

SO pin

INTSBEO
interrupt request

SBIODBR — X=X
)

Writing transmission data

o

(b) External clock
Figure 3.10.25 Transmission Mode

Example: Program to stop data transmission (when an external clock is used)

STEST1 : BIT SEF, (SBIOSR) ; If <SEF> = 1 then loop.
JR NZ, STEST1

STEST2 : BIT 0, (P9) ; If SCK =0 then loop.
JR Z, STEST2
LD (SBIOCR1), 00000111B ; <SIOS>+«0
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Note:

SCK pin
]
|
<SIOF> i
] ]
] ]
l /

SO pin Bit6 X Bit7
!

tsopH = 3.5/fsys [s] (Min)
Figure 3.10.26 Transmission Data Hold Time at End Transmit

8-bit receive mode

Set the control register to receive mode and set the SBIOCR1<SIOS> to “1” for
switching to receive mode. Data is received into the shift register via the SI pin
and synchronized with the serial clock, starting from the least significant bit
(LSB). When the 8-bit data is received, the data is transferred from the shift
register to the SBIODBR. The INTSBEO (Buffer full) interrupt request is
generated to request that the received data be read. The data is then read from
the SBIODBR by the interrupt service program.

When the internal clock is used, the serial clock will stop and the automatic
wait function will be in effect until the received data is read from the SBIODBR.

When the external clock is used, since shift operation is synchronized with an
external clock pulse, the received data should be read from the SBIODBR before
the next serial clock pulse is input. If the received data is not read, further data to
be received is canceled. The maximum transfer speed when an external clock is
used is determined by the delay time between the time when an interrupt request
is generated and the time when the received data is read.

Receiving of data ends when the <SIOS> is cleared to “0” by the INTSBEO
interrupt service program or when the <SIOINH> is set to “1”. If <SIOS> is
cleared to “0”, received data is transferred to the SBIODBR in complete blocks.
The received mode ends when the transfer is completed. In order to confirm
whether data is being received properly by the program, the SBIOSR<SIOF> to be
sensed. The <SIOF> is cleared to “0” when receiving is completed. 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).

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

INTSEBO
interrupt request

SBIODBR

|<— Clear <SIOS> —>|

] |

Read receive data Read receive data
Figure 3.10.27 Receiver Mode (Example: Internal clock)

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIODBR.
After the data is written, set the SBIOCR<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the data is output from the SO
pin, starting from the least significant bit (LSB) and synchronized with the
leading edge of the serial clock signal. When data is received, the data is input via
the SI pin on the trailing edge of the serial clock signal. 8-bit data is transferred
from the shift register to the SBIODBR and the INTSBEO interrupt request is
generated. The interrupt service program reads the received data from the data
buffer register and writes the data which is to be transmitted. The SBIODBR is
used for both transmitting and receiving. Transmitted data should always be
written after received data is read.

When the internal clock is used, the automatic wait function will be in effect
until the received data is read and the new data is written.

When the external clock is used, since the shift operation is synchronized with
the external clock, the received data is read and transmitted data is written before
a new shift operation is executed. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time at which received data is read and transmitted
data is written.

When the transmit is started, after the SBIOSR<SIOF> goes “1” output from the
SO pin holds final bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when the <SIOS> is cleared to “0” by the
INTSBEO interrupt service program or when the SBIOCR1<SIOINH> is set to “1”.
When the <SIOS> is cleared to “0”, received data is transferred to the SBIODBR in
complete blocks. The transmit/receive mode ends when the transfer is completed.
In order to confirm whether data is being transmitted/received properly by the
program, set the SBIOSR to be sensed. The <SIOF> is cleared 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, and then change the transfer mode.
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|<— Clear <SIOS> —>|
o |

<SIO0S>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

Sl pin

INTSBEO
interrupt

SBIODBR Xa X o Xb X d

Write transmission data (a) l Write transmission data (b) l
Read receiving data (d)

Interrupt

Read receiving data (c)

Figure 3.10.28 Transmission/Receiving Mode (when an external clock is used)

SCK pin

<SIOF>

[

[}
SO pin Bit6 X Bit7 in last transmitted word /

>
| |

tsopH = 4fsys [s] (Min)

Figure 3.10.29 Transmission Data Hold Time at End of Transmission/Receiving

(Transmission/receiving mode)
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3.11 Analog/Digital Converter

The TMP92CM22 incorporates a 10-bit successive approximation-type analog/digital
converter (AD converter) with 8-channel analog input.

Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO to
ANT) are shared with the input-only port port G so they can be used as an input port.

Note: When IDLE2, IDLE1, or STOP mode is selected, as to reduce the power, with some timings
the system may enter a standby mode even though the internal comparator is still enabled.
Therefore be sure to check that AD converter operations are halted before a HALT
instruction is executed.

Internal data bus Internal data bus Internal data bus
7 t N\
AD mode control register 1 AD mode control register 0 ADMODO
ADMOD1 <ADTRGE>
<ADCH2:0> <VREFON>
<EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>|
A A
l l l Scan
Channel selection| Repeat
control circuit Interrupt
Busy ADTRG
End
Start
Y ¥ Interrupt
Vv Vo AD converter request R
control circuit INTAD
AN7 (PG7)H—>
_) - .
ANG (PG6)LH [} AD conversion result
AN5 (PGE)[H—> & '
AN4 (PGA)H—>| £ Sample register
AN3/ABTRG (PG3)CH>{ 3 hold * ADREGOL to 7L
AN2 (PG2)CH—> B ADREGOH to 7H
AN1 (PG1)[H—>, Comparater
ANO (PGO) CH—>/
Y
VREFH[ > >
DA converter <::
VREFL[] >

Figure 3.11.1 Block Diagram of AD Converter
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3.11.1 Analog/Digital Converter Registers

The AD converter is controlled by the three AD mode control registers: ADMODO,
ADMOD1, and ADMOD2. The eight AD conversion data result registers (ADREGOH/L to
ADREGTH/L) store the results of AD conversion.

Figure 3.11.2 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO [ Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
(12B8H) Read/Write R R/W
After reset 0 0 0 0 0 0 0 0
Function |AP . AD . Always Always Interrupt | Repeat Scan mode |AD .
conversion |conversion rite “0” rite “0” SDECIflcatIOFI mode specmcatlon conversion
end flag busy flag ~[Wrte 0% fwrte TO% iy specification| 0: Conversion |start
0: Conversion |0:Conversion conversion | 0: Single channel 0: Don't care
in progress | stopped qhannel conversion fixed mode |1: Start )
1: Conversion |1: Conversion m(oegerepeat 1: Repeat 1: Conversion| Conversion
complete in progress 0:Every conversion channel Always 0 when|
conversion mode scan mode |read.
1:Every
fourth
conversion

]

I_> AD conversion start

0 | Don't care

1 | Start AD conversion.

Note: Always read as 0.

—> AD scan mode setting

0 | AD conversion channel fixed mode

1 | AD conversion channel scan mode

> AD repeat mode setting

0 | AD single conversion mode

1 | AD repeat conversion mode

L Specify AD conversion interrupt for
channel fixed repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> =“0", <REPEAT> =“1"

0 [ Generates interrupt every conversion.

conversion.

1 | Generates interrupt every fourth

> AD conversion busy flag

0 | AD conversion stopped

1 [ AD conversion in progress

» AD conversion in progress

0 | Before or during AD conversion

1 [ AD conversion complete

Figure 3.11.2 Register for AD Converter

92CM22-200

2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA

TMP92CM22
AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 | Bitsymbol | VREFON I12AD - - - ADCH2 ADCH1 ADCHO
(12B9H) [ Readmwrite | RW RIW RIW RIW RIW RIW
After reset 0 0 0 0 0 0 0 0
Function VREF IDLE2 Always Always write] Always Analog input channel selection
application | o: stop write “0”. “0". write “0”.
control 1: Operate
0: OFF
1: ON
Analog input channel selection
<SCAN> 0 1
Channel Channel
<ADCH2:0> fixed scanned
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 (Note) AN3 ANO — AN1 — AN2 —> AN3
100 (Note) AN4 ANO — AN1 — AN2 — AN3
— AN4
101 (Note) AN5 ANO — AN1 — AN2 — AN3
— AN4 — AN5S
110 (Note) ANG6 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6
111 (Note) AN7 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
»|DLE2 control
0 | Stopped
1 | In operation
» Control of application of reference voltage
to AD converter
0 |OFF
1 [ON
Before starting conversion (before writing 1
to ADMODO<ADS>), set the <VREFON> bit
AD Mode Control Register 2 todl.
7 6 5 4 3 2 1 0
ADMOD2 | Bit symbol ADTRGE
(12BAH) Read/Write R/W
After reset 0
Function AD conversion
trigger start
control
0: Disable
1. Enable

AD conversion start control by external

L trigger (ADTRG input)

0 | Disabled

1 | Enabled

Note: As pin AN3 also functions as the ADTRG input pin, do not set <ADCH2:0>="011, 100,101,110,111" when

using ADTRG with <ADTRGE> set to “1".

Figure 3.11.3 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
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
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 ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
(12A1H) Read/Write R
After reset Undefined
Function Stores upper 8 bits AD conversion result.
AD Conversion Result Register 1 Low
7 6 5 4 3 2 1 0
ADREGIL | Bit symbol ADR11 ADR10 ADRI1RF
(12A2H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
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
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x
conversion result T [ ]
ADREGXH l l ADREGXL

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

e Bits5to 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 3.11.4 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
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
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
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 3 Low
7 6 5 4 3 2 1 0
ADREG3L | Bit symbol ADR31 ADR30 ADR3RF
(12A6H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
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 ADRS33 ADR32
(12A7H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x conversion
result I T 7
ADREGxH l l ADREGXL

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

. Bits 5 to 1 are always read as 1.

. Bit0 is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to 0.

Figure 3.11.5 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 ADR4RF
(12A8H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
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 ADRA47 ADR46 ADR45 ADR44 ADR43 ADR42
(12A9H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 5 Low
7 6 5 4 3 2 1 0
ADREGS5L | Bit symbol ADR51 ADR50 ADR5RF
(12AAH) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
conversion result. data 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
After reset 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 Bits5to 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 3.11.6 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 ADR60 ADR6RF
(12ACH) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
conversion result. data storage
flag
1:Conversion
result stored
AD Conversion Result Register 6 High
7 6 5 4 3 2 1 0
ADREG6H | Bit symbol ADR69 ADRG68 ADRG67 ADRG66 ADRG65 ADR64 ADRG63 ADRG62
(12ADH) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 7 Low
7 6 5 4 3 2 1 0
ADREGT7L | Bit symbol ADR71 ADR70 ADR7RF
(12AEH) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD AD conversion
conversion result. data storage
flag
1: Conversion
result stored
AD Conversion Result Register 7 High
7 6 5 4 3 2 1 0
ADREGT7H | Bit symbol ADR79 ADR78 ADR77 ADRT76 ADR75 ADR74 ADR73 ADR72
(12AFH) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x conversion
result ! o J
v v ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
— ~— g

e Bits5to 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, ADREGHXL) is read, the flag is cleared to 0.

Figure 3.11.7 Register for AD Converter
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3.11.2 Description of Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin; a low-level analog
reference voltage is applied to the VREFL pin. To perform AD conversion, the reference
voltage, the difference between VREFH and VREFL, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between VREFH and VREFL, program 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 ps until the internal
reference voltage stabilizes (This is not related to fSys), then set ADMODO<ADS> to 1.

(2) Analog input channel selection

The analog input channel selection varies depends on the operation mode of the AD
converter.
e In analog input channel fixed mode (ADMODO0<SCAN> = 0)
Setting ADMOD1<ADCH2:0> selects one of the input pins ANO to AN7 as the input
channel.
¢ In analog input channel scan mode (ADMODO<SCAN> = 1)
Setting ADMOD1<ADCHZ2:0> selects one of the eight scan modes.

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

On a reset, ADMODO<SCAN> is set to “0” and ADMOD1<ADCH2:0> is initialized to
“000”. Thus pin ANO is selected as the fixed input channel. Pins not used as analog
input channels can be used as standard input port pins.

