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TOSHIBA TMP92CM27

CMOS 32-bit Micro-controller
TMPO92CM27FG

1. Outline and Device Characteristics

TMP92CM27 is high-speed advanced 32-bit micro-controller developed far controlling
equipment which processes mass data.

TMP92CM27 is a micro-controller which has a high-performance CPU/(TLCS-900/H1 CPU) and
various built-in 1/Os.

TMP92CM27FG is housed in a 144-pin flat package.

Device characteristics are as follows:

(1) CPU : 32-bit CPU(TLCS-900/H1 CPU)

e Compatible with TLCS-900/L1 instruction code

¢ 16Mbytes of linear address space

e General-purpose register and register banks

e Micro DMA : 8channels (250ns/4bytes at fc = 40MHz, best case)
(2) Minimum instruction execution time : 50ns(at fc=40MHz)
(3) Internal memory

¢ Internal RAM : 32K-byte (32-bit 1 clock-access and program execution are possible)
¢ Internal ROM : None

(4) External memory expansion
e Expandable up to 16M bytes (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

o Chip select output ; 6.channels
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e  The information contained herein is subject to change without-notice.

e  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.

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

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

e  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.

components in an 1°C system, provided that the system conforms to the I1°C Standard Specification as defined by

] Philips.

l Purchase of TOSHIBA I°C components conveys a license under the Philips I°’C Patent Rights to use these
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TOSHIBA TMP92CM27

(6) 8-bit timers : 8 channels
(7) 16-bit timers : 6 channels
(8) Pattern generator : 2 channels
(9) General-purpose serial interface : 4 channels
e UART/Synchronous mode : 4 channels (ch.0 to ch.3)
¢ IrDA Ver.1.0(115kbps) mode selectable : 1 channels (ch.0)

(10) Serial bus interface : 2 channels
« 1°C bus mode/clock synchronous mode selectable
(11) High Speed serial interface : 2 channels

(12) SDRAM controller : 1 channels
e Supported 16M, 64M-bit SDR (Single Data Rate)-SDRAM

e Supported not only operate as RAM and Data for LCD display but also programming directly
from SDRAM

(13) 10-bit AD converter : 12 channels

(14) 8-bit DA converter : 2 channels

(15) Watchdog timer

(16) Key-on wake up (only for HALT release): 8 channels

(17) Interrupts : 71 interrupts
e 9 CPU interrupts : Software/interrupt instruction and.illegal instruction
e 49 internal interrupts : Seven selectable priority levels
e 13 external interrupts(INTO to INTB, NMI) : Seven selectable priority levels (INTO to INTB)
(INTO to INTB are selectable edge or level interrupt.)

(18) External bus release function
(19) Input/output ports : 83-pins

(20) Stand-by function
e Three Halt modes : Idle2 (programmable), Idlel, Stop

(21) Clock controller
o Clock-doubler (PLL) : fc = foscyx4 (fc=40MHz @ fosch=10MHZz)
o Clock gear function : Select a High-frequency clock fc to fc/16
(22) Operating voltage
¢ VCC = 3.0 V'10'3.6 V. (fc max = 40MHz)
(23) Package
e 144 pin QFP : P-LQFP144-1616-0.40C
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2. Pin assignment and pin functions

The assignment of input/output pins for the TMP92CMZ27, their names and functions are as

follows:

2.1 Pin assignment Diagram

Figure 2.1.1 shows the pin assignment of the TMP92CM27FG.

A0

PC5,SCK1
PC4,S11,SCL1
PC3,S01,SDA1
PC2,SCKO
PC1,S10,SCLO
PC0,S00,SDA0
P96,SDCLK
P95,SDCKE
P94,SDLUDQM
P93,SDLLDQM
P92, spcas

P91, SDRAS

P90, sbwe
DAVSS
DAOUT1
DAOUTO
DAVCC/DAREF
PN3,AN11, ADTRG
PN2,AN10
PN1,AN9
PNO,AN8
PM7,AN7,KI7
PM6,AN6,K16
PM5,AN5, KI5
PM4,AN4 K14
PM3,AN3,KI3
PM2,AN2,KI2
PM1,AN1,KI1
PMO,ANO,KIO0

P66,A22
[—11 P67,A23

125—mn P17,D15
P14,D12

[ 171 P60,A16
11 p61,A17
[—11 P62,A18
1301 P63,A19
[—11 P64,A20
[— 17 P65,A21
[—11 P16,D14
[—1n P15,D13
[— 17 P13,D11

o
—
<
-
|

171 A11
111 A12
171 A13

13511 A14
[—In Al15

11 DVCC

100

15
TMP92CM27FG
QFP144
90
20 TOPVIEW
85
25
80
30
75
o o o [Ted o
35 w e 9 ©
JIm<(osoor\wmqaoaoaoaoml—wl—al—ooﬁmm\—H—om|—oo
LLEFEFEEEEEEEREFEEFEEEEEREE = = = x X S|w = =
Wuzzzzzzzz255222323232328 272028283
Y T 5 5 S5 S590000000Z2m @A [a] o bozx
>>4dodedgdomwbIgaddo0oo0ZLZLZLZ ox 5
DOZZZZZZZZ 00O BBDBgHEIEIES 2
noQaeNNdd oo kRREREREEEEEIS S GL E
>SS0 AddododadokE LiELRELE
<<hhhh'—,h'ﬁh'—'—'—'—"’“““@&"n‘“n‘o
NOuySsogadgDDDOo000 0 L o
¥ XY YY¥Y¥ XY O00O0 a o o o
gooooaaoan®ocad
o0 Mo
EREERE
SRERER
oo

Figure 2.1.1 Pin assignment diagram (144 pin LQFP)
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2.2 Pin names and functions

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

Table 2.2.1 Pin names and functions (1/5)

. Number .
Pin name . 110 Function
of Pin
DO to D7 8 110 Data: Data bus DO to D7
P10 to P17 8 110 Port 1: I/O port Input or output specifiable. in units of bits
D8 to D15 110 Data: Data bus D8 to D15
A0 to A7 Output Address: Address bus A0 to A7
A8 to A15 Output Address: Address bus A8 to A15
P60 to P67 110 Port 6: 1/0O port
Al6 to A23 Output Address: Address bus A16 to A23
RD 1 Output Read: Outputs strobe signal for read external memory (with pull-up register)
P71 1 110 Port 71: 1/O port (Schmitt input; with pull-up-register)
WRLL Output Write: Output strobe signal for writing data on pins DO.to D7
P72 1 110 Port 72: 1/0 port (schmitt input, with pull-up register)
WRLU Output Write: Output strobe signal for writing data on pins D8 to D15
P73 1 110 Port 73: 1/0 port (schmitt input)
RIW Output Read/Write: 1 represents read-or dummy cycle; O represents write cycle
P74 1 110 Port 74: 1/0 port (Schmittinput, with pull-up register)
SRWR Output Write enable for SRAM: Strobe signal for writing data
P75 1 110 Port 75: 1/0 port (Schmitt input, with pull-up register)
SRLLB Output Data enable for SRAM on pins DO'to D7
P76 1 110 Port 76:1/0_port (Schmitt input, with pull-up register)
SRLUB Output Data enable for SRAM on pins D8 to D15
P77 1 110 Port 77:-1/O-port (Schmitt input)
WAIT Input Wait: Signal used to request CPU bus wait
P80 1 Output Port 80:/Output port
CS0 Output Chip select 0: Outputs “Low™when address is within specified address area
P81 1 Output Port 81: Output port
cs1 Output Chip select 1: Outputs“Low” when address is within specified address area
P82 1 Output Port 82: Output port
CSs2 Output Chip select 2: Outputs “Low” when address is within specified address area
P83 1 Qutput Port 83: Output-port
CS3 Output Chip select 3: Outputs “Low” when address is within specified address area
sSDCS Output Chip select for SDRAM: Outputs “Low” when address is within SDRAM address area
P84 1 Output Port 84: Output port
CS4 Output Chip select 4: Outputs “Low” when address is within specified address area
P85 1 Output Port 85: Output port
CS5 Output Chip'select 5: Outputs “Low” when address is within specified address area
WDTOUT Output Watchdog timer output pin
P86 1 110 Port 86: 1/0O port (Schmitt input)
BUSRQ Input Bus request: request pin that set external memory bus to high-impedance
(for External DMAC)
P87 1 110 Port 87: 1/0 port (Schmitt input)
BUSAK Output Bus acknowledge: this pin show that external memory bus pin is set to high-impedance
by receiving BUSRQ (for External DMAC)
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Table 2.2.2 Pin names and functions (2/5)
Pin name Numt‘Jer 110 Function
of Pin

P90 1 Output Port 90: Output port

SDWE Output Write enable for SDRAM

P91 1 Output Port 91: Output port

SDRAS Output Row address strobe for SDRAM

P92 1 Output Port 92: Output port

SDCAS Output | Column address strobe for SDRAM

P93 1 Output Port 93: Output port

SDLLDQM Output Data enable for SDRAM on pins DO to D7

P94 1 Output Port 94: Output port

SDLUDQM Output Data enable for SDRAM on pins D8 to D15

P95 1 Output Port 95: Output port

SDCKE Output Clock enable for SDRAM

P96 1 Output Port 96: Output port

SDCLK Output Clock for SDRAM

PAO 1 110 Port AO: I/O port (Schmitt input)

RXDO Input Serial 0 receive data

PA1 1 110 Port Al: 1/O port (Schmitt input)

TXDO Output Serial 0 send data: Open-drain output programmable

PA2 1 110 Port A2: 1/0O port (Schmitt input)

SCLKO 110 Serial 0 clock 1/0

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

PA3 1 110 Port A3: 1/O port(Schmitt input)

RXD1 Input Serial 1 receive data

PA4 1 110 Port A4:1/0-port. (Schmitt input)

TXD1 Output Serial/1 send data: Open-drain output programmable

PA5 1 110 Port A5:-1/O-port (Schmitt input)

SCLK1 110 Serial 1 clock I/0

CTs1 Input Serial 1 data send enable (Clear To Send)

PCO 1 110 Part CO: I/0 port (Schmitt input)

SO0 Output Serial bus interface 0 send data at SIO mode

SDAO 110 Serial bus interface 0 send/receive data at I°C mode
Open-drain output programmable

PC1 1 110 Port C1: I/O_port (Schmitt-input)

SI0 Input Serial bus interface 0 receive data at SIO mode

SCLO 110 Setial bus-interface 0 clock I/O data at I°C mode
Open-drain output programmable

PC2 1 110 Port C2: I/0 port (Schmitt input)

SCKO 1/0 Serial bus interface 0 clock I/O data at SIO mode

PC3 1 110 Port C3: I/0 port (Schmitt input)

SO1 Output Serial bus interface 1 send data at SIO mode

SDA1 110 Serial bus interface 1 send/receive data at I°C mode
Open-drain output programmable

PC4 1 /[e] Port’'C4: I/0 port (Schmitt input)

SI1 Input Serial bus interface 1 receive data at SIO mode

SCL1 110 Serial bus interface 1 clock I/O data at I°C mode
Open-drain output programmable

PC5 1 110 Port C5: I/O port (Schmitt input)

SCK1 /10 Serial bus interface 1 clock I/O data at SIO mode
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Table 2.2.3 Pin names and functions (3/5)

Pin name Numt‘Jer 110 Function
of Pin

PDO 1 110 Port DO: I/O port
HSSI0 Input High speed Serial 0 receive data
PD1 1 110 Port D1: I/O port (Schmitt input)
HSSO0 Output High speed Serial 0 send data
PD2 1 110 Port D2: I/O port (Schmitt input)
HSCLKO Output High speed Serial 0 clock I/O
PD3 1 110 Port D3: I/O port (Schmitt input)
RXD2 Input Serial 2 receive data
PD4 1 110 Port D4: I/O port (Schmitt input)
TXD2 Output Serial 2 send data: Open-drain output programmable
PD5 1 110 Port D5: I/O port (Schmitt input)
SCLK2 110 Serial 2 clock I/O
CTS?2 Input Serial 2 data send enable (Clear To-Send)
PFO 1 110 Port FO: 1/0 port (Schmitt input)
TAOIN Input 8-bit timer O input: Input pin of 8-bit timer TMRAO
INTO Input Interrupt request pin 0: Interrupt.request pin with programmable level/rising/falling edge
PF1 1 110 Port F1: 1/0 port (Schmitt input)
TA1OUT Output 8-bit timer 1 output: Qutput pin of 8-bit timer TMRAOQ,or TMRAL
PF2 1 110 Port F2: 1/0 port (Schmitt input)
TA2IN Input 8-bit timer 2 input: Input pin of 8-bit timer TMRA2
INT1 Input Interrupt request pin.1:Interrupt request pin with’ programmable level/rising/falling edge
PF3 1 110 Port F3: 1/0-port (Schmitt.input)
TA30UT Output 8-bit timer 3 output: Output pin of 8-bit timer TMRA2 or TMRA3
PF4 1 110 Port F4: 1/0 port (Schmitt input)
TA4IN Input 8-bit/timer-4 input:Input pin of 8-bit timer TMRA4
INT2 Input Interrupt request pin 2: Interrupt request pin with programmable level/rising/falling edge
PF5 1 110 Port F5:.1/0 port (Schmitt input)
TA50UT Output 8-bit timer 5 output: Output pin of 8-bit timer TMRA4 or TMRA5S
PF6 1 110 Port F6: 1/0 port (Schmitt input)
TAGIN Input 8-bit-timer 6 input: Input pin of 8-bit-timer TMRA6
INT3 Input Interrupt request pin 3: Interrupt request pin with programmable level/rising/falling edge
PJO 1 110 Port JO: 1/O port (Schmitt input)
TBOOUTO Output 16-bit timer.0 output 0: Output pin of 16-bit timer TMRBO
PJ1 1 110 Port J1: /O port-(Schmitt input)
TBOOUT1 Output 16-bit timer 0 output 1: Output pin of 16-bit timer TMRBO
PJ2 1 1/0 Port J2: 1/Q port (Schmitt input)
TB1OUTO Output 16-bit timer.1 output 0: Output pin of 16-bit timer TMRB1
PJ3 1 110 Port J3: 1/0O port-(Schmitt input)
TB1OUT1 Output 16-bit timer 1 output 1: Output pin of 16-bit timer TMRB1
PJ4 1 110 Port J4: 1/0O port (Schmitt input)
TB20OUTO Output 16-bit timer 2 output 0: Output pin of 16-bit timer TMRB2
TB4OUTO OQutput 16-bit timer 4 output 0: Output pin of 16-bit timer TMRB4
PJ5 1 110, Port J5: 1/0O port (Schmitt input)
TB20OUT1 Output 16-bit timer 2 output 1: Output pin of 16-bit timer TMRB2
TB4OUT1 Output 16-bit timer 4 output 1: Output pin of 16-bit timer TMRB4
PJ6 1 110 Port J6: 1/0O port (Schmitt input)
TB30OUTO Output 16-bit timer 3 output O: Output pin of 16-bit timer TMRB3
TB50UTO0 Output 16-bit timer 5 output 0: Output pin of 16-bit timer TMRB5
PJ7 1 110 Port J7: 1/0O port (Schmitt input)
TB30OUT1 Output 16-bit timer 3 output 1: Output pin of 16-bit timer TMRB3
TB50UT1 Output 16-bit timer 5 output 1: Output pin of 16-bit timer TMRB5
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Table 2.2.4 Pin names and functions (4/5)

Pin name Numt‘Jer 110 Function
of Pin

PKO 1 Input Port KO: Input port (Schmitt input)
TBOINO Input 16-bit timer O input 0: Input of count/capture trigger in 16-bit TMRBO
INT4 Input Interrupt request pin 4 : Interrupt request pin with programmable level/rising/falling edge
PK1 1 Input Port K1: Input port (Schmitt input)
TBOIN1 Input 16-bit timer O input 1: Input of count/capture trigger in 16-bit TMRBO
INT5 Input Interrupt request pin 5 : Interrupt request pin with programmable level/rising/falling edge
PK2 1 Input Port K2: Input port (Schmitt input)
TB1INO Input 16-bit timer 1 input O: Input of count/capture trigger.in16-bit TMRB1
INT6 Input Interrupt request pin 6 : Interrupt request pin with programmable level/rising/falling edge
PK3 1 Input Port K3: Input port (Schmitt input)
TB1IN1 Input 16-bit timer 1 input 1: Input of count/capture triggerin'16-bit TMRB1
INT7 Input Interrupt request pin 7 : Interrupt request pin with programmable level/rising/falling edge
PK4 1 Input Port K4: Input port (Schmitt input)
TB2INO Input 16-bit timer 2 input 0: Input of count/capture-trigger in 16-bit TMRB2
INT8 Input Interrupt request pin 8 : Interrupt' request pin with programmablelevel/rising/falling edge
PK5 1 Input Port K5: Input port (Schmitt input)
TB2IN1 Input 16-bit timer 2 input 1: Input.of count/capture trigger in 16-bit TMRB2
INT9 Input Interrupt request pin 9 :-Interrupt request pin with programmable level/rising/falling edge
PK6 1 Input Port K6: Input port (Schmitt.input)
TB3INO Input 16-bit timer 3 input 0:Input of count/capture trigger in-16-bit TMRB3
INTA Input Interrupt request pin A : Interrupt request pin with-programmable level/rising/falling edge
PK7 1 Input Port K7: Input-port (Schmitt input)
TB3IN1 Input 16-bit timer 3 input 1: Input of count/capture-triggerin 16-bit TMRB3
INTB Input Interrupt request pin B': Interrupt request pin with programmable level/rising/falling edge
PLO 1 110 Port LO: 1/O port (Schmitt input)
PG00 Output Pattern generator output 00
RXD3 Input Serial 3 receive data
PL1 1 110 Port L1: I/O port (Schmitt input)
PGO1 Output Pattern generator output 01
TXD3 Output Serial 3'send data: Open-drain-output programmable
PL2 1 110 Port L2: I/O port (Schmitt input)
PGO02 Output Pattern generator output-02
SCLK3 110 Serial 3 clock 1/0
CTS3 Input Serial 3 data send ‘enable (Clear To Send)
PL3 1 110 Port L3: I/O port(Schmitt input)
PGO03 Qutput Pattern generator output 03
TA70UT Output 8-bit timer.7 output: Output pin of 8-bit timer TMRA6 or TMRA7
PL4 1 110 Port L4: 1/O port
PG10 Output Pattern generator output 10
HSSI1 Input High speed Serial 1 receive data
PL5 1 110 Port L5; I/O port (Schmitt input)
PG11 Output Pattern generator output 11
HSSO1 Output High speed Serial 1 send data
PL6 1 110 Port L6: I/0O port (Schmitt input)
PG12 Output Pattern generator output 12
HSCLK1 Output High speed Serial 1 clock I/O
PL7 1 110 Port L7: 1/O port (Schmitt input)
PG13 Output Pattern generator output 13
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Table 2.2.5 Pin names and functions (5/5)

Pin name Numt‘Jer 110 Function
of Pin

PMO to PM7 8 Input Port M: Input port (Schmitt input)

ANO to AN7 Analog input 0 to 7: Pin used to input to AD converter

KIO to K17 Key input 0 to 7: Pin used of Key-on wakeup 0 to 7

PNO to PN3 4 Input Port N: Input port (Schmitt input)

ANS8 to AN11 Analog input 8 to 11: Pin used to input to AD converter

ADTRG AD trigger: Signal used for request AD start (Shared-with PN3)

NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with programmable falling
edge level or with both edge levels programmable (Schmitt input)

DAOUTO 1 Output Digital output 0: Pin used to output to DA converter O

DAOUT1 1 Output Digital output 1: Pin used to output to DA converter 1

AMO, AM1 Input Operation mode:
Fixed to AM1="0",AM0="1" External 16-bit bus start
Fixed to AM1="1", AM0="0" External 8-bit bus start
Fixed to AM1="1", AM0="1" Reserved
Fixed to AM1="0", AM0="0" Reserved

X1/ X2 2 /10 High-frequency oscillator connection 1/O pins

RESET Input Reset: Initializes TMP92CM27 (Schmitt input, with pull-up register)

AVCC / VREFH 1 Input Pin used to both power supply pinfor AD converter and standard.power supply for AD
converter (H)

AVSS / VREFL 1 Input Pin used to both-GND pin for AD converter (0V)-and standard power supply pin for AD
converter (L)

DAVCC/ 1 Input Pin used to'both power supply pin for- DA converter and standard power supply for DA

DAREF converter

DAVSS 1 Input Pin used-to both GND pin for DA converter (0V)

DVCC 4 - Power supply pin (All DVCC pins should be connected with the power supply pin)

DVSS 4 - GND pins (0V) (All DVSS pins should be .connected with GND (0V))
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3. Operation

This section describes the basic components, functions and operation of the TMP92CM27.

3.1 CPU
The TMP92CM27 contains an advanced high-speed 32-bit CPU (TLCS-900/H1 CPU)

3.1.1 CPU Outline

TLCS-900/H1 CPU is high-speed and high-perforrmance (CPU based on TLCS-900/L1
CPU.TLCS-900/H1 CPU has expanded 32-bhit internal data bus-to process instructions more

quickly.
Outline is as follows:

Table 3.1.1 TMP92CM27 Outline

Parameter TMP92CM27
Width of CPU address bus 24 bits
Width of CPU data bus 32 bits
Internal operating frequency Max 20MHz
Minimum bus cycle 1-clock access (50ns atfsys = 20MHZ)
Internal RAM 32-bit 1-clock access
8-hit, CGEAR, INTC, PORT,/MEMC,
2-clock TMRA, TMRB, PG, SIO, SBI,
| access SDRAMC, ADC, DAC, WDT
nternal I/O 16-bit ASIO
2-clock
access
External memory 8 ro 16-bit.2-clock access
(SRAM etc) (can insert some waits)
Exte(rsnsllqn;'(\eﬂr;ory 16-bit 1-clock access
MIE;”;ElTi:)nnsg;;ion 1-clock(50ns at fsys = 20MHZz)
Conditional- jump 2-clock(100ns at fsys = 20MHZz)
Instruction-queue buffer 12 bytes
théruction set Compa_tible wit_h TI__CS-900/L1
(LDX instruction is deleted)
CPU mode Only maximum mode
Micro DMA 8 channel
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3.1.2 Reset Operation

When resetting the TMP92CM27, ensure that the power supply voltage is within the operating
voltage range, and that the internal high-frequency oscillator has stabilized. Then hold the
RESET input low for at least 20 system clocks (16 ps at fc = 40 MHz).

Atreset, since the clock doubler (PLL) is bypassed and clock-gear is setto-1/16, system clock
operates at 1.25 MHz (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> <« data in location FFFFO1H
PC<23:16> « data in location FFFFO2H
e  Sets the stack pointer (XSP) to 00000000H:
e  Sets bits <IFF2:0> of the status register (SR)-to“111"
(thereby setting the interrupt level mask register to level 7).
e  Clears bits <RFP1:0> of the status register to “00”
(there by selecting register bank 0).

When the reset is released, the CPU starts executing instructions according to the program
counter settings. CPU internal registers-not mentioned-above do not change when the reset is
released.

When the reset is accepted, the CPU sets internal 1/0, ports and other pins as follows.
¢ Initializes the internal I/O registers as table of “special function register” in section 5.
e  Sets the port pins, including the pins that also act as internal 1/O, to general-purpose
input or output port mode.
Internal reset is-released as soon as external reset is released.

The operation of-memory controller. cannot be insured until power supply becomes stable
after power-on reset. The external RAM data provided before turning on the TMP92CM27 may
be spoiled because the control-signals are unstable until power supply becomes stable after
power-on reset.

=
hasing

i

VCC(3.3V) /

T
<~

U
e B

RESET
> >
High-frequency oscillation stabilized time 0's (Min)

+20 system clock

Figure 3.1.1 Power on Reset Timing Example
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3.1.3 Setting of AMO and AM1
Set AM1 and AMO pins like Table 3.1.2 according to system usage.

Table 3.1.2 Operation Mode Setup Table

Mode Setup Input Pin
RESET AM1 AMO

Operation mode

16-bit external bus start
(Multi 16 Mode)

8-bit external bus start _/_

0 1

. 1
(Multi 8 Mode) 0
Reserved 1 1
Reserved 0 0
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMPP92CM27.

000000H
Internal 1/0O )
(8 K bytes) Direct area (n)
000100H
64-K byte area
002000H (nn)
Internal RAM
(32 K bytes)
00AO00H
010000H
External memory
FO000CH Provisional emulator control
(64K bytes) (Note 1)
F10000H 16-M byte area
(R)
External memory (-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)
FFFFOOH
Ay Vector table (256 bytes) } (Note 2)

(:l = Internal area)

Figure 3.2.1 Memory Map

Note 1: Provisional emulator control arealis for an emulator, it is mapped FOOO00H to FOFFFFH after reset. On emulator
WR' signal and RD signal are asserted, when this area is accessed. Be carefull to use external memory.

Note 2: Don't use the last 16-bytes area (FFFFFOH to FFFFFFH). This area is reserved for an emulator.
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3.3 Clock Function and Stand-by Function

TMP92CM27 contains (1) clock gear, (2) clock doubler (PLL), (3) stand-by controller and (4)
noise reducing circuit. They are used for low power, low noise systems.
This chapter is organized as follows:
3.3.1 Block diagram of system clock
3.3.2 SFR
3.3.3 System clock controller
3.3.4 Clock doubler (PLL)
3.3.5 Noise reducing circuits
3.3.6 Stand-by controller
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The clock operating modes are as follows: (a) single clock mode (X1, X2 pins only), (b) dual
clock mode (X1, X2 pins and PLL).
Figure 3.3.1 shows a transition figure.

Reset
(foscr/32)
Instruction l Release reset
IDLE2 mode Interm Instruction
(VO operate) NORMAL mode STOP mode
B T — Tnterrupt ode
IDLE1 mode ATemupt (foscn/gear value/2) (Stops all circuits)
(Operate only oscillator) | ——— 1
(a)  Single clock mode transition figure
Reset
(foscr/32)
Instruction Rel t
IDLE2 mode Interr l it Instruction
(I/O operate)
nstuctonr—|  NORMAL mode Tnterrupt STOP.mode
IDLE1 mode ATarrupt (foscr/gear value/2) (Stops all circuits)
(Operate only oscillator) /
. Instruction Note
Instruction
IDLE2 mode
(/O operate) Interrd NORMAL mode
Instruction (4x foscu/gear
IDLE1 mode nierrupt value/2)
(Operate only oscillator) /

(b)  Dual clock mode transition figure

Note 1: If you shift from NORMAL mode with use-of PLL to NORMAL mode, execute following setting in the same order.
1) Change CPU clock (PLLCRO <FCSEL> <« “0”)
2) Stop PLL circuit (PLLCR1 <PLLON> « “0”)
Note 2: It's prohibited to shift from NORMAL mode with use of PLL to‘STOP mode directly.
You should set NORMAL mode once, and then shift to STOP.mode. (You should stop high-frequency oscillator after
you stop PLL.)

Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called foseh/and clock frequency selected by SYSCR1<SYSCK> is called
the system clock frpn. The system-clock fsys is defined as the divided/clock of frpH, and one cycle of fgys is defined to as one
state.
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3.3.1  Block Diagram of System Clock
SYSCR2<\£VUPTM1 :0>
Warm-up timer
(High-frequency oscillator)
Lock up timer — T

fsvs

(PLL) 410
fEPH T4
PLLCR1<PLLON>, )
PLLCRO<LUPFG>
fc
fc/2 YI
fpLL=foscH x 4 {2
A
fc/1
4 Clocl;ﬁiubler |—§
X1 O High-frequency "h | SYSCR1<GEAR2:0>
X2 oscillator  “f o~ Clock-gear

PLLCRO<FCSEL>

fsys

¢6TO

TMRAO to 7, TMRBO to 5

—> =
Prescaler M

L|:

S100.to SI03

oT

p—>| -
,I Prescaler I

— -
_

|

SBIO to SBI1

=

CPU

RAM

Interrupt
controller

ADC

1/0 ports

Memory

controller

SDRAMC

DAC

PG

HSIO

Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFR
7 5 4 3 2 1 0
SYSCRO | Bit symbol -
(10E0H)  ['Read/write RIW
After reset 0
Function Always
write “0”
7 5 4 3 2 1 0
SYSCR1 Bit symbol GEAR2 GEAR1 GEARO
(10EMH)  ['Read/write RIW
After reset 1 ] 0 | 0
Function Select gear value of high-frequency (fc)
000:fc
001: fc/2
010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 5 4 3 2 1 0
SYSCR2 | Bit symbol - WUPTM1 | WUPTMO | HALTM1 HALTMO DRVE
(10E2H)  [‘Read/write |  RW RIW RIW RIW RIW RIW
After reset 0 1 0 1 1 0
Function Always Warm-up timer HALT mode 1:
write “0” 00: Reserved 00: Reserved The inside off
01: 2%input frequency 01: STOP mode STOP .mode
10: 2"/input frequency | 10: IDLE1/mode a:rs10 drives af
11:2"%input frequency . | 11: IDLE2'mode P
Note 1: SYSCRO<bit7> can read“1”.
Note 2: SYSCRO<bit6:3>, SYSCRO<bit1:0>, SYSCR1<bit7:3>, and SYSCR2<bit6,1> can read "0".
Figure 3:3.3-SER for System Clock
92CM27-17 2005-04-20



TOSHIBA TMP92CM27
7 6 5 4 3 2 1 0
EMCCRO [ Bit symbol | PROTECT EXTIN DRVOSCH
(10E3H)  ['Read/write R RIW RIW
After reset 0 0 1
Function Protect flag 1: External |- fc oscillator
0: OFF clock driver ability
1: ON 1: Normal
0:Weak
EMCCR1 | Bit symbol
(10E4H) Read/Write
After reset
Function Switching the protect ON/OFF by write to following 1st-KEY, 2nd-KEY
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

Note 1: EMCCRO<bit0> can read “1”.

Note 2: EMCCRO<bit6:3> can read “0”.

Note 3: In case restarting the oscillator in the stop'escillation state (¢.g--Restari the oscillator in STOP
mode), set (EMCCRO)<DRVOSCH> ="1".

Figure 3.3.4 - SFR for System Clock

92CM27-18
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7 6 5 4 0
PLLCRO Bit symbol FCSEL LUPFG
(10E8H) ' I'Read/write RIW R
After reset 0 0
Function Select fc Lock up
clock timer
0: fosch status flag
1: fPLL 0: Not end
1: End
Note 1: Be carefull that logic of PLLCRO<LUPFG> is different from 900/L's DFM.
Note 2: PLLCRO<bit7>,<bit4:0> can read “0”.
7 6 5 4 0
PLLCR1 Bit symbol PLLON
(10E9H) ' I'Read/write | RMW
After reset 0
Function Control
on/off
0: OFF
1: ON
Note 1: PLLCR1<bit6:0> can read “0”.
Figure 3.3.5 SFR for PLL
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3.3.3  System Clock Controller

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

The initialization <GEAR2:0> = “100” will cause the system clock (fsys) to be set to fc/32

(fc/16 x 1/2) after reset.

For example, fsys is set to 1.25 MHz when the 40 MHz oscillator is connected to the X1

and X2 pins.

(1) Clock gear controller

The frpn is set according to the contents. of the clock gear 'select register
SYSCR1<GEARZ2:0> to either fc, fc/2, fc/4,fc/8 or fc/16. Using the elock gear to select a
lower value of frpu reduces power consumption.

Example: Changing to a high-frequency gear

SYSCR1 EQU 10E1H

LD (SYSCR1), XXXXX001B ;. Changes fgys to fc/2.
LD (DUMMY), 00H Dummy instruction

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), XXXXX010B ; Changes fsys to fc/4.
LD (DUMMY)), 00H ; Dummy instruction

Instruction to be executed after clock gear has changed
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3.34

Clock Doubler (PLL)

PLL outputs the fpLL clock signal, which is four times as fast as foscu. It can use the
low-speed-frequency oscillator, even though the internal clock is high-frequency.

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

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

Note 1: Input frequency limitation for PLL
The limitation of input frequency (High-frequency oscillation)for PLL is following.
fOSCH =6to 10 MHz (VCC =3.0t03.6 V)

Note 2: PLLCRO <LUPFG>
The logic of PLLCRO <LUPFG> is differentfrom 900/L.1’s DFM.
Be careful to judge an end of lock up time

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

Example 1: PLL starting

PLLCRO EQU 10E8H

PLLCR1 EQU 10E9H

LD (PLLCR1), 1 XXX XXX XB ; Enables PLL operation and starts lock up.
LUP: BIT 5 (PLLCRO) > L Detects end of lock up.

JR Z, LUP ;

LD (PLLCRO0)," X1 XX XX X XB ; Changes fc from 10 MHz to 40 MHz.
X: Don't care

<PLLON> /

<FCSEL> i
PLL output: fpir. —m
Lock up timer /i' Counts up by fosch E
<LUPEG> i During lock up (( /I i After lock up
SysteaTsieidsy AVAVAVAVAVAVA Q AV\VAVAVAVAVAVAVAY/
* —
Starts PIL operation and i C:anges from 10 MHz to 40 MHz
starts.lock up Ends of lock up
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Example 2: PLL stopping

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H

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

|
T
<PLLON> ! \
[}
I

[}
PLL output: fru AVAVAVAYAVAYAVAYAVAVAVAVEVAVAVAVAVAV)
I

System clock fsys MW\ / E\/ \/\/ \/\ /

|
Changes from 40 MHz to 10 MHz v

Stops PLL operation
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Limitation point on the use of PLL

1. 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

Examples of settings are below.

(2) Change/stop control

(OK) PLL use mode (fr..) — Set the STOP mode — High-frequency oscillator
operation mode (foscu) — PLL stop — Halt (High-frequency oscillator stop)

LD (SYSCR2), 0X--01X-B; SettheSTOP mode
(This command can execute before use of PLL)
LD (PLLCRO), X 0 - X X X X X B ;Change the system clock fp/ t0 foscr
LD (PLLCR1), 0 XXX XXXXB|{ /PLLstop
HALT . “Shift to STOP mode

(Error) PLL use mode (frrr) = Set the STOP mode - Halt (High-frequency
oscillator stop)

LD (SYSCR?2), 0 X-+-0 11X~ B; SettheSTOP mode
(This .command.can execute before use of PLL)
HALT ;/ Shift to STOP mode
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3.35 Noise Reduction Circuits

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

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

(3) SFR protection of register contents

These functions need a setup by EMCCRO, EMCCR1, and EMCCR2 register.
(1) to (3) is explained below.

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

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

(Block diagram)

| iDO—{>O—> foscH

Enable'oscillation

EMCCRO<DRVOSCH>

X2 pin

77

(Setting method)

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

Note; | This function (EMCCRQ <DRVOSCH> =*“0") is available to use in case of
fosch= 6 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)

iD—DO_) foscn

I
X1 pin
1 Enable oscillation
EMCCRO <DRVOSCH>
X2 pin
I
(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 it 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, B2CSIL/H, B3CSL/H, B4CSL/H, B5CSL/H, BEXCSL/H
MSARO, MSAR1, MSAR2, MSAR3, MSAR4, MSAR5
MAMRO, MAMR1, MAMR2, MAMR3, MAMR4, MAMR5, PMEMCR

2. Clock gear
SYSCRO, SYSCR1, SYSCR2; EMCCRO

3. PLL
PLLCRO, PLLCR1

(Operation explanation)

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

(Double key)
1st KEY: Succession writes in 5AH at EMCCRY1 and A5H at EMCCR2
2nd KEY: Sueccession writes in ASH at EMCCR1 and 5AH at EMCCR2

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

And INTPO interruption ,oceurs when write operation to specified SFR was
executed with protection on'state.
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3.3.6  Stand-by Controller

(1) HALT modes and port drive register

When the HALT instruction is executed, the operating mode switches to IDLE2, IDLE1
or STOP mode, depending on the contents of the SYSCR2 <HALTM1:0> register.

The subsequent actions performed in each mode are as follows:

1. IDLEZ2: Only the CPU halts.

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

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

Table 3.3.1 SFR Setting Operation during IDLE2 Mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG7 TAG67RUN<I2TAG7>
TMRBO TBORUN<I2TBO>
TMRB1 TB1RUN<I2TB1>
TMRB2 TB2RUN<I2TB2>
TMRB3 TB3RUN<I2TB3>
TMRB4 TB4RUN<I2TB4>
TMRB5 TB5RUN<I2TB5>
SIO0 SCOMOD1<12S0>
SIO1 SC1MOD1<12S1>
SI02 SC2MOD1<12S52>
SI03 SC3MOD1<I283>
SBIo SBIOBRO<I2SBI0>
SBI1 SBI1BRO<I2SBI1>
AD Converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

2. IDLE1: Only the oscillator and> the Special timer for clock operate.
3. STOP: All internal circuits stop operating.
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The operation of each of the different HALT modes is described in Table 3.3.2

Table 3.3.2 1/O Operation during HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 1" 10 01
CPU Stop
1/0 ports The statg at the tme of HALT Table 3.3.8 references
instruction execution is held.
TMRA, TMRB
SIO, SBI Available to select
Block | AD converter operation block
wDT Stop
SDRAMC,
Interrupt controller, Operate
HSIO, P
PG (Note)

Note 1: When operating PG in the IDLE2 mode, it is necessary to set operation at the time of the IDLE2
mode of the block (TMRA or TMRB) chosen as a trigger as permission.

Note 2: It is necessary to set up the state in each HALT mode of a D/A converter inDACOCNTO/DAC1CNTO
register before HALT instruction execution.
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How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt

release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.3.

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 is processed after releasing the HALT mode, and CPU status executing an
instruction that follows the “HALT” instruction. When the interrupt request level
set before executing the “HALT” instructionis less-than the value of the interrupt
mask register, releasing the HALT mode is not executed. (in non-maskable
interrupts, interrupt processing is processed. after releasing. the HALT mode
regardless of the value of the mask register.)’ However only for INTO to INT7
interrupts, even if the interrupt request’ level set before executing the halt
instruction is less than the value-of the interrupt mask register/ releasing the
HALT mode is executed. In this case, interrupt processing is not performed, and
CPU starts executing the instruction next to the halt instruction, but the interrupt
request flag is held at “1”.

Releasing by resetting

Releasing all halt status-is executed by resetting.

When the STOP mode is released by RESET, it isnecessry enough resetting time
(see Table 3.3.4 Example of a setting of Warm-up time of oscillator) to set the
operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is-executed. However the other settings

contents ‘are initialized. (Releasing due to interrupts keeps the state before the
“HALT” instruction is executed.)
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Table 3.3.3 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask)|(Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1 STOP IDLE2 IDLEA1 STOP
NMI . . o - 5 -
INTWDT . X X - — -
INTO to 3 (Note 1) . . o 0 o o’
. INT4 to 7 (PORT) (Note 1) (Note 3) . . J o 0o o'
§ INT4 to 7 (TMRBO to 1) (Note 3) . X X X X X
§ _ | INT8 to B (PORT) (Note 1) (Note 3) R x x x x x
2 g INT8 to B (TMRB2 to 3) (Note 3) N x X x x x
% | €| INTTAOto 7 . x X x X x
ke INTTBOO to 51, INTTBOX N x X x x x
E INTRXO0 to 3, INTTXO0 to 3 * X X X X X
% INTAD . X X X X X
@ INTSBIO to 1 . X X X X X
INTHSCO to 1 N X x % x x
KI (Key On WakeUp) (Note 2) o o o' o o o’
RESET Initialize LSI

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

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

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

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

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

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

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

Note 3: The operation of the HALT release of INT4 to INTB becomes operation of (PORT) when setting it to the
INTn input by the port setting. It becomes operation of (TMRB) when setting it to 16 bit timer input.

Note 4: Set the INTSEL register when you use interrupt to which the interrupt factor is used combinedly. Details
wish the reference to "Interrupt control of 3.3.4 interrupt controllers (3)".
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Example: Releasing IDLE1 mode
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address

10003H LD (lIMC1), 00H ; Selects INTO interrupt rising edge:
10006H LD (lIMC2), 00H ; Selects INTO interrupt edge
10009H LD (INTEO1), 06H Sets INTO interrupt level to 6.
1000CH El 5 ;  Sets interrupt level to 5 for CPU.
1000EH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
10011H HALT ; Halts CPU.

INTO__/ x > INTO interrupt routine
m“
10012H LD XX, XX
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(3) Operation
1. IDLE2 mode
In IDLE2 mode only specific internal I/O operations, as designated by the
IDLE2 setting register, can take place. Instruction execution by the CPU stops.
Figure 3.3.6 illustrates an example of the timing for/clearance of the IDLE2
mode halt state by an interrupt.

A Ta eV aialaaVaWaw s Vulis Vaiaua e

A0 to A23 “ K X

» ”

DO to D15 Data 4 Data )
— & i
WR » »
Interrupt for « ’ (
» ”

release

e IDLE2
mode

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

2. IDLE1 mode

In IDLE1 mode, only the internal oscillator and Special timer for Clock continue
to operate. The system clock stops.

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

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

an interrupt.

< _ AU AU AN
AO to A23 X f’:’ i’i’ X
¥ ¥
DO to' D15 { Data.} N Data Y-
N « I
RD \ »n ” \
<\ « I
WR > )
Interrupt for @ ’ a——\ -
release
— i —

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

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

oscillator.

After STOP mode has been cleared system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to-stabilize.

The example of a setting of the Warm-up time at the time of STOP mode release
is shown in Table 3.3.4.

Figure 3.3.8 illustrates the timing for clearance of the STOP mode halt state by

an interrupt.

Warm-up time of internal osillator +

Warm-up time of built-in FlashROM

{

{
»

NN

VRVAY

C

A0 to A23 K X {-m 1= 3){ X

DO to D15 Data ) 4 & & \Data ==
RD \ y -t \
- { «
WR \__S&__ » 7

Interrupt for

N EA\

release

n

STOP
mode

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

Table 3.3.4 Example of a‘setting. of Warm-up time of oscillator (at the time of STOP mode release)

at fOSCH =16 MHz

SYSCR2<WUPTM1:0>

01 (2%

10 (2"

11 (2"%)

16 us

1.024 ms

4.096 ms
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3.3 Clock Function and Stand-by Function

TMP92CM27 contains (1) clock gear, (2) clock doubler (PLL), (3) stand-by controller and (4)
noise reducing circuit. They are used for low power, low noise systems.
This chapter is organized as follows:
3.3.1 Block diagram of system clock
3.3.2 SFR
3.3.3 System clock controller
3.3.4 Clock doubler (PLL)
3.3.5 Noise reducing circuits
3.3.6 Stand-by controller
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The clock operating modes are as follows: (a) single clock mode (X1, X2 pins only), (b) dual
clock mode (X1, X2 pins and PLL).
Figure 3.3.1 shows a transition figure.

Reset
(foscr/32)
Instruction l Release reset
IDLE2 mode Interm Instruction
(VO operate) NORMAL mode STOP mode
B T — Tnterrupt ode
IDLE1 mode ATemupt (foscn/gear value/2) (Stops all circuits)
(Operate only oscillator) | ——— 1
(a)  Single clock mode transition figure
Reset
(foscr/32)
Instruction Rel t
IDLE2 mode Interr l it Instruction
(I/O operate)
nstuctonr—|  NORMAL mode Tnterrupt STOP.mode
IDLE1 mode ATarrupt (foscr/gear value/2) (Stops all circuits)
(Operate only oscillator) /
. Instruction Note
Instruction
IDLE2 mode
(/O operate) Interrd NORMAL mode
Instruction (4x foscu/gear
IDLE1 mode nierrupt value/2)
(Operate only oscillator) /

(b)  Dual clock mode transition figure

Note 1: If you shift from NORMAL mode with use-of PLL to NORMAL mode, execute following setting in the same order.
1) Change CPU clock (PLLCRO <FCSEL> <« “0”)
2) Stop PLL circuit (PLLCR1 <PLLON> « “0”)
Note 2: It's prohibited to shift from NORMAL mode with use of PLL to‘STOP mode directly.
You should set NORMAL mode once, and then shift to STOP.mode. (You should stop high-frequency oscillator after
you stop PLL.)

Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called foseh/and clock frequency selected by SYSCR1<SYSCK> is called
the system clock frpn. The system-clock fsys is defined as the divided/clock of frpH, and one cycle of fgys is defined to as one
state.
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3.3.1  Block Diagram of System Clock
SYSCR2<\£VUPTM1 :0>
Warm-up timer
(High-frequency oscillator)
Lock up timer — T

fsvs

(PLL) 410
fEPH T4
PLLCR1<PLLON>, )
PLLCRO<LUPFG>
fc
fc/2 YI
fpLL=foscH x 4 {2
A
fc/1
4 Clocl;ﬁiubler |—§
X1 O High-frequency "h | SYSCR1<GEAR2:0>
X2 oscillator  “f o~ Clock-gear

PLLCRO<FCSEL>

fsys

¢6TO

TMRAO to 7, TMRBO to 5

—> =
Prescaler M

L|:

S100.to SI03

oT

p—>| -
,I Prescaler I

— -
_

|

SBIO to SBI1

=

CPU

RAM

Interrupt
controller

ADC

1/0 ports

Memory

controller

SDRAMC

DAC

PG

HSIO

Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFR
7 5 4 3 2 1 0
SYSCRO | Bit symbol -
(10E0H)  ['Read/write RIW
After reset 0
Function Always
write “0”
7 5 4 3 2 1 0
SYSCR1 Bit symbol GEAR2 GEAR1 GEARO
(10EMH)  ['Read/write RIW
After reset 1 ] 0 | 0
Function Select gear value of high-frequency (fc)
000:fc
001: fc/2
010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
7 5 4 3 2 1 0
SYSCR2 | Bit symbol - WUPTM1 | WUPTMO | HALTM1 HALTMO DRVE
(10E2H)  [‘Read/write |  RW RIW RIW RIW RIW RIW
After reset 0 1 0 1 1 0
Function Always Warm-up timer HALT mode 1:
write “0” 00: Reserved 00: Reserved The inside off
01: 2%input frequency 01: STOP mode STOP .mode
10: 2"/input frequency | 10: IDLE1/mode a:rs10 drives af
11:2"%input frequency . | 11: IDLE2'mode P
Note 1: SYSCRO<bit7> can read“1”.
Note 2: SYSCRO<bit6:3>, SYSCRO<bit1:0>, SYSCR1<bit7:3>, and SYSCR2<bit6,1> can read "0".
Figure 3:3.3-SER for System Clock
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7 6 5 4 3 2 1 0
EMCCRO [ Bit symbol | PROTECT EXTIN DRVOSCH
(10E3H)  ['Read/write R RIW RIW
After reset 0 0 1
Function Protect flag 1: External |- fc oscillator
0: OFF clock driver ability
1: ON 1: Normal
0:Weak
EMCCR1 | Bit symbol
(10E4H) Read/Write
After reset
Function Switching the protect ON/OFF by write to following 1st-KEY, 2nd-KEY
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

Note 1: EMCCRO<bit0> can read “1”.

Note 2: EMCCRO<bit6:3> can read “0”.

Note 3: In case restarting the oscillator in the stop'escillation state (¢.g--Restari the oscillator in STOP
mode), set (EMCCRO)<DRVOSCH> ="1".

Figure 3.3.4 - SFR for System Clock

92CM27-18
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7 6 5 4 0
PLLCRO Bit symbol FCSEL LUPFG
(10E8H) ' I'Read/write RIW R
After reset 0 0
Function Select fc Lock up
clock timer
0: fosch status flag
1: fPLL 0: Not end
1: End
Note 1: Be carefull that logic of PLLCRO<LUPFG> is different from 900/L's DFM.
Note 2: PLLCRO<bit7>,<bit4:0> can read “0”.
7 6 5 4 0
PLLCR1 Bit symbol PLLON
(10E9H) ' I'Read/write | RMW
After reset 0
Function Control
on/off
0: OFF
1: ON
Note 1: PLLCR1<bit6:0> can read “0”.
Figure 3.3.5 SFR for PLL
92CM27-19 2005-04-20
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3.3.3  System Clock Controller

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

The initialization <GEAR2:0> = “100” will cause the system clock (fsys) to be set to fc/32

(fc/16 x 1/2) after reset.

For example, fsys is set to 1.25 MHz when the 40 MHz oscillator is connected to the X1

and X2 pins.

(1) Clock gear controller

The frpn is set according to the contents. of the clock gear 'select register
SYSCR1<GEARZ2:0> to either fc, fc/2, fc/4,fc/8 or fc/16. Using the elock gear to select a
lower value of frpu reduces power consumption.

Example: Changing to a high-frequency gear

SYSCR1 EQU 10E1H

LD (SYSCR1), XXXXX001B ;. Changes fgys to fc/2.
LD (DUMMY), 00H Dummy instruction

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), XXXXX010B ; Changes fsys to fc/4.
LD (DUMMY)), 00H ; Dummy instruction

Instruction to be executed after clock gear has changed
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3.34

Clock Doubler (PLL)

PLL outputs the fpLL clock signal, which is four times as fast as foscu. It can use the
low-speed-frequency oscillator, even though the internal clock is high-frequency.

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

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

Note 1: Input frequency limitation for PLL
The limitation of input frequency (High-frequency oscillation)for PLL is following.
fOSCH =6to 10 MHz (VCC =3.0t03.6 V)

Note 2: PLLCRO <LUPFG>
The logic of PLLCRO <LUPFG> is differentfrom 900/L.1’s DFM.
Be careful to judge an end of lock up time

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

Example 1: PLL starting

PLLCRO EQU 10E8H

PLLCR1 EQU 10E9H

LD (PLLCR1), 1 XXX XXX XB ; Enables PLL operation and starts lock up.
LUP: BIT 5 (PLLCRO) > L Detects end of lock up.

JR Z, LUP ;

LD (PLLCRO0)," X1 XX XX X XB ; Changes fc from 10 MHz to 40 MHz.
X: Don't care

<PLLON> /

<FCSEL> i
PLL output: fpir. —m
Lock up timer /i' Counts up by fosch E
<LUPEG> i During lock up (( /I i After lock up
SysteaTsieidsy AVAVAVAVAVAVA Q AV\VAVAVAVAVAVAVAY/
* —
Starts PIL operation and i C:anges from 10 MHz to 40 MHz
starts.lock up Ends of lock up
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Example 2: PLL stopping

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H

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

|
T
<PLLON> ! \
[}
I

[}
PLL output: fru AVAVAVAYAVAYAVAYAVAVAVAVEVAVAVAVAVAV)
I

System clock fsys MW\ / E\/ \/\/ \/\ /

|
Changes from 40 MHz to 10 MHz v

Stops PLL operation
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Limitation point on the use of PLL

1. 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

Examples of settings are below.

(2) Change/stop control

(OK) PLL use mode (fr..) — Set the STOP mode — High-frequency oscillator
operation mode (foscu) — PLL stop — Halt (High-frequency oscillator stop)

LD (SYSCR2), 0X--01X-B; SettheSTOP mode
(This command can execute before use of PLL)
LD (PLLCRO), X 0 - X X X X X B ;Change the system clock fp/ t0 foscr
LD (PLLCR1), 0 XXX XXXXB|{ /PLLstop
HALT . “Shift to STOP mode

(Error) PLL use mode (frrr) = Set the STOP mode - Halt (High-frequency
oscillator stop)

LD (SYSCR?2), 0 X-+-0 11X~ B; SettheSTOP mode
(This .command.can execute before use of PLL)
HALT ;/ Shift to STOP mode
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3.35 Noise Reduction Circuits

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

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

(3) SFR protection of register contents

These functions need a setup by EMCCRO, EMCCR1, and EMCCR2 register.
(1) to (3) is explained below.

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

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

(Block diagram)

| iDO—{>O—> foscH

Enable'oscillation

EMCCRO<DRVOSCH>

X2 pin

77

(Setting method)

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

Note; | This function (EMCCRQ <DRVOSCH> =*“0") is available to use in case of
fosch= 6 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)

iD—DO_) foscn

I
X1 pin
1 Enable oscillation
EMCCRO <DRVOSCH>
X2 pin
I
(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 it 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, B2CSIL/H, B3CSL/H, B4CSL/H, B5CSL/H, BEXCSL/H
MSARO, MSAR1, MSAR2, MSAR3, MSAR4, MSAR5
MAMRO, MAMR1, MAMR2, MAMR3, MAMR4, MAMR5, PMEMCR

2. Clock gear
SYSCRO, SYSCR1, SYSCR2; EMCCRO

3. PLL
PLLCRO, PLLCR1

(Operation explanation)

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

(Double key)
1st KEY: Succession writes in 5AH at EMCCRY1 and A5H at EMCCR2
2nd KEY: Sueccession writes in ASH at EMCCR1 and 5AH at EMCCR2

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

And INTPO interruption ,oceurs when write operation to specified SFR was
executed with protection on'state.
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3.3.6  Stand-by Controller

(1) HALT modes and port drive register

When the HALT instruction is executed, the operating mode switches to IDLE2, IDLE1
or STOP mode, depending on the contents of the SYSCR2 <HALTM1:0> register.

The subsequent actions performed in each mode are as follows:

1. IDLEZ2: Only the CPU halts.

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

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

Table 3.3.1 SFR Setting Operation during IDLE2 Mode

Internal 1/0 SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG7 TAG67RUN<I2TAG7>
TMRBO TBORUN<I2TBO>
TMRB1 TB1RUN<I2TB1>
TMRB2 TB2RUN<I2TB2>
TMRB3 TB3RUN<I2TB3>
TMRB4 TB4RUN<I2TB4>
TMRB5 TB5RUN<I2TB5>
SIO0 SCOMOD1<12S0>
SIO1 SC1MOD1<12S1>
SI02 SC2MOD1<12S52>
SI03 SC3MOD1<I283>
SBIo SBIOBRO<I2SBI0>
SBI1 SBI1BRO<I2SBI1>
AD Converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

2. IDLE1: Only the oscillator and> the Special timer for clock operate.
3. STOP: All internal circuits stop operating.
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The operation of each of the different HALT modes is described in Table 3.3.2

Table 3.3.2 1/O Operation during HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 1" 10 01
CPU Stop
1/0 ports The statg at the tme of HALT Table 3.3.8 references
instruction execution is held.
TMRA, TMRB
SIO, SBI Available to select
Block | AD converter operation block
wDT Stop
SDRAMC,
Interrupt controller, Operate
HSIO, P
PG (Note)

Note 1: When operating PG in the IDLE2 mode, it is necessary to set operation at the time of the IDLE2
mode of the block (TMRA or TMRB) chosen as a trigger as permission.

Note 2: It is necessary to set up the state in each HALT mode of a D/A converter inDACOCNTO/DAC1CNTO
register before HALT instruction execution.
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How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The halt

release sources are determined by the combination between the states of interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.3.

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 is processed after releasing the HALT mode, and CPU status executing an
instruction that follows the “HALT” instruction. When the interrupt request level
set before executing the “HALT” instructionis less-than the value of the interrupt
mask register, releasing the HALT mode is not executed. (in non-maskable
interrupts, interrupt processing is processed. after releasing. the HALT mode
regardless of the value of the mask register.)’ However only for INTO to INT7
interrupts, even if the interrupt request’ level set before executing the halt
instruction is less than the value-of the interrupt mask register/ releasing the
HALT mode is executed. In this case, interrupt processing is not performed, and
CPU starts executing the instruction next to the halt instruction, but the interrupt
request flag is held at “1”.

Releasing by resetting

Releasing all halt status-is executed by resetting.

When the STOP mode is released by RESET, it isnecessry enough resetting time
(see Table 3.3.4 Example of a setting of Warm-up time of oscillator) to set the
operation of the oscillator to be stable.

When releasing the HALT mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is-executed. However the other settings

contents ‘are initialized. (Releasing due to interrupts keeps the state before the
“HALT” instruction is executed.)
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Table 3.3.3 Source of Halt State Clearance and Halt Clearance Operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
(Interrupt level) > (Interrupt mask)|(Interrupt level) < (Interrupt mask)
HALT Mode IDLE2 IDLE1 STOP IDLE2 IDLEA1 STOP
NMI . . o - 5 -
INTWDT . X X - — -
INTO to 3 (Note 1) . . o 0 o o’
. INT4 to 7 (PORT) (Note 1) (Note 3) . . J o 0o o'
§ INT4 to 7 (TMRBO to 1) (Note 3) . X X X X X
§ _ | INT8 to B (PORT) (Note 1) (Note 3) R x x x x x
2 g INT8 to B (TMRB2 to 3) (Note 3) N x X x x x
% | €| INTTAOto 7 . x X x X x
ke INTTBOO to 51, INTTBOX N x X x x x
E INTRXO0 to 3, INTTXO0 to 3 * X X X X X
% INTAD . X X X X X
@ INTSBIO to 1 . X X X X X
INTHSCO to 1 N X x % x x
KI (Key On WakeUp) (Note 2) o o o' o o o’
RESET Initialize LSI

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

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

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

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

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

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

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

Note 3: The operation of the HALT release of INT4 to INTB becomes operation of (PORT) when setting it to the
INTn input by the port setting. It becomes operation of (TMRB) when setting it to 16 bit timer input.

Note 4: Set the INTSEL register when you use interrupt to which the interrupt factor is used combinedly. Details
wish the reference to "Interrupt control of 3.3.4 interrupt controllers (3)".
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Example: Releasing IDLE1 mode
An INTO interrupt clears the halt state when the device is in IDLE1 mode.

Address

10003H LD (lIMC1), 00H ; Selects INTO interrupt rising edge:
10006H LD (lIMC2), 00H ; Selects INTO interrupt edge
10009H LD (INTEO1), 06H Sets INTO interrupt level to 6.
1000CH El 5 ;  Sets interrupt level to 5 for CPU.
1000EH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
10011H HALT ; Halts CPU.

INTO__/ x > INTO interrupt routine
m“
10012H LD XX, XX

92CM27-31 2005-04-20



TOSHIBA TMP92CM27

(3) Operation
1. IDLE2 mode
In IDLE2 mode only specific internal I/O operations, as designated by the
IDLE2 setting register, can take place. Instruction execution by the CPU stops.
Figure 3.3.6 illustrates an example of the timing for/clearance of the IDLE2
mode halt state by an interrupt.

A Ta eV aialaaVaWaw s Vulis Vaiaua e

A0 to A23 “ K X

» ”

DO to D15 Data 4 Data )
— & i
WR » »
Interrupt for « ’ (
» ”

release

e IDLE2
mode

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

2. IDLE1 mode

In IDLE1 mode, only the internal oscillator and Special timer for Clock continue
to operate. The system clock stops.

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

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

an interrupt.

< _ AU AU AN
AO to A23 X f’:’ i’i’ X
¥ ¥
DO to' D15 { Data.} N Data Y-
N « I
RD \ »n ” \
<\ « I
WR > )
Interrupt for @ ’ a——\ -
release
— i —

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

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

oscillator.

After STOP mode has been cleared system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to-stabilize.

The example of a setting of the Warm-up time at the time of STOP mode release
is shown in Table 3.3.4.

Figure 3.3.8 illustrates the timing for clearance of the STOP mode halt state by

an interrupt.

Warm-up time of internal osillator +

Warm-up time of built-in FlashROM

{

{
»

NN

VRVAY

C

A0 to A23 K X {-m 1= 3){ X

DO to D15 Data ) 4 & & \Data ==
RD \ y -t \
- { «
WR \__S&__ » 7

Interrupt for

N EA\

release

n

STOP
mode

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

Table 3.3.4 Example of a‘setting. of Warm-up time of oscillator (at the time of STOP mode release)

at fOSCH =16 MHz

SYSCR2<WUPTM1:0>

01 (2%

10 (2"

11 (2"%)

16 us

1.024 ms

4.096 ms
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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 TMP92CM27 has a total of 71 interrupts divided into the following types:

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

External interrupts (NMI and INTO to INTB): 13 sources

e Internal I/O interrupts: 41 sources

Micro DMA transfer end interrupts: 8 sources

A individual interrupt vector number (Fixed) is assigned to each interrupt.
One of six 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 validimmediately 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,
TMP92CM27 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

l

Interrupt
specified by
micro DAM start

vector?

NO

YES

Interrupt vector “V” read
Interrupt request F/F clear

Y

PUSH PC

PUSH SR

SR<IFF2:0>«Level of
accepted

interrupt + 1
INTNEST«INTNEST + 1

Y

PC—(FFFFOOH)+V)

%

Interrupt process
program

Y

RETI instruction
POP SR
POP PC
INTNEST < INTNEST-1

A

Y

Micro DMA

soft start request

Clear interrupt request flag

*:

Data transfer by
maicro. DMA

\

COUNT < COUNT —1

'

COUNT =0

NO

YES

Maicro DMA
processing

| Generating INTTC

interrupt clear
maicro DMA start
vector

A

End

Figure 3.4.1 Interrupt and Micro DMA Processing Sequence
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3.4.1 General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. However, when a software interrupt and illegal instruction interrupt are
generated by CPU, CPU flies (1) and (3) and performs only the process of (2), (4), and (5).

(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 “FFFF00H + Interrupt
vector” and starts the interrupt processing routine.

When the CPU completed theinterrupt 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. However maskable
interrupts 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 apriority level equal to or greater than the value of the
CPUdnterrupt 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 TMP92CM27 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 TMP92CM27 Inerrupt Vectors and Micro DMA Start Vectors
Default Type Interrupt Source Vector /;2?;?2 Micro DMA
Priority Value Start Vector
Vector
1 Reset or “SWI0” instruction 0000H FFFFOOH
2 “SWI1” instruction 0004H FFEFO04H
3 “lllegal instruction” or “SWI2” instruction 0008H FFFFO8H
4 "SWI3” instruction 000CH FEFEOCH
5 Non- “SWI4” instruction 0010H FFEFF10H
6 maskable | “SWI5” instruction 0014H FFFEF14H
7 “SWI6” instruction 0018H FFEF18H
8 “SWI7” instruction 001CcH FFFF1CH
9 NMI: External interrupt input pin 0020H FFFF20H
10 INTWD: Watchdog Timer 0024H FFFF24H
- Micro DMA (Note 1) - - -
11 INTO: External interrupt input pin 0028H FFFF28H 0AH (Note 1)
12 INT1: External interrupt input pin 002CH FFFF2CH O0BH (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 INT4: External interrupt input pin 0038H FFFF38H OEH (Note 1)
16 INT5: External interrupt input pin 003CH FEFF3CH OFH (Note 1)
17 INT6: External interrupt input pin 0040H FFFF40H 10H (Note 1)
18 INT7: External interrupt input pin 0044H FFFF44H 11H (Note 1)
19 INTTAQ: 8-bit timer 0 0048H FFFF48H 12H
20 INTTA1: 8-bit timer 1 004CH FFFF4CH 13H
21 INTTAZ2: 8-bit timer 2 0050H FFFF50H 14H
22 INTTA3: 8-bit timer 3 0054H FFFF54H 15H
23 INTTA4: 8-bit timer 4 0058H FFFF58H 16H
INTTAS: 8-bit timer 5 17H (Note 1)
24 INT8: External interrupt input pin 005CH FFFFSCH (Note 2)
25 INTTAG: 8-bit timer 6 0060H FFFF60H 18H
INTTA?: 8-bit timer 7 19H (Note 1)
26 INT9: Externalinterrupt input pin 0064H FFFF64H (Note 2)
27 INTRXO: Serial 0 (SIO0) receive 0068H FFFF68H 1AH (Note 1)
28 INTTXO: Serial 0 (SIO0) transmission 006CH FFFF6CH 1BH
29 INTRX1: Serial1 (SIO1) receive 0070H FFFF70H 1CH (Note 1)
30 INTTX1: Serial 1 (SIO1)-transmission 0074H FFFF74H 1DH
31 INTRX2:Serial 2 (S102).receive 0078H FFFF78H 1EH (Note 1)
32 INTTX2: Serial 2 (SIO2) transmission 007CH FFFF7CH 1FH
33 INTRX3: Serial 3 (SIO3) receive 0080H FFFF80H 20H (Note 1)
34 INTTX3: Serial 3 (SIO3) transmission 0084H FFFF84H 21H
35 INTSBIO: SBIO I2CBUS transfer end 0088H FFFF88H 22H
36 INTSBI1: SBI1 12CBUS transfer end 008CH FFFF8CH 23H
37 INTA: External interrupt input pin 0090H FFFF90H 24H
38 INTHSCO: High speed serial (HSCO) 0094H FFFF94H 25H
39 INTB: External interrupt input pin 0098H FFFF98H 26H
40 INTHSC1: High speed serial (HSC1) 009CH FFFFOCH | 27H
41 INTTBOO: 16-bit timer 0 00AOH FFFFAOH 28H
42 INTTBO1: 16-bit timer 0 00A4H FFFFA4H 29H
43 INTTB10: 16-bit timer 1 00A8H FFFFA8H | 2AH
44 INTTB11: 16-bit timer 1 00ACH FFFFACH | 2BH
45 INTTB20: 16-bit timer 2 00BOH FFFFBOH 2CH
46 INTTB21: 16-bit timer 2 00B4H FFFFB4H 2DH
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INTTB30: 16-bit timer 3

47 INTTB31: 16-bit timer 3 00B8H FFFFB8H 2EH (Note 2)
INTTB40: 16-bit timer 4

48 INTTBA41: 16-bit timer 4 00BCH FFFFBCH 2FH (Note 2)
INTTB50: 16-bit timer 5

49 INTTB51: 16-bit timer 5 00COH FFFFCOH 30H (Note 2)
INTTBOX: 16-bit timer (Overflow)
Interruption occurs in one overflow interruption of
the followings.
INTTBOFO: 16-bit timer 0 (Overflow)

50 INTTBOF1: 16-bit timer 1 (Overflow) 00C4H FFFFC4H 31H (Note 3)
INTTBOF2: 16-bit timer 2 (Overflow)
INTTBOF3: 16-bit timer 3 (Overflow)
INTTBOF4: 16-bit timer 4 (Overflow)

Maskable | \NTTBOFS: 16-bit timer 5 (Overflow)

51 INTAD: AD conversion end 00C8H FFFFC8H 32H

52 INTPO: Protect 0 (Write to special SFR) 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 FFFEDCH | 37H

57 INTTC4: Micro DMA end (Channel 4) 00EOH FFFFEOH 38H

58 INTTC5: Micro DMA end (Channel-5) 00E4H FFFEE4H 39H

59 INTTC6: Micro DMA end (Channel 6) 00E8H FFFFE8H 3AH

60 INTTC7: Micro DMA end (Channel-7) 00ECH FFFFECH | 3BH

- 00FOH FFFFFOH | -

to (Reserved) : : to

- 00OFCH FFFFFCH -

Note 1: When standing-up micro DMA;-set at edge detect mode.

Note 2: The default priorities 24, 26, 47 to 49 are making the interruption factor serve a double purpose. It is
necessary to choose the-interruption factor used in an.interruption factor selection register. Therefore,
interruption cannot be used/simultaneously.

Note 3: The default priority 50 is making the interruption factor serve a double purpose. The interruption factor
assigned to‘this default priority 50 can be used simultaneously. Of which interruption factor interruption
occurred should-interrupt, and please check itin a generating flag register.

Note 4: 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 TMP92CM27 also includes a
micro DMA function. Micro DMA processing for interrupt requests set by micro DMA is
performed at the highest priority level for maskable interrupts (level 6), regardless of the
priority level of the interrupt source.

Because the micro DMA function has been implemented with the cooperative operation
of CPU, when CPU is a stand-by state by HALT instruction, the requirement of micro DMA
will be ignored (pending).

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 counteris decreased by 1(~1).

If the decreased result-1s 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 latér 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
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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”.

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 51 different interrupts — the 50
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 couniter mode). (The conditions for this
cycle are as follows: Both source and destination memory are internal RAM and multiples
by 4 numbered source and destination addresses.)

1 state

)
i (1) (2) (3) (4) (5)

A23~0 src dst

(Note)Actually, src and dst address_are not output to A23to’ AQ
pins because they are-address of internal RAM.

Figure 3.4.2 Timing for Micro.DMA Cycle

State (1),(2): Instruction fetch cycle (Prefetches the next instruction code)
State (3) Micro DMA read cycle

State (4) Micro DMA write cycle

State (5) (The-same as in state (1), (2))
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(2) Soft start function

In addition to starting the micro DMA function by interrupts, TMP92CMZ27 includes
a micro DMA software start function that starts micro DMA on the generation of the
write cycle to the DMAR register.

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

Only one channel can be set once for micro DMA.

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
109H DREQ7 | DREQ6 | DREQ5 | DREQ4 | DREQ3 | DREQ2 /| DREQ1 DREQO
DMA L
DMAR request (Prohibit R/W
RMW) o | o [ o [ oo o Voo [ 0] o

(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, ¥’ instruction.

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 7
DMAS7
DMAD7
| DMAC7
DMAM7
8 bits
| 16 bits
32 bits

DMA Source address register 0: only use LSB 24 bits
DMA Destination address register.0: only use LSB 24 bits
DMA Counter register 0: 1 to 65536

DMA Mode register 0

DMA Source address register 7: only use LSB 24 bits
DMA Destination address register 7: only use LSB 24 bits
DMA Counter register 7: 1 to 65536

DMA Mode register 7
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(4) Detailed description of the transfer mode register

0 0,0 ode DMAMO ~ 7
‘||||f\"||‘

DMAMN[4:0] Operation

Execution Time

000zz Destination address INC mode
(DMADnN +) < (DMASN)
DMACn <— DMACNh -1

If DMACn = 0 then INTTCn

5 states

001zz Destination address DEC mode
(DMADnN -) < (DMASN)
DMACn < DMACnh-1

If DMACn =0 then INTTCn

5 states

010zz Source address INC mode
(DMADn) <« (DMASN +)
DMACn < DMACn-1
If DMACn = 0 then INTTCn

5 states

011zz Source address DEC mode
(DMADn) < (DMASN -)

DMACn < DMACnh-A1
If DMACn = 0 then INTTCn

5 states

(DMADnN +) < (DMASN +)
DMACn < DMACh =1
If DMACn = 0 then INTTCn

100zz Source address and Destination.address INC mode

6 states

(DMADnN -) < (DMASN -)
DMACn -« -DMACNh -1
If DMACn'=0'then INTTCn

101zz Source address-and Destination address DEC mode

6 states

(DMADnR) <+ (DMASn)
DMACn _“— DMACn =1
If DMACh = 0 then INTTCn

110zz Source address and Destination address Fixed mode

5 states

11100 Counter mode

DMASn < DMAShH +1
DMACn < DMACnh -1
If DMACn = 0 then INTTCn

5 states

2Z; 00 = 1-byte transfer
01 = 2-byte transfer
10 = 4-byte transfer
11 = (Reserved)

Note1: N stands for the micro DMA channel number (0 to 7)

DMADN+/DMASN+: Post-increment (register value is incremented after transfer)
DMADN-/DMASN-: Post-decrement (register value is decremented after transfer)
“1/O” signifies fixed memory addresses; “memory” signifies incremented or decremented

memory addresses.

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

Note3: The execution state number shows number of best case (1-state memory access).
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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 62 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., INTEPAD or INTBO01). 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 setin the micro DMA parameter register (e.g., DMAS and DMAD) prior
to the micro DMA processing.
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(1) Interrupt priority setting registers
Symbol NAME Address | 7 6 | 5 | 4 3 2 | 1 | o
INT1 INTO
NTEOr | INTO&INTA DOH 1Mc | 1Mm2 | 1im1 [ 11mo 10C loM2 | 1om1 [ 1oMo0
Enable R R/W R R/W
0 0
INT3 INT2
NTE23 | INT2&INT3 D1H 13c | 13mM2 [ 13m1 [ 13m0 12C M2 | 12m1 [ 12mo
Enable R R/W R R/W
0 0
INT5 INT4
NTEas | INT4&INTS Do 15c | 15M2 | 15M1 [ 15M0 14C 1am2 | 1am1 [ 14mo
Enable R R/W R R/W
0 0
INT?7 INTB
NTEsy | INTE & INT7 D3H i7zc | m7m2 | 1izm1 | oMo 16C I6M2 | 16M1 | 16MO
Enable R R/W R R/W
0 0
NTTAO & INTTA1(Timer1) INTTAO(Timer0)
INTETAOT | INTTAT ap |ITATC [ ITAIM2 | iITATM1-[iTAIMO | 1TAOC | ITAOM2 | riTAOM1 | ITAOMO
R RW R RIW
Enable
0 0
INTTA2 & INTTA3(Timer3) INTTA2(Timer2)
INTETA23 | INTTA3 D5H ITA'SC ITA3M2 | ITQ/:?/I://H | ITA3MO ITgZC ITA2M2 | |T2/2v|://|1 | ITA2MO
Enable
0 0
NTTA & INT8/ANTTA5(Timer5) INTTA4(Timer4)
INTESTA4S | INTS/INTTAS DeH | ITASC | ITASM2 [ iTasm1 | iTasMo | ITA4c | 1ITAam2 | 1TA4M1 | ITA4MO
R RIW R RIW
Enable
0 0
INTTAG & INT9/INTTAZ(Timer7) INTTA6(Timer6)
INTESTAG? | INTOANTTAT - ITA':C ITA7TM2 | ITQX/I\\I/H [iITA7TMO IT/;\?(SC ITABM2 | IT/;?VI\\;H | ITABMO
Enable
0 0
IXxM2-| IxxM1 | 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.
The state of an (1) (1) (1) ge‘;s !n’;errup: pr!or!’;y :eve: Io i
interrupt request flag els interrupt priority levet 1o 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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Symbol NAME address 7 6 | 5 | 4 3 2 | L ‘ 0
INTRXO & ITX0C ITXOI\/III;T—I?(I'?(OM1 | ITxomo | IRX0C IRXOIl/’I\IZTFI)I(?OXOM1 | IRXOMO
INTESO | INTTXO D8H = RIW R RIW
Enable
0 0
INTRX1 & ITX1C ITX1I\/III;TTI)'I(':(1M1 ITX1MO | IRX1C IRX1I1/,|\12TRI)I(?1X1M1 IRX1MO
INTES1 | INTTX1 D9H
R R/W R R/W
Enable
0 0
INTRX2 & ITX2C |Tx2|v||';TT|)T(f<2M1 ITX2MO | IRX2C IRX2I1/'I\12TRI);{2X2M1 IRX2MO
INTES2 | INTTX2 DAH
R RIW R RIW
Enable
0 0
INTRX3 & ITX3C ITX3I\/III;TTI?(I':)3(3M1 ITX3MO | “IRX3C IRX3I1/IN2TRI)§X3M1 IRX3MO
INTES3 | INTTX3 DBH R RIW R RW
Enable
0 0
_ INTSBIO
NTESBO | INTSBIO DCH - - > - ISBIOC |- ISBIOM2 | 1SBIOM1 | ISBIOMO
Enable R R/W
Note: Write 0" 0
- INTSBI1
NTESE: | INTSBI1 DDH - ( - - ISBI1C. | 1sBI1M2 | 1SBI1M1 | ISBI1MO
Enable R R/W
Note: Write “0” 0
INTA & o IAC IAMZINTAIAM1 IAMO
INTEAHSCO | INTHSCO DEH IHS‘:OC IHSCOM2 IH;(/:\;)VM1 IHSCOMO = ~
Enable
0 0
INTB & = IBC IBMZINTBIBM1 IBMO
INTEBHSC1 INTHSC1 DEH IHSC1C IHSC1M2 IHSC1M1 IHSC1MO
Enable R i R R
0 0
INTTBQO% ITBO1C |TBo1:\:lzTTI|3TOB1o1M1 ITBO1MO | ITBOOC ITBOOII\’\/IIZT?'I('):OOM1 ITBOOMO
INTETBO | INTTBO1 EOH
R R/W R R/W
Enable 0 0

The state of an
interrupt request flag

Function (Write)

IxxM2 IxxM1 IxxMO
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Disables interrupt request.

Sets interrupt priority level to 1.
Sets interrupt priority level to 2.
Sets interrupt priority level to 3.
Sets interrupt priority level to 4.
Sets interrupt priority level to 5.
Sets interrupt priority level to 6.

Disables interrupt request.
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Symbol NAME address | 7 6 | 5 | 4 3 2 | 1 | o
INTTB10 & ITB11C |TB11II\I;|12T1|-?T1;11M1 | ITB11MO | ITB10C |TB10II\';|IZ1|-E|;T1§10M1 | ITB10MO
INTETB1 INTTB11 E2H R RIW R RIW
Enable
0 0
INTTB20 & ITB21C ITBZ1II\N/IZT?T2I;21M1 ITB21MO | ITB20C |T520||\';|IZT?T2:20M1 ITB20MO
INTETB2 |INTTB21 E5H
R R/W R R/W
Enable
0 0
INTTB30 & I ITB3XC :?;LTA?/IEEES? ITB3XMO
INTETB3 |INTTB31 E6H - . - - R S
Enable
Note: Write “0” 0
INTTB40 & I ITB4XC ::1;1:(?/1421”:::3-:5;? ITB4XMO
INTETB4 |INTTB41 E7H - - - -
R R/W
Enable
Note: Write “0” 0
INTTBSO & I ITB5XC :‘T;‘I(?/I?lllljjl’;lfl\i? ITB5XMO
INTETB5 |INTTB51 E8H . - - -
Enable R R/W
Note: Write “0” 0
INTTBOX I ITBOXC |TBol<'\|l\/|T2T?T?3)c(JXM1 ITBOXMO
INTETBOX | (Overflow) E9H - - = =
Enable R RIW
Note: Write “0” 0
IXxM2 | IxxM1 | 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.
The state of an (1) (1) (1) ge‘;s !n’;errup: pr!or!’;y :eve: Io i
interrupt request flag els interrupt priority I€vel 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.

