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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 for, controfling
equipment which processes mass data.

TMP92CM27 is a micro-controller which has a high-performance CRU/ (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 atfc =40MHz, best case)
(2) Minimum instruction execution time : 50ns(at fe=40MHz)
(3) Internal memory
o 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 (shargd program/data area)

¢ Can simultaneously support8{16-bit width external data bus
-+ Dynamic data bus'sizing

e Separate bus system
(5) Memory cantroller

e Chip/sélect putput--6 channels
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e  The information contained-herein is subject to_ change without notice.

e  The information contained herein is presentedenly-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 patentor patent rights of TOSHIBA or others.

e  TOSHIBA iy 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/andto_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
mast-recent TOSHIBA products spécifications:” Also, please keep in mind the precautions and conditions set forth in the
“Handling_Guide for Semicoriductor Devices,”\or “TOSHIBA Semiconductor Reliability Handbook” etc.

e The-TOSHIBA products listed jn,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 eause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic yenergy control instruments, “aigplane 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
e 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/LCB ‘display but also/ grogramming 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 relgase)-: 8 channels

(17) Interrupts : 71 interrupts
e 9 CPU interrupts : Software interrupt instruction and.illegal instruction
¢ 49 internal interrupts : Seven-selectable priority levels
e 13 external interrupts(INTO to. INTB, NMI) : Seveh 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) sStand<y-function
e Three Halt modes : Idle2 (programmable), Idlel, Stop
(21) Clock controller
o ~Clock doubler (PLL) : fc = foscy*x4 (fc540MHz @ foscp=10MHZ)
o Clock-gear function : Select a High-frequency clock fc to fc/16
(22) Operating voltage
. VCC/= 3.0 V.t0 3.6V (fcmax = 40MHz)
(23) Package
e 144 pin QFP <P-LQFP144-1616-0.40C
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Figure 1.1 TMP92CM27 block diagram

92CM27-3

2005-04-20



TOSHIBA

TMP92CM27

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.
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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: /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 8 Output Address: Address bus A8 to A15
P60 to P67 8 110 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: 1/0 port (Schmitt input, with pullsup register)
WRLL Output Write: Output strobe signal for\writing data on pins DOto D7
P72 1 110 Port 72: 1/0 port (schmittinput, with-puli-up register)
WRLU Output Write: Output strobe signal for writing data on pins D8 to-D15
P73 1 110 Port 73: 1/0 port (schnfitt input)
RIW Output Read/Write: 1 represents reader dummy cycle; O represents write cycle
P74 1 110 Port 74: 1/0 port (Schmittinput, with pull-up regdister)
SRWR Output Write enable-for SRAM:_Strobe signal for writing data
P75 1 110 Port 75: I/Q port (Schmitt input, with pull-upregister)
SRLLB Output Data enable for SRAM on pins P0’to D7
P76 1 110 Port/76:+0Q port (Schmitt input, with pull-up register)
SRLUB Output Data enable for SRAM on pins D8 to D15
P77 1 /0 Port 77:1/C_port (Schmitt input)
WAIT Input Wait:{Signal used to request CPU bus wait
P80 1 Output Rort 80y 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: OutputsLow’ when address is within specified address area
P82 1 Output Port 82:‘Qutput port
CS2 Output Chip select 2: Outputs-“Low” when address is within specified address area
P83 1 Output Pott 83: Output-port
CS3 Output Chip select.3: Outputs “Low” when address is within specified address area
SDCS Output Chip selectfor 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
CcS5 Output Chip select 5: Outputs “Low” when address is within specified address area
WDTOUT Output Watchdog timer output pin
P86 1 O Patt 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: @pen-drain output programmablé

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

SCLKO 110 Serial 0 clock 1/©

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

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

RXD1 Input Serial 1 receive data

PA4 1 110 Port A4 11O _port (Schmitt input)

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

PA5 1 110 Port\A5:.1/Oport (Schmitt input)

SCLK1 110 Serial 1 ctock /0

CTS1 Input Serial\1\data send enable (Clear To Send)

PCO 1 110 PortC0: I/0 port (Schmitt input)

SO0 Output Serial bus interface 0 send-data.at SIO mode

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

PC1 1 110 Port C14/O-port (Schmitt input)

SI0 Input Serial bus interface Oreceive data at SIO mode

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

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

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

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

SO1 Output Serial bus interface 1 send data at SIO mode

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

PC4 1 fe] Port/C4: I/0 port (Schmitt input)

Sit Input Serial bus interface 1 receive data at SIO mode

SCL1 /e, 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 110 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/0
CcTS2 Input Serial 2 data send enable (Clear To Send)
PFO 1 110 Port FO: 1/0 port (Schmitt input)
TAOIN Input 8-bit timer 0 input: Input pin of\8:bit timer TMRAO
INTO Input Interrupt request pin O: Interruptrequest pin with programmableyevel/rising/falling edge
PF1 1 110 Port F1: 1/0 port (Schmitt input)
TA10OUT Output 8-bit timer 1 output: Qutput.pin of 8-bit timer TMRAO or TMRA1
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 IxInterrupt request pin with’progfammable level/rising/falling edge
PF3 1 110 Port F3: 1/0"port(Schmittinput)
TA30UT Output 8-bit timer3\output: Output pin of 8-bit timer TMRA2 o TMRA3
PF4 1 110 Port F4: 1/O~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 Part F5: 1/0 port (Schmitt input)
TA50UT Output 8-bit timer 5 output: Output pin of 8-bit timer TMRA4 or TMRAS
PF6 1 110 Port FB:/1/0 port (Schmitt input)
TAGIN Input 8-bit timer 6 input: Input pin.of 8=bif tiner TMRA6
INT3 Input Interrupt request pin 3:-nterruptrequest pin with programmable level/rising/falling edge
PJO 1 1O Port JO: I/O port (Schmittinput)
TBOOUTO Output 16-bit timer 0 output O: Output pin of 16-bit timer TMRBO
PJ1 1 O, Port J1: I/©_port (Schmitt-input)
TBOOUT1 Output 16-bit timer 0 output 1: Output pin of 16-bit timer TMRBO
PJ2 1 /O Port J2:1/O-port (Schmitt input)
TB1OUTO Output 16-bit timerd output 0: Output pin of 16-bit timer TMRB1
PJ3 1 110 Port J3: 1/0O pert (Schmitt input)
TB1OUT1 Output 16-bit timer 1 output 1: Output pin of 16-bit timer TMRB1
PJ4 T 110 Port J4: 1/0O port (Schmitt input)
TB20OUTO Output 16-bit timer 2 output 0: Output pin of 16-bit timer TMRB2
TB40UTO0 Output 16-bit-timer 4 output 0: Output pin of 16-bit timer TMRB4
PJ5 1 110 Port\J5: 1/0 port (Schmitt input)
TB20UTT Output 16-pit timer 2 output 1: Output pin of 16-bit timer TMRB2
TB4OUT1 Qutput 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 0: 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
INTS Input Interrupt request pin 5 : Interrupt request pin with programmable Tevel/rising/falling edge
PK2 1 Input Port K2: Input port (Schmitt input)
TB1INO Input 16-bit timer 1 input 0: Input of count/capture trigger in 16-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 trigger in"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 cetnt/capture trigger in 16-bit TMRB2
INT8 Input Interrupt request pin 8 : Interrupt request pin with programmable’levelirising/falling edge
PK5 1 Input Port K5: Input port (Schmitt input)
TB2IN1 Input 16-bit timer 2 input 1: Input-of ceunt/capture trigger in 16-bit TMRB2
INT9 Input Interrupt request pin 9-:tnterrupt request pin with programmable-level/rising/falling edge
PK6 1 Input Port K6: Input port (Schmittinput)
TB3INO Input 16-bit timer 3 input 0:Input of count/capture trigger in"16-hit TMRB3
INTA Input Interrupt request pin°A : Interrupt request pin with pregrammable level/rising/falling edge
PK7 1 Input Port K7: Input-port (Schmitt input)
TB3IN1 Input 16-bit timer 3 input 1 Input of counpt/capture-trigger in16-bit TMRB3
INTB Input Interrupt request pin B': Interrupt’request pin'with programmable level/rising/falling edge
PLO 1 110 Port £0: I/O-port(Schmitt input)
PG00 Output Pattern generator output 00
RXD3 Input Serial 3-receive data
PL1 1 110 Port LA: I/O port (Schmitt input)
PGO1 Output Pattern generator output 01
TXD3 Output Serial 3 send data: Open-drain_output programmable
PL2 1 1o Port L2: I/O port (Schmitt-input)
PGO02 Outpay Pattern generator output 02
SCLK3 110 Serial 3 clock I/0
CTS3 Tnput Serial 3‘data send.enable (Clear To Send)
PL3 I /10 Port L3: I/O port (Schmittinput)
PGO03 Qutput Pattern generator-output 03
TA70UT Output 8-bit timer7 output: Output pin of 8-bit timer TMRA6 or TMRA7
PL4 1 110 Port L4: I/Oport
PG10 Output Pattern generator output 10
HSSI1 Input High speed Serial 1 receive data
PL5 1 110 Port L5: I/O port (Schmitt input)
PG1t Output Rattern-generator output 11
HSSO1 Output High speed Serial 1 send data
PL6 1 "o Port/L6: I/0O port (Schmitt input)
RG12 Output Pattern generator output 12
HSCLK 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: Intérrupt request/pin)with programmable falling
edge level or with both edge levels programmabte (Schmitt input)

DAQOUTO 1 Output Digital output 0: Pin used to output to DA conyerter0

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-hus 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 conneetion-HOpins

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

AVCC /VREFH 1 Input Pin used to both power-supply pin‘for AD converter and Standard-power supply for AD
converter (H)

AVSS / VREFL 1 Input Pin used to both-6GND pin-far AD converter (0V)-and-standard/power supply pin for AD
converter (L)

DAVCC/ 1 Input Pin used to beth power stpply pin for-BA convertér and standard power supply for DA

DAREF converter.

DAVSS 1 Input Pin used.to beth-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-conngcted with GND (0V))

92CM27-9 2005-04-20



TOSHIBA TMP92CM27

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-bit internal data bus_to-process instructions more

quickly.
Outline is as follows:

Table 3.1.1 TMP92CM27 Odtline

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 aecess (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-hit 2-clock access
(SRAM etc) (can insert some waits)
Exte(rsnsll?n;'(\eﬂr;ory 16-bit 1-clock access
M'E;”;Emi;”nsg;;zo” 1:clock(50ns at fsys = 20MH2)
Conditional jump 2-clock(100ns at fsys = 20MHZz)
Instruction queue buffer 12 bytes
(nétruciiof set Compa_tible wit_h TI__CS-900/L1
(LDX instruction is deleted)
CPY 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 us at fc = 40 MHz):

At reset, since the clock doubler (PLL) is bypassed and clock-gear is set t0\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 withthe 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 staris executing instructions \according to the program
counter settings. CPU internal registers-not mentioned-abeve do not change when the reset is
released.

When the reset is accepted,.the CPU sets internal /0, ports and other pins as follows.
e Initializes the/internalN/O registers as table of “special function register” in section 5.
e  Sets the port pins;-including the pins that-also act as internal 1/0O, to general-purpose
input or/ottput port mode.
Internal reset is released as soon as‘exfernal reset is released.
The/operation-of memory controller \cannot) be insured until power supply becomes stable
after power,0n reset. The externakRAM data provided before turning on the TMP92CM27 may

be spoiled~hecause the control signals are unstable until power supply becomes stable after
power-on reset.

g~
hasng

i

VCC (3:3Y) /

T
T~

S
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 Rin
RESET AM1 ANO

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 1/0 )
(8 K bytes) Direct area (n)
000100H
64-K byte area
002000H ()
Internal RAM
(32 K bytes)
00AO00H
010000H
External memory
FO000OH 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
vy Vector table (256 bytes) } (Note 2)

(:l = Internal area)

Figure.3.2.1 Memory Map

Note 1: Provisional*emulator control area is 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
(foscn/32)
Instruction l Release reset
IDLE2 mode Intern Instruction
(VO operate) NORMAL mode STOP mode
B — Tnterrupt D0
IDLE1 mode STt (foscr/gear value/2) (Stops all circuits)
(Operate only oscillator) /
(a)  Single clock mode transition figure
Reset
(foscr/32)
Instruction Rel t
IDLE2 mode Interr l it Instruction
(I/O operate)
nstuctonr—|  NORMAL mode Thiterrupt STOR mode
IDLE1 mode ATarrupt (foscn/gear value/2) (Stops_all circuits)
(Operate only oscillator) /
. Instruction Note
Instruction
IDLE2 mode
(/O operate) Interrd NORMAL mode
Instruction (4x foscfi/gear
IDLE1 mode nterrupt 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, Jand then shift to STOP mede. (You should stop high-frequency oscillator after
you stop PLL.)

Figure 3.3.1 System Clock-Block Diagram

~—/ -
0 thM2 pins is called og a lock frequency selected by SYSCR1<SYSCK?> is called
syste k fsys is d as ivid lock of frpH, and one cycle of fgys is defined to as one

The clock frequency/inp
the system clock fgpg
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
frpH Y
PLLCR1<PLLON>, )
PLLCRO<LUPFG>
fc
fc/2 il
fpLL=foscH x 4 cl4 {2
A
4 Clocl;ﬁiubler |—§
X1 O High-frequency "h } SYSCR1<GEAR2:0>
X2 oscillator  “f o~ Clockfgear.

PLLCRO<FCSEL>

fsys

¢TO

oT

TMRAO to 7/TMRBOQ to 5

— <
_

—> =
Prescaler m

SIO0 {0.S103

—> -
,I Préscaler I

e —

$BI0 to SBI1

L = = |

CPY

RAM

Interrupt
cohtroller

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 RIVY
After reset 0
Function Always,
write “Of
7 5 4 3 2 1 0
SYSCR1 Bit symbol GEAR2 GEAR1 GEARO
(10E1H)  ['Read/write RIW
After reset 1 | 0 | 0
Function Select gear value of high-frequency (fc)
000: fe
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 - WUPTMA1 WUPIMO HALTM1 HALTMO DRVE
(10E2H)  [Readmwrite | Rw RIW RIW RIW RAW RIW
After reset 0 1 0 1 1 0
Function Always Warm-up timer HALT mede 1:
write “0” 00: Reserved 00: Reserved The inside off
01:2%input frequency 01: STOP mode STOP .mode
10: 2"%/input frequency | 10: IDLE+.mdde a:rs10 drives af
11: 2'%input frequency . | 11: IDLE2'mode P
Note 1: SYSCRO<bit7> canread.“1”.
Note 2: SYSCRO<hit6;3>, SYSCRO<bit1:0>, SYSCR1<bjt7:3>, and SYSCR2<bit6,1> can read "0".
Figure 3.3.3 “SFR for System Clock
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol | PROTECT EXTIN DRVOSCH
(10E3H)  I'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"succegsion 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 (e.g.-Restart the oscillator in STOP
mode), set (EMCCRO)<DRVOSCH>="4",

Figure 3.3.4. SFRfor 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”.
Rigure 3.3.5 SFR for PLL
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3.3.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/0. It contains 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(finctions can reduce the
power consumption of the equipment in which the device is installed:

The initialization <GEAR2:0> = “100” will cause the system elock (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 osecillator1is connected to the X1

and X2 pins.

(1) Clock gear controller

The frpn is set according to the contents“of the clock gear- select Yegister
SYSCR1<GEARZ2:0> to either fc, fc/2, fe/4/ fcf8 orfcHY6. Using the clock gearto select a
lower value of frpu reduces power consumptign.

Example: Changing to a high-frequency gear

SYSCR1 EQU 10E1H

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

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 necdessary the warm-up time until changing after writing the register
value.

There ig /the/possibility that the-instruction next to the clock gear changing
instruction\1$executed by the clock-gear-before changing. To execute the instruction
next to the clock-gear switching ingtruction by the clock gear after changing, input the
dummy instruction as follows.(instruetion to execute the write cycle).

Example:
SYSER1 EQU 10E1H
LD (SYSCR1), XXXXX040B ; Changes fsys to fc/4.
LD (DUMMYy), 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 gsciltation) for PLL is following.
fOSCH =6to 10 MHz (VCC =3.0t03.6 V)

Note 2: PLLCRO <LUPFG>
The logic of PLLCRO <LUPFG> is different from 900/X1’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), 1X XX XXX XB ; Enables-PLL operation and starts lock up.
LUP: BIT 5 (PLLCRO) * L. Detects end)of lock up.

JR Z,LUP ;

LD (PLLCRO); "X 1 X X X X X X B ; Changesfc/from 10 MHz to 40 MHz.
X: Don't care

<PLLON> /I

<FCSEL> i
Lock up timer /i' Counts-up by foscn E
<LUPFG> i During lock up (( /I i After lock up
SYgREClock foys 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 RVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAD)

System clock fsys \/\/\/\/\/\/\/V\ / i\/ \/\/ \/\ /

[}
Changes from 40 MHz to 10 MHz v
StopsPLL 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 t0 fosch
LD (PLLCR1), 00H ; PLL stop

Examples of settings are below.

(2) Change/stop control

(OK) PLL use mode (fr..) — Set the STOP niode >» High-frequency oscillator
operation mode (foscu) — PLL stop — Halt (High3fréquency oscillator stop)

LD (SYSCR2), 0X--01X-B; 8ettheSTOP;mode
(Thisscommand can execute pefore use of PLL)
LD (PLLCRO), X 0 - X X X X X B/ __Change.the system clock fa.¢ to.fosch
LD (PLLCR?1), 0 XXXXXXXB{ /PLLstop
HALT ;. “Shift to STOP mode

(Error) PLL use mode (frir) 5-Set the’ STOP modé, =5 Halt/(High-frequency
oscillator stop)

LD (SYSCR2), 0 X=- 0 tX,—- B; SettheSTOR mode
(This-eoammand-can gxecute before use of PLL)

HALT N Y ;/ 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 EMCCR0O, 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 oseillation

EMCCRO<BRVOSCH>

X2 pin

77

(Setting method)

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

Note:,  This-function (EMCCRQ'<DRVQOSCH> ="“0") is available to use in case of
fosct = 6 to 104Kz 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 Endble-oscillation
EMCCRO-<DRVOSCH>
X2 pin
I
(Setting method)

The oscillator is disabled and-starts opération as buffer hy writing “1” to
EMCCRO <EXTIN> register. X2 pin 1s-always outputted-“1”.

By reset, <EXTIN> is initializedto-<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, MAMRS5, PMEMCR

2. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMICCRO

3. PLL
PLLCRO, PLLCR1

(Operation explanation)

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

(Double key)
1st KEY: Succéession writes in 5AH at EMCGCR1Vand A5H at EMCCR2
2nd KEY: Succession'writes in ASH at EMCCRA1 and 5AH at EMCCR2

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

And \INTPQ jinterruption eccurs when write operation to specified SFR was
executed with protection onl stateé.
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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 I/O SFR
TMRAO1 TAOTRUN<I2TA01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG67 JFAG7TRUN<I2TAG7>
TMRBO TBORUN<I2TBO>
TMRB1 TBTRUN<I2TB1>
TMRB2 TB2RUN<I2TB2>
TMRB3 TB3RUN<I2TB3>
TMRB4 TB4RUNKI2TB4>
TMRB5 TB5RUN<I2TB5>
SI00 SCOMOD1<12S0>
SI01 SC1MOD1<I12S1=
SI02 SC2MOD1<12S52>
SI03 SC3MOD1<12S3>
SBIO SBIQBRO<{2SBI0>
SBI1 SBHBRQ<I2SBI1>
AD Conyerter ADMODA1<I2AD>
WDT WDMOD<I2WDT>

2. ILE1L: Only thé oscillator-and the Special timer for clock operate.
3. STOP: All internal eircuits 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.referéntes
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-t0 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 made of a D/A convertef inDACOCNTO/DAC1CNTO
register before HALT instruction execution.
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(2)

How to release the HALT mode

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

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

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;thé interrupt due to the
source is processed after releasing the HALT miode, and CPU status executing an
instruction that follows the “HALT” instruction) When the interrupt request level
set before executing the “HALT” instruction isJess than the value of the interrupt
mask register, releasing the HALT mdde is net executed. (in|non-maskable
interrupts, interrupt processing is precessed-after releasing the HALT mode
regardless of the value of the mask fregister.) 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; (reléasing the
HALT mode is executed. In this case, interrupt processing is not performed, and
CPU starts executing the instructionnext 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 is hecessry enough resetting time
(see Table 3.3.4 Example of a setting of Warmy(p time of oscillator) to set the
operation of the-osgillator to be stablé:

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
“HANT 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 IDLE1 STOP
NMI . . o - 3 -
INTWDT . X X — — -
INTO to 3 (Note 1) . . o 3 o o’
. INT4 to 7 (PORT) (Note 1) (Note 3) . . o 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
KI (Key On WakeUp) (Note 2) o o o' o o o’
RESET Initiglize 1. S1

¢ After clearing the HALT mode, CPU starts.interrdpt procgssing.

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

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

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

*1: Releasing the/HALT mode-is-eéxecuted after passing,the warm-up time.

Note 1: When the’HALT-mode is cleared.by.an INTO-ta 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 precessing is correctly started:

Note 27/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 portsetting. 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(réference'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 fer €PU.
1000EH LD (SYSCR2), 28H ; Sets HALT mode to IDLEA mode.
10011H HALT ;  Halts CPU.

INTO__/ x PINTO 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 TaaVaialaaVaWawa vy ie s Iauaia

A0 to A23 “ i K X

» 4

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

release

e IDLE2 "o 2
mode

Figure 3.3.6 Timing Chart for IDLE2 Mede Halt State Cleared-by Interfupt

2. IDLE1 mode

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

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

Figure3.3.71llustrates the timingfor clearance of the IDLE1 mode halt state by

an interrapts

A NS NN A AN
AO to A23 X f’:’ i’i’ X
» )
DO to D15 { Data~) 4 Data Y=
_ « (
RD \ ”» ” \
S « 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 timé of STOP mode release
is shown in Table 3.3.4.

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

an interrupt.

Warm-up time of internal osillator, +

Warm-up time of built-in FlashROM.

{

{
»

NN

VRSN

C

A0 to A23 X X {mm i =l J‘,{ X
DO to D15 Data ) 4e--i-4; 4  pata -
RD \ [ M= \
{ «
WR . _()(}___ ” ”

Interrupt for

N 54\

release

n

SToP
mode

Figure 3.3.8 Timing Chart-for STOP Mode Halt State €leared by Interrupt

Table 3.3.4 Example of a‘sefting of Warm-up time of oscillatoer/(at the time of STOP mode release)

at fOSCH =16 MHz

SYSCR2<WUPTM1:0>

01.(2%

1021

11 (2"%)

16 us

1024 _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
(foscn/32)
Instruction l Release reset
IDLE2 mode Intern Instruction
(VO operate) NORMAL mode STOP mode
B — Tnterrupt D0
IDLE1 mode STt (foscr/gear value/2) (Stops all circuits)
(Operate only oscillator) /
(a)  Single clock mode transition figure
Reset
(foscr/32)
Instruction Rel t
IDLE2 mode Interr l it Instruction
(I/O operate)
nstuctonr—|  NORMAL mode Thiterrupt STOR mode
IDLE1 mode ATarrupt (foscn/gear value/2) (Stops_all circuits)
(Operate only oscillator) /
. Instruction Note
Instruction
IDLE2 mode
(/O operate) Interrd NORMAL mode
Instruction (4x foscfi/gear
IDLE1 mode nterrupt 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, Jand then shift to STOP mede. (You should stop high-frequency oscillator after
you stop PLL.)

Figure 3.3.1 System Clock-Block Diagram

~—/ -
0 thM2 pins is called og a lock frequency selected by SYSCR1<SYSCK?> is called
syste k fsys is d as ivid lock of frpH, and one cycle of fgys is defined to as one

The clock frequency/inp
the system clock fgpg
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
frpH Y
PLLCR1<PLLON>, )
PLLCRO<LUPFG>
fc
fc/2 il
fpLL=foscH x 4 cl4 {2
A
4 Clocl;ﬁiubler |—§
X1 O High-frequency "h } SYSCR1<GEAR2:0>
X2 oscillator  “f o~ Clockfgear.

PLLCRO<FCSEL>

fsys

¢TO

oT

TMRAO to 7/TMRBOQ to 5

— <
_

—> =
Prescaler m

SIO0 {0.S103

—> -
,I Préscaler I

e —

$BI0 to SBI1

L = = |

CPY

RAM

Interrupt
cohtroller

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 RIVY
After reset 0
Function Always,
write “Of
7 5 4 3 2 1 0
SYSCR1 Bit symbol GEAR2 GEAR1 GEARO
(10E1H)  ['Read/write RIW
After reset 1 | 0 | 0
Function Select gear value of high-frequency (fc)
000: fe
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 - WUPTMA1 WUPIMO HALTM1 HALTMO DRVE
(10E2H)  [Readmwrite | Rw RIW RIW RIW RAW RIW
After reset 0 1 0 1 1 0
Function Always Warm-up timer HALT mede 1:
write “0” 00: Reserved 00: Reserved The inside off
01:2%input frequency 01: STOP mode STOP .mode
10: 2"%/input frequency | 10: IDLE+.mdde a:rs10 drives af
11: 2'%input frequency . | 11: IDLE2'mode P
Note 1: SYSCRO<bit7> canread.“1”.
Note 2: SYSCRO<hit6;3>, SYSCRO<bit1:0>, SYSCR1<bjt7:3>, and SYSCR2<bit6,1> can read "0".
Figure 3.3.3 “SFR for System Clock
92CM27-17 2005-04-20
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7 6 5 4 3 2 1 0
EMCCRO | Bit symbol | PROTECT EXTIN DRVOSCH
(10E3H)  I'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"succegsion 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 (e.g.-Restart the oscillator in STOP
mode), set (EMCCRO)<DRVOSCH>="4",

Figure 3.3.4. SFRfor System Clock
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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”.
Rigure 3.3.5 SFR for PLL
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3.3.3  System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core and
internal I/0. It contains 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(finctions can reduce the
power consumption of the equipment in which the device is installed:

The initialization <GEAR2:0> = “100” will cause the system elock (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 osecillator1is connected to the X1

and X2 pins.

(1) Clock gear controller

The frpn is set according to the contents“of the clock gear- select Yegister
SYSCR1<GEARZ2:0> to either fc, fc/2, fe/4/ fcf8 orfcHY6. Using the clock gearto select a
lower value of frpu reduces power consumptign.

Example: Changing to a high-frequency gear

SYSCR1 EQU 10E1H

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

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 necdessary the warm-up time until changing after writing the register
value.

There ig /the/possibility that the-instruction next to the clock gear changing
instruction\1$executed by the clock-gear-before changing. To execute the instruction
next to the clock-gear switching ingtruction by the clock gear after changing, input the
dummy instruction as follows.(instruetion to execute the write cycle).

Example:
SYSER1 EQU 10E1H
LD (SYSCR1), XXXXX040B ; Changes fsys to fc/4.
LD (DUMMYy), 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 gsciltation) for PLL is following.
fOSCH =6to 10 MHz (VCC =3.0t03.6 V)

Note 2: PLLCRO <LUPFG>
The logic of PLLCRO <LUPFG> is different from 900/X1’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), 1X XX XXX XB ; Enables-PLL operation and starts lock up.
LUP: BIT 5 (PLLCRO) * L. Detects end)of lock up.

JR Z,LUP ;

LD (PLLCRO); "X 1 X X X X X X B ; Changesfc/from 10 MHz to 40 MHz.
X: Don't care

<PLLON> /I

<FCSEL> i
Lock up timer /i' Counts-up by foscn E
<LUPFG> i During lock up (( /I i After lock up
SYgREClock foys 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 RVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAD)

System clock fsys \/\/\/\/\/\/\/V\ / i\/ \/\/ \/\ /

[}
Changes from 40 MHz to 10 MHz v
StopsPLL 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 t0 fosch
LD (PLLCR1), 00H ; PLL stop

Examples of settings are below.

(2) Change/stop control

(OK) PLL use mode (fr..) — Set the STOP niode >» High-frequency oscillator
operation mode (foscu) — PLL stop — Halt (High3fréquency oscillator stop)

LD (SYSCR2), 0X--01X-B; 8ettheSTOP;mode
(Thisscommand can execute pefore use of PLL)
LD (PLLCRO), X 0 - X X X X X B/ __Change.the system clock fa.¢ to.fosch
LD (PLLCR?1), 0 XXXXXXXB{ /PLLstop
HALT ;. “Shift to STOP mode

(Error) PLL use mode (frir) 5-Set the’ STOP modé, =5 Halt/(High-frequency
oscillator stop)

LD (SYSCR2), 0 X=- 0 tX,—- B; SettheSTOR mode
(This-eoammand-can gxecute before use of PLL)

HALT N Y ;/ 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 EMCCR0O, 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 oseillation

EMCCRO<BRVOSCH>

X2 pin

77

(Setting method)

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

Note:,  This-function (EMCCRQ'<DRVQOSCH> ="“0") is available to use in case of
fosct = 6 to 104Kz 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 Endble-oscillation
EMCCRO-<DRVOSCH>
X2 pin
I
(Setting method)

The oscillator is disabled and-starts opération as buffer hy writing “1” to
EMCCRO <EXTIN> register. X2 pin 1s-always outputted-“1”.

By reset, <EXTIN> is initializedto-<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, MAMRS5, PMEMCR

2. Clock gear
SYSCRO, SYSCR1, SYSCR2, EMICCRO

3. PLL
PLLCRO, PLLCR1

(Operation explanation)

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

(Double key)
1st KEY: Succéession writes in 5AH at EMCGCR1Vand A5H at EMCCR2
2nd KEY: Succession'writes in ASH at EMCCRA1 and 5AH at EMCCR2

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

And \INTPQ jinterruption eccurs when write operation to specified SFR was
executed with protection onl stateé.
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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 I/O SFR
TMRAO1 TAOTRUN<I2TA01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG67 JFAG7TRUN<I2TAG7>
TMRBO TBORUN<I2TBO>
TMRB1 TBTRUN<I2TB1>
TMRB2 TB2RUN<I2TB2>
TMRB3 TB3RUN<I2TB3>
TMRB4 TB4RUNKI2TB4>
TMRB5 TB5RUN<I2TB5>
SI00 SCOMOD1<12S0>
SI01 SC1MOD1<I12S1=
SI02 SC2MOD1<12S52>
SI03 SC3MOD1<12S3>
SBIO SBIQBRO<{2SBI0>
SBI1 SBHBRQ<I2SBI1>
AD Conyerter ADMODA1<I2AD>
WDT WDMOD<I2WDT>

2. ILE1L: Only thé oscillator-and the Special timer for clock operate.
3. STOP: All internal eircuits 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.referéntes
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-t0 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 made of a D/A convertef inDACOCNTO/DAC1CNTO
register before HALT instruction execution.
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(2)

How to release the HALT mode

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

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

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;thé interrupt due to the
source is processed after releasing the HALT miode, and CPU status executing an
instruction that follows the “HALT” instruction) When the interrupt request level
set before executing the “HALT” instruction isJess than the value of the interrupt
mask register, releasing the HALT mdde is net executed. (in|non-maskable
interrupts, interrupt processing is precessed-after releasing the HALT mode
regardless of the value of the mask fregister.) 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; (reléasing the
HALT mode is executed. In this case, interrupt processing is not performed, and
CPU starts executing the instructionnext 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 is hecessry enough resetting time
(see Table 3.3.4 Example of a setting of Warmy(p time of oscillator) to set the
operation of the-osgillator to be stablé:

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
“HANT 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 IDLE1 STOP
NMI . . o - 3 -
INTWDT . X X — — -
INTO to 3 (Note 1) . . o 3 o o’
. INT4 to 7 (PORT) (Note 1) (Note 3) . . o 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
KI (Key On WakeUp) (Note 2) o o o' o o o’
RESET Initiglize 1. S1

¢ After clearing the HALT mode, CPU starts.interrdpt procgssing.

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

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

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

*1: Releasing the/HALT mode-is-eéxecuted after passing,the warm-up time.

Note 1: When the’HALT-mode is cleared.by.an INTO-ta 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 precessing is correctly started:

Note 27/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 portsetting. 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(réference'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 fer €PU.
1000EH LD (SYSCR2), 28H ; Sets HALT mode to IDLEA mode.
10011H HALT ;  Halts CPU.

INTO__/ x PINTO 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 TaaVaialaaVaWawa vy ie s Iauaia

A0 to A23 “ i K X

» 4

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

release

e IDLE2 "o 2
mode

Figure 3.3.6 Timing Chart for IDLE2 Mede Halt State Cleared-by Interfupt

2. IDLE1 mode

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

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

Figure3.3.71llustrates the timingfor clearance of the IDLE1 mode halt state by

an interrapts

A NS NN A AN
AO to A23 X f’:’ i’i’ X
» )
DO to D15 { Data~) 4 Data Y=
_ « (
RD \ ”» ” \
S « 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 timé of STOP mode release
is shown in Table 3.3.4.

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

an interrupt.

Warm-up time of internal osillator, +

Warm-up time of built-in FlashROM.

{

{
»

NN

VRSN

C

A0 to A23 X X {mm i =l J‘,{ X
DO to D15 Data ) 4e--i-4; 4  pata -
RD \ [ M= \
{ «
WR . _()(}___ ” ”

Interrupt for

N 54\

release

n

SToP
mode

Figure 3.3.8 Timing Chart-for STOP Mode Halt State €leared by Interrupt

Table 3.3.4 Example of a‘sefting of Warm-up time of oscillatoer/(at the time of STOP mode release)

at fOSCH =16 MHz

SYSCR2<WUPTM1:0>

01.(2%

1021

11 (2"%)

16 us

1024 _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 interrupty/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’t6 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 thie-priority of that interrupt
to the CPU. If multiple interrupts are generatedsimultaneously, theinterrupt controller sends
the interrupt with the highest priorityto the CPU. (The highest-priatity is level 7 using for
non-maskable interrupts.)

The CPU compares the priority.lévebof-the intervupt-with the value of the CPU interrupts
mask register <IFF2:0>. If the priority level of thé/nterrupt is higher than the value of the
interrupt mask register, the CPU-aceepts the interrupt:

The interrupt mask register . <IFF2:0> value can be“upddted 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 highér, 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 inferpupts because of the priority level of maskable
interruptsis 0 t0,6. The EI instruction iswalid immediately after execution.

In addition_to_the above general-purpese interrupt processing mode, TLCS-900/H1 has a
micro DMA intérrupt processing-node-as well. The CPU can transfer the data (1/2/4 bytes)
autematically 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-overallinterrupt processing flow.
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General-purpose
interrupt
processing

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 BMA

Y

COUNT <+ COUNT =1

'

COUNT =0

NO

YES

Maiero-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 pfocess 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 interfupt-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 levelofsthe accepted interruptplus 1 (+1)
to the interrupt mask register <IFF2:0>.| Hewever, 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 I +1).

(5) The CPU jumps to the address indicated by the data at address “FFFFO0H + Interrupt
vector” and starts the interrupt processing routine.

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

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 O or 7 will disable an interrupt
request.)

If an interrupt request which has 4 priority level equal to or greater than the value of the
CPU interrupt-mask register/<IFF2i0% ¢omes out, the CPU accepts its interrupt. Then, the
CPU mterrupt mask register <IFK2:0>1¢ set to the value of the priority level for the
accepted interrupt plus 4(+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
g0es to the nesting status of interrupt processing.

Moreover, if the CPU/receives another interrupt request while performing the said (1) to
(5)_processing steps %f the current interrupt, the latest interrupt request is sampled
immediately after execution of the first instruction of the current interrupt processing
reutine. Spécifying “DI™as the start instruction disables maskable interrupt nesting.

A reset 1nitializes 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 gi?:?i Micro DMA
Priority Value Start Vector
Vector
1 Reset or “SWI0” instruction 0000H FEFFOOH
2 “SWI1” instruction 0004H FFFEQ4H
3 “lllegal instruction” or “SWI2” instruction 0008H FFFFO8H
4 "SWI3” instruction 000CH FFFEOCH
5 Non- “SWI4” instruction 0010H FFEE10H
6 maskable | “SWI5” instruction 0014H FFEFN4H
7 “SWI6” instruction 0018H FEFF18H
8 “SWI7” instruction 001CH EFFF1CH
9 NMI: External interrupt input pin 002QH 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 0BH/(Note 1)
13 INT2: External interrupt input pin 0030H FFFF30H OCH,(Note 1)
14 INT3: External interrupt input pin 0034H FEFE34H ODH (Note 1)
15 INT4: External interrupt input pin 0038H FEFF38H OEH (Note 1)
16 INTS: External interrupt input pin 003CH FEFF3CH OFH (Note 1)
17 INT6: External interrupt input pin 0040H EFFFAQH 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 005QH 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 interrdpt/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: Extérnal interrupt input pin 0064H FFFF64H (Note 2)
27 INTRXO: Sefial 0 (SIO0) receive 0068H FFFF68H 1AH (Note 1)
28 INTTXO0: Serial-0-(SI00) transmission 006CH FFFF6CH 1BH
29 INTRXA:-Seriaf 1 (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 (SIQ3) transmission 0084H FFFF84H 21H
35 INTSBIO: SBIO 126BUS transfer end 0088H FFFF88H 22H
36 INTSBI1: SBI1 12CBUS. transfer end 008CH FFFF8CH 23H
37 INTA: External interruptiinput pin 0090H FFFF90H 24H
38 INTHSCO: High speed serial (HSCO0) 0094H FFFF94H 25H
39 INTB:Externahinterrupt input pin 0098H FFFF98H 26H
40 INTHSC1:High speed serial (HSC1) 009CH FFFFOCH | 27H
41 INTTBO0O: 16-bittimer 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 FFEFCOH 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 FFEFC4H 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) 00€CH FFFFCCH-_ | 33H

53 INTTCO: Micro DMA end (Channel 0) 00DOH FFFFDOH 34H

54 INTTC1: Micro DMA end (Channel 1) 00D4H FEFFD4H 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 FEFFEQH 38H

58 INTTC5: Micro DMA end (Channet-5) 00E4H FFEFEE4H 39H

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

60 INTTC7: Micro DMA end (ChannehZ) 00ECH FFFFECH 3BH

- 00FOH FFFFFOH | -

to (Reserved) : : to

- Q0FCH 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 pfiority.50 issmaking the interruption facter 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-agenerating flag register.

Note 4: Micro DMA stands up prior to other. maskabte-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, sector register is
generated, the micro DMA triggers a micre DPMA request to the ‘CPU-at,interrupt
priority highest level and starts processing the request~in spite of amy interrupt
source’s level. The micro DMA is jignored on’ <IFF2:0> =47, The’ 8 micro DMA
channels allow micro DMA processing to-be-set for up to 8 types-ofiinterrupts at any
one time.

When micro DMA is accepted;-the interrupt request flip-flop assigned to that
channel is cleared. The data(are automatically transferréd once (1/2/4 bytes) from the
transfer source address tg'the transfér destination address/set in the control register,
and the transfer counteris'decreased by 1(+1).

If the decreased result is.“0%,
e CPU send micro DMA transfer end interrupt-INTT'Cn) to interrupt controller
e Interrupt controller is generated micro DMA transfer end interrupt

e Micro DMA start vegtor register is-cleared to “0”, the next micro DMA operation is
disabled

e Micro DMA processing terminates

If the’decreased-result is not “0”, the micro DMA processing completes if it isn’t specified
the‘say later-burstymode. 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.bding 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-addfess INC mode (Micro
DMA transfers are the same in every mode except counter 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 A23/to/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 nextinstruction code)
State (3) Micro DMAread-eycle

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/ ¢heck 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 [ AV o Voo T20))] o

(3) Transfer control registers

The transfer source address and the transfer destination addressare¢ set in the following

registers. Data setting for these registers is done by an “LDC ¢r,+” instruction.

Channel 0
DMASO
DMADO
DMACO
[ BMAMO
Channel 7
DMASY
DMAD7
| DMAC7
DMAM?7
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) < (DMASnN -)
DMACn < DMACnh -1
If DMACn = 0 then INTTCn

5 states

(DMADnN +) < (DMASR*)
DMACn <« DMAECn-1
If DMACn = 0 then INTTCn

100zz Source address and Destination,address/INC-mode

6 states

(DMADnN -) <~ (DMASnh -)
DMACn < DMACNH -1
If DMACn = 0.then INTTCn

101zz Source address-and Destination address DEC mode

6 states

(DMADR) << (DMASN)
DMACRH— — DMACH~ 1
l¥DMACh = 0 then INTTCh

110zz Source address and Destination-address Fixed mode

5 states

11100 Counter mode

DMASn < DMASHh.+ 1
DMACn < DMACH-<1
If DMACn = 0 then INTTCn

5 states

2Z. 00/= 1-byte transfer
01 =.2-byte transfer
10 =-4-byte transfer
14 =(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)
“/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 gtart 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 adcepted-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-sourcé by writing the
priority to the interrupt priority setting register(e.g., INTEPAD-or INTB01): 6 interrupt
priorities levels (1 to 6) are provided. Sétting-an interrupt sourde’spriority level to 0 (or 7)
disables interrupt requests from that squrce. 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 fvith.the lowest vector value) is/used to determine which
interrupt request is accepted4irst.

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 controllerésends the interrupt request with the highest priority among the
simultaneous interrupts.and its vector address-te the CPU. The CPU compares the priority
value <IFF2:0>1nthe status register by/the interrupt request signal with the priority value
set; if thelatter i€ higher, the interruptis accepted. Then the CPU sets a value higher than
the prigrity\value-by1 (+1) in the QRU/SRXIFF2:0>. Interrupt request where the priority
value “equdls—or_is/higher than-the set value are accepted simultaneously during the
previous.irterrupt routine.

When inteérrupt 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 €PU/SR<IFF2:0>.

Theinterrupt contrpllér also has registers (8 channels) used to store the micro DMA start
vector. Writing the start.wvector of the interrupt source for the micro DMA processing (See
Table 3.4.1),enables the corresponding interrupt to be processed by micro DMA processing.
The values must be'set in the micro DMA parameter register (e.g., DMAS and DMAD) prior
to the micro DMA processing.
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(1) Interrupt 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 [ 1oM0
Enable R R/W R R/W
0 0
INT3 INT2
NTE23 | INT2&INT3 D1H 13c | 13mM2 [ 13m1 [ 13m0 12C i2M2) | 12m1 [ 12mo
Enable R R/W R R/W
0 0
INT5 INT4
NTE4s | INT4&INTS Do I5c | 15M2 [ 15M1 [ 15M0 14C 1am2 | 1am1 [ 14mo
Enable R R/W R R/W
0 0
INT?7 INT6
NTEsy | INTE & INT7 D3H i7zc | mm2 | 1izmt1 | 1avie 16C leM2~ ]~ 16M1” | 16MO
Enable R RW R RW
0 0
INTTAO & INTTA1(Fimerd) INTTAO(Timer0)
INTETAOT | INTTAT ap |ITATC [ ITAIM2 itatma futatmo | 1TAaoc| ITaoM2' | imAoM1 | ITAOMO
R RIW R RIW
Enable
0 0
INTTA2 & INTTA3(Timer3) INTTA2(Timer2)
INTETA23 | INTTA3 D5H m;sc ITA3M2 ITQ/?\)/I://H | ITA3MO ITA;C ITA2M2 | ITQ/ZVI://H | ITA2MO
Enable
0 0
NTTA & INT8/NTTA5(Timers) INTTA4(Timer4)
INTESTA45 | INTB/NTTAS e | ITASC [TASM2 [ iTasm1 | iTasM0/]/ITA4C | 1ITAam2 | 1TA4M1 | ITA4MO
R RIW R RIW
Enable
0 0
INTTAG & INTO/INTTAZ(Timer7) INTTA6(Timer6)
INTESTAG? | INTOANTTAT 57 ITA':C ITA7TM2 | |T;\;/|\\//|1 | ITA7MO IT/;GC ITABM2 | ITQ;SVI\\;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 2
interruptrequest flag els interrupt priority level 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 |Tx0|v||gT|T|?(r?<0M1 | ITxomo | IRX0C IRXOIl/’I\I2TFI)I(?OXOM1 | IRXOMO
INTESO | INTTXO D8H = RIW R RIW
Enable
0 0
INTRX1 & ITX1C ITX1|\/||';TTI>'I(';(1M1 ITX1MO | IRX1C IRX1|1/'I\I2TRI)I(?1X1M1 IRX1MO
INTEST | INTTX1 DOH
R R/W R R/W
Enable
0 0
INTRX2 & ITX2C ITX2I\/II';TTI>'I(§(2M1 ITX2M0_| 1RX2C IRX2I1/'I\12TRI);{2X2M1 IRX2MO
INTES2 | INTTX2 DAH
R RIW R RIW
Enable
0 0
INTRX3 & ITX3C ITX3I\/||';TTI?(I':)3(3M1 ITX3MO | IRX3C |Rx3|1/’|\lzTR|)§x3M1 IRX3MO
INTES3 | INTTX3 DBH = RIW R RIW
Enable
0 0
; INTSBIO
NTESBo | INTSBIO DCH . ] - . isBloc | sBiom2! [1$Biom1 | 1sBiomo
Enable R R/W
Note: Write 0™ 0
N INTSBI1
NTESE] | INTSBI' oo . ; - - 15816\ | 1sB11m2 | 1sBi1m1 | 1sBI1MO
Enable R R/W
Note: Write “0” 0
INTA & INTTSCO | IAC IAMZINTAIAM1 IAMO
INTEAHSCO | INTHSCO DEH IHS;OC IHSCOM2 IH;C/I\;)VM1 IHSEOMO = ~
Enable
0 0
INTB & INTTSC1 | IBC IBMZINTBIBM1 IBMO
INTEBHSC1 INTHSC1 DFH IHSCAC IHSC1M2 IHSCHM1 IHSC1MO
Enable R RW R R
0 0
INTTBO & ITBO1C ITBo1:\:lzTITI|3T(:o1M1||TBo1M0 ITBOOC ITBOOII\’\/IIZT?'I('):OOM1 ITBOOMO
INTETBO | INTTBO4 EOH
R RIW 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 |TB11||\';|12T1|-?T1|;11M1 | ITB11MO | ITB10C ITB10II\'\/IIZI|-EI;':E(>)1OM1 | ITB10MO
INTETB1 INTTB11 E2H R RIW R RIW
Enable
0 0
INTTB20 & ITB21C |TBz1|r\N/|ZT?T2|;21M1 ITB21MO | ITB20C ITBZOll\'\/II-ZI-T?T?EE)2OM1 ITB20MO
INTETB2 |INTTB21 E5H
R R/W R R/W
Enable
0 0
INTTB30 & I ITB3XC :;\IE:;(?A?;”I:\T]EE;? ITB3XMO
INTETB3 |INTTB31 E6H - . - . = S
Enable
Note: Write “0” 0
INTTB40 & I ITB4XC ::1;1;(?:;1”":;:5;? ITB4XMO
INTETB4 |INTTB41 E7H - - - ~
R RW
Enable
Note: Write “0" 0
INTTBSO & I ITB5XC :EBTE,;?AS;“%ZE;? ITB5XMO
INTETB5 |INTTB51 E8H . . . =
Enable R RW
Note: Write “0” 0
INTTBOX I ITBOXC |TBoi<'\|l\/|T2T?TCI)3)c(JXM1 ITBOXMO
INTETBOX | (Overflow) E9H - L - - 2
Enable 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 af 0 1 1 Sets !nterrupt pr!or!ty level to 3.
interrupt requést flag 1 0 0 Sets interrupt priority level to 4.
1 0 1 Sets interrupt priority level to 5.
1 1 0 Sets interrupt priority level to 6.
1 1 1 Disables interrupt request.

Note 1: The interruptionevel setting register of combination interruption should clear an interruption demand
flag inan INTCLR register, before changing an INTSEL register.
Mereover, 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 = =W = iy
0 0
INTTC1|(DMA1) I INTTCO[(DMAO) |
INTTCO & INTTC1 ITC1C_| ITC1M2 | ITc1M1 | ITCIMO | ITCOC | ITCOoM2’ | ITCOM1 | ITCOMO
INTETCOT | Enable FOH R RIW R RIW
0 0
INTTC3(DMA3) INTTC2(DMA2)
INTETCo3 | INTTC2&INTTC3 | | ITC3C | ITC3m2 | ircamt | ircamo [ imeec | itcamz2 | itcam1 | iTcamo
Enable R R/W R R/W
0 0
INTTC5(DMAS) INTTC4(DMA4%)
WrEToas | INTTC4&INTTCS | | imesc [ iosme2 | mosm1 | itcsmo| mcac | iTcamzofureamt | iTcamo
Enable R R/W R RANV
0 0
INTTC7(DMAT) INTTCE(DMAG)
WrETcsy | INTTCB&INTTCT | o | iTe7e | iTe7me | ircomiforermo | imeec _|ircenz. | ircemt | imcemo
Enable R RAV R R/W
8] 0
NMI INTWD
INTNMWDT NMI & INTWDT EFH INCNM - > - ITCWD - - -
Enable R R
0 . - - 0 - - -
IXxM2 | IxxMA_| \xxMO 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 4n 0 1 1 Sets ?nterrupt pr?or?ty level to 3.
interrupt requestflag 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.
Anlinterrupt 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 0
[IMCO | Input mode | (Prohibit NMI
Control 0 RMW) 0:Falling
1:Falling
and
Rising
I7LE I6LE ISLE 14LE I3LE I2LE 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:kevel 1:Level 1iLevel 1:Level
I7TEDGE I6EDGE ISEDGE I4EDGE._NI3EDGE I2EDGE ITEDGE I0OEDGE
R/W
Interrupt FBH 0 0 0 0 0 0 0 0
1IMC2 | 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 /High /High
1:Falling 1:Falling 1;Falling 1:Falling 1:Falling 1:Falling 1:Falling 1:Falling
/Low /Low /bow /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 ISEDGE
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_todNTB before changing INTQ to B pins mode from “level” to “edge”.

