TOSHIBA TMPI0CR74A

CMOS  8-BIT MICROCONTROLLER

TMP90CR74ADF

1.  OUTLINE AND CHARACTERISTICS

The TMPYOCR74A is a high-performance 8-bit single-chip microcontroller; TLCS-90 CPU core
capacious ROM, RAM and peripheral circuits adequate to control VCR system are included.
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Efficiently systematized instructions

® 163 instructions

¢ Multiplication, division, 16-bit arithmetic operation, Bit manipulation

Minimum instruction execution time : 250 ns (at 16MHz Oscillation), 122 xs {at 32.8 kHz
Oscillation.}

Internal ROM : 56K bytes

Internal RAM 1K bytes

20-bit time-base Counter (TBC)

8-bit timer/counter : 4 channels

® Timer mode/Event counter mode ® 16-bittimer/counter mode

Capture inputs : 8 terminals

® 18-bittiming data + 6-bit trigger data (with 8 level FIFO) : 1channel

® 16-bittiming data + 1-bit trigger data 1 2channels

Timing Pulse Generator (TPG) : 2 channels ;1 channel

® 16-bittiming data + 6-bit output data (with 4 level FIFQ) :  1channel

® 16-bittiming data + 4-bit output data

PWM output

® 12-bit PWM : 2 channels % 8-bitor 14-bit PWM : 1 channel

C-Syncsignal separation

® H/V SYNCseparation * Mute Detection

VISS/VASS detection

® Index Search/Address code Search

Head amp/Colar rotary contral circuit -

Pseudo synchronizing signal (PV/PH) output
Serial interface
® 8-bitclack synchronous mode : 2 channels e 12C-BUS mode : 1 channel
On-Screen Display (OSD) Control circuit
® 256 characters ¢ 24 characters x 10 lines
8-bit A/D Converter : 12 inputs '
CTL amplifier, Capstan FG amplifier
Input/Output port : 63 terminals
Interrupt : 18 factors (20 interrupt sources)
Watch dog timer
Operation mode under low Current Consumption {Dual Clock System)
¢ STOP mode: Oscillation stop (Battery / Capacitor back-up).
Port output selection (Data hald / High impedance)

® SLOWmode: Slowspeed operation with 32.8 kHz A;/\\
® IDLE mode: CPUstop/peripheral circuit active at high speed / released by interrupt _( \
® SLEEPmode: CPUstop/peripheral circuit active at slow speed / released by interrupt \J

The TMPSOCR74ADF is molded in a 100-pin Quad Flat Package (QFP100-P-2222A)

Purchase of TOSHIBA I C components conveys a license under the Philips 2 C Patent Rights to use these o .

components in an I? Csystem, provided that the system conforms to the 12 C Standard Specification as defjﬁéd/by
Philips. N
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Fig 1.1 TMPY0OCR74ADF Block Diagram
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TOSHIBA TMP9Y0OCR74A

2. PIN ASSIGNMENT AND FUNCTIONS

The pin assignment of TMP9QCR74ADF is shown in Fig. 2.1 and its name and function are in Table
2.1,

2.1 Pin Assignment
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Fig 2.1 Pin Assignment of TMPY0OCR74ADF
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TOSHIBA

TMP90CR74A

2.2 Pin name and pin functions
The name and functions of each pin are shown in Table 2.1.

Table 2.1 Pin name and pin functions (1/4)

Pin Name No. of Pins o Function
Port structure
P00 to PO7 8 o POO to PO7 8-bit 110 port. Input and output can be setin bit unit.
3-state
P10to P17 8 1o P10 o P17 8-bit /O port. Input and output can be set in bit unit.
3-state
P20 2 7o} P20, P21 2-bit /O port. Input and output can be set in bit unit.
(TPGOG/ TPO) 3-state TPGQO/TPGO1 Timing Pulse Generator 0 (TPGD}
P21 Programmable | TPO/TP1 Timing Pulse (TP} output.
(TPGO1/TP1) Cpen Drain
P22 2 7o P22,P23 2-bit VO port. Input and output can be set in bit unit.
{(VTP3/CR) 3-state VTP3/VTP4 Videa Timing pulse (VTP) output.
P23 Programmable [CR Color Rotary output.
(VTP4/ HA) Open Drain HA Head Amp switching signal output.
P24 (TP2/TI3) 1 1o P24 1-bit ¥O port. Input and output can be set in bit unit.
3-state TP2 Timing pulse (TP) output.
Programmable | TI3 Event count input for Timer3 (TC3).
Open Drain
Schmittinput
P25 (SCLKO) 1 o P25 1-bit /O port. Input and output can be set in bit unit.
3-state SCLKO Serial clock input/output for SI00.
Schmitt input
P26 (TXDO) 1 Is] P26 1-bit O port. Input and output can be set in bit unit.
3-state TXDO Serial transmit data output for SI00.
P27 (RXDO) 1 1o P27 1-bit /O port. Input and output can be set in bit unit.
3-state RXDG Serial receive data input for 51C0.
Schmittinput
P30 1 1o P30 1-bit /O port. Input and output can be set in bit unit.
{(AMPOUT) 3-state AMPOUT Monitor output of Analog amp (CTL amp / CFG amp) for
servo control.
P31 (DFGPG} 3 Vo P31, P32, P33 3-bit /O port. Input and output can be setin bit unit.
P32 (RMTIN} 3-state DFGPG Input for Drum PG/FG conposite signal.
P33 (ACCK) Schmittinput | RMTIN Input for remote control signal.
ACCK Input for AC power frequency.
P34 1 o P34 110 port. Input and output can be set in bit unit.
(TIO/EXT) 3-state TIO Event Count input for Timer0 (TCO).
Schmittinput | EXT External trigger input for Capture 0 (CAPD),
P35 1 YO P35 1-bit VO port. Input and output can be set in bit unit.
(T12/T03) 3-state TI2 Event Count input for Timer2 (TC2).
Schmittinput {TO3 Timer3 ({TC3) output.
MCU90-392
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TOSHIBA TMPS0CR74A

Table 2,1 Pin name and pin functions (2/4)

Pin Name No. of Pins Vo Function
Port structure
P36 1 Ie] P36 1-bit 1/O port. Input and output ¢an be set in bit unit.
(TP3/TPG12) 3-state TP3 Timing pulse {TP) output.
Schmittinput |TPG12 Timing pulse generator (TPG1) output.
P37 (CAPFR) 1 e} P37 1-bit ifQ port. Input and output can he setin bit unit.
3-state CAPFR Capstan motor control output.
Programmable
Open Drain
P40 (DOTX)) 2 1O PaQ, P41 2-bit /O port. Input and output can be set in bit unit.
P41 {DOTXO) 3-state DOTXI/DOTXO Oscillator terminal for OSD dot-clock.
P4z 1 o P4z 1-bit I/0 port. Input and output can be set in bit unit.
(BLK/TXD1} Open Drain BLK Blanking output for OSD.
TXD1 Serial transmit data output for SIO1.
P43 (CMPIN) 2 [T} P43, P44 2-bit /0 port. Input and output can be set in bit unit.
P44 (HDIN) 3-state CMPIN Comparator signal input for Head Amp switch.
Schmittinput |HDIN Horizontal sync. signal input.
P45 1 o PaS 1-bit I/0 port. Input and output ¢an be set in bit unit.
(B/RXD1) QOpen Drain B Blue output from QSD.
Schmittinput | RXD1 Serial receive datainput for SIO1.
P46 (G /SC) 2 11Q P46, P47 2-bit O port. Input and output can be setin bit unit.
P47 (R/SY) 3-state G,R Green and Red cutput from OS0.
SC, SY Chroma, luminance Signal cutput from QSD.
P50 (INTO) 2 o P50, PS1 2-bit /O port. Input and cutput can be set in bit unit.
PS1(INTY) 3-state INTO, INT1 External interrupt request.
Schmitt input
P52 (SDAQ/ 2 o P52, P53 2-bit /O port. Input and output can be set in bit unit.
RXD2/VTPQ) 3-state SDAQ Serial data /0 for 12CBUS.
P53 (SCLY/ Programmable | SCLO Serial clock I/Q for 12CBUS.
SCLK2/VTP1} Open Drain RXD2 Serial receive datainput for SIO2.
Schmittinput | SCLK2 Serial clock input/output for S102.
VTPQ, VTP1 Video timing pulse (VTP) output.
P54 (TXDZ/ 1 ffe} P54 1-bit /O port. Input and output can be set.
VTP2) 3-state TXD2 Serial transmit data output for S102.
Schmittinput | VTP2 Video timing pulse (VTP) output.
P55 (SDA1) 2 1o P55, P56 2-bit 1¥O port. Input and output can be set in bit unit.
P56 (SCL1) 3-state SDA1 Serial data input/output for 12CBUS.
Open Drain SCL1 Serial clock input/output for 1ZCBUS.
Schmitt input
P57 {SCLK1) 1 f{e] P57 1-bit /O port. Input and output can be set.
Open Drain SCLKA Serial clock input/output for SIO1.
Schmitt input
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TOSHIBA

TMP90CR74A

Table 2.1 Pin name and pin functions (3/4)

. . I{s] :
Pin N No. of P

in Name 0. of Pins Port structure Function
P60 (AINQ) to 10 Input P60 to P67 8-bit input port.

P67 (AIN7) P70, P71 2-bit input port.
P70 (AINB) to AINO to AIN9 Analog input for A/D ¢converter.

P71(AING)
P72 (XTIN) 2 o P72,P73 2-bit /O port. Input and output can be setin bit unit.
P73 (XTOUT) 3-state XTIN, XTOUT Oscillator terminals for siow clock (32.768 kHz)
P74 (PWM2/ 1 Output P74 1 t-bit output port.
PWM3) 3-state PWM2/PWM3 :  8-bit/ 14-bit PWM (PWM2 / PWM3) cutput.