Note 1: The interruption-level setting register of combination interruption should clear an interruption demand
flagin an INTCLR register, before-changing an INTSEL register.
Moreover, re-set an interrupt level as-a desired level.
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Symbol NAME address | 7 6 | 5 | 4 3 2 | 1 | o
INTPO INTAD
INTPO & INTAD ipoc | 1pom2 | 1Pom1 | 1PomMo | 1ADC | 1IADM2 | 1ADM1 | 1ADMO
INTEPAD | - E4H = oW R =W
0 0
INTTC1|(DMA1) | INTTCOI(DMAO) |
INTTCO & INTTC1 ITC1C_[ ITC1M2 | ITCIM1 | ITCIMO | ITCOC |\ITCOM2 | ITCOM1 | ITCOMO
INTETCOT | Enable FOH R RIW R RIW
0 0
INTTC3(DMA3) INTTC2(DMA2)
INTETCo3 | INTTC2&INTTC3 | .\, iTcac | reamz | itcamt | imeamo | ite2c | itcam2 | imcamt | iTcamo
Enable R R/W R R/W
0 0
INTTC5(DMAS) INTTC4(DMA4)
WrEToas | INTTC4&INTTCS | | imesc [ iesme | irosm1 | itesmo | imcac | iTcamz | ircamt | iTcamo
Enable R R/W R R/W
0 0
INTTC7(DMAT) INTTC6(DMAB)
INTETCe7 | INTTCB & INTTCT | itcre | ircrm2 | itermi [ irermo | imeec | moemz [ iteemi | iTcemo
Enable R R/W R R/W
0 0
NMI INTWD
INTNMWDT NMI & INTWDT EFH INCNM - - - ITCWD - - -
Enable R R
0 > - - 0 - - -
IXxM2 | IxxM1-] 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.
The state of an 0 1 1 Sets ?nterrupt pr?or?ty level to 3.
interrupt request flag 1 0 0 Sets !nterrupt pr!or!ty 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.

Note 1: It is not set, even if it leads an'interrupt request flag at the same time it inputted Nwmi.
An interrupt request flag borrows from being set in X1 x 4 cycle.
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(2) External interrupt control
Symbol NAME address 7 6 5 4 3 2 1 0
NMIREE
R/W
Interrupt F6H 70
[IMCO | Input mode | (Prohibit NMI
Control 0 RMW) 0:Falling
1:Falling
and
Rising
I7LE I6LE ISLE 14LE IBLE 12LE I1LE IOLE
Interrupt FAH RIW
IIMC1 | Input mode | (Prohibit 0 0 0 0 0 0 0 0
Control 1 RMW) | INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge
1:Level 1:Level 1:Level 1:Level 1:Level 1:Level 1:Level 1:Level
I7TEDGE I6EDGE ISEDGE I4EDGE | I3EDGE I2EDGE I1EDGE IOEDGE
R/W
Interrupt FBH 0 0 0 0 0 0 0 0
IMC2 | Input mode | (Prohibit | INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
Control 2 RMW) 0:Rising 0:Rising 0:Rising 0:Rising 0:Rising 0:Rising 0:Rising 0:Rising
/High /High /High /High /High [High IHigh /High
1:Falling 1:Falling 1:Falling 1:Falling 1:Falling 1:Falling 1:Falling 1:Falling
/Low /Low /Low /Low /Low /Low. /Low /Low
IBLE IALE I9LE I8LE
Interrupt 10EH RIW
IIMC3 | Input mode | (Prohibit 0 0 0 0
Control 3 RMW) INTB INTA INT9 INT8
0:Edge 0:Edge 0:Edge 0:Edge
1:Level 1:Level 1:Level 1:Level
IBEDGE IAEDGE I9EDGE IBEDGE
R/W
Interrupt 10FH 0 0 0 0
IIMC4 | Input mode | (Prohibit INTB INTA INT9 INT8
Control 4 RMW) 0:Rising 0:Rising 0:Rising 0:Rising
[High [High /High [High
1:Falling 1:Falling 1:Falling 1:Falling
/Low /Low /Low /Low
Note 1: Disable INTO to INTB before changing INTOto B pins mode from “level” to “edge”.
Setting example for case of INTO:
DI
LD (1IMC2), XXXXXXX0B ; change from “level” to “edge”.
LD (INTCLR), OAH ; 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.
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Function Setting of External Interrupt Pin (1/2)
IntleD:;upt Shpe;;ed Mode Setting Method
_f  Rising edge <IOLE> = 0,<I0OEDGE> =0
T Falling edge <IOLE> = 0, <IOEDGE> = 1
INTO PFO
igh leve <IOLE> = 1,< >=
T Highlevel IOLE> = 1,<I0EDGE> = 0
A,/ Lowlevel <I|OLE> = 1,<IOEDGE> =1
_f  Rising edge <|1LE> = 0,<I1"EDGE> = 0
R Falling edge <MLE>=0,<MEDGE>=1
INT1 PF2 :
T High level <ILE> = 1,<MEDGE> =)0
A,/ Lowlevel <MLE>=1,<MEDGE>= 1
_f  Rising edge <I2LE> = 0,<I2EDGE> = 0
T Falling edge <I2LE> = 0,<I2EDGE> = 1
INT2 PF4 .
T High level <I2LE>="1,<I2EDGE> =0
\ / Low level <|2LE>=1,<I2EDGE> = 1
4 Rising edge <I3LE>= 0,<I3EDGE> =0
T Falling edge <|3LE> = 0,<I3EDGE>= 1
INT3 PF6 -
igh leve <I3LE>=1,< S'=
T High level I3LE> = 1,<I3EDGE>= 0
\ [/ Low level <I3LE> = 1,<I3EDGE>=1
_f  Rising edge <|4LE>= 0,<I4EDGE> =0
T Falling edge <|4LE> = 0,<I4EDGE> = 1
INT4 PKO :
T Highlevel <I4LE> = 1,<I4EDGE> = 0
A,/ Lowlevel <|4LE>=1,<I4EDGE> =1
_4& //Rising edge <I5LE> = 0,<I5SEDGE> = 0
R Falling edge <I5LE> = 0,<I5EDGE> = 1
INT5 PK1 -
T°C - High level <I5LE> = 1,<I5EDGE> = 0
\ [/ Low level <I5LE> = 1,<I5EDGE> = 1
_f 7 Rising edge <I6LE> = 0,<IGEDGE> = 0
T\ Falling edge <I6LE> = 0,<I6EDGE> = 1
INT6 PK2
7T High level <IBLE> = 1,<IEDGE> = 0
\ _/ Low-level <I6LE> = 1,<I6GEDGE> = 1
_f~  /Rising edge <I7LE> = 0,<I7TEDGE> =0
AN Falling edge <|7LE> = 0,<I7EDGE> = 1
INT7 PK3 _
7" High level <I7LE> = 1,<ITEDGE> =0
A,/ Lowlevel <I7LE> = 1,<I7TEDGE> =1
_f  Rising edge <I8LE> = 0,<I8EDGE> = 0
T Falling edge <I8LE> = 0,<I8EDGE> = 1
INT8 PK4 :
7T High level <I8LE> = 1,<I8EDGE> = 0
\ _/ Low level <I8LE> = 1,<IBEDGE> =1
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Function Setting of External Interrupt Pin (2/2)
Inter_rupt She}red Mode Setting Method
Pin pin
_f  Rising edge <I9LE> = 0,<I9EDGE> = 0
" Falling edge <I9LE> = 0,<I9EDGE> = 1
T PRSI High level <I9LE> = 1,<I9EDGE> = 0
g
\ _/ Low level <I9LE> = 1,<I9EDGE> = 1
_+  Rising edge <IALE> = 0,<IAEDGE>=0
T Falling edge <IALE> = 0,<IAEDGE>= 1
INTA PK6 ;
T High level <IALE> = 1,<IAEDGE> = 0
\ _ / Low level <IALE> = 1,<IAEDGE> = 1
4 Rising edge <IBLE> = 0,<IBEDGE> =0
% Fallinfedge <IBLE>= 0,<IBEDGE> = 1
INTB PK7
T High level <IBLE>=1,<IBEDGE> =0
\ _ / Low level <IBLE> =1,<IBEDGE> = 1
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(3) Interrupt control
Symbol NAME address 7 6 5 4 3 2 1 0
DP49SEL | DP48SEL | DP47SEL | DP39SEL | DP37SEL | DP26SEL | DP24SEL
R/W
0 0 0 0 0 0 0
Interruption |~ 10CH 0:INTTB50 | O:INTTB40 | 0:NTTB30 | O:INTB 0;INTA 0:INTTA7 0:INTTA5
INTSEL |combination (PI’Ohibit Interruption Interruption Interruption Interruption Interruption Interruption Interruption
selection RMW) is effective is effective is effective is invalid is invalid is effective is effective
1:INTTB51 1:INTTB41 1:INTTB31 1:INTB 1:INTA 1:INT9 1:INT8
Interruption Interruption Interruption Interruption Interruption Interruption Interruption
is effective is effective is effective is effective is effective is effective is effective
TBOF5ST | TBOF4ST | TBOF3ST [ - TBOF2ST | TBOF1ST | TBOFOST
R/W
0 0 0 0 0 0
Read: Read: Read: Read: Read: Read:
Interruption 10DH O:Interruptio | O:Interruption |O:Interruption | O:Interruption | O:Interruption | O:Interruption
INTST generating (prohibit n un-generating’ | un-generating | un-generating fun-generating | un-generating
flag RMW) un-generating | 1:Interruption /| 1:Interruption- | 1:Interruption” | 1:Interruption | 1:Interruption
1:Interruption”| generating generating generating generating generating
generating Write: Write: Write: Write: Write:
Write: 0:"0” clear 0:"0” clear 0:"0" clear 0:"0” clear 0:"0” clear
0:"0” clear 1:Don’tcare | 1:Don’t care | 1:Don’tcare | 1:Don’tcare | 1:Don’t care
1:Don’t care
- IR3LE IR2LE IR1LE IROLE
w R/W
SIO F5H 0 1 1 1 1
SIMC | Interrupt | (Prohibit | Note: O:INTRX3 [ 0:INTRX2 | 0:INTRX1 | 0:INTRXO
control RMW) Write “1” edge mode | edge mode | edge mode | edge mode
TAINTRX3 | 1:INTRX2 | 1:INTRX1 1:INTRXO0
level mode | level mode | level mode | level mode

Note 1: The default priorities 24,26,47 to 49 are making the interruption factor serve a double purpose. It is
necessary to choose the interruption factor used-in aninterruption factor selection register. Therefore,
interruption cannot be used simultaneously.

Note 2: The default priority 50 is making the interruption factor serve a double purpose. The interruption factor
assigned to this default priority 50.can be used simultaneously. Of which interruption factor interruption
occurred should interrupt, and please check it in a generating flag register.

Note 3: The interruption level setting register of combination interruption should clear an interruption demand
flag in-an- INTCLR register, before changing an INTSEL register.
Moreover, re-set an interrupt level.as a desired level.
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(4) Interrupt request flag clear register

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

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

execution of the DI instruction.

INTCLR «- OAH Clears interrupt request flag INTO

Symbol NAME address 7 6 5 4 3 2 1 0
Interrupt F8H - - - - S _ - - -
INTCLR | clear (Pronhibit
control RMW) o [ o [ o | o [/ [ o [ o | o
Interrupt.vector

(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 wector /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)-

92CM27-53 2005-04-20




TOSHIBA

TMP92CM27
Symbol NAME address 5 | 4 | 3 | > ‘ 1 | 5
DMAO DMAO start vector
DMAOV | start 100H DMAOV5 | DMAOV4 | DMAOV3 | DMAov2 | DmAov1 | DMAOVO
vector R/W
o [ o | o [ o [ o [ o
DMA1 DMA1 start vector
DMA1V | start 101H DMA1v5 | DMA1v4 | DMA1V3 | DMA1v2 | DMA1V1 | DMA1VO
vetor R/W
o [ o [ o6 J-o [ o [ o
DMA2 DMA?2 start vector
DMA2V | start 102H DMA2V5 | DMA2V4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2VO
vector R/W
o | o f o | o | o | o
DMA3 DMAZ start vector
DMA3V | start 103H DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
vector R/W
o [ o, ] o ] o0 [0 | o
DMA4 DMA4 start vector
DMA4V | start 104H DMA4V5 | DMA4v4 | DMA4v3 | DMA4V2 | DMA4V1 | DMA4vO
vector R/W
o I o [ o T o [ o [ o
DMAS5 DMADS start vector
DMAS5V | start 105H DMA5V5 | DMASV4 | DMA5V3 | DMASV2 | DMASV1 | DMASVO
vector R/W
0 [ o | o | o [ o | o
DMAG6 DMAG start vector
DMAGV | start 106H DMA6V5 | DMA6V4 | DMA6V3 | DMA6V2 | DMAGV1 | DMABVO
vector R/W
o . o [ o [ o [ o [ o
DMA7 DMAY7 start vector
DMA7V | start 107H DMA7V5 | DMA7V4 | DMA7v3 | DMA7v2 | DMA7V1 | DMA7VO
vector R/W
o [o | o [ o | o [ o
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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
DMA DBST7 | DBST6 | DBST5 | DBST4 | DBST3 |'DBST2 | DBST1 | DBSTO

DMAB burst 108H R/W
0 0 | o 0 |/0 0 0 | o
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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 POP SR instruction.

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

In level mode INTO to INTB are not an edge-triggered interrupt. Hence, in level
mode the interrupt request flip-flop for INTO to| INTB-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 [10 to 7)
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 LLevel 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

INTO to INTB interpreted as"a\“0”, causing INTx to revert to “0” before the Halt state has been
level mode released:)

When the mode changes ffom 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 (IIMC2),00H ; Changes from level to edge.

LD (INTCLR),0AH —; Clears interrupt request flag.

NOP ;. Wait El execution.

NOP

NOP

El

INTRXO0 to INTRX3

The interrupt request flip-flop can only be cleared by a reset or by reading the serial
channel receive buffer. It cannot be cleared by an instruction.

Note:

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

INTO to INT 7: 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")

INTRXO to INTRX2: Instruction which read the receive buffer.
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(8) About combination of an interruption factor

About the following interruption factor, interruption is made to serve a double purpose. Cautions
are needed when using it.

1)INT8/INTTA5

The interruption table / interruption level setting register is -made-to” serve a double
purpose.Therefore, it cannot be used simultaneously. Micro DMA starting is‘also that only which or
one of the two can be used. In order to change the interruption factor to be used, it is necessary to set
up INTSEL<DP24SEL>. It disappears, even if interruption of INTTA5(8-bit timer 5) will occur, if
INTSEL<DP24SEL> is set as "1." It disappears, even if interruption of INT8(INTS8 terminal input)
will occur, if INTSEL<DP24SEL> is set as "0."

2)INT9/INTTA7

The interruption table / interruption level setting /register is made/ to. serve’ a double
purpose.Therefore, it cannot be used simultaneously.Micro DMA starting is also-that only which or
one of the two can be used. In order to change the interruption factor to be used, it'is necessary to set
up INTSEL<DP26SEL>.It disappears, even if interruption of INTTA7(8-bit timer 7) will occur, if
INTSEL<DP26SEL> is set as "1." It disappears, even-if interruption of INT9(INT9 terminal input)
will occur, if INTSEL<DP26SEL> is set as "0."

3)INTTB31/INTTB30
The interruption table / interruption level setting register is-made to serve a double
purpose.Therefore, it cannot be used simultaneously.Micro DMA starting is also that only which or
one of the two can be used. In order to change the interruption factor to be used, it is necessary to set
up INTSEL<DP47SEL>.It disappears, even if interruption of INTTB30(16-bit timer 3) will occur, if
INTSEL<DP47SEL> is set as "1." It disappears, even if interruption of INTTB31(16-bit timer 3) will
occur, if INTSEL<DP47SEL> is set as "0."

4)INTTB41/INTTB40

The interruption table (//interruption level —setting register is made to serve a double
purpose.Therefore, it cannot be used simultaneously.Micro DMA starting is also that only which or
one of the two can be used. Inorder to change the interruption factor to be used, it is necessary to set
up INTSEL<DP48SEL>.1t disappears, even if interruption of INTTB40(16-bit timer 4) will occur, if
INTSEL<DP48SEL>|s set as "1." It disappears, even if interruption of INTTB41(16-bit timer 4) will
occur, if INTSEL<DP48SEL> is set-as"0."

5 INTTB51/INTTB50

The interruption table / interruption level setting register is made to serve a double
purpose.Therefore, it cannot be used simultaneously.Micro DMA starting is also that only which or
one of the two can be used. In order to.change the interruption factor to be used, it is necessary to set
up INTSEL<DP49SEL>.It disappears, even if interruption of INTTB50(16-bit timer 5) will occur, if
INTSEL<DP49SEL>is set as "1." It disappears, even if interruption of INTTB51(16-bit timer 5) will
occur, if INTSEL<DP49SEL> is set as "0."

When you change an interruption factor, please change in the following procedures.

It interrupts, an interruption level setting register is set as the ban on a demand, and an interruption
demand flag is cleared.It is set as the interruption factor which uses an interruption combination
selection register. An interrupt level is set as an interrupt level setting register.
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3.5 Function Ports

TMP92CM27 has /O port pins that are shown in Table 3.5.1 in addition to functioning as
general-purpose /O ports, these pins are also used by internal CPU-and I/O functions. list I/O
registers and their specifications.

Table 3.5.1 Port Function(R: PD = with programmable pull-down register, U = with pull-up.register) (1/2)

Port Name Pin Name l\cl)l]fgtr)lir (e} R I/O Setting Pin Name for built-in function
Port 1 P10to P17 8 o) - Bit D8to D15
Port6 P60 to P67 8 I/o - Bit Al6t0 A23

P71 1 /1O U Bit WRLL
P72 1 I/0 U Bit WRLU
P73 1 o) - Bit R/W
Port 7 P74 1 I/0 U Bit SRWR
P75 1 110 U Bit SRLLB
P76 1 (e U Bit SRLUB
P77 1 I/0 - Bit WAIT
Port 8 P80 1 Output | < (Fixed) |cso
P81 1 Output | = (Fixed) cs1
P82 1 Output |\ — (Fixed) cs2
P83 1 Output | "~ (Fixed)—| Cs3/sbcs
P84 1 Output | -~ — (Fixed) cs4
P85 1 Output| — (Fixed)- | CcS5/wDTOUT
P86 1 e} - Bit BUSRQ
P87 1 e} - Bit BUSAK
Port 9 P90 1 Output| - (Fixed) SDWE
P91 1 Output| - (Fixed) SDRAS
P92 1 Output | ~ (Fixed) | sbcas
P93 1 Output | — (Fixed) |SDLLDQM
P94 1 Output |~ — (Fixed) |SDLUDQM
P95 1 Output | = (Fixed) SDCKE
P96 1 Output | — (Fixed) |SDCLK
Port A PAO 1 I/0 - Bit RXDO
PA1 1 o) - Bit TXDO
PA2 1 /0 - Bit SCLKO/ TS0
PA3 1 I/o - Bit RXD1
PA4 1 o) - Bit TXD1
PA5 1 lle} - Bit SCLK1/CcTst
Port C PCO 1 I/0 - Bit SO0/SDAO
PC1 1 I/0 - Bit SI0/SCLO
PC2 1 o) - Bit SCKO
PC3 1 o) - Bit SO1/SDA1
PC4 1 o) - Bit SI1/SCL1
PC5 1 o) - Bit SCK1
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Table 3.5.1 Port Function(R: PD = with programmable pull-down register, U = with pull-up register) (2/2)

Port Name Pin Name I\(I)l;gil?gr 110 R I/O Setting Pin Name for built-in function
Port D PDO 1 I/0 - Bit HSSI0
PD1 1 110 - Bit HSSO0
PD2 1 110 - Bit HSCLKO
PD3 1 110 - Bit RXD2
PD4 1 110 - Bit TXD2
PD5 1 e} - Bit SCLK2/CTS2’
Port F PFO 1 110 - Bit TAOIN/INTO
PF1 1 (e - Bit TA1IOUT
PF2 1 110 - Bit TA2IN/INT1
PF3 1 110 - Bit TA30UT
PF4 1 110 - Bit TA4IN/INT2
PF5 1 110 - Bit TAS50UT
PF6 1 110 - Bit TAGBIN/INT3
Port J PJO 1 110 ~ Bit TBOOUTO
PJ1 1 /@] - Bit TBOOUT1
PJ2 1 /@] < Bit TB1OUTO
PJ3 1 lle} - Bit TB1OUT1
PJ4 1 110 - Bit TB2OUTO/TB40OUTO
PJ5 1 (e - Bit TB20OUT1/TB40OUT1
PJ6 1 I/0 - Bit TB30OUTO/TB50UTO
PJ7 1 l[e] - Bit TB30OUT1/TB50UT1
Port K PKO 1 Input - (Fixed) TBOINO/INT4
PK1 1 Input - (Fixed) TBOINL/INT5
PK2 1 lnput | — (Fixed) |TBLINO/INT6
PK3 1 lnput | - (Fixed) |TBLINL/INT7
PK4 1 Input - (Fixed) TB2INO/INT8
PK5 1 Input | = (Fixed) |TB2IN1/INT9
PK6 1 Input |~ (Fixed) | TB3INO/INTA
PK7 1 Input - (Fixed) TB3INL/INTB
Port L PLO 1 110 - Bit PGOO/RXD3
PL1 1 /@] - Bit PGO01/TXD3
PL2 1 e} - Bit PG02/SCLK3/CTS3
PL3 1 (@] - Bit PGO3/TA70UT
PL4 1 110 - Bit PG10/HSSI1
PL5 1 110 - Bit PG11/HSSO1
PL6 1 (e} - Bit PG12/HSCLK1
PL7 1 110 - Bit PG13
Port M PMO to PM7 8 Input - (Fixed) ANO to AN7/KIO0 to KI7
Port N PNO to PN2 3 Input — (Fixed) ANS8 to AN10
PN3 1 Input | — (Fixed)  |AN11/ADTRG
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Table 3.5.2 I/0O Port and Specifications (1/7)

X: Don't care

Port

Pin name

Specification

I/O.register

PnCR

PnEC

PnEC2

Port 1

P10 to P17

Input Port

0

Output Port

0

D8 to D15 bus

1

None

Port 6

P60 to P67

Input Port

Output Port

o

Al16 to A23 output

None

Port 7

P71

Input Port (without pull up)

Input Port (with pull up)

Output Port

WRLL

P72

Input Port (without pull up)

Input Port (with pull up)

Output Port

WRLU

P73

Input Port

Output Port

R/IW

P74

Input Port (without pull up)

Input Port (with pull up)

Output-Port

SRWR

P75

Input/Port (without pull-up)

Input Port (with pull up)

Output Port

SRLLB

P76

Input Port (without pull up)

Input Port (with pull up)

Output Port

SRUB

P77

Input Port

Output Port

WAIT

><><><><><I—‘O><><I—‘O><><I—‘O><><><><><I—‘O><><I—‘O><><><><><><§

R OO P OO PP OO|O| P OCOIOC| PP O|O| P OO0 |F|IO|lO|OC| F

None
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Table 3.5.2 I/0 Port and Specification (2/7)

X: Don't care

) N I/O register
Port Pin name Specification
P Pn_| PnCR | PnFC |PnFC2
Port 8 P80 Output Port X 0 None
€S0 output X 1
P81 Output Port X 0
cs1 output X Node 1
P82 Output Port X 0
cs2 output X 1
P83 HAR— b X 0 0
cs3 output X 1 0
SDCS output X L 2
Reserved X 0 1
P84 Output Port X 0 None
CS4 output X L
P85 Output Port X 0 0
CS5 output X 1 0
WDTOUT 6utput X 1 1
Reserved X 0 1
P86 to P87 |Input Port X 0 0 None
Output Port X 1 0
Reserved X 1 1
P87 BUSAK X 1 1
Reserved X 0 1
Port9 |P90to P96 |Output Port X None 0 None
P90 SDWE X 1
P91 SDRAS X 1
P92 SDCAS X 1
P93 SDLLDQM X 1
P94 SDLUDQM X 1
P95 SDCKE X 1
P96 SDCLK X 1
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Table 3.5.2

I/O Port and Specifications (3/7)

X: Don’t care

Port

Pin name

Specification

I/O.register

PnCR

PnEC

PnEC2

Port A

PAO

Input Port

o

o

Output Port

RXDO input

None

PAl

Input Port

Output Port

TXDO output

o|o|Oo

TXDO (open drain) output

=Y

PA2

Input Port

Output Port

SCLKO/CTSO input

SCLKO output

None

PA3

Input Port

Output Port

RXD1 input

None

PA4

Input Port

Output Port

TXD1 output

o|O0|o

TXD1 (open drain) output

[E=Y

PA5

Input Port

Output Port

SCLK1/CTS1 input

SCLK1 output

None

Port C

PCO

Input Port

Output Port

SO0 output

SDAO /O

SO0 (open drain) output

SDAQO (open drain) 1/O

PC1

Input Port

Output Port

SI0 input

SCLO I/O

[l =][=]{=llgl Jle]le]la] (]

SCLO (open drain) I/O

=Y

PC2

Input Port

Output Port

SCKO input

SCKO output

KX XXX DX XXX X X X XXX X XXX XXX XXX [ X > ><><><><><><><><><><§

R|lo|r|o|r|o|lo|r|o|r|o|r|o|r|o|r| o|rlo|lr|r|klo|o|r|o|r| ok |ojr|=|rlolo|-

PR |lolo|k|k|k|loo|Rr|kR|kko|loR| Rlo|lor|ko|or|olor] m|lo|lo|r|k|lo|lolk| o

None
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Table 3.5.2

I/O Port and Specifications (4/7)

X: Don’t care

Port

Pin name

Specification

I/O register

PnCR| PnFC

PnFC2

Port C

PC3

Input Port

o
(@)

o

Output Port

SO1 output

SDA1 I/0

SO1 (open drain) output

SDAL1 (open drain) I/O

PC4

Input Port

Output Port

SI1 input

SCL1 1/O

F|O|0|0|R |k |O|0|O

SCL1 (open drain) I/O

=Y

PC5

Input Port

Output Port

SCK1 input

SCK1 output

None

Port D

PDO

Input Port

Output Port

HSSIO input

None

PD1

Input Port

Output Port

HSSOO0 output

None

PD2

Input Port

Output Port

HSCLKO output

None

PD3

Input Port

Output Port

RXD2-input

None

PD4

Input Port

Qutput Port

TXD2 output

o|0 |0

TXD2 (open drain) output

=

PDS

Input Port

Output/Port

SCLK2/ CTS2input

SCLK2 output

X ><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><g

| o|lr|ofr|r|r|olo|r|or|r|o|r|k|olo|rlo|r|olkr|o|r|o|olr|o|rio|rk|o|-
R Rr|lo|o|k|k|o|o|k|lo|lolr|olor|o|lo|r|o|g|r |k ook |k kook |k |k|k|o

None
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Table 3.5.2

I/0 Port and Specifications (5/7)

X: Don'’t care

Port

Pin name

Specification

I/O register

PnCR| PnFC

PnFC2

Port F

PFO

Input Port

o
(@)

Output Port

TAOIN input

INTO input

R|O|O

PF1

Input Port

Output Port

TAL1OUT output

None

PF2

Input Port

Output Port

TAZ2IN input

INT1 input

[l (=] [e] (=]

PF3

Input Port

Output Port

TA30UT output

None

PF4

Input Port

Output Port

TA4IN input

INT2 input

R|O|O|O

PF5

Input Port

Output Port

TA50UT output

None

PF6

Input Port

Output Port

TAGIN input

INT3 input

[l (=] [=] (=]

Port J

PJO

Input Port

Output Port

TBOOUTO output

PJ1

Input Port

Qutput Port

TBOOUT1 output

PJ2

Input Port

Output/Port

TB1OUTO output

PJ3

Input Port

Output Port

TB1OUTO output

><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><g

[l (el gl Ll (el g (el g (e [e] (e} |l (o] | ol | ol (o] (el el ) g (e L d] ol (o] (o] (e | ) (el o | Ul (el (o] (e} |
[llellell Jlellell llellell Jlellel] Jl Jlellell Jdlellel il Jlellell dlellel] il llelell Jlelled] il o Jle]

None
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Table 3.5.2

I/0 Port and Specifications (6/7)

X: Don'’t care

Port

Pin name

Specification

I/O register

PnCR| PnFC

PnFC2

Port J

PJ4

Input Port

o
(@)

o

Output Port

TB20OUTO output

TB40OUTO output

PJ5

Input Port

Output Port

TB20OUT1 output

TB40OUT1 output

PJ6

Input Port

Output Port

TB30OUTO output

TB50UTO output

PJ7

Input Port

Output Port

TB3OUT1 output

TB50UT1 output

N = R E e R ) = N T

Port K

PKO

Input Port

TBOINO input

INT4 input

PK1

Input Port

TBOIN1 input

INTS input

PK2

Input Port

TB1INO input

INT6 input

PK3

Input Port

TBLINL input

INT7 input

PK4

Input Port

TB2INO input

INT8 input

PKS

Input Port

TB2INT input

INT9 input

PK6

Input Port

TB3INQ input

INTA input

PK7

Input Port

TB3IN1 input

INTB input

><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><g

None

Rl olkkro|kR|k|O|kR|k|O|k|k|o|lk|k|okR|kR|O|R|R|O|F|kr| ook |lolok|r|lo|lo|r|r|o

RP|O|O|R (OO |O|O(R|O|O|R|O|O|R|O|0O|R|O|0|R|O|0|R 0|00 |O|o|o(r|o|o|o|r|o|o
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Table 3.5.2

I/0 Port and Specifications (7/7)

X: Don'’t care

Port

Pin name

Specification

I/O register

PnCR

PnEC

PnFC2

Port L

PLO

Input Port

o

(@)

o

Output Port

PG00 output

RXD3 input

PL1

Input Port

Output Port

PGO01 output

TXD3 output

TXD3 (open drain) output

PL2

Input Port

Output Port

PGO02 output

SCLK3/CTS3 input

SCLK3 output

PL3

Input Port

Output Port

PGO03 output

TA70UT

PL4

Input Port

Output Port

PG10 output

HSSI1 input

PL5

Input Port

Output Port

PG11 output

HSSO1 output

PL6

Input Port

Qutput Port

PG12 output

HSCLK1 output

PL7

Input Port

Output Port

IR E R EEE R E R R =1 R e L ) = = Y

O|0|R|O|0|0|r|O|o|O|r|O|0o|O|r|o|o|o|krro|o|ofr(|r|o|lo|o|o|o|o

PG13 output

[E=Y

o

Port M

PMO to PM7

Input Port/KEY.IN input

ANO to AN7 input

None

None

Port N

PNO to PN2

Input Port

ANS to/ AN10 input

PN3

Input Port/ ADTRG

AN1l input

X XXX XX XXX X XXX X XXX XX X XXX XX [ X ><><><><><><><><><><><><><§

None

R OFRO|IFRIOIFRIOCIC|IO|IFR|IO|IC|IO|FR|IOI0|I0O|IFR|IO|IO|FR|IF|IOC|I0O|IQ| O|R|O|IO|IFR|O|FR|O|0|F |k |O

None
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Input buffer state table (1/3)
Input buffer state
HALT state
CPU STOP STOP
ration
Input o Operatio IDLE2 IDLE1
Port name | Function o
name ¢§) <DRVE>=1| <DRVE> =0
o = o = o = o< =} = o
[ad o = o = o - o - 5] -
28| | 28| 28 o028 | =22 28| =¢
p < o P <o P <O | = < o — <o
< Q < s} < o | < o | < o
DO to D7 DO to D7 OFF c |- OFF - OFF - OFF N OFF -
Zcg
P10 to P17 | D8 to D15 OFF % % g ON OFF | OFF | ‘OFF | OFF | OFF | OFF | OFF | OFF
P60 to P67 | Al16 to A23| OFF OFF ON OFF | OFF | OFF | OFF | OFF [-OFF/| OFF | OFF
P71 to P72
P74 to P76 - ON - ON +{ | OFF - |OFF} ~ |OFF| - | OFF
(*1)
P73 - ON - ON - | OFF - /Jore] - JoFr| - [ oOFF
P77 WAIT ON ON | ON | OFF | OFF | OFF |OFE | OFF | OFF | OFF | OFF
P80 to P85 - -
P86 BUSRQ ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
P87 - ON - ON - | oFF - Jorr| - JoFr] - | OFF
P90 to P96 - Controls’by P9DR.
PAO RXDO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PA1 - ON | OFF [ ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
PA2 S%O/ ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PA3 RXD1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PA4 - ON | OFF [ ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
PA5 S%ﬂ ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PCO SDAO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC1 SI0/SCLO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC2 SCKO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC3 SDAl ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC4 SI1/SCL1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC5 SCK1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PDO HSSIO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PD1 to PD2 - ON | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
PD3 RXD2 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PD4 - ON_| OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
PD5 S%Z/ ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
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Input buffer state table (2/3)
Input buffer state
HALT state
CPU STOP STOP
Input o Operation IDLE2 IDLE1
Port name Fl:}g(r:;lgn ‘é ZBRVES = 1| <DRVES =0
Q < o = o = o = o = o
28 |1l 28| c¢ 28 e | 28| 28| =¢
T | %3z | 8| & [¥8|z |“&|z |T8
PFO TAOIN ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INTO ON
PF1 - ON OFF ON OFF | OFF OFF | OFF | OFF(| OFF | OFF | OFF
PF2 TA2IN ON ON ON ON OFF ON OFF ON-[ OFF"| OFF | OFF
INT1 ON
PF3 - ON OFF ON OFF | OFF OFF | OFF | OFF | OFF | OFF | OFF
PF4 TA4IN ON ON ON ON OFF ON OFF'}-ON || OFF | OFF | OFF
INT2 ON
PF5 - ON OFF ON OFF. | OFF OFF | OFF | OFF | OFF | OFF | OFF
PF6 TAGIN ON ON ON ON OFF ON OFF | ' ON | OFF | OFF | OFF
INT3 ON
PJO to PJ7 - ON OFF ON OFF | OFF OFF | OFF | OFF | OFF | OFF | OFF
PKO TBOINO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK1 TBOIN1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK2 TB1INO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK3 TB1IN1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK4 TB2INO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK5 TB2IN1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK6 TB3INO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK7 TB3IN1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PLO RXD3 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PL1 - ON OFF ON OFF | OFF OFF | OFF | OFF | OFF | OFF | OFF
PL2 8%2/ ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PL3 - ON [ OFF [ ON | OFF | OFF | OFF [ OFF | OFF | OFF [ OFF | OFF
PL4 HSSI1 ON ON [ ON | ON | OFF | ON [OFF| ON | OFF [ OFF | OFF
PL5 to PL7 - ON [ OFF [ ON [ OFF | OFF | OFF [ OFF | OFF | OFF [ OFF | OFF
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TOSHIBA
Input buffer state table (3/3)
Input buffer state
HALT state
CPU STOP STOP
Operation
Input g state IDLE2 IDLE1
Port name | Function ®
name o <DRVE> = 1 |<DRVE> =0
(%]
)
* | S, |s53|8.|5s3| &al53l8.]55|8.]55
o5 Qo oS QD o5 [ o S Q@ o S Qo
C = .EU') C = EU) C = EU) C = _EU) C = EU)
28 || 28 | =2 23 lee|l 23 |2 | 28| =z
2?5 | Z2? | K5 | SV |{Zc || <5 |C?| X5
< 2| < a2 [/ < o< a| & a
ANO to
PMO to PM7| *\ - OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
KEYO to
KEY7 ON ON ON ON ON
PNO to PN3 AA'\,'\ISltlo OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF'| OFF | OFF
PN3 ADTRG - ON ON ON ON ON
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.
- : No applicable
*1 : Port having a pull-up/pull-down resistor.
*2 : AIN input does not cause a current to flow through the buffer.
*3 : It becomes an input port after reset and an input buffer turns on-during’reset at AM 0= 0 and AM1= 1.
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Output buffer state table (1/3)
Output buffer state
HALT state
CPU STOP STOP
Operation
Outp.ut % state IDLE2 IDLE1
Port name | Function ® - —
name § <DRVE>=1| <DRVE> =0
(0] c a c a c ol e al a
x o = o = o = o = o =
23 12| 28| =¢ 28 el Ec8 || 28] 2¢
- < o - < o - < o - < o — < o
< Q < Q. < Q< Q| < o
DOto D7 | DOto D7 OFF _ - ON - OFF - OFF — OFF -
D8 to D15 _ggw
P10 to P17 OFF %%E ON OFF | ON OFF ON [ OFF | “ON| OFF | OFF
]
P60 to P67 [ A16 to A23] ON ON ON ON ON ON ON [ ON | 'ON" |/ OFF | OFF
P71 WRLL
P72 WRLU
P73 R/'w
—— OFF ON ON ON ON ON ON-| ON“| ON | OFF | OFF
P74 SRWR
P75 SRLLB
P76 SRLUB
P77 - OFF - ON - ON - ON - ON - OFF
P80 CSso ON
P81 cs1 ON
P82 cs2 ON
P83 cs3/sDcs ON ON ON ON ON ON ON | ON | ON | OFF | OFF
P84 csa ON
P85 css/ ON
WDTOUT
P86 - OFF - ON - ON - ON - ON - OFF
P87 BUSAK OFF ON ON ON ON ON ON On ON | OFF | OFF
P90 SDWE
Pa1
SDB3aS <PXDR>=1:0N
P92 SDCAS
P93 |spLLDQM]|/ ON | ON ON <PXDR>=0:0FF
P94 SDLUDQM
P95 SDCKE
P96 SDCLK
PAO - OFF OFF | ON OFF | ON OFF ON | OFF | ON | OFF | OFF
PA1 TXDO OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PA2 SCLKO OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PA3 - OFF OFF | ON OFF | ON OFF ON | OFF | ON | OFF | OFF
PA4 TXD1 OFF ON ON ON ON ON ON [ ON | ON | OFF | OFF
PA5 SCLK1 OFF ON ON ON ON ON ON [ ON | ON | OFF | OFF
92CM27 - 70 2005-04-20




TOSHIBA TMP92CM27
Output buffer state table (2/3)
Output buffer state
HALT state
CPU STOP STOP
Operation
Output % state IDLE2 IDLE1
Port name | Function 7]
name § <DRVE>=1| <DRVE> =0
Q c a c o c o |- o = o
[ad o = o = o - o - ) -
23 |1 2| 28| 2¢ 28 Cce |28 || 28| 2¢
- < o - < o - < O - < o = < o
< o < o < Q| < a | < o
PCO SO0/SDAO| OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PC1 SCLO OFF ON ON ON ON ON ON | ON |/ON- |-OFF | OFF
PC2 SCKO OFF ON ON ON ON ON ON, | ON (| ON | OFF | OFF
PC3 SO1/SDA1] OFF ON ON ON ON ON ON | ON| ON | OFF | OFF
PC4 SCL1 OFF ON ON ON ON ON ON | ON-| ON |/OFF | OFF
PC5 SCK1 OFF ON ON ON ON ON ON/ | ON |- ON | OFF | OFF
PDO - OFF OFF | ON OFF | ON OFF ON | OFF'| ON [ OFF | OFF
PD1 HSSO0 OFF ON ON ON ON ON ON | ON/| ON | OFF | OFF
PD2 HSCLK OFF ON ON ON ON ON ON |~ON | ON | OFF | OFF
PD3 - OFF OFF | ON OFF |/ ON OFF ON | OFF | ON | OFF | OFF
PD4 TXD2 OFF ON ON ON ON ON ON-{ ON | ON | OFF | OFF
PD5 SCLK2 OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PFO - OFF OFF /| ON OFF | ON OFF ON | OFF | ON | OFF | OFF
PF1 TA1OUT OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PF2 - OFF OFF. | -ON OFF | ON OFF ON | OFF | ON | OFF | OFF
PF3 TA30UT OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PF4 - OFF OFF |/ ON OFF |/ON OFF ON | OFF | ON | OFF | OFF
PF5 TA50UT OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PF6 - OFF OFF | ON OFF |- ON OFF ON | OFF | ON | OFF | OFF
PJO TBOOUTO } - OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ1 TBOOUT1 | OFFE ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ2 TB1OUTO | ~OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ3 TB1OUTL1 | OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB20OUTO/
PJ4 TB4OUTO OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB20OUT1/
PJ5 TBAOUTA. OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB3OUTO/
PJ6 TB50UTO OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB3OUT1/
PJ7 TB50UTL OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PKO to PK7 - -
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Output buffer state table (3/3)

Output buffer state
HALT state
CPU STOP STOP
Operation
Output % state IDLE2 IDLE1
Port name | Function 17
name § <DRVE>=1| <DRVE> =0
Q = o < o < o = o = o
x o = o - o - o - 5] -
2h ||l 28| 2e| 28 (s 28 || 28| =2
- < o - < o - < O - < o — < o
< o | < | < | < o [ a
PLO PG00 OFF ON ON ON ON ON ON | ON | ‘ON | OFF | OFF
PL1 I'T’ig%ﬂ/ OFF ON ON ON ON ON ON | ON“| ON | OFF | OFF
PL2 PG02/ OFF ON ON ON ON ON ON | ON | 1ON' | OFF | OFF
SCLK3
PL3 PGO3/ OFF ON ON ON ON ON ON' /| ON.[-ON | OFF | OFF
TA70UT
PL4 PG10 OFF ON ON ON ON ON ON |"ON/| ON | OFF | OFF
PG11/
PL5 HSSO1 OFF ON ON ON ON ON ON {'ON [ ON | OFF | OFF
PL6 PG12/ OFF ON ON ON ON ON ON| ON | ON | OFF | OFF
HSCLK1
PL7 PG13 OFF ON ON ON ON ON ON | ON [ ON | OFF | OFF
PMO to PM7 - =
PNO to PN3 - -

ON : The buffer is always turned on.
However, the output buffer of a specific terminal turns' OFF-at'the time of bus release.
OFF : The buffer is always turned off.
- :No applicable
*1 : Port having a pull-up/pull-down resistor.
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3.5.1 Port1 (P10 to P17)

Port1 is 8-bit general-purpose I/O port. Bits can be individually set as either
inputs or outputs by control register P1CR and function register P1FC. In
addition to functioning as a general-purpose I/0O port, portl canalso function
as a data bus (D8 to D15). Moreover, with the combination of AM1 and AMO
shown below, Port1 is set as the following function after reset release.

AM1 AMO Function Setting after Reset is Released
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
/\/
Direction control
(on bit basis)
P1CR write
‘.ﬁ
Function control
<P10F> * External-access(Data write)
T
* P1FC write
a ¥
© R
3 Output latch A S
< Selector
() Port 1
é 060 p1s e Output buffer P10 to P17
= 2 B (D8 to D15)
\/I\}_G_
1
T\I—CP—<—<—P1 Read
pd
I~ - “— 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 RIW
After reset Data from external port(Output latch register is cleared to "0")

Port 1 Control register

7 6 5 4 3 2 1 0
PICR | pit symbol [ P17C P16C P15C P14C P13C P12C P11C P10C
(0006H) -
Read/Write w
After reset 0 ! 0 ! 0 ! 0 { 0 ! 0 { 0 ! 0
Function Refer to following table
| ° |
L
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 following table
| |
—>  Port 1 function setting
Note 1) Read-modify-write is prohibited for PICR,P1FC. PAFCSPAE>
0 1
Note 2) <P1xC> is bit X of P1CR register. P1CR<P1xC>
Note 3) At AM1=0 and AMO=1, it is after reset P1F="1", 0 Input port Data bus
(D15 to D8)
At AM1=1 and AMO=0, it is after reset P1F="0".
1 Output port Reserved

Figure 3.5.2 Port 1 register
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3.5.2  Port6 (P60 to P67)

Port6 is 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/O port, port6 can also function
as an address bus (A16 to A23). Moreover, with the combination of AM1 and
AMO shown below, Port6 is set as the following function after reset release.

AM1 AMO Function Setting after Reset is-Released
Don't use this setting
Address bus(A16 to A23)
Address bus(A16 to A23)
Don’t use this setting

Rk, OO
R OPRFr O

Reset
f Bus release state
l 1: release

0 : un-release

Direction control
(on bit basis)

T
P6CR write

Function control
(on bit basis)

2]
é PBFC write
© 3
o R S
g Output latch A
3 8
= § y{ ] Port6
P6 write B Output buffer P60 to P67
(AL6 to A23)
A16 to A23 —‘l/
S
B
q 5
(8]
T 8
]
I~ P6 read w A

Figure 3.5.3 Port 6

92CM27 - 75 2005-04-20



TOSHIBA TMP92CM27
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
PECR | pit Symbol | P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) -
Read/Write W
After reset 0 0 0 0 0 0 0 0
Function O:Input  1:Output
Port 6 Function register
7 6 5 4 3 2 1 0
P6FC | bit Symbol P67F P66F P65F P64F P63F P62F P61F P60OF
(001BH) Read/Write W
After reset 1 1 1 1 1 1 1 1
Function 0:Port—1:Address bus(A16 to A23)
Figure 3.5.4 Port 6 register
Note) Read-modify-write is prohibited for P6CR,P6FC.
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3.5.3 Port7 (P71to P77)

Port 71 to P77 is a 7-bit general-purpose 1/O port. Bits can be individually set as
either inputs or outputs by control register P7CR and function register P7FC. Moreover,
P71, P72 and P74 to P76 are ports with pull-up resistance. There'is.an external memory
interface function in addition to a general-purpose /O port function. P71 to P77 become
input mode after reset.

(1)P71,P72,P74,P75,P76

Reset Bus release state

1 ] 1 :release
. 0 : un-release
Direction control
(on bit basis) il
T
) P7CR write
Function control
(on bit basis)
2 T
-g P7FC write
cés S S P-ch [Programmable ]
o Output latch A Pull-up
S o]
] =
= (&)
c @
- ° Port 7
]
P7 write o L P71(WRLL )
B Output buffer
P72(WRLU )
WRLL , WRLU —l P74(SRWR )
SRWR s iﬁ/; P75(SRLLB )
SRLLB, SRLUB B P76(SRLUB)
4 5
(8]
T g
LA
I~ P7 read n

Figure 3.5.5 Port 7(P71,P72,P74,P75,P76)

Note) When a terminal is set as WRLL , WRLU, SRWR , SRLLB, SRLUB and WAIT , at the time of bus release, an
output buffer is not concerned with an output setup of control register P7CR, but is turned OFF.
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) P73(RIW)

Internal data bus

Reset

I S

Direction control

Bus release state
1:release
0 : un-release

(on bit basis)

P7CR write

M

Function control

(on bit basis)

P7FC write

¥
S
Output latch

>
n

Port 7
P73(R/\W)

L~

Selector

(o8]

Qutput buffer

%

o)

P7 read

Selector ¢ J

>

Figure 3.5.6 ° Port 7(P73)

Note) When a terminal is set as’R/w ;-at the time of bus release, an output buffer is not concerned with an output setup of

control register P7CR, but is turned OFF.
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(3) P77(WAIT )

Internal data bus

Reset

"ﬁ

Direction control
(on bit basis)

1
P7CR write

Function control

(on bit basis)

P7FC write

I’

S
Output latch

P7 write

bl

™

Port 7

w

‘[\1

P7 read

Selector , J

— >
Output buffer

P77(WAIT )

4

>

WAIT

n

Figure 3.5.7_Port 7(P77)
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Port 7 register

7 6 5 4 3 2 1 i
P7 bit Symbol P77 P76 P75 P74 P73 P72 P71
(01CH)|' Read/write R/W
Data from external port(Output latch register is set to”"1")
After reset
. - 0:Pull-up register OFF - 0:Pull-up-register OFF
Function . )
1:Pull-up register ON 1:Pull-up register ON
Port 7 Control register
7 | 6 5 4 3 2 1
P7CR | bit Symbol P77C | P76C P75C P74C P73C P72C P71C
(001EH) Read/Write W
0 0 0 0 0 | 0 0 -
After reset
0: Input 1: Output
Port 7 Function register
7 6 5 4 3 2 1 i
P7FC | bit Symbol P77F P76F P75F P74F P73F P72F P71F
(001FH) | Read/Write W
After reset 0 0 0 0 0 0 0
o 0: Port 0: Port 0: Port 0:-Port 0: Port 0:Port 0: Port
unction 1: WAIT 1: SRLUB 17SRLLB. {1: SRWR 1 R/W 1: WRLU 1: WRLL
Port 7 function setting
<P7xF> | <P7xC> P77 P76 P75 P74 P73 P72 P71
0 0 Input port Input port Input port Input port Input port Input port Input port
0 1 Output port Output port Output port Output port Output port Output port Output port
1 0 WAIT Reserved Reserved Reserved Reserved Reserved Reserved
1 1 Reserved SRLUB SRLLB SRWR RIW WRLU WRLL

Note 1) When using P71,P72 and P74 to P76 in input mode, built-in pull-up resistance is controlled by port7

register.-When using it, /making input mode ot I/O mode intermingled, a Read-modigy-write is

forbidden(When at (least 1 bit of input terminals exists). A setup of built-in pull-up resistance may

change according to the state of an input terminal.
Note 2) Read-modify-write is prohibited for P7CR and P7FC.
Note 3) In the case of a port function, about pull-up ON/OFF, it controls by the value of P7. When using it

asafunction, it controls by the value of a function.

Figure 3.5.8 Port 7 register
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3.5.4 Port 8 (P80 to P87)
P80 to P85 are a port only for outputs. P86 and P87 are general-purpose 1/O ports.
There are the following functions in addition to an output and a general-purpose 1/O port.
- The output function of a standard chip select signal(CS0, CS1, CS2, CS3, CS4, CS5).
- The output function of the chip select signal for SDRAM(SDCS ).
- The 1/O function of a bus release function(BUSRQ, BUSAK ).
= The output function of a watchdog timer(m).

These functions operate by setting the bit concerned of PBCR, P8FC and P8FC2 register. The value
of each register of PBCR, P8FC, and P8FC2 is reset in "0" by -the reset operation, P80 to P84
becomes an output port, P85 becomes WDTOUT output, and P86 and P87 become the input ports.
Moreover, P82 is reset in "0" as for the output latch, and P80, P81, and P83 to P87 are-set in "1".

(1) P8O(CS0), P81(CS1), P84(CS4)

P80, P81, and P84 function as standard chip select signal output (CS0 ;CS1;CS4) besides the
output port function.

Bus release state

N\ Reset 1:release
,41 0 : un-release
Function control l—‘ ))—
(on bit basis) 1
T
P8FC write
2
E 1
< S S
% Output latch A
= N ]
o Selector 1~
c T \ B
P8 write I_) e
L P80(CS0)
CS0,CS1,CS4 P81(Ccs1)
P84(Cs4)
L
- T
P8 read

Figure 3.5.9 Port 8(P80,P81,P84)
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(2) P82(CS2)
P82 functions as standard chip select signal output ((?2) besides the output port function.

Bus release state

oV 1:release
Reset 0 : un-release
Function control :
(on bit basis)
P8FC write
2] l
>
2 R S
% Output latch A
N
‘3; Selector 1%
£ , B
I3 P8 write
£
cs2
v
N T
P8 read

Figure 3.5.10- Port 8(P82)

N
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(3) P83(Cs3,SDCS)

P83 functions as standard chip selection signal output (C_SS) and chip select signal output (SDCS)
for SDRAM besides the output port function.

Bus release state

oV 1:release

Reset 0 : un-release

Function control
(on bit basis) i

P8FC write

S
Output latch A

S

p _
Selector P83(Cs3)
B (sbcs)

T
P8 write
A |
Function control
(on bit basis)

Internal data bus

P8FC2 write

A S

Selector |
spcs— B

Figure 3.5.11 Port 8(P83)
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(4)P85(CS5)
P85 functions as standard chip select signal output (CS5) and watchdog timer signal output
(WDTOUT ) besides the output port function.

Bus release state

v 1: release

Reset 0 : un-release
S

Function control 4
(on bit basis)

P8FC write

S
Output latch A

S

L, —
Selector P85(Css)
B (wDTOUT)

P8 write

|
S
Function control—¢
(on bit basis)

Internal data bus

P8FC2 write

1

\rl

P8 read

S

U Ccss A
Selector [
wpTouT—> B

Figure 3.5.12 Port 8(P85)
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(5)P86(BUSRQ)
P86 functions as input (BUSRQ) of the function of bus open besides the 1/O port function.

Reset
&Y
|
Direction control
(on bit basis)

PSCF;rwrite
1
OutpuSt latch D
P86(BUSRQ )

\

P8 write

- @7
Function control
(on bit basis)

Internal data bus

P8FC write S A
1

Selector

P8 read B

BUSRQ<—C‘_|_C ‘__ﬁ_

Figure 3.5.13 / Port 8(P86)
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(6)P87(BUSAK )

P87 functions as output (BUSAK ) of the function of bus open besides the 1/O port function.

v/ Reset
Function control
(on bit basis)

T
P8FC write
Direction control
(on bit basis)

T
P8CR write —[>—»—|:|
1 P87(BUSAK")

S S
Output latch A

Internal data bus

Selector

P8€vrite |—> B v

BUSAK

S

A

1
\r‘ Selector
B

P8 read

Figure 3.5.14 Port 8(P87)
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Port 8 register
7 6 5 4 3 2 1 0
P8 bit Symbol P87 P86 P85 P84 P83 P82 P81 P80
(0020H) | Read/write R/W
Data from external port 1 1 1 0 1 1
After reset | (Output latch register is
setto "1”)
Port 8 Control register
7 6 5 4 3 2 1 0
P8CR | bit Symbol pP87C P86C
(0021H) Read/Write W
After reset 0 | 0
Function 0: Input  1: Output
Port 8 Function register
7 6 5 4 3 2 1 0
P8FC | bit Symbol P87F P86F P85F P84F P83F P82F P81F P8OF
(0022H) | Read/write W
After reset 0 0 1 0 0 0 0 { 0
Funci 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
UNCtoN 11. BUSAK |1:BUSRQ |1:<P85F2>|1;: Cs4 1:<P83F2>{1: CS2 1:Cs1 1: CSO
Port 8 Function register 2
7 6 5 4 3 2 1 0
P8FC2 | bit Symbol P85F2 P83F2
(0023H) Read/Write W W
After reset 1 0
. 0: Cs5 0:CS3
Function - -
1: WDTOUT 1:sbcs
|—) P85 function setting P83 function setting
<P85F> <P83F>
0 1 0 1
<P85F2> <P83F2>
0 Port css 0 Port Ccs3
1 Reserved WDTOUT 1 Reserved sDCS

Note 1) Read-modify-write/is prohibited for PBCR, P8FC and P8FC2.

Note 2) Don’t do "1" to P8<P82> register in the write before setting P82to CS2 after releasing reset.
The period when (P8FC<P82F>=1) that sets the function register after the value of the output latch of
P82'is made "1" (P8<P82>=1) and the output are not normally output exists and it is likely not to
operate correctly.

Note 3) Use and set word instruction (LDW (P8FC),xxxxH) when you set P82 as CS2.

Figure 3.5.15 Port 8 register
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3.5.5 Port9 (P90 to P96)

P90 to P96 are a port only for outputs.

There are the following functions in addition to an output port.

* The output function of a SDRAM controller

(SDWE, SDRAS, SDCAS, SDLLDQM, SDLUDQM, SDCKE, SDCLK).

These functions operate by setting the bit concerned of P9FC register.-The value‘of POFC<P95:P90
> is reset in "0" by the reset operation, and P95 to P90 becomes(an /output port. The value of
POFC<P96F > is set in "1", and P96 becomes SDCLK function-output.-Moreover, all bits of the
output latch are set in "1". Port 9 can bitting set the output in HALT. It sets it by the PODR register.

Bus release state

M 1: release
Reset 0 : un-release
Function control ))
(on bit basis) !
P9FC write
[2] 1
>
2 S S
% Output latch A
% Selector %
£ ) I_—) B
I P9 write
[
- SDWE
SDRAS
SDCAS
SDLLDQM
SDLUDQM
SDCKE
1
N P9 read
Figure 3:5.16_ Port 9(P90 to P95)

(] P90( SDWE)

P91( SDRAS)

P92('SDCAS)
P93(SDLLDQM)
P94(SDLUDQM)
P95(SDCKE)
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Bus release state
Y 1:release
Reset 0 : un-state
Function control Do
(on bit basis) l
P9FC write
2] l
a S s
g Output latch A
r:; Selector 1% D P96(SDCLK)
= B
9 P9 write
£
SDCLK
<
Y P9 read

Figure 3.5.17 Port 9(P96)
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Port 9 register

7 6 5 4 3 2 1 0
P9 bit Symbol P96 P95 P94 P93 P92 P91 P90
(0024H) | Read/write R/W
After reset 1 1 1 1 1 1 1
Port 9 Function register
7 6 5 4 3 2 1 0
POFC bit Symbol P96F P95F P94F P93F PO2F P91F P9OOF
(0027H) | Read/Write W
After reset 1 0 0 0 0 0 0
E . 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port
unction 1:SDCLK | 1:SDCKE |1:SDLUDQM 1:SDLLDQM! 1: SDCAS 1: SDRAS 1: SDWE
Port 9 Drive register
7 6 5 4 3 2 1 0
PODR bit Symbol P96D P95D P94D P93D P92D P91D P90D
(0025H) Read/Write R/W
After reset 1 1 1 1 1 1 1
Function 0: The inside of HALT is high impedance. 1: The'inside’of HALT is also driven

(The purpose of use and the usage)

= This register sets up the state of each pin at the time of standby mode.
Set the state of the pin expected-before the "HALT" command as a register. CPU serves as enable,
after executing a "HALT" command.
It becomes effective in all the standby modes that have three kinds.(IDLE2,IDLE1, or STOP mode)
The state of 1/O is shown in the following tables.

OE PonD Output buffer InpUt buffer Note 1) OE means the output enable signal before the mode of the
1 0 OFF OFF standb
Y.
1 1 ON OFF Note 2) “n” of P9nD means the bit number of PORT9.

Note) Read-modify-write is prohibited for POFC.

Figure 3.5.18._Port 9 register
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3.5.6 Port A (PAO to PA5)

Port A is an 6-bit general-purpose 1/0 port.
PA1 and PA4 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
- The I/O function of the serial cannel 0(RXDO, TXDO, SCLKO0/ CTS0)).
* The 1/O function of the serial cannel 1(RXD1, TXD1, SCLKl/CT_Sl).

These functions operate by setting the bit concerned of PACR; PAFC and PAFC2 register. All the
bits of PACR, PAFC and PAFC2 are cleared to "0" by the reset action, andall bits serve as an input
port. Moreover, the output latch of all bit is set to "1".

(1)PAO(RXDO),PA3 (RXD1)

PAO and PA3 have a function as a RXD input of the serial .channel 0 and-1 in.addition to an 1/O
port.

M Refet

Direction control
(on bit basis)

PA(?R write
T —3

Function cntrol
(on bit basis)

4
PAFC write

I
S

Output latch
T
P ks - > [ ]PAo0 (RXDO)
PA3 (RXD1)
—

S B @
1

<l Selector
I~ PA read A

Internal data bus

RXDO
RXD1

Figure 3.5.19 Port A(PAO,PA3)
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(2)PAL(TXDO),PA4 (TXD1)

PA1 and PA4 have a function as a TXD output of the serial channel 0 and 1 in addition to an I/O

port.

Moreover, when using it as an TXD output of the serial bus interfaces 0 and 1, the output buffer
has the open drain function in which a program is possible. An open drain function can be set up
by the PAFC<PA1F,PA4F> and PACR<PA1C,PA4C> register.

Reset
~ —
Direction control
(on bit basis)
T
PACR write
Function control
(on bit basis)
?
9 PAFC write
a 4
8 L
g Function control Open drain
g (on bit basis) control Open drain setupis possible.
slcg PAFC2 write <PA1F2,PA1F>=11,<P1AC>=1
= <PA4F2,PA4F>=11,<P4AC>=1
A — |PAL
l/
Output latch Selector (TXDO0)
PA4
PA write /|—) B (TXD1)
TXDO,TXD1 S B
<1 Selector
‘rl
~ PA read

Figure 3.5.20. Port A(PA1,PA4)
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(3)PA2(CTS0 ,SCLKO),PA5(CTS1,SCLK1)

PA2 and PA5 have a function as an CTS input or SCLK I/O in addition to the 1/O port.

CTS0 ,SCLKO input

Reset
M\
Direction control
(on bit basis)
4
PACR write
Function control
9 (on bit basis)
o
[ T .
T PAFC write
©
g S
[J]
£ output latch A S
T
PA write Selector
|—) B
SCLKO output I, ;;
SCLK1 output S B
Selector
~ PA read A

CTS1,SCLK1 input

Figure 3.5.21 / Port A(PA2,PA5)

[ ]PA2 (SCLKO, €TS0)
PAS5 (SCLK1,CTS1)
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Port A register
7 6 5 4 3 2 1 0
PA bit Symbol PA5 PA4 PA3 PA2 PA1 PAQO
(0028H) | Read/write R/W
After reset Data from external port(Output latch register is-setto “1")
Port A Control register
7 6 5 4 3 2 1 0
PACR | bit Symbol PA5C PA4C PA3C PA2C PA1C PAOC
(002AM) | Read/write W
0 0 0 | 0 i 0 0
After reset -
Refer to following table
Port A Function register
7 6 5 4 3 2 1 0
PAFC | bit Symbol PASF PA4F PA3F PA2F PA1F PAOF
(002BH) | Read/Write W
After reset 0 | 0 0 | 0 | 0 0
Function Refer to following table
Port A Function register 2
7 6 5 4 3 2 1 0
bit Symbol PA4F2 PA1F2
Read/Write W W
After reset 0 0
Refer to Refer to
Function following following
table table
Port A function setting
<pAxF2> | <PAXF> | <PAXC> PA5 PA4 PA3 PA2 PA1 PAO
0 0 0 Input port Input port Input port Input port Input port Input port
0 0 1 Output port Output port Output port Output port Output port Output port
0 1 0 SCLK1/ CTS1 Reserved RXD1 SCLKO/ CTSO Reserved RXDO
0 1 1 SCLK1 TXD1(0.D Dis) | Reserved SCLKO TXDO(O.D Dis) | Reserved
1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 TXD1(0.D Ena) TXDO(O.D Ena)

Note 1) Read-modify-write is prohibited for PACR, PAFC and PAFC2.
Note 2) RXDO0/1, SCLKO/1, CTSO0 and CTS1 input are inputted into the serial bus interface 0 and 1
irrespective of a functional setup of a port.
Note 3) PA1 and PA4 do not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.22 Port Aregister
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3.5.7 Port C(PCO to PC5)

Port C is an 6-bit general-purpose 1/O port.

PCO, PC1, PC3 and PC4 can be set as an open drain output.
There are the following functions in addition to an 1/O port.

* The 1/O function of the serial bus interface 0(SO0/SDAOQ, SI0/SCL0, SCKO0).
+ The 1/O function of the serial bus interface 1(SO1/SDA1, SI1/SCL1,'SCK1).

These functions operate by setting the bit concerned of PCCR, PCFC and PCFC2 register. All the
bits of PCCR, PCFC and PCFC2 are cleared to "0" by the reset action, andall bits serve as an input

port. Moreover, the output latch of all bit is set to "1".

(1)PCO(SO0/SDAD),PC3 (SO1/SDAL)

PCO0 and PC3 have a function as I/O of the serial bus.interface 0 and 1 in addition to anl/O port.

Moreover, when using it as an output of the serial’bus interfaces 0 and 1, the output buffer has
the open drain function in which a program is possible. An open drain function can-be set up by
the PCFC<PCOF,PC3F> and PCCR<PCOC,PC3C> register.

Reset

—

Direction control

(on bit basis)

1
PCCR write

Function control

(on bit basis)

A
PCFC write

S
Output latch

—>3A S

Internal data bus

Q=

Open drain setup is possible.
<PCOF2,PCOF>=11,<PC0OC>=1
<PC3F2,PC3F>=11,<PC3C>=1

() Selector

PC write I_) B

SDAO0/SDA1 output
SO0/S01 output

R

Function control ;
i ——4—5Open drain
(on bit basis) control

T
PCFC2 write

PC read

S B

d Selector
W™

A

\7

SDAO/SDAL input

Figure 3.5.23 Port C(PCO0,PC3)

[ ] Pco(SDAO, SO0),
PC3(SDA1, SO1)
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(2)PC1(SI0/SCLO),PC4 (SI1/SCL1)

PC1 and PC4 have a function as I/O

Moreover, when using it as an output

of the serial bus interface 0 and 1 in addition to an 1/O port.

of the serial bus interfaces 0 and 1, the output buffer has

the open drain function in which a program is possible. An open drain function can be set up by
the PCFC<PC1F,PC4F> and PCCR<PC1C,PC4C> register.

Reset

—

Direction control

(on bit basis)

1
PCCR write

Function control

|
S
Output latch

A S

Internal data bus

(on bit basis)
[
PCFC write Open drain setup is possible.

<PC1F2,PC1F>=11,<PC1C>=1
<PC4F2,PCAF>=11,<PC4C>=1

)y ] PciscLo,sio)

L) Selector
PC write | B

SCLO output
SCL1 output

Function control Open drain
(on hit basis)~[T_—-control

)
PCFC2 write

PC4(SCL1,SI1)

1 S
W
PC read

S| B/l
elector

A

SCLO/SI0 input
SCL1/SI1 input

Figure 3.5.24

Port C(PC1,PC4)
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(3)PC2(SCKO0),PC5 (SCK1)

PC2 and PC5 have a function as I/O of the serial bus interface 0 and 1 in addition to an I/O port.

Reset

1 '
Direction control
(on bit basis)
)

PCCR write
A 1
Function control
(on bit basis)

t
PCFC write

R
S
Output latch A S
" R PC2(SCKO),

PC write Selector |V D PC5(SCK1)

—
SCKO output B

S5 \74
<] Selector

SCK1 output
\rl

PC read A

Internal data bus

SCKO input
SCK1 input

Figure 3.5.25 Port C(PC2,PC5)
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Port C register

7 6 5 4 3 2 1 0
PC bit Symbol PC5 PC4 PC3 PC2 PC1 PCO
(0030H) | Read/write R/IW
After reset Data from external port(Output latch register-is set to “1")
Port C Control register
7 6 5 4 3 2 1 0
PCCR | bit Symbol PC5C PC4C PC3C PC2C PC1C PCOC
(0032H) Read/Write . . . W : .
After reset 0 0 0 - 0 0 0
Refer tofollowing table
Port C Function register
PCFC 7 6 5 4 3 2 1 0
(0033H) bit Symbol PC5F PCAF PC3F PC2F PC1F PCOF
Read/Write W
After reset 0 0 0 0 0 0
Function Refer to following table
Port C Function register 2
7 6 5 4 3 2 1 0
bit Symbol PC4F2 PC3F2 PC1F2 PCOF2
pcrc2 | Read/Write W W w w
(0031H) | After reset 0 0 0 0
Function Refer to following table Refer to following table
Port C function setting
<PCxF2> | <PCxF> | <PCxC> PC5 PC4 PC3 PC2 PC1 PCO
0 0 6] Input port Input port JAput port Input port Input port Input port
0 0 1 Output port Output port Output port Output port Output port Output port
0 1 0 SCKZL input SIL input SO1 output(0.D Dis) | SCKO input SI0 input SO0 output(O.D Dis)
0 1 1 SCK1 output|  SCL1 1/0(0.D Dis) SDAL1 I/O(0.D Dis) | SCKO output|  SCLO I/0(O.D Dis) SDAO I/0(0.D Dis)
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved SO1 output(O.D Ena) Reserved SO0 Hi1(0.D Ena)
1 1 1 SCLL /0(0.D Ena) SDAL 1/0(0.D Ena) SCLO I/0(0.D Ena) SDAO 1/0(0.D Ena)

Note 1) Read-modify-write is/prohibited for PCCR, PCFC and PCFC2.
Note 2) SDAO0/1, SCLO/1, SI0/1and SCKO/1 input are inputted into the serial bus interface 0 and 1
irrespective of a functional setup of a port.
Note 3) PCO, PC1, PC3 and PC4 do not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.26 Port C register
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3.5.8 Port D(PDO to PD5)

Port D is an 6-bit general-purpose 1/O port.
PD4 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
* The 1/O function of the serial cannel 2(RXD2, TXD2, SCLKZ/@)
* The I/0 function of the high speed channel 0(HSSI0, HSSOO0, HSCLKO)

These functions operate by setting the bit concerned of PDCR, PDFC and PDFC2 register. All the
bits of PDCR, PDFC and PDFC2 are cleared to "0" by the reset action, /and all bits serve as an input
port. Moreover, the output latch of all bit is set to "1".

N\ R?et
Direction control
(on bit basis)

1
PDCR write

Function control
(on bit basis)

A
PDFC write

2

S

Output latch _|
T >

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

1
< Selector
I~ PD read A

HSSIO
RXD2

Figure 3.5.27 Port D(PDO0,PD3)
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Reset

Direction control

(on bit basis)

*
PDCR write

Function control

Internal data bus

(on bit basis)

()
PDFC write

S
Outpyt latch

A S

T Selector
PD write B

{

HSSO |

HSCLK
d

N Selector

PD read

S B

A

Figure 3.5.28 Port-D(PD1,PD2)

Reset

Direction control

(on bit basis)

L)
PDCR write

Function control

Internal data bus

(on bit basis)

L)
PDFC write
T —
Function control

(on bit basis)

)
PDFC2 write

S

Output latch

T .
PD write

A S

Selector

Open drain
control

[ ]PD1(HSSO0)
PD2(HSCLKO)

Open drain setup is possible.
(<PD4F2>=1)

B

TXD2 J

d

S B

—

N
PD read

Selector
A

L~

Figure 3.5.29 Port D(PD4)

[ ] PD4 (TXD2)
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— | PD5(SCLK2/CTS2)

Relset
~ M
Direction control
(on bit basis)
L)
PDCR write
Function control
9 (on bit basis)
o)
© T .
k= PDFC write
©
g S
Q
£ | Output latch A S
) N
PD write Selector l/\
B
SCLK2 |,
output S B
Selector
~ PD read A
SCLK2
CTS2
input

Figure 3.5.30 Port D(PD5)
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Port D register
7 6 5 4 3 2 1 0
PD bit Symbol PD5 PD4 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 PD5C PD4C PD3C PD2C PD1C PDOC
(0036H) | Read/write . W.
After reset 0 : 0 : 0 > 0 : 0 0
Refer.to following.table
Port D Function register
PDFC 7 6 5 4 3 2 1 0
(0037H) bit Symbol PD5F PD4F PD3F PD2F PD1F PDOF
Read/Write W
After reset 0 0 0 : 0 } 0 0
Function Refer to following table
Port D_Function register 2
7 6 5 4 3 2 1 0
bit Symbol PD4F2
PDEC2 | Read/Write W
(0035H) | After reset 0
Refer to
Function following
table
Port D function setting
<PDxF2> | <PDxF> | <PDxC> PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Input port Input port Input port Input port Input port
0 0 1 Output port Output port Output port Output port Output port Output port
0 1 0 SCLK2/ CTS2 Reserved RXD2 Reserved Reserved HSSI0
0 1 1 SCLK2 output TXD2(0.D Dis) | Reserved HSCLKO HSSO0 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 TXD2(0.D Ena)

Note 1) Read-modify-write is prohibited for PDCR, PDFC and PDFC2.
Note 2) RXD2, SCLK2 and cTs2 input are inputted into the serial bus interface 0 irrespective of a functional

setup of a port.

Note 3) HSSIO input are inputted into the high speed serial channel 0 irrespective of a functional setup of a port.
Note 4) PD4 do not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.31 Port D register
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3.5.9 Port F (PFO to PF6)

Port F is an 7-bit general-purpose I/O port.
There are the following functions in addition to an 1/O port.
* The input function of 8-bit timer O(TAOIN)
+ The output function of 8-bit timer 1(TALOUT)
= The input function of 8-bit timer 2(TA2IN)
+ The output function of 8-bit timer 3(TA3OUT)
* The input function of 8-bit timer 4(TA4IN)
+ The output function of 8-bit timer 5(TA5S0OUT)
+ The input function of 8-bit timer 6(TAGIN)
* The input function of external interrupt(INTO to INT3)

These functions operate by setting the bit concerned of PFCR; PFFC and PEFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action; and all bits serve as an input
port. Moreover, the output latch of all bit is set to™"1™

Reset

Direction control
(on bit basis)

)
PFCR write
Function control
(on bit basis)

PFFC write
Function control
(on_bit basis)

Internal data bus

PFFC2 write

¥ N

S * 1 D PFO(TAOIN/INTO)
Output latch PF2(TA2IN/INT1)
= PF4(TA4IN/INT2)

() PF6(TAGIN/INT)

PF write
S B @

<1 Selector
Al

< PF-read

INTO

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PFO,PF2,PF4,PF6)
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Reset

Direction control
(on bit basis)

*
PFCR write

Function control
(on bit basis)

)
PFFC write

S
Outpyt latch

Internal data bus

N PF1(TA10UT)
Selector | >—1 [ ] PF3(TA30UT)

T
PF write B PF5(TA50UT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1,PF3,PF5)
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Port F register
7 6 5 " 2 1 0
PF bit Symbol PF6 PF5 PF4 | PF3 PF2 PF1 PFO
(003CH)| Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port F Control register
7 6 5 4 3 2 1 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PF1C PFOC
(003EH)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 0 0
Refer to following table
Port F Function register
7 6 5 | 4 1 3 2 1 0
PFFC | bit Symbol PF6F PFS5F ! PF4F : PF3F PF2F PF1F PFOF
(003FH) | Read/Write W
After reset 0 0o . 0o i.vo )] o /o 0
Function Refer to following table
Port F Functionregister 2
7 6 5 | 4 1.3 2 1 0
PFFC2 | _bit Symbol PF6F2 PF4F2 PF2F2 PFOF2
(003DH) | Read/Write w oW w W
After reset 0 : 0 0 0
Refer to Refer'to Refer to Refer to
Function following following following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PF5 PF4 PF3 PF2 PF1 PFO
0 0 0 Input port Input port Input port Input-port Input port Input port Input port
0 0 1 Output port”|/Output port | Output port-| Output port-} Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Reserved TA2IN Reserved TAOIN
0 1 1 Reserved TA50UT Reserved TA30UT Reserved TALOUT Reserved
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 INT3 INT2 INT1 INTO
1 1 1 Reserved Reserved Reserved Reserved

Note 1) Read-modify-write/is prohibited for PFCR,PFFC and PFFC2.
Note-2)-TAOIN, TA2IN, TA4IN-and TABIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup ofa port.

Figure 3.5.34 Port F register
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3.5.10 PortJ (PJO to PJ7)

Port J is an 8-bit general-purpose 1/O port.
There are the following functions in addition to an 1/O port.

+ The output function of 16-bit timer 0(TBOOUTO, TBOOUT1)
* The output function of 16-bit timer 1(TB1OUTO, TB1OUT1)
* The output function of 16-bit timer 2(TB20OUTO, TB20OUT1)
* The output function of 16-bit timer 3(TB3OUTO, TB3OUT1)
* The output function of 16-bit timer 4(TB4OUTO, TB4OUTI1)
+ The output function of 16-bit timer 5(TB50UTO0, TB50UT1)

These functions operate by setting the bit concerned of PICR, PJFC and PJFC2 register. All the bits
of PJCR, PJFC and PJFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.

Moreover, the output latch of all bit is set to "1".

~ Reset
Direction control
(on bit basis)
[
PJCR write
Function control
2]
2 (on bit basis)
Jut [
3 PJFC write
e
8 N A S
1= Output latch PJO(TBOOUTO)
T Selector [ ]PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT, ] Selector
J ~
PJ read A

Figure 3.5.35 Port J(PJO,PJ1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
r
PJFC write
Function control)
3 (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TB4OUTO)
o S
£ A S (TB2OUT1/
IS OUtpUt latch TB4OUT1)
= T Selector
PJ write
spons B (TB30UTO/
TB20UT1 FBooY10)
TB3OUTO —>{p S
TB30OUT1 (TB30OUTY/
TB4OUTO Selector TB50UT1)
TB4OUT1 —>(B
TB50UTO ——
TB50UT1 S B
e
<1 Selector
™~ PJ read A
Figure 3.5.36' Port J(PJ4,PJ5,PJ6,PJ7)
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Port J register

7 6 5 4 | 3
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readiwrite RW
After reset Data from external port(Output latch register is set to “1")
Port J Control register
7 6 5 4 3
PJCR bit Symbol PJ7C PJ6C PJ5C PJ4C PJ3C PJ2C PJ1C PJOC
(004EH) | Read/write W
After reset 0
Refer to following table
Port J Function register
7 6 5 ’ 4 ’ 3
PJFC | _bit Symbol PJ7F PJ6F PJSF : PJ4F : PJ3F PJ2F PJ1F PJOF
(004FH) | Read/Write W
After reset 0 0 0 0 ' 0 |
Function Refer tofollowing-table
Port J Function-register 2
7 6 5 (/4 1.3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —PJAF2 .
(004DH) | Read/Write
After reset 0 0 0 ; 0 :
Function Refer to following table
Port J function setting
<Pix2> | <PJXF> | <PJxC> PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port-|-Output port”| Output port | Output port_| Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB30UTO TB20UTY TB20OUTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reserved Reserved Reserved
1 1 1 TB50UT1 | TB50UTO |.TB4OUT1 | TB4OUTO
Note ) Read-modify-write‘is prohibited for PJICR,PJFC and PJFC2.
Figure 3.5.37 Port J register
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3.5.11 Port K (PKO to PK7)

Port K are a port only for inputs.