Setting example for case of INTO:

DI
LD (1IMC2), XXXXXXX0B ; change from “level” to “edge”.
LD (INTCLR),.0AH ; Clear interrupt request flag.
NOP ; Wait El execution.
NOP
NOR
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)
Int;l;;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
_4£  Rising edge <I1LE> = 0,<MEDGE>\= 0
R Falling edge <MLE> = 0,<MEDGE>=1
INT1 PF2 :
T High level <I1LE> = 1,<[{EDGE> =0
A,/ Lowlevel <MLE>=1,<MEDGE> = 1
_f  Rising edge <I2LE> = 0,<I2EDGE> = 0
T Falling edge <I2LEF(=0/<|2EDGE> = 1
INT2 PF4 .
T High level <I2LE>="1,<|I2EDGE> =0
A,/ Lowlevel <|2LE>=1,<I2EDGE> = 1
4 Rising edge <I3LE>= 0,<I3EDGE> =0
T Falling edge <|3LE> = 0,<I3EDGE>=,1
INT3 PF6 -
igh leve <[3LE>=1,< $e
T Highlevel [SLE 1,<I3EDGE 0
A, Lowlevel <I3LE> =1,<I3EDGE> =1
_f  Rising edge <|4LE>=0,<I4EDGE> =0
T Falling\edge <l4LE> = 0,<I4EDGE> = 1
INT4 PKO :
T Highlevel <I4LE> = 1,<I4EDGE> =0
\ [ Low level <l4LE>=1,<I4EDGE> = 1
4/ —Rising edge <I5LE> = 0;<I5EDGE> = 0
i Falling edge <I5LE>=0,<I5EDGE> = 1
INT5 | PK1 ,
7T High level £I5LE> = 1,<I5EDGE> = 0
N, [~ Lowlevel <I5KE> = 1,<I5SEDGE> = 1
£, Risingedge <I6LE> = 0,<IBEDGE> = 0
% Falling edge <I6LE> = 0,<IGEDGE> = 1
INT6 BK2 :
T High level <I6LE> = 1,<IGEDGE> = 0
A,/ Lowlevel <I6LE> = 1,<I6GEDGE> = 1
_f Rising edge <I7LE> = 0,<I7TEDGE> =0
AL Falling edge <|7LE> = 0,<I7EDGE> = 1
INT7Z PK3
7L Highevel <|7LE>=1,<I7TEDGE>=0
2,/ ~Lowlevel <I7LE> = 1,<I7TEDGE> =1
_f  Rising edge <I8LE> = 0,<I8EDGE> =0
T Falling edge <I8LE> = 0,<I8EDGE> = 1
INT8 PK4 -
T High level <I8LE> = 1,<ISEDGE> = 0
A,/ Lowlevel <I8LE> = 1,<IBEDGE> = 1
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Function Setting of External Interrupt Pin (2/2)

Inteljrupt Sha}red Mode Setting Method
Pin pin
_f  Rising edge <I9LE> = 0,<I9EDGE> = 0
T Falling edge <I9LE> = 0,<I9EDGE> = 1
INT9 | PKS 7o High level <I9LE> = 1,<I9EDGE> = 0
2,/ Lowlevel <I9LE> = 1,<I9EDGE> =1
_+  Rising edge <IALE> = 0,<IAEDGE>'# 0
T Falling edge <|ALE> = 0,<IAEDGE> =1
INTA | PK6 :
T High level <IALE> = 1,<IAEDGE> %10
2,/ Lowlevel <IALE> = 1,<|AEDGE> = 1
4 Rising edge <IBLE> = 0,<IBEDGE> =0
T} Fallinf edge <IBLE>=0,<IBEDGE> = 1
INTB PKT T C High level <IBLE>'¢/A ,<IBEDGE> £ 0
2,/ Lowlevel <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:/NTA 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 isinvalid is effective is effective
1:INTTB51 1:INTTB41 1:INTTB31 1:INTB 1ANTA 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\|. FJBOF2ST | TBOF1ST | TBOFOST
RMW
0 0 0 0 0 0
Read: Read: Read: Read: Read: Read:
Interruption 10DH O:Interruptio | O:Interruption | O:Interruption | O:Interruption” | O:Intefruption | O:Interruption
INTST generating (prohibit n un-generating'| un-generating | un-generating| un-generating | un-generating
flag RMW) un-generating | 1:Interruption/| 1:Interruption “{.¥:Interruption | 1:Interruption | 1:Interruption
1:Interruption’ | generating generating generating generating generating
generating Write: Write: Write: Write: Write:
Write: 0:*Q” clear 0:"0” clear 0:"0” clear 0:"0” clear 0:"0” clear
0:"0” clear 1:Don’tcare | 1:Don’t care |—+:Don't'care | 1:Don’tcare | 1:Don't care
1:Don’tcare
- IRBLE IR2LE IR1LE IROLE
w R/W
SIO F5H 0 1 1 1 1
SIMC | Interrupt | (Prohibit f  Note: O:INTRX3 | O:INTRX2 [ O:INTRX1 | O:INTRXO
control RMW) Write “1” edge mode | edge mode | edge mode | edge mode
TINTRX3 1T:INTRX2 1:INTRX1 1:INTRXO0
level mode | level mode | level mode | level mode

Note 1: The default priorities 24,26, 47 10 49 are making-the.interruption factor serve a double purpose. It is
necessary to cheese the/interruption factor used.in an-interruption 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 itin a generating flag register.

Note 3: The interruption level setting register of cembination interruption should clear an interruption demand
flag in an INTCLR register, before changing an INTSEL register.
Moreover, re-set an interruptidevel 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 - - - - W _ _ - -
INTCLR | clear (Prohibit
control RMW) o [ o [ o | o [fco~nf o [ o | o©
Interrupt vector

(5) Micro DMA start vector registers

This register assigns micro DMA pro¢essing to which interrupt seurce. The
interrupt source with a micro DMA start vector that matchés.the\vector set in this
register is assigned as the micro DMA start source.

When the micro DMA transfer ¢ounter. value reaches 0”, the, micro DMA transfer
end interrupt corresponding to the channel is sent to the intérrupt controller, the
micro DMA start vector register.ds.cleared, and the/ miér6/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/ get 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 trangfer, is completed. If the micro"DMA start vector for this channel is not set
again, the néxt micro DMA is started for the channel with the higher number (Micro
DMA ¢haining).
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Symbol NAME address 5 | 4 | 3 | > ‘ 1 | 5
DMAO DMAO start vector
DMAOV | start 100H DMAOV5 | DMAOV4 | DMAOV3 | DMAov2 | DMAov1 | DMAOVO
vector RANV
o [ o | o [~o [ o [ o
DMA1 DMA1 start vector
DMA1V | start 101H DMA1V5 | DMA1v4 | DMA1V3 | ‘DMA1V2 | DMA1VI | DMATVO
vetor R/W
o [ o 4 o) [ o [ o
DMA2 DMAZ2 start vector
DMA2V | start 102H DMA2v5 | DMA2v4 | DMA2v3- ] DMA2v2 | DMA2v1 | DMA2VO
vector RIW
o | oo~ e~ o }J~0 | o
DMA3 DMAS3 start vector.
DMA3V | start 103H DMA3V5 | DMA3V4]. DMA3v3 | DMA3v2-| 'DMA3VA | DMA3VO
vector R/W
o Vo)) or] 0] 0 | o
DMA4 DMA4 startwector
DMA4V | start 104H DMA4V5 |-DMA4v4 | DMA4v3 | DMaav2 | BMA4v1 [ DMA4vo
vector R/W
o p o [ o P )g [ o | o
DMA5 DMAS5 start vector
DMAS5V | start 105H DNASVS | DMASV4 | DMABV3 | DMASV2 | DMASV1 | DMASVO
vector RW
o /o f~0 [ o [ o [ o
DMA6 DMAG start vector
DMA6V | start 106H DMA6V5 | DMA6V4. | pMA6v3 | DMA6v2 | DMA6V1 | DMABVO
vector R/W
o4 o | o [ o | o [ o
DMA7 DMAY start vector
DMA7V | start 107H DMA7V5-|-DMA7V4 | DMA7V3 | DMA7V2 | DMA7V1 | DMA7VO
vector R/W
o {20 | 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 1specifies 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 (o 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, ex¢eute “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‘cleareéd. Thus, when be changed
interrupt request level to “0”, change it after clearéd corresponding interrpt request by
INTCLR instruction.

In the case of changing the value of the interrupt mask register <IEF2:0> 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 démand'spécial 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 (INFB-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 charnged ffom edge mode to level mode,
the interrupt request flag is cleared automatically:

nce as a result of INT x (x[10to 7)

INTO to INTB i revert to “0” before the Halt state has been
level mode

ode to edge mode, interrupt request flags
t be cleared. Interrupt request flags must be

(lIMC2),0
LD (IN lears interrupt request flag.
b NOP —Wait El execution.
NOP
NOP

El [)

INTRXO to INTRX3

The interruptrequest 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 facterto 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.Micr6 DMA starting/is alsq that‘only which or
one of the two can be used. In order to change the interruption factor to be used;.it is necégsary 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 INTIUINTY terminal input)
will occur, if INTSEL<DP26SEL> is set as "0."

3)INTTB31/INTTB30
The interruption table / interruptiom level setting register \is—made to serve a double
purpose.Therefore, it cannot be used stmultaneously.Micre' DMA-starting is also that only which or
one of the two can be used. In order te-changethe interruption factor to be used, it is necessary to set
up INTSEL<DP47SEL>.It disappéats, even if interruption-of INT'TB30(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 levell 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 ¢an beused. In order to change/the interruption factor to be used, it is necessary to set
up INTSEL<DP48SEL> It-disappears;even if interryption of INTTB40(16-bit timer 4) will occur, if
INTSEL<DP48SEY.>is set as "1." It disappears, even if interruption of INTTB41(16-bit timer 4) will
occur, if INTSEL<DP48SEL> is set as "0"

5)INTTB51IANTTB50

The interruption/ table / interruption level setting register is made to serve a double
purpoée.Therefore, it cannot be.used simultaneously.Micro DMA starting is also that only which or
one of\the two can be used. In-orderto.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>(s set\as."1.")It disappears, even if interruption of INTTB51(16-bit timer 5) will
occur, if- INTSEL<DP49SEL>4s 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.

92CM27-57 2005-04-20



TOSHIBA

TMP92CM27

3.5 Function Ports

TMP92CM27 has /O port pins that are shown in Table 3.5.1 in addition to functioning as
general-purpose 1/O ports, these pins are also used by internal CPU~and I/O functions. list 1/0

registers and their specifications.

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

Port Name Pin Name I\(I)lerFr)li?gr /@] R I/O Setting Pin Name forbuilt-in function
Port 1 P10to P17 8 (e} - Bit D810-D15
Port 6 P60 to P67 8 /10 - Bit Al6toA23

P71 1 /10 U Bit WRLE
P72 1 /10 U Bit WRLU
P73 1 (e} - Bit RIW
Port 7 P74 1 /10 ) Bit SRWR
P75 1 110 u Bit SRLLB
P76 1 /@] U Bit SRLUB
P77 1 /10 - Bit WAIT
Port 8 P80 1 Output | £ (Fixed) |cso
P81 1 Output { = (Fixed) CS1
P82 1 Output'|\ — (Fixed) cs2
P83 1 Outplit | ~= (Fixed)——{.CS3 /SDCS
P84 1 Outpuit [~ — (Fiked) cs4
P85 1 Output, | — (Fixed)~ ] CSB /wDTOUT
P86 1 1o - Bit BUSRQ
P87 i mn | - 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
PortA PAO 1 (e - Bit RXDO
PAZY 1 /O - Bit TXDO
PA2 1 mn | - Bit SCLKO/ CTSO
PA3 1 /O - Bit RXD1
PA4 1 /O - Bit TXD1
PA5 1 o) - Bit SCLK1/CcTs1
Port C PCO 1 /10 - Bit SOO0/SDAO
PC1 1 /10 - Bit SI0/SCLO
PC2 1 (e - Bit SCKO
PC3 1 (e - Bit SO1/SDA1
PC4 1 (e - Bit SI1/SCL1
PC5 1 (e} - 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;(;r 110 R I/O Setting Pin Name for built-in function
Port D PDO 1 I/0 - Bit HSSIO
PD1 1 110 - Bit HSSO0
PD2 1 110 - Bit HSCLKO
PD3 1 /@] - Bit RXD2
PD4 1 /@] - Bit TXD2
PD5 1 e} - Bit SCLK2/cTs?
Port F PFO 1 110 - Bit TAOIN/INTO
PF1 1 (e - Bit TA10UT
PF2 1 110 - Bit TA2IN/INT1
PF3 1 110 - Bit TA30UT
PF4 1 110 - Bit TA4IN/INT2
PF5 1 110 - Bit TAS50UT,
PF6 1 /@] - Bit TAGBIN/INT3
Port J PJO 1 110 7 Bit TBOOUTO
PJ1 1 /@] - Bit TBOOUT1L
PJ2 1 /@] < Bit TB1IOUTO
PJ3 1 e} - Bit TB1OUT1
PJ4 1 HQ > Bit TB20UTO/TB40OUTO
PJ5 1 /O - Bit TB20OUT1/TB40OUT1
PJ6 1 e - Bit TB30OUTO/TB50UTO
PJ7 1 (0] - Bit TB30OUT1/TB50UT1
Port K PKO 1 Input - (Fixed) TBOINO/INT4
PK1 1 Input - (Fixed) TBOINL/INT5
PK2 1 lnput | — (Fixed)y | TBLINO/INT6
PK3 1 Input | - (Fixed) |TBLINL/INT7
PK4 1 Input - (Fixed) TB2INO/INT8
PK5 1 Input. |\~ (Fixed) |TB2INL/INT9
PK6 1 Input | < (Fixed) | TB3INO/INTA
PK7 1 nput = (Fixed) TB3INL/INTB
Port L PLO 1 /8] - Bit PGOO/RXD3
RPL1 1 /@] - Bit PGO01/TXD3
PL2 1 e} - Bit PG02/SCLK3/CTS3
PL3 1 /@] - Bit PGO3/TA70UT
PL4 I /@] - Bit PG10/HSSI1
PL5 1 (e - 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

PnFC2

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

RIW

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 (witheut pull up)

Input Port (with pull up)

Output Port

SRUB

P77

[nputPort

Output’Port

WAIT

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

P OO P OO|O| PP OO|O| P OC(OC| PP O|O| P OO/ | K OIQ|O| F

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

X: Don't care

. S I/Q 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 NORe 1
P82 Output Port X 0
cs2 output X 1
P83 HAR— b X 0 Q
cs3 output X 1 0
SDCS output X . S
Reserved X 0 1
P84 Output Port X 0 None
CS4 output X !
P85 Output Port X 0 0
CS5 output X 1 0
WDTOUT ‘Gutput 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
Port 9 P90 to/P96—{-Qutput 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

PnFC2

Port A

PAO

Input Port

o

(@)

Output Port

RXDO input

None

PAl

Input Port

Output Port

TXDO output

o|o|0o

TXDO (open drain) output

=Y

PA2

Input Port

Output Port

SCLKO/CTSO input

SCLKO output

None

PA3

Input Port

Output Port

RXD1 input

Nene

PA4

Input Port

Output Port

TXD1 output

o|O0|o

TXD1 (open drain) eutput

[E=Y

PA5

Input Port

Output Port

SCLK1/ CTS1 “input

SCLKY gutput

None

Port C

PCO

Input Port

Output Port

SO0 output

SDAO.I/O

SO0 (open drain) output

SDAD (open drain) I/O

PC1

lnput Port

Output Port

SI10 input

SCLO /e

el =][=l{=ll gl Jle]lle]la] (]

SCLO (open_drain)+O

[EnY

PC2

Input Port

Output Port

SCKO input

SCKQO output

KX XX DX XXX X X XXX X | XY/ X XXX XXX [ X[ X ><><><><><><><><><><§

R|lo|k|o|r|o|lo|r|o|r|o|r|o|r|o|r| oklo|rir/rlo|o|r|o|~| o|r|alz |k iklolol-

Rlr|lololkr|k|k|lo|lo|k|k|F|lk|lookr| Rlo|lor|rlo|dk || ~|lo|lo|k|r ook |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

1/Q register

PnCR™{. PnFC

PnFC2

Port C

PC3

Input Port

o
D

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 /O

dfellellelig ] g (o] (o] (e

SCL1 (open drain) I/O

=Y

PC5

Input Port

Output Port

SCK1 input

SCK1 output

Nene

Port D

PDO

Input Port

Output Port

HSSIO input

None

PD1

Input Port

Output Port

HSSOO0 output

None

PD2

Input Port

Output/Rort

HSCLKO \output

None

PD3

Input Port

Quitput Port

RXD2_input

None

PD4

[nput Port

Qutput Port

TXD2 output

o|0|Oo

TXD2 (open-drain) output

[ERN

PD5

Input Port

Output-Port

SCLK2/€TS2 input

SCLK2 output

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

| o|lr|or|r|r|olo|r|ok|r|o|r |k |olo|r ol |oi|o|r|o|o=lof- Tl |-
R| kr|lo|o|k|r|lo|or|o|o|r|o|o|r|o|o|r|olofH|H| oot |k |k ook |-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

1/Q register

PnCR™{. PnFC

PnEC2

Port F

PFO

Input Port

o
D

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 (=[] =]

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

TAS50UT odutput

None

PF6

Input Port

Output/Rort

TAGIN input

INT3input

[l (=] [=] (=]

Port J

PJO

Input Port

Output Port

TBOOUTO output

PJ1

Input Port

Qutput Port

TBOOUT1 output

P32

Input Port

Output-Port

TB1OUTO output

PJ3

Input Port

Output Port

TB1OQUTO output

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

[l Il (=l Ll (=] g g (el g g (el (el (o) [ g el ol | o) (el el Slel L (Dl (el el le] |l (e] I | Dd (e {e) (o] o)
[llellell Jlellell llellell Jlellel] Jl Jlellell Jlellel il Jlelieollollelleol Jl llellell Jlellel] il i le]

None
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Table 3.5.2

I/O Port and Specifications (6/7)

X: Don't care

Port

Pin name

Specification

1/Q register

PnCR™{. PnFC

PnEC2

Port J

PJ4

Input Port

o
D

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

e I I R R = Y (S [T VR [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

TBIINL input

INT 7 input

PK4

Input Port

TB2INO input

INT8 input

PKS

Input Port

TB2INL-input

INT9 input

PK6

Input Port

TB3INO input

INTA/input

PK7

Input\Rort

TB3INLinput

INTB input

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

None

Rl olkkro|kR|Fk|O|kR|k|Oo|k|k|o|k|k|okR|kR|O|R RO/ Do R ook |k |lo|lo|r|k|o

R|O|O|R (OO |O|O|(FR|O|O|R|O|O|R|O|0O|R|O|O|R |00 |Olo10 | r[o|o|D k| 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

1/Q register

PnCR

PnFC

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 Rort

PG11-output

HSSO1 output

PL6

Input Port

Output Port

PG12 output

HSCLK1 output

PL7

Input Port

Output Port

SR E R EE R R G e = R R E R Y i (= =) P

O|0|R|O|0|0|r|O|0|0|r|O|0O|O|r|o|o|o|rT P |ofo|or | r|o|lo|o|o|o|o

PG13 output

[E=Y

o

Port M

PMO to PM7

Input Port/KEY IN inpGt

ANO to AN7 input

None

None

Port N

PNO.to PN2

Input Port

ANS to’AN10 input

PN3

Input.Part/ ADTRG

ANIT\nput

XXX XXX XXX X XXX X X B XX X XK XXX XXX ><><><><><><><><><><><><><§

None

el el el Jlellelle]l Jlellelle]l Jdiellellell llellell gy elie) (o] el lisllel] Jlel] Jlellel] i 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
9] c a c o c ol o c o
[ad o = o = o = o - 5] -
53| 238| 55| 2%| 58 |36/53|38|385| 2%
C = (=] C = cwm C = c/n C = [ =] C = cwn
23 |2 | 28 |zt | 23 =2 |28|=2| 28| =2t
— < o p < o p <o | = <O p < o
< Q < o < Q| < a < Q
DO to D7 DO to D7 OFF o |- OFF - OFF - OFF - OFF -
Zcg
P10 to P17 | D8 to D15 OFF % % g ON OFF | OKF/| 'OFF | OFE | 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 - |OFFE} ~\|OFF| - | OFF
(*1)
P73 - ON - ON -~ [OFF - /Jorrl = JoFr| - [ oOFF
P77 WAIT ON ON [ oN'| OFF)| OFF | OFF||OFF)| OFF | OFF | OFF | OFF
P80 to P85 - -
P86 BUSRQ ON ON ON ON OFE ON OFF | ON | OFF | OFF | OFF
P87 - ON - ON - | OFF - JJorr| - [oFr| - [ 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 - ONZ [VOFF | 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 SDA1l ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC4 SIT/SELL ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PC5 SCK1 ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
RPDO HSSIO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
PD1to RD2 A 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
PDS 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 Flrj]giglgn % ZDRVES = 1| <DRVES =0
Q c o| & o c a| ¢ a| ¢ a
22 12| 28| =2¢ 23t/ 282 | 28| 2¢
2 < 8_ z < 8_ 2 < 8_ z < 8_ z < 8_
PFO TAOIN ON ON ON ON OFF ON OFF | ON |[,OFF.| OFF | OFF
INTO ON
PF1 - ON OFF ON OFF | OFk OFF | OFF+ OFFE | OFF {-OFF | OFF
PF2 TA2IN ON ON ON ON OFF ON OFF 1 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 OFk \+~ON) | OFF | OFF | OFF
INT2 ON
PF5 - ON OFF ON OFEF. | 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 Y 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 OEF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK4 TB2INO ON ON ON ON OFF ON OFF | ON | OFF | OFF | OFF
INT4 ON
PK5 TB2INT 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 ITB3IN1 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
RL1 + ON OFF ON OFF | OFF OFF | OFF | OFF | OFF | OFF | OFF
PL2 5%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
. Flnp?t g state IDLE2 IDLE1
ort name unction »
name = <DRVE> = 1 |<DRVE> =0
(%]
)
© | S, 55|88, |53 8483 8|55 8.]s2
o 5 [ RN ] o 5 o o o5 [e Ry} o 5 oo o 5 oo
C = cwm C = cwn C c 0 C = cwn C = cwn
23| 28 | e &8s | 28| 2| 28| ¢
2% || S | Ko |/ =K | Y| 2| P | <0
< 2| < e | a| & a [ N& a
ANO to
PMOto 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 | OFE (| OFF.| OFF | OFF{OFF | OFE/ 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 toflow 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.
2005-04-20
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Output buffer state table (1/3)
Output buffer state
HALT state
CPU STQP STOP
Operation
Output 2 state IDLE2 IDLE1
Port name | Function ® - —
name § <DRVE>=1| <DRVE> =0
(0] c a c o c o’/ c al| o
x o = o = o = o = o =
28 || 28| =¢ 23l 28 =228 =&
c? | | S| 5| SO\ |\Eg) || Zs| S| <35
< Q < Q. < Q| < Q| < o
DO to D7 DO to D7 OFF _ - ON - OFF - OFF - OFF -
D8 to D15 284
P10 to P17 OFF 1z &% 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 Ccs3/sbcs ON ON ON ON ON ON ON ON ON | OFF | OFF
P84 cs4 ON
P85 css/ ON
WDTOUT
P86 - OFE - ON 5 ON - ON - ON - OFF
P87 BUSAK OFF ON ON ON ON ON ON On ON | OFF | OFF
P90 SDWE
P91
SDRAS <PXDR>=1:0N
P92 SDCAS
P93 |sbLibQm} ON | ON_| ON <PXDR>=0:0FF
P94 SDEUDQM
P95 SDCKE
P96 SDCLK
PAO - OFF OFk ON OFF ON OFF ON | OFF | ON | OFF | OFF
PA1 TXDO OFF ON ON ON ON ON ON ON ON | OFF | OFF
PA2 SCLKO QOFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PAS3 - 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
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Output buffer state table (2/3)
Output buffer state
HALT state
CPU STOP STOP
Operation
Output % state IDLE2 IDLE1
Port name | Function 7]
name § <DRVYE>=1| <DRVE> =0
Q c a c a c a | ¢ al ¢ a
[ad o = o = o = o = o =
5o | 28|82 | 28| 52|28 8e|28|5s| 25
S| S2| S8 |S2| S8 (S2 58 |S2|58| 52
2?2 | 25| £ | &5 20| &g | S| 2| <
< o < o < Q| < o 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  ‘GN |\ 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‘.Y OFF | OFF
PC5 SCK1 OFF ON ON ON ON ON ON/]-ON_[~ON | OFF | OFF
PDO - OFF OFF | ON OFF | ©N 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 OFE |~ 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 OFE ON ON ON ON ON ON | ON | ON | OFF | OFF
PF6 - OFF QFF | ON OFF-|—ON OFF ON | OFF | ON | OFF | OFF
PJO TBOOUTO | ~OFE ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ1 TBOOUTL | OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ2 TB1OUTQ | / OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PJ3 TB1OUTL | {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
TB20UT1/
PJ5 TBAOUTL OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB30OUTO/
PJ6 TB50UTO OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
TB30OUT1/
P37 TB5OUTL OFF ON ON ON ON ON ON | ON | ON | OFF | OFF
PKO toPK?Z - -
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Output buffer state table (3/3)

Output buffer state
HALT state
CPU STOP STOP
Operation
Output g state IDLE2 IDLE1
Port name | Function 17
name § <DRYE>=1| <DRVE> =0
(O] c o c a c o c o c o
x o = o - o - o - 5] -
281 2| 28| =¢ 2L tee)| 28| 2|28 Z¢
— < o - < o ) << o - < o - < o
< Q < o < Q| < o1 X aQ
PLO PG00 OFF ON ON ON ON ON ON ON ON\| OFF | OFF
PL1 ';%g OFF | oN | oN | oN | ok} /oN™| oN | oN/[-ON ['OFF | oFF
PL2 PGO2 | 5er | oN | oN | ON foN|“on | on | on | ON/| 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/ | 5er | oN | oN. | on | on/on L 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.aspecific terminal turns. OFF-at)the time of bus release.
OFF : The buffer is always turned off.
- :No applicable
*1 : Port having a pull-up/pullsdown-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/O port, portl can’ also function
as a data bus (D8 to D15). Moreover, with the combiriationof AM1 and AMO
shown below, Port1 is set as the following function aftér reset release.

AM1 AMO Function Setting after Reset is Réleased
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 ¥
o R
3 Output latch A S
® Selector
() Port 1
g D8 to D15 P1 write Outplﬁbuffer P10 to P17
= 2 B (D8 to D15)
\/I\}_G_
1
\I\I_CL‘—(—Pl Read
1
I~ - “— External access(Data read)

Figure 3.5.1 Port1
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Port 1 register

7 6 5 4 3 2 L 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) X
Read/Write w
After reset 0 ! 0 ! 0 ! 0 { 0 ! 0 t 0 ! 0
Function Refer to following table
| ° J
L
Port 1 Function register
7 6 5 4 3 2 1 0
P1FC | bit Symbol P1E
(0007H) Read/Write W
After reset | | | | | | : 0/1*
Function Referto following table
| |
=—>  Port 1 function’setting
Note 1) Read-modify-write is prohibited for PICR,P1FC. PHCPIE>
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 P15="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 functiortregister 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 combinationof AM1 and
AMO shown below, Port6 is set as the following function afterreset release.

AM1 AMO Function Setting after Reset is-Releaséed
Don’t use this setting
Address bus(A16 to A23)
Address bus(Al16 to A23)
Don’t use this setting

kR, OO
= 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 P6FC write
IS V
o R S
g Output latch A =
g g
= § y{ | Port6
P6 write B Otitput-buffer P60 to P67
(A16 to A23)
A16 to A23 —l
S
B
4 5
(&)
I 8
(]
I~ P6-read w A

Figure 3.5.3 Port 6
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Port 6 register
7 6 5 4 3 2 1 0
P6 bit Symbol P67 P66 P65 P64 P63 P62 P61 P60
(0018H) | Read/write R/W
After reset Data from external port(Output latch register is cleared to "0")
Port 6 Control register
7 6 5 4 3 2 1 0
PECR | pit Symbol | P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) -
Read/Write W
After reset 0 0 0 0 0 i 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 PG3F P62F P61F P60OF
(001BH) Read/Write W
After reset 1 1 1 1 ' 1 1 l 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,PGFEC.
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3.5.3

Internal data bus

Port 7 (P71 to P77)

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

Reset

Port 71 to P77 is a 7-bit general-purpose 1I/O port. Bits canbe individually set as
either inputs or outputs by control register P7CR and function register R7FC. 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 1/0O port function.P71 to P77 become
input mode after reset.

"ﬁ

Direction control

Bus release state
1 :release
0 : un-release

(on bit basis)

[\
P7CR write

Function control

(on bit basis)

I’

T
P7FC write

2]

S
Output latch

P7 write

b

Selector

WRLESWRLY
SRWR

SRLLB (SRLUB
1

vs]

|

(0]

\‘xl

P7 read

Output. buffer

Y

pxch |Programmable
Pull-up

>—|:| Port 7

P71(WRLL )
P72(WRLU )
P74(SRWR )
P75(SRLLB )
P76(SRLUB)

Selector

Figure3.5.5 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.

92CM27 - 77

2005-04-20



TOSHIBA

TMP92CM27

) 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(RI W)

<

Selector

(o8]

Quitputt buffer

Y

o

P7 read

Selgctor ¥ J

>

Figure 3.5:6, Port 7(P73)

Nete) When atérminal is set as Rlw , at-thetime of bus release, an output buffer is not concerned with an output setup of

control register P7CR, but is turmed 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

v3}

‘[\1

P7 read

Selector ¢, J

-
Output buffef

P77(WAIT )

Y

>

WAIT

f

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)|' Readwrite R/W
Data from external port(Output latch register is set to("1")
After reset
. - 0:Pull-up register OFF - 0:Pul-up-register OFF
Function . A
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 R72C P71C
(001EH) Read/Write W
0 [ I T R e 0 O~ b -
After reset
0: Input 12 Output
Port 7 Functian register
7 6 5 4 3 2 1 i
P7FC | bit Symbol P77F P76F P75F P74F P73F P72k 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
unetion 1: WAIT 1:SRLUB | +SRLLB_“}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 [nput port Input port aput port put port Input port Input port
0 1 Qutput port Output port Output port Output-port Output port Output port Output port
1 0 WAIT Reserved Reserved Resérved Reserved Reserved Reserved
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€ accordingtothe state of’an input terminal.
Note 2) Read-modify-write is prehibited for P7CR and P7FC.
Note 3) I 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 /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( WDTOUT ).

These functions operate by setting the bit concerned of PBCR, P8FE andP8FC2 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.

R Bus releage state
M\, Reset 1: release

,41 0 :(un-release
Function control l—‘ )>_
(on bit basis) 1
T
P8FC write
4
Ke)
© 1
© S S
o Output latch A
g N D
5 Selector P
c T . B
P8.write I_) e
A O P80(cso)
CS0,CS1,€S2 P81(cs1)
P84(Cs4)
<
By P8 read

Figuare 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
o P8 write
£
cs2
1
N T
P8 read

Figure 3.5.10.~Port 8(P82)

[\] ps2(cs2)

92CM27-82

2005-04-20



TOSHIBA TMP92CM27
(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

Figure3.5.11 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

!

\rl

P8 read

S

U Ccss A
Selector_
wpTouT—> B

Figure 3.5.12 POrt8(P85)
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(5)P86(BUSRQ)
P86 functions as input (BUSRQ) of the function of bus open besides the 1/0 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 1/0 port function.

v/ Reset
Function control
(on bit basis)

T
P8FC write
Direction control
(on bit basis)

P8CR write —

—l P87(BUSAK.)
S S
Output latch A

Internal data bus

Selector

T
P8 write |—> B

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 RP84F 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 07 Port OPort 0: Port
UNCtoN 11 BUSAK |1:BUSRQ | 1:<P85F2>1: CS4 1:<P83F2>{1: 252 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 - z
1: wDTOUT 1:SDCS
|—) P85 funetion 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 P82 to CS2 after releasing reset.
The period when (P8C<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 Port 9 (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. Thevalue of POFC<P95:P90
> is reset in "0" by the reset operation, and P95 to P90 bécomes ‘afy’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. Itsets it by the P9DR register.

Bus release state

M 1: release
Reset 0 : un-release
Function control >)
(on bit basis) !
P9FC write
[2] 1
>
8 S S
% Output latch A
% Selgctor %
c ) I_—) B
o P9 write
[
= SDWE
SDRAS
SDCAS
SDEEDQM
SDLUDQM
SDCKE
1
N P9 read
Figure 3.5.16—Port-9(P90 to P95)

= P90( SDWE))

R91( SDRAS)

P92(/SDCAS )
P93(SDLLDQM)
P94(SDLUDQM)
P95(SDCKE)

92CM27-88

2005-04-20



TOSHIBA TMP92CM27
Bus release state
Y 1: release
Reset 0 : un-state
Function control Do
(on bit basis) 1
P9FC write
[2] l
a S S
g Output latch A
(:; Selector 1% D P96(SDCLEK)
c B
Q 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 4 1 41 b1 41 1 ol
Port 9 Function register
7 6 5 4 3 2 1 0
POFC bit Symbol P96F P95F P94F P93F PO92F 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 O: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 P97D 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/ingide of HALT is also driven

(The purpose of use and the usage)

= This register sets up the state of éach-pin at theé time of standby mode.
Set the state of the pin expected before~the "HALT" cammand 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 fellowing tables.

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

Note) Read-modify-write is ‘prohibited for ROFC.

Figure 3:5:18 Port9 register
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3.5.6 Port A (PAO to PA5)

Port A is an 6-bit general-purpose 1/O 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 1/O function of the serial cannel 0(RXDO, TXDO, SCLKO/CTSO0 ).
* The I/O function of the serial cannel 1(RXD1, TXD1, SCLKl/FSl).

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/aetion;~and all 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’sérial channel 0 and/1.in addition to an I/O
port.

M Refet

Direction control
(on bit basis)

PA(?R write
T —3

Function cntrol
(on bit basis)

4
PAFC write

R
S

Output lateh
ki
BA ke - > [ ]PA0 (RXDO)

PA3 (RXD1)
—
S~B @
1
<l Selector
I~ PA read A

Internal data bus

RXDO
RXDBY

Figure 35.19 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 1/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 drajn sétup-i$ possible.
slcg PAFC2 write <PA1F2/PALFR>=11,<P1AC>=1
= <RA4F2,PA4F>=11,<P4AAC>=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 \Paft A(PAL,PA4)
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(3)PA2(CTS0 ,SCLKO),PA5(CTS1,SCLK1)

PA2 and PA5 have a function as an CTS input or SCLK /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)
Qo
[ 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)
PA5 (SCLKL,CTS1)

92CM27-93

2005-04-20



TOSHIBA TMP92CM27
Port A register
7 6 5 4 3 2 1 0
PA bit Symbol PA5 PA4 PA3 PA2 PAl 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 E 0 i 0 0
After reset <
Refer.ta following-table
Port A Function register
7 6 5 4 3 2 1 0
PAFC | bit Symbol PA5SF PA4F PA3F PA2F PATE PAOF
(002BH) | Read/Write W
After reset 0 | 0 0 | 0 { 0 0
Function Refer to following table
Poft A Funetion 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
tablé table
Port A function setting
<pAxF2> | <PAXF> | <PAXC> PAS PA4 PA3 PA2 PA1 PAO
0 0 0 Input port Input port Input-port Input port Input port Input port
0 0 1 Outplt port Outplit-port Output port Output port Output port Output port
0 1 0 SCLK1/ CTS1 Reserved RXD1 SCLKO/ CTSO Reserved RXDO
0 1 1 SCLK1 T%D1(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 T 1 TXD1(0.D Ena) TXDO(O.D Ena)

Note 1) Read-modify-write is’prohibited for PACR, PAFC and PAFC2.
Note 2) RXD0/1, SCLKO/1, CTSO 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, SI11/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 resetaction;-and all bits serve as an input

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

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

PCO and PC3 have a function as I/O of the serial businterface 0 and 1 in addition to an-l/O port.

Moreover, when using it as an output of the serial bus jinterfdces 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,P€3C>register.

Reset

—

Direction control

(on bit basis)

1
PCCR write

Function control

(on bit'basis)

A
PCFC ‘write

S
Output latch

—>A S

Internal data bus

CE

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

¥ Selector

PC write I_) B

SDAO0/SDAL1 output
SO0/SO1 output

R’

Function control ;
i — L = Open drain
(on bit basis) control

)
PCFC2 write

W™
PC read

S B

d Selector

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 dfain-setap, is possible.

<PC1F2,PC1F>511,<PC1C>=1
<PC4F2,PC4F>Z11,<PC4C>=1

iy ] Pci(scLo,sI0)

L) Selector
PC write | B

SCLO output
SCL1 output

Function control Opén/drain
(on hit basis). [~ contfol

T
RCFC2/write

PC4(SCL1,SI1)

A S
W
PC read

SB

elector

A

SCLO/SI0 input
SCLA/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

3
S
Output latch A S
" R PC2(SCKO),

PC write Selector | D PC5(SCK1)

—
SCKO output B

5% 74
<] Selector

SCK1 output
\rl

PC read A

Internal data bus

SCKO input
SCK1 input

Figure-3,5.25 Port C(PC2,PEb5)
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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 registér,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 E 0 0
Refer ta following table
Port C Function register
PCFC 7 6 5 4 3 2 1 0
(0033H) bit Symbol PC5F PC4F PC3F PC2F RC1F 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 PE3F2 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> [ <PExC> PC5 PC4 PC3 PC2 PC1 PCO
0 0 0 Input port Input poft IHput port Input port Input port Input port
0 0 1 Output port Output port Qutputgort Output port Output port Output port
0 1 0 SEK1 input i1 input SOT output(0.D Dis) | SCKO input SI0 input SO0 output(O.D Dis)
0 1 1 SCK1 output|  SCL1 1/0(©.D Bis) 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 S00 H 7(0.D Ena)
1 1 1 SCLL1/O(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)~SDA0/1, SCLO0/1,~Sl0/I~and 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/O function of the high speed channel 0(HSSI0, HSSOO0, HSCLKQ)

These functions operate by setting the bit concerned of PDCR, PDFCand RPDFC2 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 N

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

yd
< 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 PortD(PD1;PD2)

Reset

Direction control

(on bit basis)

L)
RDCR-Write

Fufiction control

Internal data bus

(en/bit basis)

L)
PDFC write
T —3
Functigh control

(on bit basis)

)
PDFC2 write

S

Output latch

T
PD wite

A S

Selector

Open drain
control

[ ]PD1(HSSQO)
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 RD2C PD1C PDOC
(0036H) | Read/write \ W
After reset 0 : 0 : 9 - 0 : 0 9
Referto 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
Pert 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
tabfe
Port D function setting
<PDxF2> | <PDxF> | <PDxC¥ PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Inputport 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 I)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 PFFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action,“and all\bits’serye 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)

PFEC write
Functiopcontrol
(on bitbasis)

Internal data bus

PFFC2 write

! N

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

() PF6(TAGIN/INT3)

PF write
S B @

<1 Selector
Al

—~ PF.read

INTQ

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IIMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PF0,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 | > | _]PF3(TA30UT)

T
PF write B PF5(TAS50OUT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1/RF3;PF5)
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Port F register
7 6 5 4 | 3 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 T 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PE1C PFOC
(003EM)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 | 0 0
Refer to following table
Port F Function register
7 6 5 i 4 i 3 2 1 0
PFFC | bit Symbol PF6F PF5F : PF4F : PF3F PF2F PF1F PFQF
(003FH) | Read/Write W
After reset 0 o : o0 \Yg )l o 4 o 0
Function Refer to_following table
Port F Functionregister 2
7 6 5 14 L3 2 1 0
PFFC2 | _bit Symbol PF6F2 PFAR2. PF2F2 PFOF2
(003DH)| Read/Write w F oW W W
After reset 0 : . 0 0 0
Refer to Refer'to Refer to Refer to
Function following fallowing following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PES PF4 RF3 PF2 PF1 PFO
0 0 0 Input poft Input port Input port Jnput port Input port Input port Input port
0 0 1 Output port’ | Output port | Output port | Qutputpert |) Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Resefved TA2IN Reserved TAOIN
0 1 1 Reserved TAS0UT 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 I).Read-modify-write-is prohibited\.for PFCR,PFFC and PFFC2.
Note-2)-TAQIN, TA2IN, TA4IN and TAGIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup of afort.

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, TB4OUT1)
* 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;.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)
[
PJCR write
Function control
2]
3 (on bit basis)
Jut [
3 PJFC write
e
8 N AS
= Output latch PJO(TBOOUTO)
T Selector [ PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT) 1 Selectof
J AN
PJ read A

Figure 3.5.35 Port J(PJO,PJI1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
F
PJFC write
Function control)
E (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TBAOUTO)
o S
= A S (TB20UTY/
i<} Output latch TB4OUT1)
= A Selector
PJ write
spons B (TBBOUTQ/
TB20UT1 ¥8EQUT)
TB3OUTO —>{p S
TB30OUT1 (IB30OUT1/
TB40OUTO Selector TB50UTL)
TB4OUT1 —>(B
TB50UTO S
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 REE
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readwrite R/W
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 l : |
Function Refer tgfollowing tabte
Port J Functionregister 2
7 6 5 {4 b3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —RJAR2 .
(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 | Outputport > Output port | Output port | Output port | Output port
0 1 0 Reseryed Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB3OUTO TB20UTL TB20UTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reseryed Reserved Reserved
1 1 1 TB5GUT1 | TB50UTO- |“TB4OUT1 [ 'TB4OUTO
Note ) Read-medify-write is prohibited for PJICR,PJFC and PJFC2.
Figure3.5.37 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 PKFC and-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 reld PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Soiect Ieveladae PK5(TB2IN1/INT9)
INT7 \\—‘— 81’ 9 | PK6(TB3INO/INTA)
-
INTS Select Fisingltalling PK7(TB3INL/INTB)
INT9
INTA
INTB [IMC2<I4LE,I5LE,I6LE (7LEA8LE;I9LE,IALE,IBLE >
TBOINO IIMC3<I4EDGE;I5EDGE \6EDGE,|7EDGE,
ISEDGE,I9EDGE JAEDGE/IBEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INT
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register
7 6 5 4 i 3 1 0
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
7 6 5 | 4 | 3 1 0
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 | 0 ! 0 ! 0 ! 0 | 0 | 0
Function Refer to following table
Port K Function register 2
7 6 5 i 4 i 3 1 0
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKQF
(0051H) | Read/write W
After reset o | o0 0 o \Vg )| booo\\} ) 0
Function Refer tgfollowing tabte
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 RK3 PK2 PKX PKO
0 0 Input port Input port Input port Iaput port Input port Input port Input'port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INQ 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 RKFC and PKFC2:
Note 2) TBOINO/1, TB1INO/1, TB2INO/1and TB3INO/1 input-is\inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of afunctional setup of a/port.

Note 3) In setting (TBOINO to TB3IN1)/of setting (INT410 INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details:

Figure 3.5.39. Port K register

and <PKxF>Z1, 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 O(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/cTs3)
* The output function of 8-bit timer 7(TA70UT)
+ The I/O function of the high speed channel 1(HSSI1, HSSOX, 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,.and all 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 contrel
(on bit basis)

A
PLFE2 write

S
—>{-0utptu\latch A S
T Selector N PLO
PL write |—> B (PGOO/RXD3)
RG00 PL4
PG1Q S8 (PG10/HSSI1)
ﬂ Selectof
PL read A
S
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

N Selector

Open drain possible
<PL2F2><PL2F>=11

PLL
(PGOL/TXD3)

PL read A

Figure 3.5:41 Port L(PLL)

Reset

Directian control

(on bit basis)

0
PLCR write

Function control

Internal data’bus

on bit basis)

r
PLFC write
~_— 3
Function control
(on bit basis)

1
PLFC2 fwrite

S
Output latch

A S

PL2

T Selector
PL write B

PO ——~———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 (8

—

Internal data bus

PL read

S B

Selectof

L~

A

Figure 3:5:43Port L(PL3)

Reset

Directjon-contfol

(on bit'basis)

[
PLCRWrite

Function control

(on bit bagis)

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

P
PLFC2.write

S

A S

Output latch

17/
PL write

Selector
B

pPGll —————{A S

PG12
Selector
HSSOl_________ /o

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

[ 1Pr3

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLK1)
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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 l[\/ \% [] PL7(PG13)

1
PL write B
J :
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Part L(PLA
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Port L register
7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) | Read/write R/W
After reset Data from external port(Output latch register is set to “17”)
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
0O { o | 0 { 0 | 0 i 0 | 0 )
After reset
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC | _bit Symbol PL7F PL6F PL5F PLAE PL3F PL2F RPL1F PIOF
(0057H) | Read/Write w
After reset 0o | o | o 1AL >~ 0o | o 4709 | o0
Function Referto following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PLEF2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
) 1 1 1 1 1
After reset 8] | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<pLxF2> | <PLXF> | <PIxC> PL7 PL6 PLS 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 T Output port | Output port | “Qutput port | Output port | Output port [ Output port | Output port | Output port
0 1 0 Reserved Resgrved 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 H$CLK1 HSSO1 Reserved Reserved SCLK3 ™03 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
TXD3
1 I 1 Resetved Reserved Reserved TA70UT Reserved 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/O function of the high speed channel 0(HSSI0, HSSOO0, HSCLKQ)

These functions operate by setting the bit concerned of PDCR, PDFCand RPDFC2 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 N

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

yd
< 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 PortD(PD1;PD2)

Reset

Direction control

(on bit basis)

L)
RDCR-Write

Fufiction control

Internal data bus

(en/bit basis)

L)
PDFC write
T —3
Functigh control

(on bit basis)

)
PDFC2 write

S

Output latch

T
PD wite

A S

Selector

Open drain
control

[ ]PD1(HSSQO)
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 RD2C PD1C PDOC
(0036H) | Read/write \ W
After reset 0 : 0 : 9 - 0 : 0 9
Referto 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
Pert 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
tabfe
Port D function setting
<PDxF2> | <PDxF> | <PDxC¥ PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Inputport 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 I)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

92CM27-102

2005-04-20



TOSHIBA TMP92CM27

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 PFFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action,“and all\bits’serye 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)

PFEC write
Functiopcontrol
(on bitbasis)

Internal data bus

PFFC2 write

! N

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

() PF6(TAGIN/INT3)

PF write
S B @

<1 Selector
Al

—~ PF.read

INTQ

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IIMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PF0,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 | > | _]PF3(TA30UT)

T
PF write B PF5(TAS50OUT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1/RF3;PF5)
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Port F register
7 6 5 4 | 3 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 T 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PE1C PFOC
(003EM)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 | 0 0
Refer to following table
Port F Function register
7 6 5 i 4 i 3 2 1 0
PFFC | bit Symbol PF6F PF5F : PF4F : PF3F PF2F PF1F PFQF
(003FH) | Read/Write W
After reset 0 o : o0 \Yg )l o 4 o 0
Function Refer to_following table
Port F Functionregister 2
7 6 5 14 L3 2 1 0
PFFC2 | _bit Symbol PF6F2 PFAR2. PF2F2 PFOF2
(003DH)| Read/Write w F oW W W
After reset 0 : . 0 0 0
Refer to Refer'to Refer to Refer to
Function following fallowing following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PES PF4 RF3 PF2 PF1 PFO
0 0 0 Input poft Input port Input port Jnput port Input port Input port Input port
0 0 1 Output port’ | Output port | Output port | Qutputpert |) Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Resefved TA2IN Reserved TAOIN
0 1 1 Reserved TAS0UT 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 I).Read-modify-write-is prohibited\.for PFCR,PFFC and PFFC2.
Note-2)-TAQIN, TA2IN, TA4IN and TAGIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup of afort.

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, TB4OUT1)
* 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;.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)
[
PJCR write
Function control
2]
3 (on bit basis)
Jut [
3 PJFC write
e
8 N AS
= Output latch PJO(TBOOUTO)
T Selector [ PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT) 1 Selectof
J AN
PJ read A

Figure 3.5.35 Port J(PJO,PJI1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
F
PJFC write
Function control)
E (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TBAOUTO)
o S
= A S (TB20UTY/
i<} Output latch TB4OUT1)
= A Selector
PJ write
spons B (TBBOUTQ/
TB20UT1 ¥8EQUT)
TB3OUTO —>{p S
TB30OUT1 (IB30OUT1/
TB40OUTO Selector TB50UTL)
TB4OUT1 —>(B
TB50UTO S
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 REE
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readwrite R/W
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 l : |
Function Refer tgfollowing tabte
Port J Functionregister 2
7 6 5 {4 b3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —RJAR2 .
(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 | Outputport > Output port | Output port | Output port | Output port
0 1 0 Reseryed Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB3OUTO TB20UTL TB20UTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reseryed Reserved Reserved
1 1 1 TB5GUT1 | TB50UTO- |“TB4OUT1 [ 'TB4OUTO
Note ) Read-medify-write is prohibited for PJICR,PJFC and PJFC2.
Figure3.5.37 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 PKFC and-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 reld PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Soiect Ieveladae PK5(TB2IN1/INT9)
INT7 \\—‘— 81’ 9 | PK6(TB3INO/INTA)
-
INTS Select Fisingltalling PK7(TB3INL/INTB)
INT9
INTA
INTB [IMC2<I4LE,I5LE,I6LE (7LEA8LE;I9LE,IALE,IBLE >
TBOINO IIMC3<I4EDGE;I5EDGE \6EDGE,|7EDGE,
ISEDGE,I9EDGE JAEDGE/IBEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INT
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register
7 6 5 4 i 3 1 0
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
7 6 5 | 4 | 3 1 0
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 | 0 ! 0 ! 0 ! 0 | 0 | 0
Function Refer to following table
Port K Function register 2
7 6 5 i 4 i 3 1 0
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKQF
(0051H) | Read/write W
After reset o | o0 0 o \Vg )| booo\\} ) 0
Function Refer tgfollowing tabte
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 RK3 PK2 PKX PKO
0 0 Input port Input port Input port Iaput port Input port Input port Input'port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INQ 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 RKFC and PKFC2:
Note 2) TBOINO/1, TB1INO/1, TB2INO/1and TB3INO/1 input-is\inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of afunctional setup of a/port.