Table 3.11.1 Analog Input Channel Selection

Channel fixed Channel scan
<ADCH2:0> wryn wqn
<SCAN>="“0 <SCAN>="“1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 —» AN2
011 AN3 ANO — AN1 —> AN2 — AN3
100 AN4 ANO — AN1 — AN2 —> AN3
— AN4
101 AN5 ANO — AN1 —> AN2 — AN3
— AN4 — AN5
110 ANG ANO — AN1 — AN2 — AN3
— AN4 —> AN5 — AN6
111 AN7 ANO — AN1 —> AN2 — AN3
— AN4 — AN5 — AN6 —> AN7
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(3) Starting AD conversion

To start AD conversion, program “1” to ADMODO0<ADS> in AD mode control register
0, or ADMOD1<ADTRGE> in AD mode control register 1 and input falling edge on
ADTRG pin. When AD conversion starts, the AD conversion busy flag
ADMODO<ADBF> will be set to “1”, indicating that AD conversion is in progress.

(4) AD conversion modes and the AD conversion end interrupt
The four AD conversion modes are:
e Channel fixed single conversion mode
e Channel scan single conversion mode
¢ Channel fixed repeat conversion mode
e Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in AD mode control
register O determine the AD mode setting.

Completion of AD conversion triggers an INTAD AD conversion end interrupt
request. Also, ADMODO<EOCF> will be set to 1 to indicate that AD conversion has
been completed.

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,
ADMODO<ADBF> is cleared to “0”, and an INTAD interrupt request is generated.

2. Channel scan single conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “01” selects conversion
channel scan single conversion mode.

In this mode data on the specified scan channels is converted once only. When
scan conversion has been completed, ADMODO<EOCF> is set to “17,
ADMODO<ADBF> 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> 1is set to “1” and
ADMODO<ADBF> 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 <ITMO> to “1” generates an interrupt request on completion of every
fourth conversion.

Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “11” selects conversion
channel scan repeat conversion mode.

In this mode data on the specified scan channels is converted repeatedly. When
each scan conversion has been completed, ADMODO<EOCF> is set to “1” and an
INTAD interrupt request is generated. ADMODO<ADBF> is not cleared to “0” but
held at “1”.

To stop conversion in a repeat conversion mode (e.g., in cases ¢ and d), program
a "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 ¢ and d), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g., in cases a and b), conversion does not restart
when the halt is released (The converter remains stopped).

Table 3.11.2 shows the relationship between the AD conversion modes and
interrupt requests.

Table 3.11.2 Relationship between the AD Conversion Modes and Interrupt Requests AD

Mode Interrupt Request ADMODO
Generation <ITMO> <REPEAT> <SCAN>

Channel fixed single After completion of X 0 0
conversion mode conversion

Channel scan single After completion of scan X 0 1
conversion mode conversion

Channel fixed repeat Every conversion 0 1 0
conversion mode Every forth conversion 1

Channel scan repeat | After completion of every X 1 1
conversion mode scan conversion
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TMP92CM22
AD conversion time
132 states (6.6 ps at fsys = 20 MHz) are required for the AD conversion of one
channel.
Storing and reading the results of AD conversion

The AD conversion data upper and lower registers (ADREGOH/L to ADREG7H/L)
store the results of AD conversion. (ADREGOH/L to ADREG7H/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREGOH/L to ADREG3H/L. In other modes the ANO, AN1,
AN2, AN3, AN4 AN5, AN6, AN7 conversion results are stored in ADREGOH/L,
ADREG1H/L, ADREG2H/L, ADREG3H/L, ADREG4H/L, ADREG5H/L, ADREG6H/L,
ADREGTH/L respectively.

Table 3.11.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.11.3 Correspondence between Analog Input Channel and AD Conversion Result Register

AD Conversion Result Register
Analog Input .
Channel , Channel Fixed Repeat
Conversion MOQes Conversion Mode
(Port G) Other than at Right _
(Every 4th Conversion)
ANO ADREGOH/L
AN1 ADREG1H/L
AN2 ADREG2H/L ADREGOH/L
AN3 ADREG3H/L ADREG1H/L
AN4 ADREG4H/L ADREG2HI/L
AN5 ADREGS5H/L ADREG3H/L —
ANG ADREG6H/L
AN7 ADREGT7H/L

<ADRxRF>, bit0 of the AD conversion data lower register, is used as the AD
conversion data storage flag. The storage flag indicates whether the AD conversion
result register has been read or not. When a conversion result is stored in the AD

conversion result register, the flag is set to “1”. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to “0”.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF> to “0”.
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Example:

1. Convert the analog input voltage on the AN3 pin and write the result, to memory
address 0800H using the AD interrupt (INTAD) processing routine.

Setting of main routine

~ 76 543210
INTEOAD « 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 the analog input channel.
ADMODO « X X 0 0 0 0 0 1 Start conversion in channel fixed single conversion
mode.
__ Interrupt routine processing example
WA < ADREG3 Read value of ADREG3L, ADREG3H to general
purpose register WA (16 bits).
WA >>6 Shift contents read into WA six times to right and
zero-fill upper bits.
L (0800H) « WA Write contents of WA to memory address 0800H.

2. Converts repeatedly the analog input voltages on the three pins ANO, AN1, and
ANZ2, using channel scan repeat conversion mode.

INTEOAD <« X 0 0 0 - - - - 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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3.12 Watchdog Timer (Runaway detection timer)

The TMP92CM22 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.

3.12.1 Configuration

Figure 3.12.1 is a block diagram of the watchdog timer (WDT).

WDMOD<RESCR>
l RESET pin
Reset Internal reset
control
” ) > Interrupt
A request
INTWD
WDMOD
<WDTP1:0> —>| Selector
216T 218 220 ZZZT
. Q
fsys Binary counter
(22-Stage) R s
Reset #
Internal reset > L
A Write Write 2
4EH
BIH| _ wbmop
. . <WDTE>
Watchdog timer register
control register WDCR
Internal data bus
Figure 3.12.1 Block Diagram of Watchdog Timer
Note: It needs to care designing total machine set, because WDT can’t operate completely by external
noise.
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The watchdog timer consists of a 22-stage binary counter which uses the clock fSys as the
input clock. The binary counter can output 2¢/fgys, 218/fgys, 220/fsys, and 222/fSys.

Selecting one of the outputs using WDMOD<WDTP1:0> generates a watchdog timer
interrupt when an overflow generate.

(¢

WDT counter n X Overflow X « X 0
17

WDT interrupt « (
]

Clear WDT Write clear code

(Software) « T
17

Figure 3.12.2 Normal Mode

The runaway detection result can also be connected to the reset pin internally.

In this case, the reset time will be between 44 to 58 system clocks (2.2 to 2.9 us at fSys = 20
MHz) as shown in Figure 3.12.3.

Overflow

WDT counter n >< \

WDT interrupt

d~
pae iy

J=
hutnd

Internal reset

I

l¢ |
™ 44 to 58 system clocks (2.2 to 2.9 ps at fsys = 20 MHz) L

Figure 3.12.3 Reset Mode
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3.12.2 Control Registers

The watchdog timer WDT is controlled by two control registers WDMOD and WDCR .
(1) Watchdog timer mode register (WDMOD)
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 vreset this register is initialized to
WDMOD<WDTP1:0> = 00.

The detection times for WDT is 216/fgys [s]. (The number of system clocks is
approximately 65,536.)
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> is 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.
¢ Disable control

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

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

e Enable control
Set WDMOD<WDTE> to “1”.
o Watchdog timer clear control

To clear the binary counter and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR «< 01001110 Write the clear code (4EH).
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7 6 5 4 3 2 1 0
WDMOD Bit symbol WDTE WDTP1 WDTPO - 12WDT RESCR -
(1300H) Read/Write R/W R/W
After reset 1 o | o 0 0 0 0
Function WDT controlf WDT detection time Always IDLE2 1: Internally | Always
1: Enable | 00: 2Yfsys write “0”. 0: Stop connects | write “0”.
01: 2%/fsys 1: Operation WDT out
10 22 to the
: SYS reset pin.
11: Zzz/fsys
|—> Watchdog timer out control
0 —
1 | Connects WDT out to a reset
—> IDLE2 control
0 | Stop
1 [ Operation
> Watchdog timer detection time
00 | 2*%/fsys (Approximately 3.3 ms at fgyg = 20 MHz)
01 | 2"%fsys (Approximately 13.1 ms at fgyg = 20 MHz)
10 | 2°%sys (Approximately 52.4 ms at fsys = 20 MHz)
11 | 2%/fsys (Approximately 209.7 ms at fsys = 20 MHz)
» Watchdog timer enable/disable control
0 | Stop
1 [Enable
Figure 3.12.4 Watchdog Timer Mode Register
7 | & | s 4 3 | 2 | 1 | o
WDCR Bit symbol -
(1301H) Read/Write w
Read-modify- | After reset -
mrslifuction is | Function B1H: WDT disasble code
prohibited 4EH: WDT clear code

I—) WDT disable/clear control

B1H

Disasble code

4EH

Clear code

Others

Figure 3.12.5 Watchdog Timer Control Register
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3.12.3

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be zero-cleared in software
before an INTWD interrupt 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-mulfunction
program.

The watchdog timer begins operating immediately on release of the watchdog timer
reset.

The watchdog timer is reset and halted in IDLE1 or STOP modes. The watchdog counter
continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, the operation of WDT depends on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

Example: 1. Clear the binary counter.

WDCR «<~ 01001110 Write the clear code (4EH).

2. Set the watchdog timer detection time to Zlglfsys.
WDMOD « 1 0 1 X - - - -

3. Disable the watchdog timer.

WDMOD «~ 0 - - X - - - - Clear <WDTE> bit to 0.
WDCR «<~ 10110001 Write the disable code (B1H).
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4.

4.1

Electrical Characteristics

Maximum Ratings
Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t04.0 Y
Input voltage VIN -0.5to Vcc + 0.5
Output current (1 pin) 1oL 2
Output current (1 pin) IOH -2 mA
Output current (Total) zIoL 80
Output current (Total) ZIOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG —65 to 150 °C
Operation temperature TOPR —40 to 85
Note: The maximum ratings are rated values that must not be exceeded during operation,
even for an instant. Any one of the ratings must not be exceeded. If any 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 that include this device, ensure that no maximum rating value
will ever be exceeded.
Point of note about solderability of lead free products (attach “G” to package name)
Test Test condition Note
parameter
Solderability (1) Use of Sn-63Pb solder Bath Pass:

Solder bath temperature = 230°C, Dipping time = 5 seconds

solderability rate until forming

The number of times = one, Use of R-type flux >95%
(2) Use of Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature =245°C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux (use of lead free)
92CM22-216 2004-07-02
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DC Characteristics (1/2)
Vce = 3.3+ 0.3 V/fc=4to 40 MHz/Ta =-40 to 85°C

Parameter Symbol Condition Min Typ. Max Unit

Power supply voltage Vce fc =4to 40 MHz
(DVCC = AVCC) (fsys = 125 kHz to 20 MHz) 3.0 3.6 Y,
(DVSS=AVSS=0V)
Input low voltage ViLo
P00 to P07 (DO to D7) 0.6
P10 to P17 (D8 to D15)
Input low voltage Vi1
P40 to P47

P50 to P57

P60 to P67

P76

PD2, PD3

PFO, PF3, PF6, PF7
PGO to PG7

Input low voltage VL2
P90 to P92

PAO to PA2, PA7

PCO, PC1, PC3, PC5, PC6
PDO, PD1

PF1, PF2, PF4, PF5
RESET, NMI

Input low voltage ViL3
AMO, AM1
Input low voltage ViLa
X1
Input high voltage ViHo
P00 to P07 (DO to D7) 2.0
P10 to P17 (D8 to D15)
Input high voltage ViH1
P40 to P47

P50 to P57

P60 to P67

P76

PD2, PD3

PFO, PF3, PF6, PF7
PGO to PG7

Input high voltage ViH2
P90 to P92

PAO to PA2, PA7

PCO, PC1, PC3, PC5, PC6
PDO, PD1

PF1, PF2, PF4, PF5
RESET, NMI

Input high voltage VIH3
AMO, AM1
Input high voltage ViH4
X1

0.3 xVCC

0.25 x
VCC

0.3

0.2 xVCC

0.7 xVCC

VCC +0.3 \%

0.75 x
VCC

VCC-0.3

0.8 xVCC
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DC Characteristics (2/2)
Vee = 3.3+ 0.3 V/fc = 4 to 40 MHz/Ta = —40 to 85°C