There are the following functions in addition to an input port.
+ The input function of 16-bit timer O(TBOINO, TBOIN1)
* The input function of 16-bit timer 1(TB1INO, TB1IN1)
 The input function of 16-bit timer 2(TB2INO, TB2IN1)
+ The input function of 16-bit timer 3(TB3INO, TB3IN1)
+ The input function of external interrupt(INT4 to INTB)

These functions operate by setting the bit concerned of PKFCand PKFC2 register. All the bits of
PKFC and PKFC2 are cleared to "0" by the reset action, and all bits serve as an input port.

Reset
Function control
(on bit basis)
[2]
2 PKFC write
© .
= Function control
= (on bit basis)
€ )
PKFC2 write
‘/II“' @—D PKO(TBOINO/INT4)
N PK redd PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Select levelledge PKS(TB2INL/INT9)
INT7 \\—‘— A 9 i PK6(TB3INO/INTA)
-
INT8 Select rising/falling PK7(TB3INL/INTB)
INT9
INTA
INTB HMC2<I4LE,I5LE,I6LE I7LE,I8LE,I9LE,IALE,IBLE >
TBOINO HMC3<I4EDGE,I5EDGE,I6EDGE,|7EDGE,
ISEDGE,I9EDGE,IAEDGE,|BEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INL
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register

6 5 4 | 3 1
PK bit Symbol PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
(0050H) Read/Write R
After reset Data from external port
Port K Function register
6 5 | 4 | 3 1
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 ! 0 ! 0 ! 0 | | 0 |
Function Refer to following table
Port K Function register 2
6 5 i 4 i 3 1
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0051H) | Read/Write W
After reset 0 0 0 I 0 | i 0 |
Function Refer tofollowing-table
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INO TB1IN1 TB1INO TBOIN1 TBOINO
1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 INTB INTA INT9 INT8 INT7 INT6 INT5 INT4

Note 1) Read-modify-write is prohibited for'PKFC and PKFC2.
Note 2) TBOINO/1, TB1INO/1, TB2INO/1 and TB3INO/1 input is inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of a functional setup of a‘port:

Note 3) In setting (TBOINO-to TB3IN1)-of setting (INT4to INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details.

Figure 3.5.39 Port K register

and <PKxF>=1, the operation of the HALT release is different.
Refer to Table 3.3.6 HALT release source.of 3.3.6-standby control part and the operation of the HALT
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3.5.12 Port L (PLO to PL7)

Port L is an 8-bit general-purpose 1/O port.
PL1 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
» The output function of pattern generator 0(PG00 to PG03)
* The output function of pattern generator 1(PG10 to PG13)
+ The 1/O function of the serial cannel 3(RXD3, TXD3, SCLK3/@)
* The output function of 8-bit timer 7(TA70UT)
* The 1/O function of the high speed channel 1(HSSI1, HSSO1, HSCLK1)

These functions operate by setting the bit concerned of PLCR, PLFC and PLFC2 register. All the bits
of PLCR, PLFC and PLFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.
Moreover, the output latch of all bit is set to "1".

M Refet

Direction control
(on bit basis)

1
PLCR write
T —3
Function control
(on bit basis)

L)
PLFC write

Internal data bus

Function control
(on bit basis)

A
PLFC2 write

S
| Outptu latch A S
T Selector N PLO
PY yirite l—’ B (PGOO/RXD3)
PG00 PL4
PG10 S B (PG1O/HSSI1)
ﬂ Selector
PL read A
N
RXD3
HSSI1

Figure 3.5.40 Port L(PLO,PL4)
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Reset

Direction control

(on bit basis)

1
PLCR write

Function control

Internal data bus

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis)

)
PLFC2 write

S
Output latch

A S

T Selector
PL write B

PGl ———>|A S

Selector
™I g

—

S B

Y Selector

Open drain possible
<PL2F2><PL2F>=11

PL1
(PGO1/TXD3)

PL read A

Figure 3.5.41 Port L(PLL)

Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(onbit basis)

r
PLFC write
——
Function control
(on bit basis)

1
PLFC2 write

S
Output latch

A S

PL2

T Selector
PL write B

PGO2 ————|A S

| r
SCLK3 > BSe ecto

—

S B

N Selector

PL read Al

SCLK3

CTS3
input

Figure 3.5.42 Port L(PL2)

] (PGO2/
SCLK3/CTS3)
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Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(on bit basis)

r
PLFC write
—
Function control
(on bit basis)

1
PLFC2 write

S

Output latch

T
PL write

A S

P~ .

Selector
B

pGo3 — A S

Selector
TATOUT (¢

o~

Internal’data bus

PL read

S B

Selector

L~

A

Figure 3.5.43 Port L(PL3)

Reset

Direction control

(on'bit,basis)

0
PLCR write

Function control

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis) |]

[
PLFC2 write

S

A S

Output latch

T -
PL write

Selector
B

PGl —————>{A S

PG12
Selector
e M Y

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

]

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLKZ1)
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Reset

Direction control
(on bit basis)

r
PLCR write

Function control
(on bit basis)

)
PLFC write

S
Output latch

A S

Internal data bus

Selector I[\/ \% [] PL7(PG13)

1
PL write B
J <
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Port L(PL7)
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Port L register

7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054 | Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port L Control register
7 6 5 4 3 2 1 0
PLCR bit Symbol PL7C PL6C PL5C PLAC PL3C PL2C PL1C PLOC
(0056H) | Read/write . . . . W . : .
After reset 0 i 0 i 0 i 9 i 0 i 0 i 0 i 0
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC bit Symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) | Read/Write W
After reset 0 0 0 0 0 0 0 0
Function Refer to following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PL6F2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<PLxF2> | <PLXF> | <PLXC> PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port | Output port | Output-port |-Output port [ Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 PG13 PG12 PG11 PG10 PGO03 PG02 PGO01 PG00
1 0 0 Reserved Reserved | HSSI1 Reserved |SCLK3/ CTS3 | Reserved | RXD3
1 0 1 HSCLK1 HSSO1 Reserved Reserved SCLK3 o3 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 1 Reserved Reserved Reserved TA7OUT Reserved D3 Reserved
(O.D Ena)

Note 1) Read-modify-write is prohibited for PLCR, PLFC and PLFC2.
Note 2) RXD3, SCLK3 and cTs3 input are inputted into the serial bus interface 3 irrespective of a functional
setup of a port.
Note 3) HSSI1 input are inputted into the high speed serial channel O irrespective of a functional setup of a port.
Note 4) PL1 does not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.46 Port L register
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3.5.8 Port D(PDO to PD5)

Port D is an 6-bit general-purpose 1/O port.
PD4 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
* The 1/O function of the serial cannel 2(RXD2, TXD2, SCLKZ/@)
* The I/0 function of the high speed channel 0(HSSI0, HSSOO0, HSCLKO)

These functions operate by setting the bit concerned of PDCR, PDFC and PDFC2 register. All the
bits of PDCR, PDFC and PDFC2 are cleared to "0" by the reset action, /and all bits serve as an input
port. Moreover, the output latch of all bit is set to "1".

N\ R?et
Direction control
(on bit basis)

1
PDCR write

Function control
(on bit basis)

A
PDFC write

2

S

Output latch _|
T >

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

1
< Selector
I~ PD read A

HSSIO
RXD2

Figure 3.5.27 Port D(PDO0,PD3)
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Reset

Direction control

(on bit basis)

*
PDCR write

Function control

Internal data bus

(on bit basis)

()
PDFC write

S
Outpyt latch

A S

T Selector
PD write B

{

HSSO |

HSCLK
d

N Selector

PD read

S B

A

Figure 3.5.28 Port-D(PD1,PD2)

Reset

Direction control

(on bit basis)

L)
PDCR write

Function control

Internal data bus

(on bit basis)

L)
PDFC write
T —
Function control

(on bit basis)

)
PDFC2 write

S

Output latch

T .
PD write

A S

Selector

Open drain
control

[ ]PD1(HSSO0)
PD2(HSCLKO)

Open drain setup is possible.
(<PD4F2>=1)

B

TXD2 J

d

S B

—

N
PD read

Selector
A

L~

Figure 3.5.29 Port D(PD4)

[ ] PD4 (TXD2)
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— | PD5(SCLK2/CTS2)

Relset
~ M
Direction control
(on bit basis)
L)
PDCR write
Function control
9 (on bit basis)
o)
© T .
k= PDFC write
©
g S
Q
£ | Output latch A S
) N
PD write Selector l/\
B
SCLK2 |,
output S B
Selector
~ PD read A
SCLK2
CTS2
input

Figure 3.5.30 Port D(PD5)
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Port D register
7 6 5 4 3 2 1 0
PD bit Symbol PD5 PD4 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 PD5C PD4C PD3C PD2C PD1C PDOC
(0036H) | Read/write . W.
After reset 0 : 0 : 0 > 0 : 0 0
Refer.to following.table
Port D Function register
PDFC 7 6 5 4 3 2 1 0
(0037H) bit Symbol PD5F PD4F PD3F PD2F PD1F PDOF
Read/Write W
After reset 0 0 0 : 0 } 0 0
Function Refer to following table
Port D_Function register 2
7 6 5 4 3 2 1 0
bit Symbol PD4F2
PDEC2 | Read/Write W
(0035H) | After reset 0
Refer to
Function following
table
Port D function setting
<PDxF2> | <PDxF> | <PDxC> PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Input port Input port Input port Input port Input port
0 0 1 Output port Output port Output port Output port Output port Output port
0 1 0 SCLK2/ CTS2 Reserved RXD2 Reserved Reserved HSSI0
0 1 1 SCLK2 output TXD2(0.D Dis) | Reserved HSCLKO HSSO0 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 TXD2(0.D Ena)

Note 1) Read-modify-write is prohibited for PDCR, PDFC and PDFC2.
Note 2) RXD2, SCLK2 and cTs2 input are inputted into the serial bus interface 0 irrespective of a functional

setup of a port.

Note 3) HSSIO input are inputted into the high speed serial channel 0 irrespective of a functional setup of a port.
Note 4) PD4 do not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.31 Port D register
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3.5.9 Port F (PFO to PF6)

Port F is an 7-bit general-purpose I/O port.
There are the following functions in addition to an 1/O port.
* The input function of 8-bit timer O(TAOIN)
+ The output function of 8-bit timer 1(TALOUT)
= The input function of 8-bit timer 2(TA2IN)
+ The output function of 8-bit timer 3(TA3OUT)
* The input function of 8-bit timer 4(TA4IN)
+ The output function of 8-bit timer 5(TA5S0OUT)
+ The input function of 8-bit timer 6(TAGIN)
* The input function of external interrupt(INTO to INT3)

These functions operate by setting the bit concerned of PFCR; PFFC and PEFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action; and all bits serve as an input
port. Moreover, the output latch of all bit is set to™"1™

Reset

Direction control
(on bit basis)

)
PFCR write
Function control
(on bit basis)

PFFC write
Function control
(on_bit basis)

Internal data bus

PFFC2 write

¥ N

S * 1 D PFO(TAOIN/INTO)
Output latch PF2(TA2IN/INT1)
= PF4(TA4IN/INT2)

() PF6(TAGIN/INT)

PF write
S B @

<1 Selector
Al

< PF-read

INTO

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PFO,PF2,PF4,PF6)
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Reset

Direction control
(on bit basis)

*
PFCR write

Function control
(on bit basis)

)
PFFC write

S
Outpyt latch

Internal data bus

N PF1(TA10UT)
Selector | >—1 [ ] PF3(TA30UT)

T
PF write B PF5(TA50UT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1,PF3,PF5)
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Port F register
7 6 5 " 2 1 0
PF bit Symbol PF6 PF5 PF4 | PF3 PF2 PF1 PFO
(003CH)| Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port F Control register
7 6 5 4 3 2 1 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PF1C PFOC
(003EH)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 0 0
Refer to following table
Port F Function register
7 6 5 | 4 1 3 2 1 0
PFFC | bit Symbol PF6F PFS5F ! PF4F : PF3F PF2F PF1F PFOF
(003FH) | Read/Write W
After reset 0 0o . 0o i.vo )] o /o 0
Function Refer to following table
Port F Functionregister 2
7 6 5 | 4 1.3 2 1 0
PFFC2 | _bit Symbol PF6F2 PF4F2 PF2F2 PFOF2
(003DH) | Read/Write w oW w W
After reset 0 : 0 0 0
Refer to Refer'to Refer to Refer to
Function following following following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PF5 PF4 PF3 PF2 PF1 PFO
0 0 0 Input port Input port Input port Input-port Input port Input port Input port
0 0 1 Output port”|/Output port | Output port-| Output port-} Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Reserved TA2IN Reserved TAOIN
0 1 1 Reserved TA50UT Reserved TA30UT Reserved TALOUT Reserved
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 INT3 INT2 INT1 INTO
1 1 1 Reserved Reserved Reserved Reserved

Note 1) Read-modify-write/is prohibited for PFCR,PFFC and PFFC2.
Note-2)-TAOIN, TA2IN, TA4IN-and TABIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup ofa port.

Figure 3.5.34 Port F register
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3.5.10 PortJ (PJO to PJ7)

Port J is an 8-bit general-purpose 1/O port.
There are the following functions in addition to an 1/O port.

+ The output function of 16-bit timer 0(TBOOUTO, TBOOUT1)
* The output function of 16-bit timer 1(TB1OUTO, TB1OUT1)
* The output function of 16-bit timer 2(TB20OUTO, TB20OUT1)
* The output function of 16-bit timer 3(TB3OUTO, TB3OUT1)
* The output function of 16-bit timer 4(TB4OUTO, TB4OUTI1)
+ The output function of 16-bit timer 5(TB50UTO0, TB50UT1)

These functions operate by setting the bit concerned of PICR, PJFC and PJFC2 register. All the bits
of PJCR, PJFC and PJFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.

Moreover, the output latch of all bit is set to "1".

~ Reset
Direction control
(on bit basis)
[
PJCR write
Function control
2]
2 (on bit basis)
Jut [
3 PJFC write
e
8 N A S
1= Output latch PJO(TBOOUTO)
T Selector [ ]PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT, ] Selector
J ~
PJ read A

Figure 3.5.35 Port J(PJO,PJ1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
r
PJFC write
Function control)
3 (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TB4OUTO)
o S
£ A S (TB2OUT1/
IS OUtpUt latch TB4OUT1)
= T Selector
PJ write
spons B (TB30UTO/
TB20UT1 FBooY10)
TB3OUTO —>{p S
TB30OUT1 (TB30OUTY/
TB4OUTO Selector TB50UT1)
TB4OUT1 —>(B
TB50UTO ——
TB50UT1 S B
e
<1 Selector
™~ PJ read A
Figure 3.5.36' Port J(PJ4,PJ5,PJ6,PJ7)
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Port J register

7 6 5 4 | 3
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readiwrite RW
After reset Data from external port(Output latch register is set to “1")
Port J Control register
7 6 5 4 3
PJCR bit Symbol PJ7C PJ6C PJ5C PJ4C PJ3C PJ2C PJ1C PJOC
(004EH) | Read/write W
After reset 0
Refer to following table
Port J Function register
7 6 5 ’ 4 ’ 3
PJFC | _bit Symbol PJ7F PJ6F PJSF : PJ4F : PJ3F PJ2F PJ1F PJOF
(004FH) | Read/Write W
After reset 0 0 0 0 ' 0 |
Function Refer tofollowing-table
Port J Function-register 2
7 6 5 (/4 1.3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —PJAF2 .
(004DH) | Read/Write
After reset 0 0 0 ; 0 :
Function Refer to following table
Port J function setting
<Pix2> | <PJXF> | <PJxC> PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port-|-Output port”| Output port | Output port_| Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB30UTO TB20UTY TB20OUTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reserved Reserved Reserved
1 1 1 TB50UT1 | TB50UTO |.TB4OUT1 | TB4OUTO
Note ) Read-modify-write‘is prohibited for PJICR,PJFC and PJFC2.
Figure 3.5.37 Port J register
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3.5.11 Port K (PKO to PK7)

Port K are a port only for inputs.

There are the following functions in addition to an input port.
+ The input function of 16-bit timer O(TBOINO, TBOIN1)
* The input function of 16-bit timer 1(TB1INO, TB1IN1)
 The input function of 16-bit timer 2(TB2INO, TB2IN1)
+ The input function of 16-bit timer 3(TB3INO, TB3IN1)
+ The input function of external interrupt(INT4 to INTB)

These functions operate by setting the bit concerned of PKFCand PKFC2 register. All the bits of
PKFC and PKFC2 are cleared to "0" by the reset action, and all bits serve as an input port.

Reset
Function control
(on bit basis)
[2]
2 PKFC write
© .
= Function control
= (on bit basis)
€ )
PKFC2 write
‘/II“' @—D PKO(TBOINO/INT4)
N PK redd PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Select levelledge PKS(TB2INL/INT9)
INT7 \\—‘— A 9 i PK6(TB3INO/INTA)
-
INT8 Select rising/falling PK7(TB3INL/INTB)
INT9
INTA
INTB HMC2<I4LE,I5LE,I6LE I7LE,I8LE,I9LE,IALE,IBLE >
TBOINO HMC3<I4EDGE,I5EDGE,I6EDGE,|7EDGE,
ISEDGE,I9EDGE,IAEDGE,|BEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INL
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register

6 5 4 | 3 1
PK bit Symbol PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
(0050H) Read/Write R
After reset Data from external port
Port K Function register
6 5 | 4 | 3 1
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 ! 0 ! 0 ! 0 | | 0 |
Function Refer to following table
Port K Function register 2
6 5 i 4 i 3 1
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0051H) | Read/Write W
After reset 0 0 0 I 0 | i 0 |
Function Refer tofollowing-table
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INO TB1IN1 TB1INO TBOIN1 TBOINO
1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 INTB INTA INT9 INT8 INT7 INT6 INT5 INT4

Note 1) Read-modify-write is prohibited for'PKFC and PKFC2.
Note 2) TBOINO/1, TB1INO/1, TB2INO/1 and TB3INO/1 input is inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of a functional setup of a‘port:

Note 3) In setting (TBOINO-to TB3IN1)-of setting (INT4to INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details.

Figure 3.5.39 Port K register

and <PKxF>=1, the operation of the HALT release is different.
Refer to Table 3.3.6 HALT release source.of 3.3.6-standby control part and the operation of the HALT
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3.5.12 Port L (PLO to PL7)

Port L is an 8-bit general-purpose 1/O port.
PL1 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
» The output function of pattern generator 0(PG00 to PG03)
* The output function of pattern generator 1(PG10 to PG13)
+ The 1/O function of the serial cannel 3(RXD3, TXD3, SCLK3/@)
* The output function of 8-bit timer 7(TA70UT)
* The 1/O function of the high speed channel 1(HSSI1, HSSO1, HSCLK1)

These functions operate by setting the bit concerned of PLCR, PLFC and PLFC2 register. All the bits
of PLCR, PLFC and PLFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.
Moreover, the output latch of all bit is set to "1".

M Refet

Direction control
(on bit basis)

1
PLCR write
T —3
Function control
(on bit basis)

L)
PLFC write

Internal data bus

Function control
(on bit basis)

A
PLFC2 write

S
| Outptu latch A S
T Selector N PLO
PY yirite l—’ B (PGOO/RXD3)
PG00 PL4
PG10 S B (PG1O/HSSI1)
ﬂ Selector
PL read A
N
RXD3
HSSI1

Figure 3.5.40 Port L(PLO,PL4)

92CM27-111 2005-04-20



TOSHIBA

™

P92CM27

Reset

Direction control

(on bit basis)

1
PLCR write

Function control

Internal data bus

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis)

)
PLFC2 write

S
Output latch

A S

T Selector
PL write B

PGl ———>|A S

Selector
™I g

—

S B

Y Selector

Open drain possible
<PL2F2><PL2F>=11

PL1
(PGO1/TXD3)

PL read A

Figure 3.5.41 Port L(PLL)

Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(onbit basis)

r
PLFC write
——
Function control
(on bit basis)

1
PLFC2 write

S
Output latch

A S

PL2

T Selector
PL write B

PGO2 ————|A S

| r
SCLK3 > BSe ecto

—

S B

N Selector

PL read Al

SCLK3

CTS3
input

Figure 3.5.42 Port L(PL2)

] (PGO2/
SCLK3/CTS3)
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Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(on bit basis)

r
PLFC write
—
Function control
(on bit basis)

1
PLFC2 write

S

Output latch

T
PL write

A S

P~ .

Selector
B

pGo3 — A S

Selector
TATOUT (¢

o~

Internal’data bus

PL read

S B

Selector

L~

A

Figure 3.5.43 Port L(PL3)

Reset

Direction control

(on'bit,basis)

0
PLCR write

Function control

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis) |]

[
PLFC2 write

S

A S

Output latch

T -
PL write

Selector
B

PGl —————>{A S

PG12
Selector
e M Y

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

]

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLKZ1)
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Reset

Direction control
(on bit basis)

r
PLCR write

Function control
(on bit basis)

)
PLFC write

S
Output latch

A S

Internal data bus

Selector I[\/ \% [] PL7(PG13)

1
PL write B
J <
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Port L(PL7)
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Port L register

7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054 | Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port L Control register
7 6 5 4 3 2 1 0
PLCR bit Symbol PL7C PL6C PL5C PLAC PL3C PL2C PL1C PLOC
(0056H) | Read/write . . . . W . : .
After reset 0 i 0 i 0 i 9 i 0 i 0 i 0 i 0
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC bit Symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) | Read/Write W
After reset 0 0 0 0 0 0 0 0
Function Refer to following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PL6F2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<PLxF2> | <PLXF> | <PLXC> PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port | Output port | Output-port |-Output port [ Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 PG13 PG12 PG11 PG10 PGO03 PG02 PGO01 PG00
1 0 0 Reserved Reserved | HSSI1 Reserved |SCLK3/ CTS3 | Reserved | RXD3
1 0 1 HSCLK1 HSSO1 Reserved Reserved SCLK3 o3 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 1 Reserved Reserved Reserved TA7OUT Reserved D3 Reserved
(O.D Ena)

Note 1) Read-modify-write is prohibited for PLCR, PLFC and PLFC2.
Note 2) RXD3, SCLK3 and cTs3 input are inputted into the serial bus interface 3 irrespective of a functional
setup of a port.
Note 3) HSSI1 input are inputted into the high speed serial channel O irrespective of a functional setup of a port.
Note 4) PL1 does not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.46 Port L register
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3.5.8 Port D(PDO to PD5)

Port D is an 6-bit general-purpose 1/O port.
PD4 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
* The 1/O function of the serial cannel 2(RXD2, TXD2, SCLKZ/@)
* The I/0 function of the high speed channel 0(HSSI0, HSSOO0, HSCLKO)

These functions operate by setting the bit concerned of PDCR, PDFC and PDFC2 register. All the
bits of PDCR, PDFC and PDFC2 are cleared to "0" by the reset action, /and all bits serve as an input
port. Moreover, the output latch of all bit is set to "1".

N\ R?et
Direction control
(on bit basis)

1
PDCR write

Function control
(on bit basis)

A
PDFC write

2

S

Output latch _|
T >

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

1
< Selector
I~ PD read A

HSSIO
RXD2

Figure 3.5.27 Port D(PDO0,PD3)
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Reset

Direction control

(on bit basis)

*
PDCR write

Function control

Internal data bus

(on bit basis)

()
PDFC write

S
Outpyt latch

A S

T Selector
PD write B

{

HSSO |

HSCLK
d

N Selector

PD read

S B

A

Figure 3.5.28 Port-D(PD1,PD2)

Reset

Direction control

(on bit basis)

L)
PDCR write

Function control

Internal data bus

(on bit basis)

L)
PDFC write
T —
Function control

(on bit basis)

)
PDFC2 write

S

Output latch

T .
PD write

A S

Selector

Open drain
control

[ ]PD1(HSSO0)
PD2(HSCLKO)

Open drain setup is possible.
(<PD4F2>=1)

B

TXD2 J

d

S B

—

N
PD read

Selector
A

L~

Figure 3.5.29 Port D(PD4)

[ ] PD4 (TXD2)
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— | PD5(SCLK2/CTS2)

Relset
~ M
Direction control
(on bit basis)
L)
PDCR write
Function control
9 (on bit basis)
o)
© T .
k= PDFC write
©
g S
Q
£ | Output latch A S
) N
PD write Selector l/\
B
SCLK2 |,
output S B
Selector
~ PD read A
SCLK2
CTS2
input

Figure 3.5.30 Port D(PD5)
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Port D register
7 6 5 4 3 2 1 0
PD bit Symbol PD5 PD4 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 PD5C PD4C PD3C PD2C PD1C PDOC
(0036H) | Read/write . W.
After reset 0 : 0 : 0 > 0 : 0 0
Refer.to following.table
Port D Function register
PDFC 7 6 5 4 3 2 1 0
(0037H) bit Symbol PD5F PD4F PD3F PD2F PD1F PDOF
Read/Write W
After reset 0 0 0 : 0 } 0 0
Function Refer to following table
Port D_Function register 2
7 6 5 4 3 2 1 0
bit Symbol PD4F2
PDEC2 | Read/Write W
(0035H) | After reset 0
Refer to
Function following
table
Port D function setting
<PDxF2> | <PDxF> | <PDxC> PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Input port Input port Input port Input port Input port
0 0 1 Output port Output port Output port Output port Output port Output port
0 1 0 SCLK2/ CTS2 Reserved RXD2 Reserved Reserved HSSI0
0 1 1 SCLK2 output TXD2(0.D Dis) | Reserved HSCLKO HSSO0 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 TXD2(0.D Ena)

Note 1) Read-modify-write is prohibited for PDCR, PDFC and PDFC2.
Note 2) RXD2, SCLK2 and cTs2 input are inputted into the serial bus interface 0 irrespective of a functional

setup of a port.

Note 3) HSSIO input are inputted into the high speed serial channel 0 irrespective of a functional setup of a port.
Note 4) PD4 do not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.31 Port D register
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3.5.9 Port F (PFO to PF6)

Port F is an 7-bit general-purpose I/O port.
There are the following functions in addition to an 1/O port.
* The input function of 8-bit timer O(TAOIN)
+ The output function of 8-bit timer 1(TALOUT)
= The input function of 8-bit timer 2(TA2IN)
+ The output function of 8-bit timer 3(TA3OUT)
* The input function of 8-bit timer 4(TA4IN)
+ The output function of 8-bit timer 5(TA5S0OUT)
+ The input function of 8-bit timer 6(TAGIN)
* The input function of external interrupt(INTO to INT3)

These functions operate by setting the bit concerned of PFCR; PFFC and PEFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action; and all bits serve as an input
port. Moreover, the output latch of all bit is set to™"1™

Reset

Direction control
(on bit basis)

)
PFCR write
Function control
(on bit basis)

PFFC write
Function control
(on_bit basis)

Internal data bus

PFFC2 write

¥ N

S * 1 D PFO(TAOIN/INTO)
Output latch PF2(TA2IN/INT1)
= PF4(TA4IN/INT2)

() PF6(TAGIN/INT)

PF write
S B @

<1 Selector
Al

< PF-read

INTO

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PFO,PF2,PF4,PF6)
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Reset

Direction control
(on bit basis)

*
PFCR write

Function control
(on bit basis)

)
PFFC write

S
Outpyt latch

Internal data bus

N PF1(TA10UT)
Selector | >—1 [ ] PF3(TA30UT)

T
PF write B PF5(TA50UT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1,PF3,PF5)
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Port F register
7 6 5 " 2 1 0
PF bit Symbol PF6 PF5 PF4 | PF3 PF2 PF1 PFO
(003CH)| Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port F Control register
7 6 5 4 3 2 1 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PF1C PFOC
(003EH)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 0 0
Refer to following table
Port F Function register
7 6 5 | 4 1 3 2 1 0
PFFC | bit Symbol PF6F PFS5F ! PF4F : PF3F PF2F PF1F PFOF
(003FH) | Read/Write W
After reset 0 0o . 0o i.vo )] o /o 0
Function Refer to following table
Port F Functionregister 2
7 6 5 | 4 1.3 2 1 0
PFFC2 | _bit Symbol PF6F2 PF4F2 PF2F2 PFOF2
(003DH) | Read/Write w oW w W
After reset 0 : 0 0 0
Refer to Refer'to Refer to Refer to
Function following following following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PF5 PF4 PF3 PF2 PF1 PFO
0 0 0 Input port Input port Input port Input-port Input port Input port Input port
0 0 1 Output port”|/Output port | Output port-| Output port-} Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Reserved TA2IN Reserved TAOIN
0 1 1 Reserved TA50UT Reserved TA30UT Reserved TALOUT Reserved
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 INT3 INT2 INT1 INTO
1 1 1 Reserved Reserved Reserved Reserved

Note 1) Read-modify-write/is prohibited for PFCR,PFFC and PFFC2.
Note-2)-TAOIN, TA2IN, TA4IN-and TABIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup ofa port.

Figure 3.5.34 Port F register
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3.5.10 PortJ (PJO to PJ7)

Port J is an 8-bit general-purpose 1/O port.
There are the following functions in addition to an 1/O port.

+ The output function of 16-bit timer 0(TBOOUTO, TBOOUT1)
* The output function of 16-bit timer 1(TB1OUTO, TB1OUT1)
* The output function of 16-bit timer 2(TB20OUTO, TB20OUT1)
* The output function of 16-bit timer 3(TB3OUTO, TB3OUT1)
* The output function of 16-bit timer 4(TB4OUTO, TB4OUTI1)
+ The output function of 16-bit timer 5(TB50UTO0, TB50UT1)

These functions operate by setting the bit concerned of PICR, PJFC and PJFC2 register. All the bits
of PJCR, PJFC and PJFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.

Moreover, the output latch of all bit is set to "1".

~ Reset
Direction control
(on bit basis)
[
PJCR write
Function control
2]
2 (on bit basis)
Jut [
3 PJFC write
e
8 N A S
1= Output latch PJO(TBOOUTO)
T Selector [ ]PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT, ] Selector
J ~
PJ read A

Figure 3.5.35 Port J(PJO,PJ1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
r
PJFC write
Function control)
3 (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TB4OUTO)
o S
£ A S (TB2OUT1/
IS OUtpUt latch TB4OUT1)
= T Selector
PJ write
spons B (TB30UTO/
TB20UT1 FBooY10)
TB3OUTO —>{p S
TB30OUT1 (TB30OUTY/
TB4OUTO Selector TB50UT1)
TB4OUT1 —>(B
TB50UTO ——
TB50UT1 S B
e
<1 Selector
™~ PJ read A
Figure 3.5.36' Port J(PJ4,PJ5,PJ6,PJ7)
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Port J register

7 6 5 4 | 3
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readiwrite RW
After reset Data from external port(Output latch register is set to “1")
Port J Control register
7 6 5 4 3
PJCR bit Symbol PJ7C PJ6C PJ5C PJ4C PJ3C PJ2C PJ1C PJOC
(004EH) | Read/write W
After reset 0
Refer to following table
Port J Function register
7 6 5 ’ 4 ’ 3
PJFC | _bit Symbol PJ7F PJ6F PJSF : PJ4F : PJ3F PJ2F PJ1F PJOF
(004FH) | Read/Write W
After reset 0 0 0 0 ' 0 |
Function Refer tofollowing-table
Port J Function-register 2
7 6 5 (/4 1.3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —PJAF2 .
(004DH) | Read/Write
After reset 0 0 0 ; 0 :
Function Refer to following table
Port J function setting
<Pix2> | <PJXF> | <PJxC> PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port-|-Output port”| Output port | Output port_| Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB30UTO TB20UTY TB20OUTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reserved Reserved Reserved
1 1 1 TB50UT1 | TB50UTO |.TB4OUT1 | TB4OUTO
Note ) Read-modify-write‘is prohibited for PJICR,PJFC and PJFC2.
Figure 3.5.37 Port J register
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3.5.11 Port K (PKO to PK7)

Port K are a port only for inputs.

There are the following functions in addition to an input port.
+ The input function of 16-bit timer O(TBOINO, TBOIN1)
* The input function of 16-bit timer 1(TB1INO, TB1IN1)
 The input function of 16-bit timer 2(TB2INO, TB2IN1)
+ The input function of 16-bit timer 3(TB3INO, TB3IN1)
+ The input function of external interrupt(INT4 to INTB)

These functions operate by setting the bit concerned of PKFCand PKFC2 register. All the bits of
PKFC and PKFC2 are cleared to "0" by the reset action, and all bits serve as an input port.

Reset
Function control
(on bit basis)
[2]
2 PKFC write
© .
= Function control
= (on bit basis)
€ )
PKFC2 write
‘/II“' @—D PKO(TBOINO/INT4)
N PK redd PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Select levelledge PKS(TB2INL/INT9)
INT7 \\—‘— A 9 i PK6(TB3INO/INTA)
-
INT8 Select rising/falling PK7(TB3INL/INTB)
INT9
INTA
INTB HMC2<I4LE,I5LE,I6LE I7LE,I8LE,I9LE,IALE,IBLE >
TBOINO HMC3<I4EDGE,I5EDGE,I6EDGE,|7EDGE,
ISEDGE,I9EDGE,IAEDGE,|BEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INL
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register

6 5 4 | 3 1
PK bit Symbol PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
(0050H) Read/Write R
After reset Data from external port
Port K Function register
6 5 | 4 | 3 1
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 ! 0 ! 0 ! 0 | | 0 |
Function Refer to following table
Port K Function register 2
6 5 i 4 i 3 1
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0051H) | Read/Write W
After reset 0 0 0 I 0 | i 0 |
Function Refer tofollowing-table
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INO TB1IN1 TB1INO TBOIN1 TBOINO
1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 INTB INTA INT9 INT8 INT7 INT6 INT5 INT4

Note 1) Read-modify-write is prohibited for'PKFC and PKFC2.
Note 2) TBOINO/1, TB1INO/1, TB2INO/1 and TB3INO/1 input is inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of a functional setup of a‘port:

Note 3) In setting (TBOINO-to TB3IN1)-of setting (INT4to INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details.

Figure 3.5.39 Port K register

and <PKxF>=1, the operation of the HALT release is different.
Refer to Table 3.3.6 HALT release source.of 3.3.6-standby control part and the operation of the HALT
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3.5.12 Port L (PLO to PL7)

Port L is an 8-bit general-purpose 1/O port.
PL1 can be set as an open drain output.
There are the following functions in addition to an 1/O port.
» The output function of pattern generator 0(PG00 to PG03)
* The output function of pattern generator 1(PG10 to PG13)
+ The 1/O function of the serial cannel 3(RXD3, TXD3, SCLK3/@)
* The output function of 8-bit timer 7(TA70UT)
* The 1/O function of the high speed channel 1(HSSI1, HSSO1, HSCLK1)

These functions operate by setting the bit concerned of PLCR, PLFC and PLFC2 register. All the bits
of PLCR, PLFC and PLFC2 are cleared to "0" by the reset action, andall bits serve as-an input port.
Moreover, the output latch of all bit is set to "1".

M Refet

Direction control
(on bit basis)

1
PLCR write
T —3
Function control
(on bit basis)

L)
PLFC write

Internal data bus

Function control
(on bit basis)

A
PLFC2 write

S
| Outptu latch A S
T Selector N PLO
PY yirite l—’ B (PGOO/RXD3)
PG00 PL4
PG10 S B (PG1O/HSSI1)
ﬂ Selector
PL read A
N
RXD3
HSSI1

Figure 3.5.40 Port L(PLO,PL4)
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Reset

Direction control

(on bit basis)

1
PLCR write

Function control

Internal data bus

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis)

)
PLFC2 write

S
Output latch

A S

T Selector
PL write B

PGl ———>|A S

Selector
™I g

—

S B

Y Selector

Open drain possible
<PL2F2><PL2F>=11

PL1
(PGO1/TXD3)

PL read A

Figure 3.5.41 Port L(PLL)

Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(onbit basis)

r
PLFC write
——
Function control
(on bit basis)

1
PLFC2 write

S
Output latch

A S

PL2

T Selector
PL write B

PGO2 ————|A S

| r
SCLK3 > BSe ecto

—

S B

N Selector

PL read Al

SCLK3

CTS3
input

Figure 3.5.42 Port L(PL2)

] (PGO2/
SCLK3/CTS3)
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Reset

Direction control

(on bit basis)

r
PLCR write

Function control

Internal data bus

(on bit basis)

r
PLFC write
—
Function control
(on bit basis)

1
PLFC2 write

S

Output latch

T
PL write

A S

P~ .

Selector
B

pGo3 — A S

Selector
TATOUT (¢

o~

Internal’data bus

PL read

S B

Selector

L~

A

Figure 3.5.43 Port L(PL3)

Reset

Direction control

(on'bit,basis)

0
PLCR write

Function control

(on bit basis)

[
PLFC write
T ——
Function control
(on bit basis) |]

[
PLFC2 write

S

A S

Output latch

T -
PL write

Selector
B

PGl —————>{A S

PG12
Selector
e M Y

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

]

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLKZ1)
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Reset

Direction control
(on bit basis)

r
PLCR write

Function control
(on bit basis)

)
PLFC write

S
Output latch

A S

Internal data bus

Selector I[\/ \% [] PL7(PG13)

1
PL write B
J <
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Port L(PL7)
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Port L register

7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054 | Read/write R/W
After reset Data from external port(Output latch register is set to “1")
Port L Control register
7 6 5 4 3 2 1 0
PLCR bit Symbol PL7C PL6C PL5C PLAC PL3C PL2C PL1C PLOC
(0056H) | Read/write . . . . W . : .
After reset 0 i 0 i 0 i 9 i 0 i 0 i 0 i 0
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC bit Symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) | Read/Write W
After reset 0 0 0 0 0 0 0 0
Function Refer to following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PL6F2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<PLxF2> | <PLXF> | <PLXC> PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
0 0 0 Input port Input port Input port Input port Input port Input port Input port Input port
0 0 1 Output port | Output port | Output-port |-Output port [ Output port | Output port | Output port | Output port
0 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 PG13 PG12 PG11 PG10 PGO03 PG02 PGO01 PG00
1 0 0 Reserved Reserved | HSSI1 Reserved |SCLK3/ CTS3 | Reserved | RXD3
1 0 1 HSCLK1 HSSO1 Reserved Reserved SCLK3 o3 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
1 1 1 Reserved Reserved Reserved TA7OUT Reserved D3 Reserved
(O.D Ena)

Note 1) Read-modify-write is prohibited for PLCR, PLFC and PLFC2.
Note 2) RXD3, SCLK3 and cTs3 input are inputted into the serial bus interface 3 irrespective of a functional
setup of a port.
Note 3) HSSI1 input are inputted into the high speed serial channel O irrespective of a functional setup of a port.
Note 4) PL1 does not have a register for 3-state/open drain setup.
Moreover, there is no open drain function at the time of an output port.

Figure 3.5.46 Port L register
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3.5.13 Port M (PMO to PM7)

Port M are a port only for inputs.

There are the following functions in addition to an input port.
+ The input function of A/D converter(ANO to AN7)
+ The input function of Key input(KIO to KI7)

These functions operate by setting the bit concerned of PMFC and KIEN register. PMFC is set in
"1", is reset KIEN in "0" by the reset operation, and all bits become analog inputs.

Kw|  PMO to PM7
8-OR

rising/falling
edge detection

Reset

Function control
(on bit basis)

[y
PMFC write
Reset

Key input
rising/falling
control
(on bit basis)

PMO to PM7
(KIO to KI7/ANO to AN7)

KICR write
Reset

Internal data bus

Key input
—>| ENABLE
(on bit basis)

Ao
KIEN write
A

‘rl

PM read

Conversion
Resut || A/D [ | Channel

Converter Selector

ADREG read Register

Figure 3.5:47 Port M(PMO to PM7)
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Port M register
7 6 5 4 3 2 1 0
PM bit Symbol PM7 PM6 PM5 PM4 PM3 PM2 PM1 PMO
(0058H) Read/Write R
After reset Data from external port
Note) The input channel selection of the A/D converter is set by A/D converter mode register ADMOD1.
Port M Function register
7 6 5 4 3 2 1 0
PMFC | bit Symbol PM7F PM6F PM5F PM4F PM3F PM2FE PM1F PMOF
(005BH) Read/Write W
After reset 1 1 1 1 | 1 1 l 1 1
0: Input port/Key input  1: Ahalog input
Key input Enable register
7 6 5 4 3 2 1 0
KIEN ] bit Symbol KI7EN KIGEN KISEN KI4EN KI3EN KI2EN KI1EN KIOEN
(009EH) Read/Write W
After reset 0 0 0 0 0 0 0 0
KI7 input | KI6input |KI5input [Kl4input |KI3input |[KI2input JKI1linput [KIO input
0: Disable |0: Disable |0: Disable /| 0: Disable ] 0: Disable |0: Disable | 0: Disable [0: Disable
1: Enable |1: Enable |1:Enable ' |1: Enable |1: Enable |1: Enable |1:Enable |1:Enable
Key-input Control register
7 6 5 4 3 2 1 0
KICR | bit Symbol KI7ZEDGE | KIGEDGE | KISEDGE | KI4EDGE | KISEDGE | KI2EDGE | KI1IEDGE | KIOEDGE
(009FH) Read/Write W
After reset 0 0 0 0 0 0 0 0
KI7 edge [KI6 edge |KI5edge |Kl4 edge. |KI3-edge |KI2edge |KI1ledge [KIO edge
0: Rising |0:Rising. |0: Rising |0: Rising-[0:Rising |0: Rising [0: Rising |O0: Rising
1: Falling | 1:Falling ' [ 1: Falling [1: Falling |1: Falling |1: Falling |1: Falling |1: Falling

Note) Read-modify-write is prohibited for/PMFC, KIEN and KICR.

Figure 3.5.48 “Port M register
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3.5.14 Port N(PNO to PN3)

Port N are a port only for inputs.

There are the following functions in addition to an input port.
* The input function of A/D converter(AN8 to AN10, AN11/ ADTRG )
+ The input function of Key input(KIO to KI7)

These functions operate by setting the bit concerned of PNFC and KIEN register. PNFC is set in "1"
by the reset operation, and all bits become analog inputs.

Reset

Function control
(on bit basis)

4
PNFC write

A PNO(ANS)
™ — | PN1(AN9)
PN read PN2(AN10)
PN3(AN11, ADTRG)

Internal data bus

Conversion
Result |

AD read Register

A/D /|| Channel
Converter Selector

ADTRG 0 (j]
(only PN3)

Figure 3.5.49 Port N(PNO. to PN3)
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Port N register
7 6 5 4 3 2 1 0
PN bit Symbol PN3 PN2 PN1 PNO
(O0SCH)|* Readiwrite R
After reset Data from external port

Note) The input channel selection of the A/D converter is set by A/D converter mode register ADMODL.
Moreover, the setting of AD trigger (ADTRG ) input permission is set by ADMOD2<ADTRGE >.
Port N Function register

7 6 5 4 3 2 1 0
PNFC | bit Symbol PN3F PN2E PN1F PNOF
(O0SFH) | Readwrite W
After reset 1 | 1 1 | 1
O:Input port  1: Analog'input

Note) Read-modify-write is prohibited for PNFC.

Figure 3.5.50 Port N register
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3.6 Memory Controller

3.6.1 Functions
TMP92CM27 has a memory controller with a variable 6-block address area that controls
as follows.
(1) 6-block address area support
Specifies a start address and a block size for 6-block address area (block 0 to 5).
e SRAM or ROM : All CS blocks (CS0 to CS5) are supported:
e SDRAM : Only CS3 blocks are supported.
e Page ROM : Only CS2 blocks are supported:

(2) Connecting memory specifications

Specifies SRAM, ROM and SDRAM as memories that connect with the selected
address areas.

(3) Data bus width selection

Whether 8 bits, 16 bits is selected as the data bus width 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 eycle. Read cycle and write cycle can specify the number of
waits individually.
The number of waits is-controlled in 6 mode mentioned below.
0 waits, 1 wait,
2 waits, 3 waits, 4 waits
N waits (controls with WAIT pin)

3.6.2  Control Registerand Operation after Reset Release

This section describes the registers that control the memory controller, the after reset
release state)and necessary settings.
(1) Control register
The control registers of the memory controller are follows and Table 3.6.1 and Table
3.6.2.

e Control register: BnCSH/BnCSL (n = 0 to 5, EX)
Sets the basic functions of the memory controller; the memory type that is

connected, the number of waits whish is read and written.

e/ Memory start-address register: MSARn (n = 0 to 5)
Sets a start address in the selected address areas.

e  Memory address mask register: MAMR (n = 0 to 5)
Sets a block size in the selected address areas.

e Page ROM control register: PMEMCR
Sets method of accessing page ROM.

92CM27-120 2005-04-20



TOSHIBA TMP92CM27
Table 3.6.1 Control Register
7 6 5 4 3 2 1 0

BOCSL Bit symbol BOWW2 BOWW1 BOWWO BOWR2 BOWR1 BOWRO
(0140H) | Read/MWrite 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 MOV19 Mov18 MOV17 MOV16 MOV15 MOV 14 to MOov8
(0142H) MOV9

Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSARO | Bit symbol MO0S23 MO0S22 MO0S21 MO0S20 M0S19 M0S18 MO0S17 MO0S16
(0143H) [ Read/write RIW

After reset 1 1 1 1 1 1 1 1
B1CSL Bit symbol B1WW2 B1WW1 B1WWO B1WR2 B1WRA1 B1WRO
(0144H) | Read/Write w W

After reset 0 1 0 0 1 0
B1CSH Bit symbol B1E - - B1REC B10OM1 B10OMO B1BUSH1 B1BUSO
(0145H) | Read/Write w

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMR1 | Bit symbol M1Vv21 M1V20 M1V19 M1V18 M1V17 M1V16 M1V15 to M1V8
(0146H) M1V9

Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSAR1 Bit symbol M1S23 M1S822 M1S21 M1S20 M1S19 M1S18 M1S817 M1S16
(0147H) [ Read/write RIW

After reset 1 1 1 1 1 1 1 1
B2CSL Bit symbol B2WW2 B2WWH1 B2WWO0 B2WR2 B2WR1 B2WRO
(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 M2V22 M2v21 M2V20 M2v19 M2V18 M2v17 M2V16 M2V15
(014AH) | Read/Write RIW

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

After reset 1 1 1 1 1 1 1 1
B3CSL Bit symbol B3WW2 B3WWH1 B3WwWO0 B3WR2 B3WR1 B3WRO
(014CH)_ " Read/Write w w

Afterreset 0 1 0 0 1 0
B3CSH Bit symbol B3E = - B3REC B30OM1 B30OMO B3BUS1 B3BUSO
(014DH) | Read/Write w

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMR3 | Bit symbol M3Vv22 M3V21 M3V20 M3V19 M3V18 M3V17 M3V16 M3V15
(014EH) | Read/Write RIW

After reset 1 1 1 1 1 1 1 1
MSAR3 | Bit symbol M3S23 M3S22 M3S21 M3S20 M3S19 M3S18 M3S17 M3S16
(014FH) [ Read/write RIW

After reset 1 1 1 I 1 1 1

Note 1: Always write “0”.
Note 2: Read modify write is prohibited for BhnCSL and BnCSH (n = 0 to 3) registers.
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Table 3.6.2 Control Register
7 6 5 4 3 2 1 0

B4CSL Bit symbol B4WW2 B4WWA1 B4WWO B4WR2 B4WR1 B4WRO0
(0150H) | Read/Write w w

After reset 0 1 0 0 1 0
B4CSH Bit symbol B4E B4M - B4REC B4OM1 B4OMO B4BUS1 B4BUSO
(0151H) | Read/Write w

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMR4 | Bit symbol M4v22 M4v21 M4V20 M4V19 M4V18 M4V17 M4V16 M4V15
(0152H) | Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSAR4 Bit symbol M4S23 M4S22 M4S21 M4S20 M4S19 M4S18 M4S17 M4S16
(0153H) | Read/Write RIW

After reset 1 1 1 1 1 1 1 1
B5CSL Bit symbol B5WW2 B5WW1 B5WWO B5WR2 B5WR1 B5WRO
(0154H) | Read/Write w W

After reset 0 1 0 0 1 0
B5CSH Bit symbol B5E - - B5REC B50M1 B50MO B5BUS1 B5BUSO
(0155H) | Read/Write w

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMRS5 | Bit symbol M5V22 M5Vv21 M5V20 M5V19 M5V18 M5V17 M5V16 M5V15
(0156H) | Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSARS5 | Bit symbol M5S23 M5S22 M5S21 M5S20 M5S19 M5S18 M5S17 M5S16
(0157H) | Read/Write RIW

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

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

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

After reset 0 | 0 | 0 1 0

Note 1: Always write “0”.
Note 2: Read modify write is prohibited-forBnCSL, BnCSH(n = 4 to 5), BEXCSH and BEXCSL registers.

(2) Operation after reset release

after reset release. Then, the external memory is accessed as follows

AM1 AMO Start Mode
0 0 Don’t use this setting
(0] 1 Start with 16-bit data bus (Note)
1 0 Start with 8-bit data bus (Note)
1 1 Don’t use this setting

SDRAM can’t be used.

Note: A memory to be used as starting after reset is either NOR flash, masked ROM.

width is the value which is set to the control register <BnBUS1:0> .

effective automatically (B2CSH<B2E> is set to “1” by reset).

The’/start data bus width is determined depending on state of AM1/AMO pins just

AM1/AMO pins are valid only just after release reset. In the other cases, the data bus

By reset, only control register (B2CSH/B2CSL) of the block address area 2 becomes
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The data bus width which is specified by AM1/AMO pins are loaded to the bit for
specification the bus width of the control register in the block address area 2.

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

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

Set the enable bit (BnCSH<BnE>) of the control register to“1”for enable the setting.
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3.6.3  Basic Functions and Register Setting
In this section, setting of the block address area, the connecting memory and the number
of waits out of the memory controller’s functions are described.
(1) Block address area specification
The block address area is specified by two registers.

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

(1) Memory start address register setting

The MS23 to 16 bits of the memory start address register correspond with
addresses A23 to A16 respectively. The lower start addresses Al5)to AO are
always set to address 0000H.

Therefore the start addresses-of the block address area-are set to addresses
000000H to FFOO00OH every 64 Kbytes.

(ii) Memory address mask registers setting

The memory address mask register sets whether an address bit is compared or
not. In register setting, “0”is “compare”, or “1”is “not compare”.

The address bits that can set depend on the block address area.
Block addressarea’0: A20 to A8
Block address area 1: A21 to A8
Block address'area 2 to 5: A22.to Alb

The upper bits are always compared. The block address area size is determined
by the compared result.

The size to be set depending on'the block address area is as follows.

Size (bytes)
256 512 | 32K | 64K 128K | 256 K| 512K | 1M 2M 4 M 8M
CS area
CSo o o o o o o o o o
CS1
CS2 to CS5 o o o o o o o o o

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

as follows.
MSAR1 Register
Bit 7 6 5 4 3 2 1 0
Bit symbol M1S23 M1822 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
Specified 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 set to “0”. Therefore if MSART is set-to above values, the start
address of the block address area is set to address 110000H.

MAMR1 Register

Bit 7 6 5 4 3 2 1 0
Bit symbol M1Vv21 M1V20 M1V19 M1V18 M1V17 M1V16  |M1V15.to M1V9 M1Vv8
Specified value 0 0 0 0 0 0 0 1

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

If it set to like an above setting, A23 toA9 is.compared with the value that is set
as the start addresses. Therefore 512 bytes (addresses 110000H to 1101FFH) are
set as the block address.area 1, and if itis.compared with the addresses on the bus,
the chip select signal CS1 is set to “low”.

The other block address area sizes-are specified like this.

A23 and A22 are always compared in the block address area 0. Whether A20 to
A8 are compared or not is set to register.

Similarly, A23 is always compared in block address areas 2 to 5. Whether A22 to
A15 are compared or not is/set to register.

Note 1: When the set block address area overlaps with the built-in memory area, or
both two address areas overlap, the block address area is processed
according to priority.as follows.

Built-in I/O > Built-in memory > Block address area0>1>2>3>4>5

Note 2: If address area that is set in CS0 to CS5 was accessed, area is regarded as
CSEX area. Therfore, wait number and data bus width controls becomes
setting of CSEX (BEXCSH, BEXCSL register).
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(2) Connection memory specification

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

<BnOM1:0> Bit (BnCSH Register)

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

Note 1: SDRAM should be set to block either 3.

(3) Data bus width specification

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

<BnBUS1:0> bit (BnCSH Register)

BnBUS 1 | BnBUS 0 Function
0 0 8-bit bus mode (Default)
0 1 16-bit bus mode
1 0 Don'’t use this setting
1 1 Don’t use this setting

Note: SDRAM should be set to either “01” (16-bit bus).

This method of changing the data bus width depending on the accessing address is
called “dynamic bus sizing”. Part which data is outputted is changed by changing data
size, bus width and start address.

Note: ~Since there is a possibility of abnormal writing/reading of the data if two memories
with-different bus width are put in consecutive address, do not execute a access to
both memories with one command.
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2)4n+4 b23 to b16 | b15 to b8
3)4n+6 XXXXX b31 to b24

Ope.rand Pata Operand Start Memory Data Size CPU Address CPU Data
Size (bit) Address (bit) D15to D8 | D7 to DO
4n+0 8/16 4n+0 XXXXX b7 to b0
4n +1 8 4an+1 XXXXX b7 to b0
8 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
4n+0 8 (1)4n+0 XXXXX b7 to b0
(2)4n+1 XXXXX b15 to b8
16 4n +0 b15to b8 | b7 to b0
4an +1 8 (1)4n+1 XXXXX b7 to b0
(2)4n+2 XXXXX b15 to b8
16 (1)4n+1 b7 to b0 XXXXX
16 (2)4n+2 XXXXX b15 to b8
4n + 2 8 (1) 4n+2 XXXXX b7 tob0
(2)4n+1 XXXXX b15to b8
16 4n+2 b15to b8 | b7 tob0
4n+3 8 (1)4n+3 XXXXX b7 to b0
(2)4n+4 XXXXX b15 to b8
16 (1)4n+3 b7to b0 XXXXX
(2)4n+4 XXXXX b15.to b8
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 b15to b8 | b7 to b0
(2)4n+2 b31 to'b24 | b23 to b16
4n +1 8 (H4n+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
32 (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 b15to 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
(
(

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

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

MHz).

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

<BnWR2:0>.
<BnWW>/<BnWR> (BnCSL Register)

<BnWW2> | <BhWW1> | <BnWWO0> Function

<BnWR2> | <BhWR1> | <BnWRO0>
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
1 1 1 6 states (4 waits) access fixed mode
0 1 1 WAIT -pin input mode

Others (Reserved)

Note 1: For SDRAM, above setting is invalid.-So, refer 3.13 SDRAM controller.

(i) Waits number fixed mode

The bus cycle is completed with the states which is set.-The number of states is

selected from 2 states (0 waits) to 6 states (4 waits).
(ii) WAIT pin input mode

This mode samples. the WAIT input pins. ‘And this mode inserts wait

continuously in during signal is actived. The bus ¢ycle is minimum 2 states. The

bus cycle is completed if the wait signal is non active (“High” level) at 2 states. The
bus cycle continue with that is extended if the wait signal is active at 2 states and

more.
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(5) Recovery (Data hold) cycle control
Some memory is defined an AC specification about data hold time by CE or OE for
read cycle. Therefore, a data confliction problem may occur. To avoid this problem,
1-dummy cycle can be inserted after CSm-block access cycle by setting “1” to
BmCSH<BmREC>.
This 1-dummy cycle is inserted when the next cycle is for another CS-block.

<BnREC> (BnCSH register)

0 No dummy cycle is inserted (Default).

Dummy cycle is inserted.

e  When no inserting a dummy cycle (0 waits)

sock  \__/ \_/ ./ \_/
A23 to AD X X
CSm /
o\ /-
% S\ V—

e  When inserting a dummy cycle (0 waits)

l<—Dummy—>»!

sooe — N\ N\
A23 to A j( I X
csm /
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(6) Basic bus timing

(a) External read/write cycle (0 waits)
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(¢) External read/write cycle (0 waits at WAIT pin input mode)
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Example of wait input cycle (5 waits)

WAIT

FF4
D

—1 CK

FF3
D

RES

RES

CK

L

FF2
D

RES

CK

L

FF1
D

cK_
RES

L

FFO
D

cK_
RES

socLk —>o f

CSn

SRWR
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(7) Connecting external memory

Figure 3.6.1 shows an example of method of connecting external 16-bit SRAM and
16-bit NOR flash to the TMP92CMZ27.

TMP92CM27 16-bit SRAM
RD OE
SRLLB LDS
SRLUB ubs
SRWR RW
€S0 CE
D [15:0] [€ =ttt /O [16:1]
A0
A1 A0
A2 A1
A3 A2
] ] ]
] ] ]
1 1 1
16-bit NOR flash
L> OE
L WE
cs2 CE
3| DQ [15:0]
A0
A1
A2
]
]
1

Figure 3.6.1 Example of External 16-Bit SRAM.and NOR Flash Connection
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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
TMP92CM27 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> of the PMEMCR register.

<OPWR1:0> (PMEMCR register)

<OPWR1> | <OPWRO0> | Number of Cycle in a Page
0 0 1 state (n-1-1<1.mode) (n 2 2)
0 1 2 state (n-2-2-2,mode) (n = 3)
1 0 3 state (n-3-3-3 mode) (n = 4)
1 1 (Reserved)

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

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

<PR1:0> Bit (PMEMCR register)

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

For the signal timing pulse, see ROM read cycle in section 4.3.2.
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3.6.5 Cautions

(1) Note the timing between CS and RD

If the parasitic capacitance of the RD (Read signal) is greater than that of the CS
(Chip select signal), it is possible that an unintended read cycle occurs due to a delay in
the read signal. Such an unintended read cycle may cause a trouble as in the case of (a)
in Figure 3.6.2.

spctic S\
A23 100 X X
CSm / \
Ccsn \ /
o o

(@)
Figure 3.6.2 Read Signal Delay Read Cycle

Example: When using an externally.connected NOR flash 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 NOR flash 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.

Memory access Toggle bit RD cycle

SDCLK

@MH2) ./ \ F\ /\

A23 to' A0

NOR flash
chip select

|

RD

Toggle bit

|

Figure 3.6.3 NOR Flash Toggle Bit Read Cycle

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

A chip select signal output has the case of a combination terminal with a general-purpose
port function. In this case, an output latch register and a function control register are

initialized by the reset action, and an object terminal is initialized by the port output ("1" or
"0") by it.

Internal

External

Internal

External

Functional change

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

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

/ A portiis set as CcSn .

Internal address bus n X C xx. ) X n+2 X

Function control signal

signal

Output port «1 | ( ¢sp

{ Pxx dn

A23 to A0 X n N = X

signal

Output pulse

The measure by software

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

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

1. Prohibition of use of an NMI function

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

3/ /A dummy command is added in order to carry out continuous internal access.
(Access to a functional change register is corresponded by 16-bit command.
(LDW command))

Aport is set asCSn .

/

Internal address bus C XX D) X CXX+1) X n+2 X

Dummy access

]
.
% Function control signal !
Output port <=+ cSn
[
E{ Pxx | l
3 A23 to AO n X n+2
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3.7 8-Bit Timers (TMRA)
The TMP92CM27 features 8 built-in 8-bit timers.
These timers are paired into four modules: TMRAO01, TMRA23, TMRA45 and TMRAG7. 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 3.7.4 show block diagrams for TMRAO1, TMRA23, TMRA45 and
TMRAGT7.

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:byte' controls SFR
(Special-function registers).

Each of the four modules (TMRAO1, TMRA23,, TMRA45 and TMRA67) can be operated
independently. All modules operate in the same manner; hence only the operation of TMRAO1
is explained here.

The contents of this chapter are asfollows.

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
. TMRAOL TMRA23 TMRA45 TMRAG67
Specification
Input pin.for TAOIN TA2IN TA4IN TAGIN
External external clock (Shared with PFQ) (Shared with PF2) (Shared with PF4) (Shared with PF6)
pin Qutput pin-for TA1OUT TA30OUT TA50UT TA7TOUT
timer flip-flop (Shared'with PF1) (Shared with PF3) (Shared with PF5) (Shared with PL3)
:Zg::e?UN TAOLRUN (1100H) TA23RUN (1108H) TA45RUN (1110H) TA67RUN (1118H)
3 ist TAOREG (1102H) TA2REG (110AH) TA4REG (1112H) TABREG (111AH)
SFR imer register TAIREG (1103H) TA3REG (110BH) TASREG (1113H) TA7REG (111BH)
(Address) | Timer mode
register TAOLMOD(1104H) TA23MOD(110CH) TA45MOD(1114H) TAG67MOD(111CH)
Timer flip-flop TALFFCR(1105H) TA3FFCR(110DH) TASFFCR(1115H) TA7FFCR(111DH)
control register
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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 fc=40 MHz
System _clock Gear Value Cycle

selection <GEAR2:0>

<SYSCK> : $T1 6T4 ¢T16 $T256
000 (fc) 2%/fc (0.2 ps) 2°/fc((0-8/ps) 27Ifc (3.2 ps) 2"/fc (51.2 us)
001 (fcr2) 2°Ifc (0.4 ps) 2%/fc (1:6 ps) 2%/fc (6.4 ps) 2"ffc (102.4 ps)

0(fc) 010 (fc/a) 2%/c (0.8 pus) 2/fc (3.2 ps) 2°fc (12.8 us) 2"%/fc (204.8 ps)

011 (fcrs) 2%/fc (1.6 pus) 2%/fc (6:4 ps) 2"%fc (25.6 ps) 2"/fc (409.6 ps)
100 (fc/16) 27/fc (3.2 us) 2%fc (12.8 ps) 2fc (512 pis) 2'%/fc (819.2 ps)

xxx: Don't care

(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 ¢T'16. The clock setting is
specified by the value set in TAOIMOD <TAOCLK1:0>.

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
TAO1IRUN<TAORUN>and TAOIRUN<TA1RUN> can be used to stop and clear the up
counters and to control their count. A reset releases both up counters, stopping the
timers:
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(38) Timer registers (TAOREG and TA1REG)

These are 8-bit registers, which can be used to set a time interval. When the value
set in the timer register TAOREG or TA1REG matches the value in the corresponding
up counter, the comparator match detect signal goes Active. If the value set in the
timer register is 00H, the signal goes active when the up counter overflows.

The TAOREG are double buffer structure, each of which makes a pair with register
buffer0.

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 buffer0 to
the timer registerO 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 registerO, set <TAORDE> to “1”, and write the following
data to the register buffer0 3.7.5 show the configuration of TAOREG.

Timer register AO (TAOREG) |

AN
P B (_C:(::: Match detecting PPG cycle
" Shift trigger PWM 2" overflow
99 Selector
| Register buffer 0 | ? Ale <— Write to TAOREG
2\
[ Write

Internal data bus 2 TAOIRUN<TASRQE>

Figure 3.7.5 __Timer Register A0 (TAOREG)

Note: The same memory address-is allocated to TAOREG and the register buffer0. When <TAORDE> =

“0", the same value is written to the register buffer0 and TAOREG, when <TAORDE> = 1, only the
register bufferO is written to.

The address of each timer register is as follows.

TAOREG:001102H TA1REG: 001103H
TA2REG: 00110AH TA3REG: 00110BH
TA4REG:001112H  TASREG: 001113H
TA6REG: 00111AH TA7REG: 00111BH

All these registers are write-only and cannot be read.
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(4) Comparator (CPO, CP1)

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

Note) The timer causes the overflow when the value below the-improvement counter
value is written in the timer register while the timer is working, and the generation of
interrupt by the expected value is not obtained.

(It is possible to operate normally if the changed set’value is more than the
improvement counter value.)

Moreover, the Compear circuit doesn't operate in~ writing only 8-bit subordinate
position bits when operating in 16-bit mode.

Therefore, please write it in 16-bit in order in 8-bit subordinate position bits and 8-bit
high rank bits.

(5) Timer flip-flop (TALFF)

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 TAIFFCR <TA1FFC1:0> sets TA1FF to 0
or 1. Programming “00” to these bits invertsthe value' of TA1FF. (This is known as
software inversion.)

The TA1FF signal is output via the TATOUT pin (which can also be used as PF1).
When this pin is used as the timer output, the timer/flip-flop should be set beforehand
using the port F function register PFCR and PFFC.

Inversion of TA1FE by each mode

8-bit timer mode “ Agreement of UCO-and TAOREG or agreements of UC1 and TA1REG.
16-bit timer mode :/Agreement of UCO and TAOREG and agreements of UC1 and TA1REG.
8-bit PWM mode : Agreement of overflow or UCO and TAOREG.
8-bit PPG mode :Agreement of UCO and TAOREG or agreements of UCO and TA1REG.
Note) When the change request by inversion and the register setting with the timer is
done at the same time, it is necessary to note it because it becomes the following
operatlon by the state at that time.

When inversion by the timer and inversion by register setup occur simultaneously.

— Only once inversion.

When inversion by the timer and "1" set by register setup occur simultaneously.

— Setto "1".

When inyversion-by the timer and "0" clear by register setup occur simultaneously.

— Clearto"0".
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3.7.3 SFRs
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1RUN| Bit symbol TAORDE 12TAO1 TAO1PRUN{ TA1RUN TAORUN
(1100H) Read/Write R/W R/W.
After reset 0 0 0 0 0
Function Double IDLE2 TMRAO1 Uct uco
buffer 0: Stop prescaler
0: Disable 1: Operate. | 0:'Stop and clear
1: Enable 1:Run.(Count up)

!

TAOREG double buffer control

‘—>Count operation

0 [Disable 0 -|'Stop and-clear
1 |Enable 1. |Count
Note: The values of bits 4 to 6 of TAOLRUN are undefined-when read.
TMRA23.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
Functi Doubl IDLE2 TMRA23
unction ouble ucs uc2
buffer 0: Stop prescaler
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)

l

TA2REG. double buffer control

0 Disable
1 Enable

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

‘—>Count operation

0 |Stop and clear
1 |Count

Figure 3.7.66666666 8-bit timer register(TAOLRUN,TA23RUN)
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TMRAA45 Run Register
7 6 5 4 3 2 1 0
TA45RUN| Bit symbol TA4RDE 12TA45 TA45PRUN [ TA5RUN TA4RUN
(AL10H) - I dwrite RIW RIW
After reset 0 0 0 0 0
Function Double IDLE2 TMRA45 UGS uca
buffer 0: Stop prescaler
0: Disable 1: Operate | 0:/Stop'and clear
1: Enable 1:'Run/(Count up)

l

TA4REG double buffer control

\—>Count operation

TA67RUN| Bit symbol
(1118H)

0 [Disable 0 |Stop.and clear
1 |Enable 1 .| Count
Note: The values of bits 4 to 6 of TA45RUN are undefined when read.
TMRAG67 Run Register
7 6 5 4 3 2 1 0
TA6RDE 12TA67 | TA67PRUN| TA7RUN TA6RUN
Read/Write R/W R/W
After reset 0 0 0 0 0
Function Double IDLE2 TMRAG7 uc? uce
buffer 0: Stop prescaler
0: Disable 1: Operate’ | Q- Stop and clear
1: Enable 1: Run (Count up)

}

TABREG double buffer control

0~ |Disable
1 |Enable

Note: The values of bits 4 to 6 of TA67RUN.are undefined when read.

\—>Count operation

0 [Stop and clear
1 |Count

Figure 3.7.7777777777777 8-bit timer register(TA45RUN,TA67RUN)
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TAOIMOD
(1104H)

TMRAO1 Mode

Register

7 6 5 4

3

2

1 0

Bit symbol

TAO1IM1 TAO01IMO PWMO1

TALCLK1

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

10:9T4

11: ¢T16

Note:

|—)TMRAO input clock

00

TAOIN (External-input)

01

T2 (Prescaler)

10

T4 (Prescaler)

11

$T16 (Prescaler)

—> TMRAL input clock

TAO1IMOD
<TA01M1:0> =01

TA01IMOD
<TA01M1:0> =01

00| Matching output for TMRAQ

o1 |¢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 FO.

Figure 3.7.8(1) - 8-bit timer register8888(TA01MOD)
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TA23MOD
(110CH)

TMRA23 Mode Register

7 6

5 4 3 2

1 0

Bit symbol

TA23M1 TA23MO

PWM21

TA3CLK1 | TA3CLKO

TA2CLK1 | TA2CLKO

Read/Write

RW

After reset

o | o

o | o o | o

o | o

Function

Operation mode

00: 8-bit timer mode
01: 16-bit timer mode
10: 8-bit PPG mode
11: 8-bit PWM mode

PWM cycle TMRAS3 source clock
00: Reserved 00: TA2TRG

01: 2° 01: ¢T1

10: 2 10: ¢T16

11: 28 11: ¢T256

TMRAZ2 source clock
00:-TA2IN pin input (Note)
01:¢T21

10:9T4

11: ¢T16

Note:

|—)TMRAZ input clock

00 |[TAZ2IN (External-input)
01 |¢T1(Prescaler)

10 |¢T4 (Prescaler)

11/ |¢T16 (Prescaler)

—> TMRAS3.input clock

TA23MOD
<TA23M1:0> =01

TA23MOD
<TA23M1:0> =01

00-.| Matching output for TMRA2

Overflow output for

o1 [¢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 {22 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)

When set TA2IN pin, set TA23MOD after set port F2.

Figure 3.7.8(2)8 8-bit timer register(TA23MOD)
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TA45MOD
(1114H)

TMRA45 Mode Register

7 6 5 4

3 2

1 0

Bit symbol

TA45M1 TA45M0 PWM41

TA5CLK1 | TASCLKO

TA4ACLK1 | TA4CLKO

Read/Write

RW

After reset

o | o o | o

o | o

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

TMRAGS source clock
00: TA4TRG

01: ¢T1

10: ¢T16

11: $T256

TMRA4 source clock
00:-TA4IN pin input (Note)
01:¢T1

10:9T4

11: ¢T16

Note:

|—)TMRA4 input clock

00

TA4IN (External-input)

01

T2 (Prescaler)

10

T4 (Prescaler)

11

$T16 (Prescaler)

—> TMRAD5.input clock

TA45MOD
<TA45M1:0>%01

TA45MOD
<TA45M1:0>=01

00-.| Matching output for TMRA4

Overflow output for

o1 [¢T1

TMRA4

10 |¢T16

11 |$T256

(16-bit timer mode)

L Select.cycle in PWM mode

00 |Reserved

01 |2°xClock source

10| 2" x Clock source

11 2% xClock source

>» Select operation mode for TMRA45

00 | Two 8-bit timer

01 | 16-bit timer

10 |8-bit PPG

11 |8-bit PWM (TMRA4),

8-bit timer (TMRAD5)

When. set TA4IN pin, set TA45MOD after set port F4.

Figure 3.7.9(3) 8-bit timer register(TA45MOD)
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TA67MOD
(111CH)

TMRA67 Mode Register

7 6

5 4 3 2

1 0

Bit symbol

TAG67M1 TAG67MO

PWM61

TA7CLK1 | TA7CLKO

TAG6CLK1 | TAG6CLKO

Read/Write

RW

After reset

o | o

o | o o | o

o | o

Function

Operation mode

00: 8-bit timer mode
01: 16-bit timer mode
10: 8-bit PPG mode
11: 8-bit PWM mode

PWM cycle TMRAY source clock
00: Reserved 00: TA6TRG

01: 2° 01: ¢T1

10: 2 10: ¢T16

11: 28 11: ¢T256

TMRAG source clock
00:-TA6IN pin input (Note)
01:¢T1

10:9T4

11: ¢T16

Note:

|—)TMRAG input clock

00 | TA6IN (External-input)
01 |¢T1(Prescaler)

10 |¢T4 (Prescaler)

11/ |¢T16 (Prescaler)

—> TMRA7-input clock

TA67MOD
<TA67M1:0>=01

TA67MOD
<TA67M1:0>=01

00-.| Matching output for TMRAG

Overflow output for

o1 [¢T1

TMRAG

10 |¢T16

11 |$T256

(16-bit timer mode)

L Select.cycle in PWM mode

00 |Reserved

01 |2°xClock source

10| 2" x Clock source

11 2% xClock source

> Select operation mode for TMRA67

00 | Two 8-bit timer

01 | 16-bit timer

10 |8-bit PPG

11 |8-bit PWM (TMRASG),

8-bit timer (TMRA7)

When set TA6IN pin, set TA67MOD after set port F6.

Figure 3.:7.10(4) 8-bit timer register(TA67MOD)
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TMRAL Flip Flop Control Register
6 5 4 3 2 1 0
TA1FFCR | Bit symbol TAL1FFC1 TA1FFCO TALFFIE TALFFIS
(1105H) Read/Write RIW
After reset 1 | 1 0 0
Read-modify Function 00: Invert TALFF TAL1FF TALFF
-write 01: Set TA1FF to “1” Inversion
instruction is 10: ClI TALFF 100 ‘contro-l for signal select
prohibited. - Clear 0 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.

Inversion signal for timer flip-flop 1 (TA1FF)
(Don't care exceptin-8-bit timer mode)

0 [Inversion by TMRAOQ

1 |Inversion by TMRAL

TALFF control for.inversion

0 |Disable inversion

1 | Enable-inversion

TFF1 control

00 (Invert TA1FF

01 [Set TALFF to “1”

10 |Clear TA1FF to “0”

11 |Don't care

Figure 3.7.11(1) 8-bit timer register(TALFFCR)

92CM27-151

2005-04-20



TOSHIBA TMP92CM27
TMRAS3 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 TA3FFCO TA3FFIE TAS3FFIS
110DH
( ) Read/Write R/W
After reset 1 | 1 0 0
Read-modify Function 00: Invert TA3FF TA3FF TA3FF
;wrtite ion i 01: Set TA3FF to “1” control for  [inversion
instruction is . wy i i
prohibited. 10: Clear TA3FF to 0" | [inversion |select
11: Don't care 0: Disable 0: TMRA2
1:Enable 1: TMRA3
Inverse signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)
0 |Invert TMRA2
1 |Invert TMRA3
TA3FF control for inversion
0 | Disable inversion
1 [Enable inversion
—> TA3FF control
00| Invert TA3SFF
) ) 01 | Set TA3FF to “1”
Note: The values of bits 4 to 7 of TASFFCR are-undefined when read.
10 [ Clear TA3FF to “0”

11 [ Don't care

Figure 3.7.9(2) 8-bit timer register(TASFFCR)
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TMRADS Flip-Flop Control Register
7 6 5 4 3 2 1 0
TASFFCR | Bit symbol TASFFC1 TA5FFCO TASFFIE TASFFIS
1115H
( ) Read/Write R/W
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TASFF TASFF TASFF
;Wrtite ion i 01: Set TASFF to “1” control for  |inversion
instruction is . wy i i
prohibited. 10: Clear TA5FF to 0" | [inversion |select
11: Don't care 0: Disable |0: TMRA4
1:Enable 1: TMRAS
Inverse signal for timer flip-flop 5 (TASFF)
(Don't care except in 8-bit timer mode)
0 |Invert TMRA4
1 |Invert TMRAS
TA5FF control for inversion
0 | Disable inversion
1 [Enable inversion
—> TASFF control
00| Invert TASFF
. . 01 | Set TASFF to “1”
Note: The values of bits 4 to 7 of TASFFCR are-undefined when read.
10 [ Clear TA5FF to “0”

11 [ Don't care

Figure 3.7.9(3) 8-bit timer register(TASFFCR)
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TMRAY Flip-Flop Control Register
7 6 5 4 3 2 1 0
TATFFCR | Bit symbol TA7FFC1 TATFFCO TATFFIE TATFFIS
111DH
( ) Read/Write R/W
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA7FF TATFF TATFF
;wrtite ion i 01: Set TA7FF to “1” control for  |inversion
instruction is . wy i i
prohibited. 10: Clear TA7FF to ‘0 . [inversion |select
11: Don't care 0: Disable 0: TMRAG6
1: Enable 1: TMRA7
Inverse signal for timer flip-flop 7 (TA7FF)
(Don't care except in 8-bit timer mode)
0 |Invert TMRAG
1 |Invert TMRA7
TAT7FF control for inversion
0 | Disable inversion
1 [Enable inversion
—> TAT7FF control
00 | Invert TA7FF
. . 01 | Set TA7FF to “1”
Note: The values of bits 4 to 7 of TA7FFCR are undefined when read.
10 | Clear TA7FF to “0”
11 [ Don't care

Figure 3.7.9(4) 8-bit timer register(TA7TFFCR)
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Timer Register (TAOREG to TA7TREG)
Symbol | Address 7 6 5 4 0
TAOREG 1102H w
Undefined
TA1IREG 1103H w
Undefined
TA2REG 110AH w
Undefined
TA3REG 110BH w
Undefined
TA4REG 1112H W
Undefined
TASREG 1113H w
Undefined
TA6REG 111AH w
Undefined
TA7REG 111BH w
Undefined
Note: Read-modify-write instruction is prohibited for above registers.
Figure 3.7.10 8-bit timer register(TAOREG to TA7TREG)
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3.7.4  Operation in Each Mode
(1) 8-bit timer mode
Both TMRAO and TMRAL1 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 fc = 40 MHz, set each register
as follows:

MSB LSB

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

TAOLMOD «+ 0 0 X X 0 1 - - Select 8-bit timer mode and select $T1(0-2 us at fc = 40
MHz) as the input clock,

TALREG «~1 1 0 0 1 0 0 O Set 40 ps + ¢T1 = 200 = C8H to TAREG.