Note 3) In setting (TBOINO to TB3IN1)/of setting (INT410 INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details:

Figure 3.5.39. Port K register

and <PKxF>Z1, 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 O(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/cTs3)
* The output function of 8-bit timer 7(TA70UT)
+ The I/O function of the high speed channel 1(HSSI1, HSSOX, 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,.and all 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 contrel
(on bit basis)

A
PLFE2 write

S
—>{-0utptu\latch A S
T Selector N PLO
PL write |—> B (PGOO/RXD3)
RG00 PL4
PG1Q S8 (PG10/HSSI1)
ﬂ Selectof
PL read A
S
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

N Selector

Open drain possible
<PL2F2><PL2F>=11

PLL
(PGOL/TXD3)

PL read A

Figure 3.5:41 Port L(PLL)

Reset

Directian control

(on bit basis)

0
PLCR write

Function control

Internal data’bus

on bit basis)

r
PLFC write
~_— 3
Function control
(on bit basis)

1
PLFC2 fwrite

S
Output latch

A S

PL2

T Selector
PL write B

PO ——~———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 (8

—

Internal data bus

PL read

S B

Selectof

L~

A

Figure 3:5:43Port L(PL3)

Reset

Directjon-contfol

(on bit'basis)

[
PLCRWrite

Function control

(on bit bagis)

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

P
PLFC2.write

S

A S

Output latch

17/
PL write

Selector
B

pPGll —————{A S

PG12
Selector
HSSOl_________ /o

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

[ 1Pr3

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLK1)
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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 l[\/ \% [] PL7(PG13)

1
PL write B
J :
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Part L(PLA
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Port L register
7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) | Read/write R/W
After reset Data from external port(Output latch register is set to “17”)
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
0O { o | 0 { 0 | 0 i 0 | 0 )
After reset
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC | _bit Symbol PL7F PL6F PL5F PLAE PL3F PL2F RPL1F PIOF
(0057H) | Read/Write w
After reset 0o | o | o 1AL >~ 0o | o 4709 | o0
Function Referto following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PLEF2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
) 1 1 1 1 1
After reset 8] | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<pLxF2> | <PLXF> | <PIxC> PL7 PL6 PLS 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 T Output port | Output port | “Qutput port | Output port | Output port [ Output port | Output port | Output port
0 1 0 Reserved Resgrved 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 H$CLK1 HSSO1 Reserved Reserved SCLK3 ™03 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
TXD3
1 I 1 Resetved Reserved Reserved TA70UT Reserved 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/O function of the high speed channel 0(HSSI0, HSSOO0, HSCLKQ)

These functions operate by setting the bit concerned of PDCR, PDFCand RPDFC2 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 N

PD write

Internal data bus

PDO (HSSI0)
PD3 (RXD2)

S B

yd
< 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 PortD(PD1;PD2)

Reset

Direction control

(on bit basis)

L)
RDCR-Write

Fufiction control

Internal data bus

(en/bit basis)

L)
PDFC write
T —3
Functigh control

(on bit basis)

)
PDFC2 write

S

Output latch

T
PD wite

A S

Selector

Open drain
control

[ ]PD1(HSSQO)
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 RD2C PD1C PDOC
(0036H) | Read/write \ W
After reset 0 : 0 : 9 - 0 : 0 9
Referto 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
Pert 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
tabfe
Port D function setting
<PDxF2> | <PDxF> | <PDxC¥ PD5 PD4 PD3 PD2 PD1 PDO
0 0 0 Input port Inputport 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 I)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 PFFC2 register. All the
bits of PFCR, PFFC and PFFC2 are cleared to "0" by the reset action,“and all\bits’serye 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)

PFEC write
Functiopcontrol
(on bitbasis)

Internal data bus

PFFC2 write

! N

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

() PF6(TAGIN/INT3)

PF write
S B @

<1 Selector
Al

—~ PF.read

INTQ

INT1 P
INT2 Select level/edge
&

INT3
Select rising/falling

TAOIN IMC2<IOLE, |1LE, I2LE, I3LE>
TAZIN IIMC3<I0EDGE,I1EDGE,|I2EDGE I3EDGE>

TA4IN
TAGIN

Figure 3.5.32 Port F(PF0,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 | > | _]PF3(TA30UT)

T
PF write B PF5(TAS50OUT)
TA10UT | {
TA30UT, S B

TA50UT
e
N Selector
~ PF read A

Figure 3.5.33 Port F(PF1/RF3;PF5)
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Port F register
7 6 5 4 | 3 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 T 0
PFCR | bit Symbol PF6C PF5C PF4C PF3C PF2C PE1C PFOC
(003EM)| Read/write W
After reset 0 | 0 ! 0 ! 0 0 | 0 0
Refer to following table
Port F Function register
7 6 5 i 4 i 3 2 1 0
PFFC | bit Symbol PF6F PF5F : PF4F : PF3F PF2F PF1F PFQF
(003FH) | Read/Write W
After reset 0 o : o0 \Yg )l o 4 o 0
Function Refer to_following table
Port F Functionregister 2
7 6 5 14 L3 2 1 0
PFFC2 | _bit Symbol PF6F2 PFAR2. PF2F2 PFOF2
(003DH)| Read/Write w F oW W W
After reset 0 : . 0 0 0
Refer to Refer'to Refer to Refer to
Function following fallowing following following
table , table table table
Port F function setting
<PFx2> | <PFxF> | <PFxC> PF6 PES PF4 RF3 PF2 PF1 PFO
0 0 0 Input poft Input port Input port Jnput port Input port Input port Input port
0 0 1 Output port’ | Output port | Output port | Qutputpert |) Output port | Output port | Output port
0 1 0 TAGIN Reserved TA4IN Resefved TA2IN Reserved TAOIN
0 1 1 Reserved TAS0UT 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 I).Read-modify-write-is prohibited\.for PFCR,PFFC and PFFC2.
Note-2)-TAQIN, TA2IN, TA4IN and TAGIN input is inputted into the 8-bit timer TMRAO to TMRAG irrespective of
a functional setup of afort.

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, TB4OUT1)
* 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;.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)
[
PJCR write
Function control
2]
3 (on bit basis)
Jut [
3 PJFC write
e
8 N AS
= Output latch PJO(TBOOUTO)
T Selector [ PJ1(TBOOUTL)
PJ write B PJ2(TB1OUTO)
TBOOUTO y— PJ3(TB1OUT1)
TBOOUT1 | S B
TB1OUTO
TB10UT) 1 Selectof
J AN
PJ read A

Figure 3.5.35 Port J(PJO,PJI1,PJ2,PJI3)
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~ Reset
Direction control
(on bit basis)
L
PJCR write
Function control
(on bit basis)
F
PJFC write
Function control)
E (on bit basis) Mre20uTor
Jut [
ks PJFC2 write TBAOUTO)
o S
= A S (TB20UTY/
i<} Output latch TB4OUT1)
= A Selector
PJ write
spons B (TBBOUTQ/
TB20UT1 ¥8EQUT)
TB3OUTO —>{p S
TB30OUT1 (IB30OUT1/
TB40OUTO Selector TB50UTL)
TB4OUT1 —>(B
TB50UTO S
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 REE
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 | PJ3 PJ2 PJ1 PJO
(004CH)| Readwrite R/W
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 l : |
Function Refer tgfollowing tabte
Port J Functionregister 2
7 6 5 {4 b3
PJFC2 | _bit Symbol PJ7F2 PJ6F2 PJ5F2 —RJAR2 .
(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 | Outputport > Output port | Output port | Output port | Output port
0 1 0 Reseryed Reserved Reserved Reserved Reserved Reserved Reserved Reserved
0 1 1 TB30OUT1 TB3OUTO TB20UTL TB20UTO TB1OUT1 TB1OUTO TBOOUT1 TBOOUTO
1 0 0 Reserved Reserved Reserved Reserved
1 0 1 Reserved Reserved Reserved Reserved
1 1 0 Reserved Reseryed Reserved Reserved
1 1 1 TB5GUT1 | TB50UTO- |“TB4OUT1 [ 'TB4OUTO
Note ) Read-medify-write is prohibited for PJICR,PJFC and PJFC2.
Figure3.5.37 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 PKFC and-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 reld PK1(TBOIN1/INT5)
INT4 PK2(TB1INO/INT6)
PK3(TB1IN1/INT7)
INTS ] PK4(TB2INO/INTS)
INT6 Soiect Ieveladae PK5(TB2IN1/INT9)
INT7 \\—‘— 81’ 9 | PK6(TB3INO/INTA)
-
INTS Select Fisingltalling PK7(TB3INL/INTB)
INT9
INTA
INTB [IMC2<I4LE,I5LE,I6LE (7LEA8LE;I9LE,IALE,IBLE >
TBOINO IIMC3<I4EDGE;I5EDGE \6EDGE,|7EDGE,
ISEDGE,I9EDGE JAEDGE/IBEDGE >
TBOIN1
TB1INO
TB1IN1
TB2INO
TB2INT
TB3INO
TB3IN1

Figure 3.5.38 Port K(PKO to PK7)
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Port K register
7 6 5 4 i 3 1 0
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
7 6 5 | 4 | 3 1 0
PKFC | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
(0053H) | Read/Write W
After reset 0 | 0 ! 0 ! 0 ! 0 | 0 | 0
Function Refer to following table
Port K Function register 2
7 6 5 i 4 i 3 1 0
PKFC2 | bit Symbol PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKQF
(0051H) | Read/write W
After reset o | o0 0 o \Vg )| booo\\} ) 0
Function Refer tgfollowing tabte
Port K function setting
<PKxF2> | <PKxF> PK7 PK6 PK5 PK4 RK3 PK2 PKX PKO
0 0 Input port Input port Input port Iaput port Input port Input port Input'port Input port
0 1 TB3IN1 TB3INO TB2IN1 TB2INQ 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 RKFC and PKFC2:
Note 2) TBOINO/1, TB1INO/1, TB2INO/1and TB3INO/1 input-is\inputted into the 8-bit timer TMRBO to

TMRB3 irrespective of afunctional setup of a/port.

Note 3) In setting (TBOINO to TB3IN1)/of setting (INT410 INTB) of <PKxF2>=1 and <PKxF>=1 and <PKxF2>=0

release for details:

Figure 3.5.39. Port K register

and <PKxF>Z1, 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 O(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/cTs3)
* The output function of 8-bit timer 7(TA70UT)
+ The I/O function of the high speed channel 1(HSSI1, HSSOX, 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,.and all 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 contrel
(on bit basis)

A
PLFE2 write

S
—>{-0utptu\latch A S
T Selector N PLO
PL write |—> B (PGOO/RXD3)
RG00 PL4
PG1Q S8 (PG10/HSSI1)
ﬂ Selectof
PL read A
S
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

N Selector

Open drain possible
<PL2F2><PL2F>=11

PLL
(PGOL/TXD3)

PL read A

Figure 3.5:41 Port L(PLL)

Reset

Directian control

(on bit basis)

0
PLCR write

Function control

Internal data’bus

on bit basis)

r
PLFC write
~_— 3
Function control
(on bit basis)

1
PLFC2 fwrite

S
Output latch

A S

PL2

T Selector
PL write B

PO ——~———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 (8

—

Internal data bus

PL read

S B

Selectof

L~

A

Figure 3:5:43Port L(PL3)

Reset

Directjon-contfol

(on bit'basis)

[
PLCRWrite

Function control

(on bit bagis)

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

P
PLFC2.write

S

A S

Output latch

17/
PL write

Selector
B

pPGll —————{A S

PG12
Selector
HSSOl_________ /o

HSCLK1

—

S B

PL read

Selector

Y

Al

Figure 3.5.44 Port L(PL5,PL6)

[ 1Pr3

(PGO3/TA7OUT)

|[>—'—DPL5

(PG11/HSSO1)
PL6
(PG12/HSCLK1)
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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 l[\/ \% [] PL7(PG13)

1
PL write B
J :
PG13 S B

/I ‘

N Selector
~ PL read A

Figure 3.5.45 Part L(PLA
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Port L register
7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) | Read/write R/W
After reset Data from external port(Output latch register is set to “17”)
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
0O { o | 0 { 0 | 0 i 0 | 0 )
After reset
Refer to following table
Port L Function register
7 6 5 4 3 2 1 0
PLFC | _bit Symbol PL7F PL6F PL5F PLAE PL3F PL2F RPL1F PIOF
(0057H) | Read/Write w
After reset 0o | o | o 1AL >~ 0o | o 4709 | o0
Function Referto following table
Port L Function register 2
7 6 5 4 3 2 1 0
PLEC2 bit Symbol PLEF2 PL5F2 PLAF2 PL3F2 PL2F2 PL1F2 PLOF2
(0055H) |_Read/Write W
) 1 1 1 1 1
After reset 8] | 0 | 0 | 0 | 0 | 0 | 0
Function Refer to following table
Port L function setting
<pLxF2> | <PLXF> | <PIxC> PL7 PL6 PLS 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 T Output port | Output port | “Qutput port | Output port | Output port [ Output port | Output port | Output port
0 1 0 Reserved Resgrved 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 H$CLK1 HSSO1 Reserved Reserved SCLK3 ™03 Reserved
(0.D Dis)
1 1 0 Reserved Reserved Reserved Reserved Reserved Reserved Reserved
TXD3
1 I 1 Resetved Reserved Reserved TA70UT Reserved 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)

A
KIEN write
1

‘rl

PM fead

Conversion
Result || A/D "k | Channel

Converter Selector

ADREG read Register

Figure3.5.47 Port M(PMO to PM7)
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Port M register
7 6 5 4 3 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 PM2F PM1F PMOF
(005BH) Read/Write W
After reset 1 1 1 1 | 1 | 1 | 1 1
0: Input port/Key input  1: Analog-input
Key input Enable register
7 6 5 4 3 2 1 0
KIEN ] bit Symbol KI7EN KIGEN KISEN KI4EN KIBEN KI2EN KITEN KIOEN
(009EH) Read/Write W
After reset 0 0 0 0 0 0 0 0
KI7 input | KI6input |KI5input |[Kl4input |Ki3input |[KI2input K input [KIO input
0: Disable |0: Disable |0: Disable/] 0: Bisable™] 0: Disable |0: Disable ) 0: Disable [0: Disable
1: Enable |1: Enable |1:Enable\ |[1: Enable |1: Enable |1: Enable’ |'l:\Enable |1: Enable
Key.input Control register
7 6 5 4 3 2 1 0
KICR | bit Symbol KIZEDGE | 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, |Ki3edge |KI2edge |KI1ledge [KIO edge
0: Rising /0:Rising |0: Rising |0: Rising_ 10: Rising |0: Rising [0: Rising |O0: Rising
1: Falling \|\l7Falling) [1: Falling [1: Faling—}.1: Falling |1: Falling |1: Falling |1: Falling

Note) Read-modify-write_is-prohibited for,PMEC, KIEN.and KICR.

Figure 3.5.48 )Port M register

2005-04-20
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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(ANE)
™ — | PN1(AN9)
PN read PN2(AN10)
PN3(AK11, ADTRG)

Internal data bus

Conversion
Result |

AD read Register

AID /|| Channel
Converter. Selector

ADTRG 0 (j]
(only PN3)

Figure 3.5.49 Port N(PNQto PN3)
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Port N register
7 6 5 4 3 2 1 0
PN bit Symbol PN3 PN2 PN1 PNO
(O0SCH)|* Readwrite 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:
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 PN2F PN1F PNOF
(O0SFH) | Readwrite W
After reset 1 | 1 1 | 1
O lnput 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 supportegds
¢ SDRAM : Only CS3 blocks are supported:
¢ Page ROM : Only CS2 blocks are supported.

(2) Connecting memory specifications

Specifies SRAM, ROM and SDRAM as mémories~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 Tespective block
address areas.

(4) Wait control
Wait specification bit in the/controbregister and WAIT input-pin control the number
of waits in the external bus-eycle. Read cycle and write\¢ycle can specify the number of
waits individually.
The number of waits is contrelled in 6 mode mentioned below.
0 waits, 1 wait)
2 waits, 3 waits, 4 walts
N waits (¢ontrolé with WAIT pin)

3.6.2  Control Register-and Operation after Reset.Release

This section \deséribes the registers-that centrol the memory controller, the after reset
releage/state and necessary settings.
(1) “Contrgl 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 basi¢"functions of the memory controller; the memory type that is
connected, the\number of waits whish is read and written.

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

e  Memdry address mask register: MAMR (n =0 to 5)
Seté.ablock size in the selected address areas.

e  Page ROM ¢ontrol register: PMEMCR
Sets method of accessing page ROM.
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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/Write w w

After reset 0 1 0 0 1 0
BOCSH Bit symbol BOE - - BOREC BOOM1 BOOMO BOBUSA BOBUSO
(0141H) | Read/MWrite w

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMRO | Bit symbol MOV20 MOV19 Mov18 MOV17 MOV16 MoV 15 MOV 14 to MOVv8
(0142H) MOV9

Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSARO | Bit symbol MO0S23 MO0S22 MO0S21 MO0S20 MQOST9 M0S18 MO0S17 MO0S16
(0143H) [ Read/write RIW

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

After reset 0 1 0 0 1 0
B1CSH Bit symbol B1E - - B1REC B10OM1 B1OMO B1BUS1 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 M1VA16 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 B2wWW0 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&ympol M2S23 M2S22 M2821 M2S20 M2S19 M2S18 M2S17 M2S16
(014BH) | Read/rite R/W

Afterreset 1 1 1 1 1 1 1 1
B3CSL Bit'symbol B3WW2 B3WWwA1 B3wWwO0 B3WR2 B3WR1 B3WRO
(014CH) | Read/Wiite 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 M3V22 M3Vv21 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 EE 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 B4WWO0 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 M4Vv21 M4Vv20 M4V19 M4V18 MavA7 M4V16 M4Vv15
(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 B50OM1 B50MO B5BUS1 B5BUSO
(0155H) [ Read/Write W.

After reset 0 0 (Note) 0 (Note) 0 0 0 0 0
MAMRS | Bit symbol M5V22 M5V21 M5V20 M5V19 M5V18 M5V47 M5V16 M5V15
(0156H) | Read/Write R/W

After reset 1 1 1 1 1 1 1 1
MSARS5 Bit symbol M5S23 M5S22 M5524 M5S20 M5S19 M5S18 M5S17 M5S16
(0157H) | Read/Write R

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 Wwrite is prohibited for BhCSL,;-BACSH(n = 4 to 5), BEXCSH and BEXCSL registers.

(2))Operation after reset release

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

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

Note: A memory to be used as starting after reset is either NOR flash, masked ROM.
SDRAM can’t be used.

AM1/AMO pins are valid only just after release reset. In the other cases, the data bus
width is the value which is set to the control register <BnBUS1:0> .

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

Set the enable bit (BnCSH<BnE>) of the control registef 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 (MSARnN) sets the start.address of the block
address areas. The memory controller compares between the, register value and the
address every bus cycles. The address bit which/is masked’ by the memory address
mask register (MAMRN) is not compared by the memory centroller. The block address
area size is determined by setting the memory addréss maskregister. 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”.

(i) Memory start address register setting

The MS23 to 16 bits of the memary /start address register correspond with
addresses A23 to A16 respectively. The-lower start~addresses’A15) to AO are
always set to address 0000H.

Therefore the start addressésof-the block address/area are set to addresses
000000H to FFOO0OH every 64 Kbytes.

(ii) Memory address maskregisters getting

The memory addréss mask register sets whether anmaddress bit is compared or
not. In register setting; 07 is “compare”, or “1”is\“not compare”.

The address bits that can set depend on-.the block address area.
Block address-area’0: A20 to A8
Block address area 1: A21 to A8
Bloek address’area 2 to 5: A22to-Al15

The uppér'bits are always compared: The block address area size is determined
by the compared result.

The sizesto be set'depending onthe block address area is as follows.

Size (bytes)
256 512 | 32K 64K 128K | 256 K|512K| 1M 2M 4 M 8M
CS area
CSso o [} o o} o o o o o
CS1
CS2teCS5 [} 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 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
Specified value 0 0 0 1 0 0 0 1

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

A15 to AO are set to “0”. Therefore if MSARI 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 A 0
Bit symbol M1v21 M1V20 M1V19 M1V18 MW 17 M1V16  [M1V15toMIV9 M1V8
Specified value 0 0 0 0 0 0 0 1

M1V21 to M1V16 and M1V8bits of the memory address maskregister MAMR1
set whether address A21 to A16 and A8 are compared ornot, In register setting,
“0” is “compare”, or “1” is “not eompare”. M1V15 to M1V9 bits set whether address
A15 to A9 are compared of net'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 CS\ is set to “low”.

The other bloek addréss area sizes.are specifiéd like this.

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

Similarly, A23 is always comparedinblock address areas 2 to 5. Whether A22 to
Alb\are compared or not is/Set;to register.

Nate 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 /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 darea. The bus/sizeis setby setting
the control register (BnCSH)<BnBUS1:0> #g 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 Dor't use this setting

Note: SDRAM should be set to either “04” (16-bit bus).

This method of ¢hanging 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 mémories with~ene.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
4an +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 b1540 b8 | b7 to b0
4n +1 8 (1)4n+1 XXXXX b7 to b0
(2)4n+/2 XXXXX b15 to b8
16 (1) 4n +4 by 'to b0 XXXXX
16 (2) An+2 XXXXX b15 to b8
4n +2 8 (1) An +2 XXXXX b7 to'bo
{2) 4n + 1 XXXXX b15t0\b8
16 4n+2 b15to b8 | P7%to.bd
4n+3 8 (1)4n +3 XXXXX b7-to b0
(2) 4nj+ 4 XXXXX b15to b8
16 (H4n+3 b7to bQ XXXXX
(2)4n+4 XXXXX b15-tob8
4n+0 8 (1)4n+0 XXXXX b7-to b0
(2)4n+1 XKXXX b15 to b8
(3)4n+2 XXXXX b23 to b16
(4)4n+3 XXXXK b31 to b24
16 (1)4n+0 bt540 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) 4nt1 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
an43 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 tothe bus ignored. At write, the bus is at high impedance and the write
strobe signal remains honte 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> Funcfign

<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 inpubmode

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 modé

This mode samples “the WAIT ihput pins. \And this mode inserts wait

continuously in during sigral is actived. The bugs gycle 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 angtherCS-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  \_/ \_/ UV N/
A23 to AD X X
CSm /
o\ /-
% S\ Ve

e  When inserting a dummy eyele (0 waits)

<€<Dummy—>!

soo — (\__Y) /7 AN\
A23 to AQ X I X
Csm /
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(6) Basic bus timing

(a) External read/write cycle (0 waits)

® e
[0} =
4 =
N |%UV||.NA|||| |ﬁw o A Ve
uu
Q.
£
N~ L4 e Y _s_ = A=
. P!
2
o
-
PSRN I U S (RS, <
-l <N IR U ISR NS
m
o g
— o o4 o 2 o
XN < & a - a
SZ e e g oy 2
C - X
Ao _m g 12 o g | 2
oY 6 < € A o 12 A

(b) External read/write cycle (1“wait)

T2

Read
Write

T

A23 to AO

RD , SRxxB
DA5 to/DO.
SRWR-"SRxxB

WRxx
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(¢) External read/write cycle (0 waits at WAIT pin input mode)

3 2
[o] =
o =
N ||F|!V|A|:| "Nl A TSP S
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N B e B e 1=kt
S 2
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x
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LW .w * .m x x .m -
[} c *n . 0 = & 0 =z
(el _S ~ _D — 14 -
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(d) External read/write cycle (n waits at WAIT-pin inpdt mode)

Write

A23+to AD
RD,,\SRxxB

D15 to DO

STy IS
5
Q.
£
A Tt T e R A B e B R B
o
L~ £
|||||||||||||||||||||||||||||||||| 5 -|-||.Alm.
AN 8
m © N
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c
|||||||||||||||| _||||||||||||||.||||||||||A|m.
@©
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WRxx

]
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D15t6.D0 ———
i
]
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]

SRWR ,_SRxxB
WA,
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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 TMP92CM27.

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 !
16+bit NOR flash
Ly OE
Ly 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 agcess of the block address
area to ROM page mode access.

The number of read cycles is set by the <OPWR110& 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 registet (BnCSL) in each block
address area.

The page size (the number lof bytes) of ROM in the CPU/size is set to the <PR1:0> of
the PMEMCR register. When data is read out-until_a berder 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 setto page read again.

<PR1:0>Bit (PMEMCR register)

<PR1> <PRO> ROM Page Size
0 0 64 bytes
o] 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.

spotk NIV VA W

A23to 0

X >

% \ N
>
(a)
Figure 3.6.2 Read Signal Delay.Read Cycle

Example: When using an externally-connécted 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;-anwunintended read cycle like the one
shown in (b)-may-occur.

Memoty access Toggle-hit RD'cycle

SDCLK
(20'MHz) / \__ /TN / Y

=l

A23t0 A0

NOR flash
chip’sélect

RD

Toggle bit

1"['“ = J/ﬁ

Figure’3.6.3 NOR Flash Toggle Bit Read Cycle

Whenthe toggle 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
phenoménon;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.

Functional change

Although an object terminal is changed from a portto a-¢hip-select signal output
by setting up a function control register (PnFC régistet), 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 portis set as CSn,

Internal address bus n X\ C xxX /[ n¥2 X

Function control signal

Internal
signal

Qutput port ¢ | (sp

{ Pxx D

A23 to A0 X n N T2 X

External
signal

Output pulse

The measure by goftware

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

Sincé €S gignal decodes the-address of the access area and is generated, an
unhnecessary/pulse is outputted by accéss to the object CS area immediately after
setting it as a CSn function'/Then,)if internal area is accessed also immediately
aftér setting a port as"€Sfunetion; an unnecessary pulse will not output.

1. “Prehibition of use-of an NMT function
2. The ban on interruption under functional change (DI command)
35 A dummy command is added in order to carry out continuous internal access.

(Access to & functional change register is corresponded by 16-bit command.
(LDW command))

Aport is set asCSn .

/

Dummy access

§ = Internal’address bus C XX D) X CXX+1) X n+2 X
fes C.
5 . .
£ % Function control signal !
Output port<-:-> CSn
—_ [
© E{ Pxx |
= C
Lo
X 6 A23 to AD n A 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: TMRAO1, 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 mede~(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/ &-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 fivebyte( 'controls SFR
(Special-function registers).

Each of the four modules (TMRAO1, {TMRA23, TMRA45 and \TMRAB7) can be operated
independently. All modules operate in/the.same-manner; hence only the eperation of TMRAO1
is explained here.

The contents of this chapter are,.as folows.

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 timér-mode
(3) 8-bit-PPG (Programmable pulse generation) output mode
(4) 8-bit BWM (Pulsé width modulation) 6utput mode
() Mode/settings
Table 3.7.1- Registers-and Pins for Each Module
Module
e TMRAO1 TMRA23 TMRA45 TMRAG67
Specification
Input pin for TAOIN TA2IN TA4IN TAG6IN
External ekternahclock (Shared with-PFQ) (Shared with PF2) (Shared with PF4) (Shared with PF6)
pin Qutput pin' for TALOUT TA30OUT TA50UT TA7OUT
timer-flip=flop (Shared with"PFR1) (Shared with PF3) (Shared with PF5) (Shared with PL3)
:gg::eF:UN TAO1RUN (1100H) TA23RUN (1108H) TA45RUN (1110H) TA67RUN (1118H)
Ti st TAOREG (1102H) TA2REG (110AH) TA4REG (1112H) TA6REG (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) TASFFCR(110DH) TASFFCR(1115H) TA7FFCR(111DH)
control register
92CM27-137 2005-04-20




TMP92CM27

TOSHIBA

Block Diagrams

3.7.1

1NOTVL
andino ¢

TVLINI

ndino ydnuaul

:indino yorew

Od10VL OVLLNI

indino 1dnuiaul

doy-duy sowny

TVHAL  snq erep eussiul OVdAL OVdNL snq eyep [eusaiu]
\ M A A M
<3qdov.l>
0 Jayng Ja1sibay <~ NNATOVL
OFATVL 9340Vv1L
12181631 Jawn ug-8 Ja1s16al Jawn ug-8
SEIN TR AN
AONTOVL
(Ta2) (0d2)
Paep | oreiedulod ug-g 410wl 08190 Joreredwod ug-8
yorey Aﬂ UYdleIN
<00*TONMd> )
SGodturs QONTOVE <0Do0vL>
AONTOVYL Moy
e -18N0 e
«<—=9Gz1% i «— 9110
(Ton) V[ ot (0on) § & vl
J31unod dn 1ug-8 le—  T10 J21unod drf ug-8 — 119
d044TvL < <
& % 10109J9S » Iojoajpg
<NNHTVL>NNAITOVL <INAEOVL>NNAETOV L
A|
44TVL |
doy-diy |
Jawi P
o< 9gzL9 9T\ ¥19 T10
<NNYdTovL> % % % %
NNETOVL —Teapumyleroloseset| vojee st 8 f v 2 j«t—

131easaid

NIQV.L 90]0
indui feusaix3

019 >0010
Ja[essald

Figure 3.7.1 TMRAO1 Block Diagram
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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 Resoldtion

at fc=40 MHz
System clock Gear Value Cycle

selection <GEAR2:0>

<SYSCK> . 6Tl 0T4 6T16 $T256
000 (fc) 2%/fc (0.2 ps) 2°/tc((0/8/s) 27/fc (3.2 ps) 2'f¢’(51.2 us)
001 (fcr2) 2°/fc (0.4 us) 2°%/fc\(1°6-us) 2%/fc (6.4,us) 2%Ifc (102.4 ps)

0(fc) 010 (fc/4) 2%/fc (0.8 ps) 2716c 3.2 us) 2%fc (12.8'us) 2J¢ (204.8 ps)

011 (fcrs) 2%/fc (1.6 pus) 2%/fc (64 ps) 26 (25.6-us) 2"/fc (409.6 ps)
100 (fc/16) 27/fc (3.2 us) 2%c(12.8 ps) 2" ke (512 is) 2'%/fc (819.2 ps)

xxx: Don't care

(2) Up counters (UCO and UC1)

These are 8-bit binary{ounters which count up-the input clock pulses for the clock
specified by TAOIMOD.
The input clock for [UCO is'selectable and canbe either the external clock input via
the TAOIN pin or one of‘the three internal clocks ¢T1,,¢T4, or ¢T16. The clock setting is
specified by the value setin 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
dT1, 9T 16, ‘or ¢1256, or the comparator output (The match detection signal) from
TMRAQ.

For { each interval timer- the timer operation control register bits
TAOIRUN<TAORUN=> andTAOIRUN<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 makKes a\pair with register
buffer0.

The setting of the bit TAOIRUN <TAORDE> determineg whiether 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 frem the register buffer0 to
the timer registerO when a 2r overflow occurs i 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 register0, set <TAORDE> to “1”, and-write the€ following
data to the register buffer0 3.7.5 show the.configuration of TAQREG:

Timer register AO (TAOREG) |

AN
P B (_G::: Match detecting PPG cycle
"~ Shift trigger PWM 2" overflow
99 Selector
| Register buffer 0 | ;3 Ale <— Write to TAOREG
2\
[ Write
2 Internal data bys 2 TAOIRUN<TAQRDE=

Figure 3.7.5  Timer Register AO (TAOREG)

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

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

THe address of ¢achtimerregister 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 tmement counter
value is written in the timer register while the timer is workin: e generation of
interrupt by the expected value is not obtained.

(It is possible to operate normally if the changed &é/ %al}& is more than the
improvement counter value.)

Moreover, the Compear circuit doesn't operate {m\gg only 8-bit subordinate
position bits when operating in 16-bit mode.

Therefore, please write it in 16-bit in order in SB/(BMMinate positiq&b\'@s\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 timerflip-flops control register. A réset clears the value
of TA1FF to “0”. Programming(“012 or “10” to TA1IFFCR «PAQFFC1:0> sets TA1FF to 0
or 1. Programming “00” t¢ these bits inverts-the-valuelof TA1FF. (This is known as
software inversion.)

The TA1FF signal is-output-wvia 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.

each mode

greement of U AOREG or agreements of UC1 and TAIREG.

Inversion 0

¢ /Agreement of UCO and TAOREG and agreements of UC1 and TA1REG.
I mode :Agreém ) or UCO and TAOREG.
: Agreemen CO-eénd TAOREG or agreements of UCO and TA1REG.
[ b inversion and the register setting with the timer is
e same tim is necessary to note it because it becomes the following

operation by the state at tha
en inversion by the timer and inversion by register setup occur simultaneously.

= Only once inyersion.

When inversion he timer and "1" set by register setup occur simultaneously.
ny })3) the timer and "0" clear by register setup occur simultaneously.
arto "
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3.7.3 SFRs
TMRAO1 Run Register
7 6 5 4 3 2 1 0
TAO1RUN] Bit symbol TAORDE 12TAO1 TAO1PRUNY “TA1RUN TAORUN
(1100H) Read/Write R/W R/W
After reset 0 0 0 (0] 0
Function Double IDLE2 TMRAOQL ucl uco
buffer 0: Stop prescaler
0: Disable 1: Operate \0: Stop-and clear
1: Enable 1: Run (Count up)
TAOREG double buffer control ‘—>Count opération
0 [Disable 0 /1\Stop and.clear
1 |Enable 1/ | Caount
Note: The values of bits 4 to 6 of TAOLRUN are undefinedwhen 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
Function Double IDLE2 TMRA23 UC3 UC2
buffer 0: Stop prescaler
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)

l

TA2REG doublebuffer,control

0 Disable
1 Enable

Nate?! 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
(A110H) I cadmwirite RIW RAWV
After reset 0 0 0 0 0
Function Double IDLE2 TMRA45 0ds 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 |Step.and clear
1 |Enable 1 /}‘Count
Note: The values of bits 4 to 6 of TA45RUN are undefined when read-
TMRAG7 Run-Register
7 6 5 4 3 2 1 0
TA6RDE 12TA67 |\ TAG67PRUN| 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/bufféercontrol

0—] Disable
1 |Enable

Note: The values of-bits 4 to 6 of TA6ZRUN are undefined when read.

\—>Count operation

0 [Stop and clear
1 |Count

Figuire 3.7.7777777777777 8-bit timer register(TA45RUN,TA67RUN)
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TA0IMOD
(1104H)

TMRAO1 Mode Register

7 6

5 4 3 2

1 0

Bit symbol

TAO1IM1 TAO01IMO

PWMO1 TA1CLK1 | TA1CLKO

TAOCLK1 | TAOCLKO

Read/Write

RW

After reset

o | o

o | o o | 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 TMRAL source clock
00: Reserved 00: TAOTRG

01: 2° 01: ¢T1

10: 2 10: ¢T16

11: 28 11: ¢T256

TMRAO source clock
00:TAQIN pin input (Note)
01: ¢TL

10: T4

11: ¢T16

Note:

|—)TMRAO input clock

00 | TAOIN-(External input)

01 |¢TLl(Rrescaler)

10 | ¢T4 (Prescaler)

11/ S ¢ 16 (Rrescaler)

—> TMRAT input-clock

TAO01MOD
<TA01M1:0> =01

TAO01IMOD
<TA01IM1:0> =01

00| Matching output for TMRAQ

01 |¢T1

10 |¢T16

11 | 7256

Overflow output for TMRAO

(16-bit timer mode)

Selecteycle.in PWM mode

00 |Reserved

01 |2° x Clock-sburce

16\ 2 x Clock source

1128 x Clock source

> Select operation mode for TMRO1

00 TTwo 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 TAOLIMOD after set port FO.

Figure 3.7:8(1) 8-bit timer register8888(TA0O1MOD)
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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: ¢TL

10: T4

11: ¢T16

Note:

|—)TMRAZ input clock
00
01
10
11

TA2IN-(External input)
oTL (Rrescaler)

T4 (Prescaler)

OT16 (Rrescaler)

—> TMRA3"input-clock

TA23MOD
<TA23M1:0> =01

TA23MOD
<TA23M1:0> =01

00~.] Matching output forTMRA2

Qverflow 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 seurce

10\ |2 x Clock source

11\[2® x Clock source

> Select operation mode for TMRA23

00| Two 8-bit timer

Q1 | 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.

Figure3:7.8(2)8 8-bit timer register(TA23MOD)
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TA45MOD
(1114H)

TMRAA45 Mode Register

7 6 5 4

3 2

1 0

Bit symbol

TA45M1 TA45M0 PWM41

TA5CLK1 [ TA5CLKO

TA4CLK1 | 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

TMRAA4 source clock
00:TA4IN pin input (Note)
01: ¢TL

10: ¢T4

11: $T16

Naote:

|—)TMRA4 input clock

00

TA4IN-(External input)

01

oTL (Rrescaler)

10

T4 (Prescaler)

11

OT16 (Rrescaler)

—> TMRA5 input-clock

TA45MOD
<TA45M1:0>%01

TA45MOD
<TA45M1:0>=01

00

Matching output forTMRA4

Qverflow output for

01

oT1

TMRA4

10

$T16

11

$T256

(16-bit timer mode)

L—> Select

cycle in PWMmode

00

Reserved

01

2% x Clock sodrce

10

2" xClock source

11

28 x Clock 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

TAGCLK1 | 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
00:
01:
10:
11:

TMRAZ7 source clock
00: TA6TRG

01: ¢T1

10: ¢T16

11: $T256

Reserved
26
27
28

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

10: T4

11: ¢T16

Naote:

|—)TMRAG input clock
00
01
10
11

TABIN-(External input)
oTL (Rrescaler)

T4 (Prescaler)

OT16 (Rrescaler)

—> TMRA7 input-clock

TA67MOD
<TA67M1:0>=01

TAG67MOD
<TA67M1:0>=01

00~ Matching output forTMRA6

Qverflow output for

o1 |¢T1

TMRAG

10 |¢T16

11 |$T256

(16-bit timer mode)

L Select.cycle in PWM\mode

00 |Reserved

01 |2°xClock sodrce

10| 2" x Clock source

11\{2® x Clock source

> Select operation mode for TMRA67

00| Two 8-bit timer

Q1 | 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.

Figure3:7.10(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 TALFFC1 | TA1FECO TA1FFIE TALFFIS
(1105H) Read/Write RAV
After reset 1 | 1 0 0
Read-modify| Function 00: Invert TALFF TALFF TALFF
-write 01: Set TA1FF to #1” control for  |Inversion
instruction is 10: Cl TALFFtd “0° \ . signal select
prohibited. - Lleay 9 inversion 9
11: Don'tcare 0: Disable 0: TMRAO
1:Enable |1 TMRAL

RN

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=hit timer;mode)

0 | Haversionby-TMRAO,

1 |Inversionby TMRAL

TALFF ¢antrokforinversion

0 |Disable inversion

1| Enable-inversion

TFF1 control

00 (Invert TA1FF

01) [Set TALFF to “1”

10 |Clear TALFF to “0”

11 |Don't care

Figure3,7.11(1) 8-bit timer-register(TALFFCR)
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TMRAS3 Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 TA3FFCO TA3FFIE TA3FFIS
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” controlfor  [inversion
instruction is . wqy i i
prohibited. 10: Clear TA3FF to ‘0" \ ‘finversioni |select
11: Don’t care Q: Disable 0: TMRA2
1: Enable 1: TMRA3
Inverse signal for timerflip-flop 3 (TA3FF)
(Don't care except in/8bit timer mode)
0 |Invert TMRA2
1 [Invert TMRA3
TA3FF Control for-inversion
0 | Disable inversion
1 [Enable inversion
—> TA3FE control
00/] Invert TA3FF
) ) 014] Set TA3FF to “1”
Note: The values of bits 4 to 7 of TA3FECR are.undefined whenread.
10 [ Clear TA3FF to “0”

11 | Don'’t care

Figure-377.9(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” controhfor  |inversion
instruction is ) . ; ;
prohibited. 10: Clear TA5FF to ‘0" \ ‘finversion |select
11: Don’t care Q: Disable 0: TMRA4
1: Enable 1: TMRAS
Inverse signal for timerflip-flop 5 (TASFF)
(Don't care except in/8bit timer mode)
0 |Invert TMRAA4
1 |Invert TMRAS
TA5FF Control for-inversion
0 | Disable inversion
1 [Enable inversion
—> TASFE control
00/] Invert TASFF
_ , 014 Set TASFF to “1”
Note: The values of bits 4 to 7 of TASERECR are.undefined whenread.
10 [ Clear TA5FF to “0”

11 | Don'’t care

Figure-377.9(3) 8-bit timer register(TASFFCR)
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TMRAY Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA7FFCR | Bit symbol TA7TFFC1 | TA7FFCO | TATFFIE TATFFIS
111DH
( ) Read/Write R/W
After reset 1 | 1 0 0
Read-modify | Function 00: Invert TA7FF TATEF TATFF
;Wrtite ion i 01: Set TA7FF to “1” control for  |inversion
instruction is . s i i
prohibited. 10: Clear TA7FF to0"~ [inversion |select
11: Don'’t care 0: Disable 0: TMRAG6
1: Enable 1: TMRA7
Inverse signal for timef flip-flop-7 (TA7FF)
(Don't care except in 8+bit timermode)
0 |Invert TMRAG
1 |Invert TMRA7
TA7FF control for.inversion
0 | Disable inversion
1 [Enable’inyersion
—>/TA7FF control
004 Invert TA7TFF
. . 01 |Set TA7FF to “1”
Note: The values of bits 4 to 7 of TA7FFER-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
TA1REG 1103H w
Undefined
TA2REG 110AH w
Undefined
TA3REG 110BH w
Undefined
TA4REG 1112H w
Undefined
TASREG 1113H wW
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 TMRAL (INTTA1), first stop
TMRA1 then set the operation mode, input cléck _and‘\a/cyele 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:

TA0O1MOD «~ 0 0 X X 0 1 - - Select8-bit timer mode andselect. ¢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 setjt to-Level 5.

TAO1RUN «— - X X X - 1 1( - Start TMRAL counting/

X :Don'tcare, —:No change

Note:  The input clocks for TMRAO-and TMRAL differ as follows:
TMRAO: Uses TMRAO input (FAOIN) and can be selected-from ¢T1, ¢T4, or ¢T16.

TMRAL: Match qutput 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 TATOUT pin at fsys = 20 MHz,
use the following procedure to make the appropriate.register settings. This
example uses TMRA1; however, either TMRAO or TMRAI1 may be used.

MSB LSB

[ TA0IRUN

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

TAOIMOD «+ 0O 0 X X 0 1 - - Select 8-bit timer mode and select ¢T1 (0.2 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=13:

TALFFCR « X X X X 1 0 1 1 Clear TALFF to 0.and set it to invert on the match.detect
signal from~TMRAL.

PFCR «~ X - - - - - 1 - SétPFIto function as the TALOUT 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 2
F1

Comparator
timing

Comparator output
(Match detect)

[ 3 %0
f 1
2
INTTAL W/
Up counter clear \
S
/

—

TA1FF

P

TATOUT

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 = &) X2 XX X5 X X2 X3 X X s XX 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
TMRAI.

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 oyerflow output from TMRAO,1s used as the input clock for
TMRAI1, regardless of the yalue set\in TAOIMOD<TA1CKK1:0> Table 3.7.2 shows the
relationship between thetimer (Ihterrupt) cycle-and-the-input clock selection.

To set the timer interrupt interval, set thelower eight bits in timer register TAOREG
and the upper eight bits inTAIREG. Be suretoset TAQREG first (As entering data in
TAOREG temporarily\disables the compare, while-entéring data in TAIREG starts the

compare).

Example: To-generate—an INTTAL interrupt every 0.2 s at fc = 40 MHz, set the timer
registefs TAOREG and TALREG-as follows:

If $T16 (8:2-us at 40 MHz) is‘used as the input clock for counting, set the following
valu€ in the registers:

0.2 s =352 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 flipiflop TA1FF is inverted.

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

Value of up counter 0000H  0080H  0180H  0280H \ \0380K )/ 0480H
(UC1 and UCO)
TMRAO comparator match
detect signal I_I I_I [—I H !_I
|
Interrupt INTTAL |'|
|
|
Timer output TALIOUT X Inversjon

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).

L

k tH () |
When <TALFRCZ;0>4Y10" | l | |
k t |

th

P >
When.<TA1FFC1:0> ="01" I I |
I t |

Examplet
When <TA1FFC1:0> = "01"

TAOREG and’UC0match )‘I }'I
(Generate INTTAQ)

TA1REG and UC0-match / ,ﬂ /
(Generate INTTA1L) \
TALOUT

TAOREG

pa ==

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 (UC0O) matches the value in one of the timer registers
TAOREG or TA1REG.

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

Although the up-counter for TMRA1 (UC1) is not used in this mode; 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>

TAYOUT

TAL1FF

[«— TA1FFCR <TA1FFIE>

é Inversion
> INTTAO

> INTTAY

Selector
TAOIN —>
8-bit up counter
GTL —> N
T4 ) d (uco)
$T16
TAO01MOD <TAOCLK1 0>
Comparator }—J | Comparator I >
Selector | TAOREG |
Shift trigger
TAOREG-WR —>|
| Register buffer | | TAIREG |

TAO1RUN <TRORDE>

ﬁ

ﬁ

Internakdata bus

Figure 3.7.16

BloeekDiagram of 8-Bit PPG Output Mode

If the TAOREG double-buffer is enabled ithissmode, the value of the register buffer will

be shifted into TAOREG each time TA1REG-matches UCO.

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

[

[

Match with TAOREG
and UCO

Match with TAIREG

(Up counter=-Qy)

(Up counter = Q,)

Shift into register buffer

TAOREG (Value of compare)

Q2

7

Register\buffer

Q2

Q3

Figure 3.7.17

Operation of Register BufferO

KWrite TAOREG (Register buffer)
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[(TAO1RUN
TAO1IMOD
TAOREG
TALIREG
TALFFCR

L TAOLRUN «~ 1 X X X - I3

Example: To generate 1/4 duty 62.5 kHz pulses (at fc = 40 MHZz):

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 ps =20
Therefore, set TAOREG = 20 = 14H

7 6 5 4 3 2 1 0
«~ 0 X X X - 0 0 O Stop TMRAO and TMRAL and clear-jtfo™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 White 50H.
«~ X X X X 0 1 1 X Set TALFF and set inversion-te’ehable.

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

Set PEXto-TA10OUT4in.

)
x
[
[
[
I
{—
)1
Ll SV
(-

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) méatches the value set in
the timer register TAOREG or when 2» counter overflow oceurs(/ = 6, 7, or 8 as
specified by TAOIMOD <PWMO01:00>). The up-counter UC07s,¢leared 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)

—\
Do
7~
Do

TA1OUT |

1 tpwm

(PWM cycle)

A

v

Figure 3.7.18, \8-Bit Output Wave Ferm

Figure 3.7.19 showsablock diagram representing this mode.

TAQIRUN<TAORUN> TAl?UT
TAOIN —=> _ TAIFFCR
OTL =5 selector 8-bit up countef TA1RE | <TALFFIE>
0T ——> (Uco) Clear
OT16—>)
1‘ 1‘ Inversion
TAOIMOB<TAOCLK1:0> 2" TAOIMOD
:l/f\ 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 Qp
(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'oh the TALOUX pin at fc = 40-MHz:

[ A ol

N

1

18.0 us

25.6 us

To achieve a 25.6 us PWM cycle by setting ¢1'L to 0.2 us\(at fc = 40 MHz):
25.6 us/0.2 us = 128 # 2n
Therefore n should be set\to.7.
Since the low-level petiod is 18.0 us when ¢Th = 0.2 ps,
set the following value for TAOREG:
18.0 ps/0.2 us=90=5AH

MSB LSB
765 4 34<2>1
[ TAOIRUN “ - X X - —"< Stop TMRAO and clear it to 0.
TAOIMOD ~«~1 1 1 0/ = =021 Select 8-hit PWM mode (cycle: 27) and select ¢T1 as the
input clock.
TAOREG «~ 0 1 0 1 1 9.1 o Write 5AH.
TA1FFCR « X X 1 0 1t.X Clear TALFF to 0; set inversion to enable.
PFCR « X = = F£)p= - -1 .
Set PF1 to TA1OUT pin.
PFEC « X - =I5l - - -1 }
L TAOIRUN «~ 1 X =1 - 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
<SYSCK> <GEARZ:0> 6Tl oT4 6T16 oT1 oT4 6T16 oL oT4 0T16
000 (fc) 12.8us | 51.2pus | 204.8us | 25.6ps | 102.4ps | 409.6us | 51.2us—| 204.8us | 819.2us
001 (fc/2) 25.6us | 102.4us | 409.6us | 51.2us | 204.8us | 819.2ps | 102.4ps | 4096us;| 1.63ms
0 (fsys) 010 (fc/4) 51.2us | 204.8us | 819.2us | 102.4us | 409.6us | 1.63ms | 204.8u5.[819.2us | 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 | 819.2us | 3.27ms | 409.6ps | 1.63ms [£6:55ms | 8192us )| J3.27ms | 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 TA01IMOD TAYFFCR
<Bit symbol> <TA01M1:0> <PWMO01:00> <TALCLK1:0> <TAOCLK1:0> <TAL1FFIS>
Upper timer Lower-timer Timer F/F
Function Timer mode PWM cycle . RR . Inversion Signal
input clock input clock
select
0:Lower timer
Lewer timer match, | External, output
8-bit timer x 2 channels 00 A 0T1, $T16, ¢T256 0T, ¢T4, $T16 ) .
(00, 01/ 10, 11) (00, 01, 10, 11) | 1-Uppertimer
output
External,
16-bit timer mode 01 - - 0T, ¢T4, $T16 -
(00, 01, 10, 112)
External,
8-bit PPG x 1 channel 10 - X 0T, ¢T4, $T16 -
(00, 01, 10, 112)
26 o7 o8 External,
8-bit PWM x 1 channel 11 (Ol‘ lO‘ 11) = ¢T1, ¢T4, ¢T16 -
T (00, 01, 10, 11)
. N 6T, 6T16, $T256 ~ )
8-bit timer x 1 channiel 11 (1, 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
e  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 (Oneé-of them with a
double-buffer structure), two 16-bit capture registérs) two comparators, 4/ 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 (ihdependently. All modules
operate in the same manner; hence only the.operation of TMRAOQ1 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 TBALIN1 TB2IN1 TB3IN1
pin ) ) . TBOOUTO TB1OUTO TB2OUTO TB30OUTO TB4OUTO TB50UTO
Timer flip-flop output pin
TBOOUT] TB1OUT1 TB2QUT1 TB30OUT1 TB4OUT1 TB50UT1
Timer run register TBORUN TB1RUN TB2RUN TB3RUN TB4RUN TB5RUN
Timer mode register T7BAMOD TB1MOD TB2MOD TB3MOD TB4MOD TB5MOD
Timer flip-flop
. TBOFFCR TB1FECR TB2FFCR TB3FFCR TB4FFCR TB5FFCR
control register
TBORGOL TB1RGOL TB2RGOL TB3RGOL TB4RGOL TB5RGOL
. . TBORGOH TB1RGOH TB2RGOH TB3RGOH TB4RGOH TB5RGOH
SFR Timer register

TBORGIL TBIRGI1L TB2RG1L TB3RG1L TB4RGIL TB5RGIL
TBORG1H TB1RG1H TB2RG1H TB3RG1H TB4RG1H TB5RG1H
TBOCPOL TBICPOL TB2CPOL TB3CPOL TB4CPOL TB5CPOL
TBOCPOH TB1CPOH TB2CPOH TB3CPOH TB4CPOH TB5CPOH
TBOCP1L TB1CP1L TB2CP1L TB3CP1L TB4CP1L TB5CP1L
TBOCP1H TB1CP1H TB2CP1H TB3CP1H TB4CP1H TB5CP1H

Captureregister,

External Capture/trigger

. . ! TAIOUT TA1OUT TA30UT TA30OUT TAS0UT TAS50UT
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.