Parameter Symbol Condition Min Typ. Max  |Unit
Output low voltage VoL IOL=1.6 mA 0.45 v
Output high voltage VoH IOH =-400 pA 2.4
Input leakage current Il 0.0<Vin<VvCC 0.02 5
Output leakage current ILo 0.2<Vin<VCC-0.2 0.05 10 WA
Power down voltage Vstop VIL2 :_0.2 x Vce, 18 36 v
(at STOP, RAM backup) VIH2=0.8 x Vce
RESET pull-up resistor RRsT 100
Programmable 400 kQ
pull-up resistor RkH
Pin capacitance Cio fc=1MHz 10 pF

P90 to P92

PAO to PA2, PA7

o PCO, PC1, PC3, PC5, PC6
Schmitt width VTH 0.4 1.0 \%
PDO, PD1

PF1, PF2, PF4, PF5
RESET, NMI

Vce =3.6V, X1 =40 MHz

NORMAL Icc (Itermal 20 MHZ) 30 42
IDLE2 mode ICCIDLE2 17 25 mA
IDLE1 mode ICCIDLEL 3 5
SToP ICCsTop | Vec=3.6V 1 100 WA
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4.2 AC Characteristics

4.2.1 Basis Bus Cycle

Read cycle
Vce = 3.3+ 0.3 V/fc =4 to 40 MHz/Ta = -40 to 85°C
fsys = fsys =
No. Parameter Symbol Min Max 20 MHz 125 kHz | Unit
(fc = 40 MHz)((fc = 4 MHZ2)
1 | OSC period (X1/X2) tosc 25 250 25 250 ns
2 | System clock period (= T) tcye 50 8000 50 8000 ns
3 | CLKOUT low width tcL 0.5T-15 10 3985 ns
4 | CLKOUT high width tcH 0.5T-15 10 3985 ns
5-1 | AO to A23 valid —»
DO to D15 input at 0 waits tAD 20T-30 0 15970 ns
5-2 [ AO to A23 valid —
DO to D15 input at 1 wait tAD3 3.0T-30 120 23970 ns
6-1 | RD fall
DO to D15 input at 0 waits 'RD 15T-30 45 11970 ns
6-2 | RD fall -
DO to D15 input at 1 wait 'RD3 2.5T-30 % 19970 ns
7-1 | RD low width at 0 waits tRR 1.5T-20 55 11980 ns
7-2 | RD low width at1wait | trprs3 2.5T-20 105 19980 ns
8 | A0 to A23 valid — RD fall taAR 0.5T-15 10 3985 ns
9| RD fall » CLKOUT fall tRK 0.5T-20 5 3980 ns
10 | AO to A23 valid — DO to D15 hold tHA 0 0 0 ns
11 | RD rise — DO to D15 hold tHR 0 0 0 ns
12 | WAIT setup time tTK 15 15 15 ns
13 | WAIT hold time tkT 5 5 5 ns
Write cycle
Vce =3.3+0.3 V/fc=4to 40 MHz/Ta =-40 to 85°C
fsys= fsys=
No. Parameter Symbol Min Max 20 MHz 125 kHz | Unit
(fc = 40 MHZz)| (fc = 4 MHz)
1| OSC period (X1/X2) tosc 25 250 25 250 ns
2 | System clock period (= T) tcye 50 8000 50 8000 ns
3 [ CLKOUT low width tcL 0.5T-15 10 3985 ns
4 | CLKOUT high width tcH 0.5T-15 10 3985 ns
5-1| DO to D15 valid — WRxx rise at 0 waits tow 1.25T - 35 28 9965 ns
5-2 | DO to D15 valid — WRxx rise at 1 wait tow3 2.25T-35 78 17965 ns
6-1| WRxx low width atOwaits | tyw 1.25T-30 33 9970 ns
6-2 | WRxx low width at1lwait| twwa 2.25T - 30 83 17970 ns
7| A0 to A23 valid - WR fall taw 0.5T-15 10 3985 ns
8| WRxx fall — CLKOUT fall WK 0.5T -20 5 3980 ns
9| WRxx rise — A0 to A23 hold twA 0.25T-5 8 1995 ns
10| WRxx rise — DO to D15 hold twD 0.25T-3 10 1997 ns
11| WAIT setup time tTk 15 15 15 ns
12 | WAIT hold time tkT 5 5 5 ns
13| RD rise — DO to D15 output tRDO 0.5T-5 20 3995 ns
AC condition

e Output : High =0.7Vcc, Low = 0.3Vcc, C =50 pF

® [nput: High=0.9Vcc, Low=0.1Vcc
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fe/1)

(1) Read cycle (0 waits, fc = foscH, fFPH
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The phase relation between X1 input signal and the other signals is unsettled.

The timing chart above is an example.

Note:
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(2) Write cycle (0 waits, fc = foscH, fFPH = fc/1)

X1

CLKOUT

WAIT

A0 to A23

CSx

WRXxx

DO to D31

Note:

P tosc
tcye
D tcL tcH
\ ) N / \
tTK KT
/ \
_\ PR
_\ PR
P taw twk twA
\ J
’ tww
tbw twp
{ Data output
tRDO
_/

The phase relation between X1 input signal and the other signals is unsettled.
The timing chart above is an example.
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(3) Read cycle (1 wait)

CcLKouT
WAIT
Csx
/
DO to D31

AO to A23 ::);
_:\<
—/
(4) Write cycle (1 wait)
A
A
A
Y

|||.||||E||F|L:|r i g B E:riur |||||||||||||||||
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8 A
©
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)
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v
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>~ 1 44 = . e oy 4 = 1"
a
x
Y

CLKOUT
WAIT

A0 to A23
DO to D31
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Page ROM Read Cycle

4.2.2

(1) 3-2-2-2 mode

4 to 40 MHz/Ta =-40 to 85°C

3.3£0.3 V/fc

Vee =

t
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AC condition

0.3 Vce, CL =50 pF

Output: High =0.7 Vcc, Low

0.1Vcc

High =0.9 Vcc, Low

Input:

(2) Page ROM read cycle (3-2-2-2 mode)
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CLKOUT
A2 to A23
AOto Al
DO to D31
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4.3 AD Conversion Characteristics

Parameter Symbol Min Typ. Max Unit
Analog reference voltage (+) VREFH VCC-0.2 VCC VCC
Analog reference voltage (-) VREFL VSS VSS VSS +0.2
AD converter power supply voltage Avce VCC VvCC VCC \
AD converter power supply ground Ayss VSS VSS VSS
Analog input voltage AvIN VREFL VREFH
Analog current for analog reference voltage IREF
1.0 1.2 mA
<VREFON> =1
Analog current for analog reference voltage
0.02 5.0 UA
<VREFON> =0
E
Total error _ T +1.0 140 LSB
(Include quantize error of £ 0.5 LSB )
4.4 Event Counter (TAOIN, TB1INO, and TB1IN1)
fsys = fsys=
P Svmbol Variable 20 MHz 125 kHz Uni
arameter ymbo (fc = 40 MHz) (fc =4 MHz) it
MIN MAX MIN MAX MIN MAX
Clock cycle Tvck 8X + 100 500 64100 ns
Low-level clock width TvcKL 4X + 40 240 32040 ns
High-level clock width TVvCKH 4X + 40 240 32040 ns

Note: Symbol “x” in the above table means the period of clock “fsys”, it's same period of the system clock “fgys” for
CPU core. The period of fgys depends on the clock gear setting or changing high-speed oscillator/low-speed
oscillator and so on.
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4.5 Serial Channel Timing (I/O interface mode)

Note: Symbol “X” in the following table means the period of clock “fgys”, it's same period of the system clock
“fsys” for CPU core. The period of fgys depends on the clock gear setting or changing high-speed

oscillator/low-speed oscillator and so on.

(1)  SCLK input mode

_ fsys = fsys =
P Svmbol Variable 20 MHz 125 kHz Uni
arameter ymbo (fc =40 MHz) | (fc=4 MHz) | YNt
Min Max Min Max Min Max
SCLK period
tscy 16X 0.8 128 ps
Output data — SCLK rising/falling* toss tscy/2 — 4X - 110 90 31890 ns
SCLK
rising/falling* — Output data hold toHs tscy/2 +2X+0 500 80000 ns
SCLK
rising/falling* — Input data hold tHSR 3X+10 160 24010 ns
SCLK h .
rising/falling — Valid data input tSrRD tscy-0 800 128000 ns
Valid data input - SCLK rising/falling | trps 0 0 0 ns
*) SCLK rinsing/falling edge: The rising edge is used in SCLK rising mode.

The falling edge is used in SCLK falling mode.
Note: Value of fgys = 20 MHz, 125 kHz is value if tgcy = 16X.

(2) SCLK output mode

_ fsys= fsys =
P Svmbol Variable 20 MHz 125 kHz Uni
arameter ymbo (fc=40 MHz) | (fc=4 MHz) | Ynit
Min Max Min Max Min Max

SCLK period tscy 16X 8192X 0.8 409.6 128 65536 us
Output data — SCLK rising/falling* toss tscy/2 - 40 360 3960 ns
SCLK
rising/falling* — Output data hold | tons tscy/2 — 40 360 3960 ns
SCLK
rising/falling* — Input data hold | tysr 0 0 0 ns
SCLK . . tscy — 1X
risingffalling — Valid data input | tsrp Z180 409.4 65528 ns
Valid data input — SCLK rising/falling | trRps 1X +180 230 8180 ns
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| —

input rising mode

(Output mode/ )
] ]

SCLK
(Input falling mode) toss

toHs

<

X2 X 3

(@] d N B
utputT;tS Y 0 7( 1
le— tSrRD —>|1‘>|—|<—RDS tHSR
Xt X X2 X X3

Input data
RXD X o X
Valid Valid

Valid

4.6 Interrupt, Capture
Note: Symbol “X” in the following table means the period of clock “fgys”, it's same period of the system
clock “fgyg” for CPU core. The period of fgyg depends on the clock gear setting or changing

high-speed oscillator/low-speed oscillator and so on.

(1) NMI and INTO to INT3 interrupts
fsys = fsys =
Variable 20 MHz 125 kHz .
Parameter Symbol (fc=40 MH2) | (fc =4 MH2) Unit
Min | Max Min Max Min Max
INTO to INT3 low width TINTAL | 4X +40 240 32040 ns
INTO to INT3 high width TINTAH | 4X +40 240 32040
(2) INT4 to INT5 interrupts
tNTBL UNTBH
(INT4 to INT5 Low Level Pulse Width) (INT4 to INT5 High Level Pulse Width)
. fsys =20 MHz . fsys =20 MHz Unit
Variable (fc = 40 MHz) Variable (fc = 40 MHz)
Min Min Min Min
8X + 100 500 8X + 100 500 ns
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4.7 Recommended Oscillation Circuit
TMP92CM22 is evaluated by below oscillator vender. When selecting external parts, make

use of this information.

Note 1: Total loads value of oscillation is sum of external (or internal) loads (C1 and C2) and
floating loads of actual assemble board. There is a possibility of miss operating using C1
and C2 values in below table. When designing board, it should design minimum length

pattern around oscillator. And we recommend that oscillator evaluation try on your actual
using board.

Note 2: When use function of reduced drivability for high-frequency oscillator, must be used at
foscH =4 to 10 MHz.

(1) Example of oscillation connection circuit

X1 X2

Rd

0
Cl,l CZ,I

Figure 4.7.1 High-frequency Oscillator
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(2) TMP92CM22 recommended ceramic oscillator: Murata Manufacturing Co., Ltd.