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

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

X :Don't care, —-:No change

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 (TA1FF) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 1.2 us square wave pulse from the TALOUT pin at fsys = 20 MHz,
use the following procedure to make the appropriate register settings. This
example uses TMRA1; however, either TMRAO or TMRAL may be used.

MSB LSB

[TAOIRUN  « - X X X - - 0 - Stop TMRAL and clear it to O:

TAOIMOD «+ 0O 0 X X 0 1 - - Select 8-bit timer mode and select ¢$T1 (0.2 ps at fc = 40
MHz) as the input clock.

TALREG «~ 0 0 0 O 0 1 1 Set the timer registerto 1.2 us + ¢T1 +2=3.

TA1FFCR «~ X X X X 1 0 1 1 Clear TALFF to.0 and set it to invert on the -match detect
signal from TMRA1.

PFCR «—~ X - - - - - 1 - Set PF1 to function as the TA1IOUT pin

PFFC «~ X - - - - - 1 - }

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

X : Don't care, —: No change

oT1

TAO1RUN

<TA1IRUN>

Bit7 to 2

Up counter Bitl
Bit0 0 1 I 2
LT 1

Comparator
timing

Comparator output
(Match detect)

| 3 %0
f 1
2
INTTAL W/
Up counter clear K
S
/

—

TALIFF

P

TAIOUT

0.6 ps at fc = 40 MHz

Y__

Figure 3.7.11, Square Wave Output Timing Chart (50% duty)
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Making TMRA1 count up on the match signal from the TMRAO comparator

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

Comparator I-I ﬂ
(Match output for TMRAQ)

TMRAO ¢
(whon TAORRG = 5y X2 XX X5 Xa X2 X X e XXX 2 X&)

TMRAL up counter
1 2 1

(when TALREG ( 2) X X

Match output for TMRAL I_I

Figure 3.7.12  TMRAL Count up on Signal from TMRAO

(2) 16-bit timer mode

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

To make a 16-bit interval timer, in which TMRAO and TMRA1 are cascaded together,
set TAOIMOD <TA01M1:0> to “01”.

In 16-bit timer mode, the overflow output from TMRAGO is used as the input clock for
TMRAI1, regardless of the value set inn TAOIMOD<TA1CLK1:0> Table 3.7.2 shows the
relationship between the timer (Interrupt) cycle-and the inptt 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 0.2 s at fc = 40 MHz, set the timer
registers TAOREG and TALREG as follows:

If ¢T16(3.2 us at 40 MHz) is uséd as/'the input clock for counting, set the following
value in the registers:

0.2 s + 3.2 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 TA1REG 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 INTTA1 is
generated. Also, if inversion is enabled, the value of the timer flip-flop TA1FF is inverted.

Example: When TA1IREG = 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 ﬂ !_I

[}
Interrupt INTTAL |'|

[}

I
Timer output TAIOUT X Inversion

Figure 3.7.14  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 TAIOUT pin (Shared'with PF1).

|

k tH () |
When <TALFFCL0> = "10” | I | |
k t |

th

ek >
When <TA1FFC1:0> ="01" I I |
\ t )
) 1

Example:
When <TA1FFC1:0> ="01"

TAOREG and UCO match )‘I }'I
(Generate INTTAO)

TA1REG and-UCO match / ,ﬂ /
(Generate INTTA1L) \
TA1OUT

TAOREG

T Dy

TALREG

Figure 3.7.15  8-Bit PPG Output Waveforms
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In this mode, a programmable square wave is generated by inverting the timer output
each time the 8-bit up-counter (UC0) matches the value in one of the timer registers
TAOREG or TA1REG.

The value set in TAOREG must be smaller than the value set in 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 3.7.16 shows a block diagram representing this mode.

TAO1RUN <TAORUN>

TALOUT

[«<— TA1FFCR <TA1FFIE>

é Inversion
> INTTAO

> INTTAL

Selector
TAOIN —> o
$T1— | 8-bitup counter
= > (UCO) TAIFF
$T16
TAO01MOD <TAOCLK1 0>
Comparator }—J | Comparator I >
Selector | TAOREG |
Shift trigger
TAOREG-WR —>|
| Register buffer | | TA1IREG |

TAO1RUN <TRORDE>

ﬁ

ﬁ

Internal data bus

Figure 3.7.16

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).

M

[

Match with TAOREG
and UCO

Match with TAIREG

(Up counter.= Q)

(Up counter = Q,)

( Shift into register buffer

TAOREG (Value of compare)

MX Qo

Register buffer

Q2

7
X

Q3

Figure 3.7.17

KWrite TAOREG (Register buffer)

Operation of Register BufferO
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[(TAO1RUN
TAO1IMOD
TAOREG
TALIREG
TALFFCR

L TAOLRUN «~ 1 X X X - 11

Example: To generate 1/4 duty 62.5 kHz pulses (at fc = 40 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 = 0.2 us (at fc = 40 MHz);
16 us/0.2 us = 80
Therefore set TAIREG = 80 = 50H
The duty is to be set to 1/4: t x 1/4 = 16 us x 1/4 = 4/us
4 us/0.2 us =20
Therefore, set TAOREG = 20 = 14H

7 6 5 4 3 2 1 0
«~ 0 X X X - 0 0 O Stop TMRAO and TMRA1 and clear it'to “0”.
« 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select $T1 as input clock.
«~ 0 0 0 1 0 1 0 O Write 14H.
«~ 0 1 0 1 0 0 0 O Write 50H.
«~ X X X X 0 1 1 X Set TALFF and set inversion-to enable.

l_l_'—> Writing “10” provides negative logic pulse.

Set PF1to TA1OUT pin.

)
x
[
[
[
I
(.
[
Ll
(——

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 PF1). TMRA1 can also be used as an 8-bit timer.

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

2" overflow
(Interrupt INTTAQ)

—\
b
7
D

TA1OUT |

1 tpwm

(PWM cycle)

A

v

Figure 3.7.18 '8-Bit Output Wave Form

Figure 3.7.19 shows/a block diagram representing this mode.

TAOIRUN<TAORUN> TAl?UT
TAOIN —> ) TALFFCR
0T1—> selector 8-bit up counter TA1RE | <TALFFIE>
¢T4 —> (UCO) Clear
OT16 —»!
1‘ 1‘ Inversion
TAO1LMOD<TAOCLK1:0> 2" TA01MOD
:l/r\ overflow  ¥— <PWM01:00 >
control
1 Overflow
| Comparator |>
| | & > INTTAO
| TAOREG |
Selector Shift trigger’
TAOREG-WR—>|
| Register buffer |
TAO1RUN<TAORDE>
2 Internal data bus 2

Figure 3.7.19  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 ﬂ
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 3.7.20  Operation of Register Buffer

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

S

N

1

18.0 us
25.6 us

To achieve a 25.6 us PWM cycle by setting ¢T1 to 0.2 us (at fc = 40 MHz):
25.6 us/0.2 pus = 128 =/2n
Therefore n should be set to 7.
Since the low-level period is. 18.0 us when ¢T1= 0.2 ps,
set the following value for TAOREG:
18.0 pus/0.2 us =90 =5AH

MSB LSB
7-6_5 4 3 2 1 O
[TAOLIRUN . - X X - = = Stop TMRAO and clear it to 0.
TAOIMOD «+-1-1 1 0“—«—_0 1 Select 8-bit PWM mode (cycle: 27) and select ¢T1 as the
input clock.
TAOREG «~ 0 1 0 1 1 0-1-0 Write 5AH.
TAL1FFCR « X X. .1 0 1 X Clear TALFF to 0; set inversion to enable.
PFCR « X = - /= - -1 .
Set PF1 to TA1OUT pin.
PFFC « X - - == - -1 }
L. TAOLRUN « 1 X =351 - 1 Start TMRAO counting.

X :Don't care, —: No change
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Table 3.7.3  Relationship of PWM Cycle and 2" Counter
@fc =40 MHz
System clock | Clock gear PWM Cycle
selection value 26 57 58
R <GEARZ:0> 6Tl oT4 6T16 oT1 oT4 6T16 OTL oT4 0T16
000 (fc) 12.8pus | 51.2pus | 204.8us | 25.6ps | 102.4ps | 409.6us | 51.2us. [-204.8us | 819.2us
001 (fc/2) 25.6ps | 102.4us | 409.6us | 51.2us | 204.8ps | 819.2ps | 102.4us | 409.6ps | 1.63ms
0 (fsys) 010 (fc/4) 51.2us | 204.8us | 819.2us | 102.4us | 409.6us | 1.63ms | 204.8us | 819128 | 3.27ms
011 (fc/8) 102.4ps | 409.6ps | 1.63ms | 204.8us | 819.2us | 3.27ms |.409.6us [-1.63ms 6.55ms
100 (fc/16) 204.8ps | 819.2ps | 3.27ms | 409.6us | 1.63ms | 6.55ms || 819,2ps | 3.27ms 13.1ms
XXX: Don't care
(5) Mode settings
Table 3.7.4 shows the SFR settings for each mode.
Table 3.7.4 Timer Mode Setting/Registers
Register Name TA01MOD TALFFCR
<Bit symbol> <TA01M1:0> <PWMO01:00> <TALCLK1:0> <TAOCLK1:0> <TA1FFIS>
Upper timer Lower timer Timer F/F
Function Timer mode PWM cycle . PP . Inversion Signal
input clock input clock
select
0:Lower timer
Lower timer match, | External, output
8-bit timer x 2 channels 00 7 0T1, $T16, $T256 6T1, T4, $T16 ) .
(00, 01, 10, 11) (00, 01, 10, 11) | 1-Uppertimer
output
External,
16-bit timer mode 01 - - 0T1, ¢T4, $T16 -
(00, 01, 10, 112)
External,
8-bit PPG x 1 channel 10 - A 0T, ¢T4, $T16 -
(00, 01, 10, 112)
26 o7 o8 External,
8-bit PWM x 1 channel 11 (Ol‘ lO‘ 11) = oT1, T4, $T16 -
T (00, 01, 10, 11)
. N\ $T1,$T16, $T256 ~ )
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 TMP92CM27 contains 6 channels 16-bit timer/event counter (TMRBO to TMRB5) 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 to TMRB5. ‘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 registérs; 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).
Each of the six modules (TMRBO to TMRB5) can be operated independently. All modules
operate in the same manner; hence only the operation of TMRAO1 is explained here.

Table 3.8.1 /Pins.and SFR of TMRB

Channel
Spec TMRBO TMRB1 TMRB2 TMRB3 TMRB4 TMRB5
External clock/ TBOINO TB1INO TB2INO TB3INO None None
External Capture trigger input pin TBOIN1 TB1IN1 TB2IN1 TB3IN1
pin ) ) . TBOOUTO TB1OUTO TB20OUTO TB30OUTO TB4OUTO TB50UTO
Timer flip-flop output pin
TBOOUT1 TB1OUT1 TB20UT1 TB30OUT1 TB4OUT1 TB50UT1
Timer run register TBORUN TB1RUN TB2RUN TB3RUN TB4RUN TB5RUN
Timer mode register TBOMOD TB1MOD TB2MOD TB3MOD TB4MOD TB5MOD
Timer flip-flop
X TBOFFCR TB1FFCR TB2FFCR TB3FFCR TB4FFCR TB5FFCR
control register
TBORGOL TB1RGOL TB2RGOL TB3RGOL TB4RGOL TB5RGOL
. . TBORGOH TB1IRGOH TB2RGOH TB3RGOH TB4RGOH TB5RGOH
SFR Timer register
TBORG1L TB1RGI1L TB2RG1L TB3RG1L TB4RGI1L TB5RG1L
TBORG1H TB1RG1H TB2RG1H TB3RG1H TB4RG1H TB5RG1H
TBOCPOL TB1CPOL TB2CPOL TB3CPOL TB4CPOL TB5CPOL
) TBOCPOH TB1CPOH TB2CPOH TB3CPOH TB4CPOH TB5CPOH
Capture register
TBOCP1L TB1CP1L TB2CP1L TB3CP1L TB4CP1L TB5CP1L
TBOCP1H TB1CP1H TB2CP1H TB3CP1H TB4CP1H TB5CP1H
External Capture trigger
) ) ; TA1OUT TA1OUT TA30UT TA30UT TA50UT TA50UT
signal input signal
Interrupt Timer'interrupt INTTBOO INTTB10 INTTB20 INTTB30 INTTB40 INTTB50
INTTBO1 INTTB11 INTTB21 INTTB31 INTTB41 INTTB51
Timer overflow interrupt INTTBOFO INTTBOF1 INTTBOF2 INTTBOF3 INTTBOF4 INTTBOF5

Note 1) Since TB20UT0/TB40UT0, TB20UT1/TB40UT1, TB3OUT0O/TB50UTO0, and TB3OUT1/TB50UT1
are making the output terminal serve a double purpose, they cannot be used simultaneously.

Note 2) Since INTTB30/INTTB31,INTTB40/INTTB41 and INTTB50/INTTB51 are making the interruption
factor serve a double purpose, they cannot be used simultaneously.

Note 3) Although INTTBOFO/INTTBOF1/INTTBOF2/INTTBOF3/INTTBOF4/INTTBOF5 is making the
interruption factor serve a double purpose, it can be used simultaneously. Which interruption
occurred should lead an INTST register.
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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

92CM27-166 2005-04-20



TMP92CM27

TOSHIBA

Block Diagram

3.8.1
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Figure 3.8.6 Block Diagram of TMRB5
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3.8.2  Operation

(1) Prescaler

The 5-bit prescaler generates the source clock for TMRBI1. Input clock ¢TO to
Priscara is a clock that was four dividing fFPH.

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 fc = 40 MHz
Gear Value Cycle
SYSCR1

<GEAR2:0> $T1 ¢T4 ¢T16
000 (fc) 2%fc (0.2 ps) 2%ffc (0:8is) 27ffc (3.2 us)
001 (fc/2) 2%fc (0.4 ps) 2%fc (1.6/u8) 2%fc (6.4 ys)
010 (fc/4) 2%/fc (0.8 ps) 2/1fc (3.2 us) 2%fc (12.8 ps)
011 (fc/8) 2%/fc (1.6 ps) 2%fc (6:4 us) | 2'°fc (25.6 ps)
100 (fc/16) 27lfc (3.2 ps) 2%fc (12.8 us) | 2"/fc (51.2 ys)

xxx: Don't care

(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 prescalerinternal 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 TBOINO
pin can be selected in TBOMOD.

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 (INTTBOO) 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 TBORGOH/L 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, TBORGOH/L and TBORGIH/L are undefined. If the 16-bit timer is to be
used after a reset, data should be written to it beforehand:

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

TBORGOH/L and the register-buffer both have the same memory addresses
(001189H and 001188H) 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.
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The addresses of the timer registers are as follows:
r TMRBO ittt ittt ittt ettt ettt
! TBORGOH/L TBORG1H/L '
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
! (TBORGOH) (TBORGOL) (TBORG1H) (TBORGLL) !
| 1189H 1188H 118BH 118AH i
1 1
1 1
r TMRB1 St N0 NG 1 il
i TB1RGOH/L TB1RG1H/L '
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
! (TB1RGOH) (TB1RGOL) (TBIRG1H) (TB1RGIL) '
' 1199H 1198H 119BH 119AH :
i i
I L e
i TB2RGOH/L TB2RG1H/L .
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits i
! (TB2RGOH) (TB2RGOL) (TB2RG1H) (TB2RG1L) '
' 11A9H 11A8H 11ABH 11AAH :
i i
I L R s bt el
! TB3RGOH/L TB3RG1H/L :
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8-bits |
' (TB3RGOH) (TB3RGOL) (TB3RG1H) (TB3RG1L) '
' 11B9H 11B8H 11BBH 11BAH :
i i
1= TMRB4 === mom oo oo oo os oo oo
' TB4RGOH/L TB4RGIH/L '
i Upper 8 bits Lower 8.bits Upper 8 bits Lower 8 bits |
! (TB4RGOH) (TB4RGOL) (TB4RG1H) (TB4RGIL) '
' 11C9H 11C8H 11CBH 11CAH :
i i
1= TMRBB = 7-m= - =rmm oo os oo ooooooooooooooooooooo
! TBSRGOH/L TB5RG1H/L !
i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
! (TB5RGOH) (TB5RGOL) (TB5RG1H) (TB5RGIL) '
: 11D9H 11D8H 11DBH 11DAH :
i i
The timer registers are write-only registers and thus cannot be read.
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(4) Capture registers

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:

i TMRBO === === s s e e e e e e e e e e e m - n
! TBOCPOH/L TBOCP1H/L

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

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

| 118DH 118CH 118FH 118EH
e NN !
—- TMRBl S IT D __fCfio-g
1

! TB1CPOH/L TB1CP1H/L

i Upper 8 bits Lower 8 bits Upper-8 bits Lower 8 hits

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

: 119DH 119CH 119FH 119EH
e NS Y ANSUD)). !
-- TMRB2 S e _n_o__l=fd__
1

! TB2CPOH/L TB2CP1H/L

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

! (TB2CPOH) (TB2CPOL) (TB2CP1H) (TB2CP1L)

: 11ADH 11ACH 11AFH 11AEH

e NN N !
—- TMRB3 e sl n L =olo o _______.
1

! TB3CPOH/L TB3CP1H/L

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

! (TB3CPOH) (TB3CPOL) (TB3CP1H) (TB3CP1L)

: 11BDH 11BCH 11BFH 11BEH

NN 4 on ity NN A !
r—— TMRBA4 e e N .,
1

! TB4CPOH/L TB4CP1H/L

: Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

! (TBACPOH) (TB4CPOL) (TBACP1H) (TB4ACP1L)

: 11CDH 11CCH 11CFH 11CEH

e NN NS L. !
c—= TMRB5 e oo,
1

! TB5CPOH/L TB5CP1H/L

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

! (TB5CPOH) (TB5CPOL) (TB5CP1H) (TB5CP1L)

' 11DDH 11DCH 11DFH 11DEH

]

1

The capture registers-are read-only registers and thus cannot be written.
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(5)

(6)

(7

Capture and external interrupt control

This circuit controls the timing to latch the value of up counter UCO into TBOCPOH/L,
TBOCP1H/L and generating for external interrupt.

Interrupt timing of capture register and selection edge of external interrupt are set
by TBOMOD<TBOCPM1:0>. (TMRB4 and TMRB5 does not include the selection edge
of external interrupt.)

External interrupt INT5 is fixed to the 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 TBOCPOH/L. It is-necessary to keep the
prescaler in Run mode (e.g., TBORUN<TBOPRUN> must be held at a value of 1).

Note) External interrupt can be controlled with this control circuit by seeing when the
port setting is set to input function (TBOINO) of TMRBO. When the port setting is
set to INT4, it controls by interrupt input-mode control 1 and-2(IMC1,IIMC2).

Comparators (CP0O and CP1)

CP0 and CP1 are 16-bit comparators which compare the value in-the up counter UCO
with the value set in TBORGOH/L or TBORG1H/L 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 (TBOFF0 and TBOFF1) areinverted 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<TBOC1T1, TBOCOT1,
TBOE1T1, TBOEOT1>.Moreover, control of TBOFF0 and TBOFF1 is controllable by
TBOMOD<TBOCT1, TBOET1>.

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 TBOFFO will be set to “1”. If
“10” 1s-programmed to the capture registers, the value of TBOFFO will be cleared to “0”.

The values—of TBOFFO and TBOFF1 can be output via the timer output pins
TBOOUTO (which is shared with PJ0), TBOOUT1 (which is shard with PJ1). Because
the timer output terminal of TMRB2/TMRB3 and TMRB4/TMRB5 uses the terminal
combinedly, it is not possible to use it at the same time. Timer output should be
specified using the port 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 — 12TB0O TBOPRUN TBORUN
(1180H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Double Always IDLE2 Operation Operation of
. buffer write “0”. 0: Stop of prescaler Up counter
Function )
0: Disable 1: Operate ¢ 0: Stop and clear
1: Enable 1. Run (Count)
| I_l_l

TB1RUN
(1190H)

Control of double buffer

0

Disable

1

Enable

Control at the-time of
the IDLE2/'mode

Up counter operation for TMRBO

0 | Stop & Clear
1 | Count

—> Prescaler-operation-for TMRBO

Stop

0

Stop.& Clear

1 /| Operate

1

Count

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

TMRB1 Run Register

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
Double Always IDLE2 Operation Operation of
. buffer write “0”. 0:-Stop of prescaler Up counter
Function .
0: Disable 1:Operate |0: Stop and clear
1: Enable 1: Run (Count)
| I_l_l
Up counter operation for TMRB1
0 |Stop & Clear
1 |Count
Control at the time of
Control of double buffer The IDLE2 mode ——> Prescaler operationfor TMRB1
0’ | Disable 0 [stop 0 [Stop & Clear
1 |Enable 1 | Operate 1 | Count

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

Figure 3.8.7 Register for TMRB (1)

92CM27-178

2005-04-20



TMP92CM27

TOSHIBA
TMRB2 Run Register
7 6 5 4 3 2 1 0
TB2RUN | Bit symbol TB2RDE — 12TB2 TB2PRUN TB2RUN
(11A0H) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Double Always IDLE2 Operation Operation of
Function buff.er write “0”. 0: Stop of prescaler Up counter
0: Disable 1: Operate |0: Stop'and clear
1: Enable 1:Run (Count)
| I_l_l

TB3RUN
(11BOH)

Control of double buffer

0

Disable

1

Enable

Control at the time-of
the IDLE2'mode

Up counter operation for TMRB2
0 |Stop & Clear
1 | Count

—> Prescaler operation for TMRB2

0 | Stop

0

Stop & Clear

1 | Operate

1

Count

Note: The values of bits 1, 4 and 5 of TB2RUN are undefined when read

TMRB3 Run Register

Control of double buffer

0

Disable

1

Enable

7 6 5 4 3 2 1 0
Bit symbol TB3RDE — 12TB3 TB3PRUN TB3RUN
Read/Write R/W RIW RW. RIW RIW
After reset 0 0 0 0 0
Double Always IDLE2 Operation Operation of
. buffer write “0". 0: Stop of prescaler Up counter
Function .
0: Disable 1. Operate |0: Stop and clear
1: Enable 1: Run (Count)
I I_l_l

Up counter operation for TMRB3

0 | Stop & Clear
1 | Count
Control at the time of
The IDLE2 mode L—— Prescaler operationfor TMRB3
0 [stop 0 |Stop & Clear
1 | Operate L |Count

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

Figure 3.8.8 Register for TMRB (2)
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TMRB4 Run Register

7 6 5 4 3 2 1 0
TB4RUN | Bit symbol TB4RDE — 12TB4 TB4PRUN TB4RUN
(11COH) | Read/write RIW RIW RIW RIW RIW
After reset 0 0 0 0 0
Double Always IDLE2 Operation Operation of
Function buff.er write “0”. 0: Stop of prescaler Up counter
0: Disable 1: Operate |0: Stop'and clear
1:Run (Count)

1: Enable
. | I_l_l

Up counter operation for TMRB4
0 | Stop & Clear
1 | Count
Control at the time of
Control of double buffer the IDLE2 mode —> Prescaler operation for TMRB4
i lear
0 |Disable 0 |stop Cl) itop & Clea
n
1 |Enable 1 | Oparate DUk

Note: The values of bits 1, 4 and 5 of TB4RUN are undefined when read

TMRB5 Run Register

7 6 5 4 3 2 1 0
TBSRUN | Bit symbol TB5RDE — 12TB5 TB5PRUN TB5RUN
(11D0H) | Read/write RIW RIW RIW. RIW RIW
After reset 0 0 0 0 0
Double Always IDLE2 Operation Operation of
. buffer write “0". 0: Stop of prescaler Up counter
Function .
0: Disable 1. Operate |0: Stop and clear
1: Run (Count)

1: Enable
. ] | I_l_l

Up counter operation for TMRB5

0 | Stop & Clear
1 | Count
Control at the time of L Prescaler operationfor TMRB5
Control of double buffer The IDLE2 mode
- 0 | Stop & Clear
0 ,| Disable 0 | Stop
1 | Count
1 | Enable 1 |Oparate

Note: The values of bits 1, 4 and.5 of TB5RUN are undefined when read

Figure 3.8.9 Register for TMRB (3)
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TOSHIBA TMP92CM27
TMRBO Mode Register
7 6 5 4 3 2 1 0
TBOMOD Bit symbol TBOCT1 TBOET1 TBOCPOI TBOCPM1 | TBOCPMO TBOCLE TBOCLK1 | TBOCLKO
(1182H) [ Read/Write RIW w RIW
After reset 0 0 1 o | o 0 o | o
Reéd—modlfy Function | TBOFF1 Inversion trigger |Software Capture timing Up counter | TMRBO source clock
_'W”te o 0: Trigger disable Eigg‘;? 00: Disable con'trol 00: TBOINO pin input
mstr:u..l;ilo; is 1: Trigger enable o Setmare INT4 is 2smg edg? O:disable " [01;¢T1
prohibite invert when linvertwhen |- ) 01: TBON.O ' TBOINl 1:enable 10:4T4
capturer INT4 is rising edge .
capture to | match UCO 1: Undefined 11: ¢T16
capture with +Undefined| 10: - TBOINO T TBOINO |
register 1 | TBORGLHIL INT4 is falling edge
11: TA1OUT?T
TA1OUT {
INT4 is rising-edge
1

|—> Input clock
00

TBOINO/pin input

01 {¢T1
10 |¢T4
11 {4716

——> Clear up counter 0(UCO0)

0 [ Cleardisable

1 | Clear by matching with TBORG1H/L

L Capturefinterrupt timing

Capture control INT4 control

00, | Capture disable Generate INT4 by

01| TBOCPOH/L by TBOINO rising | TBOINO rising
TBOCP1H/L by TBOIN1 rising

10 | TBOCPOH/L by TBOINO rising | Generate INT4 by
TBOCP1H/L by TBOINO falling | TBOINO falling™ N__

11 |TBOCPOH/L by TA1OUT rising | Generate INT4 by
TBOCPLHIL by TALOUT falling| TBOINO rising __ A~

———— > Software capture

0 | Capture value of up counter to TBOCPOH/L

1 | Undefined

TBORG1H/L

> Inversion trigger control of TBOFF1 when the UCO match with

0 Disable inversion

1 Enable inversion

TBOCP1H/L

» Inversion trigger of TBOFF1 when the UCO value is loaded in to

0 Disable inversion

1 Enable inversion

Figure 3.8.10 Register for TMRB (4)
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TOSHIBA TMP92CM27

TMRB1 Mode Register

7 6 5 4 3 2 1 0
TB1IMOD Bit symbol TB1CT1 TB1ET1 TB1CPOI | TB1CPM1 | TB1CPMO TB1CLE TB1CLK1 | TB1CLKO
(1192H) | Readmwrite 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 gorétr(f)tlw INTE is rising edge | 0:disable’._ | 01} ¢T1
o : Software . : .
prohibited Invert when | Invert when t o1: TBlN.O T TBlINl T | Lgnable 10:'¢T4
capture INT6 is rising edge .
capture to | match UC1 1-Undefined 11: ¢T16
capture | with ‘Undefined| 10:  TB1INO 1 TBINO |
register 1 | TBIRGIHIL INT6 is falling edge
11: TA1OUT T
TA1OUT {
INT6 is rising-edge

|—> Input/clock

00 ([TB1INO pin input

01 [¢T1
10 | ¢T4
11 |¢T16

——> Clear up counter (UC1)

0 [ Clear disable
1 | Clear by matching with TBIRG1H/L

——> Capture/interrupt timing

Capture control INT6 control
00 | Capture disable Generate INT6 by
01 |TB1CPOHIL by TB1INO rising | TBLINO rising
TB1CP1H/L by TB1INL1 rising
10 | TBICPOH/L by TB1INO rising Generate INT6 by
TBLCP1H/L by TBLINO falling | TB1INO falling — \__
11 | TB1CPOH/L by TA1OUT rising | Generate INT6 by
TB1CP1H/L by TALOUT falling | TB1INOrising __ A

———> Software capture

0 | Capture value of up counter to TB1ICPOH/L
1 | Undefined

» Inversion trigger control of TB1FF1 when the UC1 match with
TB1RG1H/L

0 Disable inversion

1 Enable inversion

4

Inversion trigger of TB1FF1 when the UC1 value is loaded in to
TB1CP1H/L

0 Disable inversion

>

1 Enable inversion

Figure 3.8.11 Register for TMRB (5)
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TOSHIBA TMP92CM27

TMRB2 Mode Register

7 6 5 4 3 2 1 0
TB2MOD Bit symbol TB2CT1 TB2ET1 TB2CPOI | TB2CPM1 | TB2CPMO TB2CLE TB2CLK1 | TB2CLKO
(11AZH) | Read/write RIW w RIW
After reset 0 0 1 o | o 0 o | o
Read-modify | Function  [TB2FF1 Inversion trigger | Software Capture timing Up counter | TMRB2 source clock
-write 0: Trigger disable capture 00: Disable control 00: TB2INO pin input
instruction is 1: Trigger enable go;tr(f)tlw INT8 is rising edge | O:disable’. |01 ¢T1
o : Software . . .
prohibited Invert when | Invert when t oL TBZN.O T TBZINl T | Lienable 10:¢T4
capture INT8 is rising edge .
capture to | match UC2 1-Undefined 11: ¢T16
capture with ‘Undefined| 10: - TB2INO 1 TB2INO |
register 2 | TB2RGLHIL INT8 is falling edge
11: TA30UT T
TA30UT {
INT8 is rising-edge

|—> Input/clock

00 ([TB2INO pin input

01 [¢T1
10 | ¢T4
11 |¢T16

——> Clear up counter (UC2)

0 [ Clear disable
1 | Clear by matching with TB2RG1H/L

——> Capture/interrupt timing

Capture control INT8 control
00 | Capture disable Generate INT8 by
01 |TB2CPOHIL by TB2INO rising | TB2INO rising
TB2CP1H/L by TB2INL1 rising
10 | TB2CPOH/L by TB2INO rising | Generate INT8 by
TB2CP1H/L by TB2INO falling | TB2INO falling ~ \__
11 | TB2CPOH/L by TA3OUT rising | Generate INT8 by
TB2CP1HI/L by TA3OUT falling | TB2INO rising A"

———> Software capture

0 | Capture value of up counter to TB2CPOH/L
1 | Undefined

» Inversion trigger control of TB2FF1 when the UC2 match with
TB2RG1H/L

0 Disable inversion

1 Enable inversion

4

Inversion trigger of TB2FF1 when the UC2 value is loaded in to
TB2CP1H/L

0 Disable inversion

>

1 Enable inversion

Figure 3.8.12 Register for TMRB (6)
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TOSHIBA TMP92CM27

TMRB3 Mode Register

7 6 5 4 3 2 1 0
TB3MOD Bit symbol TB3CT1 TB3ET1 TB3CPOI | TB3CPM1 | TB3CPMO TB3CLE TB3CLK1 | TB3CLKO
(11B2H) | Read/write RIW w RIW
After reset 0 0 1 o | o 0 o | o
Read-modify | Function  [TB3FF1 Inversion trigger | Software Capture timing Up counter | TMRB3 source clock
-write 0: Trigger disable capture 00: Disable control 00: TB3INO pin input
instruction is 1: Trigger enable go;tr(f)tlw INTA is rising edge | O:disable’. |01 $T1
o : Software . . .
prohibited Invert when | Invert when t oL TB3N.O T. TB3IN1 T | Lienable 10:¢T4
capture INTA is rising edge .
capture to | match UC3 1-Undefined 11: ¢T16
capture with ‘Undefined| 10: - TB3INO T TB3INO |
register 3 | TB3RGLHIL INTA is falling edge
11: TA30UT T
TA30UT {
INTA is rising-edge

|—> Input/clock

00 ([TB3INO pin input

01 [¢T1
10 | ¢T4
11 |¢T16

——> Clear up counter (UC3)

0 [ Clear disable
1 | Clear by matching with TB3RG1H/L

——> Capture/interrupt timing

Capture control INTA control
00 | Capture disable Generate INTA by
01 |TB3CPOHIL by TB3INO rising | TB3INO rising
TB3CP1H/L by TB3INL1 rising
10 | TB3CPOH/L by TB3INO rising | Generate INTA by
TB3CP1H/L by TB3INO falling | TB3INO faling ~ \__
11 | TB3CPOH/L by TA3OUT rising | Generate INTA by
TB3CP1H/L by TA3OUT falling | TB3INO rising __ A"

———> Software capture

0 | Capture value of up counter to TB3CPOH/L
1 | Undefined

» Inversion trigger control of TB3FF1 when the UC3 match with
TB3RG1H/L

0 Disable inversion

1 Enable inversion

4

» Inversion trigger of TB3FF1 when the UC3 value is loaded in to
TB3CP1H/L

0 Disable inversion

1 Enable inversion

Figure 3.8.13 Register for TMRB (7)

92CM27-184 2005-04-20



TOSHIBA TMP92CM27
TMRB4 Mode Register
7 6 5 4 3 2 1 0
TB4MOD Bit symbol TB4CT1 TB4ET1 TB4CPOI | TB4CPM1 | TB4CPMO TBACLE TB4CLK1 | TB4CLKO
(11C2H) | Readwrite RIW w RIW
After reset 0 0 1 o | o 0 o | o
Read-modify | Function  [TB4FF1 Inversion trigger | Software Capture timing Up counter | TMRB4 source clock
-write 0: Trigger disable capture 00: Disable control 00: (Reserved)
instruction is 1: Trigger enable go;trcf)tlw 01: (Reserved) O:disable . | 01; ¢T1
s : Software .
prohibited Invert when | Invert when capture 10: (Reserved) L gnakle 10:¢T4
captureto | mawchuca |, oo o |11 TA50UT T 11: ¢T16
capture with -Undetine TA50UT {
register 4 | TB5RG1H/L
| ]
A
|—)Input clock
00 | (Reserved)
01| ¢T1
10 [¢T4
11| ¢T16
——> Clear up counter (UC4)
0 [ Clear disable
1 | Clear by matching with TB4ARG1H/L

——> Capture/interrupt timing

Capture control

00 | Capture disable
01 “| (Reserved)

10| (Reserved)

11

TB4CPOH/L by TA1OUT rising
TB4CP1H/L by TA1OUT falling

L————>» Software capture

0" | Capture value of up counter to TB4ACPOH/L

1 | Undefined

TB4RG1H/L

Inversion trigger control of TB4FF1 when the UC4 match with

. ] o

Disable inversion

1 Enable inversiol

n

TB4CP1H/L

Inversion trigger of TB4FF1 when the UC4 value is loaded in to

0 Disable inversion

1 Enable inversiol

n

Figure 3.8.14 Register for TMRB (8)

92CM27-185

2005-04-20




TOSHIBA TMP92CM27
TMRB5 Mode Register
7 6 5 4 3 2 1 0
TB5MOD Bit symbol TB5CT1 TB5ET1 TB5CPOI | TB5CPM1 [ TB5CPMO TB5CLE TB5CLK1 | TB5CLKO
(11D2H) | Read/write RIW w RIW
After reset 0 0 1 o | o 0 o | o
Read-modify | Function  [TBSFF1 Inversion trigger | Software Capture timing Up counter | TMRBS5 source clock
-write 0: Trigger disable capture 00: Disable control 00: (Reserved)
instruction is 1: Trigger enable go;trcf)tlw 01: (Reserved) O:disable . | 01; ¢T1
s : Software .
prohibited Invert when | Invert when capture 10: (Reserved) Lienable - 110:¢T4
capture to | mawchucs |, (oo o | 1L TA50UT T 11: ¢T16
capture with -Undetine TA50UT {
register 5 | TB5RG1H/L
| ]
A
|—)Input clock
00 | (Reserved)
01| ¢T1
10 [¢T4
11| ¢T16
——> Clear up counter (UC5)
0 [ Clear disable
1 | Clear by matching with TB5RG1H/L

——> Capture/interrupt timing

Capture control

00 | Capture disable
01 “| (Reserved)

10| (Reserved)

11

TB5CPOH/L by TA50UT rising
TB5CP1H/L by TASOUT falling

L Software capture

0" | Capture value of up counter to TBSCPOH/L

1 | Undefined

TB5RG1H/L

Inversion trigger control of TB5FF1 when the UC5 match with

. ] o

Disable inversion

1 Enable inversiol

n

TB5CP1H/L

Inversion trigger of TB5FF1 when the UC5 value is loaded in to

0 Disable inversion

1 Enable inversiol

n

Figure 3.8.15 Register for TMRB (9)
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TOSHIBA TMP92CM27
TMRBO Flip-flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR | Bit symbol | TBOFF1C1 | TBOFF1CO | TBOC1T1 | TBOCOT1 | TBOE1T1l | TBOEOT1 | TBOFFC1 | TBOFFCO
(1183H) | Read/write W+ RIW W
After reset 1 1 0 0 0 0 1 1
Read-modify Function TBOFF1 control TBOFFO inversion trigger TBOFFO 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 | Invert when | 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- | matches with
to to TBORG1H/L. | TBORGOH/L.
TBOCP1H/L. | TBOCPOHIL.

I |

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

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

11 | Don'’t care

Inversion trigger of TBOFFO,when the UC match with
——> TBORGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TBOFFO when the UC match with
—> TBORGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TBOFFO When the UC value is
—> loaded in to TBOCPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TBOFFO When the UC value is
— 777 > loaded in to TBOCP1H/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TBOFF1 control
00 | Invert value of TBOFF1
01 |Set TBOFF1to “1".
10 | Set TBOFF1 to “0".
11 | Don't care

A

Figure 3.8.16 Register for TMRB (10)
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TOSHIBA TMP92CM27
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 W
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 | Invert when | 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- | matches with
to to TB1RGIH/L. | TBIRGOHIL.
TB1CP1H/L. | TB1CPOHIL.

I |

|—> 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
——> TB1RGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TB1FFO when the UC match with
— > TB1RGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB1FFO When the UC value is
— > loaded in to TBICPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB1FFO When the UC value is
— 777 > loaded in to TBICP1H/L

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 3.8.17 Register for TMRB (11)
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TOSHIBA TMP92CM27
TMRB2 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB2FFCR | Bitsymbol | TB2FF1C1 | TB2FF1CO | TB2C1T1 | TB2COT1 | TB2E1T1l | TB2EOT1 | TB2FFC1 | TB2FFCO
(11A3H) | Read/write W+ RIW W
After reset 1 1 0 0 0 0 1 1
Read-modify Function TB2FF1 control TB2FFO inversion trigger TB2FFO0 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 | Invert when | 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- | matches with
to to TB2RG1H/L. | TB2RGOH/L.
TB2CP1H/L. | TB2CPOHIL.

I |

|—> Timer flip-flop TB2 (TB2FFO0) control

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

11 | Don'’t care

Inversion trigger of TB2FFO,when the UC match with
——> TB2RGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TB2FFO when the UC match with
— > TB2RGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB2FFO When the UC value is
—> loaded in to TB2CPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB2FFO When the UC value is
— 777 > loaded in to TB2CP1H/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TB2FF1 control
00 | Invert value of TB2FF1
01 |Set TB2FF1to “1”".
10 [ Set TB2FF1 to “0".
11 | Don't care

A

Figure 3.8.18 Register for TMRB (12)
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TOSHIBA TMP92CM27
TMRB3 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB3FFCR | Bitsymbol | TB3FF1C1 | TB3FF1CO | TB3C1T1 | TB3COT1 | TB3E1T1l | TB3EOT1 | TB3FFC1 | TB3FFCO
(11B3H) | Read/write W+ RIW W
After reset 1 1 0 0 0 0 1 1
Read-modify Function TB3FF1 control TB3FFO inversion trigger TB3FFO 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 | Invert when | 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- | matches with
to to TB3RG1H/L. | TB3RGOH/L.
TB3CP1H/L. | TB3CPOHIL.

I |

|—> Timer flip-flop TB3 (TB3FFO) control

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

11 | Don'’t care

Inversion trigger of TB3FFO,when the UC match with
——> TB3RGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TB3FFO when the UC match with
— > TB3RGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB2FFO When the UC value is
—> loaded in to TB2CPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB3FFO When the UC value is
— 777 > loaded in to TB3CP1H/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TB3FF1 control
00 | Invert value of TB3FF1
01 |Set TB3FF1to “1".
10 | Set TB3FF1 to “0".
11 | Don't care

A

Figure 3.8.19 Register for TMRB (13)
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TOSHIBA TMP92CM27
TMRB4 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB4FFCR | Bit symbol | TB4FF1C1 | TB4FF1CO | TB4C1T1 | TB4COT1 | TB4E1T1l | TB4EOT1 | TB4FFC1 | TB4FFCO
(11C3H) | Read/write W+ RIW W
After reset 1 1 0 0 0 0 1 1
Read-modify Function TB4FF1 control TBA4FFO inversion trigger TB4FFO0 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 | Invert when | 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- | matches with
to to TB4RG1HI/L. | TBARGOHIL.
TBACP1H/L. | TB4CPOHIL.

I |

|—> Timer flip-flop TB4 (TB4FFO0) control

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

11 | Don'’t care

Inversion trigger of TB4FFO,when the UC match with
——> TB4RGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TB4FFO when the UC match with
— > TB4RGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB4FFO When the UC value is
— > loaded in to TBACPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB4FFO When the UC value is
— 777 > loaded in to TBACP1H/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TB4FF1 control
00 | Invert value of TB4FF1
01 |Set TB4FF1to “1".
10 [ Set TB4FF1to “0".
11 | Don't care

A

Figure 3.8.20 Register for TMRB (14)
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TOSHIBA TMP92CM27
TMRBS5 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB5FFCR | Bit symbol | TB5FF1C1 | TB5FF1CO | TB5C1T1 | TB5COT1 | TB5E1T1 | TB5EOT1 | TB5FFC1 | TB5FFCO
(1103H) | Read/write W+ RIW W
After reset 1 1 0 0 0 0 1 1
Read-modify Function TB5FF1 control TBS5FFO inversion trigger TB5FFO 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 | Invert when | 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- | matches with
to to TB5RG1H/L. | TB5RGOH/L.
TB5CP1H/L. | TB5CPOHIL.

I |

|—> Timer flip-flop TB5 (TB5FFO0) control

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

11 | Don'’t care

Inversion trigger of TB5FF0,when the UC match with
——> TB5RGOH/L

0 | Trigger/disable (Disable inversion)

1| Trigger-enable’ (Enable inversion)

Inversion trigger of TB5FF0 when the UC match with
— > TB5RGI1H/L

0| Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB5SFFO When the UC value is
—> loaded in to TB5CPOH/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

Inversion trigger of TB5FFO When the UC value is
— 777 > loaded in to TB5CP1H/L

0 | Trigger disable (Disable inversion)

1 | Trigger enable (Enable inversion)

TB5FF1 control
00 | Invert value of TB5FF1
01 |Set TB5FF1 to “1”.
10 | Set TB5FF1 to “0".
11 | Don't care

A

Figure 3.8.21 Register for TMRB (15)
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TOSHIBA

TMP92CM27

TBORGOL
(1188H)

TBORGOH
(1189H)

TBORGIL
(118AH)

TBORG1H
(118BH)

TBOCPOL
(118CH)

TBOCPOH
(118DH)

TBOCP1L
(118EH)

TBOCP1H
(118FH)

Timer Register (TBORGOH/L, TBORG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol -
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TBOCPOH/L, TBOCP1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined

Figure 3.8.22 Register for TMRB (16)
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TOSHIBA

TMP92CM27

TB1RGOL
(1198H)

TB1RGOH
(1199H)

TBIRGIL
(119AH)

TB1IRG1H
(119BH)

TB1CPOL
(119CH)

TB1CPOH
(119DH)

TB1CP1L
(119EH)

TB1CP1H
(119FH)

Timer Register (TB1RGOH/L, TBIRG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TB1CPOH/L, TB1CP1H/L)

6 | 5 | 4 | 3 |
bit Symbol <
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined

Figure 3.8.23 - Register for TMRB (17)
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TB2RGOL
(11A8H)

TB2RGOH
(11A9H)

TB2RGIL
(11AAH)

TB2RG1H
(11ABH)

TB2CPOL
(11ACH)

TB2CPOH
(11ADH)

TB2CP1L
(11AEH)

TB2CP1H
(11AFH)

Timer Register (TB2RGOH/L, TB2RG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TB2CPOH/L, TB2CP1H/L)

6 | 5 | 4 | 3 |
bit Symbol <
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined

Figure 3.8.24 - Register for TMRB (18)

92CM27-195

2005-04-20



TOSHIBA

TMP92CM27

TB3RGOL
(11B8H)

TB3RGOH
(11B9H)

TB3RGIL
(11BAH)

TB3RG1H
(11BBH)

TB3CPOL
(11BCH)

TB3CPOH
(11BDH)

TB3CP1L
(11BEH)

TB3CP1H
(11BFH)

Timer Register (TB3RGOH/L, TB3RG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TB3CPOH/L, TB3CP1H/L)

6 | 5 | 4 | 3 |
bit Symbol <
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined

Figure 3.8.25 - Register for TMRB (19)
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TB4RGOL
(11C8H)

TB4RGOH
(11C9H)

TB4RGIL
(11CAH)

TB4RG1H
(11CBH)

TB4CPOL
(11CCH)

TB4CPOH
(11CDH)

TB4CP1L
(11CEH)

TB4CP1H
(11CFH)

Timer Register (TB4RGOH/L, TB4RG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TB4CPOH/L, TB4CP1H/L)

6 | 5 | 4 | 3 |
bit Symbol <
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined

Figure 3.8.26 - Register for TMRB (20)
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TB5RGOL
(11D8H)

TB5RGOH
(11D9H)

TB5RGIL
(11DAH)

TB5RG1H
(11DBH)

TB5CPOL
(11DCH)

TB5CPOH
(11DDH)

TB5CP1L
(11DEH)

TB5CP1H
(11DFH)

Timer Register (TB5RGOH/L, TB5RG1H/L)

6 | 5 | 4 | 3 |
bit Symbol —
Read/Write w
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined
bit Symbol —
Read/Write W
After reset undefined

Read-modify-write instruction is prohibited

Capture Register (TB5CPOH/L, TB5CP1H/L)

6 | 5 | 4 | 3 |
bit Symbol <
Read/Write R
After reset undefined
bit Symbol -
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined
bit Symbol —
Read/Write R
After reset undefined

Figure 3.8.27 - Register for TMRB (21)
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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 TBORG1H/L to generate the interrupt INTTBO1.

TBORUN «~ 0
INTETBO «X 100

TBOFFCR «< 1 1 0 O
TBOMOD <0010

TBORG1H/ « * * * =
L

* * * *
TBORUN «~ 0 0 X X
X: Don't care, —: No change

(2) 16-bit event counter mode

3210

- 0 X0 Stop TMRBO.

X 00O Enable INTTBO1 and-set interrupt level 4. Disable
INTTBOO.

0011 Disable the trigger.

o1 * * Set input clockto-prescaler clock, and set capture function

(** =01, 10, 11) to disable.

*oxox ok Set the interval time (16/bits).

* * * *

-1 X1 Start TMRBO:

In 16-bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (TBOINO pin input) as the input clock.

Up counter counting up by rising edge of TBOINO pin input. And execution software

capture and reading capture value enable reading count/value.

_ 7 6 5 4
TBORUN « 00 X X
PKFC — - - - -
PKFC2 — - - - -
INTETBO <« X 1 00

TBOFFCR «+ 1 1 0 0O
TBOMOD «~ 00 12 0
TBORGIH/L « * | *¥ /* \*

TBORUN «~-0.0 X X

X: Don't-care, —: No change

1.0

X0 Stop- TMRBO.

=1 Set PKO to TBOINO input mode.

-0

00 Set INTTBO1 to enable (Interrupt level4).
SetINTTBOO to disable.

1 Set trigger to disable.

00 Set input clock to TBOINO pin input.

* o Set'number of count. (16 bits)

* *

X 1 Start TMRBO.

Note: When used as an event counter, set the prescaler to “RUN” (TBORUN<TBOPRUN> = “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 TBORGOH/L or
TBORG1H/L and to be output to TBOOUTO. In this mode, the following conditions must
be satisfied.

(Set value of TBORGOH/L) < (Set value of TBORG1H/L)

Match with TBORGOH/L
(Ilfll'tI?Tngl(t) interrupt ) /ﬂ I_I I_I H I_I
A1 I I I

Match with TBORG1H/L
(INTTBO1 interrupt) [

TBOOUTO pin U u ‘_J

Figure 3.8.28 Programmable Pulse Generation (PPG) Output Waveform

When the TBORGOH/L double buffer is enabled in this’mode, the value of register
buffer 0 will be shifted into TBORGOH/L, at match with TBORG1H/L. This feature
makes easy the handling of low-duty waves.

Match with I_I H

TBORGOH/L Up counter = Q1 Up counter = Q2
Match with )ﬂ

TBORG1H/L [ shift in to TBORGOH/L
TBORGOHIL Q1 X Q2
(Compare value) m

Register buffer0 Q2 X Q3
Write TBORGOH/L

Figure'3.8.29 Operation of Register Buffer
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The following block diagram illustrates this mode.

TBOOUTO (PPG output)

TBORUN<TBORUN>
Selector
TBOINO —> FIF
T1—> i
$T4 16-bit tljpg(:)ounter . Clear (TBOFFO)
$T16—>|
[
N L Matching { J
| 16-bit comparator |—>— | 16-bit comparator |—<
Selector | TBORGOH/L |

TBORGOH/L-WR —>»

Registerbuffer0| | TBORG1HI/L |

TBORUN<TBORDE> T T i r

Internal data bus

Figure 3.8.30 Block Diagram-of 16-Bit PPG Mode

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

76 5 432 10
TBORUN <~ 0 0 XX =0 X0 Disable the TBORGOHY/L double buffer and stop TMRBO.
TBORGOH/L « * * * * * %% /% Set the duty ratio (16 bits).

TBORGIH/L « * * *x\* * * x x Set the frequency (16 bits).
* * * * * * * *

TBORUN «— 1/ 0 XX - 0 X0 Enable the TBORGOH/L double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)

TBOFFCR /« X-X_.0 0 1 1 1 0 Set the mode to invert TBOFFO at the match with
TBORGOH/L, TBORG1H/L. Clear TBOFFO to 0.

TBOMOD «< 001001 * * Set input clock to prescaler output clock and disable the

(** =01, 10, 11) capture function.

PJFC « - - - - - =1

PJCR — - - - - - - -1

TBORUN «~ 1 0 X X/- 1 X1 Start TMRBO.

X. »Don'tcare, — : Nochange
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(4) Capture function examples

Used capture function, they can be applicable in many ways, for example:

Y e

1.

Count clock
(Internal clock)

TBOINO pin input

One-shot pulse output from external trigger pulse
Frequency measurement
Pulse width measurement

Measurement of difference time

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 TBOINO pin, and load the value of up
counter into capture register TBOCPOH/L at the rise edge of external trigger
pulse.

When the interrupt INT4 is generated at the rise edge of external trigger pulse,
set the TBOCPOH/L value (c) plus a delay time (d) to TBORGOH/L (=¢+ d), and set
the above set value (c + d) plus a one-shot width (p) to TBORG1H/L(=c + d + p).
And, set “11” to timer flip-flop control register TBOFFCR<TBOE1T1, TBOEOT1>.
Set to trigger enable for be inverted timer flip-flop TBOFFO0 by UCO matching with
TBORGOH/L. and with TBORG1H/L. When interrupt INTTBO1 occurs, this
inversion will be disabled after one-shot pulse is output:

The (c), (d), and (p) correspond to'c, d, and p in Figure 3.8.31.

Set the counter.in free-running mode:

(External trigger pulse) l - .
Load into capture register 4

Match with TBORGOH/L

Match with TBORG1IHI/L

Timer ouput pin TBOOUTO :!Ioading into TBOCPOH/M
[}

and generate INT4.

[}

|

! 1

Inversion ' Generate !

enable ! INTTBOL. !

] .

Set it to disables'that,| / Inversion :
inversion.caused by

_—————b e

I'enable

]
! Delay time

€

Y .

Pulse width
(d) (9]

|
|
|
La Y

Figure 3.8.31 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 TBOINO pin.

* Clock state

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

Setting in Main

Set free running.
——> Count using ¢T1.

TBOMOD «~ XX 101001
L

> Load into TBOCPO by rising edge of TBOINO pin input.
TBOFFCR « X X 0 0 0 0 1 O

LH—) Clear TBOFFOto.0.

» Disable inversion of TBOFFO.

PJFC T §
PJCR T §
INTE45 «~ - - - -X100 .
Enable INT4. Disable INTTB0O and INTTBO1,
INTETBO «~ X 00O0XO00D0O0
TBORUN «~ -0 X X -1 X1 Start TMRBO.

Setting in INT4
TBORGOH/L <« TBOCPOH/L + 3 ms/¢T1
TBORGIH/L <« TBORGOH/L +2 ms/¢T1

TBOFFCR <« X X - 11 - £
I_r,——) Enable inversion of TBOFFO when match with
TBORGOH/L or TBORG1HI/L.
INTETBO «~ X100 X - == Set INTTBOL1 to_enable.
Setting in INTTBO1
TBOFFCR « X X - - 0. 0= ~
LH———) Disable inversion of TBOFFO when match with
TBORGOH/L or TBORG1HI/L.
INTETBO <« X 0-0 Q0 X - - - Disable INTTBOL1.

X : Don't care, — i No change

When /delay time is unnecessary, invert timer flip-flop TBOFFO when up counter
value is loaded- into capture register (TBOCPOH/L), and set the TBOCPOH/L value (c)
plus the one-shot pulse width (p) to TBORG1H/L when the interrupt INT4 occurs. The
TBOFFO inversion should be enable when the up counter (UCO) value matches
TBORG1H/L, and disabled when generating the interrupt INTTBO1.
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Count clock

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

TBOINO input ) ]

(External trigger pulse) Load into capture register TBOCPOH/L

and generate INT4 | Load.into capture register 1

]
I
1 > Generate INTTBO1. | TBOCPIH/L.
Match with TBORG1H/L : i
T 1 H
; Inversion enable l i i
Timer output TBOOUTO pin 1 |
! Pulse width : Vad
' () Set it to disable that.inversion caused by
Set it to enable that inversion loading into TBOCP1H/L:
caused by loading into
TBOCPOH/L.

Figure 3.8.32 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 TMRAO1 and the 16-bit timer/event counter.
TMRAO1 is used to setting of measurement time by inversion' TA1FF.

Counter clock in TMRBO select TBOINO pin input, and count by external clock
input. Set to TBOMOD<TBOCPM1:0> = “11”. The value of the up counter (UCO) is
loaded into the capture register TBOCPOH/L at the rise edge of the timer flip-flop
TA1FF of 8-bit timers (TMRAO1), and into TBOCP1H/L at its fall edge.

The frequency is caleulated by “difference between the loaded values in
TBOCPOH/L. and( TBOCP1H/L when the interrupt (INTTAO or INTTA1) is
generates by either 8-bit'timer.

Count clock _ﬂ_ﬂ_ﬂ_l_m_ﬂ_
(TBOINO pin input ) == - _|—|_|_|_|_U-L __________

Cl Cc2

TALFF

-

Load into TBOCPOH/L Cl

Load into TBOCP1H/L

Rt i —
O
=

e g S
Q
N
— =
Q
N

INTTAO/INTTAL

Figure'3.8.33 Frequency Measurement

For example, if the value for the level 1 width of TA1FF of the 8-bit timer is set
to 0.5-s/and the difference between the values in TBOCPOH/L and TBOCP1H/L 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 TBOINO pin. Then the
capture function is used to load the UCO values into TBOCPOH/L and TBOCP1H/L
at the rising edge and falling edge of the external trigger pulse respectively. The
interrupt INT4 occurs at the falling edge of TBOINO.

The pulse width is obtained from the difference between the values of
TBOCPOH/L and TBOCP1H/L and the internal clock cycle.

For example, if the prescaler output clock is 0.8 ps and the difference between
TBOCPOH/L and TBOCP1H/L is 100, the pulse'width will be 100 x 0.8 pus = 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
ct  c2 [ AT
TBOINO pin input
(External pulse) A
C1l

Load into TBOCPOH/L

Load into TBOCP1H/L

|
I
INT4 \H

Figure 3.8.34 Pulse Width Measurement

/_
¥
(@]
N

— 1T —_J" 7
@]
N

Note: Pulse Width measure by setting “10” to TBOMOD<TBOCPM1:0>. The external interrupt
INT4 is generated in timing-of falling edge of TBOINO input. In other modes, it is generated
in timing of rising edge of TBOINO 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

TBOINO pin input

TBOIN1 pin input

Load into TBOCPOH/L

Load intoTBOCP1H/L

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 TBOINO and TBOIN1.

Keep the 16-bit timer/event counter (TMRBO) counting (Free running) with the
prescaler output clock, and load the UCO value into TBOCPOH/L at the rising edge
of the input pulse to TBOINO. Then the interrupt INT4 is generated.

Similarly, the UCO value is loaded into TBOCP1H/L at. the rising edge of the
input pulse to TBOIN1, generating the interrupt INT5.

The time difference between these pulses/can be obtained by multiplying the
value subtracted TBOCPOH/L from TBOCP1H/L-and the internal clock cycle
together at which loading the UCO value into TBOCPOH/L and TBOCP1H/L has
been done.

Difference time

Figure 3:8.35 Measurement of Difference Time
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3.9 Pattern Generator/Stepping Motor Control(PG)

The TMP92CM27 contains two 4-bit hardware pattern generator/stepping motor control
channels, PGO and PG1, (hereinafter called PG) which actuate in synchronization with the
(8-bit/16-bit) timers. PG (PGO and PG1) shares the 8-bit input/output port with PL.

The output on channel 0 (PGO) is updated in synchronization with the 8-bit timer 0, 1
(TMRAO1) or 16-bit timer 0 (TMRBO). The output on channel 1-(PG1) is updated in
synchronization with the 8-bit timer 2, 3 (TMRA23) or 16-bit timer T (TMRB1). Figure 3.9.1
show block diagram.

The PG ports are controlled by the control register (PGO1CR) and can select either stepping
motor control mode or pattern generation mode. Each bit of PL can be used for a PG port.

PGO and PG1 can be used independently.

Since the two PG channels operate in the same manner, except for the following points, only
the operation of PGO will be explained below.

Differences between PGO and PG1

PGO PG1
Trigger signal 8-bit timer 0,1 (TMRAQ1) or 8-bit timer 2,3 (TMRA23) or
16-bit timer 0 (TMRBO) 16-bit timer 1 (TMRB1)

ﬁ

b7

\ PL3IPGO3
> PGOS | L] (PL7/PG13)

1 to 2 excitation

i

y
1/2 excitatiop

b3

b6 y_L"_| PL2/PGO2
’\_P%f_l ] (PL6/PG12)
b2

SA02

(]
2]
=
[
>
(0]
ad

rotation
rotation

Internal data bus
¥
'UL
O ¢
L=

b5

G

\D PL1/PGO1
i’ (PL5/PG11)

i

bl
b4 ,—L"

\_T_“:I (PL4/IPG10)
bo

SA00

<€

Figure 3.9.1 PG Block Diagram
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7 6 5 4 3 2 1 0
PGO1CR] Bit symbol PAT1 CCw1 PG1M PGI1TE PATO CCWO0 PGOM PGOTE
(1462H) | Read/Write R/W R/W
After reset 0 0 0 0 0 0 0 0
Function PG1 write PG1 PG1 mode | PGL1 trigger | PGO write PGO PGO'mode | PGO trigger
mode rotation (Excitation) | input mode rotation (Excitation). | input
0: 8-bit write | direction 0: 1 step enable 0: 8-bit write | direction 0: 1 step enable
1: 4-bit write | 0: Normal excitation |0: Disable 1: 4-bit write | 0: Normal excitation’|0: Disable
rotation or 1: Enable rotation or 1: Enable
1: Reverse 2 step 1:Reverse 2'step
rotation excitation rotation excitation
1:1to 2 1:1to 2
step step
excitation excitation

\—> PGO trigger input enable

0- | Trigger input disable for PGO

1 | Trigger input enable for PGO

——— > Set the operation mode for PG0O

0 [1or 2 step excitation (Full step)

1 |1 to 2 step excitation (Half step) /PG mode

—— > PGO (Stepping motor control)
rotation direction control

0 [ Normal rotation/PG mode

1 | Reverse rotation

» Selecting PGO write mode

0 [8-bit write

1 4-bit write/PG mode

(Only the shift alternate register can be written.)

Figure 3.9.2 Pattern Generation Control Register (PGO1CR) (1/2)
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7 6 5 4 3 2 1 0
PGO1CR] Bit symbol PAT1 CCw1 PG1M PGI1TE PATO CCWO0 PGOM PGOTE
(1462H) | Read/Write R/W R/W
After reset 0 0 0 0 0 0 0 0
Function PG1 write PG1 PG1 mode | PGL1 trigger | PGO write PGO PGO'mode | PGO trigger
mode rotation (Excitation) | input mode rotation (Excitation). | input
0: 8-bit write | direction 0: 1 step enable 0: 8-bit write | direction 0: 1 step enable
1: 4-bit write | 0: Normal excitation |0: Disable 1: 4-bit write | 0: Normal excitation’|0: Disable
rotation or 1: Enable rotation or 1: Enable
1: Reverse 2 step 1:Reverse 2'step
rotation excitation rotation excitation
1:1to 2 1:1to 2
step step
excitation excitation

PGL1 trigger input enable

0 | Trigger input disable forPG1

1. | Trigger input enable for PG1

L 3 Set the operation mode for PG1

0 |1or 2 step excitation (Full step)

1 [1to 2 step excitation (Half step) /PG mode

> PG1 (Stepping motor control)

Rotation direction control

0. | Normal rotation/PG mode

1. | Reverse rotation

> Selecting PG1 write mode

0 | 8-bit write

1 4-bit write / PG mode

(Onlt the shift alternate register can be written.)

Figure 3.9.3 Pattern Generation Control Register (PGO1CR) (2/2)
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7 6 5 4 3 2 1 0
PGOREG | Bit symbol PGO03 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
(1460H) | Read/Write w RIW
Prohibit After reset 0 | 0 | 0 | 0 Undefined
read_‘ Function Pattern generation 0 (PGO) output latch register | Shift alternate register 0
vrcrcigfy- ( PGO can be read by reading the) for the PG mode (4-bit write) register
port (PL) that is assigned to PG
Figure 3.9.4 Pattern generation O register (PGOREG)
7 6 5 4 3 2 1 0
PG1REG Bit symbol PG13 PG12 PG11 PG10 SA13 SAl12 SAll SA10
(1461H) | Read/Write W R/W
After reset 0 | 0 | 0 | 0 Undefined
Function Pattern generation 1 (PG1) output latch register | |Shift alternate register 1
( PG1 can be read by reading the) for the PG’ mode (4-bit-write) register
port (PL) that is assigned to PG
Figure 3.9.5 Pattern generation 1 register (PG1REG)
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7 6 5 4 3 2 1 0
PGO01CR2 Bit symbol PG1T PGOT
(1464H) Read/Write RIW
After reset 0 0
Function PG1shift PGO shift
trigger trigger

0: 8-hit timer 0: 8-bit timer
trigger trigger
(TMRA23) (TMRAO1)

1: 16-bit timer | 1: 16-bit timer

trigger trigger

(TMRB1) (TMRBO)

|—> Selecting PGO shift trigger

0 [ 8-bit timer trigger (TMRAO1)
1 | 16-bit timer trigger (TMRBO)

———— > Selecting PG1 shift'trigger
0 [ 8-bit timer trigger (TMRA23)
1 | 16-bittimertrigger (TMRB1)

Figure 3.9.6 Pattern Generation Control Register 2 (PG01CR2)
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b >
8-bit timer 0,1
' > A >
(TMRAO1) PGO Port LO to L3
Selector > >
16-bit timer O B S >
(TMRBO) T
PGO01CR2<PGOT> L,
8-bit timer 2,3 A L
(TMRA23) ” PG1 Port L4 to L7
Selector > >
16-bit timer 1 B S s
(TMRB1) i’ T
PGO1CR2<PG1T>

Figure 3.9.7 Connection between Timer and Pattern Generator

(1) Pattern generation mode

When PGO1CR<PATO0> =“1", PG functions asa pattern generator. In this mode data is
written from the CPU to the shift alternate register‘only. The pattern/data is then written
from the shift alternate register to the pattern generator register synchronized to the shift
trigger interrupt from the timer.

In this mode, PGO1CR<PGOM> should be set to “1”, PGO1CR<CCWO0> to “0”, and
PGO1CR<PGOTE> to “1”.

The output from the pattern generator goes to port L; since port or functions can be
switched by the bit settings in the port function centrol register (PLFC) and port function
control register 2 (PLFC2), any port pin can be assigned to pattern generator output.

Figure 3.3.9 shows the block diagram for this-mode.

Trigger signal from timer/
timer interrupt ﬂ H H H
Writing data to SA03 to SA00 gn
( timer interrupt 1 & \
Shift alternate register X \ >z \ % > \ ><+
output n-1 \ n 3 n+l | n+2 , n+3
(SA03 to SA00) \x Shifting data from SA03 to\\t \\4 \\4
SAO0 to PGO3 to PG00
Pattern generator X n-1 X n X Tl X nt2

register output
(PGO3 to PG00)

Figure 3.9.8 Example of Pattern Generation Mode
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M\
PGO03
Shift alternate register PG03 ’I (PL3)

BUS3 SAiOS |

] PGO2
e S
N |
. |
<—>| SA02 |
< | BUS2
g | ,
© <
= |
c — PGO1
g PGOL >] PLY)
| > '
<—>| SA0L |
BUS1 |
D |
PG00
PG00 >) (PLO)

Y

(—)|BUSO SA00 |

Shift performed on shift trigger from timer

Figure 3.9.9 Pattern Generation'Mode Block Diagram (PGO)

In pattern generation mode, only writing'to the output latch can be disabled by hardware.
All other functions behave in the same way as 1 to 2 step excitation in stepping motor
control port mode. Hence, data shifted on the trigger signal from a timer must be written
before the next trigger signal is output.
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(2) Stepping motor control mode
a. 4-phase 1-step/2-step excitation

Figure 3.9.10 and Figure 3.9.11 show the output waveforms for 4-phase 1 excitation and
4-phase 2 excitation respectively when channel 0 (PGO) is selected.

Trigger signal H H H H H ﬂ H

from timer :
]

pGo0 (PLO) LD b7 b6 b5 b4 [
]
]
]

PGOL (PL1) | b5 b4 b7 b6 b5
I
]

PGO2 (PL2) | b6 b5 b4 b7 b6
i

PGO3 (PL3) 1 b7 b6 b5 ba b7
]

Initial value of PGOREG = 0100xxxx

Note: bn indicates the initial value of PGOREG <« b7 b6 b5 b4 x x-x x

(1) Normal rotation

Trigger signal

from timer : H H ﬂ H ﬂ H H
I

PGO0 (PLO) LD b5 b6 b7 b4
[}
[}
[}

PGo1 (PL1) LDS b6 | b7 b4 b5
|
[}

PGO2 (PL2) | b6 b7 b4 b5 b6

PGO3 (PL3) b7 b4 b5 ] b6 b7

e —gm————

Initial value of PGOREG = 0100xxxx

(2) Reverse rotation

Figure 3.9/10 Output Waveforms for 4-Phase 1-Step Excitation

(Normal rotation and Reverse rotation)
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romamer - —— | 1 1 1 M M M
PG00 (PLO) ibu b7 b6 | bs b4 | |
|
PGO1 (PL1) E bS b4 b7 b6 bs
.
PGO2 (PL2) ébﬁ—‘ b5 b4 b7 b6
PGO3 (PL3) 1 b7 b6 b5 ba b7

$

Initial value of PGOREG = 1100xxxx

Figure 3.9.11 Output Waveforms for 4-Phase 2-Step Excitation (Normal rotation)

The output
timer.

from PGO (PL) is latched on the rising edge of the trigger signal from the

The direction of shift is specified by the setting of PGO1CR<CCWO0>:"Normal rotation
(PG00—-PG01—-PG02—PG03) is selected (when <CCWO0> is set to “0%; reverse rotation
(PG00PG01<PG02«PG03) is selected when <CCWO0> is set-to “1”. 4-phase 1-step
excitation will be selected when only one bit is set to “1” during the initialization of PG,
while 4-phase 2-step excitation will'be selected when two consecutive bits are set to “1”.

The value in the shift alternate registers are-ignored when 4-phase 1-step/2-step

excitation mode is selected.

Figure 3.9.12 shows the block diagram.

PGO output latch

Shift alternate register ,ﬂi
PRI > PGO3 > 1PG03 (PL3)
b3 SA03 1 F
ERs o PGO02 > 1PGo2 (PL2)
Elb2 )
kS SA02
2| L
g < > PGO1 > 1 PGo1 (PL1)
~ N
bl SA01 F
D4 > PG00 > PG00 (PLO)
bQ SA00 I

AL Indicates that shifting takes place on
the rising edge of the trigger signal
from the timer.

Figure 3.9.12 Block Diagram 4-Phase 1-step Excitation/2-step Excitation (Normal rotation)
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b. 4-phase 1 to 2 step excitation

FigureFigure 3.9.12 shows the output waveforms for 4-phase 1 to 2 step excitation.

Trigger signal ﬂ H ﬂ ﬂ H ﬂ ﬂ

from timer {

[}

' b4 b0 [ b7 b3 b6 [ b2 b5 bl
PGOO (PLO) |

[}

[}

1 b5 b1 b4 b0 b7 b3 b6 b2
PGO1 (PL1) | L

|

I b6 b2 b5 b1 b4 b0 b7 b3
PGO02 (PL2) |
PGO3 (PL3) | D7 b3 b6 b2 b5 bl b4 b0

$

Initial value of PGOREG = 11001000

Note: bn denotes the initial value PGOREG <« b7 b6-b5 b4 b3 b2 b1 b0

(1) Normalrotation

Trigger signal H H H H ﬂ H H

from timer :
I
[}

PGOO (P60) | b4 bl b5 b2 [ b6 b3 b7 b0
[}
[}
[}

PGOL (P61) | b5 b2 b6 b3 b7 b0 b4 bl
!

PGO2 (P62) | b6 b3 b7 b0 b4 bl b5 b2
[}
I
[}

PGO3 (P63) ! b7 b0 b4 bl b5 b2 b6 b3

t

Initial value of PGOREG=11001000

(2) Reverse rotation

Figure 3.9.12 Output Waveforms for 4-phase 1 to 2 step Excitation

(Normal rotation and reverse rotation)
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The initialization sequence for 4-phase 1-2 step excitation is as follows.

By rearranging the initial value b7 b6 b5 b4 b3 b2 b1 b0 to b7 b3 b6 b2 b5 b1 b4 b0, three
consecutive bits are set to 1 and the other bits are set to 0 (Positive logic).

For example, if b7, b3, and b6 are set to 1, the initial value becomes 11001000, producing
the output waveforms shown in Figure 3.9.12.

To generate a negative logic output waveform, the 1’s and 0’s in the-initial value must be
inverted. For example, to change the output waveform shown in Figure 3.9.12 negative
logic, change the initial value to 00110111.

The operation will be explained below for channel 0:

The output from PGO (PL) and from the shift alternate register (SA0) for pattern
generation is latched on the rising edge of the trigger signal from the timer. The shift
direction is set by PGO1CR<CCWO0>.

Figure 3.9.13 shows the block diagram.

PGO.output latch

Shift alternate
register ,7F|
b7
< PGO3 >
| r
£
b3 SA03
f |
b6
< > PG02 > PGO2 (P62)
E A
S| o, ' £L
g > SA02
g ) AL
5 |
=1 bs
< > PGO1 > PGO1 (P61)
I £
£
bl SA01
t |
b4
< > PG00 > PG00 (P60)
T
| L
b0/ |
SA00
£

AL Indicates that shifting takes place on the rising
edge of the trigger signal from the timer.

Figure 3.9.13 Block Diagram for 4-phase 1 to 2-step Excitation (Normal rotation)

92CM27-217 2005-04-20



TOSHIBA

TMP92CM27

Setting example: To drive channel 0 (PG0) using 4-phase 1 to 2-step excitation (Normal

rotation) when timer 0 is selected, set each register as follows.

Stop timer 0, and clear it to zero.
Set 8-bit timer mode and select ¢T1 as the input

Clear TALFF to zero and enable the inversion
trigger using timer 0.
Set the cycle in the timer register.

Set bits PLO to PL3 to PGO output.

Select PGO 4-phase 1 to 2-step excitation mode

76 543210
TAOIRUN <0 X X X - 0 0 O
TAOLMOD «~0 0 0 0 - - 0 1
clock.
TAIFFCR <« X X X X1 010
TAOREG (_* * * * * * * *
PLCR «- ---1111
PLFC «- - --1111
PLFC2 «<~- - --0000
PGOICR ¢« - - - - 0011
and normal rotation:
PGOREG «~1 1 0 0 1 00O Set an initial value,
TAOIRUN <0 X X X -1 - 1 Start timer. 0.

X: Don't care, —: No change

(3) Trigger signal from timer

The trigger signal from the timer used by PG is not the same as the trigger signal for the
timer flip-flop (TA1FF, TA3FF, TBOFFO, TBOFF1, TB1FFO and TB1FF1); they differ as
shown in Table 3.9.1 depending on the operation mode of the timer:

Table 3.9.1 Trigger Signal Selection

TA1FF Inversion

PG Shift

Selected’ by TAITFFCR<TAL1FFIS> when
the up counter value matches TAOREG
or TAIREG.value.

8-bit timer mode

Selected by TAIFFCR<TAL1FFIS> when
the up counter value matches TAOREG
or TA1IREG value.

When the up counter value matches both
TAOREG and TAL1REG values (the value
of up counter = TAIREG x 2%+
TAOREG).

16-bit timer mode

When the up counter value matches both
TAOREG and TA1REG values (the value
of up counter = TAIREG x 2%+
TAOREG).

When the up counter value matches both

PPG output mode
TAOREG and TA1REG!

When the up counter value matches
TAL1REG value (PPG cycle).

When the up counter value matches

PWM output mode
TAOREG value and PWM cycle.

Trigger signal for PG is not generated.

Note: To shift PG, TAIFFCR<TA1FFIE> must be set to 1 to enable TA1FF inversion.

PG can be synchronized with the 16-bit timer timer 0/16-bit timer 1. In this case, the PG
shift. trigger signal from the 16-bit timer is output only when the up counter UC0O/UC1

value matches TBORG1H/L/TB1RG1H/L.
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(4) Application of PG and timer output

As explained in the previous section trigger signal from timer, the timings for shifting PG
and inverting TFF differ depending on the timer mode. An application which operates PG
while operating an 8-bit timer in PPG mode is explained below.

To drive a stepping motor, a synchronizing signal is required for the excitation timing, in
addition to the value of each phase (PG output). In this application, port L is used as a
stepping motor control port to output a synchronizing signal to the TA1QUT pin (shared

with PF1).
. J
TALIREG
TAL1OUT (PF1) H H ﬂ I_
S |
TAOREG
PG00 (PLO) | I
PGOL (PL1) | L
PG02 (PL2) I [
PG03 (PL3) — | l

Figure 3.9.14 Output Waveforms for- 4-phase 1-step Excitation

Setting example:

765 4 3210
TAOLIRUN <~ 0 X X X 4 0 0,0 Stop timer 0, 1 and clear it to zero.
TAOIMOD «-1 0 X X XX 0/1 Set timer 0, 1 to’PPG output mode and select ¢T1

as the input clock.

Enable TA1FF inversion and set TA1FF to “1”.
Set the duty of TALOUT to TAOREG.

Set the cycle of TALOUT to TAIREG.

TAIFFCR « X X X' X 0,1
TAOREG « * *
TAIREG « * /¥ */ *

[EY
X

*
*
*
*
*
*

*
*
*
*

EEEE :§ 7 i - } Assign PF1 as TAIOUT.

PLCR “ - > -1111

PLFC “~- - - =-1111T1 Assign PLO to PL3 as PGO.

PLFC2 ~=- - - -0.000

PGOICR ¢« -"- - - 0001 Set PGO to 4-phase 1-step excitation mode.
PGOREG « * * * * * * "% =% Set an initial value.

TAOIRUN'«- 0 X X X-.— 1 1 1 Start timer O, 1.

X:Don'tcare, —: No change
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3.10 Serial Channels (S10)

TMP92CM27 includes 4 serial I/O channels. Each channel is called SIO0, SIO1, SIO2 and
SIOS3. For all both channels either UART Mode (Asynchronous transmission) or I/O interface
mode (Synchronous transmission) can be selected.

e |/O interface mode — Mode 0: For transmitting and receiving /O data using the
synchronizing signal SCLK for extending I/O.

Mode 1: 7-bit data
e UART mode 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 3.10.2 and Figure 3.10.3 are block diagrams for each-channel. Each channel is
structured in prescaler, serial clock generation circuit, receiving buffer and c¢ontrol circuit, and
transfer buffer and control circuit.

Serial channels 0 to 3 can be used independently.