Programmable
Open Drain
P80 2 Output P80, P81 2-bit output port.
P81 3-state
PWMG 2 Qutput PWMO 12-bit PWM (PWMO) output.
PWM1 3-state PWMI1 12-bit PWM (PWM 1) output.
Programmable
Open Drain
VASWP 1 Output Video/ Audio head switching control signal output.
3-state
CSYNC 1 Input Composite sync. signal input.
- Schmittinput
CTLBIAS 1 - Bias terminal for control (CTL) amplifier.
RPCTL 1 Hlo) Input and output for Control (CFL) signal.
CBIN 1 Input Bias input terminal for control (CTLY amplifier.
CTLO 2 Output CTL amplifier output for gain switching.
CcTLY
CNFB 1 Input Negative feed-back terminal of CTL amplifier.
PDP (AIN10) 1 PDP Terminal for Peak-Hold capacitor which keeps plus
{positive) peak for control (CTL) Amplifier.
AINTO Analog input for PDP level monitor.
PDM (AIN11) 1 PDM Terminal for Peak-Hold capacitor which keeps plus
{positive) peak for control (CTL) Amplifier.
AINT1 Analog input for PDM level monitor.
MCU90-394
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TOSHIBA

TMP90CR74A

Table 2.1 Pin name and pin functions (4/4)

Pin Name No. of Pins WO Function
Port structure
CFGA 1 Output Capstan FG amplifier (CFGA amp.) output.
CFGAIN 1 Input Capstan FG amplifier (CFGA amp.) input.
CFG BIAS 1 - Capstan FG amplifier bias terminal.
CFGBIN 1 Input Capstan FG amplifier {CFGB amp.) input.
CFGB 1 Output Capstan FG amplifier {CFGB amp.) output.
VIDEO 1 OQutput 05D video signal output.
PV {BLK 1 Output Pseude V-SYNC (PV) output’ On Screen Display (O5D) Blanking (BLK) output.
4-state
VDIN 1 Input Vertical sync signal input.
Schmitt input
XI, X0 2 Input, Output | Oscillator terminals for 4fsc clock of OSD
CLK 1 Output Clock output  :  1/2 or 1/4 of system clock (16 MHz) is output. During RESET
operation, output stays high. (Pulled up internally).
TEST 1 Input Testterminal @ Should be connected to high.
XIN, XOUT 2 Input, Output | Oscillator terminals for main clock (16 MHz)
RESET 1 Input Systemn reset input.
Schmittinput
DvCCt 2 - Digital Power supply.
DVCC2
DGND1 2 - Digital Ground.
DGND2
AVCCI 1 - Analog Power supply.
AVCC2
AGND1 1 - Analog Ground.
AGND2
ADREF 1 - AJD converter reference voltage.
ADGND 1 - A/D converter Ground.

MCU90-395

B 9097249 0043kL2 570 N



TOSHIBA ‘ TMPIOCR74A

3. OPERATION
This chapter describes the functions and the basic operations of the TMP90CR74A in every block.

31 CPU
TMP0CR74A includes a high performance 8 bit CPU. For the function of the CPU, see the previous
chapter “TLC5-90 CPU”. This chapter explains exclusively the functions of the CPU of TMP9Q0CR74A which
are not described in the chapter "TLCS-90 CPU”.

3.1.1 Reset
In order to reset the TMPO0CR74A, the RESET input must be maintained at the "0 level for at least ten
system clock cycles {10 states : 1.25 1s at 16 MHz) within an operating voltage band and with a stable
oscillation. When a reset request is accepted, all I/O ports and internal registers are initialized. The
registers of the CPU remain unchanged. Note, however, that the program counter PC, the interrupt
enable flag IFF are cleared to “0”. Register A shows an undefined status.
When the reset is cleared, the CPU starts executing instructions from the address 0000H.

3.1.2 EXF (Exchange Flag)
For TMP90CR74A, “EXF”, which is inverted when the instuction "EXX" is executed to transfer data
between the main register and the auxiliary register, is allocated to the watch dog timer control register
2 (WDTCR2 <EXF> : bit 1 of memory address FFFBH).

-WoTeR2 7 LB > 4 3 2 e 0
(FFFBH) | TBCIF I TBCOF | WDTE ] ''''' I EXF I DRVE |
EXF Exchange Flag Invert each time EXX instruction is executed. R

3.2 Memory Map

3.2.1 Internal ROM
The TMPY0CR74A contains an 56K-byte ROM. The address space from D000H to DFFFH is provided
to the ROM. The CPU starts executing a program from 0000H by resetting.
The addresses 0008H to 004FH in this internal ROM area are used for the entry area for the interrupt
processing.

3.2.2 Internal RAM
The TMP90CR74A also contains a 1K-byte RAM, which is allocated to the address space from FBBOH
to FFAFH. The CPU allows the access to a certain RAM area (FFOOH to FFAFH, 176 bytes) by a short
operation code (opcode) in a “direct addressing mode”.

3.2.3 Internal /O
The TMP90CR74A provides a 103-byte address space as an internal I/O area, whose addresses range
from FFBOH to FFFDH (1O area 1) and F780H to F799H (/O area 2). This I/O area 1 can be accessed by
the CPU using a short opcade in the “direct addressing mode”.
Figure 3.2.1 is a memory map indicating the areas accessible by the CPU in the respective addressing
mode.

MCU90-396
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TOSHIBA

0000H

DFFFH

F780H

F799H

FBBOH

FEFFH
FFOOH

FFAFH
FFBOH

FFFDH

00H

EFH
FOH

F7H

TMPO0CR74A
Internal ROM
(56K byte) Program
& Data Area
internal ¥O A
(26 byte) DatavArea
Internal RAM
{1K byte)
Data Area
: Direct Area
Internal /O
(77 byte)
(a) Memory map for CPU
. |
10 bit 1
Character code RAM <CMDO>
(300 byte) : <CMD1>
. Character ROM
{6.75K byte)

0S50 contral RAM
(8 byte)

8 bit 1

{b) Memory map for OSD control RAM and character ROM

Figure 3.2.1 Memory map
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TOSHIBA | ‘ TMP9OCR74A

3.3 SYSTEM CLOCK CONTROL _
The System Clock Controller consists of Clock Generator, Timing Generator, Standby Controller and
Read Time Counter (RTC).

| : : System Clock TBCH TBC20 '

lN 1 1 } ]

X | I :' Osc. circuit for fci i T 1 f T 1‘ ---------- 1‘ E

I | High frequency | System Clock Time Base Counter }

1 1 | - 1

D H dock 1 , Generator {TBC} ]

XouT : E :: E
1 . N

XTIN D H E I Timing Generator | ________________________ 4

(P72) : Osc. circuit for £ | SO .

- ! Low frequency 1 : H

XTOUT | dock i : Standby Controller |— STOP (Stop mode status signal} '

o TR a

| : ' L Setting of SYSCR1 <WUEF> !

1 [} ] 1

i E E reset y S s

i Clock Generator | 1, - Q ——— Reading of SYSCR1 <WUEF> |

L - — Warming-up > R H

Ly Counter i

i SYSCRI '

! { <WUEF> :

I SYSCRZ <WARM> i

: Standby Controller :

e e oo m o ——— e e e e e J

[ T T eSS T T A

i SYSCR2 SYSCR2 <RTCISO> |

1 [}

E <RTCCK>> SYSCR2<RTCST> SYSCR2 <RTCIS1> E

' ) :

InisR ' et

t lselector |  17bitCounter [ Selector — INTRTCinterrupt |

" :

[} ]

[} ]

1 1

J

Real Time Counter (RTC)

Figure 3.3.1 System Clock Controlier

3.3.1 Clock Generator

The Clock Generator is a circuit which generates a basic clock for the system clock; the system clock is
provided for CPU and peripheral hardwares. This Clock Generator contains 2 types of oscillating circuit
for high frequency clock and for low frequency clock. Osciliating circuit for the system clock can be
selected on Standby Controller, and the current consumption can be reduced by selecting low-speed
operation.

High frequency clock (fc) and low frequency clock (fs) are obtained by connecting oscillator between
terminals XIN and XOUT and between terminals XTIN and XTQUT respectively. Clock input from external
oscillator is also available.
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TOSHIBA TMP90OCR74A

High Frequency Clock Low Frequency Clock
| XOUT XIN XOuUT XTIN XTOUT XTIN XTIO:U]T
I | (open)
{a) ForCrystal and, (b) For External Oscillator (¢} For Crystal Oscillator (d) For External Oscillator
Ceramic Oscillator

Figure 3.3.2 Connecting Oscillator
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TOSHIBA TMPS0CR74A

3.3.2 Timing Generator : :
The timing generator generates sorts of system clock from the basic clock (fc or fs), providing for CPU
core and peripheral hardwares.
{1) Architecture
The timing generator consists of the system clock generator and the time base counter (TBC) which
generates system clock for peripheral hardwares. After resetting, the system clock is generated from
high frequency clock (f¢) (NORMAL mode). Both Executing the instruction and operating the internal
hardwares are synchronized by this system clock.
(2) Time Base Counter
The time base counter consists of a 20-bit up-counter counted by a basic clock divided-by 2 (fc/2 or fs/2),
16-bit data register and control register.
Figure 3.3.3 Shows the structure of the time-base counter (TBC).