Following table shows circuit parameter recommended.

on IS)scnlanon - ltem of Oscillator Parameter of Elements Running Condition
ame requenc e
[I\CJIHZ] y| 1yp (Old number) C1 c2 Rf Rd |Voltage of Te [Cl
[PFl | [pF] | [Q] | [Q] |Power[V]
CSTCR4M00G55-R0 (39) (39) | Open 0
SMD (New and old is same
4.000 product No.)
Lead | CSTLS4MO00G56-BO 47 (47) | Open 0
(CSTS0400MGO6)
CSTCR6M00G55-R0 (39) (39) | Open 0
SMD (New and old is same
6.000 product No.)
Lead | CSTLS6M00G56-80 (47 (47) | Open 0
€ad | (csTS0600MG06)
CSTCE10MO0G55-R0 (33) (10) | Open 0
SMD (New and old is same
TMP92CM22FG | | product No.) 3.0t03.6 | —40to+85
Lead | CSTLS10MOG53-BO (15) (15) | Open 0
(CSTS1000MG03)
CSTCG20MOV51-R0 (6) (15) | Open 0
SMD :
(New) (New and old is same
20.000 product No.)
svp | CSCTW20MO0X51-R0 (5) (5) Open 0
(CSTCW2000MX01)
CSTCW36MO0X51-R0 (6) (6) 15 k 0
36.000 SMD (CSTCW3600MX01)
40.000 2-pin | CSACW40MOX51-R0) 3 3 15k 0
: SMD | (CSACW4000MX01)
Note 1: In CST ***type oscillator, capacitance C1 and C2 are built in.
Note 2 : It shows pack specification that following number to “~” of product number.
Lead type
-AQ: Flat package type (¢ = 18 mm)
-BO: Separate type
SMD type
-RO: Plastic type (¢ = 180 mm)
-BO: Separate type
Note 3: After 2001/06, new products will be made, and the old products (Now in production) will not be
made in Murata Manufacturing Co., Ltd.
Note 4 : *()” of C1 and C2 are built in condenser type.
Note 5: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd.

are subject to change. For up-to-date information, please refer to the following URL:

http://www.murata.co.jp
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5.

Table of Special Function Registers (SFRS)

The SFRs include the I/0 ports and peripheral control registers allocated to the 8 Kbytes address
space from 000000H to 001FFFH.

(1) I/O port

(2) Interrupt controller
(3) DMA controller

(4) Memory controller
(5) Clock gear/PLL

(6) 8-bit timer
(7) 16-bit timer
(8) UART/SIO
(9) I2C bus/SIO
(10) 10-bit ADC

(11) WDT
Table layout
Symbol Name Address 7 6 / /
\\ —> Bit symbol
\\ —> Read/Write
]) —> |Initial value after reset
// —> Remarks
Note: “Prohibit RMW?” in the table means that you cannot use RMW instructions on these register.
Example: When setting bitO only of the register POCR, the instruction “SET 0, (0002H)” cannot be used.
The LD (Transfer) instruction must be used to write all eight bits.
Read/Write

R/W: Both read and write are possible.

R: Only read is possible.

W: Only write is possible.

W*: Both read and write are possible (when this bit is read as 1).
Prohibit RMW: Read-modify-write instructions are prohibited. (The EX, ADD,

ADC, BUS, SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET,
CHG, TSET, RLC, RRC, RL, RR, SLA, SRA, SLL, SRL, RLD, and

RRD instruction are read-modify-write instructions.)

Prohibit RMW=#: Read-modify-write is prohibited when controlling the pull-up

resistor.
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Table 5.1 /O Register Address Map
[1] 1/0O port
Address Name Address Name Address Name Address Name
0000H 0010H | P4 0020H | P8 0030H | PC
1H 1H 1H 1H
2H 2H [ P4CR 2H 2H [ PCCR
3H 3H [ P4FC 3H | P8FC 3H | PCFC
4H [ P1 4H [ P5 4H | P9 4H | PD
5H 5H 5H | POODE 5H
6H [ PICR 6H [ P5CR 6H | POCRP 6H [ PDCR
7H | P1FC 7H [ PSFC 7H [ 9FC 7H | PDFC
8H 8H|[P6 8H | PA 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
EH EH | P7CR EH EH | PFCR
FH FH | P7FC FH FH | PFFC
Address Name
0040H | PG
1H
2H
3H
4H
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

Note: Do not access to the unnamed addresses (e.g., addresses to which no register has been allocated).
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[2] Interrupt controller

[3] DMA controller

Address Name Address Name Address Name Address Name
00DO1H | INTE12 OO0EOH | INTE45 O0FOH | INTEOAD 0100H | DMAOV
2H [ INTE3 1H | INTETB1 1H | INTETCO1 1H | DMA1V
3H 2H [ INTETBO1 2H | INTETC23 2H | DMA2V
4H 3H [ INTESBO 3H | INTETC45 3H | DMA3V
5H [ INTETAOL 4H 4H | INTETC67 4H | DMA4V
6H [ INTETA23 5H 5H | SIMC 5H | DMA5V
7H 6H 6H | IMC 6H | DMAGV
8H [ INTETBO1 7H 7H | INTWDT 7H | DMATV
9H 8H 8H [ INTCLR 8H | DMAB
AH | INTETBOOI 9H 9H 9H | DMAR
BH | NTESO AH AH [ IMC2 AH | Reserved
CH | INTES1 BH BH BH
DH CH CH CH
EH DH DH DH
FH EH | INTEPO EH EH
FH FH FH
[4] Memory controller [5] Clock gear/PLL
Address Name Address Name Address Name Address Name
0140H | BOCSL 0150H 0160H 10EOH | SYSCRO
1H | BOCSH 1H 1H 1H| SYSCR1
2H [ MAMRO 2H 2H 2H [ SYSCR2
3H [ MSARO 3H 3H 3H [ EMCCRO
4H | B1CSL 4H 4H 4H | EMCCR1
5H | BLCSH 5H 5H 5H [ EMCCR2
6H | MAMR1 6H 6H | PMEMCR 6H | Reserved
7H | MSAR1 7H 7H 7H
8H | B2CSL 8H [ BEXCSL 8H 8H | PLLCR
9H | B2CSH 9H | BEXCSH 9H 9H | Reserved
AH | MAMR2 AH AH AH
BH | MSAR2 BH BH BH
CH | B3CSL CH CH CH
DH | B3CSH DH DH DH
EH | MAMR3 EH EH EH
FH | MSAR3 FH FH FH
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[6] 8-bit timer

[7] 16-bit timer

(8] UART/SIO

Address Name Address Name Address Name Address Name
1100H | TAOIRUN 1180H | TBORUN 1190H | TBIRUN 1200H | SCOBUF
1H 1H 1H 1H | SCOCRS
2H | TAOREG 2H [ TBOMOD 2H | TBIMOD 2H | coMODO
3H | TAIREG 3H | TBOFFCR 3H | TBIFFCR 3H | BROCR
4H | TAOIMOD 4H 4H 4H | BROADD
5H | TAIFFCR 5H 5H 5H | SCOMOD1
6H 6H 6H 6H
7H 7H 7H 7H | SIRCR
8H | TA23RUN 8H | TBORGOL 8H | TBIRGOL 8H | SC1BUF
9H 9H | TBORGOH 9H | TBIRGOH 9H [ SC1CR
AH | TA2REG AH | TBORG1L AH | TBIRG1L AH | SCIMODO
BH | TA3REG BH | TBORG1H BH | TBIRG1H BH | BRICR
CH | TA23MOD CH | TBOCPOL CH | TB1CPOL CH | BR1ADD
DH | TA3FFCR DH | TBOCPOH DH | TB1CPOH DH [ SC1IMOD1
EH EH | TBOCP1L EH | TB1ICP1L EH
FH FH | TBOCP1H FH | TBICP1H FH
[9] I2C bus/SIO [10] 10-bit ADC [11] WDT
Address Name Address Name Address Name Address Name
1240H | SBIOCR1 12A0H | ADREGOL 12BOH 1300H | WDMOD
1H | SBIODBR 1H | ADREGOH 1H 1H | WDCR
2H | I2COAR 2H | ADREG1L 2H 2H
3H | SBIOCR2/SBIOSR 3H | ADREG1H 3H 3H
4H | SBIOBRO 4H | ADREG2L 4H 4H
5H | SBIOBR1 5H | ADREG2H 5H 5H
6H 6H | ADREG3L 6H 6H
7H 7H | ADREG3H 7H 7H
8H 8H | ADREGAL 8H | ADMODO 8H
9H 9H | ADREG4H 9H | ADMOD1 9H
AH AH | ADREG5L AH | ADMOD2 AH
BH BH | ADREG5H BH | Reserved BH
CH CH | ADREG6L CH CH
DH DH | ADREG6H DH DH
EH EH | ADREG7L EH EH
FH FH | ADREG7H FH FH
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(1) /0 port (1/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 Port 1 0004H R/W
Data from external port (Output latch register is cleared to “0”)
P47 Pag | pPas | pPaa | pPaz | pPa2 | pPa1 | Pao
P4 Port 4 0010H R/W
Data from external port (Output latch register is cleared to “0")
P57 ps6 | pPss | pPsa | ps3 | ps2 | ps1 | pso
P5 Port 5 0014H R/W
Data from external port (Output latch register is cleared to “0”)
P67 Pe6 | Pes | Pea | Pe3 | pPe2 | PeL | P60
P6 Port 6 0018H R/W
Data from external port (Output latch register is cleared to “0”)
pre | prs | pra | ez | P2 | P | P70
R/W
Data from
P7 Port 7 001CH exteral port
(Output latch 1 1 1 1 1 1
register is
cleared to “0”)
P83 P82 P81 P80
P8 Port 8 0020H R/W
1 0 1 1
P92 Po1 P90
P9 Port9 | 0024H RIW
Data from external port
(Output latch register is set to “1”)
PA7 PA2 | PAL | PA0
R R
PA Port A 0028H [ pata from
external Data from external port
port
PC6 PC5 PC3 PC1 PCO
R/W R/W R/W
Data from
PC PortC 0030H Data from external external port Data from external
port (Output latch (Output latch port (Output latch
register is set to “1") register is register is set to “1")
set to “1”)
PD3 PD2 PD1I | PDO
PD PotD | 0034H RIW
Data from external port
(Output latch register is set to “1")
PF7 PF6 PF5 PF4 pr3 | pr2 | pPr1 | PFO
PF Port F 003CH R/W
Data from external port (Output latch register is set to “1”)
PG7 PG6 PG5 | PG4 | PG3 | PG2 | PGl | PGO
PG Port G 0040H R
Data from external port
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1/0 port (2/3)