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

Table 3.10.1 Differences between each Channels

Channel 0 Channel 1 Channel 2 Channel 3
Pin name TXDO (PA1) TXD1 (PA4) TXD2 (PD4) TXD3 (PL1)
RXDO (PA0) RXD1-(PA3) RXD2 (PD3) RXD3 (PLO)

CTS0 /SCLKO (PA2) |'TTS1/SCLK1 (PA5) | CTS2 /SCLK2 (PD5) | CTS3/SCLK3 (PL2)

IrDA mode Yes Non Non Non

This chapter contains the following sections:
3.10.1/Block Diagram
3.10.2 Operation-of Each Circuit
3.10.3 SFRs
3.10.4 Operation in Each Mode
3.10.5 Support for [IrDA Mode
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Mode 0 (I/O interface mode)

T XBioX 1 X 2 X3 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 Xparity/stop_
e Mode 2 (8-bit UART mode)
Noparity — ~~ "\startBitoX 1 X 2 X 3 X 4 X 5 X 6 X7 YStop~
Parity " \startfBioX 1 X 2 X 3 X 4 X 5 X 6 X7 Xparity/stop

Mode 3 (9-bit UART mode)

" \start{BioX 1 X 2 X 3 X 4 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 3.10.1 Data Format
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3.10.1 Block Diagram
Prescaler
#70 T—>—{ 2[4 [ 8 [16[32]64
oT2  ¢T8 ¢T32
» - -Serial clock generation Circuit - - - - - oo o oo
1
! BROCR<BROCK1:0> '
1
| S I '
\ ' BROCR BROADD ! TAOTRG !
! H <BR0S3:0> <BROK3:0>: (from TMRAO) !
! ! | |
970 — - : \_, :
i ] g ! !
LgT2 —D 2 S ! 5 | UART !
L oT8 — 4 2 ! > ‘g mode 1 SIOCLK
1 1 %) a L N o |
1 1 | o2 1
: : 1 [ 1
- - BROCR ! F G|
i i <BROADDE> | ! !
' L__. Baudrate generater |__1 SCOMODO0 T T '
f Ly <SC1:0> :
sl SCOMODO!
i <SM1:0> |
: g !
| —| +2 > 8 :
1 [0} i
SCLKO input [H—> 5l & /O interface mode !
1
! :
[ B AP . N R S () y
SCOCR
SCLKO outout 1/0 interface mode <loc> Interrupt
output [} < > INTRXO
| ] > INTTXO0
Receive counter Serial channel Transmission
SeOMODA_,, interrupt control counter
(UART only +16)| <WU> (UART only = 16)
RXDCLK Y, A 0 0 TXDCLKY, 0
Recei trol Transsmission [€«—
—>{Receive contro I —
SCOMODO < > contro L cTso
Rty SCOCR
y 1 <CTSE>
RXDO (W, >IReceive buffer 1 (Shift register)| | Parity control |
Y l Y _
| RB8 |Receive buffer 2 (SCOBUF) | Ermorflag | | TBs | TransTissionbufer | smTxpo
T K
SCOCR
<OERRI> <PEIIRR> <FERR>|
v S \
{ Internal data bus ¢
Figure 3.10.2 Block Diagram of SIO0
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$TO

Prescaler

2] 4] 8 [1632]64]

0T2 ¢T8 ¢T32

- -Serial clock generation circuit

BR1CR<BR1CK1:0>

BR1CR

BR1ADD !

H TAOTRG
<BR1S3:0> <BR1K3:0> (from TMRAO)
1

SIOCLK

fsys

SCLK1 input

A\ 4

Y

1/O interface mode

1
1
1
1
| i
1 1
1 1
: :
1 : :
] o = ! I
g 3 : UART :
1 —
T 5 2 | ‘g mode |
3 e ! o o
I o ! $ L :
1 ! 15 1
| o2 |
: ! [0} ]
! BR1CR i T T €N !
1 <BR1ADDE> 1 !
1
----Baud rate generater F==' SES@/:OOEO T T '
SC1MODO!
<SM1:0>
S i
& | VO interface mode \
> 1
1
/
SC1CR
<|0C>

SCLK1 output 7

<

A

Receive control

Interrupt request
> INTRX1

Y

Transmission

> INTTX1

SC1MODO Serial channel counter
(UART only = 16)| |<WU> interrupt control (UART only + 16)
RXDCLKY, A 1 4 TXDCLKY, 0
i (€
—>| Receive buffer Transmission -
SC1MODO < control CTs1
R SC1CR
<PE> - <EVEN> S<CC1¥ISOEEO
v v

RXD1 O rIReceive buffer 1 (Shift register)| | Parity-control |
Y l Y —
| RBS |Receive buffer2(SC1BUF)| Error flag | | B8 | Tra”?g“éﬂsé‘fj‘,:?“ﬁer |—->E1 TXD1
I I [y
SC1CR
<OERRI> <PE||?R> <FERR>|
Y v A
! Internal data bus ¢
Figure 3.10.3 Block Diagram of SIO1
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Prescaler
470 > 2[4 [ 8 [16[32[64]
6T2  ¢T8 ¢T32
« - -Serial clock generation circuit T PR
1
! BR2CR<BR2CK1:0> |
1 1
1 o ___. 1
! ! BR2CR "~ "BR2ADD 1 TAQTRG i
! ' <BR2S3:0> <BR2K3:0>: (from TMRAO) :
1 1 I .
1 1 |
i 670 = 5 o} i L’ i
LgT2 —D 2 3 ! 5 | UART !
| 9T8 —™ o 2 I S | _mode ,  SIOCLK
1 1 %) = L 2 o !
a2 = . ; 3 5|
| 1 | o2 1
: : 1 [0 1
i ' BR2CR ! T T R !
1 1
1 1 <BR2ADDE> 1 scamoto !
! L. | _ 1 \
e ! R Baud rate generater 80105 T T :
¥ $C2MOD0!
i <SM1:0> |
: s i
| —| +2 > @ :
! @ 1 1/0 interf: d
SCLK2 input CH+—> > o |0 Inieriace mode ;
! |
D ) P N, N W ¥ ;
SC2CR
. <loC>
SCLK2 output I/O‘mterface mode \Ir}tﬁ{_r}g;)(tzrequest
| > INTTX2
A Y
i Transmission
Receive control |o - Mopo_—|” Serial channel countor
(UART only = 16) <WuU> interrupt control (UART only = 16)
RXDCLKY, A 1 4 TXDCLKY, 0
i €
. Transmission
—> Receive buffer
SC2MODO < control rcTs2
RXE7 SC2CR
<PE>  <EVEN> 5<CCZ¥'SOEEO
v v
RXD2 O rIReceive buffer 1 (Shift register)| | Parity-control |
v J\/l l‘ h AN—
| RBS | Receive buffer 2 (SC2BUF) | Error flag | | B8 | Tra”?g“g’z'sé‘fj‘,:?“ﬁer |—->E1 TXD2
I I 7
SC2CR
<OERRI> <PE||?R> <FERR>|
v A4 v v\
! Internal data bus ¢
Figure 3.10.4 Block Diagram of SIO2
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Prescaler
470 +—>—{ 24 [ 8 [16[32]64
6T2  ¢T8 ¢T32
« - -Serial clock generation circuit T PR
1
! BR3CR<BR3CK1:0> |
1 1
1 e ___. 1
! ! BR3CR "~ "BR3ADD i TAQTRG i
! ' <BR3S3:0> <BR3K3:0>: (from TMRAO) :
1 1 I .
1 1 |
i 670 = 5 & i L’ i
LgT2 —D 2 3 ! 5 | UART !
T8 — & 2 I 5 | mode . rSIOCLK
1 1 %) = L =2 o !
' ¢T32 — & ! 3 S
| 1 | o2 1
: : 1 [0 |
i ' BR3CR ! T T R !
1 1
1 1 <BR3ADDE> 1 scamoto !
! L. L \
o L Baud rate generater <SC10> 1 :
ool SC3MOD0!
i <SM1:0> |
| S i
| —| +2 > @ :
! @ 1 1/0 interf: d
SCLK3 input CH—> > @ | /> nierace mode 4
: |
D ) P N, N W ¥ ;
SC3CR
. <loC>
SCLK3 output I/O‘mterface mode \Ir}tﬁ{_r}g;)(tarequest
[ > INTTX3
A Y
i Transmission
Receive control |oanopo_,| Serial channel countor
(UART only = 16) <WuU> interrupt control (UART only = 16)
RXDCLKY, A 1 4 TXDCLKY, 0
i €
—> Receive buffer Transmission ' O &3
SC3MODO < control CTS3
RXE7 SC3CR
<PE> - <EVEN> 5<CC3¥'SOEEO
v v
RXD3 O rIReceive buffer 1 (Shift register)| | Parity-control |
v J\/l l‘ h AN—
| RBS | Receive buffer 2 (SC3BUF) | Error flag | | B8 | Tra”?g“é%sé‘fj‘,:?“ﬁer |—->E1 TXD3
I I [y
SC3CR
<OERRI> <PE||?R> <FERR>|
v L v v\
! Internal data bus ¢
Figure 3.10.5 Block Diagram of SIO3
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3.10.2 Operation of Each Circuit

(1) Prescaler

There is a 6-bit prescaler for generating a clock to SIO0. The prescaler can be run
only case of selecting the baud rate generator as the serial transfer clock.

Table 3.10.2 shows prescaler clock resolution into the baud rate generator.

Table 3.10.2 Prescaler Clock Resolution to Baud Rate Generator

System Clock Gear Clock Resolution

Clock <GEAR2:0>

<SYSCK> ¢TO $T2 oT8 $T32

000 (fc) 2l fc 2 ¢ 2% ¢ 2l f¢

001 (/) 2%l fc 2’ fc PYRS 2% fc

010 (1) 2% fc 2% fc 2% fc 2" fc

0 (fc) 011 (%/g) 2’ ¢ 2l 2’ e 2" ¢

100 (°/16) 2% fc 2%t 2" f¢ 2" ¢

XXX:Don't care

The serial interface baud rate generator selects between 4-clock inputs: ¢TO, ¢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<BRO0KS3:0>.
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<BR0SS3:0> and the value of K (K='1, 2, 3 ... 15) set in
BROADD<BROKS3:0>.

Note: If N=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 1/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 fc = 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 (fc)
{High speed gear: 1 time (fc)
fc/16

Baud rate = —5 +-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 fc = 4.8 MHz, the input clock frequency = ¢T0, the frequency
divider N (BROCR<BRO0S3:0>) =7,/ K | (BROADD<BROK3:0>) ~= 3, and
BROCR<BROADDE> = 1, the baud rate is as follows:

* Clock state

System clock: High speed (fc)
{High speed gear: 1time (fc)
fcl4

B = @ — 1
aud rate ; (16-3) 6

16
:4.8><106+16+(7+% ) + 16 = 9600 (bps)

Table 3.10.3 and Table 3.10.4 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/fc
e In I/O interface mode

Baud rate = External clock input frequency

It is necessary to satisfy (External clock input cycle) > 16/fc
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Table 3.10.3 UART Baud Rate Selection
(when using baud rate generater and BROCR<BROADDE> = 0) Unit (kbps)

Input Clock
fc [MHZz] Divider N ¢oTO oT2 oT8 6T32
(Set to BROCR<BRO0S3:0>)
9.830400 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
T 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2400 0.600
T A 19.200 4800 1.200 0.300
14.745600 2 115.200
T 3 76.800 19:200 4.800 1.200
0 6 38.400 9.600 2.400 0.600
T (¢} 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 fgys is selected as the system clock, fgys /1 is
selected as the clock gear.

Table 3.10.4 (UART Baud Rate Selection
(when using trigger output of TMRAO and input clcok of TMRAOQ is ¢T1.)

Unit (kbps)
fc| 12.288 12 9.8304 8 6.144
TAOREGO MHz MHz MHz MHz MHz
1H 96 76.8 62.5 48
2H 48 384 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4

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

fEpH
TAOREG x 2" x 16

(When input clock of TMRAO is ¢T1)

Transfer rate =

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 f is selected as the system clock, f; 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.

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 bitis sampled respectively'as’l, 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

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:

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.

SIO interruption mode can be set-up by'the SIMC register:

Transmission counter

The transmission counter/is a 4-bit binary counter thatis'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.

sook JLILIL AL LT L L e nnnnnnni.

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

TXDCLK ﬂ ﬂ

Figure 3:10.6 Generation of Transmission Clock

Transmission controller
e InT/Ointerface 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.

TMP92CM27 TMP92CM27
TXD RXD
CTS |« RTS (Anyport)
Transmission side Receiving side

Figure 3.10.7 Handshake Function

Timing of writing data to

transmission buffer s( I
) )]
((
— 2]
cTS :>T/ Send is suspended ﬁ
b

z fromatob.

13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK _[)S_ﬂ I-I ” ﬂ I-I ﬂ_[,(’_ﬂ I-I ﬂ I-I ﬂ I-I_
TXDCLK _—S() ﬂ ()() H
Y —i5 \ Start bit A_Bio

4
-

Note 1./ Ifthe CTS signalgoes 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 3.10.8 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<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer!

In the case of receiving, data is shifted into‘receiving buffer 1, and theparity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), and then compared
with SCOBUF<RB7> in 7-bit UART mode orwith SCOCR<RB8> in 8-bit UART mode.
If they are not equal, a parity error'is generated and the SCOCR<PERR> flag is set.

(11) Error flags

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

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

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

1. Read receiving buffer

2) 'Read error flag

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

a) Set to disable receiving (Program “0” to SCOMODO<RXE>)
b) Wait to terminate current frame
¢) Read receiving buffer
d) Readerror flag
e) | Set to enable receiving (Program “1” to SCOMODO<RXE>)
f) Request to transmit again

4) " Other
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2. Parity error <PERR>

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

parity error is generated.

3. Framing error <FERR>

The stop bit for the received data is sampled three times-around the center. If
the majority of the samples are 0, a framing error is generated.

(12) Timing generation
1. In UART mode

Receiving

Mode .
9 Bits

8 Bits\+ Parity 8 Bits, 7 Bits + Parity, 7 Bits

Center of last bit
(Bit8)

Interrupt generation
timing

Center of lastbit
(Parity bit)

Center of stop bit

Framing error
generation timing

Center of stop bit

Center of stop/bit Center.of stop bit

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 Just before stop bit is Just before stop bit is transmitted
timing transmitted transmitted P

2.7 In I/O interface mode

Transmission SCLK output mode | Immediately after last bit data.

interrupt (See Figure 3.10.31)

timing SCLK input mode | Immediately after rise of last SCLK signal rising mode, or
immediately after fall in falling mode. (See Figure 3.10.32)

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

interrupt (e.g., immediately after last SCLK). (See Figure 3.10.33)

timing SCLKinput mode | Timing used to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.10.34)
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3.10.3 SFRs

SCOMODO
(1202H)

5 4

Bit symbol

TB8

CTSE

RXE WU

SM1 SMO

SC1 SCO

Read/Write

R/W

After reset

0

0

0 0

o | o

o | o

Function

Transfer
data bit8

Handshake

function

control

0: CTS
disable

1: CTS
enable

Receive
control

Wakeup
function
0: Receive
disable
1: Receive
enable

1: Enable

0: Disable

Serial transmission
mode

00: /0 interface/mode
01: 7-bit UART mode
10: 8-bit UART mode
11: 9-bit UART mode

Serial transmission clock
(UART)

00: Timer AO trigger

01: Baud rate generator
10: Internal clock fsys
11: External clcok

(SCLKO input)

— QAU

|—> Serial

transmission clock-source (UART)

00

TMRAQ trigger output signal

01

Baud rate generator

10

Internal clock fsys

11

External clock (SCLKO input)

Note:

————> Wake

——> Serial

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

transmission mode

00

1/0 interface mode

01
10
11

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

UART mode

up function

9-bit UART Other modes

Interrupt generated

when data is received ,
Don't care

Interrupt generated
only when RB8 =1

» Recei

ving function

0

Receive disabled

1

Receive enabled

Hand

shake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

» Transmission data bit8

Figure 3.10.9 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 SMO0 SC1 SCO
(120AH) | 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 feys
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 fsys

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

00 | I/O interface mode

01
10 | UART mode
11

7-bit mode

8-bit mode

9-bit mode

——> Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

1 Interrupt generated
only when RB8 =1

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 3.10.10 Serial Mode Control Register 0 (for SIO1 and SC1MODO0)
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7 6 5 4 3 2 1 0
SC2MODO | Bit symbol TB8 CTSE RXE wu SM1 SMO0 SC1 SCO
(1212H) | 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 feys
1:CTs enable 11: 9-bit UART\mode ' /| 11: External clcok
enable

(SCLK2 input)

Figure 3.10.11

]

|—> Serial transmission clock source (UART)

00- | TMRAO trigger output signal

01 | Baud rate generator

10 | Internal clock fsys

11 | External clock (SCLK2 input)

Note:

The clock selection for the I/O interface
mode is controlled by the serial control
register (SC2CR).

—> Serial transmission mode

00 | I/O interface mode

01
10 | UART mode
11

7-bit mode

8-bit mode

9-bit mode

——> Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

1 Interrupt generated
only when RB8 =1

Don'’t care

> Receiving function

0 | Receive disabled

1 Receive enabled

» Handshake function (CTS pin)

0 | Disabled (Always transferable)

1 Enabled

» Transmission data bit8

Serial Mode Control Register 0 (for SIO2 and SC2MODO0)
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7 6 5 4 3 2 1 0
SC3MODO0 | Bit symbol TB8 CTSE RXE wu SM1 SMO0 SC1 SCO
(121AH) | 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 feys
1:CTs enable 11: 9-bit UART\mode ' /| 11: External clcok
enable

(SCLK3 input)

]

|—> Serial transmission clock source (UART)

00- | TMRAO trigger output signal

01 | Baud rate generator

10 | Internal clock fsys

11 | External clock (SCLK3 input)

Note:

The clock selection for the I/O interface
mode is controlled by the serial control
register (SC3CR).

—> Serial transmission mode

00 | I/O interface mode

01
10 | UART mode
11

7-bit mode

8-bit mode

9-bit mode

——> Wakeup function

9-bit UART

Other modes

0 | Interrupt generated
when data is received

1 Interrupt generated
only when RB8 =1

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 3.10.12 Serial Mode Control Register 0 (for SIO3 and SC3MODO0)

92CM27-238

2005-04-20




TOSHIBA

TMP92CM27
7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
(1201H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 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 |

|—> 110 interface input

clock selection

0 |Baud rate generator

1..| SCLKO pin input

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

0 data on rising

Transmits and receivers

edge of SCLKO.[J ]

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

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

Cleared to 0
when read

> 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 3.10.13 Serial- Control Register (for SIO0 and SCOCR)
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SC1CR
(1209H)

— 1 |

TMP92CM27
7 6 5 4 3 2 1
Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS
Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 0 o [ o 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

—> Framing error flag
—— > Parity error flag
-————— > Overrun etror flag

|—> 1/0 interface input clock selection

0 |Baud rate generator

1. [ SCLK1 pin input

—> Edge selection for SCLK1 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]

» Parity addition enables

Cleared to 0
when read

0. | Disabled

1 |/Enabled

\4

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 3.10.14 Serial- Control Register (for SIO1 and SC1CR)
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SC2CR
(1211H)

— 1 |

TMP92CM27
7 6 5 4 3 2 1
Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS
Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 0 o [ o 0
Function Received | Parity Parity 1: Error 0: SCLK2 _ |0: Baud rate
data bit8 | 0: Odd addition Overrun Parity Framing [ 0 ] generator
1: Even 0: Disable 1:'SCLK2 [1: SCLK2
1: Enable 1 pin input

—> Framing error flag
—— > Parity error flag
-————— > Overrun etror flag

|—> 1/0 interface input clock selection

0 |Baud rate generator

1. [ SCLK2 pin input

—> Edge selection for SCLK2 pin (I/O mode)

0 | Transmits and receives

data on rising edge of SCLKZ.[—T_]

1 | Transmits and receives

data on falling edge of SCLK2[1]

» Parity addition enables

Cleared to 0
when read

0. | Disabled

1 |/Enabled

\4

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 3.10.15 Serial- Control Register (for SIO2 and SC2CR)
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— 1 |
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7 6 5 4 3 2 1 0
SC3CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1219H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 o | o | o 0 0
Function Received | Parity Parity 1: Error 0: SCLK3 _ |0: Baud rate
data bit8 | 0: Odd addition Overrun Party | Framing | (. )| generator
1: Even 0: Disable 1:'SCLK3 [1: SCLK3
1: Enable [ 1 ] pin input

|—> 1/0 interface input clock selection

0 |-Baud rate gener

ator

1..| SCLK3 pin input

—> Edge selection for SCKL3 pin (I/O mode)

0 | Transmits andreceives
data on rising edge of SCLK3.[—T_]

1 | Transmits and receives
data on falling edge of SCLK3[1]

—> Framing error flag
—— > Parity error flag
-————— > Overrun etror flag

Cleared to 0
when read

» Parity addition enables

0. | Disabled

1 |/Enabled

\4

Even parity addition/check

0 | Odd parity

1 | Even parity

» Received data bit8

Figure 3.10.16 Serial- Control Register (for SIO3 and SC3CR)

Note: As all-error flags-are cleared after reading, do not test only a single bit with a bit-testing instruction.
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7 6 5 4 3 2 1 0
BROCR Bit symbol - BROADDE | BROCK1 | BROCKO BRO0S3 BR0S2 BROS1 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'baudrate generator frequency divisor <
BROCR<BROADDE> =1 BROCR<BROADDE> =0
BROCR 0000 (N = 16) 0010 (N-=2) 0001 (N = 1) (UART only)
<BR0S3:0> or 1 1
BROADD 0001 (N=1) 111 (N=15) 1111 (N = 15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=1) Disable Divided by
1 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 1/O

interface mode.

Note2:Set BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when +(16-K)/16 division function is

used.

Figure 3.10.17 Baud Rate Generator Control (for SIO0, BROCR, and BROADD)
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7 6 5 4 3 2 1 0
BR1CR Bit symbol - BR1ADDE | BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(120BH) | Read/write RIW
After reset 0 0 o | o o [ o [ o [ o
Function Always + (16 —K)/16 [ 00: ¢TO
write “0”. | division 01: ¢T2 o )
0: Disable 10: §T8 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)
<BR1S83:0> ) 0 to
1111(N = 15) _
owortu—y | 1
) 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=1) Disable Divided by
t N+ (16-K)/16
1111 (K=15)

Note 1:Availability of +(16-K)/16 division function

N UART mode 1/0O mode
2to15 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 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 3.10.18 Baud Rate Generater Control (for SIO1, BR1CR, and BR1ADD)
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7 6 5 4 3 2 1 0
BR2CR Bit symbol - BR2ADDE | BR2CK1 | BR2CKO BR2S3 BR2S2 BR2S1 BR2S0
(1213H) | Read/Write RIW
After reset 0 0 o | o o [ o [ o [ o
Function Always + (16 —K)/16 [ 00: ¢TO
write “0”. | division 01: ¢T2 o )
0: Disable 10: §T8 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
BR2ADD | Bit symbol BR2K3 BR2K2 BR2K1 BR2KO
(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 <
BR2CR<BR2ADDE> = 1 BR2CR<BR2ADDE> =0
BR2CR 0000 (N = 16) 0010(N-=2) 0001 (N = 1) (UART only)
<BR2S3:0> ) 0 to
1111(N = 15) _
fgég%?o) 0001(N = 1) ; 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)

Note 1:Availability of +(16-K)/16 division function

N UART mode 1/0O mode
2to15 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 1/O

interface mode.

Note2:Set BR2CR <BR2ADDE> to 1 after setting K (K = 1 to 15) to BR2ZADD<BR2K3:0> when +(16-K)/16 division function is

used.

Figure 3.10.19 Baud Rate Generater Control (for SIO2, BR2CR, and BR2ADD)
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7 6 5 4 3 2 1 0
BR3CR Bit symbol - BR3ADDE | BR3CK1 | BR3CKO BR3S3 BR3S2 BR3S1 BR3S0
(121BH) | 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 o )
0: Disable 10: §T8 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
BR3ADD | Bit symbol BR3K3 BR3K2 BR3K1 BR3KO0
(121CH) | 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 <
BR3CR<BR3ADDE> =1 BR3CR<BR3ADDE> =0
BR3CR 0000 (N = 16) 0010(N-=2) 0001 (N = 1) (UART only)
<BR3S3:0> ) 0 to
1111(N = 15) _
5§;§E£0> 0001(N = 1) ; 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)

Note 1:Availability of +(16-K)/16 division function

N UART mode 1/0O mode
2to15 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 1/O

interface mode.

Note2:Set BR3CR <BR3ADDE> to 1 after setting K (K = 1 to 15) to BRSBADD<BR3K3:0> when +(16-K)/16 division function is

used.

Figure 3.10.20 Baud Rate Generater Control (for SIO3, BR3CR, and BR3ADD)
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7 6 5 4 3 2 1 0
[ 187 | 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 3.10.21 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 |  RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1:Run 1: Full

Figure 3.10.22 Serial Mode Control Regsiter’1 (for SIO0 and SCOMOD1)

7 6 5 4.3 2 1 o0
| 787 | TB6 | TB5 [ T84 [ 183 | B2 | TB1 | TBO | (for transmission)

SC1BUF
(1208H)

7 65 4 3 2.1 0
[ RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO | (for receiving)

Note: Prohibit read-modify-write for SC1BUF
Figure 3.10.23- Serial Transmission/Receiving Buffer Register (for SIO1 and SC1BUF)

7 6 5 4 3 2 1 0
SC1MOD1 | Bit symbol 1281 FDPX1
(120DH) | Readmwrite |  RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1:/Full

Figure 3.10.24 Serial Mode Control Regsiter 1 (for SIO1 and SC1MOD1)
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7 6 5 4 3 2 1 0
[ 187 | 786 [ 785 [ TB4 [ T8B3 | B2 | TB1 | TBO | (for transmission)

SC2BUF
(1210H)

7 6 5 4 3 2 1 0
[RB7 | RB6 | RB5 | RB4 [ RB3 | RB2 | RB1 | RBO | (for receiving)

Note: Prohibit read-modify-write for SC2BUF
Figure 3.10.25 Serial Transmission/Receiving Buffer Register (for SIO2 and-SC2BUF)

7 6 5 4 3 2 1 0
SC2MOD1 | Bit symbol 1282 FDPX2
(1215H) | Read/write |  RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.10.26 Serial Mode Control Regsiter 1 (for SIO2 and SC2MOD1)

7 6 5 .4 3 2 1 0
| 787 | 786 | TB5 [ TB4 | TB3| TB2 | 1B | TBO | (for transmission)

SC3BUF
(1218H)

7 6 5 -4/ 3 2 1 0
[ RB7 | RB6 | RB5 | RB4 | RB3 | RB2 [ RB1 | RBO | (for receiving)

Note: Prohibit read-modify-write for SC3BUF
Figure 3.10.27 Serial Transmission/Receiving-Buffer Register (for SIO3 and SC3BUF)

7 6 5 4 3 2 1 0
SC3MOD1 | Bit symbol 12S3 FDPX3
(121DH) | Readwirite |  RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.10.28 Serial Mode Control Regsiter 1 (for SIO3 and SC3MOD1)
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3.10.4 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

TMP92CM27 Shift register TMP92CM27 Shift register
Al— Al <«
B|—> B| <«
TXD Sl C|—> RXD QH C|<«
D|— D| <«
SCLK SCK E|—> SCLK CLOCK E| <«
Fl— Fl<
Port RCK G|—> Port S/C G| <«
Hl— H| <
TC74HC595 or equivalent TC74HC165 orequivalent
Figure 3.10.29 Example of SCLK Output Mode Connection
Output extension Input extension
TMP92CM27 Shift register TMP92CM27 Shift register
Al—> Al <«
B|—> B| <«
TXD Sl Cl—> 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 3.10.30 Example of SCLK Output Mode Connection
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Timing of writing

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.

[~

£

transmission data \ ki
SCLKO outputf AN [_s ;
(<SCLKS>=0 ? 1 ! f v S_T ! 1 !' 1 (Irtérnal clock
rising mode) : : ! ! ' timinig)
e S A I A . A I A
falling mode) E E i E E
(4
TXDO X bito X bit1 X /\> X bite X bit7
] ] ] ] [}
1 1 1 1 (]
ITX0C «

(INTTXO interrupt request) "

Figure 3.10.31 Transmission Operation in I/O'Interface Mode (SCLKO output mode)

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

the CPU.
When all data is outputted, INTESO<ITXO0C> will be set to generate INTTX0

interrupt.
SCLKO input
(<SCLKS>=0
rising mode) Il_T Il_T !_SS_T Il_T Il_T

l} [} [} } [} [}

SCLKO input 1 1 1
(<SCLKS> =1 I I !_Sh I I I
falling mode) | ! L ! ! !
TXDO X__Bito. X Bit1 DQ,’ Bits X Bits X _ Bit7
ITX0C | i % | I
(INTTXO interrupt ' ' ' ' ' ,7
request) ()()

Figure 3.10,32 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 {t

,>d)
(.

;]

Figure 3.10.33 Receiving Operation in 1/0 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

ARR
L
T
L
J

oy}
=
o
@
=4
=

Bit5 Bit6

'“'Bé‘“
]
__::E:__
TR
el
I I
3
>

|

Figure 3.10.34 “Receiving Operation in 1/0 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
fo = 19.6608 MHz

Main routine
7 6 5 4 210
INTESO x 001 x 00O Set transmission interrupt level, and disable receiving
interrupt.
PACR - - - - =110 Set to PA0 (RXDO0), PA1 (TXDO), and-PA2 (SCLKO).
PAFC - - - - -1 11
PAFC2 X X - - -0 - -
SCOMODO 0 00O0O0OODO Setto I/0 interface mode.
SCOMOD1 11000000O0 Set to full duplex mode.
SCOCR 0 000O0O0OO0ODO Output SCLK, select rising‘edge.
BROCR 00110100 Set to 9600 bps.
SCOMODO 001 00O0O0OTO0 Set receive to enable.
SCOBUF ook ok kR x Kk Set transmission data.
Transmission interrupt routine
Acc SCOBUF Read receiving data.
SCOBUF Kook ok kK E 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 Xpa)stop

<«—— Transfer direction (Transfer speed 2400 bps at f; = 19.6608 MHz)

PACR “— - - - - - - = 1

PAFC “— - - - - - - = 1 Set PA1 to as TXDO pin,

PAFC2 «~ X X X - X X0 -

SCOMOD «+ X 0 - X 0 1 0 1 Set to 7-bit UART-mode.

SCOCR «~ X1 1T XXX00 Add even parity.

BROCR <~ 00101000 Set to 2400-bps.

INTESO «~ X100 - - - Set/INTTXO interrupt to enable, set to level 4.
SCOBUF R B S Set transmission data.

X : Don't care, —: No change

(3) Mode 2 (8-bit UART mode)
8-bit UART mode is selected by setting SCOMODO<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.

T\ start{BitoX 10X 2 X 3 X 4 X 5 X 6 X 7 X238 YVstop

<— Transfer direction (Transfer speed 9600 bps at f; = 19.6608 MHz)
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Main routine
7 6 5 4 3 10
Eﬁgg : - : __ : : : : (1) Set PAO (RXDO0) to input pin.
SCOMOD «< -01 X100 1 Set to 8-bit UART mode, set receives to enable.
SCOCR «~ X0 1 XX XO00 Add odd parity.
BROCR <~ 00011000 Set to 9600 bps.
INTESO « X - --X100 Set INTTXO interrupt to enable, set tolevel 4.
Interrupt routine processing
Acc < SCOCR AND 00011100
if Acc + 0Othen ERROR } Check for 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 SCOMODO<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 INTRX0 occurs only when <RB8> = 1.

i

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 3.10.35_Serial Link-Using Wakeup Function
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Protocol
1.
2.
3.

Select 9-bit UART mode on the master and slave controllers.
Set the SCOMODO<WU> bit on each slave controller to 1 to enable data receiving.

The master controller transmits one-frame data including the 8-bit select code for
the slave controllers. The MSB (Bit8) <TB8> is set to “1”:

T\ startfBito X 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”.

T\ start{BitoX 1 X 2 X 3 X 4 X5 X 6 X 7 \Bitg /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.
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Example: To link two slave controllers serially with the master controller using the system
clock fgyg as the transfer clock.

A
\

W

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

e  Master controller setting

Main routine

7 6 543
PACR “— - - - - -
PAFC “— - - - - -
PAFC2 «~ X X X - X
INTESO «~ X 100 X

SCOMODO « 1 0 1 0 1
SCOBUF <~ 00O0O0OO

Interrupt routine (INTTXO)

SCOMODO « 0 - - - -
SCOBUF — ok ok ok E [x

o Slave setting

Main routine

7/6°5/4 3
PACR — -~ -5 -
PAFC “ - === -
PAFC2 X XX - X
INTESO « X1 01X

SCOMODO « 0 0 1 1 1
Interrupt routine (INTRXO)

Acc < SCOBUF
if Acc =Select code

Then — - - - 0 =
SCOMODO0

X : Don't care, = : No change

-

a A/ a A

O O = 4 A

- X = O O

- o

o X = O o

o

Set PAQ to'RXDO, and set PA1.to TXDO pin.

Set INTTXO to enable, and setinterrupt 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 PAO to RXDO, and PA1 to TXDO (open-drain output).
Set INTRXO to enable, and set interrupt level to level 5.

Set INTRXO to enable, and set interrupt level to level 6
Set to <WU>="“1"in 9-bit UART mode transfer clock fgys.

Clear to <WU> = “0".
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3.10.5 Support for IrDA Mode

SIOO0 includes support for the IrDA 1.0 infrared data communication specification.Figure
3.10.36 shows the block diagram.

SO | ool
[Transmission| ™z riodulator | > IIR transmitter & LED————»
data e ! e LR IR output
SI00 Modem IR module
(Receive | ;=" k-~ [ [RXDO| 1==-qpiscsos T o
- data ! demodulator | LS TTR input
TMP92CM27

Figure 3.10.36 Block Diagram of IrDA (SIO0)

(1) Modulation of transmission data

When the transmission data is 0, output “H” level with either 3/16-0r'1/16 times for
width of baud-rate (Selectable in software). Moreover, pulse width is chosen in
SIROCR<PLSEL>.When data is “1”; modem output “L” level.

o [+ 7 o o s
M gRly

Transmission Start

data
H

0 1 l 0
[ []

Output after
modulation

Figure 3.10.37 Example-of Modulation of Transmission Data (SIO0)

(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. Effective pulse
width is’chosen-in STROCR<SIROWD3:0,>.

Receiving pulse
<RXSEL>="0" ! \
[}

[}

]

|

T

Receiving pulse |
<RXSEL> ="1" ! !
Data after Start 1 I

modulation

)

5
A
u 1

\
ik

Figure 3.10.38- Example of Modulation of Receiving Data (SIO0)

&

0
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(3) 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.

(4 SFR

Figure 3.10.39 shows the control register SIROCR. 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 (SIROCR), 07H ; Set receiving effect pulse width to 16X+100ns.

3) LD (SIROCR), 37H ; TXEN, RXEN enable the transmission and receiving.
\2

4) Transmission/receiving ; The modem operates as follows:

e - SIOO0 starts transmitting.
o IR receiver-starts receiving.

(5) 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 3.10.5 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 ps 78.13 us 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 ps 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 ps 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 TMP92CM27 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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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 3.10.6 shows baud rate and pulse width for (16 — K)/16.division function.

Table 3.10.6 Baud Rate and Pulse Width for (16 — K)/16 Division Function

Output Pulse | Baud Rate
: 7.6k 4K 19.2k . 24k
Width 115.2 kbps 57.6 kbps | 38.4 kbps 9.2 kbps | 9.6 kbps bps
Tx3/16 x o o o o o
Tx1/16 - - x o o o
0: Can be used (16~ K)/16 division function.
x: Cannot be used (16 — K)/16 division function.
—: Cannot be setto T x 1/16 pulse width.
7 6 5 4 3 2 1 0
SIROCR | Bit symbol PLSEL RXSEL TXEN RXEN SIROWD3 | SIROWD2- [ SIROWD1 /| SIROWDO
(1207H) | 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 . .
oy 0:Disable 0:Disable more-than 2x x (Value +1) + 100 ns
0:3/16 1: “L" pulse
1:Enable 1:Enable Can be set: 1to 14

1:1/16

Cannot be set; 0, 15

]

Select receiving effective pulse width
Formula:

Receiving effective pulse width > 2x x (Setting value + 1) + 100 ns
x = HfEpH

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.)

1 Enable receiving operation.

— > Enable of transmission operation

0 Disable transmission operation
(Input from SIO is ignored.)

1 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 3.10.39 IrDA Control Register0 (for SIO0)
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3.11 Serial Bus Interface (SBI)
The TMP92CM27 has 2-channel serial bus interface. Serial bus interface (SBIO, SBI1)
include following 2 operation modes.

I2C bus mode (Multi master)

Clocked-synchronous 8-bit SIO mode
The serial bus interface is connected to an external device through PCO(SDAO), PC1(SCL0),
PC3(SDA1) and PC4(SCL1) in the I2C bus mode; and through PC0(SO0); PC1(SI0), PC2(SCKO0),
PC3(S01), PC4(SI1) and PC5(SCK1) in the clocked-synchronous 8:bit/SIO mode.
Each of the channels can be operated independently. Since both SBIO and SBI1 channels
operate in the same manner, a channel explains only the case of SBIO.

Each pin is specified as follows: (SBIO)

PCCR<PC2C, PC1C, PCOC> PCFC<PC2F, PC1F, PCOF> PCFC2<PC1F2, PCOF2>
I°C bus mode X11 X11 11
Clocked-synchronous 000(SCK input) 111 On(Note)
8-bit SIO mode 100(SCK output)
X: Don't care

Note ) Set PCFC2<PCOF2 > in the clocked-synchronous 8-bit SIO mode to "1" when the oped drain output is necessary.

Each pin is specified as follows: (SBI1)

PCCR<PC5C, RPC4C, PC3C> PCFC<PC5F, PC4F, PC3F> PCFC2<PC4F2, PC3F2>
I°C bus mode %11 X11 11
Clocked-synchronous 000(SCK input) Ny on(Note)
8-bit SIO mode 100(SCK-output)
X: Don't care

Note ) Set PCFC2<PC3F2 >.in the clocked-synchronous 8-bit'SIO mode to "1" when the oped drain output is necessary.
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3.11.1 Configuration

—> INTSBIO interrupt requests
SCL
> SCK
H Pco
SIO < (SO0/SDAO0)
clock
control [€7]
1 1 10
control
. —H1 PcC1
¢ T —>| Divider —> SI0 > SO (S10/SCLO)
l Transfer —| data control [ s
> control K
’ I°C bus circuit
clock sync. J(
<9 TAR _(ECIECC):)Z
Noise +
L l—] . . ? 12
canceller Control Shift register I chlé?rgla 12 Noise SDA
A < 7| canceller
7~ i 0
v V4 |
SBIOCR2/ I2COAR SBIOBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBIO control register 2/ 12CO bus SBIOdata ) SBIOI control SBIO0 baud rate registers 0 and 1
SBIO status register address register ~ Quffer register register 1
Figure 3.11.1 Serial Bus Interface (SBIO)
—> INTSBI1 interrupt requests
>» SCL
SCK
1 PC3
SIO (SO1/SDA1)
clock
control /€
1 1 110 |
contro
— 1 Pc4
¢ T-—>{~ Divider —>! SI0 SO (SlI1/sCL1)
l Transfer —| data control |¢ sl
> control /K
I°C bus circuit
clock sync. J,
S ] NI _(EC}lzlc)s
Noise +
Lo le— . . 2
canceller Control Shift register : chlrj]frgla @ Noise SDA
A < < canceller
7~ 1 1
v 2 | |
SBILCR2/ I2C1AR SBI1BR SBI1CR1 SBI1BRO, 1
SBI1SR
SBI1 control register 2/ 12C1 bus SBI1 data ) SBIl_ control SBI1 baud rate registers 0 and 1
buffer register register 1

SBI1 status register

address register

Figure 3.11.2 Serial Bus Interface (SBI1)
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3.11.2 Control

The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface control register 1 (SBIOCR1), (SBI1CR1)

e Serial bus interface control register 2 (SBIOCR2), (SBI1CR2)

e Serial bus interface data buffer register (SBIODBR), (SBI1IDBR)
e I2C bus address register I2C0AR), (I2C1AR)

e Serial bus interface status register (SBIOSR), (SBI1SR)

e Serial bus interface baud rate register 0 (SBIOBRO), (SBI1BR0)
e Serial bus interface baud rate register 1 (SBIOBR1), (SBI1BR1)

The above registers differ depending on a mode to be used.
Refer to Section 3.11.4 “I2C Bus Mode Control Register” and 3.11.7 “Clocked-synchronous
8-Bit SIO Mode Control”.

3.11.3 Data Format in I°C Bus Mode

Data format in I°C bus mode is shown Figure 3.11.3

(a) Addressing format

fe——— 8hits ——>| 1 |&—— 1 to 8 bits ——>{ 1 }«—— 1 t08 bits ——>{ 1 |

| | | | | | R A A A

S Slave address l]cC Data C Data Cc|P
w | K K K
[ 1 e 1 or more >|

(b) Addressing format (with restart)

je——— 8bits ~———|\1 [&——1to 8 bits > 1|/ |« 8 bits > 1 |« 1to 8 bits ——>»{ 1 |

T T T 110 [&lA A T T T T 1T [Rla A
S Slave address Ad|C Data Cls Slave address l|cC Data C|P

w| K K w|K K

3 1 >« 1 or more > |« 1 >« 1 or more———>|

() Free data format (transfer format transfer from master device to slave device)

je——— 8bits| —>| 1 J¢&—— 1 to 8.bits —>| 1 j&—— 1 to 8 bits —>| 1 |

T T 71T A N A

S Slave address C Data C Data C|P
K K K
|« 1 >l 1 or more >|
S: Start condition

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

Figure 3.11.3 Data Format in I°C Bus Mode
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3.11.4 1°C Bus Mode Control Register

The following registers are used to control and monitor the operation status when using
the serial bus interface (SBIO, SBI1) in the I2C bus mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 . SCKo/
(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) | {-System clock: fc

010 n=7 — kHz (Noted) |} Clock gear :fc/1

011 n=8 60.6 kHz > fc = 16 MHz (Output to SCL
100 n=9 30.8'kHz pin) ¢

101 n'=10 15.5kHz Frequency = Eni—g [Hz]
110 n=11 7.78 kHz J

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

L — 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 3.11.5 (3) “Serial clock”.

Note 3: Initial data of SCKO is “0”, SWRMON is “1”.

Note 4: This 12C bus circuit does not support fast 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 3.11.4 Register for 1°C Bus Mode (SBIO, SBIOCR1)
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Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
‘(SlBZIjSCHR;l Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SV?/;IITA%N
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 specification (Note 2)
o 0:Not
prohibited. generate
1:Generate
]
Internal serial clock selection <SCK2:0> at write
000 n=5 " |-kHz(Note4))
001 n=6 _[-kHz (Noted) | | System clock: f¢
010 n=7 —kHz (Note4) || Clock gear .. fc/1
011 | " n<s 60.6 kHz» 7| fe =16 MHz (Qutput to SCL
100 n=9 30.8 kHz pin)
101 n=10 15.5 kHz Frequency = ani 5 [Hz]
110 n=11 7.78 kHz _J
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
> 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:
Note 3:

For the frequency of the SCL line clock, see section 3.11.5 (3) “Serial clock”.
Initial data of SCKO.is “0”", SWRMON is “1".

Note 4: This 12C bus circuit does not support fast 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 3.11.5 Register for I°C Bus Mode (SBI1, SBI1CR1)
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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
INTSBIO
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 eperating 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)

—> INTSBIO interrupt request

0

1

Release interrupt request

L——> Start/stop condition generation

0

Generates the stop.condition

1

Generates the start condition

——— > Transmitter/receiver selection

0

Receiver

1

Transmitter

> Master/slave-selection

0

Slave

1

Master

Reading this register function as SBIOSR register.

Switch a-mode to port mode after-confirming'that the bus is free.

Switch a mode between 1°C bus-mode and clocked-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.11.6 - Register for I°C Bus Mode (SBIO, SBIOCR2)
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SBI1CR2
(124BH)

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
INTSBI1
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 eperating 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)

—> INTSBIL interrupt request

0

1

Release interrupt request

L——> Start/stop condition generation

0

Generates the stop.condition

1

Generates the start condition

——— > Transmitter/receiver selection

0

Receiver

1

Transmitter

> Master/slave-selection

0

Slave

1

Master

Reading this register function as SBI1SR register.

Switch a-mode to port mode after-confirming'that the bus is free.

Switch a mode between 1°C bus-mode and clocked-synchronous 8-bit SIO mode after confirming that input

signals via port are high level.

Figure 3.11.7 Register for I°C Bus Mode (SBI1, SBI1CR2)

92CM27-266

2005-04-20



TOSHIBA TMP92CM27
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 INTSBIO  |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: - 07 Undetected| 0: Undetected| 1: “1”
1: Detected | |1: Detected | | 1: Detected

Note: Writing in this register functions as SBIOCR2.

——— > INTS
0 | Interrupt requested

N

I—) Last received bit monitor

0 | Last received bitwas “0".

1 | Last received bit was “1".

—> GENERAL CALL detection monitor

0 | Undetected

1 | GENERAL CALLdetected

——> Slave-address match detection monitor

0, | Undetected

1

Slave address match or
GENERAL CALL detected

——> Arbitration lost detection monitor

0 —

1 [ Arbitration lost

BIO interrupt request monitor

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 3.11.8 Register for I°C Bus Mode (SBIO, SBIOSR)
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBI1SR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(124BH) Read/Write R
After reset 0 0 0 1 0 0 0 0
Read- Function Master/ Transmitter/ | 1°C bus INTSBI1  |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: - 07 Undetected| 0: Undetected| 1: “1”
1: Detected | |1: Detected | | 1: Detected

Note: Writing in this register functions as SBI1CR2.

——— > INTS
0 | Interrupt requested

N

I—) Last received bit monitor

0 | Last received bitwas “0".

1 | Last received bit was “1".

—> GENERAL CALL detection monitor

0 | Undetected

1 | GENERAL CALLdetected

——> Slave-address match detection monitor

0, | Undetected

1

Slave address match or
GENERAL CALL detected

——> Arbitration lost detection monitor

0 —

1 [ Arbitration lost

BI1 interrupt request monitor

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 3.11.9 Register for I°C Bus Mode (SBI1, SBI1SR)
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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- -
modify-write Function Always IDLE2
) fy T 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
> Internal baud rate circuit control
0 ' |/Stop
1 Run
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1241H) Read/Write R (Receiving)/W (Transmission)
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. INTSBIO signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0

12COAR Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 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

Address recognition mode specification

0 | Slave address recognition

1 Non slave address recognition

Figure 3.11.10 Register for I°C Bus Mode (SBIO, SBIOBRO, SBIOBR1, SBIODBR, 12C0AR)
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBI1BRO Bit symbol - 12SBIO0
(124CH) Read/Write w R/W
After reset 0 0
Read- -
modify-write Function Always IDLE2
) fy T 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
SBI1BR1 Bit symbol P4EN -
(124DH) 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
>Internal baud rate circuit control
0 ' |/Stop
1 Run
Sirial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBI1DBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1249H) Read/Write R (Receiving) W (Transmission)
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: SBI1DBR can't-be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is

instruction is

prohibited.

prohibited.  \ote 3: Written data in SBILDBR is cleared by INTSBIL Signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0

12C1AR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(124AH) Read/Write w

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

Address recognition mode specification

0 | Slave address recognition

1 Non slave address recognition

Figure 3.11.11 Register for I°C Bus Mode (SBI1, SBI1BRO, SBI1BR1, SBI1DBR, I2C1AR)
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3.11.5 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
TMP92CM27 generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDAO pin is released in order to receive the acknowledge signal from the receiver. In
the receiver mode during the clock pulse cycle, the SDAO 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 TMP92CM27
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 speeifications of the I2C bus, such as the

smallest pulse width of tLOW.

le tHIGH Sle tLow e 1/fscl |
I e s NI e U e

trow =2" 'fgp SBIOCR1<SCK2:0> n

tHigH = 2" Yffsp) + 8/fsp 000 5

fsel = (tLow +tHIGH) 001 6

__fsmi 010 7

- 2'+8 011 8

100 9

101 10

110 11

Notel: fggshows/fgys.

Note2: In a setup of prescaler of SYSCRO, the fc/16 mode cannot be used at the time of SBI circuit use.

Figure 3.11.12 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 TMP92CM27 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 N/ )
«——>; Start couting-high-level width of a-clock pulse

A

| Reset a counter of

1 high-level width of

VR~

o-qd-—=—=3F——--=->

o -—-

Figure 3.11.13,Clock Synchronization

As master A pulls down theinternal SCL-output to the low level at point “a”, the
SCL line of the bus becomes the low level. After detecting this situation, master B
resets a counter /of high-level width of an-own clock pulse and sets the internal
SCL output to the low leyel.

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 TMP92CM27 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 TMP92CM27 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 TMP92CM27 as a transmitter. Clear
the <TRX> to “0” for operation as a receiver. In slave mode, when transfer data in
addressing format, when received slave address is same value with setting value to
I12CO0AR, or GENERAL CALL is received (All 8-bit data are “0™ after a start condition),
the <TRX> is set to “1” by the hardware if the direction bit (R/ W) sent from the master
device is “1”7, 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. Andit-is necessary to set transmitted data to the
data buffer register (SBIODBR) and set “1” to' <ACK> beforehand.

el
sciiine TN /1N /2 \_/3\ e\ s\ e\ \ B\ S\
/a6 X m X A Xoas X a2 X At X ro X Riw / o
T

Start condition L Slave address and direction bit | Acknowledge
: 1 signal

1
1
SDA line '
1

Figure 3.11.14 Generation of Start Condition and-Slave Address

When programmed “07 to SBIOCR2<BB>.and “111” to <MST, TRX, PIN> in during
SBIOSR<BB> s “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 /[ T
-—— - 1

SDAline .\ AR

Stop condition

Figure 3.11.15 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).

In addition, since there is a restrictions matter about stop condition generating in master
mode, please refer to 3.11.6.(4) " Stop condition generation ".
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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 (INTSBIO) 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 atthe 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 liné 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“I>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,
thatis, data in-master A. A data transmitted from master B becomes invalid. The state
in master B-is called “ARBITRATTION 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 3.11.16 Arbitration Lost
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The TMP92CM27 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 outputis 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 D0A / \ 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 aslosing arbitration
output P P 9 9

<AL> I/

|

A (
<TRX> I‘/ \
A

Accessed to
SBIODBR or SBIOCR2

Figure 3.11.17 Example of when TMP92CM27 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> = “07),/ 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 détection 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 INTSBIO 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, TMP92CM27 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 12C bus.

(18) Setting register for IDI.LE2 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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3.11.6 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

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 INTSBI 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.

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 INTSBIO 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

SDA line

<PIN>

INTSBIO
interrupt
request

SCLO Pin

SDAO Pin

<PIN>

INTSBIO
interrupt
request

-
! 1 2 3 4 5 6 7 8 9 -

[ me X a5 X aa X a3 X a2 X At X Ao X Riw A ACK [
. J Acknowledge

. Y signal from a
Start condition Slave address + Direction bit slave device

L.
(FL__

— Output of master
- — - Output of slave

Figure 3.11.18 Start Condition and Slave Address Generation

(3) 1-word data transfer

Check the <MST> by the INTSBIO 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 3.11.6 (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 SCLO pin,
and then the 1-word data is transmitted. After the data is transmitted, an
INTSBIO interrupt request generates. The <PIN> becomes “0” and the SCLO 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.

1 2 3 4 5 6 7 8 9

rWrite to SBIODBR

|

\_D7 X b6 X D5 X D4 X D3 X D2 X D1 X D0 A AcK /

Acknowledge signal
from a receive

L.
(FL__

— Output of master
=== Output of slave

Figure 3.11.19 Example in which <BC2:0> = “000” and <ACK> = “1" (Transmitter mode)
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SCLO line

SDAQO line

<PIN>

INTSBIO
interrupt
request

SCLO

SDAO

<PIN>

INTSBIO
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 SCLO line (Data which is read
immediately after a slave address is sent is undefined). After the data is read,
<PIN> becomes “1”. Serial clock pulse for transferring new 1 word of data is
defined SCL and outputs “L” level from SDAO pin with acknowledge timing.

An INTSBIO interrupt request then generates and the <PIN> becomes “0”,
Then the TMP92CM27 pulls down the SCL pin to the low level. The TMP92CM27
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
_________ D e, mmmmmm ST - -
D7_W_ D6 A D5 A D4 A D3 A D2/ a DL A DO X _ACK ANew D7

Acknowledge signal to
atransmitter

.

— Output of master
=== Output of slave

Figure 3.11.20 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 datawhich 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 TMP92CM27 generates a clock pulse for
a 1-bit data transfer. Since the master device is a receiver, the SDAO line on the
bus remains’high. The transmitter receives the high signal as an ACK signal. The
receiver indicates to the transmitter that the data transfer is completed.

After the one data bit has/been)|received and an interrupt request has been
genérated; the TMP92CM27 generates a stop condition (See section 3.11.6 (4)) and
terminates data transfer.

9 1 2 3 4 5 6 7 8 1

D7 W pe_ W D5 W pa W D3 W b2 W o1 W po S ’\ """"
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 3.11.21 Termination of Data Transfer (Master receiver mode)
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If <MST> = 0 (Slave mode)

In the slave mode the TMP92CM27 operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, an INTSBIO interrupt request generate when the
TMP92CM27 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 TMP92CM27 operates
in a slave mode if it losing arbitration. An INTSBIO interrupt request is generated
when a word data transfer terminates after losing arbitration. When an INTSBIO
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 tLOW time.

Check the SBIOSR<AL>, <TRX> <AAS>, and <ADO> and implements
processes according to conditions listed in the next table.

Table 3.11.1 Operation in the Slave Mode

<TRX> <AL> <AAS> | <ADO> Conditions Process
1 1 1 0 The TMP92CM27 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
TMP92CM27 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 TMP92CM27 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 TMP92CM27 detects arbitration lost
when transmitting a slave address or
data, and transfer of word terminates.
0 1 1/0 In slave receiver mode the TMP92CM27
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 TMP92CM27 | 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 TMP92CM27 generates a stop condition when the other device has released the

SCL line and SDAO pin rising.

“1” - <MST>
“1" — <TRX>
“0" > <BB>
“1” - <PIN>

Internal SCL

/ /— Stop condition

Y

SCLO pin

SDAO pin

<PIN> JK

<BB> (Read)

Figure 3.11.22 Stop Condition Generation (Single master)

" — <MST>
" — <TRX>
" — <BB>

"= <PIN>

moRR

— Stop condition

Internal SCL

v The case of pulled low

SCLO pin

Ju —

SDAO pin

:_ = by.another device ] :
! € - - > ! !
1 1
-N 1 1
1 1
1
1
1
i

<PIN> r

<BB>'(Read)

Figure 3.11.23 Stop Condition Generation (Multi master)
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(5) Restart

SCL (bus)

SCLO pin

SDAO 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 SDAO line remains the high level and the SCLO pin is released.
Since a stop condition is not generated on the bus, other devices assume the bus to be
in a busy state. Check the SBIOSR<BB> until it becomes “0” to check that the SCLO pin
of this device is released. Check the <LRB> until-it becomes 1 to check that the SCL
line on a bus is not pulled down to the low level by other deviees. After confirming that
the bus stays in a free state, generate a start condition with procedure described in
3.11.6 (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” > <RIN>
|<— 4.7 ps (Min) /—Start condition

[\

{9\

Y

]

A A=

Figure 3.11.24 Timing.Diagram when Restarting
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3.11.7 Clocked-synchronous 8-bit SIO Mode Control

SBIOCR1
(1240H)

Read-
modify-write
instruction is
prohibited.

SBIODBR
(1241H)
Read- |
modify-write
instruction is
prohibited.

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
Bit symbol SIOS SIOINH SIoM1 SIOMO SCK2 SCK1 SCKO
Read/Write w W w
After reset 0 0 o | o o | o 0
Function Transfer Continue/ | Transfer mode select Serial clock selection and reset monitor
start abort 00: Transmit mode
0: Stop transfer 01: (Reserved)
1: Start 0: Continue |10: Transmit/receive mode
transfer | 11: Receive mode
1: Abort
transfer
Serial clock selection <SCK2:0> at write
000 [ n=4 1)
MHz
001 [ n=5 500 kHz
010 | n=6 250 kHz \ [ System clock: fc
011 n=7 125 kHz | | fo =16 MHz (SCL output to SCK pin)
100 [\n=8 | 62.5kHz| | fscl= ~1e [Hz]
101 n=9 | 31.25 kHB
110 [ n=10/15.625kHz
111 -/ 4 (External clock : SCKO)

— 2 Contin

—> Transfer mode selection

00

8-bit transmit mode

01

(Reserved)

10

8-bit transmit/receive mode

11 [ 8-hit

receive mode

ue/abort transfer

0 /| Continue transfer

1 | Abort transfer (Automatically cleared after transfer aborted)

A\

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
Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read/Write R (Receiver)/W (Transfer)

After reset

Undefined

Figure 3.11.25 Register for the SIO Mode (SBIO, SBIOCR1, SBIODBR)
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Serial Bus Interface 1 Control Register 1
7 6 5 4 3 2 1 0
SBI1CR1 Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(1248H) Read/Write w w w
After reset 0 0 o | o 0 0 0
Read- Function | Transfer Continue/ [ Transfer mode select Serial clock selection and reset monitor
modify-write gt.aétto abort OOE Transmit mode
instruction is : Stop 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-MH2)
001 | n=5 500 kHz
010 | n=6 250 kHz System clock: fe
011 | n=7 125 kHz> fc = 16MHz (SCL output to SCK pin)
100 | n=8 | /62.5kHz
101 | n=9 [3125kH] \ fsol= —fen Mz
110 [n=10 [15.625 kH3 2
111 - (External clock :»SCKO0)
L—» Transfer mode selection
00 |'8-bit transmit mode
01" | (Reserved)
10 [ 8-bit transmit/receive mode
11 | 8-hit receive mode
L Continue/abort transfer
0 [ Continue transfer
1 | Aborttransfer (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 1 Data Buffer Register
7 6 5 4 3 2 1 0
SBI1DBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1249H) Read/Write R (Receiver)/W (Transfer)
_rl?*n%%ciif_y-yvrite After-reset Undefined
instruction.is
prohibited.

Figure 3.11.26- Register for the SIO Mode(SBI1, SBI1CR1, SBI1DBR)
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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: SIO 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 (Setial bus interface output disabled)
Note 2: Please always write “00” to SBIOCR2<1:0>. 01 | Clocked-synchronous 8-bit SIO mode
10/ |1*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 - 12SBIO
(1244H) Read/Write W RIW
Read- After reset 0 0
modify-write | Function Always write[ IDLE2
instruction is 0" 0: Stop
prohibited. 1: Operate
l » Operation in IDLE2 mode
Note; Clocked:syncronous mode-cannot operate in IDLE2 mode. 0 |Stop
1 | Operate
Serial Bus Interface 0 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBIOBR1 Bit symbol P4EN =
(1245H) Read/Write W w
Read- After reset 0 0
modify-write Function Internal Always write|
) S clock “0”.
instruction is
o 0: Stop
prohibited. 1: Operate

» Baud rate clock control

0

Stop

1

Operate

Figure 3.11.27 Register for the SIO Mode (SBI0, SBIOCR2, SBIOSR, SBIOBRO, SBIOBR1)
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Serial Bus Interface 1 Control Register 2

7 6 5 4 3 2 1 0

SBI1CR2 Bit symbol SBIM1 SBIMO - -
(124BH) Read/Write W 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 :
prohibited. 01: SIO mode

10: I°C bus mode
11: (Reserved)

Note 1: Set the SBIOCR1<BC2:0> to “000” before switching Serial bus interface .operation mode selection
to a clocked-synchronous 8-bit SIO mode 00

Note 2: Please always write “00” to SBICR2<1:0>.

Port mode (Serial bus interface output disabled)
01 | Clocked-synchronous 8-bit SIO mode

10/|/*C bus mode

11" | (Reserved)

Serial Bus Interface 1 Status-Register

7 6 5 4 3 2 1 0
SBI1SR Bit symbol SIOF SEF
(124BH) Read/Write R
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 1 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBI1BRO Bit symbol - 12SBIO
(124CH) | Read/Write W RIW
Read- After reset 0 0
modify-write | Function Always write| IDLE2
instruction is “ar. 0: Stop
prohibited. 1: Operate
| > Operation in IDLE2 mode
Note: - Clocked-syncronous mode cannot operate in IDLE2 mode. 0 | Stop
1 | Operate
Serial Bus Interface 1 Baud Rate Register 1
7 6 5 4 3 2 1 0
SBI1BR1 Bit symbol P4EN —
(124DH) Read/Write W w
Read- After reset 0 0
modify-write | Function Internal Always write
. Lo clock ‘0",
instruction is
o 0: Stop
prohibited. 1: Operate

> Baud rate clock control

0 | Stop
1 | Operate

Figure 3.11.28 Register for the SIO Mode (SBI1, SBILCR2, SBI1SR, SBI1BRO, SBI1BR1)
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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 SCKO pin. The SCKO 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

|<—>
SCKO pin output N I l l I I I l I

SO0 pin output a5 @ az @ bl:b4 @ c1Yco
/\/

Writing b
transmission
data

[

Figure 3.11.29 Automatic Wait Function

External clock (<SCK2:0> = “111")

An external clock input via-the SCKO 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 IMHz (when fc = 16 MHz).

sekopin T |1 LT L

| |

]
tsckL tsckH

tSCKL1 and tsckH> 8- fc

Figure 3.11.30 Maximum, Data Transfer Frequency when External Clock Input
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2. Shift edge

Data is transmitted on the leading edge of the clock and received on the trailing
edge.

Leading edge shift

Data is shifted on the leading edge of the serial clock (on the falling edge of the
SCKO pin input/output).

Trailing edge shift
Data is shifted on the trailing edge of the serial clock (on the rising edge of the
SCKO pin input/output).

SCKO pin 1 l l l l l I l l

SO0 pin E\ Bit0 X Bitl X Bit2 X Bit3 X Bit4 )( Bit5 X Bit6 X Bit7

l
Shift register 76543210 7654321+ 765432 K(x#+ 76543 x4 7654 Y s xx 765 s 76 X x» s 7

(a) Leading shift

SCKO pin f: f: f: f: "‘ f: "‘ I f:

SI0 pin \ aito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
|

Shift register PR IXQ*HHH X10******Xz10*****)(3210****)(43210*** 543210**X6543210*X76543210

(b) Trailing'shift

+: Don't care

Figure 3.11.31 Shift-Edge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive

mode.

1.

8-bit transmit mode

Set a control register to a transmit mode and write transmission data to the

SBIODBR.

After the transmit data has been written, set the SBIOCR1<SIOS> to “1” to
start data transfer. The transmitted data is transferred from the SBIODBR to the
shift register and output, starting with the least significant bit (LSB), via the SO0
pin and synchronized with the serial clock. When the transmission data has been
transferred to the shift register, the SBIODBR becomes empty. The INTSBIO
(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 tothe 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 ig'started;-after the SBIOSR<SIOF> goes “1” output from the
SO0 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
INTSBIO 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>

-1 =
s ] || b

SCKO pin (Output)

SO0 pin

INTSBIO
interrupt request

SBIODBR — X=X
)

Writing transmission data

o

(a) Internal clock

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>
SCKO pin (Input)

SO0 pin

INTSBIO
interrupt request

SBIODBR — XaX
r

Writing transmission data

o

(b) External clock
Figure 3.11.32 ~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,(PN) ; If SCK =0 then loop.
JR Z, STEST2
LD (SBIOCR1), 00000111B ; <SIOS>+«0
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Note:

SCKO pin
]
|
<SIOF> i
] ]
] ]
l /

SO0 pin Bit6 X Bit7
!

tsopH = 3.5/frpH [s] (Min)

Figure 3.11.33 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 SI0 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 INTSBIO (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 1s-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 INTSBIO
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 transferr-mode is changed, the contents of the SBIODBR will be lost. If the mode
must be changed, conclude data receiving by clearing the <SIOS> to “0”, read the last data,
then change the mode.
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|<— Clear <SI0S> —>|

<SIOS>

- ——
] |

<SEF>

SCK pin (Output)

Sl pin

INTSBIO
interrupt request

SBIODBR

Read receive data Read receive data
Figure 3.11.34 Receiver Mode (Example: Internal clock)

3. 8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIODBR.
After the data 1is written, set the SBIOCR1<SIOS> to “1” to start
transmitting/receiving. When data is transmitted, the-data is output from the
SO0 pin, starting from the least significant bit (LSB) and synchronized with the
leading edge of the serial clock signal. When datais‘received, the data is input via
the SIO pin on the trailing edge of the serial clock signal. 8-bit data is transferred
from the shift register to the’ SBIODBR and the INTSBIO interrupt request is
generated. The interrupt service program reads the received data from the data
buffer register and writes the data whichis 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
anew 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
SO0 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
INTSBIO 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 |

<SIOS>

<SEF>

SCKO pin (Output)
SO0 pin

SlOpin

INTSBIO
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 3.11.35 Transmission/Receiving Mode (when an external clock is used)

SCKO pin

<SIOF>

[E—

SO0 pin Bit6” X Bit7 in last transmitted word.

>
| |

tsopH = 4fsys [s] (Min)

Figure 3.11.36 Transmission Data Hold Time at End‘of Transmission/Receiving

(Transmission/receiving mode)
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3.12 High Speed SIO (HSC)

1)
2)
3)
4)
5)
6)
7)

TMP92CMZ27 includes 2 High Speed SIO channels. Each channel is called HSCO and HSC1.
Each channel supports only the master mode in I/O interface mode (synchronous transmission).

The features as follows.

Double buffer (Transmit/Receive)

Generate CRC7 and CRC16 of Transmit/Receive data

Baud Rate : 10Mbps max

MSB/LSB-first
8/16bit data length

Clock Rising/Falling edge
The interruption function of each 1 channel : INTHSCO/INTHSC1

Read, Mask, Clear interrupt and Clear enable can control each 4 interrupts:

RFRO/1 (Receive buffer of HSCORD/HSC1RD: Full),

RFWO0/1 (Transmission buffer of HSCOTD/HSC1TD: Empty),

RENDO0/1 (Receive buffer of HSCORS/HSC1RS: Full),

TENDO/1 (Transmission buffer of HSCOTS/HSC1TS: Empty).
RFRO0/1, RFWO0/1 can high-speed transaction by micro DMA-

High Speed SIO channels 0 to 1 can be used independently.
All channels operate in the same)function except for the following points; hence only the

operation of channel 0 is explained below.

Table 3.12.1 Differences between each Channels

HSCOCR (C06H/C0O7H)
HSCOIS (CO8H/C09H)
HSCOWE (COAH/COBH)
HSCOIE (COCH/CODH)
HSCOIR (COEH/COFH)
HSCOTD (C10H/C11H)
HSCORD (C12H/C13H)
HSCOTS (C14H/C15H)
HSCORS (C16H/C17H)

HSCO HSC1
Pin name HSSIO0 (PDO) HSSI1 (PL4)
HSSQ0(PD1) HSSO1 (PL5)
HSSCLKO (PD2) HSCLK1 (PL6)
SFR HSCOMD_(CO0H/C01H) HSC1MD (C20H/C21H)
(address) HSCOCT (CO2H/CO3H) | HSC1CT (C22H/C23H)
HSCOST (C04H/CO5H) HSC1ST (C24H/C25H)

HSCI1CR (C26H/C27H)
HSCL1IS (C28H/C29H)
HSC1WE (C2AH/C2BH)
HSCL1IE (C2CH/C2DH)
HSC1IR (C2EH/C2FH)
HSC1TD (C30H/C31H)
HSC1RD (C32H/C33H)
HSCI1TS (C34H/C35H)
HSC1RS (C36H/C37H)
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3.12.1 Block diagram

The block diagram of each channel is shown in the figure 3.12.1 and figure 3.12.2.

fsvs Baud rate
HSCLKO
Generator U
P
=]
12}
o
bt | Q
I
=
Q
[a)]
=
< 16bit )| 3
(2]
I
160t Y B 2 o HSSO0
| =
9 S =
a T I IS
I [}
S ()
° o
K] — — =
c (]
[] [S]
IS 16bit g { 2 )
= 1<} S g EI HSSIO0
3 [N ? =
T I é
[%2]
L S ot
@
- g
'_
w
1eb> 2
)
o
o
O
(2]
I
id
< L
O
(2]
I
e
INTHSCO

Note )'By Reset, HSCLKO0, HSS00; HSSIO pin are set to input port (PortD0, D1, D2) so that pull-up resister is needed.

Figure 3.12.1 HSCO Block diagram
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fsvs Baud rate
HSCLK1
Generator U
N
-
0
- 2
< 6bit | @
I
=
Q
s}
=
< 16bit )| O
(%2}
I
o o @
16bit [ 5 = {] HSSO1
8 9 2 g
a T I IS
o )
S (@)
o o
© — — >
c ©
L o /\— 0 3
S i g 2 o]
IS 16bit 4 © x {T] HSSI1
3 [N ? =
T I é
[%2]
L I c
<
- o
|_
w
1eb> g
a
a
E
Q
(%}
I
o
< 1ebit | O
Q
(%2}
I
a
INTHSC1

Note ) By-Reset, HSCLK1, HSSO1, HSSI1 pin are set to input port (PortL4, L5, L6) so that pull-up resister is needed.

Figure 3.12.2 HSC1 Block diagram
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3.12.2 SFR
SFR is explained below. These are connected to CPU with 16bit data bus.
(1) Mode setting register
Register is for operation mode or clock etc.
HSCOMD Register
7 6 5 4 3 2 1 0
HSCOMD | bit Symbol XENO CLKSEL02/| CLKSELO1 |CLKSEL0O
(0C00H) Read/Write R/W R/IW
After Reset 0 1 0 0
SYSCK Select baud rate
0: disable 000: Reserved 100: fgys/16
Function 1: enable 001: fgys/2 101: fgys/32
010: fsys/4 111 fsys/64
011: fgys/8 111:Reserved
15 14 13 12 11 10 9 8
bit Symbol  [LoopBACKo| MSB1STO0 | DOSTATO TCPOLO | RCPOLO TDINVO RDINVO
(0CO1H) | Read/Write RIW RIW
After Reset 0 1 1 0 0 0 0
LOOPBACK |Start bit for HSSOO0 pin Synchronous |Synchronous [Invertdata [Invert data
test mode transmit/rece [(no transmit) clock edge [clock edge” <|During During
. O:disbale ive 0:fixed to "0” during during transmitting  |receiving
Function 1:enable 0.LSB 1:fixed to'"1” transmitting —{receiving 0: disable 0: disable
1:MSB 0: fall 0: fall 1: enable 1: enable
1:rise 1: rise
Figure 3.12.3 HSCOMD Register
HSC1MD Register
7 6 5 4 3 2 1 0
HSCIMD | bit Symbol XEN1 CLKSEL12 | CLKSEL11|CLKSEL10
(0C20H) Read/Write R/W R/W
After Reset 0 1 0 0
SYSCK Select baud rate
0: disable 000: Reserved 100: fgys/16
Function 1: enable 001: fgyg/2 101: fgys/32
010: fsys/4 111: fsys/64
011: fgys/8 111:Reserved
15 14 13 12 11 10 9 8
bit Symbol- | oopBacK1| MSB1ST1 | DOSTAT1 TCPOL1 | RCPOL1 TDINV1 RDINV1
(0C21H)- | Read/MWrite RIW RIW
After Reset 0 1 1 0 0 0 0
LOOPBACK |Start bit for HSSO1 pin Synchronous |Synchronous [Invert data  [Invert data
test mode transmit/rece [(no transmit) clock edge [clock edge  |During During
) O:disbale ive 0:fixed to "0” during during transmitting  |receiving
Function 1:enable 0.LSB 1:fixed to "1” transmitting [receiving 0: disable 0: disable
1:MSB 0: fall 0: fall 1: enable 1: enable
1:rise 1: rise
Figure 3.12.4 HSC1MD Register
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(a) <LOOPBACKO>

Because Internal HSSOO can be input to internal HSSIO, it can be used as test.
Please change the setting when transmitting/receiving is not in operation.

Transmitting data =~ == T > > > ] HSSOO pin
9

Receiving data <—Y :]
HSSI0pin

HSCOMD<LOOPBACKO>

Figure 3.12.5 <LOOPBACKO> Register Function
(b) <MSB1STO0>

Select the start bit of transmit/receive data
Please change the setting when transmitting/receiving is not in operation.

(¢) <DOSTATO>

Set the status of HSSOO pin during notransmitting (after transmitting or during
receiving).
Please change the setting when transmitting/receiving is-net in.operation.

(d <TCPOLO>

Select the edge of synchronous clock during transmitting.
Please change the setting during <XENO0> = “0”.And set the same value of <RCPOLO0>.

hscLko pin (<tcpoLos=oy ~ | L[ 1 LI |
HscLko pin (<teporos=1) || [ Lo L | -

HSSOO0 pin LSBX — XX X e MSB
Bit0 | Bitl { Bit2 Bit3 Bit4 Bit7

Figure 3.122.6 <TCPOLO> Register function
(&) <RCPOLO>

Select the edge of synchronous.clock during receiving.
Please change the setting during <XENO0>= “0”. And set the same value of <TCPOLO0>.

5o pin(srcpotgszy o [ [T LI v [T

HscLko pin(<RePotos=1) || [ L[ L |~
HSSIO pin XisBX_ X X X e MSB,

BitO Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.12.7 <TCPOLO> Register function
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(f) <TDINVO>
Select logical invert/no invert when output transmitted data from HSSOO pin.

Please change the setting when transmitting/receiving is not in operation.
Data that input to CRC calculation circuit is transmission data that is written to HSCOTD.

This input data is not corresponded to <TDINVO0>.
<TDINVO0> is not corresponded to <DOSTATO0>: it set condition of HSSOO pin when it is

not transferred.

(g) <RDINVO>
Select logical invert/no invert for received data from HSSIQ pin.
Please change the setting when transmitting/receiving is not in operation.
Data that input to CRC calculation circuit is selected by <RDINVO0>.

(h) <XENO>

Select the operation for the internal clock.

(i) <CLKSEL02:00>
Select baud rate. Baud rate is created from fsys and settings are in.under table.
Please change the setting when transmitting/receiving is not-in‘operation.

Table 3.12:2 Example of baud rate

Baud rate [Mbps]
<CLKSEL02:00> fsys =12MHz fsys =16MHz fsys =20MHz

fsys/2 6 8 10
fsys/4 3 4 5
fsys/8 15 2 25
fsys/16 0.75 1 1.25
foys/32 0.375 05 0.625
fsys/64 0.1875 0.25 0.3125
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(2) Control Register
Register is for data length or CRC etc.
HSCOCT Register
7 6 5 4 3 2 1 0
HScoCT | bit Symbol - - UNIT160 ALGNENO | RXWENO_| RXUENO
(0Co2H) | Read/write RIW RW
After Reset 0 1 0 0 0 0
Always Always Data length Full duplex /|Sequential |Receive
write “0”. write “1”. 0: 8bit alignment receive UNIT
Function 1: 16bit 0: disable
1: enable 0: disable 0: disable
1: enable 1: enable
15 14 13 12 11 10 9 8
(0CO3H) bit Symbol [cRC16 7 BO| crorx ¢ o | cReRESET BO DMAERFWO0 | DMAERFROQ
Read/Write R/IW R/W RIW
After Reset 0 0 0 0 0
CRC select [CRC data CRC Micro DMA- [Micro DMA
0: CRC7 0: Transmit calculate 0:Disable 0: Disable
1: CRC16 1: Receive register 1; Enable 1: Enable
Function )
0:Reset
1:Release
Reset
Figure 3.12.8 HSCOCT Register
HSC1CT Register
7 6 5 4 3 2 1 0
HSCICT | bit Symbol - L UNIT161 ALGNEN1 | RXWEN1 | RXUEN1
(C22H) | Read/Write R/W. R/W
After Reset 0 1 0 0 0 0
Always Always Data length Fullduplex [Sequential |Receive
write “0”; write “1”. 0: 8bit alignment receive UNIT
Function 1: 16bit 0: disable
1: enable 0: disable 0: disable
1: enable 1: enable
15 14 13 12 11 10 9 8
(C23H) | bit Symbol, | cRC16_7_B1 | crorx T B1 | CRCRESET B1 DMAERFW1 | DMAERFR1
Read/Write R/W R/W R/W
After Reset 0 0 0 0 0
CRC select [CRC data CRC Micro DMA  [Micro DMA
0: CRC7 0: Transmit calculate 0: Disable 0: Disable
1: CRC16 1: Receive register 1: Enable 1: Enable
Function .
0:Reset
1:Release
Reset
Figure 3.12.9 HSCI1CT Register
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(a) <CRC16_7_B0>
Select CRC7 or CRC16 to calculate.

() <CRCRX _TX B0>

Select input data to CRC calculation circuit.

(¢0 <CRCRESET BO>

Initialize CRC calculate register.
The process that calculating CRC16 of transmits data and sending CRC next to transmit
data is explained as follows.

1. Set HSCOCT<CRC16_7_B0> for select CRC7or CRC16 and <CRCRX.TX_BO0> for
select calculating data.

For reset HSCOCR register, write “1” after set <CRCRESET_B0> to "0".

Write transmit data to HSCOTD register, and wait for finish transmission all data.
Read HSCOCR register, and obtain-the result of CRC calculation.

Transmit CRC which is obtained in (4) by the same way-as (3).