92CM27-165 2005-04-20



TOSHIBA TMP92CM27

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
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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> 671 ¢T4 ¢T16
000 (fc) 2%fc (0.2 ps) 2%fc (0.87us) 27ffc (3.2 us)
001 (fc/2) 2%fc (0.4 ps) 2%fc (1.67u) 2%/fc (6.4 s)
010 (fc/4) 2%/fc (0.8 ps) 21fc (3.2 jis) 2%fc (12.8 ps)
011 (fc/8) 2%/fc (1.6 ps) 2%fc 6:4us) | 2"/Hc (25.6 us)
100 (fc/16) 27lfc (3.2 ps) 2°ffc(42.8 us) | 2"/fc (51.2/8)

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 ¢dlock, one of the prescalér.internal clocks ¢T1, ¢T4, and ¢T16 can be
selected. Counting or )stopping and clearing of the counter is controlled by timer
operation control register TBORUN<TBORUN>. And an external clock from TBOINO
pin can belseléctedin TBOMOD.

When clearing is enabled, thé uip’ cotinter UCO will be cleared to zero each time its
value matchesthe value'in the timer register TBORG1H/L. Clearing can be enabled or
disabléd using TBOMOD<TBOCLE>.

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

A timer overflow interrupt AINTTBOO) 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 counten (UC0) and the timer register TBORG1
match.

After a reset, TBORGOH/L and TBORGIH/L dré undefined. If the 16:bit timer is to be
used after a reset, data should be written ‘to it béforehand.

On a reset <TBORDE> is initialized t0 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 beldw.

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-I<TBORDE> = 1, the value is written
to the register buffer only.
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The addresses of the timer registers are as follows:
4 TMRBO ittt ittt ettt ettt
! TBORGOH/L TBORG1H/L i
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
! (TBORGOH) (TBORGOL) (TBORG1H) (TBORGL1L) '
: 1189H 1188H 118BH 118AH i
1 1
1 1
H TMRB1 e N ) Atk
' TB1RGOH/L TB1RG1H/L i
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
: (TB1RGOH) (TBIRGOL) (TB1IRG1H) (TB1RGIL) !
| 1199H 1198H 119BH 119AH |
| |
£== TMRB2 == --=m--mmoo oo oo oee Lo
! TB2RGOH/L TB2RGIH/L !
' Upper 8 bits Lower 8 bits Upper\8 bits Lower 8 bits |
: (TB2RGOH) (TB2RGOL) (TB2RG1H) (TB2RGIL) !
: 11A9H 11A8H 1TABH 11AAH :
| .
r== TMRB3 -----=---omoom oo pe e Lo 2
' TB3RGOH/L TB3RG1H/L !
' Upper 8 bits Lower 8 bits Upper 8 bits Lower.8bits |
: (TB3RGOH) (TB3RGOL) (TB3RG1H) (TB3RG1L) !
| 11B9H 11B8H 11BBH T1BAH |
| |
r== TMRB4 == --=mmm ooy mm s oo a e e
! TB4RGOH/L TB4RGIHIL !
' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
: (TB4RGOH) (TB4RGOL) (TB4RG1H) (TB4RGIL) !
| 11C9H 11C8H 11CBH 11CAH |
| |
r== TMRB5 ~-f===ag-mmmm oo mmmm oo oo
' TB5RGOH/L TB5RG1H/L i
' Upper-8 bits Lower 8 bits Upper 8 bits Lower 8 bits |
: (T7B5RGOH) (TB5RGOL) (TB5RG1H) (TB5RGIL) !
! 11D9H 11D8H 11DBH 11DAH |
) |
The timer registers are write-only registérs ahd 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 =-=-== - mmmm e e m e e e e e e E e — oo - n
! TBOCPOH/L TBOCP1H/L

' Upper 8 bits Lower 8 bits Upper-8 hits Lower 8 bits

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

| 118DH 118CH 118FH 118EH
L ALY !
-- TMRBl SN fl__1sg
1

! TB1CPOH/L TB1CP1H/L

' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8/hits

! (TB1CPOH) (TB1CPOL) (TB1CPA1H) (TB1CP1L)

' 119DH 119CH 119FH 119EH
N o)) !
-- TMRB2 s s> > \TlA_
1

! TB2CPOH/L TB2CPYH/L

' Upper 8 bits Lower-8 bhits Upper 8 bits Lower 8 bits

! (TB2CPOH) (TB2CPOL) (TB2CP1H) (¥B2CP1L)

: 11ADH VIACH 11AFH 11AEH
SN N\ ) !
-- TMRB3 M s mme S ITse=sl o _______,
1

! TB3CPOH/L TB3CP1H/L

' Upper 8 bits Lowet 8 bits Upper 8 bits Lower 8 bits

! (TB3CPOH) (TB3CPOL) (TB3CPIH) (TB3CP1L)

: 11BDH 11BCH 11BEH 11BEH

Y o ) N 4 N !
r—— TMRBA e N o,
1

! TB4CPOH/L TB4CP1H/L

' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

H (TBACPOH) (TB4ACPOL) (TBACP1H) (TB4CP1L)

. 11CDH 11CCH 11CFH 11CEH

L e S NI . !
L TMRBS S s T L emmmm___ g,
1

H TB5CPOH/L TB5CP1H/L

' Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

! (TB5CPOH) (TB5CPOL) (TB5CP1H) (TB5CP1L)

: 11DDH 1IDCH 11DFH 11DEH

1

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 ofexternal 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 4 ¢aptire register by software.
Whenever 0 is programmed to TBOMOD<TBOCPQI>, thelcurrent value in the up
counter is loaded into capture register TBOCPOH/L:-It.1s necessary to keep the
prescaler in Run mode (e.g., TBORUN<TBOPRUN>\must beheld at a value of 1).

Note) External interrupt can be controlled with this-comntrol circuit by seeing when the
port setting is set to input function (TBQINO) of TMRBO0. When thé 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 théup counter UCO
with the value set in TBORGOH/L or TBQRG1H/L respectively,in.order/to detect a
match. If a match is detected, the comparator generates An interrGpt (INTTBOO or
INTTBO1 respectively).

Timer flip-flop (TBOFFO and TBOEF1)

These flip-flops (TBOFF(Q and TBOFF1) areinverted by the rmhatch detect signals from
the comparators and the-latch signals t6/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;-TBOETY>.

After a reset (the ‘values of TBOFFO ‘and TBOFF1 are undefined. If “00” is
programmed to TBOFFCR<TBOFFOC1:0=0r<TBOFF1C1:0>, TBOFFO will be inverted.
If “01” is programmed to the capturé registers, the value of TBOFFO will be set to “1”. If
“10” 1s programmed to the captuye registers; the value of TBOFFO will be cleared to “0”.

The walues 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 texminal-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 funetion register.
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TMP92CM27

TOSHIBA
3.8.3 SFRs
TMRBO Run Register
7 6 5 4 3 2 1 0
TBORUN | Bit symbol TBORDE — 12TBO 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 prescgaler Up counter
Function )
0: Disable 1: Operate [Q; Stop and<lear
1: Enable 1; Run (Count)
| I_l_l

TB1RUN
(1190H)

Control of double buffer

0

Disable

1

Enable

Up counter operation for TMRBO
0 | Stop & Clear

1 | Count
Control athe time of
the IDLE2(mode —> Prescalef operation for TMRBO
Stop 0-_| Step & Clear
1| (| Operate 1 jCount

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

TMRBL-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". Q: 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
1Y | 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)
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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 Qperation of
Function buff.er write “0”. 0: Stop of prescaler Up counter
0: Disable 1: Operate |Q: Stop (ahd/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 mede

Up counter operation for TMRB2

0 |Stop & Clear

1 | Count

—> Prescaler operation for TMRB2

0

Stop

1

Operate

0 |['Stop & Clear

1~ [ Count

Note: The values of bits 1, 4 and 5 of TBZRUN 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 — 12¥B3 TB3PRUN TB3RUN
Read/Write R/W RIW RN RIW R/W
After reset 0 0 0 0 0
Double Always IBLE2 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 1 |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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TOSHIBA TMP92CM27

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 Qperation of
Function buff.er write “0”. 0: Stop of prescaler Up counter
0: Disable 1: Operate |Q: Stop (ahd/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 ount

Note: The values of bits 1, 4 and 5 of TB4RUN are undefined when réad

TMRB5.RunRegister

7 6 5 4 3 2 1 0
TBSRUN | Bit symbol TB5RDE — 12¥B5 TB5PRUN TB5RUN
(11D0H) | Read/write RIW RIW RIW. RIW RIW
After reset 0 0 0 0 0
Double Always IBLE2 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) [ ReadWrite 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 Eig:?gle 00: Disable con.trol 00:\TBOINO pin input
mst;g;ilo; is 1: Trigger enable e INT4 is ;lsmg edg? O:disable\ “fo1:4T1
prohibite invert when linvertwhen |- ) 01: TBON.O ' TBOINl 1:enable 10: ¢T4
capturer INT4 is rising edge .
capture to | match UCO 1: Undefined 11: ¢T16
capture with +Undefined) 10: - TBOINO T TBOINQ ¥
register 1 | TBORGLHIL INT4 is falling edge
11: TA1OUT T
TALOUT {
INT4 is rising edge
1

I—>|nput clock
00

TBOINQ/pin input

01 [¢T1
10 |¢74
11 },4T16

——> Cléar up counter 0(UCO0)

0 [ Cleardisable

1 | Clear by-matehing-with TBORG1H/L

L5 Capturefinterrupt timjng

Capture/cgntrol

INT4 control

00, | Capture disable

Generate INT4 by

01

TBOCPOH/L by TBOINO rising
TBOCP1H/L by TBOINL1 rising

TBOINO rising

10

TBOCPOH/L by TBOINO rising
TBOCP1H/L by TBOINO falling

Generate INT4 by

TBOINO falling~ M__

11

TBOCPOH/L by TALOUT rising
TBOCP1H/L by TA1OUT falling

Generate INT4 by

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 gogt“f’tlw INT6 is rising edge | O:disable. “.g1/¢T1
o : Software . : ;
prohibited Invert when | Invert when t oL: TBlN.O T TBlINl T | Lienable 10: ¢T4
capture INT6 is rising edge .
capture to | match UC1 1-Undefined 11: ¢T16
capture with ‘Undefined| 10: - TB1INO T TB1INQ ¥
register 1 | TBIRGIHIL INT6 is falling edge
11: TA1OUT?
TA1OUT {
INT6 is rising edge

|—> Input(clock

00_ | TBLINO pin input

o[ 11
1Q | ¢T4
19716

~—> Clear up counter (UC1)

0 [ Cleardisable
1 | Clear by matching with TBIRG1H/L

~—> Capturefinterrupt timing

Capturg control INT6 control
00 | Capture disable Generate INT6 by
01 | TB1CPOH/L by TB1INO rising | TBLINO rising
TBICP1H/L by TB1IN1 rising
10. |\ TBXCPOH/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 TBICPOH/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 gorétr(f)tlw INT8 is rising edge | O:disable\ o1/¢T1
o : Software . : ;
prohibited Invert when | Invert when t o1: TBZN.O T TBZINl T | Lepagie 10: ¢T4
capture INT8 is rising edge .
capture to | match UC2 1-Undefined 11: ¢T16
capture | with ‘Undefined| 10:  TB2INO 1 TB2INQ ¥
register 2 | TB2RG1HIL INT8 is falling edge
11: TA30UT T
TA30UT {
INT8 is rising edge

|—> Input(clock

00_ | TB2INO pin input

o[ 11
1Q | ¢T4
19716

~—> Clear up counter (UC2)

0 [ Cleardisable
1 | Clear by matching with TB2RG1H/L

~—> Capturefinterrupt timing

C€apture’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. “.g1/¢T1
o : Software . : ;
prohibited Invert when | Invert when t oL: TBSN.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 TB3INQ ¥
register 3 | TB3RGLHIL INTA is falling edge
11: TA30UT T
TA30UT {
INTA is rising edge

|—> Input(clock

00_ | TB3INO pin input

o[ 11
1Q | ¢T4
19716

~—> Clear up counter (UC3)

0 [ Cleardisable
1 | Clear by matching with TB3RG1H/L

~—> Capturefinterrupt timing

C€apture’control INTA control
00 | Capture disable Generate INTA by
01 | TB3CPOH/L 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 falling ~ \__
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)
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TMRB4 Mode Register
7 6 5 4 3 2 1 0
TB4MOD Bit symbol TB4CT1 TB4ET1 TB4CPOI TB4CPM1 | TB4CPMO TB4CLE TB4CLK1 | TB4CLKO
(11C2H) | Readmwrite 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 gf);t:f)tlware 01: (Reserved) Oidlsable 01/¢T1
prohibited Invert when | invert when .capture 10:  (Reserved) Lenable,  [10:¢T4
capture o | matchUca |\ o 11: TA50UT T 11: ¢T16
capture with TA50UT
register 4 | TB5RG1H/L
|
A
|—)Input clock
00 |.(Reseryed)
01 0Tt
10 [9T4
11| ¢T16
==—> Clear up counter (UC4)
0 [ Clear disable
1 | Clear by matching with TB4RG1H/L

—=—> Capture/interrupt timing

Capture control

00 | Capture disable

01 {J(Reserved)

10_ | (Reserved)

11\ ['FB4CPROH/L by TA1OUT rising

TB4CP1H/L by TAL1OUT falling

—F——>/Softw

are capture

0

Capture value of up counter to TB4ACPOH/L

1

Undefined

Inversion trigger control of TB4FF1 when the UC4 match with
TB4RG1H/L

A

Disable inversion

1

Enable inversion

Inversion trigger of TB4FF1 when the UC4 value is loaded in to
TB4CP1H/L

0

Disable inversion

1

Enable inversion

Figure 3.8.14 Register for TMRB (8)
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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 gf);t:f)tlware 01: (Reserved) Oidlsable 017/¢T1
prohibited Invert when | invert when .capture 10:  (Reserved) Lenable,  10: ¢T4
capture to | match UCS |\ o 11: TA50UT T 11: ¢T16
capture with TA50UT
register 5 | TB5RG1H/L
|
A
|—)Input clock
00 |.(Reseryed)
01 0Tt
10 [9T4
11| ¢T16
==—> Clear up counter (UC5)
0 [ Clear disable
1 | Clear by matching with TBSRG1H/L

—=—> Capture/interrupt timing

Capture control

00 | Capture disable

01 {J(Reserved)

10_ | (Reserved)

11\ [FFB5CPROH/L by TA50UT rising

TB5CP1H/L by TA50UT falling

> /Softw

are capture

0

Capture value of up counter to TBSCPOH/L

1

Undefined

Inversion trigger control of TB5FF1 when the UC5 match with
TB5RG1H/L

A

Disable inversion

1

Enable inversion

Inversion trigger of TB5FF1 when the UC5 value is loaded in to
TB5CP1H/L

0

Disable inversion

1

Enable inversion

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 017 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TBORG1H/L. | TBORGOHIL.
TBOCP1H/L. | TBOCPOHIL.

I |

|—> Fimer flip-flop TBO (TBOFFO) eontrol

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 disableq (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
—77 77 7~ loaded in to TBOCP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TBOFF1 control

A

00 | Invert value of TBOFF1
01 | Set TBOFF1 to “1".

10 [ Set TBOFF1 to “0".

11 | Don't care

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 | TB1E1T1l | 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TB1RG1H/L. | TBIRGOHIL.
TB1CP1H/L. | TB1CPOHIL.

I |

|—> Timer flip-flop TB1 (TB1FFO0) eontrol

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 disableq (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 TB1CPOH/L

0\_| Trigger disable (Disable inversion)

1| Trigger enable (Enable inversion)

Inversion trigger of TB1FFO When the UC value is
—77 77 7~ ” loaded in to TBICP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TB1FF1 control

A

00 | Invertvalue of TB1FF1
01 |Set TB1FF1to “1".

10 [ Set TB1FF1to “0".

11 | Don't care

Pigure 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 | Bit symbol | 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 TB2FFO 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TB2RG1H/L. | TB2RGOHIL.
TB2CP1H/L. | TB2CPOHIL.

I |

|—> Timer flip-flop TB2 (TB2FFO0) eontrol

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 disableq (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
—77 77 7~ ” loaded in to TB2CP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TB2FF1 control

A

00 | Invert value of TB2FF1
01 | Set TB2FF1 to “1".

10 | Set TB2FF1 to “0".

11 | Don't care

Pigure 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 017 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TB3RG1H/L. | TB3RGOHIL.
TB3CP1H/L. | TB3CPOHIL.

I |

|—> Fimer flip-flop TB3 (TB3FF0) 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 disabled (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
—77 77 7~ ” loaded in to TB3CP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TB3FF1 control

A

00 | Invert value of TB3FF1
01 | Set TB3FF1to “1".

10 [ Set TB3FF1to “0".

11 | Don't care

Pigure 3.8.19 Register for TMRB (13)
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TMRB4 Flip-flop Control Register
7 6 5 4 3 2 1 0
TB4FFCR | Bit symbol | TB4FF1C1 | TB4FF1CO | TB4C1T1 | TB4COT1 | TB4E1T1 | 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TB4RG1H/L. | TBARGOHIL.
TBACP1H/L. | TB4CPOHIL.

I |

|—> Timer flip-flop TB4 (TB4FFO0) eontrol

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 disableq (Disable inversion)

1 Trigger'enable/{(Enable inversion)

Inversion trigger of TB4FFO when the UC match with
— > TB4RG1H/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
—77 77 7~ ” loaded in to TBACP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TB4FF1 control

A

00 | Invert value of TB4FF1
01 |Set TB4FF1to “1”".

10 [ Set TB4FF1to “0".

11 | Don't care

Pigure 3.8.20 Register for TMRB (14)
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TMRBS 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 017 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'C * Always read as “11”.
is loaded in is loaded in matches with-{-matches with
to to TB5RG1H/L. | TB5RGOHIL.
TB5CP1H/L. | TB5CPOHIL.

I |

|—> Fimer flip-flop TB5 (TB5FFO0) eontrol

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 disableq (Disable inversion)

1 Trigger'enable/{(Enable inversion)

Inversion trigger of TB5FFO when the UC match with
— > TB5RG1H/L

0~._|Trigger/disable (Disable inversion)

1 | Trigger'enable (Enable inversion)

Inversion trigger of TB5FFO When the UC value is
—>* loaded in to TB5CPOH/L

0\_| Trigger disable (Disable inversion)

1| Trigger enable (Enable inversion)

Inversion trigger of TB5FFO0 When the UC value is
—77 77 7~ ” loaded in to TB5CP1H/L

0 | Trigger disable (Disable inversion)
1 | Trigger enable (Enable inversion)

TB5FF1 control

A

00 | Invert value of TB5FF1
01 | Set TB5FF1 to “1".

10 [ Set TB5FF1 to “0".

11 | Don't care

Pigure 3.8.21 Register for TMRB (15)
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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 (TBOCPQH/L, TBOGP1H/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

Figure3.8.22__Register for TMRB (16)
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TB1RGOL
(1198H)

TB1RGOH
(1199H)

TBIRGIL
(119AH)

TB1IRG1H
(119BH)

TB1CPOL
(119CH)

TB1CPOH
(119DH)

TB1CP1L
(119EH)

TB1CP1H
(119FH)

Timer Register (TB1IRGOH/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, TBIEP1H/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 “Registerfor 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, TB2€P1H/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 “Registerfor TMRB (18)
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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, TB3EP1H/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 “Registerfor 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, TBACP1H/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_ “Registerfor 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, TB5EP1H/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 “Registerfor 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 INTTBOA.

[ TBORUN <« 0
INTETBO « X 1 0 0

TBOFFCR «+ 1 1 0 O
TBOMOD <0010

TBORG1H/ « * * * *
L
* Kk k%

TBORUN «~ 0 0 X X
X: Don't care, —: No change

(2) 16-bit event counter mode

3

X

o o N

00
01

(** =01, 10, 11)

1

*

*

1

*

*

Stop TMRBO.

Enable INTTBO1 and’sét interrupt level 4. Disable
INTTBOO.

Disable the trigger.

Set input clock to prescaler clock, and set capture function
to disable.

Set the interval time_(16bits).

Start TMRBQ.

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.edgé of TBOINO pininput. 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~O
TBOMOD «~ 0016
TBORGIH/L « (X */*

TBORUN < 0 0O X X

X: Don't’cdre, —: No change

0

o O + /jO

Stop-TMRBO.
Set PKO'to TBOINO/input mode.

Set INTTBOL1 to’enable (Interrupt level4).
Set INTTBOO to disable.

Set\trigger to disable.

Setinput clock to TBOINO pin input.
Set.number of count. (16 bits)

Start TMRBO.

Note: When used as an event counter;.set the prescaler to “RUN” (TBORUN<TBOPRUN> = “17).
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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 flipflop 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?TBvél(t) interrupt ) /ﬂ I_I I_I I—I I_I
A1 1 [ 1

Match with TBORG1H/L
(INTTBO1 interrupt) [

TBOOUTO pin l_, u ‘_l

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// at match with-TBORG1H/L. This feature
makes easy the handling of low-duty waves.

Match with I_I H

TBORGOH/L Up counter & Qy Up counter = Q
Match with )ﬂ

TBORG1H/L [ shiftin to TBORGOH/L
TBORGOHIL Q1 X Q2
(Compare value) "

Register buffer0 Q2 X Q3
Write TBORGOH/L

Figufe 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—> _hi
$T4 16 blttljpégounter . Clear (TBOFFO)
$T16 —>|
[
\L Matching { J
| 16-bit comparator |—>— | 16-bit comparator |—<
Selector | TBORGOH/L |

TBORGOH/L-WR —>f

Registerbuffer0| | TBORG LM/ |

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 sutput/mode:

B 76 54,3210
TBORUN «~ 0 0 X X+ 0 X\0 Disablethe-TBORGOH/L double buffer and stop TMRBO.
TBORGOH/L « * * * * M ~x X /% Set the dutyratio (16 bits).
* * * % * * * *
TBORGIH/L « * * | * * * p x x Set'the frequency (16 bits).
* * *. *- * * * *
TBORUN /Y D/ XX - 0 X O Enable the TBORGOH/L double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR /& X X 0 0 1 2~1 O Set the mode to invert TBOFFO at the match with

TBORGOH/L, TBORG1H/L. Clear TBOFFO to 0.
TBOMOD, «< 00 10,0 1 * % } Set input clock to prescaler output clock and disable the
1,10, 11)

(M= capture function.
PJFC — - - - - <=1
PICR - - - - - - - =2
TBORUN « 10 X X,- 1 X1 Start TMRBO.
- X._ :Dor'tcare, — : No.change
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(4) Capture function examples

Used capture function, they can be applicable in many ways, for example:

&~ L b=

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 triggerpulse

Set the up counter UCO in free-running mode with the internal input clock,
input the external trigger pulse from TBOINQ 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/A (=c+d), and set
the above set value (c + d) plus a oneshot width (p) to TBORG1H/LA=c + d + p).
And, set “11” to timer flip-flop control register TBOFFCR<TBOEYTA, /BOEOT1>.
Set to trigger enable for be inverted timer flip-flop TBOFEQ by UCO-médtching with
TBORGOH/L and with TBQRG1H/L. When interrupt ANTTBO1 occurs, this
inversion will be disabled after ene-shot pulse is output:

The (c), (d), and (p) corréspond te'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 TBORG1H/L

Timer ouptit pin TBOOUTQ

and generate INT4. ,ﬂ

[}
| |
| |
i : 1 i
! Inversion ' Generate !
! enable ' INTTBO1. !
i I
[}

[}

] .
1Inversion

1énable

Set it to disablesthat

inversion caused by
:!Ioading into, TBOCPQHA
I

]
! Delay-tinie

€

Y .

Pulse width
(@) (9]

1

|

|

|
<€

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 «+ X X 1 01 0 0 1
! » Load into TBOEPO by rising edge of TBOINO pin input.

TBOFFCR « X X 0 0 0 0 1 O
LH—) Clear TBOFFQ'tg 0.

» Disable inversion.of TBOFFO.

PJFC T §
PJCR T §
INTE45 «~ - - - -X100 >
Enable INT4. Disable INTTBOO and INTTBO41,
INTETBO «~ X 0 0 0 X 0
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_'_,——-——> Enable inversion of TBOFFOQ when match with
TBORGOH/L or TBORGIH/L.
INTETBO «— X1 0 0 X —"<c 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. 0X/- - - Disable INTTBO1.

X : Don't care, -/: 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 | Loadhinto_capture register 1

]
I
| > Generate INTTBO1. | TBOCPIH/L.
Match with TBORG1H/L : i
T 1 H
; Inversion enable l i i
Timer output TBOOUTO pin 1 |
i Pulse width ! Vad
' () Set it to disable_that inversion caused by
Set it to enable that inversion loading into TBOCRIH/L.
caused by loading into
TBOCPOHI/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 bé measured-in this.mode, Frequency is
measured by the 8-bit timers TMRAQ1.and the 16-bit timer/eventicounter.
TMRAO1 is used to setting of measureément time by inversion TA1FF.

Counter clock in TMRBO seleet TBOINO pin input, and count by external clock
input. Set to TBOMOD<TBOCPM1:0> = “11”. The'yatué 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 (TMRAQ1), and into TBOCPIH/L at its fall edge.

The frequency -is—calculated by “difference between the loaded values in
TBOCPOH/L and TBOCP1H/L when the “interrtipt (INTTAO or INTTAIL) is
generates by either-8-bit timer.

Count clock _ﬂ_"“'mm—l_
(TBOINO pin input ) - - _ﬂﬂm __________

Ct c2
TALFF
| | |

| : 1 :
Load into TBOCPOHI/L Ct ! Hc1 '

i | | :
Load into TBOCP1HIL : ﬂcz : ﬂcz

| | | |
INTTAO/INTTAL I I I

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 5 and thée 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 TBOEPOH/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 us and-the difference between
TBOCPOH/L and TBOCP1H/L is 100, the pulse(width will be 100 x 0.8 us = 80 us.

Additionally, the pulse width that is over the UC0 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 (/N7
TBOINO pin input I
(External pulse) A
C1l

Load into TBOCPOH/L

Load into TBOCP1H/L

I
I
INT4 \ﬂ

Figure 3.8.34 ~Pulse Width Measurement

/_
k]|
@]
N

— 1 T —_J" 7 "
@]
N

Note: Pulse Width measure_hy setting “10” to TBOMOB<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 édge ©f, TBOINO input.

The width'of low level can be measured from the difference between the first C2
and'thesecond C1 at the sécond/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 TBOCROH/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‘ean 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 8bit timer 0, 1
(TMRAO1) or 16-bit timer 0 (TMRBO0). The output on channel 1N(PG1) is updated in
synchronization with the 8-bit timer 2, 3 (TMRA23) or 16-bit tifmer’ ¥ (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)b€ 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 (TMRAQL) or 8-bit timer 2,3/ (TMRA23) or
16-bit timer 0 (TMRBO) 16-bit timer 1 (TMRB1)

ﬁ

b7

- PL3PGO3
> PS03 | L] (RL7/PGT3)

1 to 2 excitation

i

N
1/2 ‘excitatioh

b3

b6 y_L"_| PL2/PGO2
’\_P%f_l ] (PL6/PG12)
b2

SA02

(]
(2]
heq
[
>
(0]
ad

rotation
rotation

Internal data bus
¥
'UL
O/ |«
> 2 |«

b5

N PL1/PGO1
G ’D (

PL5/PG11)

J.

b1
ba ,—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 RIW
After reset 0 0 0 0 0 0 0 0
Function PG1 write PG1 PG1 mode | PG1 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: Normat excitation |0: Disable
rotation or 1: Enable rotation or 1: Enable
1: Reverse 2 step I:.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 RGO

——=—>——> Set the operation mode for PGO

0 [1or2.step excitation (Full step)

1 |1 to 2 step.excitation (Half step) /PG mode

—— > PG0\(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 RIW
After reset 0 0 0 0 0 0 0 0
Function PG1 write PG1 PG1 mode | PG1 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: Normat excitation |0: Disable
rotation or 1: Enable rotation or 1: Enable
1: Reverse 2 step I:.Reverse 2'step
rotation excitation rotation excitation
1:1to 2 1:1to 2
step step
excitation excitation

PG1.trigger input enable

0

Trigger input disable/for PG1

1

Trigger input enable\forPG1

L/ —~ —~_ 3 Set the operation.mode forPG1

0

1/0r 2 step excitation (Full step)

1

1 to-2 step excitation (Half step) /PG mode

Rotation direction control

> PG1\(Stepping motor control)

Q

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 Patteyn Generation Control Register (PGO1CR) (2/2)
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7 6 5 4 3 2 1 0
PGOREG | Bit symbol PGO03 PG02 PG01 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
wrc::fy- ( 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 (RGOREG)
7 6 5 4 3 2 1 0
PG1REG Bit symbol PG13 PG12 PG11 PG10 SA13 SA12 SA1l 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 genération 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-bit timer 0: 8-bit timer
trigger trigger
(TMRA23) (TMRAO1)

4.-16-bjt timer | 1. 16-bit timer

trigger trigger

(TMRB1) (TMRBO)

|—> Selecting PGO shift trigger

0] 8-hit timer trigger (TMRAO1)
1 | 16-bit timer trigger (TMRBO)

——F————>Seélecting PG1 shift/trigger
0 [ 8-bit timer trigger (TMRA23)
1 | 16-bittimertrigger (TMRB1)

Figure 3.9.6 Pattern Generation Control Register2/(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 Portl4to L7
Selector > >
16-bit timer 1 B S [y
(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 as a pattern generator. In‘/thissmede data is
written from the CPU to the shift alternate registér only. The pattern data)is then written
from the shift alternate register to the pattern generdtor register synchronized/to the shift
trigger interrupt from the timer.

In this mode, PGO1CR<PGOM> shguld. be set to “1”, PGO1CR<CCWO0> to “0”, and
PGO1CR<PGOTE> to “1”.

The output from the pattern generator goes to port I/ sinc¢e port or functions can be
switched by the bit settings in/the port filnction contral register/(PLFC) and port function
control register 2 (PLFC2), any port pin can be dssigned-to.pattern generator output.

Figure 3.3.9 shows the block diagram for thissmode.

Trigger signal from timer/
timer interrupt ﬂ H H H
Writing'data to SA03 to SA00 gn
( timer interrupt K ¢ & + \ +
Shift alternate register o1 \ X n \ X N1 \ X nt o \ X P
output + { {
(SA03 to SA00) &} Shiffing data from SA03 to\\t \\4 \\4
SA00 to PGO3 to PG00
Pattern generator X o1 X " X ) X Nt 2

register output
(PG03 to PG00)

Figure 3.9.8 Example of Pattern Generation Mode
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™ . : [ Poos
Shift alternate register PG03 (PL3)

BUS3 SAiOS |

] PGO2
oo [ 75
N ]
. |
<——————ﬁ SA02 |
< | BUS2
g | ,
© <
= |
s T—1._PGO1
g PGOL > (PLY)
| > '
<——————ﬁ SA0L |
BUS1 |
N |
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
controlport mode. Hence, data shifted on the trigger signal from a timer must be written
before the next trigger signalis-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 H H

from timer :
I
pGo0 (PLO) LD b7 b6 b5 b4
]
]
]
PGOL (PL1) | b5 b4 b7 b6 b5
]
]
]
]

PGO02 (PL2) b6 b5 b4 b7 b6 l
i
|
|
i
|
|

Initial value of PGOREG = 0100xxxx

b6 b5 b4 b7

PGO3 (PL3)

i

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
|

PGO0 (PLO) LD b5 b6 b7 b4
I
[}
[}

PGO1 (PL1) | b5 b6 | b7 b4 b5

I

I

: b7 b4 b5 b6

b7 b4 b5 I b6 b7

:

PGO02 (PL2)

PGO3 (PL3)

i

Initial'value of PGOREG = 0100xxxx

(2) Reverse rotation

Figure 3.9/10-Qutput Waveforms for 4-Phase 1-Step Excitation

(Normal rotation and Reverse rotation)
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fcosn B I » BNy N § N BN ) B
PGOO (PLO) ibu b7 b6 | bs b4 |
|
PGO1 (PL1) i bS b4 b7 b6 b5
.
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 from PGO (PL) is latched on the rising-edge of the triggér signal from the

timer.

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( éet-to 1”. 4-phase 1-step
excitation will be selected when only ene bit is set to “1” during thée initialization of PG,
while 4-phase 2-step excitation will'be selected when two congecutive bits are set to “1”.

The value in the shift altérnate registers are—ignored{when 4-phase 1-step/2-step

excitation mode is selected.

Figure 3.9.12 shows the/block-diagram.

RGO output latch

»[ 1PG03 (PL3)

> 1PGo2 (PL2)

Shift alternate register A
&7 > PGO3
K
B3 SA03 A1
i WL pG02
Qo
o K
<[ b2
[ 5
- SAD2 ]
£ b5
o [« > PGO01
= N
bl > SA01 1
< b4 > PG00
£Q SA00 T—

> 1 PGo1 (PL1)

»[] PG00 (PLO)

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

I b6 b2 b5 b1 b4 b0 b7 b3
PGO2 (PL2) |
PGO3 (PL3) | D7 b3 b6 b2 b5 bl b4 b0

$

Initial value of PGOREG = 11001000

Note: bn denotes the initial value PGOREG <« b7 b61H5 b4 b3 b2 b1,b0

(1) NormalTrotation

Trigger signal H H l"] H l'_] H H

from timer :
|
[}

PG00 (P60) Eb4 bl b5 b2 ES b3 b7 b0
[}
I
[}

PGo1 (P61)  LPS b2 b6 b3 b7 | b0 b4 bl
!

PGO2 (P62) | b6 b3 b7 b0 h4 bl b5 b2
[}
I
[}

PGO3 (P63)  1b7 b0 b4 b1 b5 b2 b6 b3

t

Initial valué of PGOREG = 11001000

(2) Reverse rotation

Figure 3.9.12 Output Waveforims for 4-phase 1 to 2 step Excitation

(Narmal 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 (SAQ) 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/outpltfatch

Shift alternate
register ,7r|
b7
< PG03 >
| r
£
b3 SA03
f |
b6
< > PG02 > PGO2 (P62)
E A
S| o, ' Nl
g > SA02
g X AL
8 |
=1 bs
< > PGO1 > PGO1 (P61)
| £
£
bl SA01
t |
b4
< > PG00 > PG00 (P60)
T
| AL
po) |
SA00
4

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)
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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 cleart to zero.
Set 8-bit timer mode and select ¢T1 as the input

Clear TALFF to zero and.enable the inversion
trigger using timer O,
Set the cycle.in the timepregister.

Set bits PLO toPL3 to PGO output.

Select PGO 4-phase1 to 2-step excitation mode

76 543210
TAOLRUN < 0 X X X - 0 00
TAOLMOD «~0 0 0 0 - - 0 1
clock.
TAIFFCR <« X X X X1 01 0
TAOREG (_* * * * * * * *
PLCR «- --=-1111
PLFC «- ---1111
PLFC2 «<~- - - -0000
PGOICR «~- - - - 0011
and normalrotation.
PGOREG <1 1 001000 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 samée ds the trigger signal for the
timer flip-flop (TA1FF, TASFF, TBOFFO, TBOFF1, TB1FFO and TB1FF1); they differ as
shown in Table 3.9.1 depending on the operation mode of thetimer.

Table 3.9.1/Trigger Signal Selection

TA1FE Inversion

PG Shift

Selected by TA1FFCR<TALFFIS> when
the up counter value matches TAOREG
or-FTA1REG valde.

8-bit timer mode

Selected by TAIFFCR<TALFFIS> when
the’up counter value matches TAOREG
OorTA1REG value.

When the\up counter value matches both
TAOREG and TALREG valugs-(thevalue
of up-cetnter = TAIREG x 2%+
TAQREG).

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 countervalue matches both

PPG output'mode
TAOREG and TA1REG/

When the up counter value matches
TALREG value (PPG cycle).

When the up-countervalue-matches

PWM output mode
TAOREG value and PWM cycle.

Trigger signal for PG is not generated.

Note: To shiftPG, TAIFFCR<TAIFFIE> must-bé 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 UCO/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.TAJQUT pin (shared

with PF1).
. J
TAIREG
TAL1OUT (PF1) H H ﬂ I_
S |
TAOREG
PG00 (PLO) | I
PGOL (PL1) | L
PGO2 (PL2) I [
PG03 (PL3) — | I

Figure 3.9.14 Output Waveforms.for4-phase 1-step Excjtation

Setting example:

76 5 4 3210
TAOLRUN «~ 0 X X X(£ 0N0\ O 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 TALFF inversion and set TALFF to “1”.
Setthe duty of TALOUT to TAOREG.
Set'theeycle of TALOUT to TALREG.

TALFFCR « X X X(X 01
TAOREG <« * * A« ¥ Jx
TAIREG < */ %% ¥ % *
PFCR —« X\£/~% - -

* ok
X

* Ok

Assign PF1 as TALOUT.

[EEY
|
L~

PFFC X = A - - 1~

PLCR r—_— - -1 411

PLFC - ="- -1 111 Assign PLO to PL3 as PGO.

PLFC2 &~- - - —,/0-0-090

PGOICR <<% - - - 0.0 01 Set PGO to 4-phase 1-step excitation mode.
PGOREG « * * * * * * * * Set an initial value.

TAOIRUN <~ 0 X X X - 1 I~2 Start timer 0, 1.

X:'Don't care, —: 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-fer 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 funcfion 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 diagramsg /for each/channel. Each channel is
structured in prescaler, serial clock generation circuit;receiving bufferand control/circuit, and
transfer buffer and control circuit.

Serial channels 0 to 3 can be used independently.

All channels operate in the same functien-except for the following-points; hence only the
operation of channel 0 is explained below:

Table 3.10.1 Differencesbetween’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)  [(BTS1/SCLK1 (PA5) |\&TS2 /SCLK2 (PD5) | CTS3/SCLK3 (PL2)

IrDA mode Yes Non Non Non

This chapter-containg the|following sections:
3.107V'Block Diagram
3.40:2 Operationof Each Circuit
3.10.3-SERs
3.10.4 Operation in Each Mode
3.10.5 Support for [rDA 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 " \start{BitoX 1 X 2 X 3 X 4 X 5 X 6 XparityyStop . -
e Mode 2 (8-bit UART mode)
Noparity — ~~ "\startBitoX 1 X 2 X 3 X 4 X 5 X 6 X.7 YStop
Parity " \startfBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparty/stop

Mode 3 (9-bit UART mode)

" \startfBitoX 1 X 2 X 3 X 4 X5 X 6.X 7 X 8 Ystop//
wakeup \StartBitoX 1 X2 X 3 X 4 X5/ X)6 X 7 X&iY stop_)

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

Figure-3.10.1 Data Format
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3.10.1 Block Diagram
Prescaler
¢70 +—— 2 4 [ 8 [16[32]64]
6T2  ¢T8 ¢T32
» - -Serial clock generation Circuit - - - - - oo oo
1
! BROCR<BROCK1:0> :
1
| N B - 1
! ! BROCR ~~ " BROADD TAOTRG i
! H <BR0S3:0> <BROK3:0>: (from TMRAO) :
1 1 I
410 — _ Ly |
: : S <9 ! 1
1 0T2 = 3 © ! 5 | UART !
| 6T8 : 2 2 ! > ‘g mode +SIOCLK
1 %) = L N = |
1 1 | > O i
: : 1 [0 1
| : BROCR ! 71 @ |
i i <BROADDE> ! !
' L_-. Baudrate generater |__ SCOMOD0 T T i
f L <SC1:0> H
sal i SCOMODO!
| <SM1:0> 1
! 5 ;
| —| +2 > % :
! .
SCLKO input [H—> Sl B HO interface mode :
T
! :
U B AP S/ PR ;
SCOCR
SCLKO outout 1/O interface mode <loc> Interrupt
output [} < > INTRXO
| ] > INTTXO0
Receive counter Serial channel Transmission
SCOMODO_, interrupt control counter
(UART only +16)| /<WU> (UART only = 16)
RXDCLK Y, A 0 A TXDCLKY, 0
Recei ol Transsmission [€«—
—>»Recelve contro | —
SCOMODO < > contro L cTso
<RXE> SCOCR
<PE> V /<EVEN> SCOMODO
! v <CTSE>
RXDO (W, >IReceive buffer 1 (Shift register)| | Parity-control |
Y l Y _
| RBB | Receive buffer 2 (SCOBUF) |\ “Errorflag | | TBs | TransTission bufer | smTxpo
T X
SCOCR
<OERRI> <PEIIRR> <FERR>|
v N\ y
4 Internal data bus 14
Figure 3.10.2 Block Diagram of SIO0
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$TO

Prescaler

2] 4] 8 [1632]64]

oT2  $T8 ¢T32

- Serial clock generation circuit

BR1CR<BR1CK1:0>

BR1CR

BRIADD

H TAOTRG
<BR1S3:0> <BR1K3:0>1 (from TMRAO)
1

SIOCLK

fsys

SCLK1 input

A\ 4

Y

1/O interface mode

1
1
1
1
\ |
1 1
1 1
: :
| : i
H - - ! 1
5 T : UART :
1 —
N 2 | > 8 | mode :
T ] o 1 @ > T
wn o : ° 8 |
! i € © '
! | <@ |
: 1 Q 1
: BR1CR ! T T Y !
1 <BR1ADDE> ! SC1MOD0 '
1
----Baud rate generater --! !
<SC1.0> T T '
SC1MODO!
<SM1:0> .
5 !
L2 S |
& | O interface mode .
> 1
1
)
SC1CR
<loC>

SCLK1 output 7

<

A

Receive control

Interrupt request
> INTRX1

Y

Transmission

> INTTX1

SC1NMODO Serial channel counter
(UART only + 16)| ( <WUz"\ | interrupt control (UART only - 16)
RXDCLKY, A 1 4 TXDCLKY, 0
. [
—>{Receive buffer Transmission -
SC1MODO < control CTS1
<RXE>* N4
<PE>. “<EVEN> S<CC1 ys%eo
y v

RXD1 O rIReceive buffer 1 (Shift register)| | Parity control |
A4 l, \
| RB8 |Receive buffer 2 (SC1BUF)| Error flag | | TB8 | Tran?gwéﬂSécG\Ft))uffer |—->E] TXD1
I [y
SC1CR
<OERRI> <PE||?R> <FERR>|
A4 N 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 - - - - - - - - - <o cceom oo
1
! BR2CR<BR2CK1:0> |
1 1
| I I - 1
! ' BR2CR ~~ "BR2ADD | TAOTRG i
! i <BR2S3:0> <BR2K3:0>: (from TMRAO) !
1 1 I |
470 — . Ly !
1 S K ! 1
LgT2 — 8 S ! 5 | UART !
1 9T8 . § g I S | _mode ¢ L SIOCLK
| 4732 a : g &
: : ! Y 1
1 1 ' Q 1
' i BR2CR ! T T Y !
1 1
1 1 <BR2ADDE> ! !
1 1
L ----Baud rate generater r--' SESZC'E/:OOEO T T !
foys T : SC2MODO!
: <SM1:0> |
! s !
1
' —| +2 > & '
. ! & [ /O interface mode .
SCLK2 input > > T
! |
= ) S I U Y /
SC2CR
. <loC>
SCLK2 output I/O‘mterface mode \Ir}tﬁ{_r}g;)(tzrequest
| > INTTX2
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Receive control |~ mopo—| Serial channel countor
(UART only =+ 16) <WuU=> interrupt control (UART only = 16)
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—>|Receive buffer Transmission L0
SC2MOD0 < control CTS2
<RXE>* sCick
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v AV v ¥
! Internal data bus ¢
Figure 3.10.4 Block Diagram of SIO2
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Receive control |¢ 30— 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
<RXE>* skdrk
<PE>\_“<EVEN> 5<CC3¥'SOEEO
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RXD3 O rIReceive buffer 1 (Shift register)| | Parity control |
Y I\/l l Y
) Transmission buffer
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v N vy 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 Gengrator

System Clock Gear Clock Resolution

Clock <GEAR2:0>

<SYSCK> ¢TO $T2 o8 O»T32

000 (fc) 2’ fc 2 ¢ 2%c 2l f¢

001 (%) 2% fc 2’ fc 2t 2% fc

010 (1) 2Y fc 2% fe 2% e 2" fc

0 (fc) 011 (%/g) 2’ ¢ 2l fc 2’ fc 2" f

100 (°/16) 2% fc 2 fe 2" ¢ 2" fe

XXX:Don't care

The serial interface baud rate generator selects between 4-elock 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 dividesthe frequency by
1 or N + (16 — K)/16 to 16 values, determining the transférrate,

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))/4which-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 ¢lock-by,N + (16 — K)/16 tising the value of N (N = 2,
3 ... 15) set in BROCR<BR0SS: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 mgde

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/éxplained below.

o~ UART mode

Input clock,Of baud rate generator

Baud-rate = +16
Frequency divider for baud rate generator
o _TO 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

Baudrate = —— - 16
5

=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 = ¢TQ, the frequency
divider N (BROCR<BRO0S3:0>) =\7,/ K )(BROADD<BRQK3:0>) = 3, and
BROCR<BROADDE> = 1, the baud rate is-as follows:

* Clock state

System clock: High“speed\(fc)
{High speed gear: ttime (fe)
fc/4

B = @ —f—=—— 1
aud rate (16-3) 6
16
=4.8 x 106+16+(7% ) + 16 = 960Q (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
channéls 7 and 1). The method 4or-ealeulating the baud rate is explained below:

e / InUART mode

Baud rate = External clock input frequency + 16

It is necessary-to satisfy (External clock input cycle) > 4/fc
e In I/O interface mede

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 6T8 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 2.400 0.600
T A 19.200 4/800 1.200 0.300
14.745600 2 115.200
T 3 76.800 19.200 4.800 1.20Q
0 6 38.400 9.600 2.400 0.600
T (¢} 19.200 4.800 1.200 0:300

Note 1: Transfer rates in I/O 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, fsyg /1 is
selected as the clock gear.

Table 3.10.4/ JART Baud Rate Selection
(when using trigger output of TMRAO and input/clcok of TMRAO 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 38,4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9,6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4

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

Transfer rate = ﬂf

TAOREG % 27%'16
(When input clock of TMRAOQ is ¢T1)

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

Note 2: The values in this/table are calculated for when 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 triggereutput signal fromi TMRAO or the
external clock (SCLKO pin) is used to generate the Basic clock SIQCLK.

(4) Receiving counter

The receiving counter is a 4-bit binary ‘counter/used in WART 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 cloek cycles:

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

rule.

For example, if the data bit'is sampled respectively as’l; 0,)and 1 on 7th, 8th, and 9th

clock cycles, the received ddta bit is taken to’be1:-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

sampléed ony/ the rising or falling edge\of the shift clock which is output on the
SCLEKO0\pin adcording to the SCOCR<SCLKS> setting.

In 'SELK input mode with /the setting SCOCR<IOC> = 1, the RXDO pin is
sampled on the rising~orfalling edge of the SCLK input, according to the
SCQCR<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 comimences.

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

(7

®

The receiving buffers

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

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

The CPU only reads receiving buffer 2 (SCOBUF). [Even/before the CPU reads
receiving buffer 2 (SCOBUF), the received data cah.be storéd in/receiving buffer 1.

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

SCOCR<RB8> is used to store either the parity-bit — added in 8-bitr DART mode — or
the most significant bit (MSB) — in 9-bit UAR'Y riode.

In 9-bit UART mode the wake-up functionfor the slavé controller”is enabled by
setting SCOMODO<WU> to 1; in this'mede INTRXO0 interrupts.oecur only when the
value of SCOCR<RBS8>is 1.

SIO interruption mode can be set-up by/the SIMC register-

Transmission counter

The transmission countér is-a 4-bit binarycounter thatisused 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 JLILILIER AT T lefll AN

5 16 1 2.3 Y4 5 6 7 8 "9 10 11 12 13 14 15 16 1 2

TXDCLK ﬂ ﬂ

Figure'3/10.6 Generatjory of Transmission Clock

Transmission controller
e In /O interface mode

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

In SCLK-input~mode with the setting SCOCR<IOC> = 1, the data in the
transmisgion 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 nextsend/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 funection\can be Jeasily configured by
setting any port assigned to be the RTS function. The RTS shotld 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.Y Handshake Function

Timing of writing data to

transmission buffer s( I
) )]
(.
— 2]
cTS :>T/ Send is Suspended ﬁ
b

a from a\to.b,

137 14 15 16( /A
SIOGLK P l ﬂ ﬂ ﬂ
TXDCLK '—S‘) H

— \ Start bit

-
harrg

TXD

-
harrg

Note 1: | Ifthe CTS signal goes high.during transmission, will be stop next transmission data after completion of the
currentAransmission.
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 ¥, it is possible to
transmit and receive data with parity. However, paritycan’ 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 b€ 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 SCOMODQ<TB8>"in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN>.must be set beforé the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and-thé parity is added
after the data has been transferred to receiving buffer 2 (SCOBUE);-and then compared
with SCOBUF<RB7> in 7-bit UART mode or'with SCOCRLRB8>-in"8‘bit UART mode.
If they are not equal, a parity error\is generated and the SCOCR<SPERR> flag is set.

(11) Error flags

Three error flags are prgvided-to increase thereliability of data reception.
1. Overrun error <OERR>

If all the bits of thenext data item have been regeived 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 terminape current frame
c) Read/receiving buffer
d) Read error flag
e)/ /Set.to enable receiving (Program “1” to SCOMODO<RXE>)
) \_Request to transmit again

4) /Other
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2. Parity error <PERR>

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

parity error is generated.

3. Framing error <FERR>

The stop bit for the received data is sampled three timés around the center. If
the majority of the samples are 0, a framing error is generated.

(12) Timing generation
1. In UART mode

Receiving
Mode ) . . . . ) .
9 Bits 8 Bits+ Parity. 8 Bits, 7 Bits + Parity, 7 Bits

Interrupt generation | Center of last bit Center of fast/bjt Center of stop bit

timing (Bit8) (Parity bit)

Framing error Center of stop bit Ci er\@% Center of stop’bit

generation timing N

Parity error Center of-last bit nterorstop bit

generation timing (Parity.bit) P

Overrun error Center of last bit Center of last bit Center of stop bit

generation timing (Bit8) (Rarity 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 petiod_(to allow the'stop bit to be transferred) to allow

checking for a framing erfor.