Symbol | Name |Address 7 6 5 4 3 2 1 0
P17C P16C P15C P14C P13C P12C P11C P10C
Port 1 0006H W
P1CR control (Prohibit | | | | | | |
register | RMW) 0 0 0 0 0 0 0 0
0: Input  1: Output
P1F
Port 1 0007H W
P1FC function (Prohibit
register RMW) o1
0: Port 1: Data bus (D8 to D15)
pa7c | pPasc | pPasc | paac | Pasc | paec | Paic | Paoc
Port 4 0012H W
P4ACR control (Prohibit
register | RMW) o | o [ o | o | o |J o | o [ o
0: Input  1: Output
P4a7F | PasF | PasF | pPaar | PasF | paoFr | PaiF | paoF
Port 4 0013H W
P4FC function (Prohibit I I | I I I I
register RMW) 1 1 1 1 1 1 1 1
0: Port 1: Data bus (A0 to A7)
ps7c | psec | pssc | psac | psac | psac | Psic | Psoc
Port 5 0016H
- W
P5CR control (Prohibit 0 | o | o | o | 0 | o | 0 | 0
register RMW)
0: Input  1: Output
ps7F | PseF | PssF | PsaF | Ps3F | Ps2F | P5IF | P5OF
Port 5 0017H W
P5FC function (Prohibit | | | | | | |
register RMW) 1 1 1 1 L 1 L 1
0: Port 1: Data bus (A8 to A15)
pe7Cc | pesc | Pesc | peac | Pesc | peac | Peic | Peoc
Port 6 001AH W
P6CR control (Prohibit I I | I I I I
register | RMW) 0 0 0 0 0 0 0 0
0: Input  1: Output
P67F | Pe6F | PesF | Pear | Pesr | Pe2F | PeIF | PeOF
Port 6 001BH W
P6FC function (Prohibit | | | | | | |
register RMW) 1 1 1 1 L 1 L 1
0: Port 1: Data bus (A16 to A23)
P76C
Port 7 001EH W
P7CR control (Prohibit 0
register RMW) 0: Input
1: Output
P76F P75F P74F P73F P72F P71F P70F
Port 7 001FH W
P7FC function (Prohibit 0 0 0 0 0 0 1
register RMW) 0: Port 0: Port 0:Port  |0: Port 0: Port 0: Port 0: Port
1. WAIT [LR/'W 1: CLKOUT |1: Don't set{ 1: WRLU |1: wrLL [1: RD
P83F P82F P8I1F P8OF
Port 8 0023H W
P8FC control (Prohibit 0 0 0 0
register RMW) 0: Port 0: Port 0: Port 0: Port
1. Cs3 1. Cs2 1. cs1 1. CS0
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1/0 port (3/3)
Symbol | Name |Address 7 6 5 4 3 2 1 0
P92C P91C P90C
Port 9 0026H W
PI9CR control (Prohibit
register RMW) o | o ] 0
0: Input 1: Output
Po2F | P9iF | PooF
Port 9 0027H w
P9FC function (Prohibit 0 0 0
register | RMW) 0: Port  |0:Port  |O: Port
1: SI, SCL | 1 SO, SDA | 1: SCK
P920DE | P910ODE
Port 9 0025H W
P9ODE ODE (Prohibit 0 0
register RMW) 1:Open 1:Open
drain drain
PC6C PC5C PC3C PC1C PCOC
Port C 0032H W w W
PCCR control (Prohibit 0 | 0 0 0 | 0
register RMW) 0: Input 0: Input 0: Input
1: Output 1: Output 1: Output
PC6F | PCSF PC3F PCIF | PCOF
Port C 0033H W w W
PCFC function (Prohibit 0 0 1 0 0
register RMW) 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT3 1: INT2 1: INTO 1: INT1 1: TAOIN
TBOOUTO| TA30UT TALOUT
PD3C PD2C PD1C PDOC
Port D 0036H w
PDCR control (Prohibit 0 0 0 0
register RMW) 0: Input 0: Input 0: Input 0: Input
1: Output | 1: Output | 1: Output | 1: Output
PD3F PD2F PD1F PDOF
Port D 0037H W
PDFC | function | (Prohibit 0 0 0 0
register RMW) 0: Port 0: Port 0: Port 0: Port
1:TBIOUTL | 1: TBIOUTO | 1: TBOIN1 | 1: TBOINO
INT5 input|  INT4 input
PF7C PF6C PF5C PF4C PF3C PF2C PF1C PFOC
Port F 003EH W
PFCR control (Prohibit
register RMW) 0 0 0 0 0 0 0 0
0: Input 1: Output
- - PF5F PF3F PF2F PFOF
W W w w w w
Port F 003FH
PFFC function (Prohibit 0 0 0 0 0 0
register RMW) | Always Always 0: Port 0: Port 0: Port 0: Port
write *0”. | write *0". 1: SCLK1 1: TXD1 |1: SCLKO 1: TXDO
output output
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(2) Interrupt control (1/2)
Symbol | Name |Address| 7 6 | 5 | 4 3 2 | 1 | o
INT2 INT1
INTL & INT2 12C l2mM2 ] 12m1 [ 12M0 11c M2 [ 1IM1 [ 11MO
INTE12 ble 00DOH R RIW R RIW
ena 0 0o | o0 [ o 0 o | o0 ] o
1: INT2 Interrupt request level. 1:INT1 Interrupt request level
- INT3
INT3 — - - - 13C I3M2 | 13M1 [ 13m0
INTE3 00D1H — - - — R RIW
enable 0 0 0 0 0 o | o0 [ o
Always write “0”. 1: INT3 Interrupt request level
INTTAL (TMRAL1) INTTAO (TMRAO)
INTTAO & ITAIC [ ITAIM2 | ITAIM1 | ITAIMO | ITAOC [ ITAOM2 [ ITAOML [ ITAOMO
INTETAOL | INTTA1 | 0OD4H R RIW R RIW
enable 0 o | o [ o 0 o [ o [ o
1:INTTAL Interrupt request level 1: INTTAO Interrupt request level
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & ITA3C [ ITASM2 | ITA3M1 | ITASMO [ I1TA2C [ ITA2M2 [ ITA2M1 | ITA2MO
INTETA23 | INTTA3 | OODSH R RIW R RIW
enable 0 o | o | o 0 o | o [ o
1: INTTA3 Interrupt request level 1: INTTA2 Interrupt request level
INTTB1 (TMRBO) INTTBO (TMRBO)
INTTBOO & ITBIC [ ITBIM2 [ ITBIM1 [ ITBIMO | ITBOC [ ITBOM2 [ ITBOM1 | ITBOMO
INTETBO1 | INTTBO1 | OOD8H R RIW R RIW
enable 0 o [ o [ o 0 o [ o T o
1: INTTB1 Interrupt request level 1: INTTBO Interrupt request level
- INTTBOO (TMRBO)
INTTBOO - - 1 - T - ITBOOC [ ITBOOM2 | ITBOOML | ITBOOMO
INTETBOO (Overﬂow) OODAH R R/W R R/W
enable 0 o [ o ] o 0 0o [ o ]
Always write “0”. 1: INTTBOO Interrupt request level
INTTXO INTRXO
INTRXO & ITX0C [ 1TXoM2 | 1TXOM1 | ITXOMO | IRXOC | IRXOM2 [ IRXOM1 | IRXOMO
INTESO | INTTXO | OODBH R RIW R RIW
enable 0 o | o [ o 0 o [ o [ o
1: INTTXO0 Interrupt request level 1: INTRXO0 Interrupt request level
INTTX1 INTRX1
INTRX1 & ITXIC [ ITXIM2 | ITXIM1 | ITXIMO | IRX1C [ IRXIM2 [ IRXIM1 | IRX1MO
INTES1 | INTTX1 | OODCH R R/W R RIW
enable 0 o | o [ o 0 o [ o J o
10 INTTX1 Interrupt request level 1: INTRX1 Interrupt request level
INT5 INT4
I5C 15M2 15M1 15MO 14C 14M2 14M1 14MO
INTE45 |NT4 &b'INT5 00EOH R | RIW l R | RIW |
enable 0 0 | 0 | o 0 o | o0 ] o
1: INTS5 Interrupt request level 1: INT4 Interrupt request level
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTB10 & ITB11C [ ITB11M2 | ITB11M1 [ ITB11MO | ITB10C [ ITB10M2 | ITB10M1 [ ITB1OMO
INTETB1 | INTTB11 | OOE1H R RIW R RIW
enable 0 o | o [ o 0 o [ o [ o
1:INTTB11 Interrupt request level 1:INTTB10 Interrupt request level
- INTTBO1 (TMRBL1)
INTTBO1 - - - - ITBOIC | ITBOIMZ | ITBOIMI | ITBOIMO
INTETBO1| (Overflow) | OOE2H — — — — = =W
enable Always write “0”. 0 0 | 0 I 0
- INTSBEO
INTSBEO B - - - ISBEOC [ ISBEOM2 | ISBEOML | ISBEOMO
INTESBO | INTSBSO 00E3H - - - - R R/W
enable - - - - 0 0 [ 0 | 0
Always write “0”. 1: INTSBEO Interrupt request level
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Interrupt control (2/2)
Symbol | Name |Address| 7 6 | 5 | 4 3 | 2 | 1 ]| o
— INTPO
- - - - IPOC IPOM2 | IPOM1 | IPOMO
iNTEPo | 'NTPO | ooeEH - - - - R RIW
enable 0 0 0 0 0 0o | o0 | 0
Always write “0”. 1: INTPO Interrupt request level
INTAD INTO
INTO & IADC IADM2 [ IADM1 | IADMO 10C loM2 | 1oM1 [ I10MO
INTEOAD | INTAD OOFOH R R/W R R/W
enable 0 o [ o [ o 0 o [ o T o
1: INTAD Interrupt request level 1: INTO Interrupt request level
INTTC1 (DMA1) INTTCO (DMAO)
INTTCO & ITCIC [ ITCIM2 | ITCIML [ ITCIMO | ITCOC [ ITCOM2 [ ITCOM1 [ ITCOMO
INTETCOL | INTTC1 O0F1H 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 (DMA?2)
INTTC2 & ITC3C [ ITC3M2 | ITC3M1 | ITC3M0 | ITC2C [ ITC2M2 | ITC2M1 [ ITC2MO
INTETC23 | INTTC3 00F2H R RIW R RIW
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 [ 1ITC5M2 | ITC5M1 [ ITC5M0 | ITC4C [ ITC4M2 [ ITCAM1 [ ITC4MO
INTETC45 | INTTC5 00F3H R RIW R RIW
enable 0 o [ o [ o 0 o [ o T o
1: INTTC5 Interrupt request level 1: INTTC4 Interrupt request level
INTTC7 (DMA7) INTTC6 (DMAG)
INTTC6 & ITC7C ITC7M2 | ITC7M1 [ ITC7MO ITC6C | ITC6M2 [ ITC6ML | ITC6MO
INTETC67 | INTTC7 00F4H R R/W R R/W
enable 0 o | o [ o 0 o | o [ o
1:INTTC7 Interrupt request level 1. INTTC6 Interrupt request level
IR1LE IROLE
W W
SIO 1 1
sve | interrupt (g?gk?illjit 0:INTRXL | 0:INTRXO
edge edge
mode RMW) mode mode
control 1:INTRX1 | L:INTRXO
level level
mode mode
I3EDGE | I2EDGE | I1EDGE | IOEDGE IOLE NMIREE
W
Interrupt 0OF6H 0 0 0 0 0 0
1IMC input (Prohibit INT3 INT2 INT1 INTO INTO NMI
mode RMW) O:Rising/ | O:Rising/ | 0:Rising/ [O:Rising/ |0:Edge 0:Falling
control high high high high mode 1:Falling
1:Falling/ | 1:Falling/ |1:Falling/ |1:Falling/ | 1:Level and
low low low low mode rising
- - — — INTWD — — -
NMI & — — — — = — — —
INTWDT | INTWD O0F7H
enable — — —— — 0 — — —
Always write “0". 1: INTWD
CLRV5 | CLRV4 | CLRV3 | CLRV2 | CLRV1 | CLRVO
INTCLR ear §°F.f-';t w
control | RVIW) 0 [ 0o [ o [ o [ 0o [ ©
Interrupt vector
IBLE | 12LE | IILE
Interrupt w
) OOFAH
IIMC2 MPUt 1 prohibit 0 0 0
mode RMW) INT3 INT2 INT1
control 0: Edge 0: Edge 0: Edge
1: Level 1: Level 1: Level
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(3) DMA controller
Symbol | Name |Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO vy
DMAOV |  start 0100H T o T o [ o | o |
vector
DMAO start vector
DMAILV5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO
DMAL —
DMALV | start 0101H T o T o [ o ] o |
vector
DMAL start vector
A DMA2V5 | DMA2v4 | DMA2V3 | DMA2v2 | DMA2V1 | DMA2VO
DMA2V start 0102H 5 | 5 | 5 R/|W 5 | 5 | 5
vector
DMAZ2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3 o
DMA3V | start 0103H T o T o [ o ] o |
vector
DMAZ3 start vector
DMA4V5 | DMA4V4 | DMA4V3 | DMA4V2 | DMA4V1 | DMA4VO
DMA4 vy
DMA4v | start 0104H T o T o [ o [ o | o
vector
DMAA4 start vector
A DMA5V5 | DMA5V4 | DMA5V3 | DMA5V2 | DMA5V1 | DMA5VO
RIW
DMASV |  start 0105H T o T o [ o [ o | o
vector
DMAS start vector
A DMA6V5 | DMA6V4 | DMAGV3 | DMA6V2 | DMA6V1 | DMAGVO
DMA6V |  start 0106H T o T o R/IW T o T o
vector
DMAG start vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7V1 | DMA7VO
DMA? e
DMA7V |  start 0107H T o T o [ o ] o T
vector
DMAT start vector
pBsT7 | pBST6é | DBST5 | DBST4 | DBST3 | DBST2 | DBSTL | DBSTO
DMA RIW
DMAB 0108H
burst o [ o J o T o ] o ] o J o J o
1: DMA request on burst mode
DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1 | DREQO
0109H
DMA - RIW
DMAR (Prohibit
reauest | emw) o | o [ o | o | o [ o [ o [ o
1: DMA request in software
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(4) Memory controller (1/2)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
BOWW2 | BOWW1 | BOWWO BOWR2 | BOWR1 BOWRO
Block 0 w w
MEMC | 0140H o0 [ 1 [ o o [ 1 [ o
BOCSL control (Prohibit Write waits ] Read waits )
register RMW) 001: 0 waits 010: 1 wait 001: 0 waits 010: 1 wait
low 101: 2 waits 110: 3 waits 101: 2 waits 110: 3 waits
011: Wait pin 011: wait pin
Others: Reserved Others: Reserved
BOE — [ — | BOREC | BoOM1 [ BOOMO | BOBUS1 | BOBUSO
W
Block 0 0 0 0 0 0 [ 0 o1 | on
MEMCT 0141H CS ;elect Always Always 0: Noinsert | 00: ROM/SRAM Data bus width
BOCSH control (Prohibit 0: Disable | write “0". | write “0". dummy 01: Reserved 00: 8 bits
register | Rmw) |1 Enable cycle 10: Reserved 01: 16 bits
high (efault) | 91: Reserved 10: Reserved
1: Insert .
11: Reserved
dummy
cycle
BIWW2 B1IWW1 BIWWO B1IWR2 BIWR1 | B1IWRO
Block 1 W w
MEMC | 0144H o0 | 1 [ o© o | 1 | o
B1CSL control (Prohibit Write waits ] Read waits )
register RMW) 001: 0 waits 010: 1 wait 001: 0 waits 010: 1 wait
low 101: 2 waits 110: 3 waits 101: 2 waits 110: 3 waits
011: Wait pin 011: Wait pin
Others: Reserved Others: Reserved
B1E — [ — | BIREC | B1OM1 [ B1IOMO [ B1BUS1 [ B1BUSO
W
Block 1 0 0 0 0 0 0 o1 | on
MEMC 0145H [ cCSselect |Always Always 0: Noinsert | 00: ROM/SRAM Data bus width
B1CSH | control | (Prohibit |0: Disable |write“0". | write “0". dummy | 01: Reserved 00: 8 bits
register RMW) | 1: Enable cycle 10: Reserved 01: 16 bits
high (Defauly [ 11: Reserved 10: Reserved
1: Insert 11: Reserved
dummy
B2WW2 | B2WW1 | B2WWO B2WR2 | B2WR1 | B2WRO
Block 2 W W
MEMC | 0148H o0 [ 1 | o o | 1 | o
B2CSL control (Prohibit Write waits _ Read waits '
register RMW) 001: 0 waits 010: 1 wait 001: 0 waits 010: 1 wait
low 101: 2 waits 110: 3 waits 101: 2 waits 110: 3 waits
011: Wait pin 011: Wait pin
Others: Reserved Others: Reserved
B2E B2M | - | B2REC | B20M1 | B20MO [ B2BUS1 | B2BUSO
W
Block 2 1 0 0 0 0 [ 0 o1 [ on
MEMC 01494 |CS §elect 0:16 MB Alyvays 0: Noinsert | 00: ROM/SRAM Data bgs width
B2CSH control (Prohibit 0 Disable [ 1:Sets write “0”. dummy 015 Reserved 005 8 b|t§
register RMW) 1: Enable area cycle 10: Reserved 01: 16 bits
high (Default) | 11: Reserved 10: Reserved
1: Insert 11: Reserved
dummy
cycle
B3wWw2 | B3WW1 | B3WWO B3WR2 | B3WR1 | B3WRO
Block 3 w w
MEMC | 014CH o [ 1 ] o o [ 1 | o
B3CSL control (Prohibit Write waits ) Read waits )
register RMW) 001: 0 waits 010: 1 wait 001: 0 waits 010: 1 wait
low 101: 2 waits 110: 3 waits 101: 2 waits 110: 3 waits
011: Wait pin 011: Wait pin
Others: Reserved Others: Reserved
B3E - | - [ B3REC | B30M1 | B30OMO [ B3BUS1 [ B3BUSO
W
Block 3 0 0 0 0 0 [ 0 o1 [ on
MEMC 014DH | CS select | Always Always 0: Noinsert | 00: ROM/SRAM Data bus width
B3CSH control | (Prohibit 0: Disable | write “0”. | write “0". dummy [ O1: Reserved 00: 8 bits
register RMW) 1: Enable cycle 10: Reserved 01: 16 bits
high (Default) 11: Reserved 10: Reserved
1: Insert 11: Reserved
dummy
cycle
92CM22-239 2004-07-02