AN

CRC calculation of receive data is the same process.
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<CRC16_7_B0>="1",
<CRCRX_TX_B0>="0"

v

<CRCRESET_B0>="0"->"1

v

Transmit all data

v

Read CRC from HSCOCR

v

Write CRC in HSCOTD and
send

End

Figure'3.:12:10 Flow chart of CRC calculation
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(d)

(e)

(®)

(g)

(h)

@

<DMAERFWO0>

Set clearing interrupt in CPU to unnecessary because be supported RFWO0 interrupt to
Micro DMA. If write “1” to, it be set to one-shot interrupt, clearing interrupt by HSCOWE
register become to unnecessary. HSCOST<RFWO0> flag generate 1-shot interrupt when
change from “0” to “1”(Rising).

<DMAERFRO>

Set clearing interrupt in CPU to unnecessary because be supported RFRO interrupt to
Micro DMA. If write “1” to, it be set to one-shot interrupt; clearing interrupt by HSCOWE
register become to unnecessary. HSCOST<RFRO> flag generate 1-shot interrupt when
change from “0” to “1”(Rising).

<UNIT160>

Select the length of transmit/receive data. Data length is described as UNIT downward.
Please change the setting when transmitting/receiving is not in operation.

<ALGNENO>

Select whether using alignment funetion for transmit/receive per UNIT during full
duplex.
Please change the setting when transmitting/receiving is/not/in operation.

<RXWENO>

Set enable/disable of sequential receiving.

<RXUENO>

Set enable/disable of receiving operation per UNIT. In case <RXWENO> = “1”, this bit is
not valid.
Please change the setting when transmitting/receiving is not in operation.

[Transmit / receive operation mode]

It is supported 6 operation modes. They are selected in <ALGNENO>, <RXWENO> and

<RXUENO> registers.

Table 3.12.3 transmit/receive operation mode

Operation. mode Register setting Note
<ALGNENO> | <RXWENO> | <RXUENO>

(1) Transmit UNIT 0 0 Transmit written data per UNIT
(2)-Sequential transmit 0 0 0 Transmit written data sequentially
(3) Receive UNIT 0 0 1 Receive data of only 1 UNIT
(4) Sequential receive 0 1 0 Receive automatically if buffer has space
(5) Transmit/Receive UNIT 1 0 1 Transmit/receive 1 UNIT with alignment
with alignment per each UNIT
(6) Sequential Transmit/receive sequentially with
Transmit/Receive UNIT with 1 1 0 alignment per each UNIT
alignment

92CM27-303 2005-04-20




TOSHIBA

TMP92CM27

Difference between UNIT transmission and Sequential transmission

UNIT transmit mode is transmitted every 1 UNIT by writing data after confirmed
HSCOST<TENDO>=1.The written transmission data is shifted 4in turn. In hard ware,
transmission is kept executing as long as data exists. If it transmit data sequentially, write next
data when HSCOTD is empty and HSCOST<RENDO>=1.

UNIT transmission and sequential transmission depend on the way of using. Hardware

doesn’t depend on.

Figure 3.12.11 show Flow chart of UNIT transmission and Sequential transmission.

SCOST<TENDO>=17

Write transmission data to
HSCOTD

Transmission all data
end?

Transmission end?
HSCOST<TENDO>=1?2

Transmission
end

UNIT transmission

Write transmission data to
HSCOTD

Transmission all data
end?

Transmission end?
SCOST<TENDO>=1?2

Transmission
end

Sequential
transmission

Figure 3.12.11 Flow chart of UNIT transmission and Sequential transmission
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Difference between UNIT receive and Sequential receive

UNIT receive is the mode that receiving only 1 UNIT data.

By writing “1” to HSCOCT<RXUENO>, receives 1UNIT data, and received data is loaded in
receive data register (HSCORD). When HSCORD register is read, read it after wrote “0” to
HSCOCT<RXUENO>.

If data was read from HSCORD with the condition HSCOCT<RXEO0>= “1”, 1 UNIT data is
received again automatically. In hardware, this mode receives sequentially by Single buffer.

HSCOST<RENDO> is changed during UNIT receiving.

Sequential receive is the mode that receive data and automatically when receive FIFO has
space.

Whenever buffer has space, next data is received automatically. Therefore, if data was read
after data is loaded in HSCORD, it is received sequentially every UNIT. In hardware; this mode
receives sequentially by double buffer.

Figure 3.12.12 show Flow chart of UNIT receive and Sequential receive.
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Write “1” to HSCOCT<RXUENO>

*—

Receiving end?
SCOST<RFR0>=12

‘v
Read receive data from
HSCORD

Program receive number -1

Write “0” to
HSCOCT<RXUENO>

v

Read last receiving data from
HSCORD

End

UNIT receive

Write “1” to HSCOCT<RXWENO>

¥—_

Receiving-end?
SCOST<RFRO>=12

v
Read receiving data from
HSCORD

Program receive number-2
Receiving end2

Last second receiving end ?

Write “0” to HSCOCT<RXWENO>

v

Read second data from last
from HSCORD

Does last-data exist in HSCORD?

Read last receiving data from
HSCORD

End

Sequential receive

Figure 3.12.12 Flow chart of UNIT receive and Sequential receive
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(3) Interrupt , Status register

Read of condition, Mask of condition, Clear interrupt and Clear enable can control each 4
interrupts; RFRO(HSCORD receiving buffer is full), REWO(HSCOTD transmission buffer is
empty), RENDO(HSCORS receiving buffer is full), TENDO(HSCOTS transmission buffer is
empty).

RFRO, RFWO can high-speed transaction by micro DMA.

Following is description of Interrupt - status (example RFWO0):

Status register HSCOST<RFWO0> show RFWO (internal signal that show whether
transmission data register exist or not). This register is “0” when transmission data exist.
This register is “1” when transmission data doesn’t exist. It.can read internal signal directly.
Therefore, it can confirm transmission data at any time.

Interrupt status register HSCOIS<RFWIS0> is set by rising edge of RFWO. (This register
keeps that condition until write “1” to this register and reset when HSCOWE<RFWWEO0> is
“1”.

RFWO interrupt generate when interrupt enable register HSCOIE<RFWIEO0>1s“1”. When
it is “0”, interrupt is not generated.

Interrupt request register HSCOIR<RFWIRO0> show whether interrupt is generating or not.

Interrupt status write enable register HSCOWE<RFWWEOQ> set that enables reset for reset
interrupts status register by mistake:

Circuit config of transmission data shift register (HSCOTS), receiving register (HSCORD),
receiving data shift register (HSCORS) are same with above register.

Control register HSCOCT<DMAERFWO0>, HSCOCT<DMAERFRO> is register for using
micro DMA. When micro DMA transfer is executed by using RFWO interrupt, set “1” to
<DMAERFWO0>, and when it\is executed by using RFRO interrupt, set “1” to <DMAERFRO0>,
and prohibit other interrupt.

Control register
HSCOCT<DMAERFWO0>

Stattus (RFWO) of Transmission data register (HSCOTD):-exist data:0,-No'data: 1

Interrupt enable register
HSCOIE<RFWIEO>

Control register

Status register

. HSCOCT<DMAERFRO>
No transmit of HSCQST<RFWO0> >
tansmission data .
régister (HSCOTD) Interrupt request register
0: exist data, HSCOIR<RFWIR0> L INTHsCO
1:no data detection D, —
Write “1”

Interrupt status register
HSCOIS<RFWIS0>

.D Q
. Interrupt status-write enable register
CK 1 scowE<RFWWED>

Status (TENDO) of Transmission data shift register (HSCOST) +
0: exist data, 1: no data

Status (RFRO) of Receiving data register (HSCORD) +
0: exist data, 1: no data

Status (RENDO) of Receiving data shift register (HSCORS) *
0: exist data, 1: no data

Figure 3.12.2 Figurer for interrupt, status
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(3-1) Status register
Register shows 4 status.
HSCOST Register
7 6 5 4 3 2 1 0
HSCOST | bit Symbol TENDO | RENDO RFWO RFRO
(0C04H) | Read/Write R
After Reset 1 0 1 0
Receiving Receive Transmit Receive
Shift register {buffer buffer
. . X 0: .
Function O:operation |0: no data untransmitted 0:no
1: no 1:exist data [data exist valid data
. 1:no wali
operation untransmitted 1.val.|d data
data exist
15 14 13 12 11 10 9 8
bit Symbol
(ocosH) | Read/Write
After Reset
Function
Figure 3.12.3 HSCOST Register
HSC1ST Register
7 6 5 4 3 2 1 0
HSC1ST | bit Symbol TEND1 REND1 RFW1 RFR1
(0C24H) | Read/Write R
After Reset 1 0 1 0
Receiving Receive Transmit Receive
Shift register [buffer buffer
. : . 0: .
Function O:operation |0: no data untransmitted 0:no
1: no 1: exist data [data exist valid data
. 1:no wvali
operation untransmitted Lvalid data
data exist
15 14 13 12 11 10 9 8
bit Symbol
(0C25H) Read/Write
After Reset
Function
Figure 3.12.4 HSC1ST Register
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(a) <TENDO>

This bit is set to “0” when valid data to transmit exists in the shift register for transmit. It
is set to “1” when finish transmitting all the data.

(b) <RENDO>

This bit is set to “0” when receiving is in operation or no valid data exist in receive shift
register.

It is set to “1”7, when valid data exist in receive read register and keep the data without
shifting.

It is cleared to “0”, when CPU read the data and shifttoreceive read register.

(¢0 <RFWO0>

After wrote the received data to receive data write register, shift the data to receive data
shift register. It keeps “0” until all valid data has moved. And it is set' to “1” when it can
accept the next data with no valid data.

(d <RFRO>

This bit is set to “1” when received data is shifted from received data shift register to
received data read register and valid data exist. It is set to “0”when the data is read and no
valid data.
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(3-2) Interrupt status register
Register read 4 interrupt status and clear interrupt.
This register is cleared to “0” by writing “1” to applicable bit. Status of this register show
interrupt source state. This register can confirm changing of interrupt condition, even if

interrupt enable register is masked.

HSCOIS Register

7 6 5 4 3 2 1 0
Hscols |-t Symbol TENDISO'| RENDISO | RFWISO | RFRISO
(0CO8H) Read/Write RIW
After Reset 0 0 0 0
Read Read Read Read

0:no interrupt{0:no interrupt |0:no interrupt|0:nointerrupt

. l:interrupt L:interrupt L:interrupt 1:interrupt
Function g P P R

Write Write Write Write
0:Don't care |0:Don'tcare |0:Don’t care[0:Don’tcare
1:clear 1:clear 1:clear 1:clear
15 14 13 12 11 10 9 8
bit Symbol

(0CO9H) Read/Write
After Reset

Function
Figure 3.12.5 HSCOIS Register
HSCOIS Register
7 6 5 4 3 2 1 0
Hsc1s  |Pit Symbol TENDIS1 | RENDIS1 | RFWIS1 | RFRIS1
(0C28H) Read/Write R/W
After Reset 0 0 0 0
Read Read Read Read
0:no interrupt |0:no interrupt |0:no interrupt|0:nointerrupt
Function l:interrupt L:interrupt L:interrupt 1:interrupt
Write Write Write Write
O:Don'tcare |0:Don'tcare |0:Don'tcare [0:Don'’tcare
1:clear 1:clear 1:clear 1:clear
15 14 13 12 11 10 9 8
bit-Symbol

(0C29H) " ["Readmrite
After Reset

Function

Figure 3.12.6 HSC1IS Register
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(a) <TENDISO>

This bit read status of TEND interrupt and clear interrupt.
If write this bit, set “1” to HSCOWE<TENDWE0>.

(b) <REMDIS0>

This bit read status of REND interrupt and clear interrupt.
If write this bit, set “1” to HSCOWE<RENDWEO0>.

(¢) <RFWDIS0>

This bit read status of RFW interrupt and clear interrupt.
If write this bit, set “1” to HSCOWE<RFWWEO0>.

(d) <RFRISO>

This bit read status of RFR interrupt and clear interrupt.
If write this bit, set “1” to HSCOWE<RFRWEO0>,
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(3-3) Interrupt status write enable register

Register set clear enable for 4 interrupt stasus bit.

HSCOWE Register

7 6 5 4 3 2 1 0
HSCOWE | bit Symbol TENDWEO | RENDWEO | RFWWEQ | RFRWEOQ
(0COAH) | Read/Write R/W
After Reset 0 0 0 0
Clear Clear Clear Clear
HSCOoIS HSCOIS HSCOIS HSCOIS
Function <TENDIS0> |<RENDISO>_ |<TFWIS0> <RFRIS0>
0: disable 0: disable 0: disable 0: disable
1: enable 1: enable 1: enable 1: enable
15 14 13 12 11 10 9 8
bit Symbol
(0COBH) Read/Write
After Reset
Function
Figure 3.12.20. HSCOWE/Register
HSC1WE Register
7 6 5 4 3 2 1 0
HSC1WE | bit Symbol TENDWE1 | RENDWE1| RFWWE1 | RFRWE1
(0C2AH) | Read/Write RIW
After Reset 0 0 0 0
Clear Clear Clear Clear
HSC1IS HSC1IS HSC1IS HSC1IS
Function <TENDIS1> |<RENDIS1> |<TFWIS1> <RFRIS1>
0: disable 0: disable 0: disable 0: disable
1: enable 1: enable 1: enable 1: enable
15 14 13 12 11 10 9 8
bit Symbol
(0C2BH) Read/Write
After Reset
Function

Figure 3.12.21 HSC1WE Reqgister
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(2) <TENDWEO>

This bit set clear enable of HSCOIS<TENDISO0>.

(b) <RENDWEO0>

This bit set clear enable of HSCOIS<RENDISO0>.

(¢) <RFWWEO0>
This bit set clear enable of HSCOIS<RFWIS0>.

(d) <RFRWEO0>
This bit set clear enable of HSCOIS<RFRISO0>.
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(3-4) Interrupt enable register
Register set output enable for 4 interrupt.
HSCOIE Register
7 6 5 4 3 2 1 0
HSCOIE bit Symbol TENDIEO | RENDIEO | RFWIEQ RFRIEO
(ococH) | Read/Write RIW
After Reset 0 0 0 0
TENDO RENDO RFWO RFRO
Function interrupt interrupt interrupt interrupt
0: Disable 0: Disable 0: Disable 0: Disable
1: Enable 1: Enable 1: Enable 1: Enable
15 14 13 12 11 10 9 8
bit Symbol
Read/Write
After Reset
(OCODH)
Function
Figure 3.12.22 HSCOIE Register
HSCL1IE Register
7 6 5 4 3 2 1 0
Hscie  |Pit Symbol TENDIE1 | RENDIEL1 | RFWIE1 | RFRIE1
(0C2CH) Read/Write R/W
After Reset 0 0 0 0
TEND1 REND1 RFW1 RFR1
Function interrupt interrupt interrupt interrupt
0: Disable 0: Disable 0: Disable 0: Disable
1: Enable 1: Enable 1: Enable 1: Enable
15 14 13 12 11 10 9 8
bit Symbol
Read/Write
After Reset
(0C2DH)
Function
Figure 3.12.23 HSCL1IE Register
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(a) <TENDIEO>
This bit set TENDO interrupt enable.

(b) <RENDIEO0>
This bit set RENDO interrupt enable.

(c) <RFWIEO>
This bit set RFWO interrupt enable.

(d) <RFRIEO0>
This bit set RFRO interrupt enable.
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(3-5) Interrupt request register

Register show generation condition for 4 interrupts.
This regiter read “0” (interrupt doesn’t generate) always when Interrupt enable register is

masked.
HSCOIR Register
7 6 5 4 3 2 1 0
Hscolr | bit Symbol TENDIRO [ RENDIRO | /RFWIRO RFRIRO
(OCOEH) | Read/Write R
After Reset 0 0 0 0
TENDO RENDO RFWO RFRO
Function interrupt interrupt interrupt interrupt
0: none 0:none 0: none 0: none
1:generate 1:generate 1l:generate . |1:generate
15 14 13 12 11 10 9 8
bit Symbol
Read/Write
(0COFH) After Reset
Function
Figure 3.12:24 HSCOIR Register
HSC1IR Register
7 6 5 4 3 2 1 0
HSC1IR | bit Symbol TENDIRL | RENDIRL | RFWIRL | RFRIR1
(0OC2EH) | Read/Write R
After Reset 0 0 0 0
TEND1 REND1 RFW1 RFR1
Function interrupt interrupt interrupt interrupt
0: none 0: none 0: none 0: none
1:generate |l:generate |ligenerate |l:generate
15 14 13 12 11 10 9 8
bit Symbol
Read/Write
(0C2FH) I after Reset
Function

Figure 3.12.25 HSC1IR Register
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(a) <TENDIRO>
This bit shows condition of TENDO interrupt generation.

(b) <TENDIRO>
This bit shows condition of RENDO interrupt generation.

(c) <RFWIRO>
This bit shows condition of RFWO interrupt generation.

(d) <RFRIRO>

This bit shows condition of RFRO interrupt generation.

92CM27-317 2005-04-20



TOSHIBA

TMP92CM27
(4) HSCOCR (HSCO CRC register)
Register load result of CRC calculation for transmission/receiving in it.
HSCOCR register
7 6 5 4 3 2 1 0
HSCOCR | bit Symbol CRCDO007 | CRCD006 | CRCD005 | CRCD004 | CRCD003 | CRCD002 | CRCDO001. | CRCD000
(0C06H) | Read/write R
After reset 0 0 0 0 0 | 0 | 0 0
CRC calculation result load register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol | CRCDO015 | CRCD014 | CRCD013 | CRCD012 | CRCD011 | CRCD010 [ CRCD009 | CRCD008
(0CO7H) Read/Write R
After reset 0 0 0 0 0 | 0 I 0 0
CRC calculation result’load register [15:8]
Function
Figure 3.12.26 HSCOCR register
HSCICR register
7 6 5 4 3 2 1 0
HSCI1CR | bit Symbol CRCD107 | CRCD106 | CRCD105 | CRCD104 | CRCD103 [ CRCD102 | CRCD101 | CRCD100
(0C26H) | Read/Write R
After reset 0 0 0 0 0 | 0 | 0 0
CRC calculation result load register/[7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol CRCD115 | CRCD114 | CRCD113 | CRCD112 | CRCD111 | CRCD110 | CRCD109 | CRCD108
(0C27H) Read/Write R
After reset 0 0 0 0 l 0 | 0 I 0 0

Function

CRC calculationresult load register [15:8]

Figure 3.12.27 HSCI1CR register
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(a) <CRCDO015:000>

The result that is calculated according to the setting; HSCOCT<CRC16_7_b0>,
<CRCRX_TX_B0> and <CRCRESET_BO0>, are loaded in this register.

In case CRC16, all bits are valid. In case CRC7, lower 7 bits are valid.

The flow will be showed to calculate CRC16 of received data for instance by flowchart.
Firstly, initialize CRC calculation register by writing <CRCRESET_B0> = “1” after set
<CRC16_7_b0>=“1", <CRCRX_TX_B0> = “0”, <CRCRESET_B0>="0".

Next, finish transmitting all bits to calculate CRC by writing data in HSCOTD register.
Confirming whether receiving is finished or not use HSCOST<TENDO>.

If HSCOCR register was read after finish, CRC16 of transmission data can read.
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(5) Transmission data register
Register is register for write transmission data.
HSCOTD Register
7 6 5 4 3 2 1 0
HscoTD | PitSymbol | TXD007 | TXDO006 | TXDO05 | TXD004 | TXDO03 | TXD002 | TXDOO1 .| TXD0OO
(0C10H) | Read/Write RIW
After Reset 0 0 0 0 0 | 0 0 0
Transmission data register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol | TXD015 | TXD014 | TXD013 | TXD012 | TXDO11l | TxD010 | TXD009 | TXD008
(0C11H) Read/Write RIW
After Reset 0 0 0 0 0 | 0 0 0
Transmission data register [15:8]
Function
Figure 3.12.28 HSCOTD Register
HSC1TD Register
7 6 5 4 3 2 1 0
Hsci1Tp | DPitSymbol | TXD0107 | TXD106 | TXD105 | TXD104 | TXD103 | TXD102 | TXD101 | TXD100
(0C30H) | Read/Write RIW.
After Reset 0 0 0 0 o | o 0 0
Transmission data register-[7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol TXD115 TXD114 TXD113 TXD112 TXD111 TXD110 TXD109 TXD108
(0C31H) Read/Write RIW
After Reset 0 0 0 0 0 | 0 0 0
Transmission/data register [15:8]
Function
Figure 3:12.29 HSC1TD Register
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(a) <TXDO015:000>

This bit is bit for write transmission data. When read, the last written data is read.

The data is overwritten when next data was written with condition of this register does not
empty. In this case, please write after checked the status of RFWO.

In case HSCOCT<UNIT160>= “1”, all bits are valid.

In case HSCOCT<UNIT160>= “0”, lower 7 bits are valid.
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(6) Receiving data register
Register is register for read receiving data.
HSCORD Register
7 6 5 4 3 2 1 0
HscorD |DPitSymbol | RXD007 | RXD0O06 | RXD0O5 | RXD004 | RXD003 | RXD002 | RXDOOL | RXD0OO
(oc12H) | Read/write R
After Reset 0 0 0 0 I 0 I 0 0 0
Receive data register [7:0]
Function
15 14 13 12 11 10 9 8
(0C13H) bit Symbol | RXD015 | RXD014 | RXDO013 | RXD012 | RXDO1l | RXD010’ | RXD009 | RXD008
Read/Write R
After Reset 0 0 0 0 | 0 | 0 0 0
Receive data register[15:8]
Function
Figure 3.12.30 HSCORD Register
HSC1RD Register
7 6 5 4 3 2 1 0
HSC1RD |DPitSymbol | RXD107 | RXD106 | RXD105- [ RXD104 | RXD103-| RXD102 [/ RXD101 | RXD100
(0C32H) | Read/Write R
After Reset 0 0 0 0 I 0 I 0 0 0
Receive data register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol | RXD115 [ RXD114 | RXD113 | RXD112-| RXD111 | RXD110 [ RXD109 | RXD108
(0C33H) -
Read/Write R
After Reset 0 0 0 0 l 0 I 0 0 0
Receive data register [15:8]
Function
Figure 3.12.31 HSC1RD Register
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(a) <RXD015:000>

HSCORD register is register for reading receiving data. Please read after checked status of
RFK.

In case HSCOCT<UNIT160> = “1”, all bits are valid.

In case HSCOCT<UNIT160> = “0”, lower 7 bits are valid.
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(7) Transmit data shift register

Register change transmission data to serial. This register is used for confirming changing

condition when LSI test.

HSCOTS Register

7 6 5 4 3 2 1 0
HscoTs | bit Symbol | TSD007 | TSD006 | TSDO05 | TSD004 | TSD003 | TSD002 | ‘TSDO01 | TSD00O
(0C14H) | Read/Write R
After Reset 0 0 0 0 0 | 0 0 0
Transmit data shift register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol TSD015 TSD014 TSD013 TSD012 TSDO011 TSDO010 TSDO009 TSDO08
Read/Write
(0C15H) After Reset 0 0 0 0 0 | 0 0 0
Transmit data shift register [15:8]
Function
Figure 3.12.32 HSCOTS Register
HSCATS Register
7 6 5 4 3 2 1 0
HsciTs | bitSymbol | TSD107 | TSD106 | TSD105 | TSD104 | TSD103 | TSD102 [ TSD101 | TSD100
(0C34H) | Read/Write R
After Reset 0 0 0 ] 0 0 | 0 0 0
Transmit data shift register.[7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol TSD115 | TSD114|-TSD113 | TSD112 | TSD111 | TSD110 | TSD109 | TSD108
Read/Write
(0C35H) After Reset 0 0 0 0 0 | 0 0 0
Transmit data shift register [15:8]
Function

Figure 3.12.33 HSC1TS Register

(a)—<TSD015:000>

This register is register for reading the status of transmission data shift register.

In case HSCOCT<UNIT160>= “1”, all bits are valid.

In case HSCOCT<UNIT160>= “0”, lower 7 bits are valid.
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(8) Receive data shift register
Register is register for reading receive data shift register.
HSCORS Register
7 6 5 4 3 2 1 0
HSCORS bit Symbol RSD007 RSDO006 RSD005 RSD004 RSD003 RSD002 RSD001 RSDO000
(0C16H) | Read/write R
After Reset 0 0 0 0 0 | 0 | 0 0
Receive data shift register[7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol | RSD015 | RSD014 | RSD013 | RSD012 | RSDO11l | RSDO10’ | RSD009 | RSDO008
Read/Write R
(0C17H)
After Reset 0 0 0 0 0 | 0 | 0 0
) Receive data shift register [15:8]
function
Figure 3.12.34 HSCORS Register
HSC1RS Register
7 6 5 4 3 2 1 0
HSC1RS bit Symbol RSD107 RSD106 RSD105 RSD104 RSD103 RSD102 RSD101 RSD100
(0C36H) | Read/Write R
After Reset 0 0 0 0 0 | 0 | 0 0
Receive data shift register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol | RSD115 | RSD114 | RSD113 | RSD112-| RSD111 | RSD110 | RSD109 | RSD108
Read/Write R
(0C37H)
After Reset 0 0 0 0 0 | 0 I 0 0
) Receive data shift register [15:8]
function
Figure 3.12.35 HSC1RS Register
(a). <RSD015:000>
This register is register for reading the status of receives data shift register.
In\case HSCOCT<UNIT160>= “1”, all bits are valid.
In case HSCOCT<UNIT160>=“0", lower 7 bits are valid.
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3.12.3 Operation timing

Following examples show operation timing.

e Setting condition 1:
Transmission in UNIT=8bit, LSB first

HSCOTD

Write pulse _I I

INTHSCO
Interrupt signal

D

6
-

HSCOIS<RFWIS0>
Clear write pulse

!

HSCOIS<RFWIS0>

HSCOIR<RFWO0> !

(HSCOIE<RFWIEQ>="11)

[
HSCOST<RFWO0>

HSCOIR<TENDIRO>
(HSCOIE<TENDIE0>"1")

—le

e T B w |

HSCOIS<TENDIS0>

HSCOST<TENDO>
HSCLKO pin | I - - | ---

(STCPOLO>="0"

e B i M O e I o W N B B B B I

(<TCPOLO0>="1")

Bit0O  Bitl / Bit2 | Bit3 Bit4 Bit7 BitO Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.12.36 Transmission timing

In above condition, HSCOST<RFWO0> flag is set to “0” just after wrote transmission data.
When data of HSCOTD register finish shifting to transmission register (HSCOTS),
HSCOST<RFWO> is set to “1”, it is informed that can write next transmission data, start
transmission-clock and data'/from HSCLKO pin and HSSOO pin at same time with inform.

In this case, HSCOIS, HSCOIR change and INTHSCO interrupt generate by synchronization
to rising of HSCOST<RFWO0> flag. When HSCOIR register is setting to “1”, interrupt is not
generated even if HSCOST<RFWO0> was set to “1”.

When finish transmission and lose data that must to transmit to HSCOTD register and
HSCOTS register, transmission data and clock are stopped by setting “1” to HSCOST<TENDO>,
and INTHSCO interrupt 1s generated at same time. In this case, if HSCOST<TENDO> is set to
“1” at different interrupt source, INTHSCO is not generated. Therefore must to clear
HSCOIS<RFWO0> to “0”.
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e Setting condition 2:
UNIT transmission in UNIT=8bit, LSB first

HSCORD ﬂ
Read pulse
HSCOST<RFR® [ l_

HSCOST<RENBS:

HSCOIS<RFRIS0>

HSCOIS<RENDISO

(<RCPOL0>="0")

e I I e Y 5 O I R I

(<RCPOL0>="1")

HSSI0 pin XisBX XXX -~ XmseX— XiseX XXX - X=X

BitO  Bitl Bit2 Bit3 Bit4 Bit7 Bit0O  Bitl . Bit2 | Bit3) Bit4 Bit7

Figure 3.12.37 UNIT receiving (HSCOCT<RXUENO>=1)

If set HSCOCT<RXUENO> to “1” without valid receiving data to HSCORD register
(HSCOST<RFR0>=0), UNIT receiving is started. When receiving is finished and stored
receiving data to HSCORD register, HSCOST<RFRO> flag is set to “1”, and inform that can read
receiving data. Just after read HSCORD register, HSCOST<RFRO0> flag is cleared to “0” and it
start receiving next data automatically.

If be finished UNIT receiving,  set HSCOCT<RXUENO>/ to “0” after confirmed that
HSCOST<RFRO> was set to “1™.
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e Setting condition 3:
Sequential receiving in UNIT=8 bit, LSB first

HSCORD

Read pulse ﬂ

HSCOST<RFRO:! I l

HSCOST<RENDC: l_

HSCOIS<RFRIS0> [
HSCOIS<RENDISO0> [

(<RCPOL0>="0")

scuoon | L - U LU S T e

(<RCPOL0>="1")

Hesiopin XX XXX -~ XXX XXX~ XEEX X XX X

Bit0O Bitl Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2" Bit3 Bit4 Bit7 < Bit0 Bitl-Bit2 /Bit3, Bit4 Bit7

Figure 3.12.38 continuous recejiving (HSCOCT<RXWENO0>=1)

If set HSCOCT<RXWENO> to “1”7 without  valid receiving: data in HSCORD register
(HSCOST<RFR0>=0), sequential receiving is’started. When first receiving is finished and
stored receiving data to HSCORD xegister, HSCOST<RFRO> flag-isset to “1”, and inform that
can read receiving data. Sequential receiving is’ received until receiving data is stored to
HSCORD and HSCORS registers If finished sequential receiving, set HSCOCT<RXWENO> to
“0” after confirmed that HSCOST<RENDO> was set to “1”.
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e Setting condition 4:
Transmission by using micro DMA in UNIT=8bit, LSB first

INTHSCO Interrupt 1 1 M
pulse T T IA
HSCOTD 1 ! !
Write pulse —ﬂ i ” E ﬂ E
) ,7

HSCOST<RFWO0>
HSCOST<TENDO>

HSCOIS<RFWIS0>

HSCOIR<RFWIR0>

HSCOIS<TENDIS0>

(KTCPOL0>="0")

e RTINS o 1 o A A

(KTCPOLO>="1")

HSSOO pin Xise X X X_ X -—-Xwse Xtse X X X X =--XwmssXiss ---

BitO BitL Bit2 Bit3 Bitd Bit7. -Bit0 “Bitl  Bit2 Bit3 Bit4 Bit7  Bit0

Figure 3.12.39 Micro DMA transmission (transmission)

If all bits of HSCOIE register are-“0” and HSCOCT<DMAERFWO0> is “1”, transmission is
started by writing transmission data to HSCOTD register.

If data of HSCOTD register is shifted to HSCOTS register and HSCOST<RFWO0> is set to “1”
and can write next transmission data, INTHSCO interrupt (RFWO interrupt) is generated. By
starting Micro DMA at this interrupt, can transmit sequential data automatically.

However, If transmit it 'at-Micro DMA, set Micro-DMA beforehand.
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e Setting condition 5:
Receiving by using micro DMA in UNIT=8bit, LSB first

INTHSCO Interrupt pulse ﬂ ﬂ
HSCORD ” ”

Read pulse

HSCOST<RFRO>

HSCOST<RENDG:

HSCOIS<RFRO>

HSCOIS<RENDO>

(<RCPOLO>= “0")

wscekopn L L1 -— 1] [LPL T

(<RCPOLO>= “1")

HSSI0 in T G (0 0 S Y (5>, e ) N

Bit0 Bitl Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.12.40 Micro DMA transmission-(UNIT.receiving (HSCOCT<RFUENO0>=1))

If all bits of HSCOIE register is|“0” and HSCOCT<DMAERFRO0>/s “1”, UNIT receiving is
started by setting HSCOCT<RXUENO> to “1”. If receiving data is stored to HSCORD register
and can read receiving data, INTHSCO interrupt (RFRO interrupt) is generated. By starting
Micro DMA at this interrupt, it can be/received sequential data automatically.

However, If receive it at-Micro DMA, set Micro DMA beforehand.
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3.12.4 Example

Following is discription of HSCO setting method.

(1) UNIT transmission

This example show case of transmission is executed by following setting, and it is
generated INTHSCO interrupt by finish transmission.

UNIT: 8bit

LSB first

Baud rate : fsys/8

Synchronous clock edge: Rising

Setting expample

Id  (pdfc), 0x07 ; Port setting PDO: HSSIO0, PD1: HSSOO0, PK7: HSCLKO
Id  (pdcr), 0x06 ; port setting PDO: HSSIO, PD1: HSSOO0, PK7: HSCLKO

Idw (hscOct),0x0040 ; Set data length to 8bit
Idw (hscOmd),0x2c43 ; System clock enable, baud rate selection: fgys/8

; LSB first, synchronous clock edge setting: set to-Rising

Id  (hscOie),0x08 ; Set to TENDO interrupt enable
Id (inteahsc0),0x10 ; Set INTHSCO interrupt level to 1
ei ; Interrupt enable (iff=0)
loop ;Confirm-that transmission data register doesn’t have no transmission data

bit  1,(hscOst) ; <RFW0>=1 ?
jr  zloop
Id (hscotd),0x3a ; Write Transmission data and-Start transmission

HSCOTD

Write pulse _ﬂ

HSCLKO output TN N U UL tntemal clocy

HSSOO0 output

INTHSCO
Interrupt signal H

Figure 3.12.41 Example of UNIT transmission
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(2) UNIT receiving
This example show case of receiving is executed by following setting, and it is generated
INTHSCO interrupt by finish receiving.

UNIT: 8bit

LSB first

Baud rate selection : fsys/8
Synchronous clock edge: Rising

Setting example

Id (pdfc),0x07 ; Port setting PDO:HSSI0, PD1:HSSOO0, PK7:HSCLKO
Id (pdcr),0x06 ; Port setting PDO:HSSI0, PD1:HSSOO0, PK7:HSCLKOQ
ldw  (hscOct),0x0040 ; Set data length to 8bit

ldw  (hscOmd),0x2c43 ; System clock enable;-baud rate selection : fSYS/8

; LSB first, synchronous clock edge setting: set.to-Rising

Id  (hscOie),0x01 ; Set to.RFRO interrupt enable
Id  (inteahsc0),0x10 ; Set INTHSCO interrupt level to 1
ei i-Interrupt-enable (iff=0)
set  0x0,(hscOct) - Start UNIT receiving
HSCOCT
Write pulse ——“

HSSI0-input l J

INTHSCO ﬂ
Interrupt signal

HSCORD data XX X 0x3A

Figure 3:12.42 Example of UNIT receiving
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(3) Sequential transmission

This example show case of transmission is executed by following setting, and it is executed
2byte sequential transmission.

UNIT: 8bit

LSB first

Baud rate selection: fsys/8
Synchronous clock edge: Rising

Setting example

Id  (pdfc),0x07 ; Port setting PDO:HSSI0, PD1:HSSO0, PK7:HSCLKO
Id  (pdcr),0x06 ; Port setting PDO:HSSI0, PD1:HSSO0, PK7:HSCLKO
Idw  (hscOct),0x0040 ; Set data length to 8bit

ldw  (hscOmd),0x2c43 ; System clock enable, baud rate selection: fsys/8

; LSB first, synchronous clock edge setting: set to Rising

loop1: ; Confirm-that transmission data register doesn’t have no transmission data
bit  1,(hscOst) ; <RFW0>=1 ?
jr  zloopl
Id  (hscOtd),0x3a ;' Write transmission data of first byte and start transmission

loop2 ;.Confirm that transmission data register doesn’t have no-transmission data
bit  1,(hscOst) ) <RFW0>=1 ?
jr  zloop2
Id  (hscOtd),0x55 ; Write transmission-data of second byte

loop3: ; Confirm that transmission data register doesn’t have no-transmission data
bit" /3,(hsc0st) ; <TENDO>=1?
jr~_ z,loop3

; Finish transmission

HSCOTD
Write pulse ﬂ ﬂ

HSCLKO output

HSSOO0 output l_l—‘_l—]_m_l—

INTHSCO (RFWO)
Interrupt signal _ﬂ ”

Note: Timing of this figure is an example. There is also that transmission interbal between first byte and sescond byte generate.
(High baud rate etc.)

Figure 3.12.43 Example of sequential transmission
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(4) Sequential receiving

This example show case of receiving is executed by following setting, and it is executed
2byte sequential receiving.

UNIT: 8bit

LSB first

Baud rate selection: fsys/8
Synchronous clock edge: Rising

Setting example

Id (pdfc),0x07 ; Port setting PDO:HSSIO0, PD1:HSSO0, PD2:HSCLKO
Id  (pdcr),0x06 ; Port setting PD0:HSSI0, PD1;:HSSO0, PD2:HSCLKO
ldw  (hscOct),0x0040 ; Set data length to 8bit
ldw  (hscOmd),0x2c43 ; System clock enable, baud rate selection: fsys/8
; LSB first, synchronous clock edge setting: set to Rising
set  0x01,(hscOct) ; Start sequential receiving
loopl: ; Confirm that receiving data register has-receiving data of first byte
bit  0,(hscOst) ; <RFRO>=1 ?
jr  zloopl
loop2: ; Confirm’that receiving data register has receiving data of second byte
bit  2,(hscOst) . <RENDO>=1 ?
jr  zloop2
res  0x01,(hscOct) ; Sequential receiving disable
Id  a,(hscOrd) ; Read receiving data of first byte
loop3: ; Confirm'that receiving data of second byte is shifted from receiving data
shift register to receiving data register
bit  0,(hscOst) ; <RFRO>=1 ?
jr  zloop3
Id  w,(hscOrd) ; Read receiving data of second byte
HSCORD ” I-L
Read pulse
wsckouput | [T UL UUUy
HSSI0 input I ] | | |

HSCORS data

HSCORD data

<RFRO>
<RENDO>

XX

X 0x55

X 0X3A @5

| LI

Figure 3.12.44 Example of sequential receiving
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(5) Sequeintial Transmission by using micro DMA

This example show case of sequential transmission of 4byte is executed at using micro
DMA by following setting.

UNIT: 8bit

LSB first

Baud rate : fsys/8

Synchronous clock edge: Rising

Setting example

Main routine
;-- micro DMA setting --
Id  (dmaOv),0x25 ; Set micro DMAO to INTHSCO
Id wa,0x0003 ; Set number of micro DMA transmission to that number -1 (third time)
Idc dmacO,wa
Id a,0x08 ; micro DMA mode setting: source INC ‘mode, 1 byte-transfer

Idc dmamoO,a

Id  xwa,0x806000 ; Set source address
Idc dmas0,xwa
Id xwa,0xC10 ; Set source.address to HSCOTD register

Idc dmad0,xwa

;-- SPIC setting --
Id  (pdfc),0x07 ; Port setting PD0O:HSSIO, PD1:HSSOO0, PK7:HSCLKO
Id (pdcr),0x06 7Port setting PD0:HSSIO, PD1:HSSO0, PK7:HSCLKO
Idw  (hscOct),0x0040 ; Set data length-to 8hit
ldw  (hscOmd),0x2c43 ; System clock-enable, baud rate selection: fsys/8
; LSB first, synchronous clock edge setting: set to Rising
Id (hscOie),0x00 ;Set tointerrupt disable
set  I;(hscOct+1) ;- Set-micro DMA operation by RFWO to enable
Id (intetc01),0x01 ; Set INTTCO interrupt level to 1
ei ;. Interrupt enable (iff=0)
loop1: ; Confirm that transmission data register doesn't have no transmission data
bit  1,(hscOst) ; <RFW0>=1 ?
jr zloopl
Id  (hscOtd),0x3a ; Write Transmission data and Start transmission

Interrupt routine (INTTCO)

loop2:
bit  1,(hscOst) ; <KRFW0>=17
jr  zloop2
bit  3,(hscOst) <TENDO>=1"?
jr  zloop2
nop

92CM27-335 2005-04-20



TOSHIBA

TMP92CM27

(6) UNIT receiving by using micro DMA

This example show case of UNIT receiving sequentially 4byte is executed at using micro

DMA by following setting.

UNIT: 8bit
LSB first
Baud rate : fsys/8

Synchronous clock edge: Rising

Setting example

Main routine

;-- micro DMA setting --

)

Id  (dmaOv),0x25
Id wa,0x0003
Idc dmacO,wa

Id a,0x00

ldc dmamoO,a

Id  xwa,0xC12
Idc dmas0,xwa
Id xwa,0x807000

Idc dmad0,xwa

SPIC setting --
Id  (pdfc),0x07
Id  (pdcr),0x06

ldw
ldw

(hscOct),0x0040
(hscOmd),0x2c43

Id-_ (hscOie),0x00
set  0;(hscOct+1)
Id (intetc01),0x01
ei

set —0x0,(hscOct)

Interrupt routine (INTTCO)

loop2:

bit  0,(hscOst)
jr  zloop2

res  0,(hscOct)
Id  a,(hscOrd)
nop

; Set micro DMAO to INTHSCO

; Set number of micro DMA transmission to that number -1 (third time)

; micro DMA mode setting: source INC ‘mode, 1 byte-transfer

; Set source address to HSCORD register

: Set source-address

; Port setting PD0O:HSSIO0, PD1:HSSO0, PD2:HSCLKO
7Port setting PD0:HSSIO, PD1:HSSO0, PD2:HSCLKO

; Set data length-to 8hit
; System clock-enable, baud rate selection: fsys/8
; LSB first, synchronous clock edge setting: set to Rising

; Set to-interrupt disable

; Set-micro DMA operation by RFRO to enable
; Set INTTCO interrupt level to 1

;. Interrupt enable (iff=0)

; Start UNIT receiving

; Wait receiving finish case of UNIT receiving
; <RFRO>=17

; UNIT receiving disable

; Read last receiving data
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3.13 SDRAM Controller (SDRAMC)

TMP92CM27 includes SDRAM controller which supports SDRAM access by CPU.

The features are as follows.
(1) Support SDRAM

Data rate type: Only SDR (Single data rate) type
Bulk of memory: 16/64 Mbits

Number of banks: 2/4 banks

Width of data bus: 16 bit

Read burst length: 1 word/full page

Write mode: Single/burst

(2) Support Initialize sequence command

All banks precharge command
8 times auto refresh command
Mode Register setting command

(3) Access mode

CPU Access

Read burst length 1 word/full page

Addressing mode Sequential

CAS latency (clock) 2

Write mode Single/burst

(4) Access cycle

CPU Access (Read/write)
Read cycle: 1 word—4 states/full page — 1 state
Write cycle: Single — 3 states/burst — 1 state
Data size: 8 bits/16-bits/32 bits

(5) Refresh cycle auto generate
e Auto refresh is generated during except SDRAM access.
o Refresh-interval is programmable,

o Self refresh.is supported

Note 1: Condition-of SDRAM'’s area set by CS3 setting of memory controller.
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3.13.1 Control Registers

Figure 3.13.1 shows the SDRAMC control registers. Setting these registers controls the
operation of SDRAMC.

SDRAM Access Control Register 1

7 6 5 4 3 2 1 0
SDACRL1 | Bit symbol - - SMRD SWRC SBST SBL1 SBLO SMAC
(0250H) Read/Write R/W
After reset 0 0 0 0 0 v ] o 0
Function Always Always Mode Write Burst stop._|-Select burst length SDRAM
write “0” write “0” register recovery command —|-(Note 1) controller
recovery | time 0: Precharge | 00:\Reserved 0: Disable
time 0: 1 clock all 01: Full-page read, burst | 1: Enable
0:1clock |1:2clocks | 1:Burststop write
1: 2 clocks 10: 1-word read, single
write
11: Full-page read, single
write
Note 1: Execute the mode register setting command after changing <SBL1:0>. If change from “full-page read” to
“1-word read”, take care setting. Please referto “3.13.3 4) Limitation point to use SDRAM".
SDRAM Access Control Register 2
7 6 5 4 3 2 1 0
SDACR2 | Bit symbol SBS SDRS1 SDRSO0 SMUXW1 | SMUXWO0
(0251H) Read/Write R/W
After reset 0 0 | 0 0 | 0
Function Number of | Select ROW address size | Select address multiplex
banks 00: 2048 rows (11 bits) | type
0: 2 banks | 01: 4096 rows (12 bits) | 00: TypeA (A9-)
1:4 banks ‘{ 10: 8192 rows (13 bits) | 01: TypeB (A10-)
11; Reserved 10: TypeC (A11-)
11: Reserved
SDRAM Refresh Control Register
7 6 5 4 3 2 1 0
SDRCR Bit symbol = SSAE SRS2 SRS1 SRSO SRC
(0252H) Read/Write R/IW R/W
After reset 0 1 0 | 0 | 0 0
Function Always SR Auto Refresh interval Auto
write “0". Exit 000: 47 states ~ 100: 156 states | refresh
func'non 001: 78 states 101: 195 states 0: Disable
0:Disable | 410; 97 states 110: 249 states 1: Enable
L-Enable 1011 104 states  111: 312 states
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SDRAM Command Register

7 6 5 4 3 2 1 0
SDCMM Bit symbol SCMM2 SCMM1 SCMMO
(0253H) Read/Write R/W
After reset 0 | 0 | 0
Function Command executing

(Note 1) (Note 2)
000: Not execute
001: Execute initialize command
a/ Precharge all banks
b. 8 times auto refresh
c. Set mode register
100:/Set mode register
101: Execute self refresh-Entry
110: Execute selfrefresh EXIT
Others: Reserved

Note 1: <SCMM2:0> is cleared to “000” after a command is executed. But <SCMM2:0> is not cleared by executing
the self refresh Entry command. It is cleared by executing-theself refresh Exit command.

Note 2:  When command except the self refresh Exit.command is executed, write command after-checking that
<SCMM2:0> are “000".

Figure 3.13.1 SDRAM Control Registers
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3.13.2 Operation Description

(1) Memory access control

Access controller is enabled when SDACR1<SMAC> = 1. And then SDRAM control
signals (SDCS , SDRAS , SDCAS , SDWE, SDLLDQM, SDLUDQM, SDCLK and
SDCKE) are operating during the time CPU accesses CS3 area.

In the access cycle, outputs row/column multiplex address through’ A0 to A15 pin.
And multiplex width is decided by setting SDACR2<SMUXWO0:1>. The relation
between multiplex width and row/column address is shown in Table.

Table 3.13.1 Address Multiplex

TMP92CM27 Address of SDRAM Access Cycle
Pin Name Row Address Column Address
TypeA TypeB TypeC 16-Bit Data.Bus Width | 32-Bit Data Bus Width
<SMUXW> “00"|<SMUXW> “01"|<SMUXW> “10”| BICSH<BnBUS> =“01" | BICSH<BnBUS> = “10"

A0 A9 A10 All Al A2

Al A10 All Al12 A2 A3

A2 All Al12 A13 A3 A4

A3 A12 A13 Al4 A4 A5

A4 Al13 Al4 Al5 A5 A6

A5 Al4 A15 Al6 A6 A7

A6 A15 Al6 Al7 A7 A8

A7 Al16 Al7 A18 A8 A9

A8 Al7 A18 Al19 A9 A10

A9 A18 A19 A20 Al10 All

A10 A19 A20 A21 AP AP

All A20 A21 A22

A12 A21 A22 A23

A13 A22 A23 EA24 Row address

Al4 A23 EA24 EA25

Al5 EA24 EA25 EA26

(2)

Burst, length of SDRAM | read/write by CPU can be select by setting
SDACR1<SBL1:0>.

SDRAM access cycle is shown in Table 3.13.2 and Table 3.13.3.
SDRAM access cycle number is not depending on B3CSL registers setting.

In the full page burst read/write cycle, a mode register set cycle and a precharge
cycle-are inserted automatically to cycle front and back.

Instruction executing.on SDRAM

CPU ‘can’ be executed instructions that are asserted to SDRAM. However, below
function is'not.operated.

a) Executing HALT instruction
b) Executing instructions that write to SDCMM register

When the above mentioned is operated, it is necessary to execute it by another
memory such as built-in RAM.
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85 states (320-byte read)
1
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Figure 3.13.2 -Timing of Burst Read Cycle
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Figure 3.13.3 Timing of CPU Write Cycle
(Structure of Data Bus: 16 bits x 1, operand Size: 2 bytes, address: 2n + 0)
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(3) Refresh control

This LSI supports two refresh commands of auto refresh and self refresh.

(a) Auto refresh

The auto refresh command is generated intervals that-set to SDRCR<SRS2:0>
automatically by setting SDRCR<SRC> to “1”. The generation interval can be set
between 47 to 312 states (2.4 us to 15.6 us at fsys = 20 MHz).

CPU operation (instruction fetch and execution) 'stops while performing the
auto refresh command. The auto refresh cycle is shown in’ Figure 3.13.4 and the
auto refresh generation interval is shown in Table 3.13.2. Auto self refresh doesn’t
operate at IDLE1 mode and STOP mode. It can-be-used only with CPU operation
NORMAL mode or IDLE2 mode.

<«—— 2states —
I 1 I

SDCLK _,_\_"_—l__l—

SDCKE

SDLUDQM

[}
[}
[}
I
[}
|
SDLLDQM !
I
[}
I
[}
]
]
I

]
]
]
]
]
I
]
]
]
E
SDCS /- [ ———\ —
:
]
]
]
1
]
]
]
]
|
]
]

———d e L

SDRAS ' \ /
I
|
SDCAS I \ /

|

SDWE

£

Auto refresh

Figure 3.13.4 /Timing of Auto Refresh Cycle

Table 3.13.2 Refresh Cycle Insertion Interval (Unit: ps)
SDRCR<SRS2:0> Insertion fsys Frequency (System clock)
Interval
SRS2 |"SRS1 | SRSO (State) 6 MHz | 10 MHz (12.5 MHz| 15 MHz (17.5 MHz| 20 MHz
0 0 0 47 7.8 4.7 3.8 3.1 2.7 24
0 0 1 78 13.0 7.8 6.2 5.2 45 3.9
0 1 0 97 16.2 9.7 7.8 6.5 55 4.9
0 1 1 124 20.7 12.4 9.9 8.3 7.1 6.2
1 0 0 156 26.0 15.6 12,5 10.4 8.9 7.8
1 0 1 195 325 19.5 15.6 13.0 1.1 9.8
1 1 0 249 415 24.9 19.9 16.6 14.2 12.4
1 1 1 312 52.0 31.2 25.0 20.8 17.8 15.6
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(b) Self refresh

The self refresh command is generated by making it to SDCMM<SCMMZ2:0> to
“101”. The self refresh cycle is shown in Figure 3.13.5. During self refresh Entry,
refresh is performed inside SDRAM (an auto refresh command is not needed).

Note 1: When stand-by mode is cancelled by a reset, the I/O registers are initialized,
therefore, auto refresh is not performed.

Note 2: During self refresh Entry, it cannot be accessed.to' SDRAM.

Note 3: After the self refresh Entry command, shift-CPU to IDLE1 or STOP mode.
When during setting HALT instruction and SDCMM <SCMMZ2:0> to “101”,
execute NOP (more than 10 bytes) or another-instructions.

!
SDCLK

SN )

/L

(

I I I
i i i
L
[} [} [} [} [} ] ] [} L 1 L 1
ey L ) L
I I I I I I I [} I I I I I
[} [} [} [} [} [} I [} [} I I [} [}
: : : : : \\ : : : : : : :
SDLUDQM i i i i i // i i i i i i i
: : : : : : ! : : : : : :
SDLLDQM i i i i i i i i | i i i
I I I I I | I I I 1 I I I
I I I I I [} I I I I I I I
S A AR IS N LG i | N S NS S D S S S
TN A RN T NS
] I ] ] | | ] ] ] ] ] I ]
PN e S
- ] I ] ] ] ] ] ] | ] ] I ]
el ) N R
SOWE  A—A————F—F— i —A————F——————F——
RO R A
A A A
Self refresh Self refresh Auto refresh
Entry Exit

Figure 3.13.5 Timing of Self Refresh Cycle
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Self-Refresh condition is released by executing Serf-Refresh command. Way to
execute Self-Refresh EXIT ways: “110”  to
SDCMM<SCMM2:0>, or execute EXIT automatically by synchronizing to
releasing HALT condition. Both ways, after it executes Auto-Refresh at once just
after Self-Refresh EXIT, it executes Auto-Refresh at setting condition. When it
became EXIT by writing “110” to <SCMMZ2:0>, <SCMMZ2:0>is cleared to “000”.

EXIT command that synchronize to release HALT condition can be prohibited
by setting SDRCR<SSAE> to “0”. If don’t set to EXIT automatically, set to prohibit.
If using condition of SDRAM is satisfied by operation clock frequency (clock gear
down, SLOW mode condition and so on) is falling, 'sét to prohibit. Figure 3.13.6

command 1s 2 write

shows execution flow in this case.

Gear-down or
Change to Low clock

Gear-up or
Change to High clock

fsys
20MHz
|
|
32KHz ! Interrupt !
i i
CPU ! ' !
Auto Exit SR [Change| HALT Change| SR Auto Exit
enable EXIT | CLK e —— CLK—| EXIT enable
' ' HALT condition : !
SDRAM controller i i i E
internal condition 1 ! ! 1
Auto Exit Auto Exit disable Auto Exit
enable enable
[} [}
[} [}
I I
[} [}
| |
SDRAM condition ! !
AR condition SR condition AR condition

Figure 3.13.6 Execution.flow example (Execute HALT instruction at low-speed clock).
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. ********samme program Kok kkkok ok kK
LOOP1:
LDB A, (SDCMM) ; Check the command register clear
ANDB A, 00000111B ;
J Nz, LOOP1 ;
LDW (SDRCR), 0000010100000011B ; Auto Exit disable— Self refresh Entry
NOPx10 ;. Wait Self refresh Entry command executing
LD (SYSCR1), XXXXX001B ; fel2
HALT
NOP ;. Self refresh Exit (Internal signal only)
LD (SYSCR1), XXXXX000B ; fe
LD (SDCMM), 00000110B ;. Self refresh Exit (command)
LD (SDRCR), 0001---1B ;. Auto Exit enable
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(4) SDRAM initialize

After released reset, it can generate the following cycle that is needed to
SDRAM. The cycle is shown in Figure 3.13.7.

1. Precharge all banks
2. The auto refresh cycle of 8 cycles
3. Set a Mode register

The above cycle is generated by setting SDCMM<SCMM2:0> to “001”.

While performing this cycle, operation ((an instruction fetch, command
execution) of CPU is stopped.

In addition, before execute an initialization cycle, set port as/SDRAM control
signal and an address signal (A0 to A15).

After the initialization cycle was finished, SDCMM<SCMM2:0> is set to “000”

SDWE _\_'_/
A10 :7_"\: !
I

! I
A15t0A0 | X 627 X
: |

automatically.
< 8.times refresh cycle >

[} [} [} [} [} 1 I 1 1 [} [} [} [}
SDCLKJ_\_,_\_,_\_,_\_,_\__I_\__I—W{_'_L_,_\_J_\_,_\_'_\J

SDCKE — . ; . . . ! ! ! ! , ! ,

| I —

: : :

SDLUDQM " ! : :

[} [} [}

SDLLDQM ! : :

i o

SDCS : | i
| N/

! ! [}

SDRAS T |
s NS

SDCAS T 1
a N

I I [}
| N

| i/

! !
X

[} |

A4 A LA

Precharge Auto Auto Auto Auto Auto Set
all banks refresh refresh refres! refresh refresh mode register

Figure 3.13.7 Timing of Initialization Cycle
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(5) Connection example

The example of connection with SDRAM is shown in Table 3.13.3 and Figure

3.13.8.
Table 3.13.3 Connection with SDRAM
MP92CM27 SDRAM Pin Name
. Data Bus Width: 16 Bits
Pin Name
16M | 64M | 128M | 256 M | 512 M
A0 A0 A0 A0 A0 A0
Al Al Al Al Al Al
A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3
A4 Ad A4 Ad Ad A4
A5 A5 A5 A5 A5 A5
A6 A6 A6 A6 A6 A6
A7 A7 A7 A7 A7 A7
A8 A8 A8 A8 A8 A8
A9 A9 A9 A9 A9 A9
A10 A10 | A10 | A10\ |[/A10)[ A10
All BS A1l | A1l [ A11 | A11
A12 - BSO |/BSO. [ A12 | A12
A13 - BS1 | BS1 [BSO | BSO
Al4 - - N BS1 | BS1
A15 - - - - -
SDCS CS CS o) cs [
SDLUDQM | UDQM | UDQM-| UDQM | UDQM | UDQM
SDLLDQM | LDQM | LDQM | LDQM | LDQM|-LDQM
SDRAS RAS'| RAS | RAS |/RAS | RAS
SDCAS CAS | CAS | CAS /| ‘CAS | CAS
SDWE WE WE WE WE WE
SDCKE CKE || CKE | CKE | CKE. [ -CKE
SDCLK CLK | CLK | CLK | CLK | CIK
SDACR 00: 00: 01: 01: 10:
<SMUXW> | TypeA | TypeA | TypeB | TypeB | TypeC

(An) : Row address
: Command address pin of SDRAM

TMP92CM27
SDCLK »|CLK
SDCKE CKE
Al3to Al2 BS1to BSO
Al11t0A0 >{A11 to A
D15 to DO [« > D15 to DO
SDRAS RAS
SDCAS CAS
SDWE WE
sbcs cs
SDLUDQM UDQM
SDLLDQM »|LDQM

1 M word x 4 Banks x 16 bits

Figure 3.13.8 Connection with SDRAM (4 M word x 16 bits)
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3.13.3 Limitation point to use SDRAM

There are some points to notice when using SDRAMC. Please refer to the section under below
and please be careful.

1. WAIT access
When it uses SDRAM, some limitation is added if it access to memory except SDRAM. In
N-WAIT setting of this LSI, if setting time is inserted as external WAIT, set time less than
Auto Refresh cycle (Auto Refresh function that is controlled by SDRAM controller) x 8190.

2. Execution of SDRAM command before HALT instruction (SR (Self refresh)-Entry,
Initialize, Mode-set)
When command that SDRAM controller has (SR-Entry, Initialize and Mode-set) is
executed, execution time is needed few states.
Therefore, when HALT instruction is executed-after the SDRAM command, please insert
NOP more than 10 bytes or other 10 instructions before executing HALT instruction.

3. AR (Auto Refresh) interval time
When using SDRAM, set CPU clock-that satisfy minimum operation frequency for
SDRAM and minimum refresh cycle.
When SLOW mode is used by using SDRAM or it use system thatclock gear may become
down, consider AR cycle for SDRAM.
When AR cycle is changed, set to disable by writing “0” to- SDRCR<SRC>.

4. Note of when changing access mode

If changing access mode from “full page read” to “1 word read”, execute following
program. This program-must not execute on the SDRAM.

di ; Interrupt Disable (Added)

Id a,(optional.external memory ; Dummy read instruction (Added)
address)

Id (sdacr1),00001101b 7 Change to “1-word read”

Id (sdemm),0x04 ; Execute MRS (mode register setting)

ei ;-Interrupt enable (Added)
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3.14 Analog/Digital Converter

The TMP92CM27 incorporates a 10-bit successive approximation-type analog/digital
converter (AD converter) with 12-channel analog input.

Tigure 3.14.1 is a block diagram of the AD converter. The 12-channel analog input pins (ANO
to AN11) are shared with the input-only port M and port N 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.

g Internal data bus S
AD mode Control register 1,2 .
ADMOD2<ADTRGE> AD maode control register 0 ADMODO
ADMOD1<ADCH3 to ADCHO><VREFON> <EQCF><ADBF><ITM0><REPEAT><SCAN><ADS>
TI Scan
[}
g Repeat
*-—P O
Ll 8 Interrupt
Busy
ADTRG
End Start
Analog Input Channel Select AD Converter Interrupt
- —
AN11/ADTRG (PN3)[_— control circuit Request
AN10 (PN2)[_ INTAD
AN9 (PN1)
AN8 (PNO)[ | AD conversion result
AN7 (PM7)|/ | 5 Sarmple register
. X +
ANG6 (PM6)|” | < ADREGOL to ADREGBL
= hold
ANS (PMB)[_}—= 5 ADREGOH to ADREGBH
AN4 (PM4) = -
AN3 (PM3)[ | Comparater
AN2 (PM2)[]
AND(PML) [ ]
ANO (PMO) D-)

AVCC(VREFH) [ ] o o DA converter ( :—
AVSS(VREFL) [}

Figure 3.14.1 Block Diagram of AD Converter
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3.14.1 Analog/Digital Converter Registers

ADMODO
(12B8H)

The AD converter is controlled by the three AD mode control registers: ADMODO,
ADMOD1, and ADMOD2. The 24 AD conversion data result registers (ADREGOH/L to
ADREGBH/L) store the results of AD conversion.

Figure 3.14.2to Figure 3.14.6 shows the registers related to the AD converter.

AD Mode Control Register O

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
Read/Write R RW
After reset 0 0 0 0 0 0 0 0
Function [|AD AD Always Always Interrupt Repeat Scan mode |AD
conversion [conversion write 0" write 0" specification| mode | specification|conversion
end flag busy flag : : in specification| 0: Conversion |start
0: Conversion |0: Conversion conversion | 0: Single channel 0: Don't care
in progress stopped c_hannel conversion fixed mode [1: Start
1: Conversion |1: Conversion xt)egerepeat 1: Repeat 1/Conversjon| CONversion
complete in progress 0: Every conversion channel Always 0
conversion mode scan/mode)|when read.
1 Every
fourth
conversion

]

N 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.

1 | Generates interrupt every fourth
conversion.

> 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 3.14.2 Register for AD Converter (1)
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMOD1 |bit Symbol | VREFON I2AD - - ADCH3 | ADCH2 | ADCH1 | ADCHO
(12B9H) | Read/Write RIW R/W R/W RIW
)ty g 0 0 0 0 0 | 0 | 0 | 0
B Always Always
Function VRE_F . IDLE2 write “0”. | write “0". Analog i h I selecti
application | 0: Stop nalog input channel-selection
control 1: Operate
0: OFF
1: ON

Note: As pin AN11 also functions as the ADTRG

Analog input.channel selection

DMODO<SCAN> 0 1
(ChanneD ( Channel )
< ADCH3:0> fixed scanned

0000 ANO ANO

0001 AN1 ANO — AN1

0010 AN2 ANO — ANL — AN2

0011 AN3 ANO — AN1 —» AN2 = AN3

0100 AN4 ANO — AN1 —» AN2 -5/AN3
— AN4

0101 AN5 ANO - AN1 — AN2 — AN3
— AN4 — AN5S

0110 AN6 ANO"—> AN1 —» AN2 — AN3
—'AN4 — AN5 —» ANG6

0111 AN7 ANO — AN1 —» AN2 — AN3
— AN4 —» AN5 —> AN6 —> AN7

1000 AN8 ANO — AN1 — AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8

1001 AN9 ANO — AN1 —» AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8 — AN9

1010 AN10 ANO — AN1 —» AN2 — AN3
— AN4 — AN5 — AN6 — AN7
— AN8 — AN9 —» AN10

1011 AN11 ANO — AN1 —» AN2 - AN3
— AN4 — AN5 — AN6 — AN7
— AN8 —» AN9 —» AN10 —» AN11

1100~1111 Please do not set up.

IDLE2 control

0 | Stop

1 |Operate

Control of application of reference voltage to
AD converter

L0 |OFF

1 [ON

input pin, do not set ADMOD1<ADCH3:0>

="1011" when using ADTRG with ADMOD2<ADTRGE> set to “1".

Figure 3.14.3 Register for AD Converter (2)
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AD Mode Control Register 2
6 5 4 3 2 1 0
ADMOD2 Bit symbol - - - - - - ADTRGE
(12BAH) Read/Write R/W
After reset 0 0
Function All ways write “0”. AD conversion
trigger start
control
0: Disable
1. Enable

AD conversion start control by external

L. trigger (ADTRG input)

0

Disabled

1

Enabled

Figure 3.14.4  Register for AD Converter (3)
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AD conversion result 7 6 5 4 3 2 1 0
. bit Symbol | ADRO1 | ADROO ADRORF

register Low ADREGOL | ReadWiite = R

(12A0H) After reset Undefined 0
bit Symbol | ADR11 | ADR10 ADRI1RF

ADREGIL | ReadMrite R R

(12A2H) After reset Undefined 0
bit Symbol | ADR21 | ADR20 ADR2RF

ADREG2L | Read/Write R R

(12A4H) After reset Undefined 0
bit Symbol | ADR31 | ADR30 ADR3RF

ADREG3L Read/Write R R

(12A6H) After reset Undefined 0
bit Symbol | ADR41 | ADR40 ADR4RF

ADREG4L | Read/Write R R

(12A8H) After reset Undefined 0
bit Symbol | ADR51 | ADR50 ADRS5RF

ADREGSL | Read/Write R R

(12AAH) After reset Undefined 0
bit Symbol | ADR61 | ADR60 ADRG6RF

ADREG6L | Read/Write R R

(12ACH) After reset Undefined 0
bit Symbol | ADR71 | ADR70 ADR7RF

ADREG7L | Read/Write R R

(12AEH) After reset Undefined 0
bit Symbol | ADR81 [ ADR8O ADRSRF

ADREGSL | Read/Write R R

(12BOH) After reset Undefined 0
bit Symbol | ADR91 | ADR90 ADRIRF

ADREGOL ["Readmwrite R R

(12B2H) After reset Undefined 0
bit Symbol | ADRA1-|. ADRAO ADRARF

ADREGAL [ Read/Write R R

(12B4H) After reset Undefined 0
bit Symbol | ADRB1 | -ADRBO ADRBRF

ADREGBL | Read/Write R R

(12B6H) After reset Undefined 0

Stores lower 2 bits of AD AD conversion data

conversion result storage flag

| 1 | Conversion result stored |

Channel x conversion result | | | | | | | | |

ADREGXH ) ¥ ADREGXL
7 6 5 4.3 2 1 0 7 6 5 4 3 2 1 0
L LT T 1T T T ] [T XXX |
|\ J
Y

= 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 3.144.5 Register for AD Converter (4)
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AD conversion result 7 6 5 4 3 2 1 0
register High bit Symbol | ADR09 | ADRO8 | ADRO7 | ADRO6 | ADRO5 | ADR04 | ADRO3 | ADRO2
ADREGOH Read/Write R
(12A1H) After reset Undefined
bit Symbol | ADR19 | ADR18 | ADR17 | ADR16 | ADR15 | ADR14 | ADR13 | ADRI12
ADREGIH | Read/Write R
(12A3H) After reset Undefined
bit Symbol | ADR29 | ADR28 | ADR27 | ADR26 | ADR25 [ ADR24 | ADR23 | ADR22
ADREG2H | Read/Write R
(12A5H) After reset Undefined
bit Symbol | ADR39 | ADR38 | ADR37 | ADR36 | ADR35 | ADR34 | ADR33 | ADR32
ADREG3H | _Read/Write R
(12A7H) After reset Undefined
bit Symbol | ADR49 | ADR48 | ADR47 | ADR46 | ADR45 | ADR44 | ADR43 | ADR42
ADREG4H | Read/Write R
(12A9H) After reset Undefined
bit Symbol | ADR59 | ADR58 | ADR57 | ADRS6. | ADR55 | ADR54 | -ADR53 [ ADRS52
ADREG5H | Read/Write R
(12ABH) After reset Undefined
bit Symbol | ADR69 | ADR68 | ADR67 | ADR66- | ADR65 | ADR64 | ADR63 | ADR62
ADREG6H | Read/Write R
(12ADH) After reset Undefined
bit Symbol | ADR79 | ADR78 | ADR77- | ADR76 | ADR75 | ADR74 "] ADR73 | ADR72
ADREG7H | Read/Write R
(12AFH) After reset Undefined
bit Symbol | ADR89 | ADRS8/ | ADR87 | ADR86 | ADR85 | ADR84 | ADR83 [ ADRS2
ADREGS8H | Read/Write R
(12B1H) After reset Undefined
bit Symbol | ADR99 | [ADR98 | ADR97 | ADR96 | ADR95 | ADR94 [ ADR93 | ADR92
ADREGSOH  ["Read/write R
(12B3H) After reset Undefined
bit Symbol | ADRA9 .| ADRA8 | ADRA7 /| ADRA6 .| ADRA5 | ADRA4 | ADRA3 | ADRA2
ADREGAH | Read/Write R
(12B5H) | After reset Undefined
bit Symbol | ADRBY | 'ADRB8 | ADRB7 | ADRB6” | ADRB5 | ADRB4 | ADRB3 | ADRB2
ADREGBH | Read/Write R
(12B7H) After reset Undefined
° ]

Stores-Higher 8 bits of AD conversion result

Channel x-conversion result | | | | | | | | |

ADREGXH ) ¥ ADREGXL
7 6.5 4 3 2 1 o0 7 6 5 4 3 2 1 0
LT T T T T ] LT IXIXIXIXIX |

* Bits 5 to 1.are always read as 1.

- BitO is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the

registers (ADREGxH, ADREGXxL) is read, the flag is cleared to 0.
Figure 3.14.6  Register for AD Converter (5)
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3.14.2 Description of Operation

(1

(2

Analog reference voltage

A high-level analog reference voltage is applied to the AVCC pin; a low-level analog
reference voltage is applied to the AVSS pin. To perform AD conversion, the reference
voltage, the difference between AVCC and AVSS, is divided by 1024 using string
resistance. The result of the division is then compared with the analog input voltage.

To turn off the switch between AVCC and AVSS, 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 ADMODI<VREFON>, wait 3 ps until the internal
reference voltage stabilizes (This is not related to fc); then set ADMODO<ADS> to 1.

Analog input channel selection

The analog input channel selection varies depends.on the operationmode of the AD
converter.
¢ In analog input channel fixed mode (ADMODO0<SCAN> = “0”)
Setting ADMOD1<ADCH3:0> selects one of the input pins' ANO to-AN11 as the
input channel.
e In analog input channel scan mode (ADMODO0<SCAN> = 1)
Setting ADMOD1<ADCHS3:0> selects one of the 12 scan modes.

Table 3.14.1 illustrates analog input channel selection in each operation mode.

On a reset, ADMODO<SCAN>"is cleared to “0” /and) ADMOD1<ADCH3:0> is
initialized to “0000”. 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 3.14.1 —Analog Input Channel Selection

<ADCHS3 to 0> Channel flx?ql Channel sc?rl
<SCAN>="0 <SCAN>="1

0000 ANO ANO

0001 AN1 ANO — AN1

0010 AN2 ANO — AN1 — AN2

0011 AN3 ANO — AN1 —> AN2 — AN3

0100 AN24 ANO — AN1 — AN2 — AN3
— AN4

0101 AN5 ANO — AN1 —> AN2 — AN3
— AN4 — AN5

0110 AN6 ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6

0111 AN7 ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6 — AN7

1000 ANS ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6 — AN7
— ANS8

1001 AN9 ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6 — AN7
— AN8 —> AN9

1010 AN10 ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6 —> AN7
— AN8 — AN9 — AN10

1011 AN11 ANO — AN1 —> AN2 — AN3
— AN4 —> AN5 — AN6 —> AN7
— AN8 —> AN9 — AN10 —» AN11
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(3) Starting AD conversion

To start AD conversion, program “1” to ADMODO0<ADS> in AD mode control

register 0, or ADMOD2<ADTRGE> in AD mode control register 1 and input falling
edge on ADTRG pin. When AD conversion starts, the AD conversion busy flag
ADMODO<ADBEF> will be set to “1”, indicating that AD conversion is in progress.

(4) AD conversion modes and the AD conversion end interrupt

The four AD conversion modes are:

Channel fixed single conversion mode
Channel scan single conversion mode
Channel fixed repeat conversion mode

Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings in-AD'mode  control

register 0 determine the AD mode setting:.

Completion of AD conversion triggers an INTAD conversion end interrupt request.

Also, ADMODO<EOCF> will be set/to“1” to indicate that AD conversion has been
completed.

a.

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 “17,
ADMODO<ADBEF> is ‘cleared to “0”, and an/INTAD interrupt request is
generated.

Channel scan single conversion mode

Setting ADMODO<REPEAT> and ADMODO0<SCAN> to “01” selects conversion
channel/scansingle conversion-mode.

In this mode data on the/specified scan channels is converted once only. When
scan conversion has. been /completed, ADMODO<EOCF> 1is set to “17,
ADMODO<ADBEF> 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<EOCFE>  is 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<ITMO0>.

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 setto)“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. Inrepeat 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 ,3.14.2 shows the relationship between the AD conversion modes and
interrupt requests.

Table 3.14.2 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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(5)

(6)

AD conversion time

99 states (4.95 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 ADREGBH/L)
store the results of AD conversion. (ADREGOH/L to ADREGBH/L are read-only
registers.)

In channel fixed repeat conversion mode, the conversion results are stored
successively in registers ADREGOH/L to ADREG3H/L. In other modes the ANO to
AN11 conversion results are stored in ADREGOH/L to ADREGBH/L respectively.

Table 3.14.3 shows the correspondence between the analog input channels and the
registers which are used to hold the results of AD conversion.

Table 3.14.3 Correspondence between Analog Input Channel.and AD Conversion Result Register

AD Conversion Result Register
Analog Input -
Channel Conversion Modes Chgggs(lezéendMRéedp:at
(Port G/ Port L) Other than at Right e
(ADMODO<ITMO>="1")
ANO ADREGOH/L
AN1 ADREG1H/L
AN2 ADREG2H/L
AN3 ADREG3H/L
AN4 ADREGA4H/L
ANS ADREGS5H/L
ADREGOH/L
ANG ADREG6GH/L
AN7 ADREGT7H/L ADREGIH/L
ANS8 ADREGSH/L
AN9 ADREGYH/L ADREG2H/L
AN10 ADREGAH/L
AN11 ADREGBH/L ADREG3H/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> to0”.
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Example:

1. Convert the analog input voltage on the AN3 pin and write the result, to memory
address 2800H using the AD interrupt INTAD) processing routine.

Setting of main routine

7
INTEPAD « X
ADMOD1 « 1
ADMODO « X

WA >>6

6

1
X

| (2800H) <« WA

43210
- X100
00011
0 00O0I1

__ Interrupt routine processing example
WA < ADREG3HI/L

Enable INTAD and set it to interrupt level 4.
Set pin AN3 to the analog.input channel.

Start conversion in-channel-fixed single conversion
mode.

Read value-of ADREG3L, ADREG3H to general
purpose register WA (16 bits).

Shift contents-read into WA six times to right and
zero-fill upper bits:

Write'contents of WA to memory address 2800H.

2. Converts repeatedly the analog input voltages on the three pins ANO, AN1, and

AN2, using channel scan repeat conversion mode.

INTEPAD <« X - - - X 0.0 O Disable INTAD.
ADMOD1 «~ 1 1 0 0 0 010 Set pins ANO to AN2-to be the analog input channels.
ADMODO « X X 0 0 011 1 Start conversion-in channel scan repeat conversion
mode.
X:Don'tcare, —:Nochange
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3.15 Digital/Analog Converter

8-bit resolution D/A converter of 2 channels is built into and it has the following features.

3.151

e  8-bit resolution D/A converter with two internal channels.
e Afull range Buffer AMP is built in each channel.

e The standby can be set to each channel by the control register.

Operation

Control register 0 DACnCNT0<OPn><REFONN> is set to"11". Output CODE is set to output
register DACNREG. And, the output voltage corresponding to CODE appears to output pin
DAOUTN by doing "1" to Control register 1 DACnCNT1<VALIDn>'in write. When <VALIDn> is
not set, the value of the output register is not! reflected in DAOUTN.  Therefore, set
DACNCNT1<VALIDn> after the data of eight bits is updated without fail in DACnREG when you
renew CODE. When "1" is written to <VALIDn>, the data of DACnREG takes in to a DA
converter as 8 bit data, and recognizes as 'CODE. Moreover,, DACNCNTO<OPN> output
DAOUTN becomes High-Z by setting it as "0". Iref is-cut by setting DACNCNTO<REFONnN > to
"0", and current consumption can be reduced. The setting of DACNCNTO<OPn><REFONN > is
needed before the HALT instruction is,executed because the output voltage corresponding to
CODE is output from output terminal DAOUTn after the HALT instruction is executed.

FigureFigure 3.15.1 is block diagram if the D/A converter.

Note: From DAOUTN, "1" is outputted-from from immediately after setting DACnCNTO <OPn> as "1."
Then, the value set up by DACnhREG.is outputted from-DAOUTN.
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U U

I—) \% DACNCNT1 DACNREG

CLR control e 8

v
T w Internal DAREG (8 bit)

| -8

DAVSS

DAC

DAOUTn

(]

Opn Control

Resistance
part
T >

REFONN g

<:> DACNCNTO

L DAVCC/DAREF

System Diagram for DACn

Figure 3.15.1 D/A Converter Block Diagram

Control register 0 DACOCNTO register

7 6 5 4 3 2 1 0
DACOCNTO Bit Symbol REFONO OPO
(12E3H) Read/Write R/W R/W
After reset 0 0
Function 0: Ref off [0: Output
1: Ref on High-Z
1: Output

Control register 0 DAC1CNTO register

7 6 5 4 3 2 1 0
DACI1CNTO Bit Symbol REFON1 OP1
(12E7H) Read/Write R/W RIW
After reset 0 0
Function 0: Ref off | 0: Output
1: Ref on High-Z
1: Output
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Control register 1 DACOCNT1
7 6 5 4 3 2 1 0
DACOCNT1 Bit Symbol - - - - VALIDO
(12E1H) Read/Write RIW RIW RIW RIW W
After reset 0 0 0 0 0
Function Always Always Always Always 0: Don't
write “0” write “0” write “0” write “0” care
1: Output
CODE
valid
Output register DACOREG
7 6 5 4 3 2 1 0
DACOREG Bit Symbol DACO07 DACO06 DACO05 DAC04 DACO03 DAC02 DACO1 DAC00
(12E0H) Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Function
Note: Write digital data and VALID in order of DACOREG — DACOCNT1.
Controlregister 1 DAC1CNT1
7 6 5 4 3 2 1 0
DAC1CNT1 Bit Symbol — £ — — VALID1
(12E5H) Read/Write R/W RIW. R/W R/IW w
After reset 0 0 0 0 0
Function Always Always Always Always 0:Don't
write “0” write “0” write “0” write-“0” care
1: Output
CODE
valid
Output register DAC1REG
7 6 5 4 3 2 1 0
DACI1REG Bit. Symbol DAC17 DAC16 DAC15 DAC14 DAC13 DAC12 DAC11 DAC10
(12E4H) Read/Write R/W
After reset 0 0 0 0 0 0 0 0
Function
Note: Write digital data and VALID in order of DAC1IREG — DAC1CNT1.
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3.16  Watchdog Timer (Runaway detection timer)

The TMP92CM27 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, and outputs “0” from the watchdog timer out-pin WDTOUT to
notify peripheral devices of the malfunction.