Internal data bus

S

T T T T 7 17 LI B B B |
| Data register 1 Data register
F I I TN N S | | S I S N N A |

A
S

Y

YYTYY

> >To peripheral O
block

by
TBCCR<INTTBCO1>
TBCCR<INTTBCOO>

TBCCR<TBCOE>
— INTTBCO
selector wmcm < TBCOF >

:D_,INTTBC interrupt
request

Selector »WODTCR1<TBCIF>
INTTBC1H
o | N m [ i o [~ o lov Jo L TBCCR<TBCIE>

Rl (2 0 el A PR =2 Y ol al el il el el il el

vplupvippivpivjvivivivip|luiow oo

o e | joo | | o |oo oo (o oo fod oo Jeo joo [ (oo o joo jen TBCCR<INTTBC10>

O o o T ol Tl (et ol o o (o o o TRCCR<INTTBC11 >
Py % — 20-bit up-counter
Basic dock
(fc or fs)

Figure 3.3.3 Structure of Time-Base Counter (TB()
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TOSHIBA TMP90CR74A

Time Base Counter Control Register

TBCCR 7 6 5 4 3 2 i 0
e e o
(F798H) T I_TBCIE l TBCOE ITlaréTﬂ I Té,“éT,o 1BCO1 T;I;'ém (Reset Value +«*Q0 0000)
TBCIE 00 : INTTBC Interrupt Disable
INTTBC Interrupt 01 : INTTBCO Interrupt Enable
TBCOE Enable/ Disable 10 : INTTBCI Interrupt Enable
11 : INTTBCO/INTTBC Interrupt Enable
00 : TBC12
INTTBC11
INTTBC1 Interrupt 01 : TBCi4 RAW
Source Clock Selection 10 : TBC16
INTTBC10
11 : TBC1§
00 : TBC11
INTTBCO?
INTTBCO interrupt 01 : TBC13
Source Clock Selection 10 : TBC15
INTTBCQOQ
11 . TBC17
Time Base Counter Data Register 1
TBCDRI 7 6 S 4 3 2 1 0
(FFBZH) ITBC” | TAC11 Irscml TBCY | TBCS | TBC7 I TBC6 | Tacs_] (Reset Value 0000 0000) Read only
Time Base Counter Data Register 2
TBCDR2 7 6 5 4 3 2 1 0
(FFB3H) | 75020 | tac1s [ tecis | teci7 [ racis | 1ec1s | tacia [ 18c3 | (Resetvalue 0000 0000)  Read only
Watchdog Timer Control Register 1
WDTCR1 7 6 ‘ 5 4 3 2 1 0
{FFF8H) [ racir & tecor | wore
0{W) : dlear
Tw) @~
TBC1F INTTBC1 interrupt Request Flag .
0(R) : Nointerruptreguest
1(R} : Interruptrequest RV
0(W) : Ciear
1(w) : -
TBCOF INTTBCQ Interrupt Request Flag )
O0(R) : Nointerruptrequest
1(R) : Interrupt request
(@ Operation

The time-base counter outputs (TBC1 to TBC20) are used as clock source or timing data for
Timer/Counter, Capture (CAPO/CAP1/CAP2), timing pulse generator (TPG), and other peripheral /O
bilocks. The contents of time-base counter outputs TBCS to TBC20 can be read by reading the time-base
counter data registers, TBCDR1 and TBCDR2. Note that the data registers must be read in order of
TBCDR1 and then TBCDR2.

Time-base counter interrupt requests {INTTBC) can be generated on the rising edges of counter
outputs TBC11 10 TBC18. The interrupt source is selected by the time-base counter control register TBCCR
<INTTBC11, INTTBC10, INTTBCO1, and INTTBC00>. The INTTBC interrupt requests are comprised of two
interrupt request signals INTTBCO and INTTBC1 that are logical OR’ ed to generate an interrupt request.

Which interrupt is requested can be identified by reading the watchdog timer control register 1 WDTCR 1
<TBCOF> and <TBC1F>.

Table 3.3.1 lists the interval time of time-base counter outputs.
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3.33

Table 3.3.1 interval time of Time-base Counter (f = fc)

TBCH TBC2 TBC3 TBC4 TBCS TBC6 TBC7 TBCB TBC9 TBC10

'“‘e’"g]'“'“e 227§ 23/ f 2078 | 2506 | 2808 | 2748 | 2818 | 2048 | 20078 | 21144

at ‘[‘;"]"”z 0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 640 | 1280

TBC11 T8CI2 TBC13 T8C14 | TBC1S TBC16 | TBC17 TBC18 | TBC19 TBC20

212/f 21371 214/ f 215/F 216/% 21774 21811 219/f 220/f 20111

256.0 512.0 1024 2048 4096 8192 16384 32768 65536 | 131072

Standby-Controling Circuit

standby-controling circuit operates for oscillator (high frequency clock, low frequency clock)
oscillate/stop and system clock switching. The TMP90CR74A has five operation modes : NORMAL, IDLE,
SLOW, SLEEP, and STOP. System control registers (SYSCR1 and SYSCR2) are used to switch between these
operation modes. Figure 3.3.4 shows an operation mode transition diagram and the device statusin each
operation mode.

@

NORMAL mode
This mode is to operate CPU core and peripheral hardwares under high frequency clock (fc). The
mode after resetting is NORMAL mode (only high frequency clock oscillates).

IDLE mode

In this mode, the CPU is halted, with the peripheral hardware operated by the high-frequency
clock {fc). (Refer to the device status in each operation mode in Figure 3.3.4 (b).) To set IDLE mode,
set WDTCR2<HALTM1, HALTMO> to IDLE mode previously, and execute HALT instruction. This
IDLE mode is released by interrupt, which comes from peripheral hardwares or external input;
afterwards the device becomes NORMAL mode again. When IFF (interrupt enable flag of CPU) is
"1" (interrupt is enabled), the device returns to normal operation after the interrupt operation.
When IFF is “0” (interrupt is disabled), the device restart from the instruction following HALT for
IDLE mode.

SLOW mode

In this mode, the high-frequency clock is made to stop oscillating, with the CPU core and
peripheral hardware operated by the low-frequency clock (fs), thus helping to save power
consumption greatly. (Refer to the device status in each operation mode in Figure 3.3.4{b).} Before
the SLOW mode is used, the Low-frequency clock (fs) must already be oscillating at the beginning of
your application program after the device is cleared of a reset. Switch over from NORMAL to SLOW
modes and from SLOW to NORMAL modes are controlled by the system control register <$YSCR1
or SYSCK2>.

SLEEP mode

In this mode, the CPU is halted, with the peripheral hardware operated by the low-frequency
clock (fs). The same procedure is followed to activate the SLEEP mode and return to the SLOW
mode as in the IDLE mode. (Refer to the operation mode transition diagram in Figure 3.3.4 (a).)
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® STOP mode

All system operations including oscillating circuit stop under this mode. The device keeps the
internal condition under low current consumption. In this case, the I/O port output state can be
selected for all ports collectively between output retention or high-impedance state by the
watchdog timer control register 1 WDTCR1 <DRVE>. In order to set device to STOP mode, set
watchdog timer control register 2 WDTCR2 <HALT1, 0> to STOP mode and execute HALT
instruction. Releasing is done by external interrupt INTO (P50) or INT1 (P51) {Interrupt generation
timing is selected either rising edge or falling edge). After the period for warming-up, the device
restarts from the instruction followed by HALT instruction when interrupt is disabled. And it
restarts after interrupt routine when interrupt is enabled.

Reset

Reset release

HALT
instructi
IDLE mode E— NORMAL mode HALTI ti
<SYSCK™> =0 Instruction
Interrupt
Interrupt STOP mode
HALT '
et mod —_instruction SLOW mode
mede <SYSCK> =1 |7 HALT
instruction
Interrupt
(a) Operation Mode Transition Diagram
Operation Qcsillator System
peratio - b CPU Peripheral Y
Mode High freq. (fc) | Lowfreq. (fs) Clock
RESET Stop Reset Reset
High-
NORMAL Osc. Osc. Run Operation | frequency
or
IDLE Stop Stop (Note 1)
SLOwW Run (Note 2) Low-
Osc. frequency
SLEEP Stop (Note 1)
Stop
STOP Stop Stop Stop

(b) Device status in each operation mode

Note 1} The I/O ports retain the previous status immediately before the HALT instruction is executed.
The peripheral circuits only (1) time-base counter (TBC), (2) watchdog timer (WDT), (3) real-

time counter (RTQC), and (4) interrupt control circuit are operating.
The operating circuits in this case are (1) /O ports, (2) time-base counter (T8C), (3) watchdog

Note 2)

timer {(WDT), (4) real-time counter (RTC), and (5) interrupt control circuit. (All ather peripheral
dircuits and their interrupts must be disabled before they are placed in the SLOW mode.)

Figure 3.3.4 Operation mode transition diagram and device status

MCU90-403

B 9097249 D0O436L70 bY47 EE



TOSHIBA | TMP90CR74A

System Control Resister 1

SYSCR1 7 6 5 4 3 2 1 0
(FFBOH) : [svsex T xen | xren | mxen | rxren [rsvsck | wuer | (ResetValue +010 1000)
SYSCK (W) System Clock Mode Select 0 : High Frequency Clack Made
(R) Monitor 1 : Low Frequency Clock Mode
XEN (W) High Frequency Oscillator Control 0 : Stop Oscillation
(R) Monitor 1 : Continue/ Restart Oscillation
XTEN (W) Low Frequency Oscillator Control 0 : Stop Oscillation
{R) Manitor 1 : Continue/ Restart Oscillation
RXEN High Frequency Oscillator Control 0 : Stop Oscillation
after restarting from Stop mode 1 : Restart Oscillation RW
RXTEN Low Frequency Oscillator Control after 0 : Stop Oscillation
restarting from Stop mode 1 : Restart Oscillation
RSYSCK System Clock Mode Select after 0 : High Frequency Clock Mode
restarting from STOP mode 1 : Low Frequency Clock Mode
. 0: (W)~
(W)Warming-up Counter Control .
WUEF (R) Warmi flag (Monitor) (R) Warming-up Complete
arming-u a nItor,
guptlag 1 : (W)Warming-up Start,
(R} In Warming-up
System Control Resister 2
SYSCR2 4 3 2 1 0
{FFB1H) I RTCCK I RTCST I RTCIS? I r1ciso | warm | (Reset Value *xx0 0000)
0 : Low Frequency Clock
RTCCK RTC Clock Source Select R
1 : High Frequency Clock
0 : Stop and Counter Clear
RTCST RTC Start Control
1 : Start
00 : fe/215 or fsr215(1.0) [s)
RTCis1 R/W
L 01 : fcf216 or fs/216 (2.0} [s}
Interval Time Control of RTC interrupt
RTCISO 10 @ fes214 or f5/214(0.5) {s]
11 : inhibited
WARM Warmi Time Sefect 0 2V4/f¢ or 214/1s [s]
arming-up Time Selec
g-up 1 216/fc or 216/s [s]
Watchdog Timer Control Register 1
woTeRt 7 B s 4 3 |z 0
(FFFBH) ch I TBCOF IWDTE I ___________ | EXF I DRVE I (Reset Value *x00 0+00)
Controlling output status for port 0 : HighImpedance .
DRVE . 1 ; Keep the status throughout setting STOP RAW
during STOP mode
mode
Watchdog Timer Control Register 2
woteRr 7 6 05 4 3 2 1 0
(F797H) IWDTP'I [ woteo [naimi{Haitmo] (Resetvalue #x+= 0000)
HALTM1 g? : S_TOP g
Setting Stand-by mode ’ mode RIW
10 : IDLE mode or SLEEP mode
HALTMO '
11 : don’tuse
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3.3.4 Controlling Operation Mode

(1} STOP made

STOP mode is to be set by executing HALT instruction when watchdog timer control register 2 WDTCR2
<HALT?,0>="01". During STOP mode, both high frequency and low frequency stop oscillation and all
operations are stopped. Data memory, registers, output laches for ports keep the status of just before
the HALT instruction. The output for ports is selected whether to keep output or to be high impedance
by setting <DRVE > in watchdog timer control register 1 (WDTCR1).