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP92CM22
Memory controller (2/2)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
BEXWW2 | BEXWW1 | BEXWWO BEXWR?2 | BEXWR1 | BEXWRO
Block EX w w
MEMC | 0158H o [ 1 [ o o [ 1 | o
BEXCSL control (Prohibit Write waits Read waits
register RMW) 001: 0 waits 010: 1 wait 001: 0 waits 010: 1 wait
9 101: 2 waits 110: 3 waits 101: 2 waits 110: 3 waits
low 011: Wait pin 011: Wait pin
Others: Reserved Others: Reserved
- - 1 - BEXOM1 | BEXOMO | BEXBUS1 | BEXBUSO
Block EX W
MEMC | 0159H 0 0 0 o [ o o1 [ on
BEXCSH | control | (Prohibit Always Always Always 00: ROM/SRAM Data bus width
register RMW) write “0”. | write “0”. | write “0”. | 01: Reserved 00: 8 bits
g_ 10: Reserved 01: 16 bits
high 11: Reserved 10: Reserved
11: Reserved
OPGE | OPWR1 [ OPWRO PRL | PRO
R/W
bage ROM 0 o [ o 1 [ o
age - -
ROM Wait number on page | Byte number in a page
PMEMCR cor_]trol 0166H page 00: 1 state (n-1-1-1 mode) | 00: 64 bytes
register access 01: 2 states (n-2-2-2 mode)| 01: 32 bytes
) 10: 3 states (n-3-3-3 mode)| 10: 16 bytes
0: Disable |11: (Reserved) 11: 8 bytes
1: Enable
MOV20 MOV19 MOV18 MOV17 MOV16 | MOV15 MOV14-9| MOV8
Memory RIW
MAMRO | mask 0142H
. 1 1 [ 1 T r 71 T Ty T
register 0 -
0: Compare enable 1: Compare disable
Memory M0S23 [ M0S22 | M0S21 | M0S20 | M0S19 | Mosi8 | M0S17 [ MOS16
start R/W
MSARO 0143H
address 1 1] 1 | 1] 1 | 1 | 1] 1
register 0 Set start address A23 to A16
M1v2l | Miv2o | mMivio [ mivig | M1viz | Mivie | Mvis-9 | Mivs
Memory RIW
MAMR1 0146H
reg??tikrl 1 1 | 1 | 1 | 1 [ 1 [ 1 [ 1
0: Compare enable 1: Compare disable
Memory M1S23 | M1s22 | M1s21 | M1s20 | M1S19 | Misig | M1sS17 | M1Si6
start R/W
MSAR1 0147H
address 1 t [ o1 [ 1 [ ot [ 1 [ 1 [ 1
register 1 Set start address A23 to A16
M2v22 | m2vel | M2v20 [ M2vig | m2vig | m2vi7 | M2vie | M2vis
Memory RIW
MAMR2 mask 014AH
. 1 1 [ 1 T r 71 T 1 Ty T
register 2 -
0: Compare enable 1: Compare disable
Memory M2523 | M2s22 | M2S21 | M2S20 | M2S19 | M2S18 | M2S17 | M2S16
start R/W
MSAR2 014BH
address 1 1] 1 | 1] 1 | 1 I 1] 1
register 2 Set start address A23 to A16
M3v22 [ M3v2l | M3v20 | M3vig [ M3vig | M3vi7 | M3Vi6 [ M3Vis
Memory RIW
MAMR3 mask 014EH
register 3 S E | 1 | 1 I L | L I E I S
0: Compare enable 1: Compare disable
Memory M3523 | M3s22 | M3s21 [ M3S20 | M3S19 | M3sS18 | M3s17 | M3S16
start R/W
MSAR3 014FH
address 1 t | or [ o1 | o1 | 1 [ 1 | 1
register 3 Set start address A23 to A16
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TOSHIBA TMP92CM22
(5) Clock gear
Symbol | Name |Address 7 6 5 4 3 2 1 0
System R/W R/W
SYSCRO clock 10EOH 1 0
control 0 Always Always
write “1”. write “0”.
- GEAR2 GEAR1 GEARO
R/W R/W
0 1 [ o 0
Always Select gear value of high frequency
write “0”. | (fc)
System 000: fc
SYSCR1 clock 10E1H 001: fc/2
control 1 010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
- WUPTM1 | WUPTMO | HALTM1 | HALTMO I SELDRV I DRVE
R/W R/W
0 1 0 1 | 1 0 0
Always Warm-up timer HALT mode <DRVE> [ Pin state
System write “0". 00: Reserved 00: Reserved mode control in
SYSCR2 clock 10E2H 01: 2%input frequency | 01: STOP mode select sToP
control 2 10: 2*/input frequency | 10: IDLE1 mode 0: STOP (T%?)eoff
11: 2*%input frequency | 11: IDLE2 mode 1:IDLE1 | 1. Remains
the state
before
halt
PLLON FCSEL | LWUPFG
R/W R
0 0 0
0: PLL off |fc select |PLL
PLL L:PLLon [0: OSCH |warm-up
PLLCR control 10E8H 1. PLL (x4) | flag
0: Don'’t
end
warm up
1:End
warm up
PROTECT EXTIN DRVOSCH -
R R/W R/W R/W
EMC 0 0 1 1
EMCCRO control 10E3H | Protect 1:External | fc oscillator | Always
register 0 flag clock | driver ability | Write “1”.
0: OFF 1: NORMAL
1:ON 0: WEAK
EMC
EMCCR1 control 10E4H o . )
register 1 Switching the protect ON/OFF by write to foIIoww‘\g 1st-KEY‘, 2nd-KEY
1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H in succession write
EMC 2nd-KEY: EMCCR1 = A5H, EMCCR2 = 5AH in succession write
EMCCR2 | control 10E5H
register 2
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TOSHIBA TMP92CM22
(6) 8-bit timer
Symbol | Name |Address 7 6 5 4 3 2 1 0
TAORDE I2TAOL | TAOLPRUN | TAIRUN | TAORUN
R/W R/W
TMRAO1 0 0 o | o | o
TADIRUN | RUN 1100H | pouble IDLE2 8-bit timer run/stop control
register buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate [ 1: Run (Count up)
1: Enable
o 1102H -
TAOREG ?;Z':Sttg%r (Prohibit w
RMW) Undefined
o 1103H -
TALREG E:(;Z'itsttg:elr (Prohibit W
RMW) Undefined
TA0OIML | TA0IMO | PwMoL | Pwmoo | TA1CLK1 | TAICLKO | TAOCLK1 | TAOCLKO
RIW
o | o o | o o | o o [ o
AOLMOD T?]Aqlz:;)l 1104H Operation mode PWM cycle Source clock for TMRAL | Source clock f_orTMRAO
register 00: 8-bit timer mode | 00: Reeserved 00: TAOTRG 00: TAOQIN pin
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 | 11:2° 11: $T256 11: ¢T16
TALFFC1 | TAIFFCO | TAIFFIE | TAIFFIS
w RIW
TMRAL | 1 |1 0 0
ta1prcr | flir-flop (Prohibit 00: Invert TALFF TALFF TALFF
control RMW) 01: Set TALFF control for | inversion
register 10: Clear TALFF inversion | select
11: Don't care 0: Disable [0: TMRAO
1: Enable |1: TMRA1
TA2RDE 12TA23 | TA23PRUN| TA3RUN | TA2RUN
R/W R/W
TMRA23 0 0 o | o [ o
TA23RUN RUN 1108H [ Double IDLE2 8-bit timer run/stop control
register buffer 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
o 110AH _
TA2REG f;g'it;tgzr (Prohibit w
RMW) Undefined
o 110BH -
TA3REG E:(;Zlitsttg:esr (Prohibit w
RMW) Undefined
TA23M1 | TA23M0 | PwM21 | PWM20 | TA3CLK1 | TA3CLKO | TA2CLK1 [ TA2CLKO
R/W
TMRAZ3 P n | o T s . | klf TI\SI)RAZ
Operation mode PWM cycle Source clock for TMRA3 | Source clock for
TAZSMOD r;‘i’;‘; H0CH - . gbit imer mode  |00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit imer mode [01: 2° 01 ¢T1 01: ¢TL
10: 8-bit PPG mode  |10: 2’ 10: 4716 10078
_ 11: 28 11: $T256 11: ¢T16
11: 8-bit PWM mode
TA3FFCL | TA3FFCO | TASFFIE | TA3FFIS
w RIW
TMRA3 1 [ 1 0 0
tasrrcr | fi-flop (é?grlz:jit 00: Invert TA3FF TASFF | TA3FF
coqtrol 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 TMP92CM22