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

3.16.1 Configuration

Figure 3.16.1 is a block diagram of the watchdog timer (WD'D).

WDMOD<RESCR>

Watchdog Timer A\ LD

’_) out control T I,:
WDTOUT

[l RESET pin

Internal reset

> _Interrupt
A request
INTWD
WDMOD
<WDTP1:0> —>| Selector
215T217 219 221T
. Q
fsys > Binary counter
(22-Stage) R s
Reset (5
Internal reset > *
A Write Write4
4EH
BIH| wbmop
<WDTE>

Watchdog timer register
control-register WDCR

ZAN
L]

Internal data bus

Figure 3.16.1 Block Diagram of Watchdog Timer
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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, 217/fsys, 219/fsys, and 22Y/fSys.
Selecting one of the outputs using WDMOD<WDTP1:0> generates a watchdog timer
interrupt and output watchdog timer out when an overflow generate as shown in Figure
3.16.2.

Since the watchdog timer out pin (WDTOUT ) outputs “0” when there is a watchdog timer
overflow, the peripheral devices can be reset. Clearing the watchdog timer (writing the
clear code (4EH) to the WDCR register) sets the WDTOUT pin to “1”. In normal mode,
the WDTOUT pin continually outputs “0” until the clear code is written to the WDCR
register.

WDT counter n X Overflow X

WDT interrupt

( (
J

Clear WDT Write'clear code

(Software) ( \E
T

WDTOUT pin (
J

Figure 3.16.2 Normal Mode

Y

(
( X0
T

o~

g~

d~

The runaway detection result can also be connected to thereset pin internally.
In this case, the reset time will be between 22 to 29 system clocks (2.2 to 2.9 ps at fsys = 20
MHz) as shown in Figure 3.16.3.

Overflow

WDT counter n >< \

WDT interrupt

d~
>~

-
=

Internal reset

le |
[€ >

WDTOUT pin «
17

22 to 29 system clocks (2.2 to 2.9 s at fsys = 20 MHz)

Figure 3.16.3 Reset Mode
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3.16.2 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 reset this register ‘s  initialized to
WDMOD<WDTP1:0> = “00”.
The detection time of the watch dog timer is shown in/Figure 3.16.4.
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 clear 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 conmnect 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 disablecode (B1H) to the WDCR register.

WDMOD «~\ 0 - - /- - - - - Clear WDMOD<WDTE> to “0".
WDCR «~.1-0-1 1 0 00 1 Write the disable code (B1H).

¢ Enable control
Set WDMOD<WDTE>"to “1”.
¢ Watchdog timer clear control

To clearthe binary counter and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR «< 042 001110 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 0
Function WDT controll WDT detection time Always Always IDLE2 1: Internally | Always
0: Disable | 00: 2"%/fgyg write “0”. write “0”. 0: Stop connects | write “0”.
1: Enable | 01: 2Y/fgys 1: Operation | WDT out
10: 2%svys to the -
11: 2%fsys reset pin.
|—> Watchdog timer out control
0 £
1 { Connects WDT out to a reset
L IDLE2 control
0 /| Stop
1 |- Operation
Watchdog timer-detection time at fc = 40MHz
G Watch-Dog Timer detection time
ear
<GEAR2:0> WDMOD<WDTP1:0>
00 01 10 11
000 (fc) 1.638 ms 6.554 ms 26.214 ms 104.857 ms
001 (fcyp) 3.277-ms 13.107 ms 52.429 ms 209.715 ms
010 (fcya) 6.554 ms 26.214 ms 104.857 ms | 419.430 ms
011 (fcjg) 13.107 ms 52.429 ms 209.715ms | 838.860 ms
100 (fc/16) 26.214 ms 104.857 ms | 419.430 ms 1.677s
» Watchdog timer enable/disable control
0 | Disable
1 |Enable
Figure 3.16.4 Watchdog Timer Mode Register
7 | e s | 4 | 3 | 2 | 1 | o
WDCR Bit symbol -
(1301H) Read/Write w
Read-modify- | After reset -
mrslgfuction is. | Function B1H:WDT disable code
prohibited 4EH: WDT clear code

I—) WDT disable/clear control

B1H Disable code
4EH Clear code
Others | Don'’t care

Figure 3.16.5 Watchdog Timer Control Register
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3.16.3

Operation

After the detection time set by the WDMOD<WDTP1:0> register is reached, the
watchdog timer generates interrupt INTWD and outputs a low signal to the watchdog
timer out pin WDTOUT . The binary counter for the watchdog timer must be cleared to
0 by software (Instruction) before INTWD is generated. If the CPU malfunctions
(Runaway) due to causes such as noise and does not execute an instruction to clear the
binary counter, the binary counter overflows and generates INTWD:.

The CPU interprets INTWD as a malfunction detection signal, which can be used to
start the malfunction recovery program to return the system) to normal. A CPU
malfunction can also be fixed by connecting the watchdog timer output to a reset pin for
peripheral devices.

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 (BUSAK = 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 «< 010011210 Write the/clear code (4EH).
2. Set the watchdog timer detection time to 2™ ffgys.
WDMOD « 1 0 1 X 0 = — -

3. Disable the watchdog timer.

WDMOD «~ 0 - —X0 - - - Clear <WDTE> bit to 0.
WDCR «<~/1-01 10001 Write the disable code (B1H).
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3.17 External bus release function

TMP92CM27 have external bus release function that can connect bus master to external.
Bus release request ( BUSRQ), bus release answer (BUSAK ) pin is assigned to Port 86 and
87. And, it become effective by setting to PSCR and PSFC.

Figure 3.17.1 shows operation timing. Time that from BUSRQ pin inputted “0” until
busis released (BUSAK is set to “0”) depend on instruction that CPU execute at that time.

fos [T T 1

BUSRQ (P86) | \q /
S~ < <+ External bus— »
BUSAK (P87) ~< W i /

-
-~

\
|
’

\

External bus pin
(A type)
External bus pin
(B type)
External bus pin

(C type)
External bus pin oLl __ ——=i
(D type)

N m - — - == - - ==

! I
T i

¢
<—Pull-upregistewr ON—!

~

U
R B . 74

ﬁ.
1
1
1
[}
1
1
1
1
]
1
1
1
1

Figure 3.17.1 Bus release function operation timing

3.17.1 Non release pin

If it received bus release request, CPU release bus to external by setting BUSAK pin
to “0” without start next bus. In this case, pin that is released have 4 types (A, B, C and
D). Eve operation that set to high impedance (HZ) is different in 4 types.(Note) Table
3.17:1 shows support pin for 4'types. Any pin become non release pin only case of
setting to thatfunction by setting port. Therefore, if pin set to output port and so on, it
is not’'set non relase pin, and it hold previous condition.

Table 3.17.1 Non release pin

Type Eve operation Support function (Pin name)
that set to HZ
A Drive “1” A23 to A16(P67 to P60), A15 to A8, A7 to A0,

CS0 (P80), CS1(P81), CS2 (P82), CS3 (P83), SDCS (P83),
CS4 (P84), CS5 (P85), SDWE (P90), SDRAS (P91),
SDCAS (P92), SDLLDQM(P93), SDLUDQM(P94), SDCLK(P96)

B Drive “1” RD, WRLL (P71), WRLU (P72), R/w (P73),
SRWR (P74), SRLLB (P75), SRLUB (P76)

C Drive “0” SDCKE(P95)

D None operation D15 to D8(P17 to P10), D7 to DO

Note ) Although the output buffer of RD, WRLL (P71), wrLU (P72), R/w (P73), SRWR (P74),
SRLLB (P75) and srRLUB (P76) is turned off at the time of bus release, a pull-up will
be turned on and it will not become high impedance (HZ).
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3.17.2 Connection example

Figure 3.17.2 show connection example.

TMP92CM27 V_I:

External bus pin
(AB type) Memory

External bus pin
(D type)

N

-

External bus pin
(C type)

i

External’bus
master

A

BUSRQ
BUSAK

Figure 3.17.2 Connection example

3.17.3 Note

If use bus release function, be careful following notes.

1)  Prohibit using this function together SDRAM controller

Prohibitalso SDRAMC basically, but if external bus master use SDRAM,
set-SDRAM to SR (self refresh) condition before bus release request. And,
when finish bus release, release SR condition. In this case, confirm each
condition’by handshake of general purpose port.
2)_Support standby mode

The condition that can receive this function is only CPU operationg
condition and during IDLE2 mode. During IDLE1 and STOP condition don’t
receive. (Bus release function is ignored).

3) Internal resource access disable

External bus master cannnot access to internal memory and interhal I/O of
TMP92CM27. Internal I/0O operation during bus releasing.

4) |Internal I/O operation during bus releasing

Internal I/O continue operation during bus releasing, please be careful. And,
if set the watchdog timer, set runaway time by consider bus release time.
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4. Electrical Characteristics

4.1 Maximum Ratings

Parameter Symbol Rating Unit
Power Supply Voltage VCC -0.5t04.0 V
Input Voltage VIN -0.5to VCC+0.5 Y,
Output Current (1 pin) I0L 2 mA
Output Current (1 pin) IOH -2 mA
Output Current (total) Z oL 80 mA
Output Current (total) 2 IOH -80 mA
Power Dissipation (Ta=85°C) PD 600 mw
Soldering Temperature (10 s) TSOLDER 260 °c
Storage Temperature TSTG -65.to 150 K
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 execeeded. 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)

Solder bath temperature = 230°C, Dipping/time =5 seconds

The number of times = one, Use of R-type flux

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)

Test Test condition Note
parameter
Solderability Use-of Sn-63Pb solder Bath Pass:

solderability rate until forming

> 95%
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4.2 DC Electrical Characteristics

VCC =3.3+0.3V/X1=4to 40MHz/ Ta = -40 to 85°C

Symbol

Parameter

Min

Typ

Max

Unit

Condition

vCC

Power Supply Voltage
(DVCC=AVCC=DAVCC)
(DVSS=AVSS=DAVSS=0V)

3.0

3.6

X1 = 6 to 10MHz (Note 1)
X1-= 4 to 40MHz (Note 2)

VILO

Input Low Voltage for
DO to D7
P10 to P17(D8 to D15)

VIL1

Input Low Voltage for
PCO to PC1, PC3 to PC4,
PDO, PL4

VIL2

Input Low Voltage for

P71 to P77, P86, P87, PAO to PAS5,
PC2, PC5, PD1 to PD5, PFO to PF7,
PJO to PJ7, PKO to PK7, PLO to PL3,
PL5 to PL7, PMO to PM7, PNO to PN3,
NMI, RESET

VIL3

Input Low Voltage for
AMO to AM1

VIL4

Input Low Voltage for
X1

0.6

0.3xVCC

0.25 xVCC

0.3

0.2 xVCC

VIHO

Input High Voltage for
DO to D7
P10 to P17(D8 to D15)

2.0

VIH1

Input High Voltage for
PCO0 to PC1, PC3 to PC4,
PDO, PL4

0.7xVCC

VIH2

Input High Voltage for

P71 to P77, P86, P87, PAO to PAS5,
PC2, PC5, PD1 to PD5, PF0-to PF7,
PJ0 to PJ7, PKO to PK7, PLO to/PL3,
PL5 to PL7, PMO to PM7, PNO to PN3,
NMI, RESET

0.75 xVCC

VIH3

Input High Voltage for
AMO to AM1

VCC -0.3

VIH4

Input High Voltage for
X1

0.8.xVCC

VCC +0.3

Note 1) At the time of PLL use.
Note 2) At the time of PLL un-use.
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Symbol Parameter Min Typ Max Unit Condition
VOL Output Low Voltage 0.45 IOL = 1.6mA
VOL2 Output Low Voltage for 0.45 v 1OL = 3.0mA
PCO to PC1, PC3 to PC4
VOH Output High Voltage 2.4 IOH =400« A
ILI Input Leakage Current 0.02 +5 UA 0.0<Vin<VCC
ILO Output Leakage Current 0.05 +10 UA 0.2 <Vin £VCC-0.2V
VSTOP Pow.er Down Voltage at STOP 18 36 v VIL2 =0.2*VCC,
(for initernal RAM back-up) VIH2 = 0.8*"VCC
Pull Up Resister for
RRST RESET
80 500 KQ
RKH Programmable Pull Up Resister for
P70 to P72, P74 to P76
CIO Pin Capacitance 10 pF fcz1MHz
Schmitt Width for
P71 to P77, P86, P87, PAO to PAS5,
PC2, PC5, PD1 to PD5, PFO to PF7,
VTH PJO to PJ7, PKO to PK7, PLO to PL3, 0.4 10 v
PL5 to PL7, PMO to PM7, PNO to PN3,
NMI, RESET
VTH2 Schmitt Width for 0.2 v
PCO to PC1, PC3 to PC4
NORMAL (Note 2) 50.0 60.0
1cC IDLE2 25.0 31.5 mA VCC=3.6V, fc=40MHz(fsys=20MHz)
IDLE1 7.5 11.5
STOP 0.2 50 UA VCC=3.6V

Note 1: Typical values are for when Ta = 25°C, Vcc = 3.3 V unless otherwise noted.

Note 2: ICC NORMAL measurement conditions:

All functions are operational; output pins except bus/pin are open, and input pins are fixed. Bus pin

CL=30pF.
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4.3 AC Characteristics

4.3.1 Basic Bus Cycle
Read cycle
VCC = 3.3+ 0.3V /fc = 4 to 40MHz / Ta = —40 to 85°C
Variable fc=40MHz fc=27MHz .
No. Parameter Symbol Vi Max foys=20MHz. | fsys=13.5MHz Unit
1 | OSC period (X1/X2) tosc 25 250 25 37.0
2 | System Clock period (=T) teve 50 500 50 74.0
3 | SDCLK Low Width toL 0.5T-15 10 22
4 | SDCLK High Width ton 0.5T-15 10 22
AO to A23 Valid
5-1 t 2.0T~ 50 -
— DO to D15 Input at OWAIT Ao pise
5.2 A0 to A23 Valid tans 3.0T-50 100 _
— DO to D15 Input at TWAIT
RD Fall
6-1 t 5T— 30 66
— DO to D15 Input at OWAIT RP 5T
RD Fall
6-2 t 2.5T-45 80 140
— DO to D15 Input at 1WAIT Ro ns
7-1| RD Low Width at OWAIT tre 1.5T-20 55 91
7-2 | RD Low Width at IWAIT trrs 2.5T—20 105 165
8 | AOtoA23 Valid —» RD Fall tag 0:5T-20 5 17
9| RD Fall - SDCLK Rise tre 0.5T-20 5 17
10 | AO to A23 Valid — DO to D15 Hold tha 0 0 0
11| RD Rise — DO to D15 Hold thr 0 0 0
12 | WAIT Set-up Time tix 20 20 20
13 | WAIT Hold Time ter 5 5 5
14 | Data Byte Control Access Time for SRAM tsea 1.5T-45 40 66
15 | RD High Width trrH 0.5T-15 10 22
Write cycle
VCC=3:3+0.3V/fc = 4 to 40MHz / Ta = —40 to 85°C
Variable fc=40MHz fc=27MHz )
No. Parameter Symbol i Viox fsys=20MHz | fsys=13.5MHz Unit
DO to D15 Valid
16-1 t 1/25T-35 275 57.5
Z WRxx Rise at OWAIT ow
DO to D15 Valid
16-2 t 2.25T-35 775 1315
— WRxx Rise at IWAIT o3
17-1 | WRxx/Low Width at OWAIT tww 1.25T-30 325 62.5
17-2 | WRxx Low Width at 1WWAIT twwa 2.25T-30 82.5 136.5
18 | AOtoA23 Valid— WR Fall taw 0.5T-20 5 17
19 | (WRxx Fall » SDCLK Rise twk 0.5T—20 5 17
20| WRxx -Rise — A0 to A23 Hold twa 0.25T-5 7.5 13.5 ns
21| WRxx Rise — DO0/to D15 Hold two 0.25T-5 7.5 13.5
22 | RD " Rise — DO to D15'Qutput troo 0.5T-5 20 -
23| Write Pulse Width for SRAM [ 1.25T-30 32.5 62.5
24 '|"Data Byte Control to End of Write for SRAM tsew 1.25T-30 325 62.5
25 | Address Setup Time for SRAM tsas 0.5T-20 5 17
26 | Write Recovery Time for SRAM tswr 0.25T-5 7.5 13.5
27 | Data Setup Time for SRAM tsps 1.25T-35 275 57.5
28 | Data Hold Time for SRAM tsoH 0.25T-5 7.5 13.5
AC Measuring Condition
oOutput level : High = 0.7Vcc, Low = 0.3Vcce, CL = 50pF elnput level : High = 0.9Vcc, Low = 0.1Vce
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(1) Read CyCle (0 wait, fc=foscH, prH=fC/1)

< fosc__ o
X1
| teve -
tecq — teL
—
SDCLK 7
— 7T
trx tKT)(
| |
WAIT /“ 3}\
AO to A23 ¢ (
2N A
= tap
csn N\ /
_k A
<> HA
R/IW /"'é
< AR - MRk
thr
RD g‘
—— tRRH - tRR
Ne tro
DO to D15 24 N
< Data Inpuf 7§
tsea
SRxxB /
SRWR

Note: The phase relation between X1 input signal and the other signals is undefined.

The above timing chart is an example.
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(2) Write cycle (0 wait, fc=fosch, frpu=fc/1)

X1

SDCLK

WAIT

A0 to A23

CSn

WRxx

DO to D15

SRxxB

SRWR

T— tOSH'

tch — =

teve

tTK tKT){
S| [

IR

—<— fgps —>

Note: The phase relation between X1 input signal and the other signals is undefined.
The above timing chart is an example.

e faw 2y twk twa
/
7—
3 tww ‘tsw
- tow ~two
V'
§k Data Output 2
e [ROO -
71
— " tspH
- tsaw ZL
tsops
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(3) Read cycle (1 wait,fc=foscy,frpr=fc/1)

s /TN TN\
i NWawan

A0 to A23 v
N
= taps
CSn
N
7

trr3

tro3

DO to D15 § Data Input E

(4) Write cycle (1 wait,fc=foscn,frpy=fc/1)

= NSNS\
o \_ /7T

AO to A23 2

AL (7

NI ST T

CSn
AN
R/W
N
WRxx 7‘/
=< twws -
|- tows -
DOto D15 t Data Output i
RDO
RD
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4.3.2 Page ROM read cycle
(1) Page ROM Read Cycle (3-2-2-2 mode)

No | Symbol Parameter Variable 40MHz 27MHz Unit
Min Max
1 teve System Clock Period (=T) 50 166.7 50 74
2 tap2 AO0,A1 — DO to D15 Input 2.0T-50 50 98
3 tap3 A2 to A23 — DO to D15 Input 3.0T-50 100 172
4 tros RD Fall — DO to D15 Input 2.5T-45 80 140 "
5 tha A0 to A23 Invalid — DO to D15 Hold 0 0 0
6 thr RD Rise — DO to D15 Hold 0 0 0

AC Measuring Condition

oOutput level: High = 0.7Vcce, Low = 0.3Vcec, CL = 50pF

elnput level: High = 0.9Vcc, Low = 0.1Vce
= =

tove —_
A2 to A23 X
AN J
- | I I
AO tO A1 >t +0 o) +1 i +2 | +3

oz N £/,

HA

tADg > « tAgz_) ( tADg_) e' tADZ_) _> 6
RD - i

tha | € tya —)(— tya i > O (t—

HR
DO to D15 " Dat: F Data { Data
 Input ;Inpu;t;i % Input
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4.3.3 SDRAM Controller AC Characteristics

No Symbol Parameter Variable 40MHz 27TMHz Unit
Min Max
1 tre Ref/Active to Ref/Active Command 2T 100 148
Period
2 tras Active to Precharge Command Period 2T 12210 100 148
3 trep Active to Read/Write Command Delay T 50 74
Time

4 trp Precharge to Active Command Period T 50 74
5 trrD Active to Active Command Period 3T 150 222
6 twr Write Recovery Time(CL*=2) T 50 74
7 tex CLK Cycle Time(CL*=2) T 50 74
8 ten CLK High Level Width 0.5T-15 10 22
9 toL CLK Low Level Width 0.5T-15 10 22 ns
10 tac Access Time from CLK(CL*=2) T-30 20 44
1 ton Output Data Hold Time 0 0 0
12 tos Data-in Set-up Time 0.5T-10 15 27
13 toH Data-in Hold Time T-15 35 59
14 tas Address Set-up Time 0.75T-30 7.5 25.5
15 tan Address Hold Time 0.25T-9 3.5 9.5
16 teks CKE Set-up Time 0.5T-15 10 22
17 tems Command Set-up Time 0.5T-15 10 22
18 temn Command Hold Time 0.5T-15 10 22
19 trsc Mode Register Set-Cycle Time T 50 74

CL*: CAS latency:
AC measuring conditions

Output level: High'= 0.7 Vcc, Low =/0.3-Vcc, CL = 50 pF
Input level: High = 0.9 Vcc, Low = 0.1.Vcee.
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(1) SDRAM read timing (CPU access)
«—tck >
ook AT M4\ N N N N\
<l <« —>
tcH (R trP 5 trcD trAs trp
/ N Y
SDxxDQM -
tcms) . tomn
soes —/ _ X N7
temHy
SDRAS 4/ ; tRRD \__4
SDCAS / N 4 N | /
SDWE 4/ \_—/
16-bit data bus < tas | fay
A1to A10 ' Row X Column IX
‘ tas N taH /
A11 X Row / \ Column X
A12 to A15 X Row X Column X
tAC ,| Lt_o_?
DO to D15
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(2) SDRAM write timing (CPU access)
«—tck >
SDCLK‘f_Ad AN N NI S PR S N
<> l¢ >
to 'e—1dre J  trep | twr trp
SDxxDQM / ) N e 4
h tRRD >
SDCS —/ 7 \ | /
oy |
SDRASQ — ‘tCMH \ | /
SDCAS4/ \<—7( \ | /
trAs
SDWE 4/ = ¥ \ /
16-bit data bus tas "
A1 to A12 X___ Row Sl |X X
~ tas taH 1
A1 X Row -\ /" Column X
A12toA15 X___Row X Column X
|E tos | toH y
DO to D15 X Data-out ><
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(3) SDRAM burst read timing (Start of burst cycle)

«—— tck ) »
soclk__/ N A T T S A
\Lgcmg
SDxxDQM =p ,
SDCS N trcD 7(
— | femg Etc:MHE /
SDRAS N t
o
N aum foms
SDCAS - = _\'t__7(
— tcvH
SDWE - 7
IEtASE_(tA_H)I | tas ('[/-\_H)||<t/'\_s)
2:: Ig 2::10 or X 227 X Row X Column
A12 or A1 \ / Row \ /Colum
A13to A15or
A12 to A15 ) X__Row
(.tAC_)I EtAC ) |
DO to D15 Data-in Data-in_XData-in

toH toH
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(4) SDRAM burst read timing (End of burst cycle)
<« tck >
/- i /- e
sbclk__ 1 N__ T _ 1 1 S S 1
;lels, ¢ trsc Je trc
SDxxDQM Mﬁ&“
EtCMHi
SDCS \- \__/
SDRAS \ \ /
jcms
SDCAS p\: \___/
SDWE N ;‘ \__J
|« tas N
M toA0 Column X 220 X Column
A12 or A11 Column / \ / Column
213 :g 212 o Row X Q X Column
<5 g
DO to D15 Data-in Data-in |
toH toH toH
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(5) SDRAM initialize timing
le—— tck -> )
ST o WD 2 N S N/ S N S NV NI S
«—> ¢
tcH tcL trsc < trc
SDxxDQM /
foms
SDCS 4/ \V 7[ N —7{_
foms _
soras—/ N ¥ N Y
fcms, temH temy | —
sbcas—/ \‘c ¥ N S 4
tcmH
SDWE —/ N *
, ¢ tAS (tA% |(_tAS_)
A1to A12 X 220
A20 to A23 e
(BSO and 1)
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(6) SDRAM refresh timing

< tck >

SDCLK U_\_/

trc

trc

SDxxDQM /

SDCS 4/ h

SDRAS 4/

tcms
>

tcmH

SDCAS 4

SDWE —/

(7) SDRAM self refresh timing

SDCLK__ A N__ A N/ N\ o

SDCKE

SDxxDQM

SDCS

SDRAS

SDCAS

SDWE

\

[
1016

teks

/ S A N

trc

TN 374

Y 5’
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4.3.4 Serial Channel Timing
(1) SCLK input mode (1/O interface mode)
fc=40MHz fc=27MHz
Variable
Parameter Symbol fsys=20MHz fsys=13.5MHz Unit
Min Max Min Max Min Max
SCLK Cycle (Programmable) tscy 16X 0.4 0:59 us
Output Data — SCLK Rise/Fall toss tscy/2-4x-90 10 58
SCLK Rise/Fall — Output Data Hold toms tscy/2+2X+0 250 370
SCLK Rise/Fall — Input Data Hold thsr 3X+10 85 121 ns
SCLK Rise/Fall — Input Data Hold tsro tscy-0 400 592
Input Data Valid — SCLK Rise/Fall tros 0 0 0
(2) SCLK output mode (l/O interface mode)
fc=40MHz fe=27MHz
Variable
Parameter Symbol fsys=20MHz fsys=13.5MHz Unit
Min Max Min Max Min Max
SCLK cycle (Programmable) tscy 16X 8192X 04 204 0.59 303 S
Output Data — SCLK Rise/Fall toss tscv/2-40 160 256
SCLK Rise/Fall — Output Data Hold tous tscy/2-40 160 256
SCLK Rise/Fall — Input Data Hold thsr 0 0 0 ns
SCLK Rise/Fall — Input Data Valid tsrp tscy-1X-180 195 375
Input Data Valid — SCLK Rise/Fall tros 1X+180 205 217
tscy
SCLK N
(Output Mode/) [
Input Mode
SCLK I _J I I m
(Input Mode) toss | toHs
OUTPUT DATA \
TXD K 0 1 2 3
| tRDS
<«— tgrD ) <
INPUT DATA
RXD X 0 X 1 X 2 X X_3 X
Valid Valid Valid Valid
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4.3.5 Interrupts

fc=40MHz fc=27MHz
Variable
Parameter Symbol fsys=20MHz fsys=13.5MHz Unit
Min Max Min Max Min Max
INTO to INTB, NMI
tinTaL 4T+40 240 336
low level width
— ns
INTO to INTB, NMI
tinTan 4T+40 240 336
high level width
4.3.6 AD Conversion Characteristics
Symbol Parameter Min Typ Max Unit
AvVCC AD Converter Power Supply Voltage VCC VCC VCC
AVSS AD Converter Ground VSS VSS VSS \
AVIN Analog Input Voltage AVSS AVCC
Total error
E+r +1.0 +4.0 LSB
(Quantize error of +0.5LSB is included)

Note 1: 1LSB = (AVCC — AVSS)/1024 [V]

Note 2: Minimum frequency for operation
Clock frequency which is selected by clock is over than 4MHz, operation is guaranteed.
Note 3: The value for Icc includes the ‘current which flows through the AVCC pin.

4.3.7 DA Conversion Characteristics

Symbol Parameter Condition Min Typ Max Unit
DAOUT Output voltage range ['RL=3:6 KQ DAVSS+0.3 DAVCC-0.3 \%
Er Total error RL=3.6 KQ +1.0 +4.0 LSB
RL Resistive load DAVSS+0:3 < DAOUT < DAVCC-0.3 36 KQ

Note 1: -1LSB = (DAVCC - DAVSS)/256 [V]

Note 2:- The value for Icc includes the current which flows through the DVCC pin.
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4.3.8 Event Counter (TAOIN, TA2IN, TA4IN, TAGIN, TBOINO, TBOIN1, TB1INO, TB1IN1, TB2INO,
TB2IN1, TB3INO, TB3IN1)

fc = 40MHz fc = 27MHz
Variable .
Parameter Symbol fsys = 20MHz fsys = 13.5MHz | Unit
Min Max Min Max | Min | Max
Clock period tvek 8X+100 300 396 ns
Clock low level width tvekL 4X+40 140 188 ns
Clock high level width tvckH 4X+40 140 188 ns

Note: Symbol x in the above table means the period of clock fepy; it's half period of the system clock
fgys for CPU core. The period of frpy depends on the clock gear setting.
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4.3.9 High Speed SIO Timing

Symbol Parameter Variable 40 MHz 36 MHz 27MHz | Unit
Min Max
fpp HSCLK frequency (= 1/X) 10 10 9 6.75 MHz
tr HSCLK rising timing 8 8 8 8
t HSCLK falling time 8 8 8 8
twL | HSCLK Low pulse width 0.5X-8 42 47 66
twH | HSCLK High pulse width 0.5X-16 34 39 58
topst Output data valid . 0.5X-18 32 37 56
— HSCLK rise
tops2 Output data valid 0.5X-23 o7 32 51 ns
— HSCLK fall
tonH HSCLK rise/fall 0.5X-10 40 45 64
— Qutput data hold
oS Input data valid . 0X+20 20 20 20
— HSCLK rise/fall
HSCLK rise/fall
tioH 0X+5 5 5 5
— Input data hold

AC measuring conditions

Output level : High = 0.7 VCC, Low = 0.2 VCC, CL =25 pF
Input level : High =0.9 VCC, Low = 0.1 VCC
} fep

t
HSCLK output ozvee Y tf - R A
(When HSMD<TCPOL,RCPOL>="1 1”)_ 0.2VCC Z
A tr
HSCLK output
(When HSMD<TCPOL,RCPOL>="00")

topg topn

a
s

tips ton

HSSI input

r \
HSSO output >§ §<
X 7
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4.3.10 External bus release function
BUSRQ \ " /
(Note 1)
BUSAK _\ «
le—a v tBaa
Release pin tA_Bﬁ e ———— (_Ngt_e E) ___________
Variable fc=40 MHz
Parameter Symbol fsys=20MHz Unit
Min Max Min Max
Floating Busak falling taga 0 30 0 30 ns
Floating BUSAK rising tean 0 30 0 30 ns

Note 1: Even if the BUSRQ signal goes low, the bus will not be released while the WAIT signal is
low. The bus will only be released when  BUSRQ goes low while. WAIT is high.

Note 2: This line shows only that the output buffer is in the off state. It does/not indicate that the signal
level is fixed. Just after the bu-is released, the signal level set before the bus was released is
maintained dynamically by the external capacitance. Therefore, to fix the signal level using an
external resistor during bus release, careful design is necessary, as fixing of the level is
delayed. The internal programmable pull-up/pull-down resistor is switched between the active
and non-active states/by the internal signal.
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5. Special Function Register

Special function register(SFR) is control of an input-and-output port and the control register of
a circumference part, and it is assigned to 8 K bytes of address area of 000000H to 001FFFH.

(1) Input-and-Output port (9) Pattern Generator

(2) Interrupt control (10) High speed serial'channels

(3) DMA controller (11) UART mode / Serial-channels
(4) Memory controller (12) I°CBUS mode /. Serial channels
(5) Clock control / PLL (13) AD converter

(6) SDRAM controller (14) DA converter

(7) 8-bit timer (15) Watch dog timer

(8) 16-bit timer (16) Key-on wake up

Composition of a table

Symbol Name Address 76 / / 1o
\\ —— Symbol
\\ 5 Read/Write
H — The initial value at the time of reset
// — Note
Notel :  "Prohibit RMW" of a table shows that it do not support read-modify-write operation for the register.

Example) When only bit 0_ of a P1CR register is set to "1",usually “SET 0,(0006H)", but It is

necessary to write in this register to.a 8-bit register by the "LD" (transfer) command for
"Prohibit RMW”.

The meaning.of a sign

R/W
R

W*
Prohibit
RMW

Prohibit
RMW*

‘Read/Write enable
:Only Read enable
:Only Write enable
:Read Write-enable (However, always read as “1")

:Read-modify-write instruction is Prohibit ed

(EX, ADD, ADC, BUS, SBC, INC,DEC,AND, OR, XOR, STCF, RES, SET, CHG,

TEST, RLC, 'RRC, RL, RR, SLA,SRA, SLL, SRL, RLD, RRD instruction is

disable),

:Read-madify-write instruction is Prohibit ed in the case of pull-up control of the
port.
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Table 5. 1/0 Register Map
[1] Input-and-Output port
address | register name address | register name address | register name address | register name
0000H 0010H 0020H | P8 0030H | PC
1H 1H 1H | P8CR 1H | PCFC2
2H 2H 2H | PSFC 2H | PCCR
3H 3H 3H | P8FC2 3H | PCFC
4H | P1 4H 4H ]| P9 4H | PD
5H 5H 5H | PODR 5H | PDFC2
6H | PICR 6H 6H 6H | PDCR
7H | P1FC 7H 7H | POFC 7H | PDFC
8H 8H | P6 8H| PA 8H
9H 9H 9H | PAFC2 9H
AH AH | P6CR AH | PACR AH
BH BH | P6FC BH | PAFC BH
CH CH | P7 CH CH/| PF
DH DH DH DH'|\PFFC2
EH EH | P7CR EH EH | PFCR
FH FH | P7FC FH FH\| PFFC
address | register name address | register name
0040H 0050H | PK
1H 1H | PKEC2
2H 2H
3H 3H | PKEC
4H 4H | PL
5H 5H | PLFC2
6H 6H| PLCR
7H 7H | PLFC
8H 8H | PM
9H 9H
AH AH
BH BH | PMFC
CH | PJ CH| PN
DH | PJFC2 DH
EH | PICR EH
FH | PJFC FH | PNFC

Note) Do not access address to which Register Name is not assigned. register is not assigned to the
address.
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[2] Interrupt control

[3] DMA controller

address | register name address | register name address | register name address | register name

OODOH | INTEO1 OOEOH | INTETBO O0FOH | INTETCO1 0100H | DMAQV
1H | INTE23 1H 1H | INTETC23 1H | DMA1V
2H | INTE45 2H | INTETB1 2H | INTETC45 2H | DMA2V
3H | INTE67 3H 3H | INTETC67 3H | DMA3V
4H | INTETAOL 4H | INTEPAD 4H 4H | DMA4V
5H | INTETA23 5H | INTETB2 5H | SIMC 5H | DMA5SV
6H | INTESTA45 6H | INTETB3 6H | IIMCO 6H | DMA6V
7H | INTESTAG7 7H | INTETB4 H 7H | DMA7V
8H | INTESO 8H | INTETB5 8H | INTCLR 8H | DMAB
9H | INTES1 9H | INTETBOX 9H 9H | DMAR
AH | INTES2 AH AH | IMC1 AH
BH | INTES3 BH BH | IMC2 BH
CH | INTESBO CH CH | BECSL CH/|INTSEL
DH | INTESB1 DH DH | BECSH DH'|\INTST
EH | INTEAHSCO EH EH | EMUCR EH |-IMC3
FH | INTEBHSC1 FH | INTNMWDT FH} MSAREMU FH| IMC4

[4] Memory controller [5] Clock control / PLL

address | register name address | register name address | register name address register name,

0140H | BOCSL 0150H | B4CSL 0160H 10EOH | SYSCRO
1H | BOCSH 1H | B4CSH 1H 1H | SYSCR1
2H | MAMRO 2H |/ MAMR4 2H 2H | SYSCR2
3H | MSARO 3H | MSAR4 3H 3H | EMCCRO
4H | B1CSL 4H-| B5CSL 4H 4H | EMCCR1
5H | BICSH 5H | B5CSH 5H 5H | EMCCR2
6H | MAMR1 6H | MAMR5 6H | PMEMCR 6H
7H | MSAR1 7H ] MSAR5 7H 7H
8H | B2CSL 8H | BEXCSL 8H 8H | PLLCRO
9H | B2CSH 9H | BEXCSH 9H 9H | PLLCR1
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] SDRAM controller [7] 8-bit timer

address | register name address | register name address | register name

0250H | SDACR1 1100H | TAOIRUN 1110H | TA45RUN
1H | SDACR2 1H 1H
2H | SDRCR 2H | TAOREG 2H | TAAREG
3H | SDCMM 3H | TAIREG 3H | TASREG
4H 4H | TAOIMOD 4H | TA45MOD
5H 5H | TALIFFCR 5H | TASFFCR
6H 6H 6H
TH H H
8H 8H | TA23RUN 8H | TA67RUN
9H 9H 9H
AH AH | TA2REG AH | TABREG
BH BH | TABREG BH | TA7TREG
CH CH | TA23MOD CH | TA67MOD
DH DH | TASFFCR DH | TA7TFFCR
EH EH EH
FH FH FH
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[8] 16-bit timer
address | register name address | register name address | register name address | register name
1180H | TBORUN 1190H | TBIRUN 11A0H | TB2RUN 11BOH | TB3RUN
1H 1H 1H 1H
2H | TBOMOD 2H | TBIMOD 2H | TB2MOD 2H | TB3MOD
3H | TBOFFCR 3H | TBIFFCR 3H | TB2FFCR 3H | TB3FFCR
4H 4H 4H 4H
5H 5H 5H 5H
6H 6H 6H 6H
TH H H TH
8H | TBORGOL 8H | TB1IRGOL 8H | TB2RGOL 8H | TB3RGOL
9H | TBORGOH 9H | TB1RGOH 9H | TB2RGOH 9H | TB3RGOH
AH | TBORGIL AH | TB1IRGIL AH | TB2RGI1L AH | TB3RGI1L
BH | TBORG1H BH | TBIRG1H BH | TB2RG1H BH | TB3RG1H
CH | TBOCPOL CH | TB1CPOL CH | TB2CPOL CH | TB3CPOL
DH | TBOCPOH DH | TB1CPOH DH'| TB2CPOH DH | TB3CPOH
EH | TBOCP1L EH | TB1CPI1L EH| TB2CP1L EH | TB3CP1L
FH | TBOCP1H FH | TB1CP1H FH} TB2CP1H FH | TB3CP1H
address | register name address | register name
11COH | TB4ARUN 11DOH | TB5RUN
1H 1H
2H | TB4AMOD 2H | TB5MOD
3H | TB4FFCR 3H | TB5FFCR
4H 4H
5H 5H
6H 6H
TH TH
8H | TB4ARGOL 8H | TB5RGOL
9H | TB4RGOH 9H | TB5RGOH
AH | TB4RG1L AH | TB5RG1L
BH | TB4RG1IH BH | TB5RG1H
CH | TB4CPOL CH | TB5CPOL
DH | TB4CPOH DH | TB5CPOH
EH | TB4CP1L EH | TB5CP1L
FH | TB4CP1H FH | TB5CP1H
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[9] Pattern Generator
address | register name
1460H | PGOREG
1H | PGI1REG
2H | PGO1CR
3H
4H | PGO1CR2
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH
[10] High speed serial channels
address | register name address | register name address | register name address | register name
OCOOH | HSCOMD OC10H | HSCOTD 0C20H | HSC1IMD 0C30H | HSC1TD
1H | HSCOMD 1H | HSCOTD 1H |} HSC1IMD 1H | HSC1TD
2H | HSCOCT 2H | HSCORD 2H | HSC1CT 2H | HSC1RD
3H | HSCOCT 3H | HSCORD 3H | HSC1CT 3H | HSC1RD
4H | HSCOST 4H | HSCOTS 4H | HSC1ST 4H | HSC1TS
5H | HSCOST 5H | HSCOTS 5H | HSC1ST 5H | HSC1TS
6H | HSCOCR 6H-| HSCORS 6H | HSC1CR 6H | HSC1RS
7H | HSCOCR 7H | HSCORS 7H | HSC1CR 7H | HSC1RS
8H | HSCOIS 8H 8H | HSC1IS 8H
9H | HSCOIS 9H 9H |'HSC1IS 9H
AH | HSCOWE AH AH | HSC1IWE AH
BH | HSCOWE BH BH | HSCIWE BH
CH | HSCOIE CH CH | HSCI1IE CH
DH | HSCOIE DH DH | HSC1IE DH
EH | HSCOIR EH EH | HSC1IR EH
FH | HSCOIR FH FH | HSC1IR FH
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[11] UART/Serial channels [12] "CBUS/Serial channels

address | register name address | register name address | register name

1200H | SCOBUF 1210H | SC2BUF 1240H | SBIOCR1
1H | SCOCR 1H | SC2CR 1H | SBIODBR
2H | SCOMODO 2H | SC2MODO0 2H | 12COAR
3H | BROCR 3H | BR2CR 3H | sBiocrz/sBioSR
4H | BROADD 4H | BR2ADD 4H | 'SBIOBRO
5H | SCOMOD1 5H | SC2MOD1 5H/] SBIOBR1
6H 6H 6H
7H | SIROCR 7H H
8H | SC1BUF 8H | SC3BUF 8H | SBILCR1
9H | SC1CR 9H | SC3CR 9H | SBI1DBR
AH | SC1IMODO AH | SC3MODO AH | 12C1AR
BH | BR1CR BH | BR3CR BH | sBiicR2/sBIISR
CH | BR1ADD CH | BRSADD CH |/ SBI1BRO
DH | SC1IMOD1 DH | SC3MOD1 DH | SBI1BR1
EH EH EH
FH FH FH

[13] AD converter [14] DA-converter

address | register name address | register name address | register name

12A0H | ADREGOL 12BOH | ADREGSL 12EO0H | DACOREG
1H | ADREGOH 1H | ADREGSH 1H | DACOCNT1
2H | ADREGI1L 2H |/ADREG9L 2H
3H | ADREG1H 3H | ADREGS9H 3H | DACOCNTO
4H | ADREG2L 4H| ADREGAL 4H | DACIREG
5H | ADREG2H 5H | ADREGAH 5H | DAC1CNT1
6H | ADREG3L 6H | ADREGBL 6H
7H | ADREG3H 7H | ADREGBH 7H | DAC1CNTO
8H | ADREGA4L 8H | ADMODO 8H
9H | ADREG4H 9H | ADMOD1 9H
AH | ADREG5L AH | ADMOD2 AH
BH | ADREG5H BH BH
CH | ADREG6L CH CH
DH | ADREG6H DH DH
EH | ADREG7L EH EH
FH{| ADREG7H FH FH
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[15] Watch Dog Timer [16] Key-on wake up

address | register name address | register name
1300H | WDMOD 0090H

1H | WDCR 1H

2H 2H

3H 3H

4H 4H

5H 5H

6H 6H

7H 7H

8H 8H

9H 9H

AH AH

BH BH

CH CH

DH DH

EH EH | KIEN

FH FH | KICR
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TOSHIBA TMP92CM27
(1) /O port (1/6)
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")
P67 P66 P65 P64 P63 P62 P61 P60
P6 Port 6 0018H R/W
Data from external port (Output latch register is cleared to “0”)
P77 P76 P75 P74 P73 P72 P71
RW
P7 Port 7 001CH Data from external port (Output latch register is setito “1")
Pull-up register Pull-up register
0:OFF 1:ON 0:OFF 1:.0ON
P87 P86 P85 | P84 P83 Pg2 P8l P80
R/W
P8 Port 8 0020H Data from external 1 1 1 0 1 1
port (Output latch
register is set to “1")
P96 P95 P94 P93 P92 P91 P90
P9 Port9 0024H RIW
1 1 1 1 1 1 1
PAS PA4 PA3 PA2 PA1 PAO
PA Port A 0028H R/W
Data from external port (Output latch register is set to “1")
PC5 | . PC4” | PC3 |/ PC2- | /PCL | PCO
PC Port C 0030H R/W
Data from external port (Output latch register is set to “1")
PD5._ | PD4 | PD3 } PD2 | PD1 | PDO
PD Port D 0034H RIW
Data from external-port (Qutput latch register is set to “1")
PF6 PF5, | PF4 | PF3 | PF2 | PFl | PFO
PF Port F 003CH RIW
Data from external port (Output latch register is set to “1")
PJ7 PJ6 |\ PJ5 | PJ¥4 | -PJB/ | P2 | Pl PJO
PJ PortJ 004CH R/W
Data from external port (Output latch register is set to “1")
PK7 PK6 | PK5 | PK4 | PK3 | PK2 | PK1 PKO
PK Port K 0050H R/W
Data from external port
PL7 PL6 | PL5< P4 | PL3 | PL2 | PL1 PLO
PL Port L 0054H R/W
Data from external port (Output latch register is set to “1")
PM7 PM6 . | PM5/ i) /PM4 | PM3 | PM2 | PM1 PMO
PM Port M 0058H R
Input disable
PN3 | PN2 PN1 PNO
PN Port N 005CH R
Input disable
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1/0 port (2/6)

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 . . - - ; T T T
register (Erﬁw;" 0 0 0 0 0 0 0 0
O:Input  1:Output
P1F
Port 1 0007H I,
P1FC function (Prohibit 0
register RMW) 0:Port
1:Data bus
(D8 to D15)
Port 6 001AH P67C P66C P65C P64C P63C P62C P61C P60C
W
P6CR control (Prohibit . . . . . . .
regiser RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
O:Input  1:Output
Port 6 001BH P67F | P66F | P65F | P64F | P63F | . P62F | P61F | P60F
P6FC function (Prohibit - - - W - - -
register RMW) 1 1 1 1 1 1 1 1
0:Port 1:Address bus (A16 to A23)
bort 7 001EH | P77C P76C_ | P75C | P74C [ P73C | P72C_ |° P7IC
P7CR control (Prohibit } T T V.v T T
register RMW) 0 | 0 0 | 0 ! 0 | 0 0
0:Input _1:Output
P77F P76F | P75F /| P74F | P73F | P72F_ | PR71F
Port 7 001FH W
P7FC function (Prohibit 0 0 0 0 0 0 0
register RMW) 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port
1: wAIT 1:SrLUB 1:srRLLB 1:SRWR 1LR/w 1:wRLU 1: WRLL
pP87C P86C
Port 8 0021H W
P8CR control (Prohibit -
register RMW) 0 0
O:Input  1:Ouput
P87F | P86F P85F P84F P83F P82F P81F P8OF
Port 8 0022H W
P8FC control (Prohibit 0 0 0 0 0 0 0 0
register RMW)  ["0:Port 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port 0:Port
1:BUSAK 1:BUSRQ 1:<P85F2> | 1:csa 1:<P83F2> | 1:cs2 1:cs1 1:cso
P85F2 P83F2
Port 8 0023H w W
P8FC2 function (Prohibit 0 0
register 2 RMW) 0:css 0:cs3
1: wpout 1:spcs
0025H P96D, P95D P94D P93D P92D P91D P90D
Port 9 RIW
PO9DR drive (Prohibit
register RMW) 1 [ 1 | 1 | 1 | 1 | 1 | 1
0:The-inside of HALT is figh impedance 1:The inside of HALT is also driven
0027H P96F i P95F | P94F | P93F | P92F | P91F | P90F
Port 9 _ w _ _
POFC function (Prohibit 0 0 0 0 0 0 0
register RMW) | 0:Port O:Port | O:Port 0:Port | O:Port O:Port | O:Port
11:SDCLK | 1:SDCKE | 1:spLupQm| 1:spLLbQMm | 1:sSpcas 1:SpbrAs | 1:sDwe
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TMP92CM27
O Port (3/6)
PA4F2 PA1F2
0029H
Port A W \Wi
PAFC2 function (Prohibit 0 0
register 2 RMW) <Refer to <Refer to
PAFC> PAFC>
Port A 002AH PA5C PA4C PA3C PA2C_ | PAl1C PAOC
orl
W
PACR | control (Prohibit : - :
register RMW) 0 0 0 0 0 0
<Refer to-PAEC>
PASF | PA4F | PA3F (|| PA2F | PALF | PAOF
Wi
0o | o | o T 0o [ o [ o
[<PAXF2,PAXF,PAXC> PA5 PA4 PA3 PA2 PAl PAO
000 Input port Input port |Input port  [Input port Input port | Input port
001 Output port  [Output.port | Output port |Output port |Output port | Output port
010 SCLK1/ Reserved » [RXD1 SCLKO/ Reserved . [RXDO
002BH CTs1 input CTSO input
Port A input input
PAFC function (Prohibit 011 SCLKY TXD1 Reserved  [SGLKO TXDO Reserved
register RMW) output output output output
(Open Drain (Open Drain
Disable) Disable)
100 Reserved Reserved
101 Reserved Reserved
110 Reserved Reserved
111 TXD1 TXDO
output output
(Open Drain (Open Drain
Enable) Enable)
0031H PC4F2 PC3F2 PC1F2 PCOF2
Port C W W
PCFC2 function (Prohibit . -
register 2 RMW) 0 0 0 0
<Referto PCFC> <Refer to PCFC>
Port C 0032H PC5C PC4C | PC3C PC2C PCiC | PcOC
orl
Wi
PCCR control (Prohibit : - .
register RMW) 0 0 0 i 0 0 0
<Refer to PCFC>
PC5F PC4E . PC3F  PC2F PCIF  PCOF
Wi
0 0 0 : 0 0 0
PCxF2,PCxF,PCXC: PC5 PC4 PC3 PC2 PC1 PCO
000 Input port Input port  |Input port Input port Input port  [Input port
001 Output port  |Output port  [Output port  |Output port |Output port  [Output port
010 SCK1 input |SI1input [SO1 output  [SCKO input  [SI0 input SO0 output
(Open Drain (Open Drain
Port C 0033H [Disable) Disable)
PCFC funf;tion (Prohibit 011 SCK1 output [SCL1 /O [SDAL1/O  |SCKO output |SCLO 1O [SDAO 110
register RMW) (Open Drain |(Open Drain (Open Drain [(Open Drain
Disable) Disable) Disable) Disable)
100 Reserved  |Reserved Reserved  [Reserved
101 Reserved  [Reserved Reserved  [Reserved
110 Reserved  [SO1 output Reserved  [SOO output
(Open Drain (Open Drain
[Enable) Enable)
111 SCL11/0 ISDA1 1/O SCLO I/0 [SDAO 1/0
(Open Drain |(Open Drain (Open Drain [(Open Drain
Enable) [Enable) Enable) Enable)
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1/0 Port (4/6)
Symbol Name Address 6 5 4 3 2 1 0
PD4F2
Port D 0035H W
PDFC2 | function (Prohibit 0
register 2 RMW) <Referto
PDFC >
Port D 0036H PD5C PD4C PD3C PD2C PD1C PDOC
W
PDCR control (Prohibit - - - -
register RMW) 0 0 0 0 0 0
<Refer to PDFC >
PD5F PD4F PD3F PD2F PD1F PDOF
W
0 0 0 0 0 0
[<PDxF2,PDxF,PDXC: PD5 PD4 PD3 PD2 PD1 PDO
000 Input port Input port_ | Input port  [Input port Input port | Input port
001 Output'port_ | Output port—{Output port |Output port | Output port | Output port
010 SCLK2/ Reserved |RXD2 Reserved Reserved . |HSSIO input
Port D 0037H .CTSZ input
PDFC function (Prohibit —
register RMW) 011 SCLK2 TXD2 Reserved  [HSCLKO HSS00 Reserved
output output output output
(Open Drain
Disable)
100 Reserved
101 Reserved
110 Reserved
111 TXD2
output
(Open Drain
PF6F2 PF4F2 PF2F2 PFOF2
Port F 003DH W w w W
PFFC2 | function (Prohibit 0 0 0 0
register 2 RMW) <Refer to <Refer to <Refer to <Refer to
PFEC> PFFC > PFFC > PFFC>
bort E 003EH PF6C PF5C PF4C PF3C PF2C PF1C PFOC
W
PFCR control (Prohibit T T T T
register RMW) 0 0 0 0 0 0 0
<Refer to PFFC >
PE6F | PFS5F ‘|- PF4F._ | PF3F | PF2F | PFIF | PFOF
W
0 0 0 0 0 0 0
<PFxF2,PEXFRRXC> |/ PF6 PF5 PF4 PF3 PF2 PF1 PFO
003FH 000 input port Input port Input port Input port Input port Input port Input port
Port F 001 Output port  [Output port |Output port |Output port  |Output port [ Output port | Output port
PFFC function (Prohibit 010 i i
register RMW) ITA6IN input |Reserved Reserved  [RXD2 input |Reserved Reserved HSSIO input
011 Reserved  |TASOUT Reserved  [TA3OUT Reserved TALOUT Reserved
output output output
100 Reserved Reserved Reserved Reserved
101 Reserved Reserved Reserved Reserved
110 INT3 input INT2 input INT1 input INTO input
111 Reserved Reserved Reserved Reserved
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TOSHIBA

1/0 Port (5/6)
004DH PJ7F | PJ6F | PJSF | PJ4F
PortJ w
PJFC2 function (Prohibit A
register 2 RMW) 0 0 | 0 0
<Refer to PJFC >
004EH PJ7C | PJ6C | PISC | PJ4AC PJ3C PJ2C PJ1C PJOC
PortJ
PJCR control (Prohibit ; ; ; W ; ; ;
register RMW) 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
<Refer to PJFC >
PJ7F PJ6F PJSF PJAF PJ3F PJ2F | |"PJIF PJOF
0 0 | 0 | 0 | 0 f 0 | 0 | 0
[<PJXF2,PJXF,PIXC> PJ7 PJ6 PJ5 PJ4 Pa3 P32 PJ1 PJO
004FH 000 Input port Input port Input port Input port Input.port Input port Input port Input port
Port J 001 Output port  |Output port  |Output port | Output port |Output port. [Output port | Output port | Output port
PJFC function (Prohibit 010 Reserved  |Reserved  |Reserved |Reserved:. [Reserved [Reserved Reserved |Reserved
register RMW)
011 ITB3OUT1 ITB3OUTO  |TB20OUT1 TB20UTO - [TB1OUT1 [TB1OUTO TBOOUTL TBOOUTO
output output output output output output output output
100 Reserved Reserved Reserved Reserved
101 Reserved  |Reserved  |Reserved Reserved
110 Reserved  |Reserved  [Reserved Reserved
111 ITB50UT1 |TB50UTO  [TB4OUT1 TB40OUTO
output output output output
0051H PK7F2 PK6F2 PK5F2 PK4F2 PK2F2 l PK1F2 PKOF2
Port K
PKFC2 function (Prohibit ; ; ;
register 2 RMW) 0 0 0 0 i 0 0 0 0
<Refer to PKFC>
PK7F PK6F PK5F PK4F | PK3F PK2F | PKIF PKOF
0 0 0 0 0 0 0 0
PortK 0053H
orf <PKxF2,PKXF> PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
PKFC funption (Prohibit
register RMW) 00 Input port Input port Input port. Input port Input port Input port Input port Input port
01 ITB3IN1 input|TB3INO input [TB2IN1 input| TB2INO.inpuffTB1IN1 input |TB1INO input| TBOIN1 input] TBOINO inpu
10 Reserved  |Reserved Reserved Reserved’ [Reserved Reserved Reserved Reserved
11 INTB input  [INTAinput  {INTQinput |INT8 input |INT7 input INTG input  |INTSinput | INT4 input
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IO HR— k(6/6)

Symbol | Name Address 7 6 5 4 3 2 1 0
Port L 0055H PL6F2 PL5F2 PL4F2 PL3F2 PL2F2 PL1F2 PLOF2
or
: W
PLFC2 function (Prohibit
register 2 RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0
<Refer to PLFC>
Port L 0056H PL7C PL6C | PL5SC | PL4C | PL3C | PL2C_ | PLIC | PLOC
PLCR function (Prohibit - - - W - - -
register RMW) 0 0 0 0 0 0 0 0
<Refer to PLFC >
PL7F | PL6F | PL5F | PL4F | PL3F - PL2F—| PLIF | PLOF
0 0 0 0 0 0 0 0
[<PLXF2,PLXFPLXC> |  PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
000 Input port Input port Input port Input port Input port Input port Input port Input port
001 [Output port  |Output port  |Output port  [Output port “|Qutput port |Output port | Output port | Output port
010 Reserved  [Reserved Reserved Reserved - |Reserved Reserved Reserved-. |Reserved
Port L 0057H 011 PG13 output [PG12 output [PG11 output | PG10 output |PG03 output [PG02 output | PGO1 output | PGOO output
PLFC function (Prohibit 100 Reserved  |Reserved  |HSSILinput [Reserved SCLK3/ Reserved. |RXD3
register RMW) CTs3 input
input
101 HSCLK1 HSSO1 Reserved  [Reserved SCLK3 TXD3 Reserved
output output output output
(Open Drain
Disable)
110 Reserved Reserved Reserved  |Reserved |Reserved, |Reserved [Reserved
111 Reserved  |Reserved  |Reserved  [TA7OUT Reserved | TXD3 output [ Reserved
foutput (Open Drain
Enable)
Port M 005BH PM7F | PM6F/ - PM5F ~ . PM4F—+ PM3F.  ~ PM2F | PM1F | PMOF
or
) W
PMFC function (Prohibit T T T T T T T
register RMW) S R S S S S SR i 1 ¢ 1 1
0:Input port/ Key input 1:Analog input
005FH PN3F { PN2F : PNIF = PNOF
Port N W
PNFC function (Prohibit T T
register RMW) 1 i 1 1 1
0:Input port 1:Analog input
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(2) Interrupt control (1/5)
Symbol Name Address 7 6 | 5 | 4 3 2 | 1 | 0
INT1 INTO
11C 11M2 11M1 11MO 10C I0M2 10M1 10MO
INTEOL | DT &INTL 00DOH R _ RW R __RW
0 0 0 0 0 0 0 0
L:INT1 Interrupt request level 1:INTO Interrupt request level
INT3 INT2
13C I3M2 | 13M1 | I3MO 12C 2M2_  12M1 | 12MO
INTE23 [pi2 &N | ooD1H R RIW R RIW
0 0 0 0 0 0 0 0
1:INT3 Interrupt request level LINT2 Interrupt request level
INTS INT4
I5C I5M2 I5M1 I5MO 14C 14AM2 14M1 14MO
INTE45  |gbe™™ | ooD2H R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
1:INT5 Interrupt request level 1:INT4 Interrupt request level
INT7 INT6
I7C 7M2 7M1 L/ ATMO 16C 6M2 _t. 16ML | I6MO
INTE67 |gmoe™'’ | 00D3H R RIW R RIW
0 0 0 0 0 0 0 0
L:INT7 Interrupt requestlevel 1:IINT6 Interrupt request level
INTTAL (TMRAL) INTTAO (TMRAQ)
INTTA & ITALC ITAIM2 | ITAIM1 ITALIMO ITAOC ITAOM2 i ITAOM1 ITAOMO
INTETAOL |INTTAL 00D4H R _ RW R _ RwW
Enable 0 0 | 0 | 0 0 0 | 0 | 0
LINTTAL Interrupt request level LINTTAO Interrupt request level
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & ITA3C ITA3M2 ITASM1 ITA3MO ITA2C ITA2M2 ITA2M1 ITA2MO
INTETA23 |INTTA3 00D5H R RW R RW
Enable 0 0 0 0 0 0 0 0
1:IINTTA3 Interrupt request level LINTTA2 Interrupt request level
INT8/INTTA5 (TMRA5) INTTA4 (TMRA4)
ITASC ITASM2 ¢ ITA5M1 ITASMO ITAAC ITAAM2 = ITAAM1 ITAAMO
INTESTA45 mgmf&ms 00D6H R . RW . R  RW
Enable 0 0 0 0 0 0 0 0
LINTS/ Interrupt request level 1INTTA4 Interrupt request level
INTTAS,
INTY/INTTA7 (TMRA7) INTTA6 (TMRAG)
ITA7C ITATM2 |  ITA7TM1 ITA7TMO ITA6C ITA6M2 | ITA6M1 ITA6MO
INTE9TA67 IHE{TST&-‘W 00D7H R RIW R RIW
Enable 0 0 | 0 | 0 0 0 [ 0 | 0
LINTY/ Interrupt request level 1:INTTA6 Interrupt request level
INTTA7
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TMP92CM27

Interrupt control (2/5)

INTTXO INTRXO
INTRXO & ITX0C ITXOM2 |  ITXOM1 ITXOMO IRX0C IRXOM2 | IRXOM1 IRXOMO
INTESO | INTTX0 00D8H R RW R RW
Enable 0 _ 0 0 0 0 _ 0 0 0
L:INTTXO0 Interrupt request level L:INTRXO0 Interrupt request level
INTTX1 INTRX1
INTRX1 & ITX1C ITXIM2 | ITXIM1 | ITXIMO IRX1C IRXIM2 /[ IRXIM1 [ IRX1MO
INTES1 |INTTX1 00D9H R R/W R RIW
Enable 0 0 0 0 0 0 0 0
LINTTX1 Interrupt request level LINTRX1 Interrupt request level
INTTX2 INTRX2
INTRX2 & ITX2C ITX2M2  ITX2M1 ITX2MO IRX2C IRX2M2__ IRX2M1 | IRX2MO
INTES2 | INTTX2 O0DAH R R/W R R/W
Enable 0 0 0 0 0 0 0 0
LINTTX2 Interrupt request level LINTRX2 Interrupt request level
INTTX3 INTRX3
INTRX3 & ITX3C ITX3M2 | ITX3M1 ITX3MO IRX3C IRX3M2. | IRX3M1 | IRX3MO
INTES3 | INTTX3 00DBH R RW R R/W
Enable 0 0 0 0 0 0 0 0
LINTTX3 Interrupt request level LINTRX3 Interrupt request level
- INTSBEO
INTSBEO - - - - ISBEOC ISBEOM2 | ISBEOM1 : ISBEOMO
INTESBO | oo 00DCH R — RW
; 0 0 0 0
Always write “0” 1:INTSBEO Interrupt request level
- INTSBE1
INTSBEL - - - < ISBEIC | ISBEIM2 | ISBEIM1 | ISBEIMO
INTESBL |goob 00DDH R RIW
0 0 0 0
Always write “0” 1L:INTSBE1 Interrupt request level
INTHSCO INTA
INTA & IHSCOC | IHSTXOM2 i IHSTXOM1 i IHSTXOMO IAC IAM2 | IAM1 IAMO
INTEAHSCO | INTHSCO 0O0DEH R R/W R R/W
Enable 0 0 0 0 0 0 0 0
1:INTHSCO_ | Interrupt request level 1:INTA Interrupt request level
INTHSC1 INTB
INTB & IHSC1C < | IHSTX1IM2 | [IHSTXIM1__  IHSTX1MO IBC IBM2 | IBM1 1BMO
INTEBHSC1 | INTHSCL 00DFH R RIW R RIW
Enable 0 o] 0 L0 0 o o | o
L:INTHSC1 Interrupt request level 1:INTB Interrupt request level
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TOSHIBA TMP92CM27
Interrupt control (3/5)
Symbol Name Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO & ITBO1C ITBO1M2 ITBO1M1 ITBO1IMO | ITBOOC ITBOOM2 | ITBOOM1 ITBOOMO
INTETBO [INTTBOL 00EOH R RIW R RIW
Enable 0 0] 0 [ o 0 0. ] o0 1 o
1:INTTBO1 Interrupt request level 1:INTETBOO Interrupt request level
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTBL0 & ITB11C  ITB1IM2 @ [TB11M1 ITB11MO @ ITB10C  ITB1OM2 / ITB1OM1 @ ITB10OMO
INTETB1 |INTTB11 00E2H R R/W R R/W
Enable 0 o 0 L0 0 0 | o [ o
L:INTTB11 Interrupt request level 1:INTTB10 Interrupt request level
INTTB21 (TMRB2) INTTB20 (TMRB2)
INTTB20 & ITB21C ITB21M2 ITB21M1 ITB21MO ITB20C ITB20M2 ITB20M1 ITB20MO
INTETB2 [INTTB21 00ES5H R RIW R RIW
Enable 0 0o 0 [ o 0 o I 0o T o0
L:INTTB21 Interrupt request level 1:INTTB20 Interrupt request level
INTTB31/INTTB30 (TMRB3)
INTTB30 & ITB3XC | ITB3XM2 | ITB3XM1 | ITB3XMO
INTETB3 |INTTB31 00E6H R RIW.
Enable 0 0 0 0
Always write “0” 1:INTTB31/30 Interrupt request level
INTTB41/INTTB40 (TMRB4)
INTTB40 & ITB4XC | 1TB4XM2 | ITB4XM1 | ITB4XMO
INTETB4 |[INTTB41 OOE7H R R/W
Enable 0 0 0 0
Always write “0” 1:INTTB41/40 Interrupt request level
INTTB51/INTTB50 (TMRB5)
INTTBS50 & ITB5XC | ITB5XM2 | ITB5XM1 | ITB5XMO
INTETB5 |INTTB51 0OE8H R R/W
Enable 0 0 0 0
Always write “0” 1:INTTB51/50 Interrupt request level
INTTBOX
INTTBOX ITBOXC | ITBOXM2 | ITBOXML | ITBOXMO
INTETBOX (Overflow) OOE9H R R/W
Enable ! I 0 0 | 0 i 0
Always write “0” LINTTBOX Interrupt request level
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TMP92CM27
Interrupt control (4/5)
INTPO INTAD
IPOC iPOM2 [ IPOM1 | 1POMO IADC IADM2 | 1ADM1 | 1ADMO
INTEPAD | DTPD&NTAD | 00E4H R RIW R RIW
0 0 0 : 0 0 0 0 0
1:INTPO Interrupt request level 1:INTAD Interrupt request level
NMI INTWDT
NMI & INTWDT INCNM - - - INCWD - - : .
INTNMWDT | 2o 00EFH R R
0 | 0
1:NMI 1:INTWDT
INTTC1 (DMAL1) INTTCO (DMAO)
INTTCO & ITC1C ITCIM2 | ITC1M1 ITCIMO ITCOC ITCOM2 | ITCOM1 ITCOMO
INTETCO1 [INTTCL 00FOH R RIW R RIW
Enable - - -
0 0 0 i 0 0 0 0 0
LINTTC1 | Interrupt request level | 1L:INTTCO | Interrupt request level
INTTC3 (DMA3) INTTC2 (DMA2)
INTTC2 & ITC3C ITC3M2 | ITC3M1 ITC3MO ITC2C ITC2M2 < ITC2M1 ITC2MO
INTETC23 [INTTC3 00F1H R RIW { R RIW
Enable
0 0 0 | 0 0 0 0 0
1INTTC3 Interrupt request level 1INTTC2 Interrupt request level
INTTC5 (DMAS5) INTTC4 (DMA4)
INTTC4 & ITC5C ITC5M2 ITC5M1 ITC5MO ITC4C ITC4AM2 ITCAM1 ITC4MO
INTETCA45 [INTTCS 00F2H R RIW R R/IW
Enable 0 0 0 : 0 0 0 0 0
LINTTCS | Interrupt request level | 1:INTTC4 Interrupt request level
INTTC7 (DMAT) INTTC6 (DMAG)
INTTC6 & ITC7C ITC7M2 i | ITC7M1 ITC7MO ITC6C ITC6M2 | ITC6M1 ITC6MO
INTETC67 [INTTC? 00F3H R R/W R R/W
Enabl r r r
nave 0 0. 0 T 0 0 o | o | o
1L:INTTC7 | Interrupt request level | LINTTC6 | Interrupt request level
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Interrupt control (5/5)
Symbol Name Address 7 6 5 4 3 2 1 0
- IR3LE IR2LE IR1LE IROLE
w R/W
sio 00F5 0 1 1 1 1
SIMC Interrupt (Prohibit INTRX3 INTRX2 INTRX1 INTRXO
Mode : ed oved 0: ed 0: ed
control RMW) Always 0: edge “edge : edge : edge
ite 1" mode mode mode mode
write 1: level 1: level 1: level 1: level
mode mode mode mode
NMIREE
RW
OO0F6H 0
Interrupt —
IIMCO Input mode (Prohibit NMI
control 0 RMW) 0:Falling
1:Falling
and
Rising
I7LE I6LE ISLE 14LE I3LE 12LE I1LE I0LE
Interruot OOFAH RW
nterrup:
1IMC1 Input mode (Prohibit 0 0 0 0 0 0 0 0
control 1 RMW) INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge
1:Level 1:Level 1:Level 1:Level 1:Level 1:Level L:Level 1:Level
I7TEDGE I6EDGE ISEDGE I4EDGE IBEDGE I2EDGE IIEDGE IOEDGE
R/W
Interrupt OOFBH 0 0 O 0 0 O O O
1IMC2 Input mode ronhibit | INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
control 2 RMW) 0: Rising 0: Rising 0: Rising 0: Rising 0: Rising 0:'Rising 0: Rising 0: Rising
/High /High /High /High /High /High /High /High
1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling 1: Falling
/Low /Low, /Low /Low /Low /Low /Low /Low
IBLE IALE I9LE ISLE
010EH RIW
Interrupt - T
1IMC3 Input mode (Prohibit 0 0 | 0 | 0
control 3 RMW) INTB INTA INT9 INT8
0:Edge 0:Edge 0:Edge 0:Edge
1:Level 1:Level 1:Level 1:Level
IBEDGE IAEDGE I9EDGE IBEDGE
R/W
010FH 0 0 0 0
Interrupt
1IMC4 Input mode (Prohibit INTB INTA INT9 INT8
control 4 RMW) 0: Rising 0: Rising 0: Rising 0: Rising
/High /High /High /High
1: Falling 1: Falling 1: Falling 1: Falling
/Low /Low /Low /Low
00F8H - - - - - - - -
CLR Inlterrupt W
INT Clear Prohibit
Control (RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Clear the interrupt request flag by the writing of a micro DMA starting vector
- | DP49SEL | DP48SEL | DP47SEL | DP39SEL | DP37SEL | DP26SEL | DP24SEL
R/W
- 010CH 0 0 | 0 0 0 | 0 | 0
INTSEL '”‘eng’P"‘?" o I OINTTBS0 0INTTB40 | O:INTTB30 0:NTB 0:NTA | OINTTA7 | OINTTAS
gglrgctlir;a:]non (E"\c/’l'\}\',b)” ! i Interruption | Interruption Interruption Interruption | Interruption | Interuption
K iseffecve | iseffectve isinvalid isinvalid | iseffecve | iseffective
' TINTTB51 1:INTB41 LINTTB31 LINTB LINTA 1:INT9 1:INT8
Intenuption | Interruption Interruption Interruption | Intenuption | Interruption
iseffecive | iseffective is effective isefiectve | iseffectve | s effectve
| TBOF5ST | TBOF4ST | TBOF3ST | TBOF2ST | TBOF1ST | TBOFOST
R/W
0 0 0 0 0 0
_ 010DH Read: Read: Read: Read: Read: Read:
INTST 'me”“pf"o” N Yintermuption | Xinteruption | XInteruption | JIntenuption | XInterruption | XInterruption
gsgera ing “;"f/’l'\}\'/b)” In-generating | In-generating | Ingenerating | in-generaing | In-generating | IN-generating
ZInteruption | Linteruption | interruption | Linterruption | Interruption | LiInterruption
Jenerating jenerating Jenerating jenerating jenerating jenerating
Write: Wiite: Write: Wiite: Write: Wirite:
0:"0" clear 0:"0" clear 0:"0" clear 0:0" clear 0:"0" clear 0:'0" clear
1:Don't care 1:Don'tcare 1:Don't care 1:Don'tcare 1:Don'tcare 1:Don't care
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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 R/W
DMAOV | start 0100H : : :
Vector 0 0 0 0 0 0
| DMAO Start Vector
DMALV5 DMALV4 | DMA1V3 | DMA1V2 | DMALV1 | DMALVO
DMA1 R/W
DMALV | start 0101H : : :
Vector 0 0 0 0 0 0
DMAL Start'Vector
DMA2V5 | DMA2V4 | DMA2V3. | DMA2V2 | DMA2V1 | DMA2VO
DMA2 R/W
DMA2V Start 0102H - - -
Vector 0 0 0 0 0 0
DMAZ2 Start Vector
DMA3V5 | DMA3V4/ DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
DMA3 R/W
DMA3V | start 0103H : : :
Vector 0 0 0 0 0] 0
DMAZ3 Start Vector
DMA4V5 =~ DMA4V4 || DMA4V3<i DMA4V2 i DMA4V1 | DMA4VO
DMA4 R/W
DMA4V | start 0104H : : :
Vector 0 0 0 0 0 0
DMA4 Start Vector
DMA5V5 | DMABV4 | DMASV3' DMA5V2 | DMA5V1 | DMAS5VO
DMAS5 R/W
DMA5V | start 0105H : : _
Vector 0 0 0 0 0 0
DMAS Start Vector
DMA6V5 | DMA6V4 ~DMA6V3— DMABV2 | DMA6V1 | DMA6VO
DMA6 R/W
DMABV | start 0106H : : :
Vector 0 0 0 0 0 0
DMAG Start Vector
DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7V1 | DMA7VO
DMA7 R/W
DMA7V | start 0107H : : :
Vector 0 0 0 0 0 0
DMA?7 Start Vector
DBST7 DBST6 DBST5 DBST4 | DBST3 = DBST2 DBST1 DBSTO
DMAB DMA Burst 0108H R/W
0 0 0 | 0 | 0 | 0 0 | 0
1: DMA request on Burst Mode
0109H DREQ7 DREQ6 DREQ5 -/ DREQ4 = DREQ3 DREQ2 DREQ1 DREQO
DMAR |D¥A N RIW
Request o 0 0 o | o | 0 [ 0 0 | 0
1:DMA request in software
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(4) Memory controller (1/3)
Symbol Name Address 7 6 5 4 3 2 1 0
BOWW2 BOWW1 BOWWO BOWR2 BOWR1 BOWRO
W W
BLOCK 0 0140H 0 | 1 | 0 0o | 1 ] 0
BOCSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
BOE - - BOREC BOOM1 BOOMO BOBUS1 BOBUSO
W W
BLOCK 0 0141H 0 0 0 } 0 0 0
BOCSH | MEMCT | csselect | Always Always  ONotinserta : 00:ROM/SRAM Data Bus width
f:gitsrf’er High (;ﬁw’)“ ODisable  write “0"  Write ‘0" . peenoqmmy OliReserved 00:8bit
1:Enable cycle 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B1WW2 B1WW1 B1WWO B1WR2 BIWR1 | BI1WRO
W W.
BLOCK 1 0144H . 0 . 1 0 0 . 1 0
B1CSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
B1E - | - | “B1REC B1OM1 B1OMO B1BUS1 B1BUSO
W W
BLOCK 1 0145H 0 0 0 0 0 0
B1CSH |MEMC | csselect  Always Always- O:Notiseta  00:ROM/SRAM Data Bus width
ot High Gy | O:Disable  write “0" [ WIite *0" 1. remxcan, OLReserved 00:8bit
1:Enable cycle 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B2WW2 B2WW1 B2WWQ B2WR?2 B2WR1 B2WRO0
BLOCK 2 0148H ~Q__ 1 0 o 1 0
B2CSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
B2E B2M | - | B2REC B20M1 B20OMO B2BUS1 B2BUSO
W W
BLOCK 2 0149H 1 0 0 0 0 o1 | o1
B2CSH 2"05"':?; e | CSselect | 0:16MB Always—0: Notinserta - 00:ROM/SRAM Data Bus width
register High (Rr,fj‘v{,)“ O:Disable | 1:Sets WAte 0" 1. e aaummy OL:Reserved 00:8bit
1:Enable area cycle 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B3WW2 B3Ww1 B3WWO B3WR2 B3WR1 B3WRO
W W
BLOCK 3 014CH 0 1 0 o 1 0
B3CSL MEMC Write waits | Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010:AWAIT
register Low RMW) 101:2WAIT 110:3WAIT | 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin | 111:4WAIT 011: WAIT pin
Others:Reserved | Others:Reserved
B3E - : - | B3REC B3OM1 B3OMO B3BUS1 | B3BUSO
W W
BLOCK 3 014DH L 0 o [ o o [ o0
B3CSH |MEMC | CSselect | Always | Always  O:Notinseta — 00:ROM/SRAM Data Bus width
f:gi:f’e'r High (;r&w’)“ ODisable  write ‘0" | write “0" 1. ¥ 0l:Reserved 00:8bit
1:Enable dummy cycle 10:Reserved 01:16bit
11:SDRAM 10:Reserved
11:Reserved
Notel: A value is setto B2CSH <B2BUS1:0> according to the state of AM[1:0] terminal at the time of reset release.
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Memory controller (2/3)
Symbol Name Address 7 6 5 4 3 | 2 1 | 0
B4WW?2 B4WW1 B4WWO B4WR2 B4WR1 | B4WRO0
W W
BLOCK 4 0150H o 1 0 U 1 0
BACSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
B4E - - B4REC B4OM1 B40OMO B4BUS1 B4BUSO
W W
BLOCK 4 0151H 0 0 0 i 0 0 ! 0
BACSH |MeMS | CSselect | Always | Always (O:Notmseta | 00:ROM/SRAM Data Bus width
registor High (;rﬁr\}lvk;“ ODisable | write “0" | write “0" ;.o OL:Reserved 00:8bit
1:Enable dummycycle | 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B5WW2 B5WW1 B5WW0Q B5WR2 B5WR1 B5WRO
W W
BLOCK 4 0154H 0 1 0 0o | 1 5 0
B5CSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT. 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4AWAIT 011: WAIT pin
Others:Reserved Others:Reserved
B5E - - B5REC B50M1 B50MO B5BUS1 B5BUSO
W W
BLOCK 4 0155H 0 0 0 | 0 0 I 0
MEMC . . :
B5CSH .. | CSselect | Always Always . {0:Notinserta i 00:ROM/SRAM Data Bus width
control Prohibit ‘N P, S d L . -8bi
register High (Rrﬁv{,)' O:Disable | write “0” | write “0” V. ¥* | 01:Reserved 00:8bit
1:Enable dummycycle | 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
BEXWW?2. [~BEXWW1 | BEXWWO0 | BEXWR2 BEXWR1 BEXWRO
W W
BLOCK EX 0 | 1 i 0 0 1 | 0
BEXCSL MEMC 0158H Write waits Read waits
fggits't"e'r Low | 001:2WAIT 010:1WAIT | 001:2WAIT 010:1WAIT
| 101:2WAIT 110:2WAIT | 101:2WAIT 110:2WAIT
| O11:1+NWAIT | O11:1+NWAIT
|-Others:Reserved | Others:Reserved
BEXOML1 | BEXOMO | BEXBUS1 | BEXBUSO
\W
BLOCK EX - 0 0 0 0 0 0 0
BEXCSH [MEMC 0159H - Always Always Always 00:ROM/SRAM Data Bus width
fe"”."o' ' write “Q” write “0” write “0” | 01:Reserved 00:8bit
gister High )
10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
- OPGE OPWR1 OPWRO PR1 PRO
R/W
0 0 0 1 0
Page ROM n -
PMEMCR | control 0166H ROM page | Wait number on page | Byte number in a page
register access 00: 1state (n-1-1-1 mode) 00: 64byte
0:Disable | 01: 2state (n-2-2-2 mode) 01: 32byte
1:Enable | 10: 3state (n-3-3-3 mode) 10: 16byte
11: Reserved 11: 8byte
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Memory controller (3/3)