Releasing STOP mode is done by interrupt or resetting. If CPU is El (interrupt master enable flag IFF is
“1"), the interrupt is accepted and CPU starts interrupt processing. if CPU is DI {interrupt enable fiag IFF is
“0"), CPU restart from the instruction followed by HALT; in this case, the interrupt request flag for
releasing is required to be cleared after releasing.

If STOP mode is released by resetting (RESET terminal to “L” level), even though the register setting for
returned mode is SLOW mode, the device restarts from NORMAL mode.

. HALT instruction
Program Execation

INTO termina! input

4
xouttermina TN 5 (T TN

NORMAL —s|«——— STOP mode —————-|<«Warming-up>|<— NORMAL operation
operation

L STOP mode is set on \__ STOP moede is released on account

account of HALT of external interrupt request
instruction

Figure 3.3.5 Sequence exampie for STOP mode
STOP mode is released by following sequence.

@ The oscillation starts. By setting system control register 1 SYSCR1 <RXEN, RXTEN, R5YSCK >, the
operation mode after the STOP mode can be selected; setting the register <RXEN, RXTEN,
RSYSCK > should precede HALT instruction for STOP mode.

Table 3.3.2 Operation Mode Setting after Exiting STOP Mode

<RXEN> <RXTEN > <RSYSCK>
Recovering to NORMAL mode 1 0 0
Recovering to SLOW mode 0 1 1

Note 1) If an interrupt request for releasing STOP mode occur when the “HALT" instruction is executed,
the operation mode which is determined by SYSCR1<SYSCK, XEN, XTEN > at the execution of
HALT instruction will be maintained.

Note2) The operation mode can be confirmed by reading system control register SYSCR1 <SYSCK, XEN,
XTEN>.

@ Warming-up is executed in order to keep time waiting for stabilizing oscillation. During warming-
up, the internal operation is still stopping. Time length for warming-up can be selected from 2 on
system control register 2 SYSCR2 <WARM > to fit an oscillation characteristics.

The clock source for warming-up counter is selected by hardware; high frequency clock (fc) is ta
recover NORMAL mode and low frequency clock (fs) is to recover SLOW mode.

MCU90-405
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Table 3.3.3 Warming-up Time (When Exiting STOP Mode)

To operate in To operatein
<WARM> NORMAL mode’ SLOW mode
(@ fc =16 [MHz]) {@ f5 = 32.768 [kHz])
0 1.024 ms 500 ms
1 4.096 ms 23

@  After warming-up time is completed, normal operation (NORMAL mode or SLOW mode) is
restarted.

(2) IDLE (SLEEP) mode

The IDLE (SLEEP) mode is entered by executing a HALT instruction after setting the watchdog timer
control register 2 (WDTCR2) <HALTM1, HALTMO>> to "10", In this mode, the CPU stops operating, with
part of the peripheral circuits continuing operation. {Refer to the device status in each aperation mode
in Figure 3.3.4({b).)

The IDLE (SLEEP) mode is released by an interrupt request or a reset (with the RESET pin pulled low). If
a non-maskable interrupt or a maskable interrupt is in El state, an interrupt routine will be executed after
releasing from the IDLE (SLEEP) mode. If the interrupt is in DI state, an instruction next to the HALT will
be executed after releasing from the IDLE (SLEEP) mode. The interrupt requeset flag which is used as a
mode releasing signal should be cleared to “0".

The interrupt source that can be used to release the IDLE (SLEEP) mode is (1) watchdog timer interrupt
{INTWDT), {2) timebase counter interrupt {INTTBC), (3) realtime counter interrupt (INTRTC), (4) external
interrupt (INTO), or (5) external interrupt (INT1).

if the device is reset when in IDLE (SLEEP) mode, the device starts up from the NORMAL mode.

(3) SLOW mode
The SLOW mode is controlled by system control register 1, 2 {(SYSCR1, 2) and warming-up counter.

@®  Switch over from NORMAL to SLOW mode

First, set the SYSCR1 <XTEN> to “1” to activate the low-frequency clock {fs). After the oscillation
stabilizes, set the SYSCR1 <SYSCK> to "1" to switch over the system clock to the low-frequency clock
{fs) (The low-frequency clock (fs) had better been already oscillating at the beginning of application
program). Then reset the SYSCR1 <XEN> to “0" to stop the high-frequency oscillator.

it may be convenient to use the warming-up counter to confirm the stabilized low-frequency clock
{fs). The warming-up counter starts counting the low-frequency clock (fs) by setting the SYSCR1
<WUEF > to “1“. The <WUEF> bit is cleared to "0” after an elapse of the warming-up time that is set
in the SYSCRZ <WARM?>.

Table 3.3.4 shows the warming-up time at which the mode is switched over from NORMAL to
SLOW.

‘Table 3.3.4 Warming-up time (for shifting from NORMAL to SLOW mode)
@ s = 32.768 [kHz]

<WARM >

0 500 ms

1 2s

Note 1) The warming-up time is derived by dividing the low-frequency clock (fs) by the warming-up
counter. For this reason, the warming-up time includes an error, because of the unstable
oscillation at the start-up. Therefore, the warming-up time must be handied as an approximate
value.
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Note 2) If the low-frequency clock (fs) does not have its oscillation stabilized even when the warming-up

flag <WUEF> is cleared to “0”, perform warming-up operation several times until the
oscillation stabilizes,

Figure 3.3.6 shows a switching over sequence from NOMAL to SLOW mode.

<SYSCK>

<XEN> |

<XTEN>

<wuers ] 1

xoutein {1 [ 1T T T T T T T

XTOUT pin = vaAVAVAVAVAVI\VAVAVAVAVAN
e Warmingeu

Figure 3.3.6 Switching over sequence from NORMAL to SLOW mode

@  Switch over from SLOW to NORMAL mode

First, set the SYSCR1 <XEN> to “1” to acrivate the high-frequency cock (fc) to start oscillating.
After waiting for the oscillation to stabilize, reset the SYSCR1 <SYSCK> to 0" to switch the system
clock from the low-frequency to the high-frequency clock (fc).

It may be convenient to use the warming-up counter to confirm the stabilized high-frequency clock
(fc). The warming-up counter starts counting the high-frequency clock (fc) by setting the SYSCR1
<WUEF>to “1". The <WUEF> is cleared to “0” after an elapse of the warming-up time that is set in
the SYSCR2 <WARM>.

Table 3.3.5 shows the warming-up time at which the mode is switched over from SLOW to
NORMAL.

Table 3.3.5 Warming-up time (for shifting from SLOW to NORMAL mode)

<WARM > @ fc= 16 [MHz]

0 1.024 ms

1 4.096 ms

Note 1) The warming-up time is derived by dividing the high-frequency clock (fc) by the warming-up
counter. For this reason, the warming-up time includes an error, because of the unstable
oscillation at the start-up. Therefore, the warming-up time must be handled as an approximate
value.

Note 2) If the high-frequency clock {fc) daes not have its oscillation stabilized even when the warming-

up flag <WUEF> is cleared to “0", perform warming-up operation several times until the
oscillation stabilizes.
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Figure 3.3.7 shows a switching over sequence from SLOW to NORMAL mode.

<SYSCK>

<XEN>

<XTEN>

<WUEF> i |

XOUT pin T T TR R RO
xtoutpin A NSINS NS NS NS NANSNS NS NSNS NSNS NS NS

«~—\Warming-up ——>

SLOW Mode NORMAL Mode

Figure 3.3.7 Switching over sequence from SLOW to NORMAL mode

3.3.5 Real Time Counter (RTC)
The TMPSQCR74A has the real time counter (RTC) which generates a periodic interrupt request. The
RTC is controlled by System Control Register2 {SYSCR2).
The RTCis a 17bit binary counter and its clock source is selected either low frequency clock {fs) or high
frequency clock (fc/4). To start/stop the counter is controlled by <RTCST >.
The period of interrupt request INTRTC is selected from 3 types by setting <RTCIS1, RTCISO>.
Table 3.3.6 shows the period of interrupt request INTRTC.

Table 3.3.6 INTRTC Interrupt Interval

INTRTC interrupt
< RTCCK > <RTCI51,0> ]
interval
0 00 15
(fs=32.768 kHz) 01 25
10 05 s
i 00 8.192 ms
(fc= 16 MHz) 01 16.384 ms
10 4.196 ms
MCU90-408
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3.4 INTERRUPT CONTROLLER

The TMP90CR74A has 18 types (external : 2, internal : 16) of interrupt factors {(As a source, 2 types for
external and 18 types for internal; totaled 20). Two of internal are non-maskable and others are
maskable.