(7) 16-bit timer (1/2)

Symbol | Name |[Address 7 6 5 4 3 2 1 0
TBORDE — 12TBO TBOPRUN TBORUN
R/W R/W R/W R/W R/W
Timer BO 0 0 0 0 0
TBORUN RUN 1180H | Double Always IDLE2 16-bit timer run/stop control
register buffer write “0. 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
- — TBOCPOI | TBOCPM1 | TBOCPMO| TBOCLE | TBOCLK1 | TBOCLKO
R/W R/W W R/W
0 0 1 0 0 0 o [ o
Timer BO | 11824 |Always | Always Software |Capture timing Up counter | Timer BO source clock
TBOMOD | mode | (Prohibit | Write 0. write “0". | capture |00 Disable control 00: Reserved
register RMW) control 015 Reserved 0: Clear 01: ¢T1
0:Software |10: Reserved disable 10: ¢T4
capture 11: TAIOUT 1 ) 11: ¢T16
, TALOUT | 1 Clear
1:Undefined enable
- - TBOC1T1 | TBOCOT1 | TBOE1T1 | TBOEOT1 | TBOFFC1 I TBOFFCO
W+ R/W W*
1 1 0 o | o 0 1 | 1
) Always write “11”. TBOFFO inversion trigger Control TBOFFO
Timer BO . .
. 1183H 0: Trigger disable 00: Invert
TBOFFCR flip-flop (Prohibit 1: Trigger enable 01: Set
cor'ltrol RMW) Invert Invert Invert Invert 10: Clear
register when the [whenthe |whenthe |whenthe |11.pontcare
UC value |UCvalue |UC uc
is loaded |[is loaded [matches |matches " Always read as 11.
into into with with
TBOCP1. |TBOCPO. |[TBORG1. |TBORGO.
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-hit timer| 118AH -
TBORGLL | register 1 | (Prohibit W
low RMW) Undefined
16-bit timer| 118BH -
TBORG1H | register 1 | (Prohibit w
high RMW) Undefined
Capture -
TBOCPOL | register O 118CH R
low Undefined
Capture -
TBOCPOH | register 0 118DH R
high Undefined
Capture -
TBOCPLL | register 1 [ 118EH R
low Undefined
Capture —
TBOCP1H register 1 118FH R
high Undefined
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TOSHIBA TMP92CM22
16-bit timer (2/2)
Symbol | Name |Address 7 6 5 4 3 2 1 0
TB1RDE — 12TBO TB1PRUN TB1RUN
R/W R/W R/W R/W R/W
Timer B1 0 0 0 0 0
TB1RUN RUN 1190H | pouble Always IDLE2 16-bit timer run/stop control
register buffer write “0". 0: Stop 0: Stop and clear
0: Disable 1: Operate | 1: Run (Count up)
1: Enable
TB1CT1 TB1ET1 | TB1CPOI | TB1CPM1 | TBICPMO | TB1CLE I TB1CLK1 I TB1CLKO
R/W R/W W R/W
0 0 1 0 0 0 o | o
Timer B1 1192H | TB1FF1inversion Software Capture timing Up counter | Timer B1 source clock
TB1IMOD mode (Prohibit trigger capture 00: Disable control 005 Reserved
register RMW) 0: Disable trigger control 01: Reserved 0: Clear gé E‘ll
1: Enable trigger 0: Software | 4. Reserved disable |77 4T16
When Match captre | 11: TAIOUT 1 1:Clear
capture 1 | with 1: Undefined TALOUT | enable
TREG1
TB1FF1C1 | TB1FF1CO | TB1C1T1 | TB1COT1 | TB1E1T1 | TB1EOT1 | TB1FFC1 I TB1FFCO
W+ R/W W*
1 1 0 o | o 0 1 | 1
Control TB1FF1 TBOFFO inversion trigger Control TB1FFO
Timer Bl 1193H 00: Invert 0: Disable trigger 00: Invert
TBIFECR flip-flop (Prohibit 01: Set 1: Enable trigger 01: Set
control RMW) 10: Clear Invert Invert Invert Invert 10: Clear
register 11: Don't care when the | whenthe |whenthe |whenthe |11: Don't care
*Always read as 11. pC value' pC value' UC value | UC value *Always read as 11.
is loaded in| is loaded in| matches | matches
to to the value | the value
TB1CP1. | TB1CPO. |in in
TB1RG1. | TB1RGO.
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 —
TB1RGIL | register 1 | (Prohibit w
low RMW) Undefined
16-bit timer |  119BH —
TB1RGI1H | register 1 (Prohibit W
high RMW) Undefined
Capture —
TB1CPOL | register O 119CH R
low Undefined
Capture —
TB1CPOH | register 0 119DH R
high Undefined
Capture —
TB1CPLL | register 1 119EH R
low Undefined
Capture —
TB1CP1H | register 1 119FH R
high Undefined
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TOSHIBA TMP92CM22
(8) UART/Serial channel (1/2)
Symbol | Name [Address 7 6 5 4 3 2 1 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
ScopUr | channel 0 (;fc?r?i;t TB7 TB6 TB5 TB4 B3 B2 TB1 TBO
buffer RMW) R(Receiving) / W(Transmission)
register Undefined
RB8 EVEN | PE OERR | PERR | FERR | SCLKS loC
Serial R R/W R (Clear o after reading) RIW
channel 0 Undefined 0 0 o | o | o 0 0
SCOCR control 1201H  Receive Parity Parity 1: Error 0: SCLKO T | o B?Ud
B N N - rate
register data O Odd O Disable | Overrun Parity Framing |1' SCLKO generator
bit8 1: Even 1: Enable 1: SCLKO pin
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 0 0
channel 0 Transmis- | 0:CTS 0:Receive | Wake up | 00: /O interface modg 00: Timer TAOREG
SCOMODO mode 0 1202H sion data . . . 01: 7-bit UART mode | O1: Baud rate
ode disable disable | O: Disable 10: 8-bit UART mod
register bit8 _ _ ) 1 Enable : 8-bit mode generator '
L.CTS 1:Receive [ *: 11: 9-bit UART mode | 10: Internal clock fio
enable enable 11: External clock
(SCLKO input)
- BROADDE | BROCK1 | BROCKO | BR0S3 | BR0S2 | BROS1 | BROSO
Serial RIW
channel 0 0 0 0 0 0 | 0 | 0 I 0
BROCR | baud rate | 1203H [ A\yays (16 —K)/ [00:¢$TO Set the frequency divisor “N” (0 to F).
control write “0". | 16 divided | 01: $T2
register 0: Disable | 10: ¢T8
1: Enable |11:¢T32
Serial BROK3 | BROK2 | BROKL1 | BROKO
BROADD | SMamel 0 | 4504 RIW
K setting 0 | 0 | 0 | 0
register Set the frequency divisor “K” (1 to F).
12S0 FDPXO0
Serial RIW RIW
channel 0 0 0
SCOMOD1 mode 1 1205H IDLE2 10 interface
register 0: Stop mode
L Operate 1: Full duplex
0: Half duplex
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
R/W
DA 0 0 0 0 o | o | o 0
Select Receive Transmit | Receive | Select receive pulse width
SIRCR control 1207H " . )
ist transmit | data 0: Disable |0: Disable | Set effective pulse width for equal or more
register pl_‘('jsﬁ 0: “H” pulse | 1: Enable |1: Enable |than 2x x (Value + 1) + 100 ns
widt 1: “L” pulse .
0:3/16 Can be set: 1 t.o 14
1:1/16 Can not be set: 0, 15
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TOSHIBA TMP92CM22

UART/Serial channel (2/2)

Symbol | Name |[Address 7 6 5 4 3 2 1 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 1 | 1208H TB7 TB6 TB5 TB4 B3 B2 TB1 TBO

SC1BUF (Prohibit — —
buffer RMW) R (Receiving)/W (Transmission)
register Undefined

RB8 EVEN PE OERR | PERR | FERR SCLKS 10C
Serial R R/W R (Clear 0 after reading) R/W
ena Undefined | 0 0 o | o [ o 0 0
channel 1 - - - ; :

SCICR 1209H | Receive Parity Parity 1: Error 0: SCLK1 T| 0:Baud
coqtrol data 0: Odd 0: Disable | Overrun Parity Framing 1:SCLKLL[  rate
register bits 1: Even 1: Enable generator

1:SCLK1
pin input
TB8 CTSE RXE wWu SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 0 0 o [ o
h 11 is- |0: : i 00: I/O interface mode | 00: Timer TAOREG
scimopo| channe 120AH | Transmis- |0: CTS 0: Receive Wakg up 01 7.0t UART mode | 01 Baud rat
mode 0 sion data disable | disable | O: Disable [ 91: 7-DI moade - baud rate
. bits | 1: Enaple | 10: 8-bit UART mode generator
register 1:CTS |1 Receive 11: 9-bit UART mode | 10: Internal clock ¢1
enable enable 11: External clock
(SCLK1 input)
] — BR1ADDE| BR1CK1 [ BR1CKO BR1S3 | BR1S2 BR1S1 I BR1S0
Serial RIW
channel 1 0 0 0 | 0 0 | 0 | 0 I 0

BRICR | baud rate | 120BH [ Ajyays (16 —K)/ | 00: ¢TO Set the frequency divisor “N” (0 to F).
control write “0”. | 16 divided | 01: ¢T2
register 0: Disable | 10: ¢T8

1: Enable | 11: ¢T32
Serial BR1K3 | BR1K2 | BR1K1 | BRIKO

BR1ADD | M@ell | jo0cy RIW
K setting 0 | 0 | 0 | 0
register Set the frequency divisor “K” (1 to F).