MOV20 MOV19 MOV18 | MOV17 | MOV16 | MOV15 MOV14-9 | MOV8
Memory R/IW
MAMRO | mask 0142H - - -
register 0 1 1 1 | 1 | 1 | 1 1 1
0:Compare enable 1:Compare disable
Memory M0S23 | MO0S22 | M0S21 | M0S20 | MO0S19 | MOS18 | MOS17 | MOS16
MSARQ | st 0143H RIW : :
fggdi'sf:rso 1 1 1 ! 1 1 1 1 1
Set start address A23 to AL
M1v21l M1V20 M1V19 | M1Vv18 | M1V17 /i M1V16 MV15-9 | M1V8
Memory R/W
MAMR1 | mask 0146H
register 1 1 1 1 [ 1 [ 1 | 1 1 | 1
0:Compare enable 1:Compare disable
Memory M1S23 M1S22 M1S21 | M1S20 @ M1S19 \ . *M1S18 M1S17 @ M1S16
MSARL |t 0147H : RAW /
?fgdéfifl 1 1 1 1 1 1 1 1
Set start address A23to A16
M2V22 M2Vv21 M2Vv20 | M2Vi9 i M2Vi8 = M2vi7 M2V16 1 M2Vi5
Memory R/W
MAMR2 mask 014AH T T T T
register 2 1 1 1 | 1 ) 1 | 1 1 | 1
0:Compare enable’ '1:Compare disable
Memory M2S23 | M2S22 | M2S21 | M2S20 | M2S19 | M2S18 ||~ M2S17 | M2S16
MSAR2 |t 014BH RIW : .
e 1 1 1 1 1 /1 1 1
Set start address A23 to Al
M3V22 M3V21 M3V20_ | M3V19 | M3vi8 | -M3Vi7 M3V16 | M3Vi15
Memory R/W
MAMR3 mask 014EH
register 3 1 1 1 | 1 | 1 | 1 1 | 1
0:Compare enable _1:Compare disable
Memory M3S23 | M3S22| . M3S21 | M3S20 - M3S19- i~ M3S18 = M3S17 | M3S16
MSAR3 | S" 014FH : RIW : :
?fgdéfifs 1 1 1 P 1 Pl 1 Pl
Set start address A23to A16
M4vV22 M4Vv21 M4V20 | M4V19 | M4V18 | M4V17 M4V16 | M4Vi5
Memory R/W
MAMR4 | mask 0152H T T T T
register 4 1 1 1 | 1 | 1 | 1 1 | 1
0:Compare enable 1:Compare disable
Memory M4S23 | M4S22 | M4S21 | M4S20 | M4S19 | M4S18 | M4S17 | M4S16
MSAR4 | st 0153H RIW : :
fggdifsf:f . 1 1 1 1 1 1 1 1
Set start address A23 to A16
M5V22 M5Vv21 M5V20 i) M5V19 | M5V18 | M5V17 M5V16 | M5V15
Memory R/W
MAMRS5 | mask 0156H
register 5 1 1 1 | 1 | 1 | 1 1 | 1
0:Compare enable 1:Compare disable
Memory M5S23 M5S22 M5S21 | M5S20 | M5S19 | M5S18 M5S17 | M5S16
MSAR5 |t 0157H : RIW : :
?;‘;1;?555 1 1 1 1 | 1 1 1 1
Set start address A23 to A16
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(5) Clock control / PLL (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
System RIW
SYSCRO | Clock 10EQH 0 0 0
Control 0
Always
write “0”
GEAR2 GEAR1 GEARO
R/W
1 0 0
Select gear value of
high frequency (fc)
System 000: fc
SYSCR1 | Clock 10E1H .
Control 1 001: fc/2
010: fc/4
011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
- WUPTM1 | WUPTMOQ HALTM1 HALTMO DRVE
R/W RIW R/W
0 1 0 1 1 0
Always Warm-up timer. HALT mode Pin state
System write “0” 00: Reserved 00: Reserved control in
SYSCR2 | Clock 10E2H 01: 2%/input frequency | o1 STOP mod STOP
Control 2 10: 2/input frequency | ;¢ pignd mode
11: 2%input frequency | - |D-EL mode 0: VO off
: putirequency : 11: IDLE2 mode 1: Remains
the state
before
HALT
FCSEL LWUPFG
R/W R
PLL 0 0
PLLCRO | control 0 10E8H Select fc Lock up timer
clock status flag
0: foscn 0: not end
1: foin 1: end
PLLON
R/W
0
PLL
PLLCRL | contol1 10E9H Contal
on/off
1: ON
0: OFF
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Clock control / PLL (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
PROTECT EXTIN DRVOSCH
R R/W R/W
EMC 0 0 1
EMCCRO fe"gfs'gro 10E3H Protect flag 1: External .| fc oscillator
0: OFF fc clock driver abillity
1: ON 1/ NORMAL
0: WEAK
EMC
EMCCR1 | control 10E4H
ister 1
reaster Switching the protect ON/OFF by write to following 1St-KEY, 2nd-KEY
1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H in.succession write
2nd-KEY: EMCCR1 = A5H, EMCCR2 = 5AH in succession write
EMC
EMCCR2 | control 10E5H
register 2
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(6) SDRAM Controller
Symbol Name address 7 6 5 4 3 2 1 0
- - SMRD SWRC SBST SBL1 SBLO SMAC
R/W
0 0 0 0 0 1 [ 0 0
Always Always Mode Write Burst  stop | select burst length SDRAM
SDRAM write “0" [ write “0” register L'ie”(l:gvery command 00: Reserved controller
SDACR1 Access 0250H recovery 0: Precharge | 01:Fyl-page read, 0: Disable
Co_ntrol time all burst write 1: Enable
Registerl 0: 1clock 1: Burst stop | 10:1-word read,
0: 1clock 1: 2clock single write
1: 2clock 11:Full-page read,
single write
SBS SDRS1 | "SDRSO | SMUXW1 | SMUXWO0
R/W
SDRAM 0 O o | o
Access Number of | Select ROW address size | Selectaddress multiplex
SDACRZ |~ niol | 9251H banks 00: 2048rows (11bits) 00: TypeA (A9-)
Register2 0: 2 banks. | 01-4096rows (12bits) 01:TypeB (A10-)
1: 4 banks | 10: 8192rows (13bits) 10; TypeC (A11-)
11: Reserved 11: Reserved
SSAE SRS2 | SRS1 SRSO /| SRC
R/W
SDRAM 1 o [0 [ o0 0
Refresh SR Auto Refresh’interval Auto refresh
SDRCR Control 0252H Exit 0:Disable
Register 000: 47state 100:156state 1:Enable
0'Disable 001;78state 101:295state
1:Enable 010: 97state 110:249state
011:124state 111:312state
SCMM2 | SCMM1 SCMMO
R/W
0 0 [ o
Command executing
SDRAM 000: Not execute
sDCMM | commandi| 0253H 001: Excute initialize command
Register a. Precharge all banks
b. 8 times auto refresh
c. Set mode register
100: Set mode register
101: Execute self refresh Entry
110: Execute self refresh EXIT
Others: Reserved
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(7) 8-bit timer (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
TAORDE 12TAO1 TAO1PRUN TALRUN TAORUN
RIW RW
TMRAOL 0 0 0 0 0
TAO1RUN |RUN 1100H [ Double IDLE2 Timer Run/Stop contro
register buffer 0: Stop 0: Stop & Clear
0: Disable 1: Operate 1:Run (count up)
1: Enable
TMRAO 1102H - : - - - E - . ! - -
TAOREG register (Prohibit W_
RMW) Undefined
TRAL 1103H - - - - - - - -
TAIREG register (Prohibit W_
RMW) Undefined
TAOIM1 | TAOIMO | PWMOl | PWMOO | TALICLK1 | TAICLKO | TAOCLK1 | TAOCLKO
RIW
0 | 0 | 0 | 0 ! 0 | 0 | 0 | 0
TAOLMOD Hé%’;m 1104H | Operation mode PWM cycle TMRA1 source clock TMRAO source clock
register 00: 8-Bit Timer Mode 00: Reserved 00: TAOTRG 00: TAOIN input
01: 16-Bit Timer Mode 01: 2° 01: ¢T1 01:¢T1
10: 8-Bit PPG Mode 10: 27 107¢T16 10:¢T4
11: 8-Bit PWM Mode 11: 28 11: $T256 11: $T16
TALFFC1<! ;TALIFFCO TALEFIE | TAILFFIS
RW RIW
TMRAO1 1 1 0 0
TA1FFCR Eﬁ{]‘ﬂ;’p 1105H 00: Invert TALFF TALFF TAlFF
register 01: Set TA1FF Control for | Inversion
10: Clear TALIFF inversion select
11: Don’t care 0: Disable | 0: TMRAO
1: Enable 1: TMRAL
TA2RDE 12TA23 / | TA23PRUN TA3RUN TA2RUN
RIW R/W
TMRA23 0 0 0 0 0
TA23RUN | RUN 1108H [ Double IDLE2 Timer Run/Stop control
register buffer 0: Stop 0: Stop & Clear
0: Disable 1: Operate 1: Run (count up)
1: Enable
TMRA2 110AH - - . - - é - - é - -
TAZREG register (Prohibit W,
RMW) Undefined
TMRA3 1108H = ~ - . - - - -
TA3REG register (Prohibit W_
RMW) Undefined
TA23M1 | TA23MO PWM21 PWM20 | TA3CLK1 { TA3CLKO | TA2CLK1 | TA2CLKO
RIW
TMRA23 0 | ¢} | 0 | 0 | 0 | 0 | 0 | 0
Operation mode PWM cycle TMRA3 source clock TMRA2 source clock
TA23MOD | MODE 1 )
Sl et LIOCH | 00: 5-git Timer Mode 1-00: Reserved 00: TAZTRG 00: TAZIN input
01: 16-Bit Timer Mode 01:2° 01: ¢T1 01: ¢T1
10: 8-Bit PPG Mode 10:27 10: ¢T16 10: ¢T4
11: 8-Bit PWM Mode 11: 28 11: ¢T256 11: ¢T16
TA3FFC1 | TA3FFCO | TA3FFIE | TAS3FFIS
RIW RW
| 1 | 1 | 0 | 0
iy i 00: Invert TA3FF TA3FF TA3FF
TA3FFCR Conttol 110DH 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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8-bit timer (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
TA4ARDE 12TA45 TA45PRUN | TAS5RUN TA4ARUN
RIW RW
TMRA45 0 0 0 : 0 0
TA45RUN | RUN 1110H ["Double IDLE2 )
register i Timer-Run/Stop control
buffer 0: Stop ¥
. : 0: Stop & Clear
0: Disable 1: Operate 1: Run (count up)
1: Enable ’ P
TMRA4 1112H - - - - - . i - -
TA4REG register (Prohibit W,
RMW) Undefined
TMRAS 1113H - - - - - ; - - -
TASREG register (Prohibit W_
RMW) Undefined
TA45M1 TA45MO0 PWM41 PWM40 i TASCLK1 | TASCLKO { TA4CLK1 | TA4CLKO
RIW
0 0 0 0 0 0 0 0
TA45MOD &%’E’E“S 1114H Operati_on _mode PWM cycle TMRAGS source clock TMRA4 source clock
register 00: 8-Bit Timer Mode 00: Reserved 00: TAATRG 00: TA4IN input
01: 16-Bit Timer Mode 01: 2° 01 ¢T1 01: ¢T1
10: 8-Bit PPG Mode 10: 27 10: $T16 10: ¢T4
11: 8-Bit PWM Mode 11: 28 11: ¢T256 11 6T16
TASFFC1 | TASFFCO ' TASFFIE | TASFFIS
RIW R/W
TMRA45 1 1 0 0
TASFECR Elci)r;]-tlt:cl)?p 1115H 00: Invert TASFE TASFF TASFF
registor 01: Set TASFF Control for | Inversion
d 10: Clear TASFF inversion select
11: Don’t care 0: Disable | 0: TMRA4
1: Enable 1: TMRA5S
TA6RDE I2TA67 | TA67PRUN | TA7RUN | TA6RUN
RIW R/W
TMRAG7 0 0 0 I 0 I 0
TA67RUN |RUN 1118H Double IDLE2 ]
register . Timer Run/Stop control
buffer 0: Stop X
. X 0: Stop & Clear
0: Disable 1: Operate 1: Run (count up)
1: Enable ) P
TMRA6 111AH - \ - S - - : - -
TABREG register (Prohibit W_
RMW) Undefined
TMRA7 111BH z - - ' - - : - - -
TA7REG register (Prohibit W.
RMW) Undefined
TA67M1 TA67MO PWM61 PWM60 | TA7CLK1 | TA7CLKO | TABCLK1 | TA6CLKO
RIW
0 0 0 0 0 0 0 0
TA67MOD L:‘é%’;m 111CH Operati_on _mode PWM- cycle TMRA7 source clock TMRAG source clock
register 00: 8-Bit Timer Mode 00:-Reserved 00: TA6TRG 00: TAGIN input
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: 28 11: $T256 11: ¢T16
TA7FFC1 | TA7TFFCO | TAT7FFIE | TAT7FFIS
RW RW
TMRA67 1 1 0 0
register 01: Set TA7FF Control for : Inversion
10: Clear TA7TFF inversion select
11: Don't care 0: Disable : 0: TMRA6
1: Enable 1. TMRA7
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(8) 16-hit timer (1/6)
Symbol Name Address 7 6 5 4 3 2 1 0
TBORDE - 12TB0O TBOPRUN TBORUN
R/W R/W R/W | RW | R/W
TMRBO 0 0 0 0 | 0
TBORUN :‘«;Légter 1180H [ pouble Always IDLE2 Timer Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate .
1 Enable 1/ Run-(count up)
TBOCT1 TBOET1 | TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE /| TBOCLK1 | TBOCLKO
R/W W R/W.
0 0 1 | 0 0 0 0 0
TBOFF1 inversion Software Capture timing Up counter TMRBO source clock
trigger capture 00: Disabl control 00:TBOINO pin input
TMRBO 1182H |o: Disable _1: Enable control Fsane 0: Disable @ 01 ¢T1
TBOMOD | MODE - INT4 is rising edge : 10: ¢T4
register (Er’\cjll\w'\l/b)n Invert when : Invert when . sofware 01: TBOINO T, TBOINA 1 1/ Enable 11-.¢T16
capture to m_atch uco capture INTA4 is risi p g
capture with 1: Undefind ey
R TBORGIH/L i~ 10: TBOINO [, TBOINO |
register 1 . .
INT4 is falling edge
11: TALOUT1, TA1OUT |
INT4 is rising edge
TBOFF1C1 | TBOFF1CO | TBOC1T1 TBOCOT1 || TBOE1T1 TBOEOT1 | TBOFFOC1 | TBOFFOCO
W* | 1 W*
1 1 0 0 | 0 0 1 1
TBOFFO control TBOFFQ.inversion trigger TBOFFO control
TMRBO 1183H . e . .
TBOFECR | Fiip-Fiop 00: Invert 0: Disable. 1: Enable 00: Invert
control (Prohibit [ O1: Set 01: Set
register RMW) 10: Clear Invert when._| Invert when | Invertwhen {lInvertwhen | 10: Clear
11: Don't care the UC.value : the UC the UC the UC 11: Don't care
* Always read as “11” is loaded in_ : value is matches matches * Always read as “11”
to loaded in to.: with with
TBOCP1H/L : TBOCPOH/L--TBORG1H/L : TBORGOH/L
; 1188H - - - - - - - 1 -
TMRB
TBORGOL register 0 Low (Prohibit w
RMW) Undefined
TMRBO 1189H — — — : — — — — —
TBORGOH register 0 High (Prohibit W
RMW) Undefined
118AH - 7 - ==\ | - - = -
TMRBO
TBORGIL register 1 Low (Prohibit W
RMW) Undefined
TMRBO 118BH = - = | - — — _ —
TBORGIH register 1 High (Prohibit W
RMW) Undefined
TMRBO — — ~ : — — — — —
TBOCPOL | capture 118CH R
ister O L
register ow Undeﬁned
TMRBO - - - i - | - - - -
TBOCPOH Capture ., 118DH R
register 0 High Undefined
TMRBO, — — — — | — — — —
TBOCP1L | cCapture 118EH R
ister 1. L
o Undefined
TMRBO. - - - | - - - - -
TBOCP1H. [capture 118FH R
register 1 High Undefined
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16-bit timer (2/6)
Symbol Name Address 7 6 5 4 ! 3 2 1 0
TB1RDE — 12TB1 TB1PRUN TB1RUN
R/W | R/W R/W | RW | | R/W
TMRB1 0 0 0 0 0
TB1RUN :‘«;Légter 1190H | 5ouple Always IDLE2 Timer Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate .
1 Enable 1/ Run-(count up)
TB1CT1 TB1ET1 | TBICPOI | TBICPM1 | TBICPMO | TBICLE /| ' TB1CLK1 | TB1CLKO
R/IW W R/W
0 | 0 1 | 0 | 0 0 | 0 | 0
TB1FF1 inversion Software Cature timing Up counter TMRBL source clock
trigger capture - Di control 00: TB1INO pin input
TMRB1 1192H o: Disable 1: Enable control oo D'Sablé . 0: Disable | 01: ¢T1
TB1MOD | MODE - INTS6 is rising edge : 10: §T4
register (Prohibit |Invert when Invertwhen 1o sotware  1o1.71NO T, TBLINL 1 Enable | . 16
RMW) match UC1 ‘9
captureto M capture -
capture with 1 Undefined | 10 s rising edoe
. TBIRGIH/L 10: TBLINO T [ TBLINO |
register 1
INT6 is falling edge
11: TALOUT 1. TA1OUT |
INT6 is rising.edge
TB1FF1C1 : TB1FF1CO i TB1C1T1 TB1COT1 || TB1IE1T1 TB1EOT1 ) TB1FFOC1 : TB1IFFOCO
W* | RIW | W*
1 1 0 0 0 0 1 1
TVRBL | TB1FFQ.inversion trigger TB1FFO control
Flip-Flop 1193H | TB1FF1 contro 0: Disable. 1: Enable 00: Invert
TB1FFCR control (Prohibit | 00: Invert 01: Set
register RMW) 01: Set Invert when._: Invert when | Invert when lInvertwhen | 10: Clear
10: Clear the UG value | the UC the UC the UC 11: Don't care
11: Don't care is loaded in._ : value is mgtches m‘atches * Always read as “11”
* Always read as “11" -ito loaded in to.: with with
TB1CP1H/L : TB1CPOH/L-TB1RG1H/L : TB1IRGOH/L
1198H - [ - - - - - - -
TMRB1
TBIRGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB1 1199H — - — : — — — — —
TB1RGOH register 0 High (Prohibit W
RMW) Undefined
TMRB1 119AH = i = ~ E = ; — — — —
TBIRGIL register 1 Low (Prohibit w
RMW) Undefined
TMRB1 LAIBN — — — — | — — — —
TBIRG1H register 1 High (Prohibit W
RMW) Undefined
TMRB1 — 5 — S . — : — — — —
TB1CPOL | capture 119CH R
register 0 Low _
Undefined
TMRB1 — — — ! — — — — —
TB1CPOH | Capture 119DH R
register.0-High Undefined
TMRB1 — — — : — : — — — —
TB1CP1L_|cCapture 119EH R
register 1-Low ,
Undefined
TMRB1 - - - : - 5 - - - -
TB1CP1H- | capture 119FH R
register 1 High Undefined
16-bit timer (3/6)
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Symbol Name Address 7 6 5 4 3 ; 2 1 0
TB2RDE | — | I2TB2 | TB2PRUN | | TB2RUN
R/W R/W R/W R/W R/W
TMRB2 0 0 0 0 0
TB2RUN ffagi’:ter 1LAOH | pouble | Always | IDLE2 | Timer Run/Stop control
Buffer | write “0” | 0:Stop | o Stop & Clear
0: Disable | | 1: Operate |/,
1 Enable | : | 1:'Run (count up)
TB2CT1 | TB2ET1 | TB2CPOI | TB2CPM1 | TB2CPMO | TB2CLE. | TB2CLK1 | TB2CLKO
R/W w R/W
0 0 1 0 0 0 0 0
TB2FF1 inversion | Software | Capture timing [Up counter I TMRB2 source clock
trigger |capture - | éontral | 00: TB2INO pin input
TMRB2 11A2H |o.Disable 1:Enable | |00: Disable A | 01:¢T1
TB2MOD | MODE - T Ecomrol i INT8 is rising edge ;0. Disable | 10: T4
register (Prohibit  fInvert when |Invert when |0: Software  |01: TB2INO 1, TB2INZ1 '1: Enable | 11.' T16
RMW) captureto |matchUC2 | | | | 1L¢
capture  |With S Undefinea | T8 s ising edge 5 ;
register 2 | TB2RGIHIL | |10: TB2INO T, TB2INO | |
| | INT8 is falling edge
|11: TASOUT 1, TA3OUT.}
| | | INTS is rising edge | |
TB2FF1C1 | TB2FF1CO | TB2C1T1 | TB2COT1 | TB2E1T1 | TB2EOTL | TB2FFOC1 | TB2FFOCO
W* RIW W*
1 | 1 0 | 0 | 0 | 0 1 | 1
TMRE2 11A3H | TB2FFL | TB2FFO inversion trigger TB2FF0 control
Flip-Flop contro 0: Disable—1: Enable 00: Invert
TB2FFCR | coniol ronibi | 00: Invert 01: Set
register RMW) 01: Set Invert when_“i.Invert when | Invert when / Invertwhen-i 10: Clear
10: Clear the UC value i the-UC the UC the UC 11: Don't care
11: Don't care is loaded'in_ i value isl mgtches m‘atches * Always read as “11”
* Always read as “11” (0 loaded in to : with with
TB2CPIH/L {TB2CPOH/L : TB2RG1H/L i TB2RGOH/L
, 11A8H - 1 = - - N - - [
TMRB
TB2RGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB2 11A9H - — — : - F — — —
TB2RGOH register 0 High (Prohibit W
RMW) Undefined
, 11AAH i = VAN S AN R = = =
TMRB
TB2RGI1L register 1 Low (Prohibit w
RMW) Undefined
RE 11ABH 2 | - —Z_ o N\— | — — — —
TB2RG1H register 1 High (Prohibit W
RMW) Undefined
TMRB2 » > - E — - - — —
TB2CPOL | Capture 11ACH R
ister L
register tow Undefined
TMRB2 - < - | - | - - - -
TB2CPOH | capture 11ADH R
register 0-High Undefined
TMRB2 — — — | — | — | — — —
TB2CPI1L | cCapture 11AEH R
ister 1 L -
ek Undefined
TMRB2 1 - - : - - - - -
TB2CP1H | capture 11AFH R
register 1 High Undefined
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16-bit timer (4/6)
Symbol Name Address 7 6 5 4 ! 3 2 1 0
TB3RDE - 12TB3 TB3PRUN TB3RUN
R/W | R/W R/W | RW | R/W
TMRB3 0 0 0 0 0
TB3RUN fZLéi“éter 11BOH 1 pouple Always IDLE2 Timer Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate .
1 Enable 1/ Run-(count up)
TB3CT1 TB3ET1 | TB3CPOI | TB3CPM1 | TB3CPMO | TB3CLE /| ' TB3CLK1 | TB3CLKO
R/IW W R/W
0 | 0 1 | 0 | 0 0 | 0 | 0
TB3FF1 inversion Software Capture timing Up counter TMRB3 source clock
trigger capture . 00: TB3INO pin input
TB3MOD TMRB3 11B2H 0: Disable 1: Enable control oo 'T,'\‘Sizlies rsing g ;D"E;" b 01: ¢T1
MODE . : Disable | 10: ¢T4
h (Prohibit  |[|nvert when iInvert when . i /
register RMW)  |canture to  match UC3 0: Software  {01:TB3INO 1, TB3IN1 | 1: Enable | 11:¢T16
capture with i‘f"f}“&e fined INTA is rising edge
P TB3RGIH/L | oY 110: TB3INO 1 (TB3INO |
register 3
INTA is falling edge
11: TA30OUT 1. TA30UT |
INTA iSriseing edge
TB3FF1C1 : TB3FF1CO i TB3C1T1 TB3COT1 | TB3E1T1 TB3EOT1 ) TB3FFOC1 | TB3FFOCO
W* | RIW | W+
1 1 0 0 0 0 1 1
TMRES | TB3FFQ.inversion trigger TB3FFO control
Flip-Flop 11B3H | TB3FF1 contro 0: Disable. 1: Enable 00: Invert
TB3FFCR control (Prohibit | 00: Invert 01: Set
register RMW) 01: Set Invert when._| Invert when | Invertwhen {lInvertwhen | 10: Clear
10: Clear the UC value ' the UC the UC the uc 11: Don't care
11: Don't care is loaded in._ : value is mgtches m‘atches * Always read as “11”
* Always read as “11" -ito loaded in to.: with with
TB3CP1H/L : TB3CPOH/L-TB3RG1H/L : TB3RGOH/L
] 11B8H - [ - - - - - - -
TMRB!
TB3RGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB3 11B9H — — — - — — - - -
TB3RGOH register 0 High (Prohibit W‘
RMW) Undefined
TMRB3 11BAH = i = — E = ! ~ ~ ~ ~
TB3RGIL register 1 Low (Prohibit w
RMW) Undefined
TMRB3 LYBBN — - — — | — — — —
TB3RG1H register 1 High (Prohibit w
RMW) Undefined
TMRB3 — 5 — S . — . — - — -
TB3CPOL | capture 11BCH R
ister O L
register & Low Undefined
TMRB3 — — — ! — — — - -
TB3CPOH | Capture 11BDH R
register.0-High Undefined
TMRB3 — — — : — : — — — —
TB3CP1L_|capture 11BEH R
ister 1-L
Q™ Undefined
TMRB3 - - - : - 5 - - - -
TB3CP1H- | Capture 11BFH R
register 1 High Undefined
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16-bit timer (5/6)
Symbol Name Address 7 6 5 4 ! 3 2 1 0
TB4RDE — 12TB4 TB4PRUN TB4RUN
RW | R/W R/W | RW | | RIW
TMRB4 0 0 0 0 0
TBARUN iﬁ?éter 11COH T pouble Always IDLE2 Timer Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate .
1 Enable 1/ Run-(count up)
TB4CT1 TB4ET1 TB4CPOI | TBACPM1 | TB4CPMO | TBACLE /| TB4CLK1 | TB4CLKO
R/IW W R/W
0 | 0 1 | 0 | 0 0 | 0 | 0
TMREBA 11C2H |TB4FF1inversion Software Capture timing Up counter TMRB4 source clock
TB4MOD | MODE eronibic | 99" capture 00: Disable control 00: Reserved
register RMW) 0: Disable 1:Enable | .. 01 Reserved 0: Disable (i(l): 4111
Invert when lnver;ﬂ?g 0: Software 10: Reserved 1: Enable ll:-¢4'>|'16
E:B:E:: to wi?ﬁc capure - 11: TASOUTT, TASOUT |
»undetine
register 4 TB5RG1H/L
TB4FF1C1 | TB4AFF1CO | TB4C1T1 TB4COT1 i TB4E1T1 TB4EOT1 4 TB4FFOC1 TB4FFOCO
W* R/W W*
1 1 0 0 0 0 1 1
TVREA 11C34 | TRaFF1 | TB4FFO inversion trigger TB4FFO control
Flip-Flop contro 0: Disable 1: Enable 00: Invert
TB4FFCR | eroniir | 00: Invert 01:-Set
register RMW) 01: Set Invert when' | Invertwhen | Invert when {Invertwhen {. 10 Clear
10: Clear the UC value. | the UC the UC the UC 11: Don't care
11: Don't care is loaded in | value is matches matches * Always read as “11”
* Always read as “11" ito loaded in to | with with
TB4CP1H/L i TBACPOH/L { TBARGIH/L /i TB4ARGOH/L
11C8H - [ - - | - | - DYy - | - [
TMRB4
TB4RGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB4 11CoH — — — E — — — — —
TB4RGOH register 0 High (Prohibit w
RMW) Undefined
11CAH - S N - - - - - _ _
TMRB4
TB4RGIL register 1 Low (Prohibit W
RMW) Undefined
TMRB4 11CBH > 5 - — — | — — - —
TB4RG1H register 1 High (Prohibit W_
RMW) Undefined
TMRB4 — = - | — | — — — =
TB4CPOL | capture 11CCH R
register 0 Low Undefined
TMRB4 - - = ! - - - - -
TB4CPOH | Capture 11CDH R
register.0 High Undefined
TMRB4 - - - : - : - - - -
TBACPI1L | capture 11CEH R
register1 Low. Undefined
TMRB4 = 4 - i - f - - - -
TB4CP1H | cCapture 11CFH R
register 1. High Undefined
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16-bit timer (6/6)
Symbol Name Address 7 6 5 4 ! 3 2 1 0
TB5RDE — 12TB5 TB5PRUN TB5RUN
RW | R/W R/W | RW | | RIW
TMRB5 0 0 0 0 0
TBSRUN iﬁ?éter 11BOH T pouble Always IDLE2 Timer Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate .
1 Enable 1/ Run-(count up)
TB5CT1 TB5ET1 TB5CPOI | TB5CPM1 | TB5CPMO | TB5CLE | TB5CLK1 | TB5CLKO
R/IW W R/W
0 | 0 1 | 0 | 0 0 | 0 | 0
TMRES 11D2H |TBS5FF1inversion Software Capture timing Up counter | TMRBS5 source clock
TB5MOD | MODE eronibic | 99" capture 00: Disable control 00: Reserved
register RMW) 0: Disable 1:Enable ... 01 Reserved 0: Disable (i(l): 4111
Invert when lnverLV‘L/}?g 0: Software 10: Reserved 1: Enable ll:-¢4'>|'16
E:B:ﬂ:: to mae capwre  11: TASOUT T, TASOUT |
»undetine
register 5 TB5RG1H/L
TB5FF1C1 | TB5FF1CO { TB5C1T1 TB5COTL i TB5E1T1 TB5EOT1 4 TB5FFOC14{ TB5FFOCO
W* R/W W*
1 1 0 0 0 0 1 1
TVRES 11034 | TBSFFL | TBS5FFO inversion trigger TB5FFO control
Flip-Flop 5 contro 0: Disable 1: Enable 00: Invert
TB5FFCR | ohl eroniir | 00: Invert 01:-Set
register RMW) 01: Set Invert when' | Invertwhen | Invert when {Invertwhen {. 10 Clear
10: Clear the UC value. | the UC the UC the UC 11: Don't care
11: Don't care is loaded in | value is matches matches * Always read as “11”
* Always read as “11” |to loaded in to | with with
TB5CP1H/L i TB5CPOH/L { TB5RGIH/L /i TB5RGOH/L
11D8H - [ - - | - | - Dy - | - [
TMRB5
TBSRGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB5 11D9H — — — E - — — — —
TBSRGOH register 0 High (Prohibit w
RMW) Undefined
11DAH - S N - - - - - _ _
TMRB5
TB5SRGIL register 1 Low (Prohibit W
RMW) Undefined
TMRB5 11DBH > E - — — | — — — —
TBSRG1H register 1 High (Prohibit W_
RMW) Undefined
TMRB5 — = - | — | — - — =
TB5CPOL | capture 11DCH R
register 0 Low Undefined
TMRB5 - - = ! - - - - -
TB5CPOH | capture 11DDH R
register.0 High Undefined
TMRB5 - - - : - : - - - -
TB5CP1L | capture 11DEH R
register1 Low. Undefined
TMRB5 = 4 - i - f - - - -
TB5CP1H [ capture 11DFH R
register 1. High Undefined
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(9) Pattern Generator

PGO3 | PGO2 | PGOl1 | PG00 SA03 SA02 | SA01 SA00
1460H W RIW
PGOREG |Pe0 0 0 0 0 Undefined
register ibi i i P f
(Prohibit | Pattern generation 0 (PGO) output latch register : Shift alternate register 0
RMW) PGO can be read by reading the for the PG mode (4-bit write) register
port (PL) that is assigned to PG
PG13 | PG12 | PG1l1 | PG10 SA13 SAI2- | SAll SA10
1461H - W T R/W
PGIREG |PCt 0 0 0 0 Undefined
register ibi ; f P i
(Prohibit | Pattern generation 1 (PG1) output latch register : Shift alternate register 1
RMW) PG1 can be read by reading the for.the PG .mode (4+bit write) register
port (PL) that is assigned to PG
PATL | CCW1 | PGIM | PGITE PATO CCWO0 | PGOM PGOTE
R/W.
0 0 0 0 0 0 0 0
PG1 write PG1 PG1 mode PG1 PGO write PGO write PGO.mode | PGO trigger
PGO.1 mode rotation (Excitation) | trigger mode mode (Excitation)-| input enable
PGO1CR Control 14624 | O 8-bit write | direction 0: 1 step input 0: 8-bit write | 0: 8-bit writej. 0: 1 step 0: Disable
register 1: 4-bit write | 0: Normal excitation | enable 1:4-bit write | 1: 4-bit write; excitation | 1: Enable
rotation or 0:Disable or
1: Reverse 2 step 1: Enable 2 step
rotation excitation excitation
1:1to 2 1:1to2
step step
excitation excitation
PG1T : PGOT
R/W
0 0
PGO.1 P_Gl shift P_GO shift
PGO1CR2 | Control2 1464H irigger trigger
register 0:8-bit timer | 0:8-bit timer
trigger trigger
(TMRA23) (TMRAO1)
1:16-bit timer | 1:16-bit timer
trigger trigger
(TMRB1) (TMRBO)
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(10) High Speed SIO (1/6)
Symbol Name Address 7 6 5 3 2 1 0
XENO CLKSELO2 | CLKSELO1 | CLKSELOO
R/W R/IW
0 1 0 0
COOH SYSCK Select baud rate
0:disable 000:Reserved 100:fsys/16
l:enable 001:fsys/2 101:fsys/32
010:fsys/4 110:fsys/64
High Speed . 011:fsys/8 111:Resen/led
HSCOMD Serial LooPBACKO | MSB1STO | DOSTATO TCPOLO RCPOLO TDINVO RDINVO
Channel 0
mode setting R/W R/W
register 0 1 ! 1 0 0 : 0 | 0
LOOPBACK tart bit for | HSSOO pin | Synchrono'. | Synchrono | Invertdata |Invert data
teset mode ransmit/rec | (no_transmit) | us clock us clock During | During
COIH | o:disable I'VLGSB | Ofixed edge ransmittin | receiving
l:enable Lvss | 170 during g |0: disable
: | Lifixed receiving 0: disable |1: enable
to"1 0: fall 1:enable |
1: rise
- - UNIT160 ALGNENO.. - -RXWENO i RXUENO
R/W R/W
0 1 0 0 0 0
CO2H - -
Always Always Data length Full_duplex " Sequential Receive
write “0” write “1” 0: 8hit allgnment receive UNIT
_ 1: 16bit O:disable O:disable O:disable
gg?als"eed 1:enable 1:enable 1:enable
HSCOCT | Channel 0 CRC16_7_BO | CRCRX_TX_BO | CRCREST_BO DMAERFWO0 | DMAERFRO
control R/W R/W
register ™
0 0 0 0 0
CO3H CRC select CRCdata . CRC Micro DMA Micro DMA
0:CRC7 0:Transmit~} calculate 0: Disable 0: Disable
1:CRC16 1:Receive [ register 1: Enable 1: Enable
0:Reset
1:Release
Reset
TENDO RENDO RFWO0 RFRO
R
...................... 1 0 1 0
Transmitting Receive Shift | Transmit Receive
C04H 0: operation register buffer buffer
High Speed 1:no 0: no data 0: 0: no valid
Serial operation 1: exist data untransmitted data
HSCOST | Channel0 data exist 1: valid data
status 1:no exist
register untransmitted
data
CO5H
CRCDO007 | CRCDO006 : CRCD005 CRCDO003 CRCD002 : CRCDO001 : CRCDO000
CO6H
High Speed 0 0 0 : : 0 : 0 0 0
Serial . . i
HSCOCR | Channel o : : CRC calculatlon res_ult load regls:ter [7:0] : :
CRC CRCDO15 i CRCD014 | CRCD013 CRCD011 | CRCD010 i CRCDO009 | CRCDO008
register
O 010 0 0 o o T o

CRC calculation result load register [15:8]
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High Speed SIO (2/6)
Symbol | Name Address 5 3 2 1 0
_TENDISO ; RENDISO | RFWISO | RFRISO
.................... RIW
.......... o 0 | 0 0
CO8H Read Read Read Read
High Speed O:no interrupt : O:no'interrupt : O:no interrupt : 0:no interrupt
Serial Linterrupt Liinterrupt Linterrupt Linterrupt
Channel 0
HSCOIS | ifierrupt Write Write Write Write
status 0: Don't care 0: Don't care 0:Don't care 0: Don't care
register 1: clear 1: clear 1: clear 1: clear
CO9H 7~
RENDWEO RFWWEO RFRWEO
R/W
, 0 : 0 0
High Speed i i i
Serial COAH | Clear | Clear | Clear | Clear
Channel 0 | Hscois | HscolIs | HscoIS y HSCOoIS
interrupt | _<TENDISO> | <RENDISO> { <RFWISO> .|’ <RFRISO>
HSCOWE | ¢iaius | Odisable | O:disable [“odisable | Odisable
write | lienable | l:enable | l:enable | l:enable
enable
register
COBH y
~ TENDIEO. RENDIEO RFWIEO RFRIEO
.................... RIW
High Speed cocH 0 g 0 0
1gh Spee! TENDO RENDO RFWO RFRO
Serial interrupt interrupt interrupt interrupt
HsColE [ Channelo 0:Disable 0:Disable 0:Disable 0:Disable
interupt 1:Enable 1:Enable 1:Enable 1:Enable
enable
register NN
CODH ’ \
~_TENDIRO | RENDIRO RFWIRO RFRIRO
R
o COEH e e S o . o 0 0
High Speed TENDO RENDO RFWO RFRO
Serial interrupt interrupt interrupt interrupt
HSCOIR Channel 0 0:none 0:none 0O:none O:none
interupt 1:generate 1:generate 1l:generate 1:generate
request
register | el ettt T
COFH
92CM27 - 426 2005-04-20




TOSHIBA TMP92CM27

High Speed SIO (3/6)
TXDO07 | TXD006 | TXDO05 | TXD004 | TXD003 | TXD002 | TXD0OO1 | TXD0O0O
CI10H I T [ T [
High Speed 0 i 0 j 0 i 0 i 0 i 0 i 0
Serial P . i
HSCOTD | Channel o . . Trgnsmlssmn d.ata register [7.0] . .
transmission TXD015 | TXDO14 | TXD013 | TXD012 | TXDO11l : /TXD010 | TXDO09 i TXD0O08
data register
C11H o | o T o T 0 o o 1o
Transmission data register [15:8]
RXD007 | RXD006 | RXD0O05 i RXD004 : RXD003 i RXD002 i/ RXD001 i RXDO00O
c1om R
High Speed 0 0 0 0 ,_O 0 0 0
Serial i : \
HSCORD | hannel 0 Receive data register [7:0]
receiving RXDO15 | RXDO014 | RXD013 | RXD012 | RXDO1l | RXD010 | RXD009 | RXDO008
data register R
C13H o | o | o 1 o ] o 4 o 1 o 1 o0
Receive dataregister [15:8]
TSD0O07 | TSDO06 | TSDOO5 | TSD004! | TSD003 | TSD002 | | TSDOOl i TSD00O
High Speed ClaH 0o o T o ool o0 o 7T 1o
Serial | [T e

HSCOTS | Channel0 Transmit data shift register [7:0]

transmit data TSDO15 : TSD014 = TSD0O13 @ TSDO012 ~:/ TSDO11 : /TSD010.__:  TSD009  TSDO008

shift register . HITL AL S i VAL A L

R
T o e T e T e 0 o 0 o
Transmit data shift register [15:8]
RSD007 | RSDO06 | RSD0O05 | RSD004 | RSD003 |. RSD002 | RSD001 | RSD000
R
C16H . . . n 7 i} .
High Speed 0 | 0 | 0 | 0 | ......... 0 ....... | 0 | 0 | 0
Serial . . . i
HSCORS | Channel 0 _ : Rgcelve data shlft register [7.0] . .
receive data RSDO15 | RSDO014' || RSDO013 i RSD012 i RSDO11--i ~RSD010 i RSD009 i RSD008
shift register
C1H s A T R I

Receive data shift register [15:8]
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High Speed SIO (4/6)
Symbol Name Address 7 6 5 4 3 2 1 0
XEN1 CLKSEL12 | CLKSEL11 | CLKSEL10
R/W R/W
0 1 0 0
C20H SYSCK Select baud rate
0:disable 000:Reserved 100:fsys/16
l:enable 001:fsys/2 101:fsys/32
010:fsys/4 110:fsys/64
High Speed . . 011:fsys/8 : 111:Resen/led
HSCIMD Serial LooPBACK1 | MSB1ST1 | DOSTAT1 TCPOL1 { RCPOL1 i TDINV1 | RDINV1
Channel 1
mode setting R/W R/W
register 0 ! 1 ! 1 0 0 0 | 0
LOOPBACK | Start bit for | HSSO1 pin | Synchrono'. | Synchrono | Invertdata |Invert data
Coqy | lestmede | wransmifec | (no transmit) | us clock usclock | During |During
O.disable | SI'VLGSB | Ofixed | edge edge | transmittin | receiving
1l:enable 1'MSB | o 0 | during during g |0: disable
|~ | Lifixed | transmitting /| receiving | O:disable |1:enable
| o7l 0 fall 0: fall | 1:enable |
| 1rdse 1: rise
- - UNIT161 ALGNENL. " RXWEN1 @ RXUEN1
R/W R/W
0 1 0 0 0 0
C22H - -
Always Always Data length Full_duplex " Sequential Receive
write “0” write “1” 0: 8bit alignment receive UNIT
_ 1: 16bit O:disable O:disable O:disable
gg?als"eed 1:enable 1:enable 1:enable
HSCI1CT | cChannel 1 CRC16_ 7 Bl : CRCRX_TX Bl : CRCREST_B1 DMAERFW1: DMAERFR1
control R/W R/W
register ™
0 | 0 | 0 0 0
C23H CRC select CRC data | ICRC Micro DMA Micro DMA
0:CRC7 0:Transmit”: calculate . X
1:CRC16 1:Receive /i register 0: Disable  0: Disable
0:Reset 1: Enable 1: Enable
1:Release
Reset
...................... I TEND1 REND1 | RFW1 RFR1
R
1 0 1 0
Transmitting Receive shift Transmit Receive
C24H 0: operation register buffer buffer
High Speed 1:no 0: no data 0: 0: no valid
Serial operation 1: exist data untransmitted data
HSCI1ST | Channel1 data exist 1: valid data
status 1:no exist
register untransmitted
data
C25H .....................
CRCD107 | CRCD106 : CRCD105 CRCD104 : CRCD103 CRCD102 ! CRCD101 CRCD100
C26H R
High Speed 0 0 0 : 0 : 0 : 0 0 0
Serial . . i
HSC1CR | Channel 1 : : CRC calculatlon res_ult load register [7:0]
CRC CRCD115 i CRCD114 | CRCD113 CRCD112 | CRCD111 CRCD110 CRCD109 CRCD108
register R
Ml o T o. [ o o [ o [0 T o 0

CRC calculation result load register [15:8]
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TOSHIBA TMP92CM27
High Speed SIO (5/6)
Symbol | Name Address 5 3 2 1 0
_TENDIS1 | RENDIS1 | RFWIS1 | RFRIS1
.................... RIW
.......... o 0 | 0 0
Read Read Read Read
. C28H O:no interrupt : O:nointerrupt : O:no interrupt : 0:no interrupt
g(legrralspeed Linterrupt Linterrupt Linterrupt Linterrupt
HSC1IS Channel 1 Write Write Write Write
interrupt status 0:Don'tcare : 0:Dontcare | 0yDontcare : 0:Don'tcare
register 1: clear 1: clear 1: clear 1: clear
C29H N
RENDWE1 RFWWE1 RFRWE1
R/W
) 0 0 0
High Speed C2AH | Clear | Clear | Clear | Clear
Serial | HscClis | Hsclis | Hscuis | Hsc1ls
Channel 1 | <TENDIS1> | <RENDIS1> { <RFWIS1> - |’ <RFRIS1>
HSCI1WE | interrupt | O:Disable | O:Disable | O:.Disable | O:Disable
status | 1:Enable | 1:Enable | 1:Enable | 1:Enable
write
enable
C2BH /
TENDIEL , /RENDIEL . RFWIEL ___ RFRIEL
.................... RIW
Hioh Soeed C2CH 0, 0 0 0
igh Spee: TENDL REND1 RFW1 RFR1
Serial interupt interrupt interupt interrupt
HSC1IE |[Channell 0:Disable 0:Disable 0:Disable 0:Disable
interrupt 1:Enable 1:Enable 1:Enable 1:Enable
enable
register NN\
C2DH | \
TENDIRL | RENDIR1 | RFWIRL | RFRIRL
o C2EH e S o . o 0 0
High Speed TEND1 REND1 RFW1 RFR1
Serial interrupt interrupt interrupt interrupt
HSCI1IR Channel 1 0:none 0:none 0O:none O:none
interrupt
errup! 1:generate 1:generate 1l:generate 1:generate
request
register | ol TS T
C2FH
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TOSHIBA TMP92CM27

High Speed SIO (6/6)
TXD107 | TXD106 | TXD105 | TXD104 | TXD103 | TXD102 | TXD10l1 | TXD100
C30H I T [ T [
High Speed o . o0 J 0 i 0 . 0 P 0 10
Serial P . i
HSC1TD | Channel 1 : : Tre}nsmlssmn d=ata register =[7.0] : :
transmission datd TXD115 | TXD114 | TXD113 | TXD112 | TXD11l : /TXD110 | TXD109 : TXD108
register
C3tH o [ o T o T o o 1o
Transmission data register [15:8]
RXD107 | RXD106 | RXD105 : RXD104 : RXD103 | RXD102 ~i/ RXD10l1 i RXD100
oo R
High Speed 0 0 0 0 ,_O 0 0 0
Serial i : \
HSCIRD | chamnei 1 Receive data register [7:0]
Receive data RXD115 | RXD114 | RXD113 | RXD112 | RXD11l | RXD110 | RXD109 | RXD108
register R
C33H o | o | o 1 o 1 o 4 o 1 o 1T o
Receive dataregister [15:8]
TSD107 | TSD106 | TSD105 | TSD104! | TSD103 | TSD102 | | TSD101 i TSD100
Hih specd C34H T T T T ATy - N T
i I N S — S E
HSC1TS | Channel1 Transmit data shift register [7:0]
ggpasgr:}ﬁ TSD115 | TSD114 : TSD113 : TSD112 i/ TSD111 | /TSD110_ | TSD109 : TSD108
register _ : : R : : :
D I T TN R J S TN e s N S SO
Transmit data shift register [15:8]
RSD107 | RSD106 | RSD105 | RSD104 | RSD103 |. RSD102 | RSD101 | RSD100
C36H . . . R____ i} )
High Speed 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
ARt I S U SO S0 RS SSS——
HSC1RS | Channel 1 Receive data shift register [7:0]
EZiZ'ZEm RSD115 | RSD114 || RSD113 | RSD112 - RSD111-; ~RSD110 i RSD109 : RSD108
register . \ , . )
C37TH o | o o o] 0o T o T
Receive data shift register [15:8]
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TOSHIBA TMP92CM27
(11)UART / Serial Channels (1/4)
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 | RB6/TB6 { RB5/TB5 | RB4/TB4 | RB3/TB3 {RB2/TB2| RB1/TB1 { RBO/TBO
Channel 0 1209H R (Receiving) / W (Ti issi
SCOBUF | gufer (Prohibit (Receiving) (Transmission)
LIRE RMW) Undefined
RB8 EVEN PE OERR | PERR “ FERR SCLKS 10C
R R/W R (Clear 0 by reading) R/W
0 0 0 0 | 0 | 0 0 0
Serial Received Parity Parity 1: Error 0:SCLKO 1 {l/O interface
SCOCR | Shannel 0 12014 | databitd | 0:0dd addition _ _ 1:SCLKO | |Iput clock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2&”
1:Enable Rate
Generator
1:SCLKO
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
) 0 0 0 0 0 0 0 0
gﬁ:ﬁlnel 0 Transfer Handshake | Receive Wake=up ' ; Serial transmission mode ;Setial transmission clock
SCOMODO | v o 1202H | data bit8 function control function .. 00: I/O Interface Mode-_ (UART)
register contr_ol 0: Disable | O:Disable | 01:7bit UART Mode OOf TAOTRG (TMRAO1)
(1): glsagle 1: Enable | 1:Enable < ' 10: 8bit UART Mode g(l): ﬁigﬂ;i;iﬁgﬁ?m
: Enable . Ohi :
11: 9bit UART Mode 11 External clock
(SCLKO input)
- BROADDE | BROCK1 BROCKO BR0OS3 BR0OS2 BROS1 : BROSO
R/W
Serial 0 0 0 | 0 [ 0 | 0 | 0
Channel 0 Always (16-K)/16 | Baud Rate Generator Setting of the devided frequency
BROCR | Baud Il?ale 1203H  |write “0” division Input-clock selection OtoF
control . .
register 0:Disable | 00:¢TO
1:Enable . 01:¢ T2
10:¢ T8
11:¢T32
___________________ BROK3 BROK2 ' BROK1 BROKO
Serial | e e b e . R/iW .
BROADD | el 1208H | L o .0 i 0 i 0
register Sets frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
Seri RW R/W
erial g 0 N\
Channel 0
SCOMOD1 Mode 1 1205H e T v e 7 N—
register mode
0:Stop | - iqf
1:-Operate| 1. gy
PLSEL RXSEL TXEN RXEN SIROWD3 SIROWD2 SIROWD1 SIROWDO
Serial
Channel 0 0 0 | 0 | 0 | 0 | 0 | 0
SIROCR | IrDA 1207H [Selection Receiving {Transmission | Receiving Select receiving effective pulse width
control transmission |data logic ~ |data operation Set effective pulse width for equal or
register pulse width 10:*H" pulse | O: disable | O: disable | more than 2x x (Value+1)+100ns
0: 3/16 1:“L"pulse | 1:enable | 1: enable | Canbe set: 1to14
1: 1/16 Cannot be set: 0, 15
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TOSHIBA TMP92CM27
UART / Serial Channels (2/4)
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 {RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
Channel 1 1208H R (R = W (T )
SC1BUF | gitter (Prohibit (Receiving) (Transmission)
register RMW) Undefined
RB8 EVEN PE OERR | PERR " FERR SCLKS 10C
R R/W R (Clear 0 by reading) R/W
0 0 0 0 | 0 | 0 0 0
Serial Receive Parity Parity 1: Error 0:SCLK1 1 VO interface
SC1CR Channle' 1 1209+ | databit8 0:0dd additon ——— . - 1:SCLK1 | Inputclock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2&”
1:Enable Rate
Generator
1:SCLK1
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
) 0 0 0 0 0 0 0 0
gﬁ:ﬁlnel 1 Transfer Handshake | Receive Wake=up ' ; Serial transmission mode ;Setial transmission clock
SC1IMODO| v o 120AH | data bit8 function control function .. 00: I/O Interface Mode-_ (UART)
register cc.)ntr_ol 0: Disable | O:Disable | 01:7bit UART Mode OOf TAOTRG (TMRAO1)
(1): g'::é}f 1: Enable | 1:Enable  ;10: 8bit UART Mode g(l); ﬁigﬂ;ﬁ;iﬁgﬁ?m
' 11: 9bit UART Mode 11:External clock
(SCLK1 input)
- BR1ADDE | BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 | BR1SO
R/W
Serial 0 0 0. |~ -o 0o\ 0 o | o
Channel 1 Always (16-K)/16 | Baud Rate Generator Setting of the devided frequency
BRICR [Baud Il?ale 120BH  |write “0” division Input-clock selection OtoF
control . .
register 0:Disable | 00:¢TO
1:Enable . 01:¢ T2
10:¢ T8
11:¢T32
___________________ BR1K3 BR1K2 | BRI1K1 BR1KO
Serial | e . R/_W .
BRIADD | et 120CH oo o . 0 0 i...0
register Sets frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
12S1 FDPX1 AND — |
) R/W R/W
Serial g 0 \
Channel 1
SC1MOD1 Mode 1 120DH e e
register mode
0:Stop | - iaf
1-Operate| 1. gy
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TOSHIBA TMP92CM27
UART / Serial Channels (3/4)
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 | RB6/TB6 { RB5/TB5 | RB4/TB4 | RB3/TB3 {RB2/TB2| RB1/TB1 { RBO/TBO
Channel 2 1210H i e
SC2BUF | gitter (Prohibit R (Receiving) / W (Transmission)
register RMW) Undefined
RB8 EVEN | PE OERR | PERR " FERR SCLKS 10C
R R/W R (Clear 0 by reading) R/W
0 0 0 0 | 0 | 0 0 0
Serial Received Parity Parity 1: Error 0:SCLK2 1 il/O interface
SC2CR Channle' 2 12114 | databit8 0:0dd additon —— . - 1:SCLK2 | Input clock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2&”
1:Enable "Rate
Generator
1:SCLK2
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
) 0 0 0 0 0 0 0 0
gﬁ:ﬁlnel 2 Transfer Handshake | Receive Wake=up ' ; Serial transmission mode ;Setial transmission clock
SC2MODO | viode o 1212H | data bit8 function control function .. 00: I/O Interface Mode-_ (UART)
register cc.)ntr_ol 0: Disable | O:Disable | 01:7bit UART Mode OOf TAOTRG (TMRAO1)
(1): g'::é}f 1: Enable | 1:Enable  ;10: 8bit UART Mode g(l); ﬁigﬂ;ﬁ;iﬁgﬁ?m
' 11: 9bit UART Mode 11:External clock
(SCLK2 input)
- BR2ADDE | BR2CK1 BR2CKO BR2S3 BR2S2 BR2S1 | BR2SO
R/W
Serial 0 0 0. |~ -o 0o\ 0 o | o
Channel 2 Always (16-K)/16 | Baud Rate Generator Setting of the devided frequency
BR2CR | Baud Il?ale 1213H  |write “0” division Input-clock selection OtoF
control . .
register 0:Disable | 00:¢TO
1:Enable . 01:¢ T2
10:¢ T8
11:¢T32
___________________ BR2K3 BR2K2 | BR2K1 BR2K0
Serial | e . R/_W .
BR2ADD | e ? A22AH ol 0. . 0 0 i...0
register Sets frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
1252 FDPX2 AND — |
) R/W R/W
Serial g 0 \
Channel 2
SC2MOD1 Mode 1 1215H SRS e
register mode
0:Stop | - iqf
1:-Operate| 1. gy
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TOSHIBA TMP92CM27
UART / Serial Channels (4/4)
Symbol Name Address 7 6 5 4 3 2 1 0
Serial RB7/TB7 {RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 | RB1/TB1 | RBO/TBO
Channel 3 1218H i icai
SC3BUF | gutter (Prohibit R (Receiving) / W (Transmission)
register RMW) Undefined
RB8 EVEN PE OERR | PERR " FERR SCLKS | 10C
R R/W R (Clear 0 by reading) R/W
0 0 0 0 | 0 | 0 0 0
Serial Received | Parity Parity 1: Error 0:SCLK3 1 VO interface
SC3CR |Shannel3 1219H | databitd ' 0:0dd addition _ : 1:SCLK3 | jinput clock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2&”
1:Enable "Rate
Generator
1:SCLK3
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
) 0 0 0 0 0 0 0 0
gﬁ:ﬁlnel 3 Transfer Handshake | Receive Wake=up ' ; Serial transmission mode ;Setial transmission clock
SC3MODO | viode o 121AH | data bit8 function control function .. 00: I/O Interface Mode-_ (UART)
register contr_ol 0: Disable | O:Disable | 01:7bit UART Mode OOf TAOTRG (TMRAO1)
(1): glsagle 1: Enable | 1:Enable ¢ ' 10: 8bit UART Mode g(l): ﬁigﬂ;i;iﬁgﬁ?m
: Enable - Obi :
11: 9bit UART Mode 11:External clock
(SCLK3 input)
- BR3ADDE | BR3CK1 BR3CKO BR3S3 BR3S2 BR3S1 | BR3S0
R/W
Serial 0 0 0. |~ >o 0o\ 0 o | o
Channel 3 Always (16-K)/16 | Baud Rate Generator Setting of the devided frequency
BR3CR [Baud Il?ale 121BH  |write “0” division Input-clock selection OtoF
control . .
register 0:Disable | 00:¢TO
1:Enable . 01:¢ T2
10:¢ T8
11:¢T32
___________________ BR3K3 BR3K2 | BR3K1 BR3K0
Serial | e . R/_W .
BR3ADD | e 21cH bl 0 .| 0 0 i...0
Register Se‘ts_frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
12S3 FDPX3 AND — |
) R/W R/W
Serial g 0 \
Channel 3
SC3MOD1 Mode 1 121BH e e
register mode
0:Stop | - iaf
1-Operate| 1. gy
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TOSHIBA

TMP92CM27
(12) 1’CBUS/Serial Channel(1/4)
Symbol Name Address 7 6 5 4 3 2 1 0
SCKO/
BC2 BC1 BCO ACK SCK2 SCK1 SWRNON
W R/W W R/W
(nlozglf’ﬂ'\jv) o | o0 | o 0 0. | o0 0
1°C mode | Number of transfer bits Acknowledge Setting-of the divide value “n”
000:8 001:1 010:2 011:3 gf’g‘i*sable 000:5 001:6 010:7 011:8
100:4 101:5 110:6 111:7 . 100:9- 101:10 110:11
SBIO 1:Enable .
SBIOCR1 | control 111:Reserved
register 1 SIOS | SIOINH | SIOM1 SIOMO SCK2 | SCKi1 SCKO
1240H W W W
(no RMW) 0 0 0 0 0 0 0
SIO Transfer | Transfer Transfer mode Setting of the divide value “n”
mode 0:Stop 0:Continue | 00:8bit transmit 000:4 001:5 010:6 011:7
1:Start 1:Abort 10:8bit ransmit/receive 100:8 101:9 110:10
11:8bit receive 111:external clock SCKO
SBIO 1241H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4' . RB3/TB3 | RB2/TB2 i RB1/TB1-. RBO/TBO
SBIODBR Buffer (no RMW) R(Receiving)/W(Transmission)
reglster N
Undefine
SA6 SA5 SA4 SA3 | SA2 SAl SA0 ALS
W
12CBUSO 0 | 0 0 } 0 | 0 | 0 ! 0 | 0
1242H - ! - !
I2COAR address (no RMW) address
register ition
Setting Slave address recogn
0:Enable
1:Disable
MST TRX BB | PIN SBIM1, | SBIMO | SWRST1 { SWRSTO
W
1243H o o 0 | 1 | 0 i 0 | 0 0
(no RMW) | O:Slave 0O:Receive . Start/stop :INTSBIO  Operation mode selection : Software reset generate
IC mode | 1:Master : 1:Transmit- generation : interrupt  : 00:Port mode write “10” and “01”, then
0:Stop 0:Request :10: §|O mode an internal reset signal
Bl 1:Start 1:Cancel-. :01: I°C mode is generated.
11: Reserved
SBIOCR | e SBIML | SBIMO - -
W W W
1243H 0 0 0 0
(noSRI’gW) Operation mode selection Always wiite ;| Always write
mod 00:Port mode “0” “o’
ode 10:SI0 mode
0L’ Cmode
11:Reserved
MST TRX | BB PIN AL | AAS ADO LRB
R
1243H 0 Q 0 1 0 0 0 0
(no RMW) 0:Slave O:Receive | Bus status  INTSBIO | Arbitration  Slave General Last receive
I°C mode | 1:Master | 1:transmit_monitor interrupt ~ ;lost address call bit monitor
0:Free O:request ﬂfjﬁﬁgﬁ’” (rj“eischﬂon detection 2; (1)
SBIO 1:Busy 1:Cancel 1-Detect monitor 1:Detect :
SBIOSR Status 1:Detect
fegister SIOF SEF
1243H R
(no RMW) L - L
sIo Transfer Shift status
d status 0:Stopped
mode 0:Stopped 1:n
1:n progress
progress
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TOSHIBA TMP92CM27
I°CBUS/Serial Channel(2/4)
Symbol Name Address 7 6 5 1 0
- 12SBIO
R/W
SBIO N 0
SBIOBRO | Baud rate 1244H
register 0 Always IDLE2
write “0” i 0:Abort
1:Operate
P4EN -
R/W W
SBIO 0 0
SBIOBR1 | Baud rate 1245H TClock Always
register 1 control write “0”
0:Stop
1:Operate
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TOSHIBA

TMP92CM27
I°CBUS/Serial Channel(3/4)
Symbol Name Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCKL | g
W R/W W RIW
(nlozéa'\jv) o | o | o 0 o | o 0
12C mode | Number of transfer bits Acknowledge Setting-of the divide value “n”
000:8 001:1 010:2 011:3 gf’g‘fsable 0005 001:6 010:7 011:8
SBIL 100:4 101:5 110:6 111:7 1'Enable 100:9. 101:10 110:11
SBI1CR1 control i 111:Reserved
register 1 SIOS | SIOINH | SIOM1 SIOMO SCK2 | SCK1 SCKO
1248H W W LL
SIO Transfer | Transfer | Transfer mode 1-Setting of the divide value “n”
mode | 0:Stop | 0:Continue | 00:8bit transmit /000:4 001:5 010:6 011:7
l:Start | 1:Abort | 10:8bit ransmit/receive /100:8 101:9 110:10
| | 11:8bit receive } | 111:external clock SCK1
SBIO 1249H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4|, RB3/TB3 | RB2/TB2 | RB1/TB1.. RBO/TBO
SBI1DBR Buffer (no RMW) R(Receiving)/W(Transmission)
register Undefine
SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
W
12CBUS1 0 0 0 0 0 0 0 0
I2C1AR | address (nlféQC'V) P
register X recognition
Setting Slave address 0:Enable
1:Disable
MST TRX BB PIN SBIM1 SBIMO | SWRST1 | SWRSTO
W
124BH o | o [/ 0 i+ o<}V 0o | o | o
(no RMW) | O:Slave 0:Receive '\ Start/stop | INTSBIL Operation mode selection : Software reset generate
IC mode | 1:Master : 1:Transmit-. generation interrupt  : 00:Port mode write “10” and “01”, then
0:Stop 0:Request : 10: SIO mode an internal reset signal
1:Start 1:Cancel. 0L *Cmode is generated.
5 SBI1 | 11:Reserved
SBICRZ | - o, SBIMI_|__SBIMO - -
w w w
124BH 0 0 0 0
(noSFT(I\;W) Operation mode selection  : Always write | Always write
mode 00:Port mode " “Qr
10:SI0 mode
0L:’Cmode
11:Reserved
MST TRX | BB PIN AL | AAS ADO LRB
R
(no RMW) 0:Slave | 0:Receive | Bus status | INTSBI1 | Arbitration | Slave |General | Last receive
I2C mode | 1:Master | 1:transmit_tmonitor | interrupt | lost | address | call | bit monitor
| {O:Free | Orequest Eg]egﬁﬁg‘r’" E(rjneatg:c'lion | detection g (1)
SBIL él:Busy él:CanceI | LiDetect | monitor él:Detect |
SBI1SR Status | | | | 1:Detect |
register SIOF SEF
124BH R
(no RMW) 0 - 0
slo Transfer Shift status
mode status 0:Stopped
0:Stopped 1:In
1:n progress
progress
92CM27 - 437 2005-04-20




TOSHIBA TMP92CM27
[°CBUS/Serial Channel(4/4)
Symbol Name Address 7 6 5 1 0
- 12SBI1
R/W
SBI1 N 0
SBI1BRO | Baud rate 124CH
register 0 Always IDLE2
write “0” i 0:Abort
1:Operate
P4EN -
R/W W
SBI1 0 0
SBI1BR1 Baud rate 124DH Clock Always
register 1 control write “0”
0:Stop
1:Operate
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TOSHIBA

TMP92CM27
(13) AD converter (1/3)
Symbol Name Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO | REPEAT SCAN ADS
R R/W R/W
) 0o | 0 0 L0 0 Lo
AD |AD | Always write “0” |Interrupt |Repeat can mode |AD
AD Mode conversion |conversion | |specification | mode pecification |conversion
ADMODO | control 12B8H | endflag |busy flag | /in conversion | specificatio Conversion |start
register 0 0: |0:Conversion| |channel fixed-10:.Single channel  |0:Don’t care
Conversion |stopped | \repeat mode | conversio fixed mode |1:Start
in progress | 1:Conversion| |0:Every /1Y Repeat Conversion |conversion
1: |in progress | ‘conversion | conversio channel  |Always 0
Conversion | |1:Every |_mode scan mode |when read.
complete | fourth | |
| | conversion. |
VREFON 12AD - - ADCH3 ' | ADCH2 | ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 ! 0 0 ! 0 ! 0 | 0
VREF DLE2 Always write “0” Analog input channel selection
applicatio | ): Stop fixed / scanned
n L: Operate 0000: ANO/  ANO
control 0001: AN1/ . ANO—AN1
0: OFF 0010: AN2 /"~ ANO—AN1I-=AN2
1: ON 0011: AN3/ ANO—AN1—AN2—AN3
0100: AN4/  ANO—AN1—AN2—AN3—
AN4
0101: AN5/ [ ANO—AN1—AN2—AN3—
AN4—AN5
AD Mode 0110: AN6-/. ANO—AN1—AN2—AN3—
ADMOD1 | control 12B9H AN4—AN5—AN6
register 1 0111: AN7/ ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7
1000: AN8/ ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7—
AN8
10017AN9/ ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7—
AN8—AN9
1010: AN10/  ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7—
AN8—AN9—AN10
1011: AN11/  ANO—AN1—AN2—AN3—
AN4—AN5—AN6—AN7—
AN8—AN9—AN10—AN11
- - 5 - - - - ADTRGE
R/W
0 0 0 0 0 0 0 0
ADMOD2 ﬁgn"rﬂ:lde 12BAK. | Always Always Always Always Always Always Always AD
register 2 write “0” write “0” | write“0” write “0” write “0” write “0” | write “0”  ;conversion
9 trigger start
control
0: disable
1: enable
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TOSHIBA

TMP92CM27
AD converter (2/3)
Symbol Name Address 7 6 5 4 3 2 1 0
AD Resul ADRO1 | ADROO | ADRORF
esu
ADREGOL | 200000 Low 12A0H R R
Undefined 0
AD Resul ADRO09 ADROS8 ADRO7 ADRO06 ADRO05 ADRO4 ADRO3 ADRO2
esult
ADREGOH [ {0070 High 12A1H R
Undefined
AD Resul ADR11 : ADR10 . ADRI1RF
esu i
ADREGIL | {ooidiert Low 12A2H R | R
Undefined 0
AD Resul ADR19 | ADRI18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
esult
ADREGIH [0 ifer1 High 12A3H R
Undefined
AD Resul ADR21 ADR20 ADR2RF
esu
ADREG2L | {ocidiera Low 12A4H R R
Undefined 0
AD Resul ADR29 | ADR28 ADR27 ADR?26 ADR25 ADR?24 ADR23 ADR22
esult
ADREG2H [ i0er2 High 12A5H R
Undefined
AD Resul ADR31 ADR30 ADR3RF
esult
ADREG3L 100003 Low 12A6H R R
Undefined 0
AD Resul ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
esult
ADREG3H [0 iera High 12A7H R
Undefined
AD Resul ADR41 | ADR40 ADRARF
esult
ADREGAL |rooiceraion | 12A8H R R
Undefined 0
AD Resul ADR49 | ADR48 ADRA47 ADR46 ADR45 ADR44 ADRA43 ADRA42
esult
ADREGAH |roicoratign | 12A9H R
Undefined
AD Resul ADR51 ADR50 ADRSRF
esult
ADREGS5L register 5 Low 12AAH R R
Undefined 0
AD Resul ADR59 | ADR58 ADR57 ADR56 ADR55 ADR54 ADRS53 ADR52
esult
ADREG5H register 5 High 12ABH R
Undefined
AD Resul ADR61. © ADRG60 ADR6RF
esult
ADREGSEL |roicergiow | 12ACH R R
Undefined 0
AD Resul ADR69 | ADR68 ADRG67 ADRG6 ADR65 ADR64 ADRG63 ADR62
esult
ADREGEH |/ooicershign | 12ADH R
Undefined
AD Resul ADR71 | ADR70 ADR7RF
esult
ADREGTL |roiicerriow | 12AEH R R
Undefined 0
AD Resut ADR79 | ADR78 ADR77 ADR76 ADR75 ADR74 ADR73 ADR72
esu’
ADREGTH | ooicer 7 rign | 12AFH R
Undefined
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AD converter (3/3)
Symbol Name Address 7 : 6 5 4 : 3 2 1 : 0
ADR81 | ADRS0 | | ADR8RF
AD Result
ADREGSL |roocergion | 12BOH R R
Undefined 0
ADR89 ADR88 ADR87 ADR86 ADR85 ADR84 ADR83 ADR82
AD Result
ADREGBH |feqicoraign | 12B1H R
Undefined
ADR91 | ADR90 ADR9RF
AD Result
ADREGOL |joicoroton | 12B2H R R
Undefined 0
ADR99 | ADR98 ADR97 ADR96 ADR95 ADR94 ADR93 ADR92
AD Result
ADREGOH |{ooceropign | 12B3H R
Undefined
ADRA1 ADRAO ADRARF
AD Result
ADREGAL |feoicoratow | 12B4H R R
Undefined 0
ADRA9 ADRAS8 ADRA7 ADRAG6 ADRAS5 ADRA4 ADRA3 ADRA2
ADR It
ADREGAH |10 hign | 12B5H R
Undefined
ADRB1 | ADRBO ADRBRF
ADR It
ADREGBL |roocersion | 12B6H R R
Undefined 0
ADRB9 ADRBS8 ADRB7 ADRB6 | ADRBS ADRB4 ADRB3 ADRB2
AD Result
ADREGBH |eoicerB High | 12B7H R
Undefined
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(14) DA converter
Symbol Name Address 7 6 5 4 3 2 1 0
DACO7 DAC06 DACO05 DAC04 DACO03 DAC02 DACO1 DACO0
DAO R/W
DACOREG register 12EO0H 0 0 0 0 0 0 0 0
- - - - VALID
R/W W
DA O 0 0 0 0 0
DACOCNT1 | control 12E1H | Always Always Always Always 0:Don't
register 1 write “0”  write “0” write “0” write “0” care
1:Output
CODE
valid
REFONO OPO
R/IW
DA O 0 0
DACOCNTO | control 12E3H
register 0 O:Refoff  |0:Output
1:Ref on High-Z
1:Output
DAC17 DAC16 DAC15 DAC14 DAC13 DAC12 DAC11 DAC10
DA 1 R/W
DACI1REG register 12E4H 0 0 ) 0 0 o 0 0
— — — — VALID
R/W wW
DA 1 0 0 0
DACI1CNT1 | control 12E5H | Always Always Always Always 0:Don't
register 1 write “0”  ‘write “0” write “0” write 0" care
1:Output
CODE
valid
REFON1 OP1
| R/W
DA 1 0 0
DACI1CNTO | control 12E7H
register 0 O:Ref off  {0:Output
1:Ref on High-Z
1:Output
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(15) Watch dog timer
Symbol Name Address 7 6 5 4 2 1 0
WDTE WDTP1 WDTPO — 12WDT RESCR —
R/W R/W R/W R/W
WOT 1 0 | 0 0 0 0 0
WDMOD | Mode 1300H |wDT WDT detection time Always write “0” IDLE2 Linternally Always
register control 00: 2 “ffsvs 0: Stop connects  write “0”
1: enable 0olL: 21g/fsys 1: Operate |, WDT out
10: 2 /fsys to the
11: 2%fsys reset pin
WDT \;/
WDCR control 1301H
register —
B1H: WDT disable code ' 4E: WDT clear code
(16) Key-on wake up
Symbol Name Address 7 6 5 4 3 2 1 0
KI7EN KIGEN KISEN KI4EN KI3EN KI2EN KI1EN KIOEN
Keylnput O09EH w
KIEN Enable setup (Prohibit 0 0 0 0 0 0 g 0
register RMW) KI7 input  {KI6input {KI5input | {Kl4input |KI3input KI2input - Kllinput |KIO input
0:Disable 0:Disable :0:Disable. :0:Disable | 0:Disable / O:Disable - 0:Disable : 0:Disable
1:Enable 1:Enable ;1:Enable ' 1:Epable :1:Enable | !1:Enable :1:Enable |1:Enable
KI7TEDGE | KIGEDGE | KISEDGE | KI4EDGE | KISEDGE | KI2EDGE | KILTEDGE | KIOEDGE
009FH w
Key Input 0 0 0 0 0 0 0 0
KICR control (Prohibit
register rvw) |KI7 edge KI6 edge/ Ki5edge Kl4edge  Ki3 edge —KI2edge Kliledge  KIOedge
0:Rising 0:Rising 0:Rising 0:Rising 0O:Rising O:Rising : O:Rising 0:Rising
1:Falling 1:Falling. - 1:Falling 1:Falling 1:Falling 1:Falling : 1:Falling 1:Falling
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6. Points of Note and Restrictions

(1) Notation

a. The notation for built-in/ I/O registers is as follows register symbol <Bit symbol>
(e.g., TAOIRUN <TAORUN> denotes bit TAORUN of register TAOLRUN).

b. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAO1IRUN) ... Set bit 3.of TAOIRUN.
Example 2: INC 1, (100H) ... Increment the data at 100H.

e Examples of read-modify-write instructions on the TLCS-900
Exchange instruction

EX  (mem),R

Arithmetic operations

ADD (mem), R/# ADC (mem), Ri#
SUB  (mem), R/# SBC _(mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations
AND (mem), R/# OR (mem), Ri#t
XOR (mem), R/#

Bit manipulation operations
STCF #3/A, (mem) RES  #3, (mem)
SET  #3, (mem) CHG  #3; (mem)
TSET. #3,(mem)

Rotate and shift operations

RLC. - (mem) RRC . (mem)
RL (mem) RR (mem)
SLA  (mem) SRA  (mem)
SLL  (mem) SRL  (mem)
RLD (mem) RRD (mem)

c.  fecyfs, frPH, fSYS and one state

The clock frequency input on X1 and 2 is called foscH. The clock selected by
PLLCRO<FCSEL> is called fc.

The clock selected by SYSCR1<SYSCK> is called fFPH. The clock frequency give by fFPH
divided by 2 is called fsys.

One cycle of fSYS is referred to as one state.
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(2) Points of note
a. AMO and AM1 pins
This pin is connected to the VcC or the Vss pin. Do not alter the level when the pin is
active.
b. Reserved address areas
Since the 16 byte area of FFFFFOH ~ FFFFFFH is reserved as internal area, use of it is

impossible. Moreover, when using an emulator, since it is used for control of an emulator,
64K bytes with arbitrary 16M byte area of use cannot be performed.

c. 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, ¥’ and “LDC 1, cr” instructions-can be used to access the control
registers in the CPU (e.g., the transfer source address register (DMASn)).

g. Undefined SFR

The value of an undefined bit in an SFR is undefined when read.
h. POP SR instruction

Please execute the POP SR instruction during DI condition.
i.  Interrupt

When you use interruption, be sure to set!'1" as the bit 7 of a SIMC register.
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7. Package Dimensions

Package Name: P-LQFP144-1616-0.40C
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