The interrupt factor has own interrupt request flag (IRF) to keep the request for interrupt; every
interrupt request flag has a vector independentiy. Interrupt request flag is set to 1” on occurring of
interrupt request and requires acceptance for interrupt to CPU.

The acceptance for each interrupt can be enable independently by interrupt enable flag {IFF) and
Interrupt Enable register (INTE). If the plural interrupt are generated simultaneously, the interrupt with
higher priority is accepted first; the priority is fixed on hardware.

Table 3.4.1 Interrupt Sources
Cl Code f
Priority Interrupt Sources Type ear Lode Tor Vector address
interrupt
Highest 1 | INTSWI (Software Interrupt) — 0008+
Non Maskable

2 | INTWDT (Watchdog Timer) — 000CH
3 | INTO{External input Q) 04H 0010H
4 [INTCAPI {Capture 1) O5H 0014H
5 | INTCAPO (Capture Q) Q6H 0018H
6 | INTTRGO (Timing Pulse Generator 0) 07H 001CH
7 1 INTTPG1 {Timing Pulse Generator 1) 08H Q020H
8 | INTIC (12CBus} 09H 0024H
9 | INTTBC(Time Base Counter) CAH 0028H

INTTO (Timer Counter 0)
10 0BH 002CH

INTDIR (Capstan invert detection)
Maskable

11 | INTSIOO (Serial Interface 0) OCH 0030H
12 [INTSION (Serial Interface 1) 0DH 0034H
13 {INTT1 (Timer Counter 1) OEH 0038H
14 |[INTTZ (Timer Counter 2) OFH 003CH

INTT3 (Timer Counter 3)
15 10H 0040H

INTAD (A/D conversion)
16 | INTVA (VISS/VASS detection} 11H 0044H
17 1 INT1 (External input 1) 12H 0048H
Lowaest 18 | INTRTC (Real Time Counter) 13H 004CH
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When an interrupt is requested by software or from internal /O block the interrupt request is
transferred to the CPU via an interrupt controiler. The CPU starts the interrupt processing if it is 2 non-
maskabie or maskable interrupt requested in the El state ( Interrupt enable flag (IFF) = “1"). However, a

maskable interrupt requested in the DI state (IFF = "0") isignored.

Having acknowledged an interrupt, the CPU reads out the interrupt vector from the interrupt
controller and jumps to an interrupt routine. :

j)—)- Intreguest

= >

from stand-
by

L Reset

Vector
address

.
Swi 5 Q
R
Reset
L—( int. acknoledge
08H .
2, Non-Maskable int.
INTWDT N — 15 ocH — >
Int. enable reg. Int. enable flag
DataBus >— D Q IFF
Reset > R
Int. request fiag 16, IZD_
INTQ S Q \‘ ’ TL:
R Maskable int.
Clear code Ej}*‘
Int. acknoledge
10H
3] Int. enable reg.
DataBus > D Q
Reset »——— R —ljD_ 2
£z
N o — !

INTCAP1 ’ o Vector address |
B::a . generator
14H

INTCAPQ —ld 18H —

INTTPGO ] 1CH —

frt Al R g B

D e —

::;igc )—,-_-"'— 28H

INTDIR > Selector 1 2CH Y

INTSIO0 E 30H

INTSION > 34H |

INTT1 > 38H

INTT2 > —{[s] 3CH |

INTT3 1]

INTAD Selector a0H I )

INTVA [e] 44H

INT1 > A8H

INTRTC > acH }—

INFCR<T3ADS> r———

INTCR< TODIRS 3> pr—r

Figure 3.4.1 Configuration of Interrupt Controller
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3.4.1 Interrupt processing
A non-maskable interrupt can’t be disabled by programming. A maskable interrupt, on the other
hand, can be enabled or disabled by programming.
An interrupt enable flag (IFF) is assigned on the bit 5 of Register F in the CPU. The interrupt is enabled
or disabled by setting IFF to “1" by the El instruction or to “0” by the Di instruction, respectively. {FF is

reset to "0" by the Reset operation or the acceptance of interrupt. The interrupt can be enabled after the
subsequent instruction of El instruction is executed.

Fig. 3.4.2 shows an interrupt processing flowchart.

(Interrupt Processing )

{SP- 1) «PCy

(SP-2) «PC
(SP-3)eA

{SP - 4) e~ F (include |FF)
SP&-5P -4

> 20 states
IFFe=0

| PC « Vecter address |

I

Linterrupt processing program J

RETl instruction
F & (5P)
A (SP+1)
PCL e {SP +2)
PCH «—(SP + 3)
SP<SP+4

END

Figure 3.4.2 Interrupt Processing Flowchart

The CPU stores the contents of program counter (PC) and the register pair AF (including the interrupt
enable flag (IFF) before the accepting interrupt) into the stack, and resets the interrupt enable flag (IFF)
to “0” (disable interrupts). Then, an interrupt controller transfers the interrupt vector to the program
counter, and the program jumps to the interrupt routine. When vector has been read out, interrupt
request flag (IRF) is cleared to “0". .

The overhead from accepting an interrupt to jumping to an interrupt routine is 20 states (2.5 Is at
fc=16 MHz).

An interrupt (Maskable and Non-maskable) routine is completed by a RETI instruction. When the RETI
instruction is executed, the data previously stacked from the program counter (PC) and the register pair
(AF) are restored. Then, the interrupt enahle flag {(IFF) returns ta the state before the interrupt.
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3.4.2 Interrupt Controller

The “priority” in the Table3.4.1 means the order of the interrupt source to be acknowledged by the
CPU when piural interrupts are requested at the same time. If interrupts of 3rd and 4th priorities are
requested simuitaneously, for example, CPU accepts an interrupt of 3rd priority, first. After the 3rd
priority interrupt processing has been completed by a RETI instruction, the CPU accepts an interrupt of
4th priority. If an £l instruction is executing in the 3rd priority interrupt routine, then the 4th priority
interruptis accepted.

The interrupt controller merely determines the priority of the sources of interrupts to be accepted by
the CPU when plural interrupts are requested at the same time. It is, therefore, unable to compare the
priority of interrupt being executed with the one being requested. In order to permit another interrupt
during a certain interrupt routine, set the interrupt enable register (INTE1/INTE2) for the interrupt to be
allowed and execute the El instruction.

Fig.3.4.1 shows a configuration of the interrupt controller. The interrupt controller consists of
Interrupt Request Flag (IRF) and Interrupt Enable register {INTE) allocated to each of interrupt channels.
The interrupt request flag (IRF) is a flip-flop to maintain an interrupt request from internal I/O. Each flip-
flop is reset to “0” by resetting or reading out the vector by CPU when an interrupt is accepted. The
interrupt request flag (IRF) can be reset by an instruction which write clear code (Refer to Table 3.4.1) to
the address F790 (H).

Example)In case of resetting the interrupt request flag of INTO (External interrupt 0), write the clear

code “04 (H)" to the address F790 (H).
LD  (F790H), 04H

The state of interrupt request flag (IRF) can be checked by reading the address F790{H) for IRF1 and

F791(H) for IRF2 :

Note) Following 4 interrupt sources in 16 maskable interrupts don‘t have interrupt request flag. Refer
to the explanation of individual I/0 function about clearing the interrupt request.
INTCAPO : Interrupt from Capture 0
INTCAP1 : Interrupt from Capture 1
INTSIOO : InterruptfromSIO O
INTSIO1 :  Interrupt fromSIO 1

The Interrupt Enable registers {INTE) are assigned to the address F78D (H):INTE1 and F78E (H):INTE2.
Setting any of these bits to "1” enables an interrupt of the respective channel and “0" disables an
interrupt. These bits are initialized to "0” by resetting.
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3.4.3 Interrupt Control Register

INTE2) and Interrupt Control Register (INTCR).

Interrupt Request Flag 1

Followings are hit function of Interrupt Request Flag (IRF1, IRF2), Interrupt Enable Register {INTET,

[RF1 7 6 S 4 3 2 1 0
{F790H} I:TE!FLB [ IRFTBC I IRFNIC ]IRFTP(H llRFTPGol clﬁgn c',f; l IRFO ] (Initial Value 0000 0000}
IRFTODIR INTTODIR Interrupt Request Flag
IRFTBC INTTBC Interrupt Request Flag
IRFIIC INTIIC Interrupt Request Flag
IRFTPG1 INTTPG1 Interrupt Request Flag 0 : Nolinterrupt Request RAW
IRFTPGD INTTPGO interrupt Request Flag 1 : Interrupt Request
IRFCAPQ INTCAPQ Interrupt Request Flag
IRFCAP1 INTCAP1 Interrupt Request Flag
IRFO INTO Interrupt Request Flag
Interrupt Request Flag 2
IRF2 7 6 5 4 3 2 1 0
(F791H) I IRFRTC I IRF1 l IRFVA l I I RET2 | IRETY ]IRFSIOI |IRFSIOO] (Initial Value 0000 0000)
IRFRTC INTRTC Interrupt Request Flag
iRF1 INT1 Interrupt Request Flag
IRFVA INTVA Interrupt Request Flag
IRFT3AD INTT3AD Interrupt Request Flag 0 : Nolnterrupt Request read
IRFT2 INTT2 Interrupt Request Flag 1 : Interrupt Request only
IRFT1 INTT1 Interrupt Request Flag
IRFSION INTSION Interrupt Request Flag
IRFSIO0 INTSIO0 Interrupt Request Flag
Interrupt Enable Register 1
INTEY 7 6 5 4 3 2 1 0
(F780H) llETODIRl IETBC | 1ENC [IETPGI l IETPGO | IECAPD l IECAP? l IEQ i (Initial Value QQO0 Q0Q0)
IETODIR INTTODIR Interrupt Enable / Disable
IETBC INTTBC Interrupt Enable / Disable
IENC INTIIC Interrupt Enable / Disable
IETPG1 INTTPG1 Interrupt Enable / Disable 0 : Disable
IETPGO INTTPGO Interrupt Enabie/ Disable 1 : Enable Riw
IECAPO INTCAPO interrupt Enable / Disable
IECAP1 INTCAP1 interrupt Enabie / Disable
IEQ INTO interrupt Enable / Disable
Interrupt Enable Register 2
INTE2 7 6 5 4 3 2 1 0
(F78EH) [ erre | 1 | weva [iemaao] ev2 | ent [ esion [iesion | (initial value 0000 0000)
IERTC INTRTC Interrupt Enable / Disable
IE1 INT1 Interrupt Enable / Disable
IEVA INTVA Interrupt Enable / Disable
IET3AD INTT3AD Interrupt Enable / Disable 0 : Disable RAW
IET2 INTT2 Interrupt Enable / Disable 1 : Enable
IET1 INTT1 Interrupt Enable / Disable
IESIO1 INT5I01 Interrupt Enable / Disable
1ESIO0 INTSIOO0 Interrupt Enable / Disable
MCU90-413
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interrupt Control Register