Transmission

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

2/ In I/O.interface mode

Transmission SCLK output made._| Immediately after last bit data.

interrupt (See Figure 3.10.31)

timing SCLK nput.mode —{tmmediately 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 SCLK input mode | Timing used to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.10.34)

92CM27-234

2005-04-20



TOSHIBA

TMP92CM27

3.10.3 SFRs

SCOMODO
(1202H)

5 4

Bit symbol

TB8

CTSE

RXE WU

SM1 SNMO

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: I/Orinterface mode
01: 7-bit UART mode
10: 8-bittUART-mede
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)

RSN

|—> Serial

transmission clock sgurce (UART)

00

TMRAO-trigger output/signal

01

Baud rate generator

10

Internalclock fsyg

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/Q 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 R/W
After reset 0 0 0 0 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 rode 017 Baud rate generator
disable | 1: Receive 10: 8-BitUARTImode’ ) | 10: Internal clock fsys
1:CTs enable 11: 9-bit UART mode—" /| 11: External clcok
enable

(SCLK1 input)

RN

|—> Serial trahsmission clock source (UART)

00 | TMRAO trigger output signal
01 | Baud rate generator
10 | Internakclogk fsys
11 | External clock (SCLK4 input)
Note: The clock/selection for the I/O interface

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

—> Serial ffansmijssion mode

————— > Wake

00 |\/Q'interface mode
01 7-bit mode
10 NUART mode 8-bit mode
11 9-bit mode
Up function

9-bit UART Other modes
0 | Interrupt generated

when data is received

Don't care

1 Interrupt generated

only when RB8 = 1

> Receiving function

0 | Receive disabled

1

Receive enabled

>

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

» Transmission data bit8

Figure 3.10.10_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 R/W
After reset 0 0 0 0 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 rode 017 Baud rate generator
disable | 1: Receive 10: 8-BitUARTImode’ ) | 10: Internal clock fsys
1:CTs enable 11: 9-bit UART mode—" /| 11: External clcok
enable

(SCLK2 input)

RN

|—> Serial trahsmission clock source (UART)

00 | TMRAO trigger output signal
01 | Baud rate generator
10 | Internakclogk fsys
11 | External clock (SCLK2 input)
Note: The clock/selection for the I/O interface

mode is contrelled by the serial control
register(SC2CR).

—> Serial ffansmijssion mode

————— > Wake

00 |\/Q'interface mode
01 7-bit mode
10 NUART mode 8-bit mode
11 9-bit mode
Up function

9-bit UART Other modes
0 | Interrupt generated

when data is received

Don't care

1 Interrupt generated

only when RB8 = 1

> Receiving function

0 | Receive disabled

1

Receive enabled

>

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

» Transmission data bit8

Figure 3.10.11.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 R/W
After reset 0 0 0 0 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 rode 017 Baud rate generator
disable | 1: Receive 10: 8-BitUARTImode’ ) | 10: Internal clock fsys
1:CTs enable 11: 9-bit UART mode—" /| 11: External clcok
enable

(SCLK3 input)

RN

|—> Serial trahsmission clock source (UART)

00 | TMRAO trigger output signal
01 | Baud rate generator
10 | Internakclogk fsys
11 | External clock (SCLK3 input)
Note: The clock/selection for the I/O interface

mode is contrelled by the serial control
register(SC3CR).

—> Serial ffansmijssion mode

————— > Wake

00 |\/Q'interface mode
01 7-bit mode
10 NUART mode 8-bit mode
11 9-bit mode
Up function

9-bit UART Other modes
0 | Interrupt generated

when data is received

Don't care

1 Interrupt generated

only when RB8 = 1

> Receiving function

0 | Receive disabled

1

Receive enabled

>

Handshake function (CTS pin)

0

Disabled (Always transferable)

1

Enabled

» Transmission data bit8

Figure 3.10.12 ~Serial Mode Control Register 0 (for SIO3 and SC3MODO0)
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7 6 5 4 3 2 1 0
SCOCR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1201H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 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 |

|—> 1/Q interfage input clock selection

0~].Baud rate generator

1.SCLKO pin input

——>» Edge selection for SCLKO 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‘errorflag
— > Parity error flag
—————— > Overrdnerror 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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7 6 5 4 3 2 1 0
SC1CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1209H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 o | o | @ 0 0
Function Received Parity Parity 1: Error 0: SCLK1 0: Baud rate
data bit8 0: Odd addition Overrun Parity Framing [J_] generator
1: Even 0: Disable 1: SCLK1 [1: SCLK1
1: Enable [ 1 ] pin input
— |

|—> 1/Q interface input clock selection

0

Baud rate generator

1

SCLK1 pin input

—> Edge selection for SCLK T°pin-(I/O mode)

0

Transmits and/receives
data-on rising.edge of SCLK1 [—T_]

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

—> Framing'errorflag
—————— > Payity error flag
-———— > Oveérrdn/error flag

Cleared to 0
when read

» Parity addition enables

0

Disabled

1

Enabled

\4

Even parity addition/check

0

Odd parity

1

Even parity

A

Received data bit8

Note: Astall 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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7 6 5 4 3 2 1 0
SC2CR Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1211H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset 0 0 0 o | o | @ 0 0
Function Received Parity Parity 1: Error 0: SCLK2 |0: Baud rate
data bit8 0: Odd addition Overrun Parity Framing [J_] generator
1: Even 0: Disable 1: SCLK2 [1: SCLK2
1: Enable [ 1 ] pin input
— |

|—> 1/Q interface input clock selection

0

Baud rate generator

1

SCLK2 pin input

—> Edge selection for SCLK2pin-(I/O mode)

0

Transmits and/receives
data-on rising.edge of SCLKZ.[—T_]

Transmits.and receives
data on-falling.edge of SCLK2[1]

—> Framing'errorflag
—————— > Payity error flag
-———— > Oveérrdn/error flag

Cleared to 0
when read

» Parity addition enables

0

Disabled

1

Enabled

\4

Even parity addition/check

0

Odd parity

1

Even parity

A

Received data bit8

Note: Astall 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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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 | @ 0 0
Function Received | Parity Parity 1: Error 0: SCLK3 _ |0: Baud rate
data bit8 0: Odd addition Overrun Parity Framing [J_] generator
1: Even 0: Disable 1: SCLK3 [1: SCLK3
1: Enable [ 1 ] pin input
— |

|—> 1/Q interface input clock selection

0

Baud rate generator

1

SCLK3 pin input

—> Edge selection for SCKL3pin-(I/O mode)

0

Transmits and/receives
data-on rising.edge of SCLKB.[—T_]

Transmits.and receives
data on-falling.edge of SCLK3[1]

—> Framing'errorflag
—————— > Payity error flag
-———— > Oveérrdn/error flag

Cleared to 0
when read

» Parity addition enables

0

Disabled

1

Enabled

\4

Even parity addition/check

0

Odd parity

1

Even parity

A

Received data bit8

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

Figure’3.10.16 Serial*Control Register (for SIO3 and SC3CR)
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7 6 5 4 3 2 1 0
BROCR Bit symbol - BROADDE | BROCK1 | BROCKO BROS3 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 generatof
0 | Disable 00 Internal clock ¢TO
Enable 01 Internal clock ¢T2
10 Internal clock ¢T8
11 Internal clock ¢132
7 6 5 4 3 2 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(1204H) Read/Write R/W.
After reset 0 I 0 I 0 I 0
Function Sets frequency divisor “K”
(Pivided by-N +(16 = K)/16).
Sgts’baud’rate generator frequency divisor <
BROCR<BROADDE> =/1 BROCR<BROADDE> = 0
BROCR 0000 (N="16) 0010~N =2) 0001 (N = 1) (UART only)
<BR0S3:0> or l l
BROADD 0001 (N =1) MTL(N=15) 1111 (N = 15)
<BROK3:0> 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K'=1) Disable Divided by
l N+ (16-K) /16
1111 (K=15)

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

N UART.mode 1/0 mode
2to 15 O X
1,16 X X

The baud rate“generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in I/O

interface mode.

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 R/
After reset 0 I 0 I 0 I 0
Function
Set frequency divisor “K”
(Divided by N + (16 — K)/16).
Baud rate genérator frequency divisor'setting <
BR1CR<BR1ADDE> =1 BR1CR<BR1ADDE>=0
BR1CR 0000/N = 16) 0010(N.=2) 0001 (N = 1) (UART only)
<BR1S3:0> o l to
1M1 (N=15) —
N 000N = 1) 1111 (N = 15)
) 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=", Disable Divided by
l N+ (16~ K) / 16
1111 (K=15)

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

N UART 'mode 1/0O mode
2to 15 (@] X
1, 16 X X

The baud rate generater can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in I/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 R/
After reset 0 I 0 I 0 I 0
Function
Set frequency divisor “K”
(Divided by N + (16 — K)/16).
Baud rate genérator frequency divisor'setting <
BR2CR<BR2ADDE> = 1 BR2CR<BR2ADDE> =0
BR2CR 0000/N = 16) 0010(N.=2) 0001 (N = 1) (UART only)
<BR2S3:0> o l to
1M1 (N=15) —
oot | 1
) 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=", Disable Divided by
l N+ (16~ K) / 16
1111 (K=15)

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

N UART 'mode 1/0O mode
2to 15 (@] X
1, 16 X X

The baud rate generater can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in I/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 R/
After reset 0 I 0 I 0 I 0
Function
Set frequency divisor “K”
(Divided by N + (16 — K)/16).
Baud fate genérator frequency divisor'setting <
BR3CR<BR3ADDE> =1 BR3CR<BR3ADDE> =0
BR3CR 0000/N = 16) 0010(N.=2) 0001 (N = 1) (UART only)
<BR3S3:0> o ! to
1M1 (N=15) _
SO 000N = 1) 1111 (N = 15)
) 0000 (N = 16)
0000 Disable Disable Divided by N
0001 (K=", Disable Divided by
l N+ (16~ K) / 16
1111 (K=15)

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

N UART 'mode 1/0O mode
2to 15 (@] X
1, 16 X X

The baud rate generater can be set “1” in UART mode and disable +(16-K)/16 division function.Don’t use in I/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
[ 87 | 76 | TB5 [ TB4 [ TB3 | TB2 | 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 37 2 A4/ o0
| 787 | TB6 | 785 [ T84 {783 | B2 | TB1|.TBO | (for tfansmission)

SC1BUF
(1208H)

7 675 4 3 2,1 0
[ RB7 | RB6 | RB5 | RB4 | RB3 | RB2 [ RB1 | RBO | (for receiving)

Note: Prehibit-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) | Read/viite | RW RIW
Aftérreset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 17 _Eull

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
[ 87 | 76 [ 785 [ T4 [ TB3 | 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 St102-and-S€2BUF)

7 6 5 4 3 2 1 0
SC2MOD1 | Bit symbol 1282 FDPX2
(1215H) | Read/write |  R/W 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 5 432 10
| 787 | 786 | TB5 [ 784 TB3'| B2 | 784 | TBO |(fortransmission)

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 1283 FDPX3
(121DH) | Readrite |  RMW RIW
Afterfeset 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 Shiftregister
Al— Al <«
B|—> B| <«
TXD Sl C|—> RXD QH C|<«
D|— D| <«
SCLK SCK E|—> SCLK CLOCK E\ <«
Fl—> F [ <=
Port RCK G|—> Port S/C G|«
Hl— H[e—
TC74HC595 or equivalent TC74HC165.0r equivatent
Figure 3.10.29 Example of SCLK ©utput Mode Connection
Output extension Input extension
TMP92CM27 Shift register TMP92CM27 Shift register
Al Al <«
B|—> B| <«
TXD Sl C|{~> RXD QH C|<«
Df— 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 Exampleof 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

\

N

SCLKO output

S~

(<SCLKS>=0

-,

rising mode)

SCLKO output

«—

S_

1

(Intérnal clock
timinig)

(<SCLKS>=1
falling mode)

U

(4

TXDO

bit 0

bit 1

bit 6 bit 7

- - le--- e

ITX0C

T Ghbtar EER e

77

S i dras Tt

¢

(INTTXO interrupt request)

»

Figure 3.10.31 Transmission Operation in1/O\Interface Mode (SCLKQ-output.mode)

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

the CPU.
When all data is outputted, INTESQ<ITX0CX will be set to generate INTTXO0

interrupt.
SCLKO input
(<SCLKS>=0
rising mode) IL_T Il_T !_SS_T Il_T Il_T

] ] ] | ] ]

SCLKO input = I
(<SCLKS> =1 I I I’_ss—1 I I I
falling mode) : : N : : !
TXDO X__Bito_ X Bitd DQ,’ Bits X Bits X _ Bit7
ITX0C | | /) i I
(INTTXO'interfupt ' ' ' ' ' ,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.

. ((
)

Bit/

[}

L ((

,Xj)
{

1/ 1)

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 intérrupt

request)

In SCLK input mode, thé-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\recgived, 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 INTRXO interrupt.

L

ARR
L
T,
L
J

oy}
=
o
@
=4
=

Bito Bit6

o
]
__::E:__
-
el
S, I
3
>

|

Figure 3.10.34 ) Receiving Qperation-in-/O Interface Mode (SCLKO input mode)

Note:

If_receiving, set to the receive enable state (SCOMODO<RXE> = 1) in both SCLK input

mode and output/maode.
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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 PAG.(RXDO0), PA1 (TXDO), and PA2(SCLKO).
PAFC - - - - -1 11
PAFC2 X X - - -0 - -
SCOMODO 0 00O0O0OO0ODO Setto [/O-interface mode.
SCOMOD1 110000O00O0 Set to_full duplex mode.
SCOCR 0 000O0O0OO0ODO Output SCLK, select riging edge.
BROCR 00110100 Set to 9600 bps.
SCOMODO 001 00O0O0T O Set receive to enable:
SCOBUF ook ok ok % ox ok (¥ Set transmission datd.
Transmission interrupt routine
Acc SCOBUF Réad receiving data.
SCOBUF I I R e SN AN 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 O1.

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<SEVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

Example: When transmitting data of the following format, thecontrol registers should be
set as described below. This explanation applies.to.channel 0.

"\ startBio X 1 X 2 X 3 X 4 X 5 X6 X5 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 1 XX X010 Add even parity.

BROCR <~ 001010/00 Set to 2400-bps.

INTESO «~ X100 - L= - Set/INTTXO interrupt toenable, set to level 4.
SCOBUF ok E Rk ok kRN Set transmission\data.

X : Don't care, —: No change

(3) Mode 2 (8-bit UART/mode)
8-bit UART mode is)selected by setting\SCOMODO0<SM1:0> to 10. In this mode, a
parity bit can be added (Use of a parity bit.is enabled or disabled by the setting of
SCOCR<PE?); svhether even parity or-odd\parity will be used is determined by the
SCOCR<EVEN>4etting 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:

~Astart{BtoX 4 X 2 X5 X 4 X5 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 X1 001 Set to 8-bit UART mode, set receives to enable.
SCOCR «~ X0 1 XXXO00 Add odd parity.
BROCR «~ 00011000 Set to 9600 bps.
INTESO « X - --X100 Set INTTXO interrupt to enable, set to level 4.
Interrupt routine processing
Acc < SCOCR AND 00011100
if Acc # 0then 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 SCOMQDO<LSM1:0> to 1Y, In this mode parity
bit cannot be added.

In the case of transmission the MSB(9th bit) is programmed to. SCOMODO<TBS>. In
the case of receiving it is stored in/SCOCR<RB8>. When the buffer isswritten and read,
the MSB is read or written first,before the rest of the SCOBUPF data.

Wakeup function

In 9-bit UART mode, the wakeup function for-slave\controllers is enabled by setting
SCOMODO<WU> to 1. The mterrupt 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 jn 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\ startfBio X 1 X 2 X 3 X 4 X 5 X 6 X 7 X8 Vs

Select code of slave controller 1

Each slave controller receives the above frame. If it matehes 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> ig-cleared to “0”.

T\ start{Bito X 1 X 2 X 3 X 4 X758 X6 X 7 NBits [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 40"/ disabling INTRXO
interrupts. The slave controller (KWU> bit = “0”Y ¢ar 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.

AMA
\-

W

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select eode
00000001 000011010

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 <~ 00O0O0O

Interrupt routine (INTTXO)

SCOMODO « 0 - - - -
SCOBUF — x k k x [

e Slave setfing

Main routine

776 5,4 3
PACR — VS -+ -
PAFC « e = -
PAFC2 «— XX, X - X
INTESO « X 1T 01X

SCOMODO «/0 0 1 1 1

Interrupt routine (INTRXO)

Acc < SCOBUF
if JAcc = Select code

Thén — — [ —0\-
SCOMODQ

X : Don’t care,~:/No change

N

-~ L 4 a

O O = 4 A

- X = O O

= o

o/x =~ o o

(=)

Set PAO-to'RXDO, and set PA1to TXDO pin.

Set INTTXO to enable, and setinterrupt level to level 4.
Set/INTRXO to enable, and sét interrupt level to level 5.
Set to 9-bit UART mode; and-settransfer 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".

92CM27-256 2005-04-20



TOSHIBA TMP92CM27

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.

O - TXDO| jmcmmmmmm e

[Transmission| ; IR modulator 1 > 1IR fransmitter & LED————>

data lmmmmmmm - ! bommmmmm e IR output
SI00 Modem IR module
(Receive [ 777" IR """ RXDO| 1---157 5o
St demotulator | IRTeceifer e s
ata , femoduiator i IR input

TMP92CM27

Figure 3.10.36 Block Diagram of IrDA (S100)

(1) Modulation of transmission data

When the transmission data is 0, output “H” 1ével with either.3/16'or/1/16 times for
width of baud-rate (Selectable in-Software). Moreover, pulse width—i§ chosen in
SIROCR<PLSEL>.When data is 9177, medem output “L” level.

o [ 7 1l o [swpi
M gy

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(recéive data has the effectivechigh level pulse width (Software selectable),
thé medem ‘outputs “0” to SIO0. Otherwise modem outputs “1” to SIO0. Effective pulse
width is chesen in STROCR<SIROWD3:0 )>.

Receiving pulse
<RXSEL>="0" ! \
[}

[}

]

i

T

Receiving pulse |

<RXSEL>="1" ! !
Data after Start 1

modulation

)

%
A
u 1

\
ik

Figure 3.10:38-_Example of Modulation of Receiving Data (SIO0)

&

S .

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 td digable (Both <TXEN> and
<RXEN> of this register should be clear to 0).

Any changing for this register during transmisgign 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 receivingleffect pulse width to\16X+100ns.

3) LD (SIROCR), 37H ; TXEN,/RXEN enable the transmission ahd feceiving.
\2

4) Transmission/receiving ; The modem operates as follows:

. STIOO0 starts trangmitting.
e IR receiver-starts réceiving.

(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 exeept-for it can not using.
2. ~Output'pulse width and baud-rate generator during transmission IrDA

As the TrDA 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_?glsefgnlz:te Minimum of | Typical of Pulse| Maximum of
Rate Pulse Width Width 3/16 Pulse Width
(% -of\Rate)

24\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 Rz +0.87 1.41 ps 9.77 us 11.07 ps
384 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
145.2 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 us 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
. 76k 4K 19.2k .6 K 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 Q o
0: Can be-used\(16 = K)/16 division function.
x: Cannot be.used (16 — K)/16 division functien.
—: Cannot be set'to T x 1/16 pulse width.
7 6 5 4 3 2 1 0
SIROCR | Bit symbol PLSEL RXSEL TXEN RXEN SIROWD3 | SIROWD2 |~ SIROWD%+ } SIROWDO
(1207H) | Read/Write R/W
After reset 0 0 0 0 o | o~ Ph)o | o
Function Selection Receiving Transmission—| Receiving | Select receiving effective pdise width
transmission ( data logic data operation Set effective pulse width for equal or
pulse width | 0: “H” pulse . .
oy 0: Digable 0:Disable more-than 2x »\(Value +/1)+ 100 ns
0:3/16 1: “L" pulse
1:Enable T3Enable 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=1/fepH

0000_| Gannot be set.
0001 | Pulse width of equal or more than 4x + 100 ns is effective.

1

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(SDX0), PC1(SCL0),
PC3(SDA1) and PC4(SCL1) in the I2C bus mode; and through PC0(S00), PE1(SI10), PC2(SCKO0),
PC3(S01), PC4(SI1) and PC5(SCK1) in the clocked-synchronous 8bit/SIO mode.
Each of the channels can be operated independently. Sinee both SBIO and SBI1 channels
operate in the same manner, a channel explains only the case/of SBIQ.

Each pin is specified as follows: (SBIO)

PCCR<PC2C, PC1C, PCOC> PEFC<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-synchrohous.8-bit SI@ mode to "1" when the oped drain output is necessary.

Each pin is specified as follows: (SBI1)

PCCR<PC5C;PC4C, PC3C> PCFC<PC5F, RC4F, PC3F> PCFC2<PC4F2, PC3F2>
I°C bus mode X131 X11 11
Clocked-synchronous 000(SCK input) Ny on(Note)
8-bit SIO mode 100(SCK dutput)
X: Don't care

Note ) Set PCFC2<PC3F2 > in the elecked-synchronous 8-hitsSIO-mode to "1" when the oped drain output is necessary.
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3.11.1 Configuration

—> INTSBIO interrupt requests
SCL
> SCK
—1 Pco
SIO < (SO0/SDAO0)
clock
control [€7]
1 1 /0
control
. — pc1
¢ T —>| Divider —> SI0 > SO (S10/SCLO)
l Transfer —| data control [¢ s
> control K
’ I°C bus circuit
clock sync. J(
R VAN LY _(Ecr(,c():)z
Noise +
—> [€— . . > 2
canceller Control Shift register ey gata Noise SDA
< control | |
A A canceller
7~ i i
v 2 | |
SBIOCR2/ I2COAR SBIOBR SBIOCR1 SBIOBRO,/1
SBIOSR
SBIO control register 2/ 12CO bus SBlodata ) SBIOI control SBI0 baud rate registers 0 and 1
SBIO status register address register  ufferregister register 1
Figure 3 111 Serial Bus Interface-(SBI0)
r—> INTSBI1 interrupt requests
» SCL
SCK
1 PC3
Sl0 (SO1/SDA1)
clock
control /[<]
1 1 110
control
Vi — Pca
¢ T —> Divider —>! SI0 o) (SlI1/sCL1)
l Transfer —| data control |¢ sl
5 controk, K
1.Cbus circuit
clock sync. J,
<o T KRR _(ECE(13)5
Noise +
L le— . . 2
canceller Control Shift register I"C bus data Noise SDA
< control |
A A canceller
7~ 1 1
v V4 |
SBI1CR2/ 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 12C bus address register I2C0AR), (I2C1AR)

e Serial bus interface status register (SBIOSR), (SBITSR)

e Serial bus interface baud rate register 0 (SBIOBR0),(SBI1BR0)
e Serial bus interface baud rate register 1 (SBIOBR1), (SBI1IBR1)

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 “Cléeked=synchronous
8-Bit SIO Mode Control”.

3.11.3 Data Format in I°C Bus Mode

Data format in 1°C bus mode is shown Figure 3.11.3

(a) Addressing format

fe——— 8hits ——>| 1 [&—— 1 to 8 bits—~<—>| T} &—— 10,8 bits —> 1 |

| | | | | | R A A A

S Slave address l]cC Data C Data C|P
w | K K K
[ 1 e 1 or more >|

(b) Addressing format-(with-restart)

je——— 8 bits /> 1}«——= 1 to 8 bits > 11 8 bits > 1 |« 1to 8 bits ——>»{ 1 |

T T T VT JRla X TT T T 17T [Rla A
S Slave address /11C Data C|S Slave address l|cC Data C|P

w|K K w|K K

3 1 >« 1 or mare >|/ |« 1 >« 1 or more———>|

(C)“Free data format (transfer format transfer’from master device to slave device)

e+~ 8bits —>| 1 |J&—— 1t 8'bits —>| 1 j&—— 1 to 8 bits —>| 1 |

NNDJIEEN 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 I°C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBIO, SBI1) in the I2C bus mode.
Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
‘(SlE;TC():HR;l Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SV?/EIITA%N
Read/Write W R/W w RW
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.| heos |- kHz (Noted))
001 n=6 — kHz (Noted)| |-System clock: fc
010 n=7 —kHz (Note4) |{-Clock gear :fc/l
011 n=8 6076 KHz > fc = 16 MHz (Output to SCL
100 n=9 30.8kHz pin) ;
101 | nsa10 15.5 kHz Frequency = Eni—g [Hz]
110 n=11 78 kHz J
111 | (Reserved)| (Reserved)
Software reset state monitor <SWRMON?> at read
0 | Buring software reset
1 <}nitial'data
—> Acknowledge mode selection
07\ | 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 I°C Bus Mode (SBIO, SBIOCR1)
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Serial Bus Interface Control Register 1
7 6 5 4 3 2 1 0
‘(S182|418CHR;1 Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SV?/EIITA%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 sefrial clock selection and
modify-write (Note 1) mode software reset monitor
instruction is specification (Note2)
o 0:Not
prohibited. generate
1:Generate
]
Internal serial clock-selection <SCK2:0> at wrjte
000 n<5" \ |- kHz(Note4) )
001 n=6_ | >kHz (Noted) | | System clack: fc
010 n#7 —kHz (Noted) || Glock-gear fc/1
011 | \n<s 60.6 kHz,) 7| fo'= 16 MHZ/(Output to SCL
100 n=9 30.8 kHz pin)
101 =210 15.5 kHz Freguency = ani 5 [Hz]
110 n=11 7.78 kHz._J
111 | (Reserved)| (Reserved)
Software reset state manitof <SWRMON> at read
0 | Duringsoftware reset
1 |Initial data
> Acknowledge mode sglection
0 | Not generate clock pulse for acknowledge signal
1 [|‘Generate clock for acknowledge signal
F——————» Select numbeyr of bits transferred
<ACK>=0 <ACK>=1
£BG2:0> | 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 freqtiency of the SCL line clock, see section 3.11.5 (3) “Serial clock”.
Initial data of SCKQ 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/
receiver

selecti

Start/stop
condition
on generation

request

Release
INTSBIO
interrupt

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
softivare reset signal is
generated.

Note 1:
Note 2:

|

L) Serial bus intefface.operating mode selection (Note.2)

00

Port mode (Serial.bus interface output disabled)

01

Cloeked-synchronous 8-bit SIO mode

10

12C bus maode

11

(Reserved)

—> INTSBIOinterrupt request

0

1

Release interrupt request

————>>Start/stop condition genheration

0

Gepnerates_the.stop.condition

1

Generates the'start condition

——————> Transmitter/receiver sglection

0

Receiver

1

Transmitter

> Mastet/slave selection

0

Slave

1

Master

Reading this register function as SBIOSR registef.

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/
receiver

selecti

Start/stop
condition

on 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
softivare reset signal is
generated.

Note 1:
Note 2:

|

L) Serial bus intefface.operating mode selection (Note.2)

00

Port mode (Serial.bus interface output disabled)

01

Cloeked-synchronous 8-bit SIO mode

10

12C bus maode

11

(Reserved)

—> INTSBI L interrupt request

0

1

Release interrupt request

————>>Start/stop condition genheration

0

Gepnerates_the.stop.condition

1

Generates the'start condition

——————> Transmitter/receiver sglection

0

Receiver

1

Transmitter

> Mastet/slave selection

0

Slave

1

Master

Reading this register function as SBI1SR registef.

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)
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(1243H) Read/Write R
After reset 0 0 0 1 0 0 0 0
Read- Function Master/ Transmitter/ | 1°C bus 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 MoRitor monitor 0:“0”
monitor monitor 0: - 0: Undetécted| 0: Undetected| 1: “1”
1: Detected | 1: Detécted || 1: Detected

Note: Writing in this register functions as SBIOCR2.

————> INTS
0 | Interrupt requested

—

I—) Last received bit moniter

0 | Last received bit was “0”.

1 [ Last received bit was “1".

—> GENERAL CALL deteetion monitor

0 [ Undetected

1 [ GENERAL CALL detected

——> Slaveaddress/match detection monitor

0~,| Undetécted

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 Regjister 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 MoRitor monitor 0:“0”
monitor monitor 0: - 0: Undetécted| 0: Undetected| 1: “1”
1: Detected | 1: Detécted || 1: Detected

Note: Writing in this register functions as SBI1CR2.

————> INTS
0 | Interrupt requested

—

I—) Last received bit moniter

0 | Last received bit was “0”.

1 [ Last received bit was “1".

—> GENERAL CALL deteetion monitor

0 [ Undetected

1 [ GENERAL CALL detected

——> Slaveaddress/match detection monitor

0~,| Undetécted

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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TOSHIBA
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
I Run
Serial Bus Interface Baud Rate Register T
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
> Intérnal\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 (Recéiving)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-fead the written datd. Therefore read-modify-write instruction (e.g., “BIT” instruction) is

instruction is

prohibited.

prohibited. Note 3:.Wirittén/data-in-SBIODBR is cleared-hy INTSBI0 signal.
1°C-Bus Address Register
7 6 5 4 3 2 1 0

12COAR Bit‘symbol SA6 SAB 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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TOSHIBA
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
I Run
Serial Bus Interface Baud Rate Register T
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 (Recéiving)/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: /SBITDBR can't be-fead the written datd. Therefore read-modify-write instruction (e.g., “BIT” instruction) is

instruction is

prohibited.

prohibited. Note 3:._Wirittérydatain-SBI1DBR is cleared by INTSBY1 signal.
1°C-Bus Address Register
7 6 5 4 3 2 1 0

12C1AR Bit‘symbol SA6 SAB SA4 SA3 SA2 SA1 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 SBIOCRI<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-elock pulse cycle, the
SDAO pin is released in order to receive the acknowledge sighal fromythe receiver. In
the receiver mode during the clock pulse cycle, the SDAO pinis.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 sighal when operating in the
master mode.

Select number of transfer bits
The SBIOCR1<BC2:0> is used to seldct & /nhtimber of bits forf mext 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 <B(C2:0> retains a
specified value.

Serial clock
1. Clock source

The SBIOCR1<SCK2:0>is-usedto select 4 maximum transfer frequency outputted
on the SCL pin in master . mede. Set the-baud rates, which have been calculated
according to the formula below, to meet the speeificgtions of the I2C bus, such as the

smallest pulse width of tLOW.

letHIGH 7 IOW 1 Hiscl |

e =

trow=2"""fgp SBIOCR1<SCK2:0> n

tHigH =2" " Yffspi + 8/fsp 000 5

fscl = 1(tLow +IHIGR) 001 6

_ _fsai 010 7

2'+8 011 8

100 9

101 10

110 11

Notel: fgg| showsAfsys:

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 andimplement the following
procedure.

The TMP92CMZ27 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 procédures when two masters
simultaneously exist on a bus.

Wait counting high-level

width of a clock pulse . )
«——>; Start-couting high-level width of a’cloek pulse

A

| Reset a counter of

1 high-level width of

VN

O-q4-——=4—----2>

a-=-£

Figure 3.11.13 Clock Synchronization

As master A pulls down thednternal SCL-eutput 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/fin’shes counting low-level width of an own clock pulse at point “b”
and sets theinternal 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 clack pulse. After master B-finishes counting low-level width of an own clock
pulse at poirit/“c” and mastér-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 devic€ 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 réeognition 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 SBIQCR2<MST> to “1” for operating the TMP92CM27 as a master device.
Clear thé 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 “O*after a start condition),
the <TRX> is set to “1” by the hardware if the direction bit (R/ W) sent from the master
device is “1”, and <TRX> is cleared to “0” by the hardware if the'bit ig {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/dirvection bit is “1”, and is
set to “1” by the hardware if it is “0”. When an acknowledge-sigrial 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 “11117 to SBIOCR2/ <MST, TRX, BB, RIN> ‘in during
SBIOSR<BB> is “0”, slave address and_ direetion bit which' are set to/SBIODBR and
start condition are output on a bus. And\itis necessary to set transmitted/data to the
data buffer register (SBIODBR) and-set-<1” to’ <ACK> beforehand.

el
sciiine TN /1N /2 \ /3N AN 5\ e AT\ S BN\ S9N\
/a6 X s X A Xoas X A2 X At Xono 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>is, “1”;—start a sequence\of stop condition output. Do not modify the
contents of <MST, TRX, BB, and PIN>until a stop condition is generated on a bus.

1

SCtiine /7 T
-—— - 1

spaime (L TIT=N\, | /T0C

Stop condition

Figure(3.11.15 Generation of Stop Condition

The state of the hus.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 becleared to O 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)

(®

(9

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 reeeiving 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/greleased takes tLOW.

In the address recognition mode (<ALS> = 0), <PIN> is-cleared to “0” when the
received slave address is the same as the value set at the I2C0AR 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/sevial bus interface operation.mode. Set
SBIOCR2<SBIM1:0> to “10” when the-dewvice 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 deviee’can exist simultaneously on the bus in I12C bus
mode, a bus arbitration procedure, has been implemented-ih order to guarantee the
integrity of transferred data.

Data on the SDA line is used for I2C bus arbitration.

The following shows_an-éxample of a bus arbitration procedure when two master
devices exist simultanéously on the bus. Master A and master B output the same data
until point “a”. After master A outputs“LZ 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,
thiatis,datain master A. A data' tranémitted from master B becomes invalid. The state
i _master Bis-called “ARBITRATION I.OST”. Master B device that loses arbitration
releases the internal SDA output inmorder 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 eontinuously after the second word.

aj

:

Internal-SDA output —\_/—\—/_E_'\ Set internal SDA output to “1”

(Master-B)
SDAine

after arbitration has been lost.

o/ \ /S S

©-—fF———-
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 output 15-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 [ AD7A’ 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' lévéhas losing arbitration
output P P 9 9

<AL> I/

I

A (
<TRX> I‘/ \
i

Accessed to
SBIODBR or SBIOCR2

Figure 3.11.17 Example of wheryr TMP92CM27 is a Master Device B (D7A = D7B, D6A = D6B)

(11) Slave address mateh detection monitor

SBIOSR<AAS>"operates following in-during slave mode; In address recognition mode
(elgr; when " I2C0AR<ALS> = “07),)when received GENERAL CALL or same slave
address with-value set to T2COAR/, SBIOSR<AAS> is set to “1”. When <ALS> = “17,
SBIOSR<AAS> is set to “UI™after the first word of data has been received.
SBIOSR<AAS> is cleared to “0” when data is written to SBIODBR or read from
SBIODBR.

(12)>GENERAL CALL detection mohitor

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¢leared to “0” when a start condition or stop condition on the bus is
detected.

(13) Last receéived bit monitor

The value onthe 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 comunand registers except
SBIOCR2<SBIM1:0> and status flag except SBIOCR2<SBIMA:0>\are initialized to
value of just after reset. SBIOCR1I<SWRMON> is set to “1™.autgmatically 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 ig 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 ratecircuit eontrol register SBIOBR1<P4EN> before using I2C bus.

(18) Setting register for IDLE2 mode operation (SBIOBRO)

SBIOBRO<I2SBIO> 1s—the register setting operation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HALT instruction is executed.
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3.11.6 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 receivér 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 spetify a slave address
and a direction bit to be transmitted to.the SBIODBR.

When SBIOSR<BB> = “0”, the'start eondition are generated-bywriting “1111” to
SBIOCR2<MST, TRX, BB, PIN>."Subsequently to thé 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 generdte 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
arg output from the SCL 'pird,/the)slave address and the direction bit that are
output from the master device arereceived.

When a GENERAL CAEL or the same address as the slave address set in
I2COAR is received;the SDA line is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBIO mterrupt request is generated on the falling edge of the 9th clock.

The <PIN> s ¢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 interfupt process after the 1-word datatransfer is
completed, and determine whether the modé/is a8 master or'slave!

If <MST> = “1” (Master mode)

Check the <TRX> and determine whetherthe mode is a trannismitter 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 ddata to SBIODBR. When the next
transmitted data.is-ether than 8 bits, set the/<BC2:0> <ACK> and write the
transmitted data o SBIODBR. Afterwritten the data, <PIN> becomes “1”, a serial
clock pulse'is’gengrated for transferring a new 1-word of data from the SCLO pin,
and then the 1-word data is~transmittéd. After the data is transmitted, an
INTSBIO mterrupt 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 theprocedutré from the <LRB> checking above.

1 2 3 4 5 6 7 8 9

rWrite to SBIODBR

\_Db7 X b6 X D5 X D& X D3 X b2 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 acknewledge timing.

An INTSBIO interrupt request then generates and the <PIN> becomes “0”,
Then the TMP92CM27 pulls down the SCL pin to thelowlevel. 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
_________ N e, mmm A m = NS e -
D7_W_ D6 A D5 A D4 A D3 A D2/[n DL A DO X\ _ACK/ ANewD7

Acknowledgé signal to
a transmitter

_ (I___
[

Output of master
7+ == Output of slave

Figure 3.11.20 Example of when <BC2:0>= “000", <ACK> =1/ (Receiver mode)

In order to terminatethe transmission of data to a transmitter, clear <ACK> to
“0” before reading data.which is 1 word-before the\last data to be received. The last
data word does \not generate a clock pulse. as the’ acknowledge signal. After the
data has been transmitted and an interrupt-request has been generated, set
<BC2:0> t0 001”@nd 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 remaing 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 hds/béen) received and an interrupt request has been
generated/the TMP92CM2 7. generdtes a stop condition (See section 3.11.6 (4)) and
terminates data transfer.

9 1 2 3 4 5 6 7 8 1

S/ W pe_ W/ps 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 fransfer 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 tL,OW 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'nGmber of-bits of single word to
when transmitting a slaveaddress, and | <BC2:0>; and, write the transmit data to
receives a slave.address for which the | SBIODBR,
value of the direction_bijt sent from
another mastersis “1”.
0 1 0 In salvereceiver mode, the
TMP92CM27 receives a slave address
for which the value of the direction bit
sent from the’master is “1”.
0 0 Ih 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 I 1/0 The TMP92CNM27 detects arbitration lost | Read the SBIODBR for setting the <PIN>
whén-transmitting a slaye address, and | to “1” (Reading dummy data) or set the
receives aslave address or GENERAL | <PIN>to “1".
CALL forwhich the value of the direction
bit-sent from-another master is “0".
0 0 The TMP92CM27 detects arbitration lost
whentransmitting a slave address or
data, andtransfer 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 déyice-has released the

SCL line and SDAO pin rising.

“1” - <MST>
“1" — <TRX>
“0" —» <BB>
“1” - <PIN>

Internal SCL / /— Stop-condition

SCLO pin

SDAO pin

<PIN>

<BB> (Read)

Figure 3.11.22.Stop Condition Generation (Single master)

“1" —» <MST>
‘1" —» <TRX> .
“0" _y <BB> — Stop condition
“1” — <PIN> /
Internal SCL j
_Y, The-casé of pulled low -
— by another device : !
SCLO.pin 1 > e e e P LT > ' '
BY D)
1 1
1
SDAO pin ! / !
T 1
1

<PIN> "

<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 thé 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> untiKit-becomes 1 to check that the SCL
line on a bus is not pulled down to the low level by other-devices. After confirming that
the bus stays in a free state, generate a start condition with procedure described in
3.11.6 (2).

In order to meet setup time when restarting, take.atleast 4.7 us of fyaiting time by
software from the time of restarting to confirm_that the bus is free“until thetime to
generate the start condition.

“0" —» <MST> 1" > <MST>
‘0" > <TRX> “17»<TRX>
“0" - <BB> “1" -5 <BB>
“1" —> <PIN> 1" ><RIN>
|<— 4.7 us (Min) /—Start condition

[\

D \)

Y

[
A
)

AN A

Figure 3.11.24 _Timing Biagram when Restarting
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3.11.7 Clocked-synchronous 8-bit SIO Mode Control

The following registers are used to control and monitor the operation status when the
serial bus interface (SBI) is being operated in clocked synchronous 8-bit SIO mode.

Serial Bus Interface 0 Control Register 1

7 6 5 4 3 2 1 0
SBIOCR1 Bit symbol SIOS SIOINH SIoOM1 SIOMO SCK2 SCK1 SCKO
(1240H) Read/Write W w w
After reset 0 0 o | o o )] o 0
Read- Function Transfer Continue/ | Transfer mode select Serial-cloek selection and reset monitor
modify-write gt.agtto 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 I\
MHz
001 fn=5 500 kHz
010 | n=6 250 kHz > System-clock: fc
01y . n=7 125 kHz | | fe=16 MHz(SCL output to SCK pin)
100 [\i=8 | 62.5kHz| |fsel afe [z
103/ n=9 | 31.25 kHB
110 | n=10/15:625kHz
111 -/ { (External clock : SCKO)
—> Transfer mode selection
00 | 8-bit transmit mede
01 | (Reserved)
10{ [8-bit-transmit/receive mode
11_ [\8*bit receive mode
—— 5 -Continue/abort transfer
0 )| Continue transfer
1 ~| Abort transfer (Automatically cleared after transfer aborted)
> tndicate transfer start/stop
0 Stop
1 Start
Note:\ Set the transfer mode and the serial clock after setting <SIOS> to “0” and <SIOINH> to “1”.
Serial Bus Interface 0 Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1241H) Read/Write R (Receiver)/W (Transfer)
%%%?f;/.writg After reset Undefined
instruction is
prohibited.

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 1T MH2)
001 | n=5 500 kHz
010 | n=6 250-kHz System clock: f¢
011 | n=7 125 kHz> fc = 16MHz (SEL outputto SCK pin)
100 | n£8/] /62:5 kHz
101 | n=9 [81:25kHg \ fscl= e[k
110 {7'=10.[15.625 kH3 %
111 - (External clock-,SCKO)
L—» Transfer mode selection
00 (8-bit transmit mode
0Y | (Reserved)
10 [ 8-bit'transmit/receive mode
11 | 8-hit'receive mode
L—————+—+— Continue/abort transfer
0 [ Continue transfer
1 | Abort transfer (Automatically cleared after transfer aborted)
> Indicate transfer start/stop
0 TStop
Y Start
Note: Set'the tfansfer 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 symbal 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 wW 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 modé
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 | Portmode (Serial bus interface output disabled)
Note 2: Please always write “00” to SBIOCR2<1:0>. 01 | Clacked-syrichronous 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 nonitor,
monitor
Serial transfer operating status monitor ~ Shift operation status monitor
0) | Transfer terminated 0 | Shift operation terminated
1 | Transfer in progress 1 [ Shift operation in progress
Serial Bus Interface 0 Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO Bit symbol - 12SBI0
(1244H) Read/Write w RIW
Read- After reset 0 0
modify-write | Function Always writel 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
SeriakBus 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-writ Function Internal Alvays write)
. o clock “Q”.
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 (SBI0O, 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 01: SI0 mode
prohibited. 10: °C bus mode
11: (Reserved)
Note 1: Set the SBIOCR1<BC2:0> to “000” before switching Serial bus interface operation mode selection
toa clocked—synchronous 8-bit SIO mode 00 | Port mode (Serial bus interface output disabled)
Note 2: Please always write “00” to SBICR2<1:0>. 01 | Clocked-synéhironous 8-bit SIO mode
10/ |”Chus.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 fransfer 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 0, 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 PAEN -
(¥24DH)— 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 frafe,/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 ecompleted.

Automatic wait

|<—>
SCKO pin output N l I I I I I I

SO0 pin output a5 (asXa7 [ (fbo) bl:b4 (bs X bs Xb7 Y0 Xc1 ¢z

Writing
transmission X b Xc

data

Figure 3.11.29 AutomaticWait Function

External clock (<SCK2:0> = {111%)

An external clock inputvia.the SCKOQpin-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 1MHz (when fc = 16 MHz).

sekopin [T L [ 1 P11

[ | |

tsckL tsckH

¥SCKL1 and tsckH,>87fc

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 clgck’(od'the rising edge of the
SCKO pin input/output).

SCKO pin 1 l l l l l l l l

SO0 pin E\ Bit0 X Bitl X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

l
Shift register 76543210 7654321+ 765432 K(x#+ 76543 x5 7664 K xx 765 s 76 X r g

(a) Leading, shift

SCKO pin f: f: f: ‘]‘ "‘ f: j: ‘1‘

SI0 pin \ aito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
|

Shift register m**m'Xo*mmXlom***Xz10*M”Xézm****X43210***X543210**X6543210*)(76543210

(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 transferrned from the SBIODBR to the
shift register and output, starting with the least signifiéant pit (LSB), via the SO0
pin and synchronized with the serial clock. Whén-thetransmission 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 &erial clock will stop and (the automatic
wait function will be initiated if new data 1s-not loaded to the data-buffer register
after the specified 8-bit data is tranmsmitted. When new transmissien data is
written, the automatic wait function is ¢anceled.

When the external clock is used, data should be written te_the SBIODBR before
new data is shifted. The transfer.speed i$ determined by the-maximum delay time
between the time when an interruptwrequest is generated-and the time when data
is written to the SBIODBR by the interrupt serviee program:

When the transmit isstarted;-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 whenthe <SIOINH> is set to “1”. When the
<SIOS> is cleared to_“07, 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<SIOE> 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/ig uséd; it is also necessary to clear the <SIOS> to “0”
before new data is Shifted;\otherwise, dummy data is transmitted and operation
énds.
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Clear <SIOS>

-1 =
w1 || N

SCKO pin (Output)

SO0 pin

INTSBIO
interrupt request

SBIODBR — X=X
)

Writing transmission data

o

(a) Internakclock

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>
SCKO pin (Input)

SO0 pin

INTSBIO
interrupt request

SBIODBR — X=X
r A

Writing-transmission data

o

(by External clock
Figure 3.11:32- _Transmission Mode

Example: "Rfogram to stop datatransmission (when an external clock is used)

STEST1 : BIT SEF, (SBIOSR) ; If <SEF> =1 then loop.
JR NZ, STEST1

STEST2 : BIT 0, (PN) ; 1f SCK =0 then loop.
JR Z, STEST2
LD (SBIOCR1), 00000111B ; <SIOS>+«0
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Note:

SCKO pin
]
|
<SIOF> i
] ]
] ]
l /

SO0 pin Bits 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 (sighificant bit
(LSB). When the 8-bit data is received, the“data is transferfed-from the shift
register to the SBIODBR. The INTSBIO\ (Buffer full) interrupt-vequest is
generated to request that the received data be read. The data-is/then read from
the SBIODBR by the interrupt sérvice.program.

When the internal clock is“used, thevserial clock will’stop and the automatic
wait function will be in effeét until the received data 1s read from the SBIODBR.

When the external clock-1s-used; since shift opération is'Synchronized with an
external clock pulse, the received data should be ‘vead from the SBIODBR before
the next serial clock pulse is input. If the received data i not read, further data to
be received is canceled: The maximuwm/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 thé\<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%-reeéived data is transferred to the SBIODBR in complete blocks.
The receiyed ‘mode ends when-the~transfer is completed. In order to confirm
whether data is being receivedproperly by the program, the SBIOSR<SIOF> to be
sensed. The <SIOF>vis cleared to |“0” when receiving is completed. When it is
corffirmed that receiving~has-been completed, the last data is read. When the
<SIOINH> is sét to “1”-data receiving stops. The <SIOF> is cleared to “0” (The
received data becomes.invalid, therefore no need to read it).

Wheh the transfer mode is changed, the contents of the SBIODBR will be lost. If the mode
must be changed;-conclude data receiving by clearing the <SIOS> to “0”, read the last data,
then change the mede:
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|<— Clear <SIOS> —>|

<SIOS>

- ———
] |

<SEF>

SCK pin (Output)

Sl pin

INTSBIO
interrupt request

SBIODBR

Read receive.data Read receivé data
Figure 3.11.34 Receiver Mode (Example:Internal clock)

3. 8-bit transmit/receive mode

Set a control register to a tranémit/receive mode and write data-td the SBIODBR.
After the data is written, set the SBIOCR1<SIOS>“to “1” to start
transmitting/receiving. When |data-ds, transmitted, the-data )is output from the
SO0 pin, starting from theleast significant bit (LSB).and synchronized with the
leading edge of the serial ¢lock signal. When data isrécéived, the data is input via
the SIO pin on the trailing edge of the serialclock 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 which-is to be transmitted. The SBIODBR is
used for both transmitting and receiving. Transmitted data should always be
written aftérreceived data is read.

When the.anternal clock is usédjthe.automatic wait function will be in effect
until the received data is read and the new data is written.

When the external clock is used, since the shift operation is synchronized with
the external clock, the received/data is read and transmitted data is written before
a’new shift operation is executed. Phe maximum transfer speed when the external
cloek is used is determined-by-the delay time between the time when an interrupt
request is generatedand 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
INTSBIOQ interrupt service program or when the SBIOCR1<SIOINH> is set to “1”.
When/the <SIO'S> 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 toconfirm 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 Y

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 (wheh an external clock is used)

SCKO pin

<SIOF>

S—

[}
SO0 pin Bitg X Bit7 in'last transmitted word.

!
| |

tsobH = 4fsys [s] (Min)

Figure 3.11.36 fransmission 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)

TMP92CM27 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:

RFRO0/1 (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 0to 1 ¢an berused 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(CO6H/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)
HSSQO (PD1) HSSO1 (PL5)
HSSCLKO(PD2) HSCLK1 (PL6)
SFR HSCOMD (CQ0H/C01H) HSC1MD (C20H/C21H)
(address) HSEOET(CO2H/CO3H) HSC1CT (C22H/C23H)
HSCOST(C04H/CO5H) HSC1ST (C24H/C25H)

HSC1CR (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.
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Note ) By Reset, HSCLKQ; HSSQO0, 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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Note) By-Reset, HSCLK1, HSSQ1; 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 CLKSELQ2{ CLKSELO1 | CLKSELOO
(0C00H) Read/Write R/IW R/IW
After Reset 0 1 0 0
SYSCK Select baud rate
0: disable 000:Reserved 100: fgyg/16
Function 1: enable 001:féys/2 101: fgys/32
010: fgys/4 111/ fgyst64
011: fgys/8 111:Reserved
15 14 13 12 11 10 9 8
bit Symbol [LoopBACKo| MSB1STO | DOSTATO TCPOLO | RCPOLO TDINVO RDINVO
(0CO01H) | Read/Write RIW RV
After Reset 0 1 1 0 0 0 0
LOOPBACK |Start bit for | HSSOO pin Synchronous |Synchronous [Invert data  [Invert data
test mode transmit/rece [(no transmit), clock edge |clock(edge/ {During During
. 0O:disbale ive 0:fixed to 0 during during transmitting  |receiving
Function 1:enable 0.LSB 1:fixedto "1” transmitting ~freceiving 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 XENY CLKSEL12 | CLKSEL11|CLKSEL10
(0C20H) Read/Writg R/W R/W
After Reset 0 1 0 0
SYSCK Select baud rate
0: disable 000: Reserved 100: fgys/16
Fudction 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 Symbel ) | oopBack1| MSB1STL [ DOSTAT1 TCPOL1 | RCPOL1 TDINV1 RDINV1
(0C21H) ~| Read/Write 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
) 0O: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-Funetion
(b) <MSB1STO0>

Select the start bit of transmit/receive data
Please change the setting when transmitting/recéiwing is not in operation.