12S1 FDPX1
Serial R/W R/W
channel 1 0 0
SCIMODL mode 1 120DH IDLE2 I/0 interface
register 0: Stop mode
1: Operate 1: Full duplex
0: Half duplex

92CM22-246 2004-07-02


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA

TMP92CM22
(9) I2C bus/Serial channel (1/2)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
SCKO0/
BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
1240H w RIW w RIW
(Prohibit 0 0 0 0 0 0 0/1
RMW) | Number of transfer bits Acknowledge| Setting of the divide value “n”
12C mode [000:8 001:1 010:2 011:3 | mode 000:5 001:6 010:7 011:8
SBIO 100: 4 101:5 110:6 111:7 | O: Disable 100: 9 101:10 110:11
SBIOCR1 | control 1: Enable 111: Reserved
register 1 SIOS SIOINH SIOM1 SIOMO SCK2 | SCK1 SCKO
W W W
1240H 0 0 0 0 o | o 0
(Prohibit - — o
RMW) Transfer | Transfer | Transfer mode Setting of the divide value “n
0: Stop 0: Continue | 00: 8-bit transmit 000:4 001:5 010:6 011:7
SIO mode | 1: siart | 1: Abort 10: 8-bit transmit/receive
' 11: 8-bit receive 100:8 101:9 110:10
111:External clock SCKO
SBIO 1241H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 I RBO/TBO
SBIODBR |  buffer (Prohibit R (Receiving)/W (Transmission)
register RMW) Undefined
sa6 | sas | sma | sa3 | sa2 | sat [ sa0 | ALs
w
PCbusO | 1242H 0o | 0o | 0o | o | o [ o | o 0
I2COAR | address | (Prohibit IAddress
register RMW i
g Setting slave address ecognition
0 :Enable
1: Disable
AL/SBIM AAS/ ADO/ LARB/
MST TRX BB PIN 1 SBIMO SWRST | SWRSTO
w
Serial bus 0 0 0 1 0 0 0 0
SBIOSR | interface 0: Slave  |0: Receive [Bus status | INTSBEOQ [Arbitration |Slave GENERAL | Last
whenread | status 1: Master |1: Transmit|monitor | request  [°St addr?fs (?At""ti \ ;ﬁcﬁ:;’erd bit
register 1243H 0: Free monitor _ |detection  [match etectio onito
: monitor detection monitor 0:0
(PC mode) 1: Busy 0: Request o: monitor 0:Undetect | 1: 1
(Prohibit 1: Cancel 1: Detect 0: Undetect | 1. petect
RMW) 1: Detect
Start/stop Serial bus interface Software reset
Serial bus condition operating mode generate write “10”
SBIOCR2 | interface generation selection and “01”, then an
when write| control 0: Start 00: Port mode internal reset signal is
register2 condition| 01: SIO mode generated.
egiste 1: Stop 10: 1°C bus mode
condition| 11: (Reserved)
SIOF/ SEF/ _ _
SBIM1 SBIM2
. R/W R/W
Serial bus
SBIOSR | interface 0 Y 0 0
whenread| status Transmit Shift operation
register status monitor | status monitor
1243H 0: Stopped 0: Stopped
(SIO mOde) 1: Terminated [1: Terminated
(Prohibit in progress | in progress
RMW) Serial bus interface | Always Always
Serial bus operating mode write “0”. | write “0”.
SBIOCR2 | interface zg'e;“o” .
when write| control : Port mode
register2 01; %IO mode
10: I'C bus mode
11: (Reserved)
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TOSHIBA

TMP92CM22
12C bus/Serial channel (2/2)
Symbol | Name |[Address 7 6 1 0
— 12SBI0
1244H W R/W
(1°C mode) 0 0
(Prohibit | Always IDLE2
SBIO RMW) | write “0". | o: Aport
SBIOBRO | baud rate 1: Operate
register 0 _ _
1244H W RIW
(SIO mode)
(Prohibit 0 0
RMW) |[Always | Always
write “0”. | write “0".
P4EN
R/W W
SBIO 0 0
SBIOBR1 | baud rate | 1245H | clock Always
register 1 control write “0”.
0: Stop
1: Operate
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TOSHIBA

TMP92CM22
(10) AD converter (1/2)
Symbol | Name |[Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPEAT SCAN ADS
R R/W R/W R/W
0 0 0 0 0 0 0 0
AD mode AD  |AD AI\'Nayilis ) AI\.Na3‘/‘s ) 0: E\;_efy Repeat | Scan AD
ADMODO | control 12BgH | conversion| conversion write “0”. [ write “0”. 1'Evlgr]e moqe mod_e conversion
register 0 endflag | pusy flag 2 tim)c/es 0:Single | 0:Fixed |start
0:Busy | 0:End 1'gggeeat fr:‘cﬂ:e' 1:Start
1:End 1 Busy .mode 1:Channel
scan Always
mode |read as 0"
VREFON 12AD - - - ADCH2 ADCH1 ADCHO
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Ladder IDLE2 Always Always Always Input channel
resistance | 0: Stop write “0”. | write “0”. | write “0”. | 590 ANO ANO
2 8EF 1: Operate 001: AN1 ANO—AN1
AD mode 010: AN2 ANO—AN1—AN2
ADMOD1 | control 12B9H 011: AN3 ANO—AN1—AN2—AN3
register 1 100: AN4 ANO—AN1—AN2—AN3—
AN4
101: AN5 ANO—AN1—AN2—AN3—
AN4—AN5
110: AN6 ANO—AN1—AN2—AN3—
AN4—AN5—ANG
111: AN7 ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7
ADTRG
R/W
0
AD mode AD
ADMOD2 cqntrol 12BAH external
register 2 trigger start
control
0: Disable
1: Enable
AD result ADRO1 ADROO ADRORF
ADREGOL | register 0 12A0H R R
low Undefined 0
AD result ADRO9 | ADRO8 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
ADREGOH| register 0| 12A1H R
high Undefined
AD result ADR11 | ADRI0 ADRIRF
ADREGIL | register 1 12A2H R R
low Undefined 0
AD result ADR19 I ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREGI1H| register 1 12A3H R
high Undefined
AD result ADR21 | ADR20 ADRZRE
ADREGZ2L | 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
ADREG3L | register 3 12A6H R R
low Undefined 0
AD result ADR39 | ADR38 | ADR37 | ADR36 | ADR35 | ADR34 | ADR33 | ADR32
ADREG3H register 3 12A7H R
high Undefined
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TOSHIBA TMP92CM22

AD converter (2/2)

Symbol | Name | Address 7 6 5 4 3 2 1 0
AD result ADRA41 ADR40 ADR4RF
ADREGA4L register 4 12A8H R R
low Undefined 0
AD result ADR49 | ADRA48 ADR47 ADR46 ADR45 ADR44 ADR43 ADR42
ADREG4H| register 4 12A9H R
high Undefined
AD result ADR51 | ADRS50 ADRSRF
ADREGSL | register 5 12AAH R R
Low Undefined 0
AD result ADRS59 | ADR58 ADR57 ADR56 ADRS55 ADR54 ADR53 ADR52
ADREGSH| register 5 12ABH R
high Undefined
AD result ADR61 | ADR60 ADRGRF
ADREGG6L | register 6 12ACH R R
low Undefined 0
AD result ADRG69 | ADRG68 ADRG67 ADR66 ADRG65 ADR64 ADRG63 ADRG62
ADREG6H| register 6 | 12ADH R
high Undefined
AD result ADR71 | ADR70 ADR7RF
ADREGT7L| register 7 | 12AEH R R
low Undefined 0
AD result ADR79 | ADR78 ADRT77 ADR76 ADR75 ADR74 ADR73 ADR72
ADREGT7H| register 7 12AFH R
high Undefined
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TOSHIBA TMP92CM22

(11) Watchdog timer
Symbol | Name |Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO - 12WDT RESCR —
R/W R/W
WDT 1 o | o 0 0 0 0
WDMOD mode 1300H |WDT Select detecting time Always IDLE2 1: Internally| Always
6 L connects| \rite “0”
register control 00: 218/fSYS write “0". | 0: Stop WDT out write “0”.
1: Enable |01: 2*%ffgys 1:Operate| 4 he
. »20
10: 2%/fgys reset pin.
11: 2%ffgys
wDT 1301H -
WDCR control (Prohibit
register RMW) —
B1H: WDT disable code 4E: WDT clear code
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TOSHIBA TMP92CM22

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  Data bus (DO to D7), P1 (D8 to D15), P4 (A0 to A7), P5 (A8 to A15), P6 (A16 to A23),
P76 (WAIT ), PD2 (TB10UTO0), PD3 (TB10OUT1), PF6, and PF7

VCC
Output data P-ch
Output enable j:)j
Stop
N-ch
Input data {110

Input enable

m P90 (SCK), PCO (TAOIN), PC1 (TA1OUT/INT1), PC3 (INT0), PC5 (TASOUT/INT2), PC6
(TBOOUT/INTS), PD0O (INT4/TB1INO), PD1 (INT5/TB1IN1), PF1 (RXDO0), PF2 (SCLK0/CTS0),
PF4 (RXD1), and PF5 (SCLK1/CTS1)

VCC
Output data p-ch
Output enable j:)j
Stop
N-ch
Input data N Lo

Input
enable
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m P70 (RD), P71 (WRLL), P72 (WRLU), P73, P74 (CLKOUT), P75 (R/W ), P80 (CS0 ), P81 (CS1),
P82 (CS2 ), and P83 (CS3)

VCC
Output data P-ch
Output
Stop N-ch
m  PAO, PA1, PA2, and PA7
VCC
Input data Input
m P91 (SO/SDA) and P92 (SI/SCL)
VCC
Output data : p-ch
Open-drain
outht enable 0_:):)o—| N-ch
Stop —M8M8MMM
Input data | {]vo

Input enable
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m  PFO (TXDO0) and PF3 (TXD1)

VCC
Output data : p-ch
Open-drain
output enable 0_:):)o—i N-ch
Stop —M8M8M8M8M8m ™ ——
Input data L1vo

Input enable

=  PGO (ANO), PG1 (AN1), PG2 (AN2), PG3 (AN3/ ADTRG ), PG4 (AN4), PG5 (AN5), PG6 (AN6),
and PG7 (AN7)

Analog input

channel select DC J_P'Ch

Analog input < [EB—«—D Input
N-ch

——
Input data < OQ

Input enable

] RESET
VCC
O
100 kQ (Typ.)
RESET

WDTOUT
Reset enable
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m X1 and X2
Clock
Oscillator I
e |
1 1
: ® : A D X2
' i
1 1
High-frequency : N |
oscillation enable ! _‘5 P-ch F N-ch i
. - ‘
1 1
| —w—{ ] X1
1
____________________________________ 1
m VREFH and VREFL
VREFON 4{>o—l
P-ch
VREFH
. String
T resistance
[] VREFL
m AMOand AM1
Input data ’ ] Input

s NMI

NMi < o@l [ Input

Schmitt
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7. Points to Note and Restrictions

(1) Notation

1. The notation for built-in I/O registers is as follows register symbol <Bit symbol>.

Example:

TAOLRUN<TAORUN> denotes bit TAORUN of register TAOLRUN.
2. Read-modify-write instructions (RMW)

An instruction in that the CPU reads data from memory and writes the data to the
same memory location by using one instruction.

Example 1: SET
Example 2: INC

3, (TAOLRUN) ... Set bit3 of TAOIRUN.
1, (100H) ... Increment the data at 100H.

e Examples of read-modify-write instructions on the TLCS-900

3. fosch, fc, frPH, fSYS, and one state

Exchange instruction
EX (mem), R

Arithmetic operations

ADD (mem), R/#
SUB (mem), R/#
INC #3, (mem)

Logic operations

AND (mem), R/#
XOR (mem), R/#

Bit manipulation operations

STCF #3/A, (mem)
SET #3, (mem)
TSET #3, (mem)

Rotate and shift operations

RLC (mem) RRC
RL (mem) RR

SLA (mem) SRA
SLL (mem) SRL
RLD (mem) RRD

ADC
SBC
DEC

OR

RES
CHG

(mem)
(mem)
(mem)
(mem)
(mem)

(mem), R/#
(mem), R/#
#3, (mem)

(mem), R/#

#3, (mem)
#3, (mem)

The clock frequency that is inputted from X1 and X2 is called “f0SCcH”. The clock that is
selected by PLLCR<FCSEL> register is called “fc”.

The clock that selected by SYSCR1<SYSCK> is called “fFPH”. The clock frequency that is

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 (Power supply level) or VSS (Ground level) pins. Do not
alter the level when the pin is active.

b) Reservation area of address area
TMP92CM22 don’t include reservation area.
¢)  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.

d) Watchdog timer

The watchdog timer starts operation immediately after a reset is released. When the
watchdog timer is not to be used, disable it.

e) 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.

f) CPU (micro DMA)

Only the LDC cr, r and LDC r, cr instructions can be used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).

g) Undefined SFR bit

The value of an undefined bit in an SFR (Special function register) is undefined when
read.

h) POP SR instruction

Please execute the POP SR instruction during DI condition.
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8. Package Dimensions

P-LQFP100-144-0.50F

Unit: mm
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9. Explanation about Production Type

TMP92CM22 F G
a b c

a. Product number
b. Package type: Plastic flat package (LQFP)
c. Solderability of lead free products: Attach G = None lead products

None G = lead products

10. Explanation about Package

Exterior color: Black
Signet method: Laser marking
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