INTCR 7
(F78FH)

5 4 3 2 1 0

| ckex | o | 1pgor | 1pgns | 13805 | T00RS | (initial value  *+00 000D)

INTTPGOE

Edge selection of INTTPGO edge 0 : TPGO3 leading edge
(Interrupt source: TPGO3) : TPGO3 trailing edge

INTTPGOS

: FIFO buffer empty interrupt

Selection of INTTPGO interrupt source .
FIFO buffer empty/TPGO3 interrupt

T3ADS

INTT3 interrupt

Selection of INTT3AD interrupt source .
INTAD interrupt

TODIRS

INTTO interrupt
INTDIR interrupt

- |- ol o=

Selection of INTTODIR interrupt source

Note 1)
2)

3)

4

Clearing the interrupt request flag should be done in the Dl state.

Only clear code can be written into Interrupt request flag 1 (IRF1).

When clearing the interrupt request located on interrupt request flag 2 (IRF2), its clear code should be
written into interrupt flag 1 (IRF1 : address F790H).

Since the interrupt request from INTCAPD, INTCAP1, INTSIO0 and INTSIO1 comes in level signal to the
interrupt controller, the interrupt request flags can not be cleared even if the interrupt request clearing
vector is written to F790H. ’

Two interrupt requests are shared by two sources between INTTO and INTDIR, between INTT3 and INTAD.
After reset operation, INTTO and INTT3 are selected as interrupt request sources. The sources can be
changed by setting INTCR <TCDIRS > and INTCR<T3ADS > bitsto "1*. .

3.44 External interruptinput
The TMP2OCR74A has 2 channels of external interrupt inputs (INTO,INT1). The INTO input is assigned to
P50 terminal and INT1 is assigned to P51. The interrupt timing of rising edge or falling edge for
INTO/INT1 can be selected by setting of PS mode register (PSMR<INTE(Q> and <INTE12>) which address

is F787 (H).

A minimum pulse width for accepting interrupt of INTO and INT1 is 22/fc {250 ns at fc = 16 MHz) or 22/fs
(125 s at fs = 32 kHz) for both "High” and “Low"” level pulse width. '

McCuU90-414
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3.5 WATCHDOG TIMER (WDT)
If noise or other factors cause the CPU to operate in error (malfunction), the watchdog timer (WDT)
detects that fact so that the CPU can be returned to normal operating condition. When the WDT detects
malfunction, a nan-maskable interrupt is generated to tell the CPU.

3.5.1  Configuration
The watchdog timer is configured from 4-bit binary counter that uses either TBC10, TBC16, TBC18 or
TBC20 as the input clock, a flip-flop for controlling the enable / disable of watchdog timer output, and
control registers.

TBC1Q) ———»
TBC16 — .
TBC18 Selector > 4hit Counter Interrupt INTWDT
TBC20 —— enable
y reset
WDTCR2<WDTPO> —f F?F
WODTCR2<WDTP1> —— R S
Reset
)
STOP mode J—L_
write 4EH .
write B1H
Reset
I
mclatcth'?;’g T'Ter WDTCR1 <WDTE >
WDTCR3 ontrol Register

{}

8 Internal Data Bus 7

Figre 3.5.1 Watchdog Timer Block Diagram

3.5.2 Control Registers
The watchdog timer is controlled by three control registers, named WDTCR1, WDTCR2 and WDTCR3.

Watchdog Timer Control Register 1

worcrr 7 8. S 4 3 21 0
(FFFBH) i mew l TBCOF LWDTE | .......... (Initial Value *=0Q0 1%00)
: Disabl
WDTE Watchdog Timer Enable 0 : Disable RAW
1 : Enable

Watchdog Timer Control Register 2

WDTCR2 7 6 5 4 3 2 1 0
(F797H) : : i [wote1 | woteo |HALTM1IHALTMO| {Initial Value *x*x 000Q)
: 1
WDTPI ] 00 : TBC20 (22Vfc or 22V/fs)
Watchdog Timer 01 : TBC18 (2194c or 219/fs) RAW
Source Clock Selection 10+ TBC16 (217Mf¢ or  217Hs)
WDTPO 11 : TBCI0 (21 or 211/fs)
Watchdog Timer Control Register 3
WDTCR3 7 6 5 4 3 2 1 0
(FFFCH) [ ] [ [ | ] | | | (nitial Value  xxxx vaxs)
4EH : Clear binary counter (Clear code) write
WDTCR3 Watchdog Timer Controlling Code B1H : Disable watchdog (Disable code) onl
Cthers © No meaning y

MCU90-415
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3.5.3 Operation

(0

)

o |s~;bl"et'wahd'§-t'ifhér this <WDTE > should be cleared to “0* and the disable code (B1H)

The watchdog timer is a kind of timer which generaters an interrupt when its counter overflows.
The input clock of 4-bit binary counter can be selected by the Watchdog Timer Control Register 2
WDTCR2<WDTP1,WDTPO0 > and the time to be detected can be selected.

By a program, the 4-bit counter shouid be reset before the counter becomes overflow in order to
get a watchdog timer function. If the CPU can not execute writing clear code because of the noise,
etc., the WDT generates an interrupt and the CPU can be recovered to a normal state by an interrupt

G

The watchdog timer stops during STOP h;de, and when the STOP mode is released it restarts after
the warming-up time is over. In other mode, the watchdog timer operates, however it can be disabled
by register setting.

Watchdog timer enable/ disable Control

should be written into the watchdog timer control register 3 (WDTCR3). To enable the watchdog timer
from disable condition, the <WDTE > only need to besetto 1",

Watchdog timer source clock select

The interval time of the watchdog timer can be selected by the clock selection bits <WDTP1>,
<WDTPO > in the watchdog timer control register 2 (WDTCR2). In the reset operation, <WDTP1> and
<WDTPO> are reset to “00”. The following table shows the combination of the source clock and the
watchdog timer’s interval time.
The interrupt vector address of INTWDT is 000CH.

Table 3.5.1 Interval time of Watchdoge Timer

Interval Time of INTWDT
<WDTP1,0> Source Clock
atfc= 16 MHz | atfc=32kHz
00 TBC20 2097.15 ms | 104858 s
s3] TBC 18 52429 ms 262.14 s
10 TBC 16 131.07 ms 65.54 s
1" TBC 10 205 ms 1.02 s
MCU90-416

B 9097249 0043LA43 2T5 N



TOSHIBA

TMPSOCR74A

3.6 TIMER COUNTER
3.6.1  Timer Counter 0(TCO)/ Timer/Counter 1 (TC1)

The timer counter 0 and timer counter 1 are configured from an 8-bit increment counter, 8-bit timer
register and 8-bit compactor circuits. These two timer counters can be operated independently or they

can be cascade-connected and used as a 16-bit timer counter.

(1) Block diagram

Reset

=

TCCR2

TCCR1
<TOCL>  riscos>
TCCRI<TOCLKL, 0> Match o
8bit Comparator
1 | Selector
TIo i L TRUN
CFGTM <TORUN >
Selector oK <;:nc§|;>
TBCE | _8bitcounter(rcoy |
TBC 10 TRUN <TORUN > reset — INTTO
<CLBC16> Intenu:)t
L TCO Over flow reques
TCCR1 <TMOD >
TOOTRG 1 1
TBCE—
0 i Selector K
18 10——i] St 8bit Counter (TC1) 0 | Selector INTT
] reset Interrupt
TBC 14 TRUN<TIRUN> | TRUN request
TCCRY <TIRUN> 1
TCCR1<TICLKY, 0> <TMOD> o | selector
8bit Comparator
Match
TRz TECR1 TCCR1
<TicL> OB > <TMOD >

@ Up-counter

Each of the TC1 and TCO has an 8-bit up-counter which input is selected by the timer / counter control

Reset

Figure 3.6.1 Configuration of the Timer Counter {TC1 and TC0)

register 1 TCCR1<TOCLK1, 0> and <T1CLK1,0>.

The clock source of the TCO can be selected from internal clock TBC6 (27/¢), TBC10Q (211/f¢) TC1,
external clock input TIO and CFGTM from a capture input controi circuit (CAPIN). The clock source of the
TC1 can be selected from internal clock TBCE (27/fc), TBC10 (211/fc), TBC14 (215/fc) and TOOTRG (TCO
comparator output). The TCO and TC1 can be used as 2 8-bit timers or 16-bit timer by setting the
TCCR1<TMOD>. As this bit is cleared by RESET, the 8-bit timer mode is selected, initially. When the 16-

bit timer mode is selected, the clock saurce of TC1 is fixed to the overflow output from TCO.

The count-up operation, start/stop, can be controlled independently by the timer start control register

TRUN. These up-counters are cleared and stopped by reset operation.

These up-counters can be cleared by the match signals from comparators. The selection of clearing up-
counters is set by TCCR1<CLBC1, 0> in 8-bit timer mode or by TCCR1<CLBC16> in 16-bit timer mode.

By setting “1" to TCCR2<TOCL> and <T1CL>, these up-counters can be cleared by software.

MCU90-417
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@ Timer Register (TREGO and TREG1)

The timer register is an 8-bit register and is used to set the interval time for timer. The comparator
outputs a match signal when the value in this register and the value of up-counter becomes equal. In
case that the setting value in TREG is 00H, the match signal is generated when the up-counter is over-
flowed. The data in this register is loaded to the comparator immediately after new data is written into
this register.