(¢) <DOSTATO>

Set the status of HSSOO pin during no transmitting (after transmittingor during
receiving).
Please change the setting when transmitting/receiving is-not.in gperation.

(d <TCPOLO>

Select the edge of synchronous-clock during transmitting.
Please change the setting during <XENO0> = “0”>And set)the same value of <RCPOLO>.

hscLko pin (<tcpoLosZey ~ | L LT I LI |
HscLko pin (<tcpoLo>=)— /| [ | [Tl T e M

HSSOO0 pin LSBX_ X X X e MSB
Bit0” /BitY /Bit2 Bit3 Bit4 Bit7

Figure 3.122.6 <TCROLO>"Register function
(e) <RCPOLOQ>

Select the edge of synchronous clock during receiving.
Pleasechange the setting during<XENO0>= “0”. And set the same value of <TCPOLO0>.

H3uko pin(repotoozy [ LTI LI e [T

nscLko pif ((Repoto>="1) | L [ L[ L |~
HSSIO pin XisBX_ X X X MSB,

BitO Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.12.7 <TCPOLO> Register function
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() <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 datathat is written to HSCOTD.
This input data is not corresponded to <TDINVO0>.

<TDINVO0> is not corresponded to <DOSTATO0>: it set condition 'of HSSOQO pin when it is
not transferred.

(g9 <RDINVO>

Select logical invert/no invert for received data from H3SIO-pin.
Please change the setting when transmitting/receivingis.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 creatéd from fsys and settings dre inunder table.
Please change the setting when transmitting/receiving is not\in-operation.

Table 3.1272__Example of baud rate

Baud yate [Mbps]
<CLKSEL02:00> fsys.=12MHz fsvy's =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

fsys/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 | RXWENQ |~RXUENO
(0CO2H) | Read/write RIW R
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 07 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 Tx o | cReRESET B0 DMAERFWQ |-DMAERFRQ
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:(Diséable
1: CRC16 1: Receive register 17 Enable 17 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 - - UNIT161 ALGNEN1 | RXWEN1 | RXUEN1
(C22H) | Read/Write RV R/W
After Reset 0 3 0 0 0 0
Always Alvays Data length Fullduplex [Sequential |Receive
Write “Q”. 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.BL 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:/Reeeive 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 CRC7 or.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 obtaintheresult of CRC calculation.

Transmit CRC which is obtained-in(4) by the same wa¥yas (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 HSEO0TD and
send

End

Figufe-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 I=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 generateyl-shot interrupt when
change from “0” to “1”(Rising).

<UNIT160>

Select the length of transmit/receive data. Datalengthas described as UNIT-downward.
Please change the setting when transmitting/réceiving is not in, operation,

<ALGNENO>

Select whether using alignment function for transmit/receive per UNIT during full
duplex.
Please change the setting when transmitting/receiving i§ hot/in gperation.

<RXWENO>

Set enable/disable of sequential receiving.

<RXUENO>

Set enable/disable lof receiving operation per"UNIT. In case <RXWENO> = “1”, this bit is
not valid.
Please changé the setting when transmitting/receiving is not in operation.

[Transmit / receive operation mode]

It is supported 6-opération modes: They—are selected in <ALGNENO>, <RXWENO> and

<RXUENO> registers.

Table 3.12.3 transmit/receive operation mode

Operation mode Register setting Note
<ALGNENO> [ <RXWENO0> | <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
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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 Gnturn. 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<TENDO0>=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 Flew 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<RXE(0>= “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 autematically 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 regeive,
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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 gnd?
SCOST<RFRO>=12

‘v
Read receiving data from
HSCORD

Rrogram receiye number {2

Last second receiving end /?

Write “0” to HSCOCT<RXWENO>

v

Read second data from last
from HSCORD

Does last-data exist in HSCORD?
SPIST<RFR>=12

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 sighal that$how whether
transmission data register exist or not). This register is “0’Ywhen transmission data exist.
This register is “1” when transmission data doesn’t exist. It ean read internal signal directly.
Therefore, it can confirm transmission data at any time:

Interrupt status register HSCOIS<RFWIS0> is set by rising.edge of RFWO0.| Thisregister
keeps that condition until write “1” to this register-andwreset when HSCOWE<RFWWEO0> is
“1”.

RFWO interrupt generate when interrupt enable ¢egister HSCOIE<RFWIEQ> is)“1”. When
it is “0”, interrupt is not generated.

Interrupt request register HSCOIR<REWIRO0> show whether interrupt, is\generating or not.

Interrupt status write enable registe HSCOWE<RFWWEOQ> set thiat enables reset for reset
interrupts status register by mistake:

Circuit config of transmission data (shift-register (HSCOTS)| rédeiving register (HSCORD),
receiving data shift register (HSGORS) 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 RFWO0 interrupt, set “1” to
<DMAERFWO0>, and whenl|it is executed by using RFRO interrupt, set “1” to <DMAERFRO0>,
and prohibit other interrupt.

Control register
HSCOCT<DMAERFWO0>

Stattus (RFWQ) of Transmission)data register (HSCOTD): exist data:0, No)data: 1

Interrupt enablé register
HSCOIE<RFWIEO>

Control register

Status registér

. HSCOCT<DMAERFRO>
No transmit of HSCQST<RFWQ> >
tansmission data .
fegister (HSCOTD) Interrupt request register
o exist data, HSCOIR<RFWIR0> L inmsco
1:no-data detection ) — ),
Write “1”

Interrupt status register
HSCOIS<RFWIS0>

.D Q
. Interrupt status-write enable register
CK A hiscoWE<RFWWED>

Status (TENDO)-of Tfansmissien-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 RFEWO RFRO
(0C04H) | Read/Write R
After Reset 1 0 1 0
Receiving Receive TFrahsmit Receive
Shift register [buffer buffer
i . X 0: .
Function O:operation [0: no data {ntransmitted 0:no
1: no 1: existdata’ | data exist valid data
. 1:no “vali
operation untransmitted 1‘Vallld daa
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
(0G25H) 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.exigt)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 shift/to receive read register.

(¢ <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 t0_“I*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 receivéd 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  |.Pit Symbol TENDISO [NRENDIS04. RFWISO | RFRISO
(0CO8H) Read/Write R/W
After Reset 0 0 0 0
Read Read Read Read

0:no interrlpt [0:no~interrupt |0:no interrupt|0:nointerrupt

. l:intefrupt L:interrupt L:interrupt 1:interrupt
Function N P P P

Write Write Write Wiite
O:Don'tcare, |0:Don't care |0:Don’t care. [Q:Don’tcare
A:clear 1:clear 1:clear Y-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/IW
After Reset 0 0 0 0
Read Read Read Read
0:no interrupt |0:no interrupt |0:no interrupt|0:nointerrupt
Fuhctibn 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

(OC29H) [Readjwrite
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 | REWWEOQ { RFRWEO
(0COAH) | Read/write RIW
After Reset 0 0 0 0
Clear Clear Clear Clear
HSCoIS HSCOIS HSE0IS HSCoIS
Function <TENDIS0> |<RENDISO> |<TFWIS0> |<RFRIS0>
0: disable O:disable 0: disable 0: disable
1: enable 1: enable 1: enable 1;enable
15 14 13 12 14 10 9 8
bit Symbol
(0COBH) Read/Write
After Reset
Function
Figure 3.12.20 HSCOWE/Register
HSC1WE Register
7 [¢] 5 4 3 2 1 0
HSCIWE | bit Symbol TENDWEL [RENDWE1| RFWWE1 | RFRWE1
(0C2AH) | Read/write R/W
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/Wite
After Reset
FEunction

Figure 3.12.21 HSC1WE Reqgister
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(a) <TENDWEO>
This bit set clear enable of HSCOIS<TENDISO0>.

(b) <RENDWEO>
This bit set clear enable of HSCOIS<RENDISO0>.

(c) <RFWWEO0>
This bit set clear enable of HSCOIS<RFWIS0>.

(d) <RFRWEO0>
This bit set clear enable of HSCOIS<RFRIS0>.
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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 | 'REWIEO RFRIEQ
(ococH) | Read/Write R
After Reset 0 0 0 0
TENDO RENDO RFWO, RFRO
Function interrupt interrupt intefrupt interrupt
0: Disable 0: Disable 9: 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
Figure3.12.22"HSCOIE Register
HSCL1IE Register
7 6 5 4 3 2 1 0
Hscie  |Pit Symbol TENDIE1 | RENDIE1 | RFWIE1 | RFRIE1
(0C2CH) Read/Write R/W
After Reset 0 0 0 0
TEND1 REND1 RFW1 RFR1
Function intefrupt 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) <RENDIEO>
This bit set RENDO interrupt enable.

(c) <RFWIEO>
This bit set RFWO interrupt enable.

(d) <RFRIEO>
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/ /REWIRO 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: hone
1:genérate 1:generate 1l:generate /|l:generate
15 14 13 12 11 10 9 8
bit Symbol
Read/Write
(OCOFH) After Reset
Function
Figure 3.12.24 HSCOIR Register
HSCL1IR Register
7 6 5 4 3 2 1 0
Hsc1Ir | bit Symbol TENDIR1 [ RENDIR1 | RFWIR1 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 Symbal
Read/Write
(0C2FH) 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.

@

S
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(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 | CREDO01 | 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 | CRCD015 | CRCD014 | CRCD013 | CRCDO012 | CRCD@11-| GRCDOI0 | CRCD009 | ERCDO08
(0CO7H) Read/Write R
After reset 0 0 0 0 0 | 0 I 0 0
CRC calculation result Joad register [15:8]
Function
Figure 3.12.26 HSCOCR register
HSCICR register
7 6 5 4 3 2 1 0
HSC1CR | bit Symbol CRCD107 | CRCD106 | CRCD1054.CRCD104 | CRE€D103 |-CRCD162 |/CRCD101 | CRCD100
(0C26H) | Read/write R
After reset 0 0 0 0 0 | 0 | 0 0
CREG calculation result load register [7:0]
Function
15 14 13 12 11 10 9 8
bit Symbol CRCD115 | CRCD114 | CRCD113 | CRCD¥12 |-CRCD111 | CRCD110 | CRCD109 | CRCD108
(0C27H) I'Read/write R
After reset 0 0 0 0 l 0 | 0 I 0 0

Function

CRC calculation result load register [15:8]

Figure=3:12:27 H3C1CR 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 arewalid.

The flow will be showed to calculate CRC16 of received data for instance by flowchart.
Firstly, initialize CRC calculation register by writing <CRCRESET_BO>Z “1” after set
<CRC16_7_b0>=“1", <CRCRX_TX_B0> = “0”, <CRCRESET_B0> =<(”.

Next, finish transmitting all bits to calculate CRC by writing datd 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 | TXDO005 | TXD004 | TXDO003 | TXD002 | TXD00L) |” TXDOOO
(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 | TXDOL1—|{“TXD010 | TXD009 | TXDQO8
(0C11H) Read/Write RIW
After Reset 0 0 0 0 0 | 0 0 0
Transmission data registey[15:8]
Function
Figure 3.12.28 HSCOTD Register
HSC1TD Register
7 6 5 4 3 2 1 0
Hsc1Tp | Pt Symbol | TXD0107 | TXD106 | TXD105 | TXD104 | TXD103 |~TXP102-|/TXD101 | TXD100
(0C30H) | Read/Write R/W,
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 R/W
After Reset 0 0 0 0 0 | 0 0 0
Transmissioh data register [15:8]
Function
Figure=3:12:29 HSC1TD Register
92CM27-320 2005-04-20



TOSHIBA TMP92CM27

(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 R 0
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 | DitSymbol | RXD007 | RXDO06 | RXDO0O5 | RXD004 | RXD003 | RXD002 | \RXDOO1) |/RXDO00O
(0Cc12H) | 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 | RXD013 | RXD012 | RXDOiI | 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 |PitSymbol | RXD107 | RXD106 | RXD105. [\RXD104 | RXD163-| 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 I 0 I 0 0 0
Receive data register [15:8]
Function
Figure-3.12.31"HSC1RD Register
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() <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 | bitSymbol | TSD007 | TSD006 | TSDO05 | TSD004 | TSD003 | TSD002 | TSDO0O1~/| TSD00O
(0C14H) | Read/Write R
After Reset 0 0 0 0 0 | 0 l 0 0
Transmit data shift register [7:0}
Function
15 14 13 12 11 10 9 8
bit Symbol TSD015 TSD014 TSD013 TSD012 TSDO11 TSD010 TSDO009 TSB008
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
HSCITS Register
7 6 5 4 3 2 1 0
HsciTs | bitSymbol | TSD107 | TSD106 | TSD105 [ TSP104 | PSP103 |\ 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 | TSD134 | ASD113 | TSD112 [~TSDi11 | 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

(@Y "<TSD015:000>

This register is registex 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 | RSDOX1 |\ RSD010” | RSD009 | RSDO08
Read/Write R
(0C17H)
After Reset 0 0 0 0 0 | 0 | 0 0
Receive data shifttegister [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
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 Tegister is register for reading the status of receives data shift register.
In\case HSCOCT<UNIT160>= “1”, all bits are valid.
Incase 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<RFWIE0>="11)

[
HSCOST<RFWO0>

HSCOIR<TENDIRO>
(HSCOIE<TENDIE0>"1")

e

B T B |

HSCOIS<TENDIS0>

HSCOST<TENDO>
HSCLKO pin | l 7-= | ---

(STCPOLO>="0"

sscopn LT — MU LU L

(STCPOL0>="1")

Bit0O  Bifl/ Bit2\ Bit3 Bit4 Bit7 BitO  Bitl Bit2 Bit3 Bit4 Bit7

Figure 3.12.36 Transmission timing

In above condition, HSCOST<REWO0> flag is set to “0” just after wrote transmission data.
When ,data of HSCOTD register- finish shifting to transmission register (HSCOTS),
HSCOST<RFWO0> is set to “1”, it is™informed that can write next transmission data, start
transmissiont clock and datd from HSCLKO pin and HSSOO pin at same time with inform.

Inthis case, HSCOIS, HSCOIR change and INTHSCO interrupt generate by synchronization
te rising Jof HSCOST<RFWO0>-flag. When HSCOIR register is setting to “1”, interrupt is not
generated even/iPHSCOST<RFWO0> was set to “1”.

When finish\transmissioni 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 is 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®:

HSCOST<RENBS:

HSCOIS<RFRIS0>

HSCOIS<RENDISO

(<RCPOL0>="0")

wsewopn | [ L (1L AT TS ST

(<RCPOL0>="1")

HSSI0 pin XisBX XXX -~ XmseX 7 KiseX XX K o XX

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” witheut valid receiving data to’ HSCORD register
(HSCOST<RFR0>=0), UNIT receivirlg is started. When recéiving. 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<RKR0>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<RENDO: l_

HSCOIS<RFRIS0> [
HSCOIS<RENDISO0> [

(<RCPOL0>="0")

scuopn ] [ ML - U LU T LML =2

(<RCPOL0>="1")

T 0 D D O G (=5 (=5 G G, ) G (= = @ Y O G U= o

Bit0O Bitl Bit2 Bit3 Bit4 Bit7 Bit0 Bitl Bit2 \Bit3_Bit4 Bit7 "Bit0 Bit1_Bit2 /Bit3 Bit4 Bit7

Figure 3.12.38 continuous receiving(HSCOCT<RXWENQO>=1)

If set HSCOCT<RXWENO> to “1”,without’ valid receiving, data in HSCORD register
(HSCOST<RFR0>=0), sequential receiving is’ started. When fiyst receiving is finished and
stored receiving data to HSCORD/register, HSCOSTLRFRO>flag-is-set to “1”, and inform that
can read receiving data. Sequential receiving is/ received until receiving data is stored to
HSCORD and HSCORS registers If\finished sequential receiving, set HSCOCT<RXWENO> to
“0” after confirmed that HSCOST<RENDO> was set to “1”.
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e Setting condition 4:
Transmission by using micro DMA in UNIT=8bit, LSB first

INTHSCO Interrupt 1 1 M
pulse T T IA
HSCOTD 1 ! !
Write pulse —ﬂ i ” E ﬂ E
1 ,7

HSCOST<RFWO0>
HSCOST<TENDO>

HSCOIS<RFWIS0>

HSCOIR<RFWIR0>

HSCOIS<TENDISO>

wsokopn [ LT LI 1L LT - 1L LELFLT LT -2 ] -

(KTCPOL0>="0")

(KTCPOL0>="1")

HSSOO0 pin Xiss X X XX - Xwmse Xse Xo X X X - XwseXise. -

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 te 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 thi§ intérrupt, 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

| l

INTHSCO Interrupt pulse

HSCORD

Read pulse ” ”
HSCOST<RFRO> ;
HSCOST<RENDG

HSCOIS<RFRO>

HSCOIS<RENDO>

HSCLKO pin | - N = |
(<RCPOLO>= “0)
HSCLKO pin -= | I l - |_l
(<RCPOLO>= “17)
HSSIO pin --- XwiseX XeseX X X X~ A XuseX™/ )l

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<DMAERERO> 1s “1”, UNIT receiving is
started by setting HSCOCT<RXUENO> to “1”. If récéiving data is stored to HSCORD register
and can read receiving data, INFTHSCO.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 beforéhand.
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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: HSSI0, PDA: KSS00, PK7: HSCLKO
Id  (pdcr), 0x06 ; port setting PDO: HSSIO0, PD1: HSSOQ, PK7: HSCLKO

Idw (hscOct),0x0040 ; Set data length to/8bit
Idw (hscOmd),0x2c43 ; System clock eniable, baud rate selection: fgys/8

; LSB first, synehronous elock edge setting: setto-Rising

Id  (hscOie),0x08 ; Set to TENDQ _interrupt enable
Id (inteahsc0),0x10 ; Set INFHSCO interrupt level to 4
ei ; Interrupt-enable (iff=0)
loop ;Confirm that transmission data register doesr’t have no transmission data

bit  1,(hscOst) ; <RFW0>=1 ?
jr  zloop
Id (hscOtd),0x3a ; Write Transmission dataand Start transmission

HSCOTD

Write_pulse _ﬂ

HSELKO output m| clock)

HSSO0 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:HSSIO, PD1:HSSOO0, PK7:HSCLKO
ldw  (hscOct),0x0040 ; Set data length to! 8bit

ldw  (hscOmd),0x2c43 ; System clock-enable;baud rate selection : {8YS/8

; LSB first, syhchranous clock edge setting: setto Rising

Id  (hscOie),0x01 ; Set to.RFRO interrupt enable
Id (inteahsc0),0x10 ; 8et INTHSEO interrupt level to 1
ei ~Interrupt-enable (iff=0)
set  0x0,(hscOct) ;. Start UNIT receiving
HSCOCT
Write pulse ——“

HSSI0 inplt 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, PD1sHSSO0/ PK7:HSCLKO
Id  (pdcr),0x06 ; Port setting PDO:HSSIQ; PD1:HSSOO0, PK7:HSCLKO
Idw  (hscOct),0x0040 ; Set data length to 8bit

Idw  (hscOmd),0x2c43 ; System clock enable; paud rate selection: fsys/8

; LSB first, synchronous clock edge setting: set to-Rising

loop1: ; Confirm'that-transmission data register/deesn’t have ho transmission data
bit  1,(hscOst) ; <RFWO0>=1 ?
jr  zloopl
Id  (hscOtd),0x3a T Whrite-transmission data of first byte and’start transmission

loop2 . Confirm that transmission data register doesn’t have no-transmission data
bit  1,(hscOst) ; SRFWO0>=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,(hscOst) ; <TENDO>£12
jr~_z,loop3

; Finish_transmission

HSCOTD
Write pulse ﬂ ﬂ

HSCLKO output

HSSOO0 output l_l—‘_l—]_m_l—

INTHSCO (RFWO)
Interrupt signal _J ”

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/HSS0Q, RD2:HSCLKO
Id  (pdcr),0x06 ; Port setting PD0:HSSI0, PD1:HSS00,/PD2:HSCLKO
ldw  (hscOct),0x0040 ; Set data length to 8bit
Idw  (hscOmd),0x2c43 ; System clock enable,-baud rate selection: fsys/8
; LSB first, synchfohous/cloek edge setting: set tg Rising
set  0x01,(hscOct) ; Start sequential receiving
loop1: ; Confirm\that receiving data register has receiving|data of first byte
bit  0,(hscOst) ; <RFRO>=1 2
jr  zloopl
loop2: ;Confirm' that recejving 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 regeiving.data offirst byte
loop3: ; Confirm/that/receiving data of second byte is shifted from receiving data
shift registerto/receiving data register
bit .0, (hscOst) ; SRFRO>=1 ?
jr  zloop3
Id  w,(hscOrd) »Read receiving data of second byte
HSCORD ” I-L
Readpulse
psetkoupet AU UUILTU U UUUUY
HSSIO0 input [ | I | | |
HSCORS data XX X 0x55
HSCORD data XX X 0X3A X 0x55

<RFRO>
<RENDO>

| 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 made, 1 bytetrahsfer
ldc 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 PD0:HSSI0,"PD1;HSS0O0, PK7:HSCLKO
Id (pdcr),0x06 7/Port setting PDO:HSSIO, PD1:HSSO0, PK7:HSCLKO
Idw  (hscOct),0x004Q ; Set data length to-8bit
ldw  (hscOmd),0x2¢c43 ; System glock enable, baud rate selection: fsys/8
; LSB first,.synchrangus clock edge setting: set to Rising
ld~_ (hsc0ie),0x00 ;Set to interrupt/disable
set ™. 1,(hscOct+1) ; Set micro DMA operation by RFWO to enable
Id  (intetcO%),0x01 +~SetINTTCO interrupt level to 1
ei ~nterrupt enable (iff=0)
loopd.: ; 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 (INTJCO)

loop2:
bit  1,(hscOst) ; <RFW0>=17
jr  zloop2
bit  3,(hscOst) <TENDO>=1"?
jr  zloop2
nop
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(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 ; Set micro DMAO to INTHSCO
Id wa,0x0003 ; Set number of micro-DMA-transmission to that numper-1(third time)
Idc dmacO,wa
Id a,0x00 ; micro DMA mode setting? source INC made, 1 bytetrahsfer
ldc dmamoO,a

Id  xwa,0xC12 ; Set source address to HSCORD register
Idc dmas0,xwa
Id xwa,0x807000 ; Set source.address

Idc dmad0,xwa

;-- SPIC setting --
Id  (pdfc),0x07 ; Port setting PDO:HSSIO,"PD1;HSSO0, PD2:HSCLKO
Id (pdcr),0x06 7/Port setting PD0:HSSIO, PD1:HSSOO0, PD2:HSCLKO
Idw  (hscOct),0x004Q ; Set data length to-8bit
ldw  (hscOmd),0x2¢c43 ; System glock enable, baud rate selection: fsys/8
; LSB first,.synchrangus clock edge setting: set to Rising
ld~_ (hsc0ie),0x00 ~Set to interrdpt disable
set ™. 0,(hscOct+1) ; Set micro DMA operation by RFRO to enable
Id  (intetcO%),0x01 +~SetINTTCO interrupt level to 1
ei ~nterrupt enable (iff=0)
set—_0x0,(hscOct) ; Start UNIT receiving

Interrupt routine (INTTCO)

loop2: ; Wait receiving finish case of UNIT receiving
bit  0,(hscost) ; <RFRO>=17
jr  zloop2
res  0,(hscOct) ; UNIT receiving disable
Id  a,(hscOrd) ; Read last receiving data
nop
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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 wordffull page

Addressing mode Sequential

CAS latency (clock) 2

Write mode Sinhgle/burst

(4) Access cycle

CPU Access (Read/write)
Read cycle: 1 word= 4 states/full page — 1 state
Write cycle: Single — B states/burst — 1 state
Data size: 8 bits/16-bits/32 bits

(5) Refresh cycle auto generate
o Auto refresh s generated during except- SDRAM access.
o Refreshintervalis’/programmable,

o /Sélf refresh-is-supported

Note 1: Condition of SDRAM'’s area set-by CS3 setting of memory controller.

92CM27-337

2005-04-20



TOSHIBA TMP92CM27

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
SDACR1 | Bit symbol - - SMRD SWRC SBST SBL1 SBLO SMAC
(0250H) Read/Write R/W
After reset 0 0 0 0 q Y )] o 0
Function Always Always Mode Write Burst stop—~| Select-burst length SDRAM
write “0” write “0” register recovery command/ | (Nete-1) controller
recovery | time 0: Precharge™| 00: Réserved 0: Disable
time 0: 1 clock all 01-Full-page read, burst_| 1: Enable
O:1clock |1:2clocks | 1:Bdrststop 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 t0 use SDRAM".
SDRAM Access Cantrol Register 2
7 6 5 4 3 2 1 0
SDACR2 | Bit symbol SBS SDRS1 SBRS0 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 rolvs (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-)
14: Reserved 10: TypeC (Al1l-)
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/W. R/W
After reset 0 1 0 | 0 | 0 0
Function Always SR Auto Refresh interval Auto
writg “0". Exit 000: 47 states ~ 100: 156 states | refresh
func't|on 001: 78 states 101: 195 states 0: Disable
0:Disable | 410; 97 states 110: 249 states 1: Enable
L-Enable 1019104 states  111: 312 states
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SDCMM
(0253H)

SDRAM Command Register

7 6 5 4 3 2 1 0

Bit symbol

SCMM2 SCMM1 SCMMO

Read/Write

RIW

After reset

o 0o [ o

Function

Command executing
(Note 1) (Note-2)
000, Net execute
001: Execute initialize command
a. Precharge all banks
b..8 times auto refresh
¢.\Set mode register
100:/Set mode register
101: Execute self refresh.Entry
110: Execute selfqefresh EXHL
Others: Reserved

Note 1:

Note 2:

<SCMM2:0> is cleared to “000” after a command is lexetuted, But <SCMM_2:0> is not cleared by-executing
the self refresh Entry command. It is cleared by-executing the’self refresh Exit commandk

When command except the self refresh Exit\ommand.is executed, write command-after checking that
<SCMM2:0> are “000".

Figure 3.13.1 3DRAM 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, SBLUDQM, SDCLK and
SDCKE) are operating during the time CPU accesses CS3 ared,

In the access cycle, outputs row/column multiplex address'\through A0 to A15 pin.
And multiplex width is decided by setting SDACR2<SMUXWO:1>. The relation
between multiplex width and row/column address/is showw/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*B1CSH<BnBUS> = “01" | BXCSH<BnBUS> = “10"

A0 A9 A10 All Al A2

Al A10 All Al12 A2 A3

A2 All Al2 A13 A3 A4

A3 A12 A13 Al4 A4 A5

A4 Al13 Al4 Al5 A5 A6

A5 Al4 Al15 Al6 A6 A7

A6 A15 Al6 Al7 A7 A8

A7 Al16 Al7 A18 A8 A9

A8 Al7 Al18 A19 A9 A10

A9 Al8 A19 A20 AL0 All

A10 A19 A20 A21 AP AP

All A20 A2l A22

Al12 A21 A22 A23

A13 A22 A23 EA24 Row address

Al4 A23 EA24 EA25

A15 EA24 EA25 EA26

(2)

Burst) /length ™ of SDRAM | read/write by CPU can be select by setting
SDACRI<SBL1:0>.

SDRAM access cycle is shownin-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
eycle/are inserted automatically to cycle front and back.

Instruction exéecuting ow SDRAM

CPU (can_be\executed instructions that are asserted to SDRAM. However, below
functionisaot 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

SDCLK

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L
1
]

X CA(n) XCA (n+ Z)XCA (n+ 4XCA (n+ e)X- 4

-><(n + 316)X(n+ 318)
]
D (n) ;><D (n+2);XD (n+4)XD (n+ G)X-----b@ (n+3©<D (n+31£><
]
]
]

X

SDLUDQM
SDLLDQM
A15 to AO
D15 to DO

Allbanks
precharge

Bank active Read

Figure 3.13.2Timing of Burst Read Cycle
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> X<

SDLUDQM
SDLLDQM
A15 to AO
D15 to 30

precharge

precharge

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 ps at fsys = 20MHz).

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 3.18.2. 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.

SDLUDQM

SDCS

SDRAS

SDCAS

SDWE

[}
[}
[}
I
[}
|
SDLLDQM :
|
I
]
I
]
I
]

«——— 2staes— 3
I 1 I

SDCLK _,_\_"_'L__l—

SDCKE

———d L VK

-
]

0

Auto_refresh

Figure 3.13.4 . Timing(of Auto Refresh Cycle

Table 3.13.2-Refresh Cycle Insertion Interval (Unit: ps)
SDRER<SRS2:0> Insertion fsys Frequency (System clock)
Interyal
SRS2 | -SRS1.| SRSO (Staté) 6 MHz | 10 MHz (12.5 MHz| 15 MHz (17.5 MHz| 20 MHz
0 0 0 47 7.8 47 3.8 3.1 2.7 2.4
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 1/O. registers are initialized,
therefore, auto refresh is not performed.

Note 2: During self refresh Entry, it cannot be accessed ta 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

Bl )

/L

[

I I I

i i i

C
[} [} [} [} [} } | [} L L L 1
SR R S S S T |\ N VR RS 75V B
I I I I I I } I I + ] I I
I I I I I I ] I I I I I I
: : : : : \\ ! : : ! : : :
sowoouT TR IR T (e
! ! ! ! ! ! ! ! ! : ! ! !
SDLLDQM i i i i i \\ i i i | i i i
I I I I I | I I L} I I I I
I I I I I I I I I I I I I
ST I A N N L G o | S S S At/ B N N
UL T NS
[} [} [} [} | | [} [} [} [} [} [} [}
PN R T S
- | [} | [} | | | ] | | | [} |
= N W) T R T T
[} [} [} [} } [} [} [} [} [} [} [} [}
SDWE 1 1 1 l 1 1 1 1 1 1 1 1 1
i i i i i i i i i i i i i
l + l l l l l l l + l + l
Self refresh Self refresh Auto refresh

Entry Exit

Figlre 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 autematically, set to prohibit.
If using condition of SDRAM is satisfied by operation ¢ldck frequency (clock gear
down, SLOW mode condition and so on) is falling, set“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 ! Intecupt !
i i
CPU ! ' !
Auto Exit SR [Change| HALT Change| SR Auto/Exit
enable EXIT | CLK e a——— ek 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 conditioh AR condition

Figure 3.13.6 Execution flow example (Execute HALT instruction at low-speed clock).

92CM27-344 2005-04-20



TOSHIBA TMP92CM27

. ********Sample program Kokkokok ok kokk

LOOP1:
LDB A, (SDCMM) ; Check the command register clear
ANDB A, 00000111B ;
J Nz, LOOP1 ;
LDW (SDRCR), 0000010100000011B ; Auto Exit disable— Self refresh
NOPx10
LD (SYSCR1), XXXXX001B
HALT
NOP
LD (SYSCR1), XXXXX000B
LD (SDCMM), 00000110B
LD (SDRCR), 0001---1B
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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<SCMM?2:0> 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 finishedy SDCMM<SCMM2:0>"i€ set to “000”

SDWE —\_’_/
A10 T\: !
1

[} !
Al5t0 A0 | X 627 X
: |

automatically.
< 8.times refresh cycle >
I I I I I 1 } 1 1 [} I I I
SDCLKJ_\_,_\_,_\_,_\_,_\_J_\__IW{M_'_\J
SDCKE — . . . . . ! ! ! ! ! ! i
| I —
: : :
SDLUDQM " ! : :
I I I
SDLLDQM ! ! !
i i i
socs .
SDCS T 1
e N
SDRAS T i
a NS
SDCAS T 1
i N
I I [}
= N
i i/
[} [}
—
[} I
A4 A A
Precharge Auto Auto Auto Auto Auto Set
all Banks refresh refresh refres refresh refresh mode register

Figure3.13.7 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 A4 A4 A4 A4 A4
A5 A5 A5 A5 A5 A5
A6 A6 Ab A6 A8 A6
A7 A7 A7 A7 A7 A7
A8 A8 A8 A8 A8 A8
A9 A9 A9 A9 A9 A9
A10 A10 | A10 | A10\[VA10)] A10
A1l BS A1l | A1t |[NAIL] ALl
A12 — BSO |(BSO~JNA12 | Al12
A13 - BS1 | _BS1 | BS0O | BSO
Al4 - . N BS1 | BS1
A15 - - - - -
SDCS CS cS o) cs CS
SDLUDQM | UDQM_} UDQM-| UDQM | UDQM | UDOM
SDLLDQM | LDQM[*LDQM | LDQM | LDOM{-LDQM
SDRAS RAS\ | RAS )| RAS |/RAS [“RAS
SDCAS CAS~|“CAS | CAS/| {CAS | CAS
SDWE WE WE WE WE WE
SDCKE CKE) || CKE | CKE | CKE.[NCKE
SDCLK cLK’ | CLK | CLK | CLK [>CLK
SDACR 00: 00: 01: 01: 10:
<SMUXW> \TypeA [ TypeA | TypeB\| TypeB | TypeC

(An) : Row address
: Command-addfess pin of SDRAM

TMP92CM27
SDCLK »|CLK
SDCKE CKE
A13 to Al12 BS1to BSO
AlT:0 AQ >{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 ex¢cept 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 conttoled 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 Mede-set) is
executed, execution time is needed few states.
Therefore, when HALT instruction is executed afterthe SDRAM command;.please insert
NOP more than 10 bytes or other 10 instructiong Before executing HAILT instruction.

3. AR (Auto Refresh) interval time
When using SDRAM, set CPU clgck~that satisfy minimum operation frequency for
SDRAM and minimum refresh cycle.
When SLOW mode is used by uging"'SDRAM or it use system that-clock 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 ¥l word read”, execute following
program. This program mustnot execute on the SDRAM.

di ; lnterrupt:Disable (Added)

Id & (optiohal external memory -Dummy read instruction (Added)
address)

Id (sdaer1),00001101b ;/Change to “1-word read”

Id (sdcmm),0x04 ; Execute MRS (mode register setting)

ei vInterrupt 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.

Figure 3.14.1 is a block diagram of the AD converter. The 12-chanrel 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 mode-control register 0 ADMODQ
ADMOD1<ADCH3 to ADCHO><VREFON> <EOCF><ADBF><ITM0><REPEAT><SCAN><ADS>
TI Scan
[}
?) Repéat
*-—P O
J(la 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)[” | & Sample register
Y X +
AN6 (PM6)| | L ADREGOL to ADREGBL
= hold
ANS (PMS)[_|—=— = ADREGOH to ADREGBH
AN4 (PM4) = P
AN3 (PM3)[ | Comparater
AN2 (PM2)[ |
ANT(PM1)[ ]
ANO' (PMO) D-)

AVEE(VREFH) [ ] ¢ 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 3.14.2 to Figure 3.14.6 shows the registers related to the AD,converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
Read/Write R RIW
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 speeification [ mode | specificationjconversion
end flag busy flag : : in specification| 0: Convérsion|{start
0: Conversion |0: Conversion cenversion |0:Single channel 0:Don't care
in progress stopped c_hannel conversion fixedumode [1: Start
1: Conversion |1: Conversion fixed repeat | ;. Repeat 1: Conversion [, CONversion
i mode i Always 0
complete in progress 0: Evety conversion channe) Y
eonversion mode scan mode [When read.
1:Every
fourth
conversion

]

N AD caenversidn/start
0. [N\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 Mg 0 0 0 0 0 | 0 | 0 | 0
’ Always Always
Function VRE_F . IDLE2 write “0”. | write “0". Analog i h (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 ANQ ANO

0001 ANI ANO — AN1

0010 AN2 ANQO — ANL & ANR

0011 AN3 ANO’— AN1> ANZ A AN3

0100 AN4 ANO — ANI- AN2— AN3
— AN4

0101 AN5 ANO-—s AN1 +> AN2 — AN3
—>-AN4 AN

0116 ANG6 ANOA~» AN1 — AN2 — AN3
%/AN4/— AN5 — AN6

0111 AN ANOG— 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-Cenverter, (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

ADREGI1L | Read/Mrite 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 ADR5RF

ADREG5L | Read/Write R R

(12AAH) After reset Undefined 0
bit Symbol | ADR61 | ADR60 ADR6RF

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 [ ADRSO ADRSRF

ADREGSL | Read/Write R R

(12BOH) After reset Undefined 0
bit Symbol | ADR91 | ADR90 ADRORF

ADREGOL ["Readmwrite R R

(12B2H) After reset Undefined 0
bit Symbol | ADRA1_| ABRAQ ADRARF

ADREGAL | Read/Write R R

(12B4H) After reset Undefined 0
bit Symbol | ADRBI-]-ABRBO ADRBRF

ADREGBL | Read/Write R R

(12B6H) After reset WUndefined 0

Stores lower 2 bits of AD AD conversion data

Conversion result storage flag

| 1 | Conversion result stored |

Channel x conversiof result | | | | | | | | |

ADREGXH ) ¥ ADREGXL
7 6 5N4~3 2 1 0 7 6 5 4 3 2 1 0
LT T T T T T ] [T XXX |
N\ 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 | ADR4¢’ | ADR45. | ADR44 | ADR43 | ADR42
ADREG4H | Read/Write R
(12A9H) After reset Undefined
bit Symbol | ADR59 | ADR58 | ADR57 | ADRS56 | ADR55 | ADR54 [ ADR53 [ ADRS52
ADREG5H | Read/Write R
(12ABH) After reset Undefined
bit Symbol | ADR69 | ADR68 | ADRG7 | ADRB6 )| 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 | ADRSS( | ADR87 | ADRS6 | ADR85 | ABR84 | ADR8S3 [ ADRS2
ADREGS8H | Read/Write R
(12B1H) After reset Undefined
bit Symbol | ADR99 || ADR98 |\ ADR97 | ADR96 [ (ADRY5 | 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

Channe! x‘conver$ion resuit | | | | | | | | |

ADREGXH ) ¥ ADREGXL
7-6~5 48/ 2 1 o0 7 6 5 4 3 2 1 0
LT T T T T ] LT IXIXIXIXIX |

* Bits 5t0 1\are always read as 1.

- Bit0 is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the

registers (ADREGxH, ADREGXxL) is read, the flag is cleared to 0.
Figure 3.14.6  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 ADMOD1<VREFON>; wait-3’us 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 operation mode-of the AD
converter.
e In analog input channel fixed mode (ADMODO<SCAN> = “0”)
Setting ADMOD1<ADCH3:0> selects\ oné of the input pins ANO to/AN11 as the
input channel.
e In analog input channel scan mode (ADMODO0<SCAN> < 1)
Setting ADMOD1<ADCH3:0>'selects one of the 12 scan‘\modes.

Table 3.14.1 illustrates analog-inputchannel selection inea¢h eperation mode.

On a reset, ADMODO<SCAN>1gs cleared to “0”\and JADMOD1<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 ﬁxﬁao,l, Channel sc?rl
<SCAN>="0 <SCAN>="1

0000 ANO ANO

0001 AN1 ANO — AN1

0010 AN2 ANO — AN1 — AN2

0031 AN3 ANO — AN1 —> AN2 — AN3

0100 AN4 ANO — AN1 — AN2 — AN3
— AN4

0102 AN5 ANO — AN1 —> AN2 — AN3
— AN4 - AN5

0110 ANG 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(t0 “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 chiannehis\converted once only. When the
conversion has been. completed, the ~ADMODO<EOCF> flag is set to “17,
ADMODO<ADBF% is\cleared to “0”, and._an /INTAD interrupt request is
generated.

Channel scan single conversion mode
Setting ADMODO<REPEAT> and ADMODO0O<SCAN> to “01” selects conversion
channel seatysingle conversion mede.

In thisémode data on the/specified scan channels is converted once only. When
scan._conversion has been/ /completed, ADMODO<EOCF> is set to “17,
ADMODO<ADBF> is-cleared to” “0”, and an INTAD interrupt request is
generated.
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Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to “10” selects conversion
channel fixed repeat conversion mode.

In this mode data on one specified channel is converted repeatedly. When
conversion has been completed, ADMODO<EOCF>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<ITMO>.

Clearing <ITMO> to “0” generates an interrupt’ request every time an AD
conversion is completed.

Setting <ITMO> to “1” generates an interrupt requeston completion of every
fourth conversion.

Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADNIODO<SCAN> to “11” selects conversion
channel scan repeat conversion mode.

In this mode data on the specified scat/channels is converted repeatédly. When
each scan conversion has been completed, ADMODO<EOCF>s get to /1” and an
INTAD interrupt request is genérated>ADMODO<ADBF> is.net cleared to “0” but
held at “1”.

To stop conversion in a repeat.convérsion 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 moéde with " ADMOD1<I2AD> cleared to “0”,
IDLE1 mode or STOP mode) immediately stops operation of the AD converter
even when AD cofiversion is still in progress. In repeat conversion modes (e.g., in
cases ¢ and d), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g., incases a and b), conversion does not restart
when the halt is released (The converter remains stopped).

Table 3,14.2 shows the relationship-bétween 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 conversien results are stored
successively in registers ADREGOH/L to ADREG3HAL. \In“othér modes the ANO to
AN11 conversion results are stored in ADREGOH/L/te 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-eonversion.

Table 3.14.3 Correspondence between Analog Input Channeband-AD Conversion Result-Register

AD Conversion/Result Register
Analog Input -
Channel Conversion Modes Chgggs;z;end;:g:at
(Port G/ Port L) Other than at-Right T
(ADMODO<ITNIO>="*1")
ANO ADREGOHIL
AN1 ADREGLH/L
AN2 ADREG2H/L
AN3 ADREGSHI/L
AN4 ADREGAH/L
AN5 ADREG5H/L
ADREGOH/L
ANG ADREG6H/L
AN7 ADREG7HIL ADREG1HIL
ANS ADREGSH/L
AN9 ADREGOH/L ADREG2H/L
AN10 ADREGAHIL
ANIL ADREGBH/L ADREG3H/L

<ADRxRF>, bit0 of the AD “eonversion data lower register, is used as the AD
conversiony data storagéflag—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<EQCF=to “07.
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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 interruptlevel 4.
Set pin AN3 to the analog.input-channel.

Start conversion in chanpel fixed single conversion
mode.

Read valug of ADREG3L, ADREG3H to general
purpose register WA (26 bits).

Shift contents read into WA six times to right and
zeroffiltupper bits.

Wiite ‘contents of WA to memory address 2800H.

2. Converts repeatedly the analog input*voltages on thé three\pins ANO)NANI1, and

AN2, using channel scan repeat/conversion mode.

INTEPAD « X - - - X 00 O Disable INTAD.
ADMOD1 «~ 1 1 0 0 0 0~1-0 Set pins ANO to AN2to be the analog input channels.
ADMODO « X X 0 0 /0411 % Start conversionin channel scan repeat conversion
mode.
X:Don'tcare, —-:No change
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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", Qutput CODE is set to output
register DACnNREG. And, the output voltage corresponding.to CODE appears to output pin
DAOUTN by doing "1" to Control register 1 DACNCNTI<VALIDA>"in write. When-<VALIDn> is
not set, the value of the output register is not! reflected in DAOUTn.| (Therefare, set
DACNCNT1<VALIDn> after the data of eight bits is updated without fail in DACAREG when you
renew CODE. When "1" is written to <VALIDn>,/the’data of DAChREG-takes-in to a DA
converter as 8 bit data, and recognizes as CQODE/ Moreovef, / DACRCNT0O<OPN> output
DAOUTN becomes High-Z by setting it as /0*-Iref iscut by setting DACRCNTO<REFONnN > to
"0", and current consumption can be reduced. The-setting of DAChCNTO<OPN><REFONnN > is
needed before the HALT instruction is/executed-pecause the output'yoltage corresponding to
CODE is output from output terminall DAOUTn after the HALT instruction is executed.

FigureFigure 3.15.1 is block diagram ifthe D/A converter.

Note: From DAOUTN, "1" is outputted from from immedigtely after setting DACnCNTO <OPn> as "1."
Then, the value set up by DACRREG 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
v >

REFONN g

<:> DACNCNTO

L DAVCC/DAREF

System Diagram for DACn

Figure 3.15/1 D/A Converter-Block Diagram

Control register ' DPACOCNTO 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
DAE1CNTO 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 DACD4 DAC03 DAC02 DACO1 DAC00
(12E0H) Read/Write RIW
After reset 0 0 0 0 0 0, 0 0
Function
Note: Write digital data and VALID in order of BACOREG — DACOCNT1.
Control register-1 DAC1CNTL
7 6 5 4 3 2 1 0
DAC1CNT1 Bit Symbol — — — — VALID1
(12E5H) Read/Write R/W R/W 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
Afterreset 0 0 0 0 0 0 0 0
Function
Note: Write. digital dataand YALID 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 timiefr 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((WDT):

WDMOD<RESGR>

Watchdog Timer LD

’_) out control 1 I,:
WDTOUT

. RESET pin

Internal reset

> \Interfupt
A request
INTWD
WDMOD
<WDTP1:0> —>| Selector
215T217 219 221T
) Q
fsys > Binary counter
(22-Stage) R s
Reset (5
Internal reset > ®
“X\I/Erlifle Write f
BIN]  wpwmoD
<WDTE>

Watchdog timer register
control registerWDCR

7
L]

Internalhdata 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 “I”.~In normal mode,
the WDTOUT pin continually outputs “0” until the clear dodg is{written to the WDCR
register.

WDT counter n X Overflow X

WDT interrupt

( (
J
Clear WDT Write clear code
(Software) ( S
T
WDTOUT pin (
J

Figure 3.16.2_“Normal Mode

¢
——

A

.

g~

g~

The runaway detection result ean-also be connected-to the ¢eset/pin internally.

In this case, the reset time will be betwéen 22 tg 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

|«

WDTOUT pin «
17

22'to 29 systemclocks (2.2 to 2.9 ps at fsys = 20 MHz)

|
g
[—

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 mterrupt time used
when detecting runaway. On a reset this register 1is)”initialized to
WDMOD<WDTP1:0> = “00”.
The detection time of the watch dog timer s shown\in/Figure 3.16.4.
2.  Watchdog timer enable/disable control register <WDTE>
At reset, the WDMOD<WDTE> is initialized\te_1, enabling the watchdog timer.
To disable the watchdog timer, it is neceSsary tocléar this bit to-0-and to write

the disable code (B1H) to the watchdog timer control register WDOR. This.makes
it difficult for the watchdog timer to be disabled by runaway.

However, it is possible to return the watehdog timer from/the disabléd state to
the enabled state merely by setting <WDTE> to “1”.

3. Watchdog timer out reset connectionn<RESCR>
This register is used to conneect the output of thie( watchdog timer with the
RESET terminal internally. Sinee WDMOD<RESCR> isinitigdlized to “0” at reset,
a reset by the watchdog timer willnot be performed,
(2) Watchdog timer control registei(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 (BTH) to the WDCR register.

WDMOD «“< 0 - - - - - - Clear WDMOD<WDTE> to “0".
WDCR «<~ 1.0 1 1 000 1 Write the disable code (B1H).

s _Enable control
Set WDMOD<WDTE>to.“1”.
o _“Watchdog timer clear control

To clear the binary counter-and cause counting to resume, write the clear code (4EH)
to the WDCR register.
WDCR <~ 01001 10 Write the clear code (4EH).

92CM27-365 2005-04-20



TOSHIBA TMP92CM27
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: 2"/fsys 1: Operation | WBT out
10: Zlg/fSYS to'the .
11: 2%fsys reset pin.
|—> Watchdog-timer.out-control
0 4
1 NConnects WDT out to a reset
L IDLE2Control
0 {] Stop
1 |[Operation
Watchdog timer-detection time at fc = 40MHz
G Wateh Deg, Timer detection time
ear
<GEAR2:0> WDMOD<WDTP1:0>
00 (0)} 10 11
000 (fe) 1.638 ms 6:554 ms 26.214 ms 104.857 ms
001 (fcpp) 3:277ms 13.107 ms 52.429 ms 209.715 ms
010 (fc)a) 6.554 ms 26.214 ms 104.857 ms | 419.430 ms
011-(fc;g) 13.107 ms 52.429 ms 209.715ms | 838.860 ms
190 (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 | sl s ] 4 | 3 | 2 | 1 | o
WDCR Bit symbol -
(1301H) Read/Write w
Read-medify-| After reset -
mrsl?rauction is | Function B1H3;WDT disable Code
prohibited AEH: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 $ignal,/which can be used to
start the malfunction recovery program to return-the systém/to normal. A CPU
malfunction can also be fixed by connecting the watchdeg timer-output to a reset pin for
peripheral devices.

The watchdog timer begins operating immediat,el—}\ch\ki/ﬁdse of the watchdog timer
reset.

The watchdog timer is reset and halted in IDLET0or-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<I2ZWDT> is setdefore\ the’ device enters
IDLE2 mode.

Example: 1. Clear the binary counter.

WDCR «< 0100 11 0 Write the clear'code (4EH).

2. Set the watchdog timer. détection time to 2-ffgys:
WDMOD « 1 0 1 X0~ — -

3. Disable the watchdag timer.

WDMOD «~ 0 -\~ X/ - - - Clear <WDTE> bit to 0.
WDCR «/1.0 17170 0 0 1 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 /

NS <+ External bus %
BUSAK (P87) ~- AN\ [

-
-~

\
|
’

\

External bus pin
(A type)
External bus pin
(B type)
External bus pin
(C type)
External bus pin P A S =l-\a<y

(D type)

A ot i - - ==

! I
7 i

¢
<~<Pul-Gp’registewr ON—»

~

U
B . 74

p A o

LA
3

Figure 3.17.1 Bus release.function operation. timing

3.17.1 Non release pin

If it received bus reledse request, CPU release bus to external by setting BUSAK pin
to “0” without-start next bus. In this case; piti 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
3171 _shows‘support pin for 4 types. Any pin become non release pin only case of
setting/to-that function bysetting/port) Therefore, if pin set to output port and so on, it
isnet 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 Driye “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 srLUB (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

Extgrnal 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
conditien/ by handshakeé of general purpose port.
2)—Support standby mdde

The condition that>can receive this function is only CPU operationg
condition“and-during IDZE2 mode. During IDLE1 and STOP condition don’t
receive. (Bus Trelease function is ignored).