By reading the TREG, the value of 8-bit counter can be read out. The interval time set in this register
can't be read out. The TREG isn't initialized by reset, in other word, the initial value of TREG is unknown.

® Comparator '

The comparator compares the values in up-counter and timer register. When the data becomes equal,
and the interrupt request {INTTO, INTT1) is generated.

{Note) The timer interrupt 0 (INTT0) has a same vector address as an interrupt for direction of
capstan motor (INTDIR). The selection of INTTO or INTDIR can be done by setting the
interrupt control register INTCR<TODIR >,

Timer Counter 0 Data Register

TREGO 7 6 5 4 3 2 1 0
(FFCAH} ITCITRO?ITUTROGIT(‘JTROS'TCITRMITCJTROB|TOTROZ|TUTRDI|TCITROOI (initial Value  O/+0/%07x0/% O/+0/+0/+0/*) Read /Write

Timer Counter 1 Data Register

TREG1 7 6 5 4 3 2 1 0
(FFCBH)  [rcmai7 [vonmis [1omris[tomia[ rammis | tommiz [1emmit | remrio| (initial Value  0/+0/407+0r% 0/v0r+0r+014) Read /Write

Timer Counter Control Register 1

TCCR1 7 & 5 4 3 2 1 0
(FFCCH) Icwcwl cLsct | ceco [ Tmo0 [ T1cuks |T1CLE| TOCLK1 I'rocu«)] (Initial Value 0000 0000)
CLBC16 16-bit Timer / Counter Clear by match 0 : Disable
1 : Enable
CLBC1 TCt Counter Clear by match 0 : Disable
1 : Enable
CLBCO TCO Counter Clear by match 0 : Disable
1 : Enable
. . 0 : 8-bitTimer Mode
TMOD Timer Mode Selection 1: 16bit Timer Mode
T1CLKA N g? : iggﬁme (TCO Comparator output) RW
TC1 Source Clock Selection 16 - TBC10
T1CLKO 11 . TBC14
TocLKt g? : EIFOG(;\Bnq(iI:pU?from CAPIN)
. s : pu
TCO Source Clock Selection 10 : TBC6
TOCLKO 11 : TBCI0
MCUS0-418
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Timer Counter Control Register 2
TCCR2 5 4 3 2 1 Q
(FFD1H) [ TICL | TOCL Icwcz l T20L szcuu [TZCLKO—I (Initial Value *+00 0000)

g -

TiCL TCt Counter Clea

Her r 1 : Clear {One-shot)

- Rw
1 : Clear (One-shot)

TOCL TCO Counter Clear

Timer Start Control Register

TRUN 7 6 5 q 3 2 1 (]
(FFDAH) [ PWM3 T r3pun I PR | g | POMZ T 4 arun { 7iRun | Torun | qinitial vaiue 0000 0000)
TIRUN TC1 Count Start 0 : Stop
1 : Start
0 : Stop W
TORUN TCO Count Start :
) 1 : Start

(3} Operation

@® 8-bit Timer Mode
a.Generating interrupts at specified intervals
Periodic interrupts (INTTO, INTT1) can be generated by using Timer Counter (TCO, TC1) in the
following procedure, Stop timer (TCO, TC1), Set the desired operating mode, source clock and interval
time in the TCCR1 and TREGO (TREG 1), Enable the interrupt, Start the counting of the timer.
Example: To generate TC1 interrupt (INTT1) every 40 us at fc= 16 MHz, the registers should be
set as follows ;

MSB LS8
TRUN ¢ - --- - -0 -: StopandclearTC1
TCCR1 ¢ -1-0 0 1--: 8-bittimermode, TBC6 (8 usatfc=16 MHz)
TREG1 « 0000 0101 : Set 40 us/ TBCH =05H to Timer register
INTEZ ¢« - --- -1 - - : EnableiNTTTinterrupt
TRUN ¢« - - - - - -1 - TC1countstart
Note : —;nochange

Table 3.6.1 InterruptInterval ({NTTQ, INTT1) and Clock Source

Tim?;:rgzil;uspﬁnl':tzc)arval Resolution Clock Input
85 to 2.048 ms 8 us TBC6 (27/1¢)
128 ps to 32.768 ms 128 4 TBC10 (211 71¢)

2048ms  to 524,288 ms 2.048 ms TBC14 (215/1c)

b.Counting up the TC1 by match signal from TCO
Set the TC1 to 8-bit timer mode and select TCO comparator output (TOOTRG) as the TC1 clock saurce.
Then, write the timing data in TREGO first and write data in TREG1.

¢. Using TCO as an event counter
The counter in TCO counts an input signal from TIO (P34) terminal at its tising edge. The INTTO
interrupt is generated when the counter value matches the value in TREGO.

The maximum applied frequency is fc/24[Hz) {1MHz at fc= 16 MHz) and minimum applied pulse
width is 23/fc [s] (500 ns at fc = 16 MHz)} both “H" and “L”levels.

MCU90-419
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d.Using TCO as a counter for Capstan FG signal
The Capstan FG signal which is amplified by CFG amplifier is inputted, as CFGA signal to the Capture
input controf circuit (CAPIN).
The CFGA signal is divided by 2 or by passed by Capture input contrel circuit and mputted to Timer
Counter 1 (CFGTM signal).

@ 16-bit Timer Mode
TCO and TC1 can be cascade-connected and used as a 16-bit timer counter. By setting TCCR1<TMOD >
1o “1%, these timers are connected in cascade. In this mode, even if clock source is set for TC1, the clock
source of TC1 becames TCO overflow output.

Table 3.6.2 INTT1Interrupt Interval and Clock Source for 16-bit timer counter

'r(‘;f;rcuﬁ g}:‘: :;?l Resolution TCO input clock

8 s to 524.29 ms 8 s TBC6 (27/f¢)
128 us to 839 s 128 s TBC10 (211/f0)
2.048 ms to 134.22 s 2.048 ms TBC14 (215/fc)

To set the interval time to timer registers, lower 8-bit should be set to TREGO and higher 8-bit shouid
be set to TREG1 in this order.
For example, to generate INTT1 interrupt request every 0.5 s, set as following data to TREGC and
TREG1.
TBC6 as clock source (8 us at 16 MH2)
0.5s5/8 us = 62500 = F424H
TREGO = 24H, TREG1 = F4H
In this case, the output from comparator of TCO comes active every time when up-counter and TREGO
becomes equal, but the INTTO isn“t generated, and the up-counter isn‘t cleared in spite of the setting in
<CLBCO>.
The output from comparator of TC1 comes active every time when up-counter and TREG1 becomes
equal. At the timing that both comparator of TCO and TC1 becomes active, up-counters are cleared and
INTT1is generated.

MCU90-420
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3.6.2 Timer Counter 2 (TC2)

The timer counter 2 (TC2) is configured from an 8-bit up-counter, timer register and comparator
circuits.

(1) Configuration

§ Internal Data Bus \
TRUN <T2RUN IITREG”D
< >
{from CAPIN) PCTLA —» ¢ Reset
R
T2 lector § 8bitCounter R TCCR2 <T2CL >
TBC6—= TCCR2 < CLBC2>
TBC10—»= J L
f f Match

8-bit Comparator

TCCR2 <T2CLK1, 0> INTT2 interrupt request

{? TRUN <T2RUN>

Data Register ¢ {<— TREG2-WR

il

& Internal Data Bus S

Figure 3.6.2 Configuration of the Timer Counter 2 {TC2)
@® 8-bit up-counter

The 8-bit up-counter counts clock selected by the timer counter control register 2 TCCR2 <T2CLK1, 0>,
The clock can be selected fram the TBC6 (27/fc), TRC10 (211/fc), TI2 {P35 input) and PCTLA from Capture
input control circuit (CAPIN).

The counter can be started / stopped by the Timer start control register (TRUN). The counter is cleared
and stopped by reset operation.

By writing “1" to TCCR2<T2CL>, this counter can be cleared. Clearing the 8-bit counter by match
signal from comparator is enabling by TCCR2<CLBC2>.

@ DataRegister (TREG2)

The data register TREG2 is a 8-bit register used for setting the interval time. When the up-counter
becomes same value with TREG2, the comparator outputs match signal. The data written to this register T
is transferred immediately to the comparator. In case that the TREG2 is set as "00H", the comparator
output becomes active when up-counter is overflowed. Value of the 8-bit up-counter can be read by
reading TREG2. The TREG2 isn't initialized by reset, in other word, the initial value of TREG2 is unknown.

@ Comparator

The comparator compares the value of up-counter with the value of TREG2, and generates the
interrupt (INTT2). Clearing the up-counter by the match signal is controlled by TCCR2<CLBC2 >.

MCU90-421
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(2) Control register

Timer Counter 2 Data Register

TREG2 7 6 5 4 3 2 1 0 .
(FFCOH)  Jrorar [romras [ 1omRas [ Temraa [ 1omrea | remraa [1emmas | Tomrao fanitial value  Or«0/+0/x0/+  O7x0/+0r+07+)  Read/Write

Timer Counter Control Register 2

TCCR2 LA € .. 3 4 3 2 L 0
(FFCCHY : ¢ [ mee | rocu | csca [ race |r20ik3 [ r2ciko0 | initial Value  *+00 00QO)
CLBC2 TC2 Counter Clear by match signal ‘1) E:;?t;i:
T2CL TC2 Counter Clear (1) EIear(One-shot)
T2CLK1 00 : PCTLA (from CAPIN) RAW
TC2 Source Clock Selection . % ;ch(g 35input)
T2CLKO 11 : TBC10
Timer Start Control Register _
TRUN 7 6 5 4 3 2 1 0 _
(FFD4H) m‘x‘f [ Tarun | PRV | PO | PRONC | 280N | T1RuN [ Torun | (initial value 0000 0000)
T2RUN TC2 count start ? ::;E’t RAW

(3) Operation

@ Generating interrupt at specified intervals
Periodic interrupt can be generated in the following procedure : Stop Timer Counter 2, set the input
clock and interval to the TCCR2 and TREG2, enables the INTT2 interrupt, and start the counting of Timer
Counter 2.