3) Internal resource access disable

External(bus master cannnot access to internal memory and interhal I/O of
TMP92CMZ27% Internal I/0O operation during bus releasing.

4) [Internal /O operation during bus releasing

Internal’l/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 V.
Output Current (1 pin) I0L 2 mA
Output Current (1 pin) IOH -2 mA
Output Current (total) 2oL 80 mA
Output Current (total) ZIOH -80 mA
Power Dissipation (Ta=85°C) PD 600 mw
Soldering Temperature (10 s) TSOLDER 260 °c
Storage Temperature TSTG -65't0 150 K
Operation Temperature TOPR -4Q t0-85 °

Note: The maximum ratings are rated values-that must not be exceéded during operation,

even for an instant. Any one of the ratings~must not be exceeded. If any maximum

rating is exceeded, a device may break down or its performance \may be degraded,

causing it to catch fire or exploderesulting 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-typeflux

Use 0f.Sn-3.0Ag-0.5Cu,solder bath
Solder bath temperature =245°C, Dippingtime = 5 seconds

The number of times = one, Useof 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\ 4.0 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

0.25xVCC

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

0.7 x\VCC

VIH2

Input High Voltage for

P71 to P77, P86, P87, PAO to PAS5,
PC2, PC5, PD1 to PD5, PFO to PF7;
PJO to PJ7, PKO to PK7/PLOto’PL3,
PL5 to PL7, PMO-te 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

0.8xVCC

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
PCO0 to PC1, PC3 to PC4
VOH Output High Voltage 2.4 IOH =-400 1 A
ILI Input Leakage Current 0.02 +5 UA 0.0 <VingVCC
ILO Output Leakage Current 0.05 +10 UA 0.2 < Vip-<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. f¢s1MHz
Schmitt Width for
P71 to P77, P86, P87, PAQ to PAS5,
PC2, PC5, PD1 to PD5, PFO to PF7,
VTH PJ0 to PJ7, PKO to PK7, PLO to PL3, 0.4 10 \/
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 VEC=3.6Y, fc=40MHz(fsys=20MHz)
IDLE1 75 11.5
STOP 0.2 50 MA VEC=3.6V

Note 1: Typical values are for when Ta = 25°C;Vec = 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 i Max foysE20MHz. | fsys=13.5MHz Unit
1 | OSC period (X1/X2) tosc 25 250 25 37.0
2 | System Clock period (=T) tove 50 500 50 74.0
3 | SDCLK Low Width toL 0.5T-15 10 22
4 | SDCLK High Width ten 0.5T-15 10 22
AO to A23 Valid
5-1 t 2.0TE 50 -
— DO to D15 Input at OWAIT Ao U\
5.2 A0 to A23 Valid taps 30750 100 _
— DO to D15 Input at TWAIT
RD Fall
6-1 t 5T- 30 66
— DO to D15 Input at OWAIT Ro 1T45
RD Fall
6-2 t 2.5T-45 80 140
— DO to D15 Input at TWAIT Ro ns
7-1| RD Low Width at OWAIT tre 157220 55 9N
7-2 | RD Low Width at IWAIT trrs 2.5T<20 105 165
8 | A0 to A23 Valid — RD Fall tag 0:5T-20 5 17
9| RD Fall - SDCLK Rise tri 0.5T-20 5 17
10 | AO to A23 Valid — DO to D15 Hold toa 0 0 0
11| RD Rise — DO to D15 Hold tir 0 0 0
12 | WAIT Set-up Time t 20 20 20
13 | WAIT Hold Time tkr 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
VEC =33 £0.3V / fc = 4 to 40MHz / Ta = —40 to 85°C
Variable fc=40MHz fc=27MHz )
No. Parameter, Symbol e Viax fsys=20MHz | fsys=13.5MHz Unit
DO to D15 Valid
16-1 t 1)25T-35 275 57.5
_{ WRxx/Rise at OWAIT Y
DO to D15 Vatid
16-2 t 25T— 775 131.5
> WRxx Rise at1WAIT ows 2.25T-35
17-1 | WRxx. Low Width at OWAIT tww 1.25T-30 325 62.5
17-2 | WRxx._Low Width at 1WWAIT twa 2.25T-30 82.5 136.5
18 | A0 to A23.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 Hoeld twa 0.25T-5 7.5 13.5 ns
2T WRxx" Rise — DOto D15 Hold two 0.25T-5 7.5 13.5
22 "RIy Rise — D0‘to'DA5 Output troo 0.5T-5 20 -
23 | Write Pulse Width for' SRAM tswe 1.25T-30 32.5 62.5
24~} Data Byte Control to End of Write for SRAM tsew 1.25T-30 32.5 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 = 0.1Vcc
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(1) Read CyCle (0 wait, fC:fOSCHa prH=fC/1)

< fosc__ o
X1
| teve -
tecq — teL
S
SDCLK 7
— 7T
trx tKT)(
| |
WAIT /“ ’]\
AO to A23 ¢ (
2N A
- tad
csn N\ /
_k A
<> HA
R/IW /"'é
< AR -« MRk
thr
RD g‘
- tRRH - tRR
= tro
DO to D15 L N
d Data Input 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 fanv\ twk twa
/
7—
| tww ‘tsw
- tow ~two
a
§k Data Output 2
e [ROO -
71
— " tepH
- tsaw ZL
tsops
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(3) Read cycle (1 wait,fc=foscy,frpr=fc/1)

o /TN NS
i NWawan

AO to A23 v
N
= taps
CSn
N
7

trrs

tro3

DO to D15 § Data Input E

(4) Write cycle (1 wait,fc=foscn,frpy=fc/1)

= N\ N /TN
w NS SR

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-50 160 172
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 = 0.7Vce, Low = 0.3Vcec, CL = 50pF

elnput level: High = 0.9Vcc, Low = 0.1Vce
= =

tcve —_
A2 to A23 X
AN J
- N I I
A0 to A1 >]t +0 b3 +1 ) +2 : +3

sz N £/,

HA

tADg > « tA|:2 _) ( tADg _) e' tADZ _) _> 6
RD . i

tHA _) < tHA _) <— tHA _) % ?

: HR
DO to D15 " Dats ' Data] { Data
 Input ( Inpuzt;E % Input
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4.3.3 SDRAM Controller AC Characteristics

No Symbol Parameter Variable 40MHz 27MHz 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 0.5T7-15 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 Q0.75T-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-TFime T 50 74

CL*: CAS latency:
AC measuring.conditions

Output levelkHigh = 0.7 Vcc, Low = 0.3 Vcc, CL =580 pF
Input level: High= 0:9 Vcc, Low =0.1 Vee.
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(1) SDRAM read timing (CPU access)

<« tck —>

SDCLKgﬁSIF 1N RN NI SEANESY AN SN
<l <« —>
tcH teL e trP 5 trcD trAs trp
/ N Y
SDxxDQM -
J’(‘M% tomu L/
SDCS 4/ 7 \——Z
temHy
SDRAS 4/ ; tRRD \__4
SDCAS / N 4 ol /S
SDWE 4/ \_—/
16-bit data bus < tas | fay
A1to A10 ~ Row__ X Column [X
‘ tas ~ taH )
A11 X Row / \ Column X
A12 to A15 X Row X Column X
c tac ,| Lt_o_?
DO to D15
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(2) SDRAM write timing (CPU access)
«—tck >
SDCLK‘P AN R N N AN
<>
«—fRPJ  tecp |, twe
sbxxbaM_____/ } dousy
= tRRD
soes —/ A X
oyl |
SDRASQ — tcMH \
SDCAS4/ <—7( \
trAs
SDWE 4/ - v \
16-bit data bus tas AL
A1 to A12 X__ Row Slumn
tas taH
A11 X__ Row /" Column X
A12 to A15 X___ Row X 7Column X
|E s | toH 5
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 S
\Lgcmg
SDxxDQM =p ,
SDCS N trcD 7(
— | femg Etc:MHE /
SDRAS N t
cMm
_ am feus <« My
SDCAS - = _\'t__7(
— tcvH
SDWE - 7
IEtASE_(tA_H)I | tas (t/-\_H)||<tA_S)
NI X227 X _Row X Column
A12 or A1 \ / Row \ /Colum
A13toA15or
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
sbclk__ A N__ T _ 1 1~ /S _Z 1
;lels, ¢ trsc Je trc
SDxxDQM Mﬁ&“
JomH,
SDCS - \__/
SDRAS pNE 7 |/ '
— jcus
SDCAS p\: 7 \__/
SDWE N ;Tl/ \__/
|« tas |
Moo Column X 220 X Column
A12 or A11 Column / \ / Column
ﬁg :8 212 o Row X 0 X Column
<5 <
DO to D15 Data-in Data-in -i
toH toH toH
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(5) SDRAM initialize timing
le—— tck -> )
SDCLK { NV A A A S AN\
«—> ¢
tcH tcL trRsc trc
SDxxDQM /
!_CCM§’
SDCS 4/ \V \- —7'/_
foms _
sprRAs— /' N N 1/
Iglvl; temH temH ) /—
sbcas—/ \‘r N -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
<« ftck >
SDCLK U_\_/- \I\_/f
tRG . trc )
SDxxDQM /
tcms| tcmH
O
SDCS 4/ X £ \——
SDRAS 4/ S
SDWE —/ \_
(7) SDRAM self refresh timing
fck
sbeLk__ A A o\ W/ N2
tox teks trc
SDCKE » 7‘2
SDxxDQM
temgl tomHy
SDCS ™ £ —
SDRAS '——_/ \——
SDCAS S N AN
SDWE
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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 0739 us
Output Data — SCLK Rise/Fall toss tscy/2-4x-90 10 58
SCLK Rise/Fall — Output Data Hold tous 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 tscv-0 400 592
Input Data Valid — SCLK Rise/Fall tros 0 0 0
(2) SCLK output mode (I/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 us
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 tsko tscy-1X-180 195 375
Input Data Valid — SCLK Rise/Fall tros 1X+180 205 217
tscy
SCLK N
(Output Mode/) f
Input Mode
SCLK I —l I I m
(Input Mode) toss [ “toHs
OUTPUT DATA
TXD X 0 % 1 X 2 X 3
] tRDS
<«—tsrD ol —j«tusr
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 \(CC VCC VCC
AVSS AD Converter Ground \VSS VSS VS8 \
AVIN Analog Input Voltage AVSS AvVCC
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 A¥CC pin,

4.3.7 DA Conversion Characteristics

Symbol Parameter Condition Min Typ Max Unit
DAOUT Output valtage.range™| RL="3/6 KQ DAVSS+0.3 DAVCC-0.3 \%
Er Total grror RL =3.6 KQ +1.0 +4.0 LSB
RL Resistive load DAVSS+0.3 < DAOUT SDAVCC-0.3 3.6 KQ

Note 1: 1LSB = (DAVCC — DAVSS)/256 [V

Note, 2:4_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 tvekH 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
fsys for CPU core. The period of frpy depends on the clock gear setting.
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4.3.9 High Speed SIO Timing

Variabl
Symbol Parameter ariable 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
tf 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
¢ Output data valid 0.5X-18 32 37 55

ODs1 — HSCLK rise|

¢ Output data valid 0.5X-23 o7 42 51 ns

ODS2 — HSCLK fall |

¢ HSCLK rise/fall 0.5X-10 40 a5 64

ODH — Output data hold |

Input data valid
tips ) 0X+20 20 20 20
— HSCLK risef/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 VCE
} fep

t
HSCLK output ozvee Y tf . ek AT
(When HSMD<TCPOL,RCPOL>="1 1")_ 0.2vCCEK Z
A tr
HSCLK output
(When HSMD<TCPOL,RCPOL>="00")

tobg topn

a
s

tips ton

- \
HSSO output §<
K 7

HSSI input
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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 tasa 0] 30 0 30 ns
Floating BUSAK rising teaa 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 , WATT 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) DAconverter

(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
\\ 2<%\ Symbol
\\ <3 Read/Write
H — The initial value at the time of reset
VA — 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{s\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 asign

R/W
R

W*
Prohibit
RMW

Prohibit
RMW*

‘Read/Write enable
:Only Read enable
:Only Write enable
:Read Write (ehable (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, SLASRA, SLL, SRL, RLD, RRD instruction is
disable).

:Read-modify-write instruction is Prohibit ed in the case of pull-up control of the
port.
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Table 5. 1/O 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 | P8FC 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 | PECR
FH FH | P7TFC FH FH |\ PEFC
address | register name address | register name
0040H 0050H | PK
1H 1H | PKFC2
2H 2H
3H 3H | PKFC
4H 4H | PL
5H 5H NPLEC2
6H 6H/ PLCR
7H 7/H | PLFC
8H 8H_ | PV
9H 9H
AH AH
BH BH | PMFC
CH|PJ CH| PN
DH | PIRC2 DH
EH | PICR EH
FH | PJFC FHY. 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 O0OFOH | INTETCO1 0100H | DMAQV
1H | INTE23 1H 1H | INTETC23 1H | DMA1V
2H | INTE45 2H | INTETB1 2H | INTETCA45 2H | DMA2V
3H | INTE67 3H 3H | INTETC67 3H|. DMA3V
4H | INTETAO1 4H | INTEPAD 4H 4K | DMA4V
5H | INTETA23 5H | INTETB2 5H | SIMC 5H | DMA5V
6H | INTESTA45 6H | INTETB3 6H | IMCO 6H | DMA6V
7H | INTEQTAG7 7H | INTETB4 H 7H | DMA7V
8H | INTESO 8H | INTETB5 8H | INTCLR 8H | DMAB
9H | INTES1 9H | INTETBOX 9H 9H | DMAR
AH | INTES2 AH AH | IIMC1 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 [5I*€lock control / BLE

address | register name address | register name address | register name address register name,

0140H | BOCSL 0150H | BACSL. 0160H 10EOH | SYSCRO
1H | BOCSH 1H | BACSH 14 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 H T MSARS 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 | TAGREG
BH BH | TASREG BH | TATREG
CH CH | TA23MOD CH | TA67MOD
DH DH | TASFFCR DH | TAYFFCR
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 | TB3AMOD
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 | TBIRGIL AH | TB2RG1L AH | TB3RGIL
BH | TBORG1H BH | TBIRG1H BH | TB2RGIH BH | TB3RG1H
CH | TBOCPOL CH | TB1CPOL CH FTI'B2CPQL CH | (TB3€EPOL
DH | TBOCPOH DH | TB1CPOH DH |"TB2CPOH DH4Y. TB3CPOH
EH | TBOCP1L EH | TB1CP1L EH |- TB2CP1L EH | TB3CP1L
FH | TBOCP1H FH | TB1CP1H FH Y TB2CP1H FHY TB3CP1H
address | register name address | register name
11COH | TB4ARUN 11D0OH | TB5RUN
1H 1H
2H | TBAMOD 2H | TB5MOD
3H | TB4FFCR 3H | TB5FFCR
4H 4H
5H 5H
6H 6H
TH 7H
8H | TBARGOL 8H | TB5RGOL
9H | TB4RGOH 9H | TB5RGOH
AH | TB4RG1L AH | TBSRG1L
BH | TBARGIH BH | TB5RG1H
CH | TB4CPOL CH | TB5CPOL
DH | TB4CROH DH | TB5€P6H
EH | TB4CP1L EH | TB5CP1L
FH | TB4CP1H FHY. TB5CP1H
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[9] Pattern Generator
address | register name
1460H | PGOREG
1H | PG1REG
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
O0COOH | HSCOMD OC10H | HSCOTD 0C20H | HSC1IMD 0C30H | HSC1TD
1H | HSCOMD 1H | HSEOTD 1A PHSCIMD 1H | HSC1TD
2H | HSCOCT 2H | HSCORDB 2H | HSCICT 2H | HSC1RD
3H | HSCOCT 3H |/ HSCORD 3H |NHSC1CT 3H | HSC1RD
4H | HSCOST 4H | HSCOTS 4H PHSC1ST, 4H | HSC1TS
5H | HSCOST 5H \HSCOTS 5H | HSE1ST 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-|MHSCL1IS 9H
AH | HSCOWE AH AH | HSC1IWE AH
BH | HSCOWE BH BH | HSC1IWE BH
CH | HSCOIE CH CH | HSC1IE 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] FCBUS/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 | SC2MODO 2H | I2COAR
3H | BROCR 3H | BR2CR 3H | sBiocr2/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 | SBI1ICR1
9H | SC1CR 9H | SC3CR 9H | SBI1DBR
AH | SCIMODO AH | SC3MODO0 AH | 12C1AR
BH | BR1CR BH | BR3CR BH | sBiter2/sBILSR
CH | BR1ADD CH | BR3ADD CH | (SBIXBRO
DH | SCIMOD1 DH | SC3MOD1 DHY.SBI1BR%
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 12EOH | DACOREG
1H | ADREGOH 1H | ADREGS8H 1H | DACOCNT1
2H | ADREGI1L 2H | ADREGOL 2H
3H | ADREG1H 3H | ADREGSH 3H | DACOCNTO
4H | ADREG2L 4H | ADREGAL 4H | DAC1REG
5H | ADREG2H 5H’| ADREGAH 5H | DAC1CNT1
6H | ADREG3L 6H | ADREGBL 6H
7H | ADREG3H 7H | ADREGBH 7H | DAC1CNTO
8H | ADREGAL 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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(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 (Outputdatch registet is set to “1”)
Pull-up register Pull-up register
0:0FF 1:ON 0:0FF 1:.0ON
P87 P86 P85 | P84 P83 Pg2 P81 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 P9l P90
P9 Port9 0024H RW
1 1 1 1 1 1 1
PAS PA4 PA3 PA2 PAL PAO
PA Port A 0028H R/W
Data from-external port (Output lateh register isssetto “1")
PC5,~~PC4” | PC3 | /MPC2—] YPC1 | PCO
PC Port C 0030H R/W
Data from external port (Output latch.register is set to “1")
RPD5. 1 PD4 | PD3 ] RD2 | PD1 | PDO
PD Port D 0034H RIW
Data from external-port (Qutput latch register is set to “1”)
PF6 PES, | PFA, | PF3.__—PF2 | PFl | PFO
PF Port F 003CH RW
Data from external pert (Output latch register is set to “1”)
PJ7 PJ6 N\ P | PJ4 N ~PJ3/] P2 | PJ 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 | PL5S/~ \PL4 7 PL3 | PL2 | PL1 PLO
PL Port L 0054H R/W
Data from external port (Output latch register is set to “1”)
PM7 PM6. | PM5/ {\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 . - - - - - -
register (Efﬁf\}:’t;'t 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 T 1 1 1
0:Port 1:Address bus (A16 to A23)
bor 7 001EH | P77C P76C | P75C | P74C [ NP73C | P72C [ RTIC
P7CR control (Prohibit T T W T T
register RMW) 0 0 0 | 0 ) 0 | 0 0
0:lnput 1 Output
P77F P76F | P75F /[ J~PZ4F | P73F | P72F~| “RTiF
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: SrRLEB 1: SRWR 1R/w I wrey 1: WRLL
pP87C P86C
Port 8 0021H W
P8CR control (Prohibit .
register RMW) 0 : 0
O:lnput  1:Ouput
P87F | P86F R85F 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:Poft 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: wbouT 1:sbcs
0025H P96D P95D P94D P93D P92D P91D P90D
Port 9 RIW
PO9DR drive (Prehibit
register RMW) 1 | 1 | 1 | 1 | 1 | 1 | 1
0:Theinside of HALT is figh impedance 1:The inside of HALT is also driven
0027H PO6F. | P95F | P94F | P93F | P92F | P91F | P90F
Port'9 _ w _ _
POFC function (Prohibit 0 0 0 0 0 0 0
register BMW) /9:Port O:Port | O:Port 0:Port | O:Port O:Port | O:Port

| [1:SDCLK | 1:SDCKE | 1:spLupQm | 1:spLLbQm | 1:spcas 1:SpRAS | 1:SDwE
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I/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 - g -
register RMW) 0 0 0 0 0 0
<Refer t0 PAFC>
PASF | PA4F | RA3F (| /PAZE\ | PAIF | PAOF
Wi
0 i 0 i 0 ! 0 | 0 | 0
[<PAXF2,PAXF,PAXC> PA5 PA4 PA3 PA2 PA1 PAO
000 Input port Input port~|Input port  [Input port Input-part | Input port
001 Output port [ Output pert | Output port |Output port | QuipUtport “Output port
010 SCIK1/ Reserved~/ [RXD1 SCLKO/ Reserved  [RXDO
002BH CTs1 input CTSO input
Port A input input
PAFC function (Prohibit 011 solkd TXD1 Reserved  [scrkg TXDO Reserved
register RMW) ougput output output output
(Open Drain (@pen Drainy
Disable) Disable)
100 Reserved Reserved
1ol Reserved Reserved
110 Reserved Reserved
111, TXD1 TXDO
output output
(OpenDrain (Open Drain
Enable) Enable)
0031H PC4F2 PC3R2 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
W
PCCR control (Prohibit : A .
register RMW) 0 0 0 i 0 0 0
<Refer to PCFC>
PC5F PC4F . PC3F | PC2F PC1IF . PCOF
Wi
0 0 0 : 0 0 0
[<PCxF2,PCxE 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 SCK1input |SI1input ISO1 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 [SDAL 1O |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 I/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 T T
register RMW) 0 0 0 : 0 0 0
<Refer to-PDFC >
PD5F PD4F PD3F PD2k PD1F PDOF
W
0 0 Q 0 0 0
[<PDxF2,PDxF,PDXC: PD5 PD4 PD3 PD2 PD1 PDO
000 Input port_—| Inputyport —{Tnput port  |Input port Input port | Input port
001 Output pert “|Output port |Output port |Output port |@utput pert | Output port
010 ScLKe/ Reserved™, |RXD2 Reserved Reserveth. [HSSIO input
Port D 0037H .CTSZ input
PDFC function (Prohibit | nput
register RMW) 011 SCLK2 TXD2 Reserved  [HSCLKO. HSSO0 Reserved
output output output putput
(Open Drain
Disable)
100 Reserved
101 Reserved
110 Reserved
111 TXD2
output
| (Opeh Drain
PF6F2 PF4F2 PF2F2 PFOF2
bort 003DH W W o v
PFFC2 | function (Prohibit 0 0 0 0
register 2 RMW) <Referto <Refertg <Refer to <Refer to
PFEFC> PFFC > PFFC > PFFC>
bort F 003EH RF6C PF5C PF4C PF3C PF2C PF1C PFOC
W
PFCR control (Prohibit
register RMW) 0 0 0 i 0 : 0 0 0
<Refer to PFFC >
PF6F PF5F PE4F_ | PF3F_ | PF2F PF1F PFOF
W
0 0 0 0 0 0 0
<PrxF2,PRXFRFxEST) 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 Outputport  [Output port |Output port |Output port  |Output port [ Output port | Output port
PFFC function (Prohibit o1a -
register RMW) ITA6IN input |Reserved Reserved [RXD2 input |Reserved Reserved HSSIO input
o1 Reserved TAS0UT Reserved  [TA30UT Reserved TA1OUT Reserved
output output output
100 Reserved Reserved Reserved Reserved
161 Reserved Reserved Reserved Reserved
110 INT3 input INT2 input INT1 input INTO input
111 Reserved Reserved Reserved Reserved
92CM27 - 401 2005-04-20




TOSHIBA
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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 T T T W T : T
register RMW) 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
<Refer to PJFC >
PJ7F PJ6F PJSF PJ4F PJ3F PIF—V ) PJIF PJOF
0 0 | 0 | 0 | 0 | a | 0 | 0
[<PJXF2,PJXF,PIXC> PJ7 PJ6 PJ5 PJ4 PJ3 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 [TB20UTQ_ |TB10OUT1 [TB1OUTO TBOOQUT1 JBOQUTO
output output output output output output oufput output,
100 Reserved Reserved Reserved Reserved
101 Reserved  |Reserved  |Réserved Reserved
110 Reserved  |Reserved  [Reseryed Reserved
111 ITB50UT1 |TB50UTO  [TB4OUT1 TB40UTO
output output output oftput
0051H PK7F2 PK6F2 PK5E2 PK4F2 PK2F2 | PK1F2 PKOF2
Port K
PKFC2 function (Prohibit
register 2 RMW) 0 0 0 0 | 0 0 0 0
<Refer to PKFC>
PK7F PK6F | ~PKS5E PK4F | PKBF PK2F | PKIF PKOF
0 0 0 0 0 0 0 0
Port K 0053H
orf <PKxF2,PKXF> PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
PKFC funption (Prohibit
register RMW) 00 Input port Input port Input port. fnput port Input port Input port Input port Input port
01, ITB3IN1 input |TB3INO input | TB2IN1 input| TB2INQ inputfTB1IN1 input [TB1INO input| TBOIN1 input| TBOINO inputf
10 Reserved  |Reserved Reserved Reserved /' |Reserved Reserved Reserved Reserved
11, INTB input  [INTAinput INT9 input INT8 input  [INT7 input INT6 input |INTS input |INT4 input
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IO R— 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 | PL5C | PL4C | PL3C | PE2C . PLIC | PLOC
PLCR function (Prohibit - - - W - - -
register RMW) 0 0 0 0 0 0 0 0
<Refer to PLFC >
PL7F | PL6F | PL5F | PL4AF | PL3F /[y 7PL2F | PLIF | PLOF
0 0 0 0 0 0 0 0
[<PLxF2,PLxF,PLxC> PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
000 Input port Input port Input port Input port Input_pert Input port Input port Input port
001 Output port  |Output port  |Output port /[ Qutput pert [Outputport  |Output port | Outputport ~{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 | P01 ottput | PG00 dufput
PLFC function (Prohibit 100 Reserved  [Reserved-. [HSSI1input [Reserved  |SCLK3/ Reserved  “|RXD3
register RMW) CcTs3 inpat
input
101 HSCLK1 HSSOT Reserved  |Reserved SCLK3 TXD3 Reserved
outpuf 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 ~ RM5F " PM4E— PMSFL | /PM2F | PM1F | PMOF
or
- W
PMFC function (Prohibit T T T T T T T
register RMW) 1 1 1 Y 1 L 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 10M2 I0M1 10MO
INTEOL | NNTO &INTL 00DOH R _ RW R __RW
0 0 0 0 0 0 0 0
1:INT1 Interrupt request level 1:INTO Interrupt request level
INT3 INT2
13C I3M2 | 13M1 | I3MO 12C M2 7 12M1 | 12MO
INTE23 [pi2 &N | ooD1H R RIW R RIW
0 o o 0 0 oV o | o
1:INT3 Interrupt request level TINT2 Interrupt request level
INTS INT4
I5C I15M2 I5M1 I5M0 14€ 4M2 14M1 14MO
INT4 & INT5
INTE45 | ool 00D2H R RIW R RIW
0 0 | 0 | 0 0 0 | 0 | 0
1:INT5 Interrupt request level 1:INT4 Interruptirequestievel
INT7 INT6
I7C 7M2 | 1I7M1 [ 1ITMO 16C 1I6M2 — "\ 16M1./ |  16MO
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) INTTAQ (TMRAD)
INTTAO & ITALC ITAIM2 ©  ITAIMI ITAIMO ITAOC ITAOM2 | ITAOM1 ITAOMO
INTETAOL |INTTAL 00D4H R _ RMW R __RwW
Enable 0 0 | 0 | 0 Q 0 | 0 | 0
LINTTAL InternGpt request tevel LINTTAO, Interrupt request level
INTFA3(TMRA3) INTTA2 (TMRA2)
INTTA2 & ITA3C ITA3M2 ITASM1 ITA3MO ITA2€ 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/INTTAS (TMRAS) INTTA4 (TMRA4)
ITASC ITASM2” ¢ ITA5M1 ITASMO ITA4C ITAAM2 ©  ITA4M1 ITA4MO
INTESTA45 :ﬁ%ﬁﬁﬁ% 00D6H R . RW . R _ RW
Enable 0 0 0 0 0 0 0 0
LINTS( Interrupt request |evel 1INTTA4 Interrupt request level
INTTAS
INTY/INTTA7 (TMRAY) INTTA6 (TMRAS)
ITA7C ITATM2 | ITAZM1 ITA7MO ITAGC ITA6M2 | ITA6M1 ITA6MO
INTE9TA67 :ﬁgﬁﬁﬁm 00D7H R RIW R RIW
Enable 0 0 I 0 ] 0 0 0 | 0 | 0
LINTY/ Interrupt requesttevel 1:INTTA6 Interrupt request level
INTTA7
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Interrupt control (2/5)
INTTXO INTRXO
INTRXO & ITX0C ITXOM2 |  ITXOM1 ITXOMO IRX0C IRXOM2 | IRXOM1 IRXOMO
INTESO | INTTXO 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
INTRXL & ITX1C ITXIM2 | ITXIML1 [ 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 T:INTRX1 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 LTINTRX2 Interrupt requestlevel
INTTX3 INFRX3
INTRX3 & ITX3C ITX3M2 | ITX3M1 (TX3MD JIRX3C IRX3M2 "~ IRXSM1L | IRX3MO
INTES3 | INTTX3 00DBH R RW R RM
Enable 0 0 0 0 0 0 0 0
LINTTX3 Interrupt request level LINTRX3 Interrupt reguest level
- INTSBEO
INTSBEO - - - - ISBEOC ISBEOM2 | ISBEOM1 : ISBEOMO
INTESBO | oo 00DCH R — RW
| Q 0 0 0
Always/write "0 1:INT8BEO Interrupt request level
- INTSBE1
INTSBEL - - < - ISBE1C ISBEIM2 | ISBEIM1 | ISBEIMO
INTESBL |goob 00DDH R RIW
0 0 0 0
Always write “0” 1:INTSBE1 Interrupt request level
INTHSCO INTA
INTA & IHSCOC | IHSTXOM2 i IHSTXOM1 i IHSTXOMO IAC IAM2 | IAM1 IAMO
INTEAHSCO | INTHSCO 00DEH 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 & IHSCIC/\| IHSTX1IM2 | IHSTXIMI ~HSTX1MO IBC IBM2 | IBM1 1BMO
INTEBHSC1 | INTHSCL 00DFH R RA. R RIW
Enable 0 o] 0 0 0 o o | o
L:INTHSC1 Interrupt'\reguestlevel 1:INTB Interrupt request level
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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 [INTTBO1 00OEOH R RIW R RIW
Enable 0 0] 0 [ o 0 0] 0 | o0
1:INTTBO1 Interrupt request level 1:INTETBOO Interrupt request level
INTTB11 (TMRB1) INFIB10/ (TMRB1)
INTTBLO & ITB11C  ITB1IM2 @ [TB11M1 ITB11IMO @ ITB10C — TBIOM2 ~ ITB1OM1 @ ITB1OMO
INTETB1 |INTTB11 00E2H R R/W R R/W
Enable 0 o 0 L0 0 o] T o T 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 | 0o [ 0
L:INTTB21 Interrupt request level 1:INTTB20 Interrupt requestJevel
INTTB31/INTTB30(TMRB3)
INTTB30 & ITB3XC | ITB3XM2 /| ITB3XM1 | ITB3XMO
INTETB3 |INTTB31 00E6H R R/W.
Enable 0 0 0 0
Always write “0” L:INTTB31/30 Interrapt réquest level
INTTB41/INTTB40(TMRB4)
INTTB40 & ITB4XC FITB4XM2 |\ ITB4XML | ITB4XMO
INTETB4 |[INTTB41 OOE7H R R/W
Enable 0 0 0 0
Always write 0" 1:INTTB41/40 Interrupt request level
INTTB51/INTTB50 (TMRB5)
INTTBS0 & ITB5XC | )ITB5XM2 | ITB5XM1 | ITB5XMO
INTETB5 |INTTB51 O0OE8H R R/W
Enable 0 0 0 0
Always write “0” 1:INTTB51/50 Interrupt request level
INTTBOX
INTTBOX [TBOXC | 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 | IPOMO 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
I & INTWDT INCNM - - - INCWD > ] - -
INTNMWDT | 2o 00EFH R R
0 | 0
1:NMI LINTWDT
INTTC1 (DMAL1) INTTCO (DMAO)
INTTCO & ITC1C ITCIM2 | ITC1M1 ITC1IMO IFCOCE ITCOM2 | ITCOM1 ITCOMO
INTETCOL [INTTC1 00FOH R RIW R RIW
Enable - - - -
0 0 0 0 0 0 0 0
LINTTC1 | Interrupt request level ~1INTTCO | Interrupt request level
INTTC3 (DMA3) INTTC2 (DNIA2)
INTTC2 & ITC3C ITC3M2 | ITC3M1 ITC3MO ITC2C ITC2M2 ~~TC2M1 ITC2MO
INTETC23 | INTTC3 OOF1H R RIW R RW
Enable
0 0 0 0 0 0 0 0
1INTTC3 Interrupt request level LINTTC2 Interfuptrequest level
INTTC5 (DMAS5) INTTC4 (DMA4)
INTTC4 & ITC5C ITC5M2 ITC5ML ITC5MO ITC4C ITCAM2 ITC4M1 ITC4MO
INTETC45 |INTTC5 00F2H R R R R/W
Enable 0 0 0 ~— 0 0 6.1 0 1 0
LINTTCS | Interrupt reguest levef | 1:INTTCA4 Interrupt request level
INTTC7/(DMAT) INTTC6 (DMAG)
INTTCS & ITC7C ITC7M2 A | ITC7MT ITC7MO ITC6C ITC6M2 | ITC6M1 ITC6MO
INTETC67 [INTTC? 00F3H R R/W R R/W
Enabl - - - -
nave 0 YN 0 o 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 'M”te"“m (Prohibit INTRX3 INTRX2 INTRX1 INTRX0
ode  ed o/ edl 0: ed 0: ed
control RMW) Always 0: edge { edge : edge : edge
ite “1” mode maode mode mode
write 1: level 1: levet 1: level 1: level
mode mode- mode mode
NMIREE
R/W
OO0F6H 0
Interrupt —
IIMCO Input mode (Prohibit NMI
control 0 RMW) 0:Falling
1:Falling
and
Rising
I7LE I6LE ISLE 14LE I3LE 12LE 11LE I0LE
nterruot OOFAH RN
nterrup:
1IMC1 Input mode (Prohibit 0 0 0 0 0 0 0 0
control 1 RMW) INT7 INT6 INT5 INT4 INT3 INT2 INTL INTO
0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge 0:Edge
1:Level 1:Level 1:Level T:Levet 1:Level 1:Cevel 1:Fevel 1:Level
I7TEDGE I6EDGE ISEDGE 14EDGE IBEDGE I2EDGE I1EDGE IOEDGE
R/W
Interrupt OOFBH 0 0 0 0 0 0 0 0
1IMC2 Input mode rohibit | INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO
control 2 RMW) 0: Rising 0: Rising 0: Rising 0: Rising 0: Riging 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 /tow /Low [Low. /Low /Low /Low
IBLE IALE I9LE ISLE
010EH RIW
Interrupt - T
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
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 | o— 1| 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:INTTBS0 OINTTB40 | O:INTTB30 0:NTB 0:NTA | OINTTA7 | OINTTAS
gg{zch'on (E"\c/’l'\}\',b)” i Interruption | Interruption Interruption Interruption | Interruption | Intenuption
| iseffecve | iseffectve isinvalid isinvalid | iseffecve | iseffective
LINTFB51 1:INTB41 LINTTB31 LINTB LINTA 1:INT9 1:INT8
\ Intenuption | Interruption Interruption Interruption | Intenuption | Interruption
| iseffective | 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 Yinterruption | Xintenuption | 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 | Linterruption
|enerating 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't care 1:Don'tcare 1:Don'tcare 1:Don'tcare 1:Don'tcare
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TMP92CM27
(3) DMA controller
Symbol Name Address 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO R/W.
DMAQV | start 0100H : : : : :
Vector 0 0 0 Q. 0 0
| DMAO Start Vector
DMA1V5 | DMA1V4 | DMA1V3 | DMA1vV2 ) PMALV1 | DMA1VO
DMA1 RAV
DMALV | start 0101H : : : : :
Vector 0 0 0 0 0 0
DMA1\Start Vegtor
DMA2V5 | DMA2V4 | DMA2V3 ~DMA2V2 | DMA2V1 | DMA2VO
DMA2 R/W.
DMA2V Start 0102H - - - - -
Vector 0 0 0] 0 0 0
DMA2 Start Vector
DMA3V5 | DMA3V4(| DMASV3 | DMA3V2 | DMA3V1-., DMA3VO
DMA3 R/W
DMA3V | start 0103H : : : : :
Vector 0 0 0 0 0 0
DMAS Start Vector
DMA4V5 = DMA4V4/ ) DMA4V3 4 DMA4V2— DMA4V1 | DMA4VO
DMA4 R/W
DMA4V | start 0104H . : : . :
Vector 0 0 0 0 0 0
DMA4 Sfart Vector
DMA5V5 | BMASV4 | DMA5V3 \_DMASV2 | DMA5V1 | DMAS5VO
DMAS RAW
DMASV | start 0105H : : . . .
Vector Q 0 0 0 0 0
DMAS/Start Vector
DMA6V5 | DMAGVZA ~DMA6V3—DMAGV2 | DMA6V1 | DMA6VO
DMA6 R/W
DMA6V | 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
DBST6 | DBST5-.\DBST4 | DBST3 @ DBST2 @ DBST1 = DBSTO
DMAB DMA Burst 0108H R/W
[ /0,1 0o [ o [ o [ o [ o
1:\DMA request on Burst Mode
01094 DREQ6 . DREQ5” / DREQ4 | DREQ3 = DREQ2 = DREQl = DREQO
DMAR  |DVA N RIW
Ri t
eaves Ry 0, [ 0 [ o [ o [ 0o T o0
1:DMA request in software

92CM27 - 409 2005-04-20




TOSHIBA

TMP92CM27
(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 o | 1 | 0 e~ | 1 | 0
BOCSL 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 T11:4WAITF 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 i 0Q:ROM/SRAM Data Bus width
f;’ggf’er High (;r&w))n ODisable  write “0"  Write ‘0" 1 peonnqmmy  O1'RESEIVEd 00:8bit
1:Enable cycle 10:Reserved 01;16hit
11:Reserved 10;Reserved
11;Reserved
B1WW2 B1WW1 B1WWO B1WR2 BIWR1 | BIWRO
W W
BLOCK 1 0144H 0 1 " [(o 0/¢ 1 0
B1CSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:LWAIT 001:QWAIT 010/AWAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:22WAIT 110:3WAIT
111:4WAIT 01T WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
B1E - | - | “BIREC 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. koo OL:Reserved 00:8bit
1:Enable cycle 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B2WW2 B2WW1 B2WWQ B2WR?2 B2WR1 B2WRO0
W i W i
BLOCK 2 0148H 0 r 90 0__ L 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
T11:AWAIT 011: WAIT,_ pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reserved
B2E B2M | = [ ~B2REC B20M1 B20OMO B2BUS1 B2BUSO
W W
BLOCK 2 01494 1 [¢) 0 0 0 0/1 1 0/1
B2CSH |move (rdgh | CSsélect  0:16MB. " Always —Otansena - 00:ROM/SRAM Data Bus width
register High Rwwy. | O:Disable  1:Sets WHite “07 1. \reora dummy| O1:ReSEIVEd 00:8bit.
1:Enable area cycle 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B3WW2 B3WWw1 B3WWO B3WR2 B3WR1 B3WRO
W W
BLOCK 3 0YACH 0 1 . 0 o . 1 ' 0
B3CSL MEMC Write waits | Read waits
cantyol (Prohibit Q01:0WAIT 010:1WAIT 001:0WAIT 010:AWAIT
register Low RMW) 10L: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 9 0 o [ o o [ o0
B3CSH [YEMC | CSseléct | Always | Always ~ O:Notinseta — 00:ROM/SRAM Data Bus width
f;’ggf’;r High (';rﬁw’)“ 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 0 1 0
BACSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 00L:QWAIT 010:1WAIT
register Low RMW) 101:2WAIT 110:3WAIT 10X 2WAIT 110:3WAIT
111:4WAIT 011: WAIT pin 111:4WAIT 011: WAIT pin
Others:Reserved Others:Reseryed
B4E - - B4REC B4OM1 B40OMO B4BUS1 B4BUSO
W W
BLOCK 4 0151H 0 0 0 \ M/ 0 (B
BACSH | MEMC | csselect | Always Always ~ O:Notiseta | 00:ROMISRAM Data Bus width
h ; . . -
fggisrf;r High (;rﬁv{,k;" 0:Disable | write “0” | write “0” 12?;";:?”'9 0YReserved 00:8bit
1:Enable dummycycle | 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
B5WW2 B5WW1 B5WW0 B5WR2 B5WRT B5WRO
W W
BLOCK 4 0154H 0 1 0 0~ 1 0
B5CSL MEMC Write waits Read waits
control (Prohibit 001:0WAIT 010:1WAIT 001:0WAIT 010 IWAIT
register Low RMW) 101:2WAIT 110:3WAIT 101:2WAIT T10:3WAIT
111:AWAIT 011, WAFT_pin L1TAWAIT 014/WAIT pin
Others:Reserved Others:Reserved
B5E - ~ B5REC B50M1 B50MO B5BUS1 B5BUSO
W W
BLOCK 4 0155H 0 0 0 i 0 0 i 0
MEMC . . ;
B5CSH .. | CSselect | Always Always~._0:Notinserta i 00:ROM/SRAM Data Bus width
control Prohibit ‘N P s S d I . -8bi
register High (Rrﬁv{,)' O:Disable | write “0” (| /write 07 . i ¥%¢ | 01:Resenved 00:8bit
1:Enable dummycycle | 10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
BEXWW2 N BEXWW1 | BEXWWO | BEXWR2 BEXWR1 BEXWRO0
W W
BLOCK EX 0 1 | 0 0 1 | 0
BEXCSL MEMC 0158H Write waits Read waits
f:g"its't‘;'r Low 500L:2WAIT 010:1WAIT | 001:2WAIT 010:1WAIT
[ 103 2WAIT 110:2WAIT | 101:2WAIT 110:2WAIT
| OIL:1+NWAIT | O11:1+NWAIT
\_Others:Reserved | Others:Reserved
BEXOM1 | BEXOMO | BEXBUS1 | BEXBUSO
\W
BLOCK EX - 0 0 0 0 0 0 0
BEXCSH |MEMC 01598 = Always Always Always 00:ROM/SRAM Data Bus width
feo".“o' ! write/“0” writé 0" write “0” 01:Reserved 00:8bit
gister High )
10:Reserved 01:16bit
11:Reserved 10:Reserved
11:Reserved
- OPGE OPWR1 = OPWRO PRL  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
MAMRO | mask 0142H RIW
mask - T T
register 0 1 1 1 | 1 | 1 | 1 1 1
0:Compare enable 1:Compare disable
Memory M0S23 | MO0S22 | M0S21 | M0S20 | MO0S19 | MOS8 | MOS17 | MOS16
start R/IW
MSARO s 0143H T T I I I 0 T I
I
caste Set start address A23 to A1
M1v21 M1V20 M1V19 | M1vi8 | ~M1V17 [/ MXV16 MV15-9 | M1V8
MAMRL | mask 0146H RIW
m
reZisster 1 1 1 1 | 1 | 1 | 1 1 | 1
0:Compare enable 1:Compare disable
Memory M1S23 M1S22 M1S21 | M1S20 @ M1S19 ) )“/M1S18 M1S17 @ M1S16
start R
147H - . . :
MSARL address 0 1 1 1 1 1 1 1 1
¢ Set start address A23 to A16
M2V22 M2v21 M2V20 | M2V19- - M2V18 | M2Vv17 M2V16 7 M2Vvi15
MAMR2 mask 014AH RV
mask T Y T T
register 2 1 1 1 | j" | 1 | 1 1 | 1
0:Compare enable’ /1:Compare-djsable
Memory M2S23 | M2S22 | M2S21 [ M2S20 -] M2S19 | M2S18 | “M2S17 | M2S16
start R/W
MSAR2 f‘fdi'sfs:'z 014BH I T 7 T I T : T
¢ Set start address A23 to Al
M3V22 M3Vv21 M3V20. | M3V19 | M3Vvi8 —M3Vvi7 M3V16 | M3Vi15
MAMR3 Menllory 014EH RIW
mas
register 3 1 1 1 | 1 | 1 | 1 1 | 1
0:Compare enable_1:Compare disable
Memory M3S23 M3522 M3S21 = M3S520 -~ M3S19-_—M3S18 M3S17 | M3S16
start R/W
MSARS fg@:gj:fs O14FH 1 1 1 1 1 1 1 1
¢ Set start address A23 to A16
M4vV22 M4Vv21 M4V20 | M4V19 h M4¥18 | M4V17 M4V16 | M4Vi5
MAMRA | mask 0152H RIW
mask T T T
register 4 1 1 1 1 | 1 | 1 1 | 1
0:Compare.enable 1:Compare disable
Memory M4S23 M4S22 M4S21\ x-M4S20 | M4S19 | M4S18 M4S17 | M4S16
start R/IW
MSAR4 fgdi'sf:f . 0153H ¥ 1 1 1 1 1 1 1
¢ Set start address A23 to A16
M5V22 M5V21 M5V20 M5V19 | M5V18 | M5V17 M5V16 | M5V15
MAMRS | mase 0156H RIW
mask
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
start R/W
MSARS fggdi'sf:rss 0157H 1 1 1 1 | 1 1 1 1
Set start address A23 to A16
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TOSHIBA

TMP92CM27
(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
Seléct 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: (Resérved)
110: (Resgerved)
111: (Reserved)
- WUPTM1 | WUPTMO, HALTM1 HALTMO DRVE
R/W R/W R/W
0 1 0 1 g 1 0
Always Warm-up timer: HALT mode Pin state
System write “0” 00: Reseryed 00: Reserved control in
SYSCR2 | Clock 10E2H 01: 2%/input frequeney = o1 STOP méde STOP
Control 2 10: 2"/input frequency | 10 mode
/518 10: IDLE1 mode 0: 110 off
11#2 7input frequency = 17: |pLE2 mode 1: Remains
the state
before
HALT
FCSEL LWUPFG
RW R
PLL 0 0
PLLCRO | ontrol 0 10E8H SeleCt fc Lockup timer
clock status flag
0:\foscn 0: not end
1: foul 1: end
PLLON
R/W
0
PLL
PLLCRL | contol1 10E9H P
oh/off
1. ON
0. OFE
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TMP92CM27
Clock control / PLL (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
PROTECT EXTIN DRVOSCH
R RIW R/W
EMC 0 0 1
EMCCRO fggi:::ro 10E3H Protect flag 1: Extérnal™ | fc oscillator
0: OFF fe 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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TMP92CM27
(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'iersgvery command 00: Reserved controller
SDACR1 | Access 0250H recovery 0: Precharge | %:Ful-Rage read, 0: Disable
Cor‘tml time all burstwrite 1: Enable
Registerl 0: 1clock 1: Burst stop | 10:3-word-read,
0: 1clock 1: 2clock single write
1: 2clock 12:FAll-page read,
single write
SBS SDRS1 SDRSO | SMUXW1 | SMUXWO
R/W
SDRAM 0 0o —}” 0 o | o
Access Number of ||(SelectROW address size | Selettaddress.multiplex
SDACRZ |~ ol | 9251H banks 90: 204870t (11bits) 00 TypeA (AS-)
Register2 0: 2 banks— | 01: 4096rows (12bits) 01: TypeB (A10-)
1: 4banks /| 20: 8192rows (13bits) 10:TypeC(A11-)
11; Reserved 11:)Reserved
SSAE SRS2 | SRSi SRs0//|  SRC
R/IW
SDRAM 1 o [0 [0 0
Refresh SR Auto Refreshvintetval Auto refresh
SDRCR Control 0252H Exit 0:Disable
Register 000: 47state 100:156state 1:Enable
0'Disable 001:/78state 101:295state
1:Enable 010:\97gtate 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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TMP92CM27
(7) 8-bit timer (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
TAORDE 12TAO1 TAO1PRUN TALRUN TAORUN
R/W 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 - | - - - | - B ] _ _
TAOREG register (Prohibit W_
RMW) Undefined
TVMRAL 1103H - - - - - 7 - -
TAIREG register (Prohibit W_
RMW) Undefined
TAOIM1 | TAOIMO | PWMO1 | PWMOO | TALCLK1 \[\JAICLKO | TAOCLK1 | TAOCLKO
R/W
0 | 0 | 0 | 0 } 0 | 0 | 0 | 0
TAOLMOD Hé%’gn 1104H | Operation mode PWM cycle TMRA1 source clock TMRAG.source clock
register 00: 8-Bit Timer Mode 00: Reserved 00: TAOTRG 00: TAOINinput
01: 16-Bit Timer Mode | 01: 2° 01: ¢T1 01: $T1
10: 8-Bit PPG Mode 10: 27 106T16 10: $74
11: 8-Bit PWM Mode 11: 28 11: $T256 11: $T16
TALFFC1 S _TA1FFCO0 TALFRIE | TALFFIS
R/W R/W
TMRAO1 1 T 0 0
TALIFFCR | Flip-Flop 1105H 00: Invert TALFF TALFF TALFF
feori‘;g'r 01: Set TALRF Control for | Inversion
9 10: Clear TAIFE inversion select
11: Don’tcare 0: Disable | 0: TMRAO
1: Enable 1: TMRAL
TA2RDE 12TA23 /| TA23PRUN TA3RUN TA2RUN
R/W RW
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 - - - N - - - -
TASREG register (Prohibit W_
RMW) Undefined
TA23M1 TA23MO PWM21 PWM20 | TA3CLK1 { TA3CLKO | TA2CLK1 | TA2CLKO
R/W
TMRA23 0 | 0 | [9) | 0 | 0 | 0 | 0 | 0
Qperation mode PWM‘eycle TMRAS3 source clock TMRAZ2 source clock
TA23MOD | MODE 1 H ]
MO | e LM | 00: 8-5it Timer Mode ™. "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 Mede 11: 28 11: $T256 11: ¢T16
TA3FFC1 | TA3FFCO | TA3FFIE | TAS3FFIS
R/W R/W
| 1 | 1 | 0 | 0
Finos 00: Invert TA3FF TA3FF TA3FF
TA3FFCR Contfol 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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TMP92CM27
8-bit timer (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
TA4RDE 12TA45 TA45PRUN | TAS5RUN TA4ARUN
RIW RW
TMRA45 0 0 0 : 0 0
TA45RUN | RUN 1110H Double IDLE2 -
register . Timer-Run/Stop control
buffer 0: Stop 0: Stop & Clear
0: Disable 1: Operate 1j Rur?(count up)
1: Enable ’ P
TMRA4 1112H - - - - - % . - -
TA4REG register (Prohibit W,
RMW) Undefined
TMRAS 1113H - - - - | - - - -
TASREG register (Prohibit W_
RMW) Undefined
TA45M1 TA45MO0 PWM41 PWM40 ~—~TAS5C6LK1 4 TASCLKO | TA4CLK1 | TA4CLKO
RIW
0 0 0 0 0 0 0 0
TA45MOD &%’E’E“S 1114H Operati_on _mode PWM cycle TMRAS source clock TMRA4 source clock
register 00: 8-Bit Timer Mode 00: Reserved Q0 TA4TRG 00:TA4IN input
01: 16-Bit Timer Mode | 01: 2° 01: ¢T1 01: ¢TI
10: 8-Bit PPG Mode 10: 27 10: ¢T16 10: ¢T4
11: 8-Bit PWM Mode 11: 28 11: $T256 11 §T16
TASFFC1 | TASEFE0 TASFEIE | TASFFIS
R/W R/W
TMRA45 1 1 0 0
TASFECR Elgr;]-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 12TA67 — TA67PRUN | TA7RUN | TA6RUN
R/IW R/W
TMRAG7 0 0 0 I 0 I 0
TA67RUN |RUN 1118H Double IDLE2 ]
register . Timer Run/Stop control
bufer Q: Stop 0: Stop & Clear
0: Disable 1: Operate 1j Rur?(count up)
1: Enable ) P
TMRA6 111AH - - - - - - : - -
TABREG | register (Prohibit W_
RMW) Undefined
TMRA7 111BH : - - - - : - - -
TA7REG register (Prohibit W.
RMW) Undefined
TA67M1 TA67MO PWM61 PWM60 | TA7CLK1 | TA7CLKO | TA6CLK1 | TA6CLKO
RIW
0 0 0 0 0 0 0 0
TA67MOD L:‘é%’;m 114CH Operati_on _mode PWWM 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 1: 28 11: $T256 11: ¢T16
TA7FFC1 | TA7TFFCO | TAT7FFIE | TAT7FFIS
RW RW
TMRAG7 1 1 0 0
TA7FECR El(i’r:lll:é?p 111DH 00: Invert TA7TFF TA7TFF TATFF
register 01: Set TA7FF Control for @ Inversion
10: Clear TATFF inversion select
11: Don't care 0: Disable : 0: TMRA6
1: Enable 1. TMRA7
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TMP92CM27
(8) 16-bit 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 ngJi’\;ter 1180H 1 pouble Always IDLE2 Timer-Run/Stop control
Buffer write “0” 0: Stop 0: Stop-& Clear
0: Disable 1: Operate . N
1 Enable 1: Run (count-up)
TBOCT1 TBOET1 | TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE~ /TBOCLK1 | TBOCLKO
R/W W RV
0 0 1 | 0 0 9] 0 0
TBOFF1 inversion Software Capture timing Up-eolintér TMRBO source clock
trigger capture 00: Disabl control 00:TBOINO pin input
TMRBO 1182H |o: Disable _1: Enable control FOSabE O-Disable | 01 ¢T1
TBOMOD | mMoDE o INT4 is rising edge : 10: ¢T4
register (E'&?A',b)” Invert when | Invertwhen 1o sotvare  101: TBOINO T, TBOINT 1: Enable 11:4716
capture to m_atch uco capture INT4 is 1 9 -
ture with 1: Undefind 'S SPELIEE
cap TBORGIHIL | 10: TBOING { , TBOIND-L
register 1 Y \
INT4 isfalling edge
11: TAYQUT 1, TA1OUT |
INT4 i§ rising edge
TBOFF1C1 | TBOFF1CO | TBOC1T1 TBOCOT1 ) ) TBOE1T1 TBOEQT1 : TBOFFOC1 | TBOFFOCO
W* 1 | W*
1 1 0 0 | 0 Q 1 1
TBOFFO control TBOFF©@-inversion tsigger TBOFFO control
TMRBO 1183H /
Flip-Flop 00: Invert 0: Disable._"1: Enable 00: Invert
TBOFFCR control (Prohibit | 01: Set 01: Set
register RMW) 10: Clear Invert when._| Invert when | Invertwhen | Invertwhen | 10: Clear
11: Don’t care the.UG.value_the UC the UC the UC 11: Don't care
* Always read as “11” is loadedin_ : value is matches fnatches * Always read as “11”
to loaded in to: with with
TBOQCR1H/L : TBOCPOH/ - TBORGIH/L : TBORGOH/L
; 1188H - - = 7 - - - 1 -
TMRB
TBORGOL register 0 Low (Prohibit w
RMW) Undefined
TMRBO 1189H — - — - - - — - —
TBORGOH register 0 High (Prohibit W
RMW) Undefined
118AH - r - AN | - - - -
TMRBO
TBORGIL register 1 Low (Prohibit w
RMW) Undefined
TMRBO 118BH = - - | Z — _ — —
TBORG1H register 1 High (Prohibit W
RMW) Undefined
TMRBO — — — : — — — — =
TBOCPOL | Capture 118€H R
register 0 Low Undefined
TMRBO. - - - | - | - - - -
TBOCPOH | capture) . 118DH R
register 0-High. Undefined
TNMRBO — — — — | — - — =
TBOCPIL |capture 118EH R
ister-d L
reglLoY Undefined
TMRBO - ; - - ! - - - - -
TBOEP1H—{-Capture/ 118FH R
register 1 High Undefined
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TMP92CM27
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 ; i 0
TB1RUN iLngter 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 | TB1CPOI | TBICPM1 | TBICPMO | TBICLE~ /TB1CLK1 | TB1CLKO
R/IW W RIW
0 | 0 1 | 0 | 0 0 0 | 0
TB1FF1 inversion Software Cature timing Up-colinter TMRB1 source clock
trigger capture - Di control 00: TB1INO pin input
TMRB1 1192H 0. Disable 1: Enable control oo D'Sabl,e N O~Disable | 01: ¢T1
TB1MOD | MODE - INTS6 is rising edge : 10: §T4
register (Pronibit | Invert when Invertwhen o sofware | o1:7811N0 1, TBLINIY 1 Enable | 7 e
RMW) match UC1 ‘9
captureto M capture i
capture with 1 Undefined | T IS rising-edge
. TBIRGIH/L 10: TBLINO.] | TBLINO.
register 1
INT6 is falling edge
11: TATOUT T, FATOUT |
INT6 is’rising ‘edge
TB1FF1C1 : TB1FF1CO i TB1C1T1 TBLCOT1 ) ) TBIE1T1 TB1EQT1  JTB1FFOC1 | TB1IFFOCO
W* | RIW | W*
1 1 0 0 0 Q 1 1
TVRBL | TB1FF@ 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 | Invertwheén | 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. mAatches m_atches * Always read as “11”
* Always read as “11”-to loaded in to with with
TB1CR1H/L : TB1CPOHA-—-TBIRGIH/L : TBIRGOH/L
1198H - [ - = 7 - - - -
TMRB1
TBIRGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB1 1199H — = — : — - — — —
TBIRGOH register 0 High (Prohibit W
RMW) Undefined
TMRB1 119AH - i - - . N ! — ~ — ~
TBIRGIL register 1 Low (Prohibit w
RMW) Undefined
TMRB1 JEORH — — - — | — — — —
TBIRG1H register 1 High (Prohibit W
RMW) Undefined
TMRB1 — 5 — — . — : — — — —
TB1CPOL | capture 119€H R
register 0 Low .
Undefined
TMRBL - - - ! - - - - -
TB1CPOH | Capture, 119DH R
register 0“High Undefined
TMRB1 — — — : — : — — — —
TB1CPiL | capture 119EH R
registerd-Low ,
Undefined
TMRB1 - - - : - 5 - - - -
TB1CP1H [capture 119FH R
register 1 High Undefined
16-bit timer (3/6)
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TMP92CM27
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 fﬁ;gter LIAOH 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)
TB2CT1 | TB2ET1 | TB2CPOI | TB2CPM1 | TB2CPMO | TB2CLE- | TB2CLK1 | TB2CLKO
RIWY W . —RW .
0 0 1 0 0 0 0 0
TB2FF1 inversion | Software | Capture timing [UB céurter | TMRB2 source clock
trigger |capture - Veohtrol | 00: TB2INO pin input
TMRB2 11A2H 0: Disable 1:Enable | trol |00 D'Sabl,e B - | 01:¢T1
TB2MOD | MODE Prohibi T N  contro i INT8 is rising edge ;0. Disable | 10: ¢T4
register (Rrrx(/le:I)n Invert when |Invertwhen . gofyare |01: TB2INO T, TB2INA } \1: Enable | 11:¢T16
captureto mawchucz | : o i |
capture | With |1 Undefined | "0 1 ising edog |
register 2 | TB2RGIHIL | |10: TB2INO T, TB2INO |
| | INT8 is falling-edge |
|11: TA3OYT| 1|, TASOWT ¥ |
| | | INTS is rising ‘edge | |
TB2FF1C1 | TB2FF1CO | TB2C1T1 | TB2€6T1 [\ TB2E1T1 | TB2EOTL J TB2FFQC1 | TB2FFOCO
W* RIW W*
1 | 1 0 | 0 | 0 | 0 1 | 1
TB2FFO _inversion-trigger TB2FFO control
T:V'RE:Z 11A3H | TB2FF1 control 0: Disable1: Enable 00: Invert
Flip-Flop . . X -
TB2FFCR | coniol ronibi | 00: Invert 01-sét
register RMW) 01: Set Invertwhen._“Nnvert when | Invert when /i Invertwhen 3V10: Clear
10: Clear the UE Value "theyC the UC the’'UC 11: Don't care
11: Don't care is loaded’in_ | value is mAatches m_atches * Always read as “11”
* Always read as “11” ;0 loaded into : with with
TB2CRIHIL ¥TB2CPOH/L : TB2RG1H/L/| TB2RGOH/L
, 11A8H - i - - - X - - -
TMRB
TB2RGOL register 0 Low (Prohibit W
RMW) Undefined
TMRB2 11A9H - = — = va : — — —
TB2RGOH register 0 High (Prohibit W
RMW) Undefined
, 11AAH - - - - - = = =
TMRB
TB2RGI1L register 1 Low (Prohibit w
RMW) Undefined
TMRB2 11ABH - - — - E - : - - -
TB2RG1H register 1 High (Prohibit W
RMW) Undefined
TMRB2 = = Z - i - i - - -
TB2CPOL | capture 11ACH R
register Low Undefined
TMRB2 - = = - | - - - -
TB2CPOH | capture 11ADH R
registéro_High Undefined
TMRB2 - - — | - | — | — - —
TB2CPI1L | capture HTAEH R
register 1 tow Undefined
TMRB2 Z 7 - - | - : - - -
TB2CP1H-| Capture 11AFH R
register 1 High Undefined
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TMP92CM27
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 iLngter 11BOH [ 5ouble 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 RIW
0 | 0 1 | 0 | 0 0 | 0 | 0
TB3FF1 inversion Software Capture timing Up-eolintér TMRB3 source clock
trigger capture . 00: TB3INO pin input
TB3MOD TMRB3 11B2H | Disable 1: Enable control 0o 'T,'\‘Sizlies rsing egd ;Dnlt;" b 01: ¢T1
MODE . /Disable | 10: T4
h (Prohibit  [|nvert when iInvert when . i .
register RMW)  |canture to  match UC3 0: Software  {01:TB3INO T, TB3INI, 1: Enable | 11:¢T16
capture with ‘if"f}“{f fined INTA is risihg-edge
p. TB3RGLH/L |~ e 10: TB3INQ.1 | TB3INO-.
register 3
INTA is falling-edge
11: TA3OUT 1, FA30UT |
INTA is’riseing. edge
TB3FF1C1 : TB3FF1CO i TB3C1T1 TB3COT1 ) ) TB3EIT1 TB3EQT1  JTB3FFOC1 | TB3FFOCO
W* | RIW | W+
1 1 0 0 0 Q 1 1
TVRES | TB3FFO-inversion tsigger 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 | Invert when | Invertwheén | 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. mAatches m_atches * Always read as “11”
* Always read as “11”-to loaded in to with with
TB3CR1H/L : TB3CPOHA-—-TB3RGIH/L : TB3RGOH/L
\ 11B8H - [ - = 7 - - - -
TMRB!
TB3RGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB3 11B9H — = — : — - — — —
TB3RGOH register 0 High (Prohibit W‘
RMW) Undefined
TMRB3 11BAH - - ~ . S ; ~ ~ - ~
TB3RGI1L register 1 Low (Prohibit w
RMW) Undefined
TMRB3 JABRH = - = - | — — - —
TB3RG1H register 1 High (Prohibit W
RMW) Undefined
TMRB3 — 5 — — . — : — — — —
TB3CPOL | capture 11BEH R
ister O L
register ow Undeﬁned
TMRB3 - - - I - - - - -
TB3CPOH | Capture, 11BDH R
register 0“High Undefined
TMRB3 — — — : — : — — — —
TB3CPiL | capture 11BEH R
isterd.L
N - 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 | | RW
TMRB4 0 0 0 0 0
TB4RUN iLngter 11COH [ 5oble 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 | TB4ACPMO | TB4CLE— /TB4CLK1 | TB4CLKO
R/IW W RIW
0 | 0 1 | 0 | 0 0 | 0 | 0
TMRBA 11C2H |TB4FF1inversion Software Capture timing Opeotniér  TMRBA4 source clock
TB4MOD | MODE eronibit | 99" capture 00: Disable control 00: Reserved
register RMW) 0: Disable 1:Enable | .. 01 Reserved O>Disable %: 4111
Invert when InverL \ALIJhCeE 0: Software 10: Reserved 1: Enable 11:'¢4->|-16
223:3:: to mae capure - 11: TASOUT T, TASOUT
undetine
register 4 TB5RG1H/L
TB4FF1C1 | TBAFF1CO | TB4C1T1 TB4COTL | ~TB4E1T1 TB4EOT1 ~. TB4FFOC1 {"“TB4FFOCO
W* R/W W*
1 1 0 0 0 0 1 1
TMRBS 11c34 | TBAFFL | TB4FFO inversiondriggen TBAEFO control
Flip-Flop contro 0: Disable _1:Enable 007Inyert
TB4FFCR | eroniic | 00: Invert 01:-Set
register RMW) 01: Set Invert when\ | Invertwhen | Invert when {Invert when.i10: Clear
10: Clear the UC yalue.| the UC the UC the UC 11: Don't care
11: Don't care is loaded in | value iS. mAatches m_atches * Always read as “11”
* Always read as “11” |to loaded in to | with withy
TB4CP1H/C\.i TBACPOH/L | TBARGH/: / TB4RGOH/L
11C8H - [ - s = | - | - NDNY - | - [
TMRB4
TB4RGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB4 11CoH — = — : — - — — —
TB4RGOH register 0 High (Prohibit w
RMW) Undefined
11CAH - — — : - — — — —
TMRB4
TB4RGIL register 1 Low (Prohibit w
RMW) Undefined
TMRB4 11CBH - i - — . — | — — - —
TB4RG1H register 1 High (Prohibit W_
RMW), Undefined
TMRB4 = ~ . | — | — — — —
TBACPOL | capture 11C¢H R
register 0 Low Undefined
TMRB4 - = - ! - - - - -
TB4CPOH | Capture 11CDH R
register 0 High Undefined
TMRB4 - - - E - : - - - -
TBACPI1L | capture 11CEH R
register 1 Low, Undefined
TMRB4 - N - | - | - - - -
TB4CP1H “fCapture 11CFH R
register T High Undefined
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TOSHIBA

TMP92CM27
16-bit timer (6/6)
Symbol Name Address 7 6 5 4 3 2 1 0
TB5RDE - 12TB5 TB5PRUN TB5RUN
R/W | R/W R/W | RW | R/W
TMRB5 0 0 0 0 0
TBSRUN ngJi’\;ler 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/W Wi RV
0 | 0 1 | 0 | 0 0 | 0 | 0
TMRES 11D2H |TBS5FF1inversion Software Capture timing Opeotntér | TMRBS source clock
trigger A 00: Reserved
TB5MOD | MODE - capture 00: Disable control
h hibi . H . .
register (mv'v)” 0: Disable 1: Enable ..o 01 Reserved 0> Disable %: g‘l‘
Invert when lnverLV‘L’}?g 0: Software 10: Reserved 1: Enable ll:-¢T16
223:3:: to mae capure - 11: TASOUT T, TASOUT
undetine
register 5 TB5RG1H/L
TB5FF1C1 | TB5FF1CO { TB5C1T1 TB5COTL | ~TB5E1T1 TB5EOT1 ~. TB5FFOC1 {"“TB5FFOCO
W* R/W W*
1 1 0 0 0 0 1 1
TVRES | TB5FFO inversiontrigger TBBEFO control
Flip-Flop 11D3H | TBSFF1 contro 0: Disable _1; Enable 0071nyert
TBSFFCR | control (Prohibit | 00: Invert 0L:Set
register RMW) 01: Set Invert when\ | Invertwhen | Invert when {Invert when.i10: Clear
10: Clear the UC yaltie | 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 into | with withy
TB5CP1H/LC.. TB5CPOH/L | TBSRG1H/L f TB5RGOH/L
11D8H - [ - s = | - | - NDHYy- | - [
TMRB5
TBSRGOL register 0 Low (Prohibit w
RMW) Undefined
TMRB5 11D9H — — — : — - — — -
TBSRGOH register 0 High (Prohibit W_
RMW) Undefined
11DAH = = N S S S S = = =
TMRB5
TB5SRGIL register 1 Low (Prohibit W
RMW) Undefined
TMRB5 11DBH - i - — . — | — — — —
TBSRG1H register 1 High (Prohibit W_
RMW), Undefined
TMRB5 = — y | — | = = — =
TB5CPOL | capture 11DCH R
register 0 Low Undefined
TMRB5 — = — ] — — - - -
TB5CPOH | Capture 11DDH R
register 0 High Undefined
TMRB5 — — - E — : — — — —
TB5CP1L | capture 11DEH R
register 1 Low, Undefined
TMRB5 = S - | - | - - - -
TB5CP1H “|Capture 11DFH R
register T High Undefined
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™

P92CM27

(9) Pattern Generator

PGO3 | PGO2 | PGO1 | PG00 SA03 SA02 | SA01 SA00
1460H W RIW
PGOREG |Pe0 0 0 0 0 Undefined
register ibi i i P f
(Prohibit | Pattern generation O (PGO) output latch register : Shift alternate register 0
RMW) PGO can be read by reading the for the PG mode_(4-hit write) register
port (PL) that is assigned to PG
PG13 | PG12 | PGl1 | PGI10 SA13 SA12 1\ SAll SA10
1461H - W T RN-V
PGIREG |PSt 0 0 0 0 Undefined
register ibi ; i P {
(Prohibit | Pattern generation 1 (PG1) output latch register : Shift alternate register 1
RMW) PG1 can be read by reading the for the PG mdde (4-bit write) register
port (PL) that is assigned to PG
PATL | CCW1 | PGIM | PGITE RATO CCWO0 | PGOM PGOTE
R/W
0 0 0 0 0 0 0 0
PG1 write PG1 PG1 mode PG1 PGO. write PGO write PGO maode. | PGO trigger
PGO.1 mode rotation (Excitation) | trigger mode mode (Excitation). j ~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 07 Disable or
1: Reverse 2 step 1; Enable 2 step
rotation excitation excitation
1:1to 2 17140 2
step step
excitation excitation
PG1T : PGOT
R/W
0 0
PGOL PG1 shift PGO shift
PGO1CR?2 | controiz 1464H rigger trigger
register 0:8-bit timer | 0:8-bit timer
trigger trigger
(TMRA23) (TMRAO01)
1:16-bit timer | 1:16-bit timer
trigger trigger
(TMRB1) (TMRBO)
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TMP92CM27
(10) High Speed SIO (1/6)
Symbol Name Address 7 6 5 4 3 2 1 0
XENO CLKSELO2 | CLKSELO1 | CLKSELOO
R/W R/W
0 1 0 0
COOH SYSCK Select-baud rate
0:disable 000:Reserved 100:fsys/16
1l:enable 001;fsysf2 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 | Synchrong “._Synchréno | Invertdata |Invert data
teset mode r_ansmit/rec | (no_transmit) | us clock usclock During | During
COIH | odisable I'VLQSB | O:flxe"d" edge ransmittin | receiving
l:enable Lvss | 170 during g |0: disable
: | Lifixed receiving 0: disable |1: enable
to"l 0: fall 1:enable |
1: rise
- - UNIT160 ALGNENO /% RXWENO | RXUENO
R/W R/W.
0 1 0 0 [¢] 0
CO2H - -
Always Always Data length Full .duplex—;Sequential Receive
write “0” write “1” 0: 8bit allghment  ireceive UNIT
_ 1: 16bit 0O:disable O:disable O:disable
gg?als"eed 1.enable 1zenable 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 CRC data :|CRC Micro DMA Micro DMA
0:CRC7 0:Transmit™; calculate 0: Disable 0: Disable
1:CRC16 1:Receive [~ Tegister 1: Enable 1: Enable
0:Reset
1:Release
Reset
TENDO RENDO RFWO0 RFRO
R
...................... 1 0 1 0
Transmitting Receive Shift | Transmit Receive
CO4H 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
CRCD007 "€RCDO06-. _CRCD005 : CRCD004 : CRCD003 CRCD002 | CRCD001 : CRCDO000
CO6H R
High Speed 0 0 0 : 0 : 0 : 0 0 0
Serial . . .
HSCOCR | channefo _ : CRC cglculatlon res:ult load register [7:0] : :
CRC CRCDO015 | CRCD014 | CRCDO013 | CRCD012 : CRCDO11 CRCD010 | CRCDO009 | CRCDO008
register R
e IR NN 0 o | o [TToTTo o
CRC calculation result load register [15:8]
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TOSHIBA TMP92CM27
High Speed SIO (2/6)
Symbol | Name Address 5 3 2 1 0
_TENDISO ; RENDISO | RFWISO | RFRISO
.................... RIW
.......... 0o 0 L0 0
CO8H Read Read Read Read
High Speed O:no interrupt : O:no‘interrupt : O:no interrupt : 0:no interrupt
Serial l:interrupt 1:interrupt l:interrupt l:interrupt
Channel 0
HSCOIS | ifierrupt Write Write Wiite Write
status 0: Don't care 0: Dan'tcare 0:'Don’t care 0: Don't care
register 1: clear 1: clear 1: clear 1: clear
CO9H AN
RENDWEO RFWWEO RFRWEO
R/W
High Speed COAH i 0 i 0 T 0
Serial | Clear | Clear | Clear | Clear
Channel 0 \_ HSCoIS | HscolIs | HSCOoIS | SHSCOoIS
interrupt | '<TENDISO> | <RENDISO> | “<RFWIS0> V<RFRISO>
HSCOWE | giaus NQudisable | Odisable  (O:disable. | O:disable
write | 1:enable | 1:enable ~1:enable | l:enable
enable
register | e S e e A N T
COBH
~_TENDIEO [ /RENDIEQ RFWIEO RFRIEO
.................... RIW
High Speed COCH 0 0 0 0
'gh Spee TENDQ RENDO RFWO RFRO
Serial interrupt ihtekrupt interrupt interrupt
HsColE | Channelo 0:Disahle 0;Disable 0:Disable 0:Disable
interupt T:Enable 1:Ehable 1:Enable 1:Enable
enable
register N\
CODH 1NN . S S W W
TENDIRO RENDIRO RFWIRO RFRIRO
R
o COEH o keSS o . o 0 0
High Speed TENDO RENDO RFWO RFRO
Serial interrupt interrupt interrupt interrupt
HSCOIR Channel 0 0:none O:none 0:none 0:none
interupt 1:generate 1:generate 1:generate 1:generate
request
register | N e LT e T et
COFH
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TOSHIBA TMP92CM27

High Speed SIO (3/6)
TXDO07 | TXD006 | TXDO05 | TXD004 | TXD003 | TXD002 | TXDOO1 | TXD0O0O
C10H I T [ T [
High Speed 0 i 0 j 0 i 0 i 0 i 0 i 0
Serial P . .

HSCOTD | Channel 0 . . Trgnsmlssmn d.ata register [7.0] . .
transmission TXDO15 | TXDO14 | TXDO13 | TXD012 | TXDO11l | TXD010 | TXDO009 i TXD0O08
data register

C11H o | o T o T 0 o ] o o
Transmission data register [15:8]
RXD007 | RXD006 | RXDO05 i RXD004 : RXD003 | —RXD082 .~ RXD001 i RXDO00O
c1om R/
High Speed 0 0 0 0 PR 0 ....... 0 0 0
Serial i H .

HSCORD | chamnel 0 Receive data register [2:0}
receiving RXDO15 | RXDO014 | RXD013 | RXD012 | RXDOL1I-| - RXD010 | RXD009 | RXDO008
data register R

C13H o | o ] o | o J-wo 4 o 0 0
Receive datd register [15:8]
TSDO07 | TSD006 | TSD00S | TSDO0G4' Y TSD003 | TSD002 | TSDOOL. |, TSD0OOO
High Speed ClaH o | o T o T/l o oo
Serial | 000 [T

HSCOTS | Channel0 Transmit/data shift register [7:0]

transmit data TSDO15 : TSD014 . TSD013 . TSDO12—-:/ TSDO1l1 : ~TSP010™. ~/JSDP0Q9/ : TSDO08

shift register . HITLAS AP W e VAR A L

R
O o T e T e e 0 0 ST teT T
Transmit data shift register [15:8]
RSD007 | RSDO06 | RSPO05 | RSD004 | RSD003 |\._RSD002/ | RSD001 | RSD000
R
C16H . . . . i} .
High Speed 0 | 0 | 0 | 0 |0 | 0 | 0 | 0
Serial . . . i
HSCORS | Channel 0 _ : Rgcelve data shlft registet [7.0] . .
receive data RSDO15 | RSDO14 || RSD013 | RSDO12 —~RSBO1I- ~RSD010 i RSD009 : RSD008
shift register
C1H 0o | o 5o [ o o o T

Receive data shift.registér [15:8]

92CM27 - 427 2005-04-20




TOSHIBA

TMP92CM27
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
1l:enable 001;fsysf2 101:fsys/32
010:fsys/4 110:fsys/64
High Speed . . 011:fsys/8 . 111:Resen/led
HSCIMD Serial LooPBACKL | MSB1ST1 | DOSTAT1 TCPOL1 -RCPOL1 _“TDINV1 | RDINV1
Channel 1
mode setting R/W R/W
register 0 ! 1 ! 1 0 0 0 | 0
LOOPBACK | Start bit for | HSSO1 pin | Synchrong “._Synchréno | Invertdata |Invert data
testmode | transmitfrec | (no transmit) | us clock usclock | During |During
C2IH | oudisable SI'VLQSB | Ofixed | edge edge | transmittin | receiving
Lenable | L'MSB | 170 | dufing during g |0: disable
|~ | Lifixed | transmitting| receiving | O:disable |1: enable
| o7l |0 Tall 0: fall | 1:enable |
| 1:rise 1: rise
\ | I
- - UNIT161 ; ALGNEN1 /% RXWEN1 | RXUEN1
R/W R/W.
0 1 0 0 [¢] 0
C22H - -
Always Always Data length Full .duplex— Sequential Receive
write “0” write “1” 0: 8bit alighment  ireceive UNIT
_ 1: 16bit 0O:disable O:disable O:disable
gg?als"eed 1.enable 1zenable 1:enable
HSCI1CT | channel 1 CRC16_ 7 Bl : CRCRX_TX Bl : CRCREST_B1 DMAERFW1 DMAERFR1
control R/W R/W
register T ™
0 | 0 | 0 0 0
C23H CRC select CRC data :|CRC Micro DMA Micro DMA
0:CRC7 0:Transmit™ calculate . X
1:CRC16 1:Receive/  register 0: Disable  0: Disable
0:Reset 1: Enable 1: Enable
1:Release
Reset
...................... . JENDL 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 7-
CRCD107 :€RCD106-. _CRCD105 CRCD104 : CRCD103 CRCD102 | CRCD101 : CRCD100
C26H R
High Speed 0 0 0 : 0 : 0 : 0 0 0
Serial . . .
HSC1CR | channela _ : CRC calculatlon res_ult load register [7:0]
CRC CRCD115 | CRCD114 : CRCD113 CRCD112 | CRCD111 CRCD110 CRCD109 CRCD108
register R
Mo Fho o o [ o [0 e [T
CRC calculation result load register [15:8]
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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 0:no interrupt : O:no’interrupt : O:nointerrupt i 0:no interrupt
g:egrralspeed Linterrupt Linterrupt Linterrupt Linterrupt
HSC1IS [ Channel1 Write Write Wiite Write
interrupt status 0:Don'tcare : 0:Dontcare / O:’Dontcare : 0: Don'tcare
register 1: clear 1: clear 1: clear 1: clear
C29H AN
RENDWE1 RFWWE1 RFRWE1
R/W
) 0 : 0 0
High Speed C2AH | Clear | Clear | Clear | Clear
Serial \_ HSC1IS | Hsc1ls | HsC1Is [NHsc1is
phannell | <TENDIS1> | <RENDIS1> | “<RFWIS1> V<RFRIS1>
HSCI1WE | interrupt [~0:Disable | O:Disable v 0:Disable | O:Disable
status | 1:Enable | 1:Enable 1~1:Enable | 1:Enable
write
enable | | T T A
C2BH
TENDIEL / /RENDIEL 7 RFWIEL ___ RFRIEL
.................... RIW
o C2cH 0 0 0 0
High Speed TENDY REND1 RFW1 RFR1
Serial interupt intekrupt interupt interrupt
HSC1IE |[Channell 0:Disahle 0;Disable O:Disable 0:Disable
interrupt 1:Enable 1:Ehable 1:Enable 1:Enable
enable
register NN
C2DH NN R NS S W S
TENDIRL | RENDIRL | RFWIRL | RFRIRL
A C2EH o eSS 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 1:generate 1:generate 1l.generate 1.generate
request
register | 7 N e T e e e
C2FH
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High Speed SIO (6/6)
TXD107 | TXD106 | TXD105 | TXD104 | TXD103 | TXD102 | TXD101 | TXD100
C30H I T [ T [
High Speed o . o0 J 0 i 0 . 0 L N N
Serial P . .

HSC1TD | Chamnel 1 : : Tre}nsmlssmn d=ata register =[7.0] : :
transmission datd TXD115 | TXD114 | TXD113 | TXD112 | TXD11l : TXD110 | TXD109 : TXD108
register

C3lH o | o T o 1T o o o o
Transmission data register [15:8]
RXD107 | RXD106 | RXD105 : RXD104 : RXD103 {—RXD162 _” RXD101 i RXD100
oot R [
High Speed Y 0 0 0 AN 0 ....... 0 0 0
Serial i H .
HSCIRD | chamnei 1 Receive data register [2:0}
Receive data RXD115 | RXD114 | RXD113 | RXD112 | RXDI1I-~| - RXD110 | RXD109 | RXD108
register R
C33H o | o ] o | o o1 o 0 0
Receive datd register [15:8]
TSD107 | TSD106 | TSD105 | TSD1G4'  TSD103 | TSD102 | ,TSD101-. i, TSD100
righ Speed CaH o | o T o /oSyl T o ey o
ik NI
HSC1TS | Channel1 Transmit/data shift register [7:0]
Hg{":g:}ﬁ TSD115 | TSD1l4 : TSD113 . TSDit2—{/TSD11l | “TSP110-; /JSD109) : TSD108
register _ : : R : : :
o o o To Tyl 0 S tel o
Transmit data shift register [15:8]
RSD107 | RSD106 | RSP105 | RSD104 | RSD103 |\.RSD102/ | RSD101 | RSD100
High Speed 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
A
HSC1RS | Channel 1 Receive data-shift register [7:0]
LZ?Z'ZEm RSD115 | RSDU4 | RSD#3 | RSDI12— ~RSB11I-{ ~RSD110 i RSD109 : RSD108
register . ) , . )
A T 7 RN T B N R o T o 1o
Receive data shift.registér [15:8]
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(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 1200H i ieci
SCOBUF | gufer (Prohibit R (Receiving) / W (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 il/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:}0;
1:Enable "Rate
Generator
1:SCLKO
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
RIW
) 0 0 0 0 0 0 0 0
gﬁ:ilnel 0 Transfer Handshake | Receive Wake-up \ Serial transmission mode :Serial transmission clock
SCOMODO | video 1202H | data bit8 function control function .00: I/O Interface Mode/ {UART)
register contr_ol 0: Disable | 0:Disablé .. 01:/7bit UART Mode OOE TAQTRG (TMRAO1)
(1): glsalgle 1: Enable | 1:Endble ¢ \10: 8bit UART Mode 2(1): ﬁ?gi;egiie]@?mr
: Enable . Ohi ]
11: 9bit UARY Mode 11 External clock
(SCLKO input)
- BROADDE | BROCK1 BROEKO BROS3 | BR0OS2 BROS1 | BROSO
R/W
Serial 0 0 0 | 0 0o | 0 | 0 | 0
Channel 0 Always (16-K)/16 | BaudRate.Generator Setting pf-the’ devided frequency
BROCR | Baud Rate 1203H  |write “0” division Inputclock-selection OtoF
control . .
register 0:Disable | (00: 10
1:Enable .01 T2
10: T8
11:¢T32
_____________________ BROK3 | BROK2 | BROK1 | BROKO
Serial | e e L ~ . R/iW .
BROADD | el 1200 | Nl 0 .0 i 0 i 0
register Se‘ts_frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
12S0 EDPX0 = |
) RIW R/W
Serial -
scomopz | Shannel 0 1205H 9 0 ®
- [DLE2 /O interface
register mode
0:SIOP | ¢ yaff
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~._ [Fransmission | Receiving Select receiving effective pulse width
control transmission |data logic “jdata operation Set effective pulse width for equal or
register pulse width /10: “H” pulse | 0: disable | O: disable | more than 2x x (Value+1)+100ns
0: 3/16 1:“L"pulse | 1:enable | 1: enable | Can be set: 1to 14
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 i /W (T fecl
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 Channlel 1 12004 | databit8 0:0dd additon . . 1:SCLK1 ] |Inputclock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2:}0;
1:Enable "Rate
Generator
1:SCLK1
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
RIW
) 0 0 0 0 0 0 0 0
gﬁ:ilnel 1 Transfer Handshake | Receive Wake-up \ Serial transmission mode :Serial transmission clock
SC1MODO | video 120AH | data bit8 function control function .00: I/O Interface Mode/ {UART)
register cc.)ntr_ol 0: Disable | 0:Disablé .. 01:/7bit UART Mode OOE TAQTRG (TMRAO1)
(1): g'::gf 1: Enable | 1:Epabfe ) \10: 8bit UART Mode 2(1): ﬁ?gi;egiie]@?mr
' 11: 9bit UART Mode 11 External clock
(SCELK1 input)
- BR1ADDE | BR1CK1 BRICEKO BR1S3 BR1S2 BR1S1 | BRI1SO
R/W
Serial 0 0 0 | 0 0 | 0 0 | 0
Channel 1 Always (16-K)/16 | BaudRate.Generator Setting pf-the’ devided frequency
BR1CR [Baud I;‘%ate 120BH  |write “0” division Inputclock-selection OtoF
control . .
register 0:Disable | (00: 10
1:Enable .01 T2
10: T8
11:¢T32
_____________________ BR1K3 BR1K2 : BRI1K1 BR1KO
Serial | e O ~ . R/_W .
BRIADD | et 120CH b Nl 0 ..0 o 1 0
register Sets frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
12S1 EDPX1 ~ |
) RIW R/W
Serial 5 o 2
Channel 1
SC1MOD1 Mode 1 120DH oEs Ty —
register mode
0: Stop 0: Half
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 icai
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 Channlel 2 1211H | databit8 0:0dd additon . . 1:SCLK2 | |Input clock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2:}0;
1:Enable "Rate
Generator
1:SCLK2
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
RIW
) 0 0 0 0 0 0 0 0
gﬁ:ilnel 2 Transfer Handshake | Receive Wake-up \ Serial transmission mode :Serial transmission clock
SC2MODO | viode o 1212H | data bit8 function control function .00: I/O Interface Mode/ {UART)
register contr_ol 0: Disable | 0:Disablé .. 01:/7bit UART Mode OOE TAQTRG (TMRAO1)
(1): glsalgle 1: Enable | 1:Endble ¢ \10: 8bit UART Mode 2(1): ﬁ?gi;egiie]@?mr
: Enable - Obi /
11: 9bit UART Mode 11 External clock
(SCLK2 input)
- BR2ADDE | BR2CK1 BR2€EKO BR2S3 BR2S2 BR2S1 | BR2SO
R/W
Serial 0 0 0 | 0 0 | 0 0 | 0
Channel 2 Always (16-K)/16 | BaudRate.Generator Setting pf-the’ devided frequency
BR2CR | Baud I;‘%ate 1213H  |write “0” division Inputclock-selection OtoF
control . .
register 0:Disable | (00: 10
1:Enable .01 T2
10: T8
11:¢T32
_____________________ BR2K3 BR2K2 | BR2K1 BR2KO
Serial | e O ~ . R/_W .
BR2ADD | el ? 2UH | Nl (L S— o 1 0
register Sets frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
1252 EDPX2 ~ |
) RIW R/W
Serial s 0 A
Channel 2
SC2MOD1 Mode 1 1215H olEs T -
register mode
0:SIOP | ¢ yaff
1. Operate| 1.y
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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 Wi ieai
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 T VO interface
SC3CR Channlel 3 12194 | databit8 0:0dd additon —— . . 1:SCLK3 | |input clock
fggits't‘;r 1-Even O:Disable | Overrun Parity Framing 8?';2:}0;
1:Enable "Rate
Generator
1:SCLK3
input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
RIW
) 0 0 0 0 0 0 0 0
gﬁ:ilnel 3 Transfer Handshake | Receive Wake-up \ Serial transmission mode :Serial transmission clock
SC3MODO | viode o 121AH | data bit8 function control function .00: I/O Interface Mode/ {UART)
register contr_ol 0: Disable | 0:Disablé .. 01:/7bit UART Mode OOE TAQTRG (TMRAO1)
(1): glsalgle 1: Enable | 1:Endble ¢ \10: 8bit UART Mode 2(1): ﬁ?gi;egiie]@?mr
: Enable . Ohi ;
11: 9bit UART Mode 11 External clock
(SCLKI input)
- BR3ADDE | BR3CK1 BR3€EKO BR3S3 BR3S2 BR3S1 | BR3S0
R/W
Serial 0 0 0 | 0 0 | 0 0 | 0
Channel 3 Always (16-K)/16 | BaudRate.Generator Setting pf-the’ devided frequency
BR3CR | Baud I;‘%ate 121BH  |write “0” division Inputclock-selection OtoF
control . .
register 0:Disable | (00: 10
1:Enable .01 T2
10: T8
11:¢T32
_____________________ BR3K3 BR3K2 | BR3K1 BR3KO0
Serial | e O ~ . R/_W .
BR3ADD | e ® 120CH b Nl 0 1.0 o 1 0
Register Se‘ts_frequency divisor “K”
(Divided by N+(16-K)/16)
ltoF
12S3 EDPX3 ~ |
) RIW R/W
Serial s 0 -
Channel 3
SC3MOD1 Mode 1 121DH oEs T —
register mode
0:StOp | ¢ ff
1. Operate| 1. )
92CM27 - 434 2005-04-20




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/IW
(nlozglf’ﬂ'\jv) o | o0 | o 0 > | 0 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§ 0107 011:8
100:4 101:5 110:6 111:7 . 100:9._ 10110 110:11
SBIO 1:Enable ;
SBIOCR1 | control H 1’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 /RB1/TBL. > RBO/TBO
SBIODBR Buffer (no RMW) R(Receiving)/W(Transmission)
reglster N
Undefine
SA6 SA5 SA4 SA3 )] SA2 SAl SAO ALS
W
12CBUSO 0 I 0 0 f 0 | 0 | 0 ! 0 | 0
1242H - - - -
I2COAR address (no RMW) address
register ition
Setting Slave address rocoon
0:Enable
1:Disable
MST TRX BB ! PIN SBIM1 i SBIMO | SWRST1 | SWRSTO
W
1243H 0 | 0 0 | 1 0 0 | 0 0
(noRMw) |0:Slave | O:Receive\ | Startisfop | INTSBIO  Operation mode selection : Software reset generate
I°C mode [1:Master  1:Transmit._ generation ' intefrdpt | 00:Portmode write “10” and “01”, then
0:Stop O:Reguest :10: §|O mode an internal reset signal
Bl 1:Start 1:Cancek._01: I°C mode is generated.
11-Reserved
| -
SBIOCR2 rogistor 2 SBIML _|__SBIMO - ;
W W W
1243H 0 0 0 0
(noSRI’gW) Operation mode selection Always wite ;| Always write
mod 00:Port mode o o
ode 10:SI0 mode
01:’C mode
11:Reserved
MST TRX ] \BB PIN AL | AAS ADO LRB
R
1243H 0 0 0 1 0 0 0 0
(no RMW) 0:Slave | 0: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 gﬁ:ﬁﬁgﬁ’" (rj“;g;ion detection 2; (1)
SBlo 1:Busy 1:Cancel 1-Detect monitor 1:Detect :
SBIOSR Status 1:Detect
register SIOF SEF
1243H R
(no RMW) L - L
sIg Transfer Shift status
4 status 0:Stopped
mode 0:Stopped 1:n
1:n progress
progress
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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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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 000:5. 001:6/ 010:7 011:8
SBIL 100:4 101:5 110:6 111:7 1-Enable 100:9. 101210 110:11
SBI1CR1 control i 11 1:Reserved
register 1 SIOS | SIOINH | SIOM1 SIOMO SCK2 | SCK1 SCKO0
1248H 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 7100:8 101:9 110:10
| | 11:8bit receive | | 111:external clock-SEK1
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 SAD ALS
W
12CBUS1 0 0 0 0 0 Q, Q 0
2C1AR | address | nlozgﬁu) T
register X recognition
Setting-Slave address 0:Enable
1:Disable
MST TRX BB PIN SBIMi- 7 ,SBIMO | SWRST1 { SWRSTO
W
124BH 0 0 0 1 —— 045V /o o | o
(no RMW) | O:Slave 0:Recelve\ : Start/stop | INTSBIL Operation mode selection : Software reset generate
IC mode | 1:Master : 1:Transmit. 'generation intefrdpt : 00:Portmode write “10” and “01”, then
0:Stop 0:Request : 10: SIO mode an internal reset signal
1:Start 1:Cancel._.01: FOmode is generated.
) SBI1 | 11:Reserved
SBICRZ | - o, SEML_ | 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:SIO mode
0L:’Cmode
11:Reserved
MST TRX ] BB PIN AL | AAS ADO LRB
R
124BH 0 t 9 ; 0 : 1 0 : 0 t 0 0
(no RMW) 0:Slave | 0:ReCeive +Bus_status | INTSBI1 | Arbitration | Slave |General | Last receive
I2C mode |1:Master | 1:transmit. | monitor | interrupt | lost | address | call | bit monitor
5 [0:Free  Orequest Eg]egﬁi‘ig?" E(rjneatg:c';ion | detection g (1)
SEIL él:Busy él:CanceI | LiDetect | monitor él:Detect |
SBI1SR Status | | | | 1:Detect |
register SIOF SEF
124BH R
(no RMW), 0 - 0
SI0 Transfer Shift status
mode status 0:Stopped
0:Stopped 1:In
1:n progress
progress
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I°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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(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
) o | 0 0 0 0 Lo
AD |AD | Always write “0” |Interrupt |Repeat {Scan 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| |B:Every 1/ Repeat Conversion |conversion
: |in progress | conyersion™._| “conversio channel  |Always 0
Conversion | |1:Eyery “mede scan mode |when read.
complete | fourth ! |
| | canversion |
VREFON 12AD - - ADCH3~ / ADCH2 | ADCH1 ADCHO
R/W R/W R/W R/W
0 0 0 ! 0 Q ! 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/ “VANO—ANL1—AN2
1: ON 0011: AN3/  ANO—AN1—AN2—AN3
0100: AN4/ ANO—ANI=AN2—AN3—
AN4
0101: AN5 /[ ( ANO—=AN1—AN2—AN3—
AN4—AN5
AD Mode 0110: AN/~ ANO—AN1—AN2—AN3—
ADMOD1 | control 12B9H AN4—AN5—ANG
register 1 01111 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
- - P - - - - ADTRGE
R/W
0 0 8] 0 0 0 0 0
ADMOD2 's‘gn"r”(:’lde 12BN | 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
92CM27 - 439 2005-04-20




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 ADRO0S8 ADRO7 ADRO06 ADRO05 ABRO4 ADRO3 ADRO2
esult
ADREGOH [ {0 670 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 | {ooidiera Low 12A4H R R
Undefined | 0
AD Resul ADR29 | ADR28 ADR27 ADR26 . ADR25 ADR24 ADR23 ADR22
esult
ADREG2H [ {0 i0era 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 |03 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 ADR43 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 ADRS56 ADR55 ADR54 ADRS53 ADR52
esult
ADREG5H register 5 High 12ABH R
Undefined
AD Resul ADR61 ADRG60 ADR6RF
esult
ADREGSEL |roricergiow | A2ACH R R
Undefined 0
AD Resul ADR69 | ADRG68 ADR67 ADRG6 ADR65 ADR64 ADRG63 ADR62
esult
ADREGEH | {o0icer s High 12ADH R
Undefined
AD Resul ADR71 | ~ADR70 ADR7RF
esult
ADREG7L register 7 Low 12AEH R R
Undefined 0
AD ResS ADR79 | ADR78 ADR77 ADR76 ADR75 ADR74 ADR73 ADR72
esu!
ADREGTH |/ooicer7rign |- L2AFH 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 |rocergion | 12BOH R R
Undefined 0
ADR89 ADR88 ADRS87 ADR86 ADR85 ADR84 ADR83 ADR82
AD Result
ADREGBH |feoicergign | 12BIH R
Undefined
ADR91 | ADR90 ADR9RF
AD Result
ADREGOL |jooicroton | 12B2H R R
Undefined 0
ADR99 | ADR98 ADR97 ADR96 APR95 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 ADRAS ADRA4 ADRAS ADRA2
ADR It
ADREGAH |10 hign | 12B5H R
Undefined
ADRB1 | ADRBO ADRBRF
ADR It
ADREGBL |foocers on | 12B6H R R
Undefined 0
ADRB9 ADRBS8 ADRB7 ADRB6 | ADRBS ADRB4 ADRB3 ADRB2
AD Result
ADREGBH |/eoicrB Hign | 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 DACO00
DA O R/W
DACOREG register 1260H 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
REFONQ OPO
RW
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 DACIAL DAC10
DA 1 R/W
DACI1REG register 12E4H 0 0 5 0 0 o 0 0
_ — — - VALID
RIW 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
| RIW
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 3 2 1 0
WDTE WDTP1 WDTPO — — 12WDT RESCR —
R/W R/W R/W R/W
WOT 1 0 | 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 0l 21g/fsys 1. Operate |/WDT out
10: 2 /fsys to the
11: 2%fsys reset pin
wDT v_v
WDCR control 1301H
register —
B1H: WDT disable code 4E:WDT c¢lear code
(16) Key-on wake up
Symbol Name Address 7 6 5 4 3 2 1 0
KI7EN KIGEN KISEN KI4EN KI3EN KI2EN KILEN KIOEN
Keylnput O09EH w
KIEN Enable setup (Prohibit 0 0 0 0 0 ¢ 9 0
register RMW) KI7 input  {KI6 input (KI5 input \ | Kl4input | KI3input KI2input. ~KIl+input | KIO input
0:Disable | 0:Disable : 0:Disable~_Q:Disable | 0:Disable /i0:Disable 0:Disable : 0:Disable
1:Enable 1:Enable |1:Enable [1:Epable |1:Enable \ +:Enable] | 1:Enable |1:Enable
KI7TEDGE | KIGEDGE | KISEDGE. | KI4EDGE | KISEDGE. | KI2EDGE | KILEDGE | KIOEDGE
009FH w
Key Input 0 0 0 0 0 0 0 0
KICR control (Prohibit
register rvw) |KI7 edge KI6 edge’ KiSedge Kli4edge  Ki3 edge —KiI2 edge Klledge  KIOedge
0:Rising 0:Rising 0:Rising 0:Rising O:Rising O:Rising : O:Rising 0:Rising
1:Falling 1:Falling . IsFalling 1:kalling 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 TAOIRUN).

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, (TAOIRUN) ... Set bit 8"of TAQLRUN,
Example 2: INC 1, (100H) ... Increment the data at 100H.

e Examples of read-modify-write instructions on the TI.CS-900
Exchange instruction

EX  (mem), R

Arithmetic operations

ADD (mem), R/# ADC (mem); R/#
SUB (mem), R/# SBC _(mmem), B/#
INC #3, (mem) DEC #3;(mem)

Logic operations
AND (mem), R/# OR (mem) /Rt
XOR (mem), R/#

Bit manipulation operations
STCF #3/A,|(lnem) RES  #3, (mem)
SET  #3,(mem) CHG  #3,(mem)
TSET #3/(mém)

Rotate and shift-gperations

RLC._ (mem) RRC._ (mem)
RL (mem) RR (mem)
SLA  (mem) SRA  (mem)
SIIL  (mem) SRL  (mem)
RLD  (mem) RRD (mem)

c. e, fs, frpH, fSYS. and one/state

The clock/ frequency input on X1 and 2 is called foscH. The clock selected by
PLLCRO<FCSEL>ugcalled fe.

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 asinternal.area, use of it is

impossible. Moreover, when using an emulator, since it is used-for controel of an emulator,
64K bytes with arbitrary 16M byte area of use cannot be performied:

c.  Warm-up counter

The warm-up counter operates when STOP mode is released, eyen if the system is using
an external oscillator. As a result a time equivalent to thewarm-up time elapses between
input of the release request and output of the system clock,

d. Watchdog timer

The watchdog timer starts operation immgdiately. 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-¢ut by-a program so as to
reduce power consumption. When STOQP maode 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 duting DI condition.
i.  Interrupt

Whenyou use interrtiption, be sure'to get\'1" as the bit 7 of a SIMC register.
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7. Package Dimensions

Package Name: P-LQFP144-1616-0.40C

Unit'mm

18.0+0.2
16.010.1

16.010.1
18.010.2

36
[${0.07 M)

0.05

4
1,7MAX

[10.08

0.05)1

() =

2

<
!
0410
(0.25]

0.45~0.75
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