Example: To generate TC2 interrupt every 40 us at fc=16 MHz, the registers should be set as

follows.
MSB LSB
TRUN « ~--- -0--: StopandcearTC2
TCCR2Z « - =--—- 1210 : TBC6(Busat16MHz)
TREG2Z « 0000 0 - Set TREG2 ("05H" =40 us/TBCH)
INTEZ « - --—- 1---: EnableINTT2
TRUN ¢ - —--—- —-1--_: 5tartTC2

Comment: »:Don'tcare, -:nochange

Table 3.6.2 Interruptinterval {INTT2)} and Clock Source

Tirmner interrupt Interval Resolution Clock Input
{at fc=16 MHz)
8 us to 2.048 ms 85 TBCE (27/f¢)
128 us to 32768 ms 128 o5 TBC10 (211/c)
MCU90-422
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@ Using TC2 as an event counter
The up-counter counts an input signal from TI2 (P35) at its rising edge. The INTT2 interrupt is
generated when the counter matches the value in TREG2.

The maximum applied frequency is fc/24 [Hz] (1 MHz at fc = 16 MHz) and minimum applied pulse width
for both "H” and “L*” levels is 23/fc {s] (500 ns at fc = 16 MHz).

@ Using TC2 as a counter for CTL signal
The CTL signal amplified by CTL Amplifier, is inputted to the Capture input control circuit (CAPIN) as a
CTLOUT signal. A source clock (PCTLA signal) can be selected from CTLIN (P30) input or CTLOUT signal at

the CAPIN,

3.6.3 Timer Counter 3 (TC3)

The timer counter 3 (TC3) consists of the an 8-bit up-counter, 8-bit data register (TREG3), 8-hit
comparator and timer flip-flop (TFF).

The TC3 can also perform as 8-bit pulse width modulation (PWM) output.

(1) Circuit Blocks

S Internal Data Bus S
PE
N <T3RUN TREG3-RD
TRUN < >
TBC2—> < L | Reset
TBC6 —> ] RD /‘r‘l
Selector ¢ 8bit Counter R TCCR3 < T3CL>
atiane T_ Over flow \L\LCL—— TCCR2 <T3MOD >
TI3—=
from P24)
| TCiRII <T3CLK1, 0> N L
’ - Match . ——OQ INTT3
8bit Comparator —l_/ Selector —> Iapt

11

TRUN <T3RUN> —
TCCR3 <TR3DE> L

Data Register 4 Selector
(double buffer) ¢
TT TREG3-WR
S Internal Data Bus S

p Sl —

TCCR3 <TFF3LE>

<TFF3C1 > —=
<TFF3C0> =

Figure 3.6.3 Configuration of the Timer Counter 3

(to P35)
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@ 8-bit up-counter
~ Itis an 8-bit up-counter with the clock source selected by TCCR3 <T3CLK1, 0>>. The clock source can be
selected from the timer base counter output TBC2 (23/fc), TBCE (27/fc), TBC11 (212/fc) and the external
input T13 (P24 pin).

This counter can be started / stopped by setting the timer start control register {TRUN) and is cleared
and stopped by reset operation. In case that timer mode is selected by TCCR3<T3MOD >, up-counter is
cleared by match signal from comparator. Butin PWM mode, counter is not cleared by match signal.

By writing “1” to TCCR3<T3CL >, this counter can be cleared.

@ Data Register (TREG3)

Data register is composed of double buffer. And trigger of sifting data is selected by setting the
TCCR3<TR3DE>. Set <TR3DE> to “0” in timer mode and to “1" in PWM mode.

In timer mode, a match signal is outputted from comparator when up-counter matches with value of
TREG3. The value is transferred to the comparator immediately after writing data to TREG3.

In PWM mode, the data in TREG3 is transferred to comparator every over flow timing of up-counter. A
match signal is outputted from comparator when up-counter matches with value of TREG3.

In addition, reading the data register (TREG3) can be in real-time the value of the 8 bit counter. (The
specified value of data register can not be read out). The data register isn’t cleared by reset operation.

@ Comparator
8-bit comparator compares up-counter and TREG3. In timer mode, when match is occurred,
comparator clears up-counter and generates interrupt request (INTT3).
In PWM mode, TO3 output is inverted when match is occurred. The INTT3 interrupt is generated when
up-counter overflows.

@ Timer Flip-flop (TFF) :

This flip-flop is flipped by the match signal from comparator and the overflow signal from up-counter,
when<TFF3IE> =*1". When <TFF3IE> = "0", the flip-flop is disabled. The output of flip-flop can be
outputted to TO3 (P35). This TFF outputis controlied by TCCR3 <TFF3IE>.

Note: The TC3 interrupt (INTT3) has the same vector address as A/D conversion interrupt (INTAD).
INTT3 and INTAD need to be chosen by interrupt control register (INTCR) <T3ADS>.

MCU90-424
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(2) Control Registers

Timer Counter 3 Data Register

TREG3 7 6 5 4 3 2 1 0
(FFD2H)

Lrormaz | tothas [remss {romrsa | vomeaa [remraa [ romrat [10mRa0 [ (initial Value  O/sQ/sO/x0i  O/s0/s0/+0/+) Read/Wirite

Timer Counter Control Register 3
TCCR3 7 6 5 4 3 2 1 0
(FED3H) | 1r3pe | eract | 1reaco | reae [1amoo [ m3cL | 1t [T3ciko | (initial value  0x+0 0000}

o . . 0 : Writing data to TREG3
TR3DE TREG3 sifting Trigger Selection RW
1 1 Overflow of up-counter
00 : invert the output {TO3)
TFF2C1 )
. 01 : Setto”1” write
TC3 Flip-flop (TFF) Control ,
10 : Resetto “D" only
TFF3CO
11 : KeepTO3 output
. . 0 : Disable
TFF3IE Timer Filp-Flop lnvert Enable
1 : Enable
. 0 : PWMmode
T3MOD TC3 Mode Selection .
1 ¢ Timer mode
0 -
T3CL TC3 Counter Clear RAW
1 : Clear (One-shot)
T3CLKS 00 : TBC2
. 01 : TBCG
TC3 Clock Source Selection
10 + TBC11
TICLKD ,
11 : TI3{Input P24 pin)
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 0
(FFOAR) | PVMS T ranun [ PoOn | "oone | mies | 280N | T1RUN | T0RUN | (Initial Value 00** 0000)
G : Stop
T3RUN TC3 count Start RV
1 : Start
MCU90-425
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(3) Operation

@ TimerMode

The TC3 functions as 8 bit-timer / counter by setting TCCR3 <T3MOD > to “1”.

a. Generating interrupt at specified intervals
By setting interval time to TREG3, INTT3 interrupt request is generated when the data in comparator
are matched with value of up-counter. By setting TCCR3<TFF3IE> to 1", TFF can be inverted (TO3

output can be inverted) with every matching.

For example, to generate INTT3 interrupt every 256 us, set registers as follows,

TRUN
TCCR3
TREG3
INTCR
INTE2
TRUN

Note :

MSB LSB
« -0 -=- - ===
« 0110 10601
« 0000 0101
<« - - - = - =0 -
« -——_ =1 -=--
- -1 -= = ===

-, no change

Stop and clear TC3
Settimer mode and TBC 6 {8us at 16 MHz)

Set TREG3 to “20H" =256 «s/ TBC6

Start TC3

_ }Enable INTT3 interrupt

Table 3.6.4 INTT3 Interrupt Interval and Source Clock

I?;i?rcuﬁ :;nl:‘cne l:‘;?l Resolution Clock Input
05 w5 ~ 128 5 0.5 s TBC2 (23/fc}
8 s -~ 2.048 ms 8 s TBC6  (27/fc)
2568  ~ 65.536 ms 256 s TBCI1 ({212/fc)

b. Using TC3 asan event counter
It counts rising edge of the TI3 (P24) input. A data match between TREG3 and up-counter generates an
INTT3 interrupt request. The maximum applied frequency is f/24 [Hz] (1 MHz at fc= 16 MHz), and the

minimum applied pulse width for both “H” and “L" level is 23/fc [s] (500 ns at fc = 16 MHz).
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@ 8-bit Pulse Width Modulation (PWM) mode

TC3 can be used as 8-bit PWM and the wave-form can be outputted through TQO3 (P35). The output
flips when up-counter matches TREG3 and it's overfiow, When TC3 is used as PWM output, setting
TC3CR<TFF3IE> and <TR3DE> to “1". Following is a timing chart for PWM mode.

Upcounter —¥re Y e X 00 X o1 )C;;___)( X aaﬁ’s:x Fe X 00 X o1 ab( X bb X
I A "

Over flow iy
) N 1)
Match signal . r[ . y rL
2] bl b
lNTTa n { L X (; n L (.
SN " 1 . .’Z
TREG3 {first) aa - X ) bb o X LI
) Y )) N
L || S L
TREG3 (second) L D 0 X 32 bb
R 3 2]

TO3 output I ) B ] )] I

Figure 3.6.4 Timer counter3 Waveform of 8-bit PWM Output
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3.7 CAPTURE CIRCUIT
The capture circuit latches the time data of the time base counter (TBC) and the captures input
status (Trigger input signal). The data of TBC can be latched by the trigger input signal and the
interrupt request is generated to CPU. By using the capture circuit, the time can be measured in high
resolution for servo control. ‘
The capture circuit consists of the capture 0 (CAPO} with eight (8) leve! of 24-bit FIFO (first-in first-
out) as buffer, the capture 1 {(CAP1) and the capture 2 (CAP2) with single level of 17-bit FIFO as buiffers.

3.7.1 Capture Input Control Circuit (CAPIN)
Capture input cantrol circuit (CAPIN) controls the trigger input signals of the three channels of
capture circuits (CAPO, CAP1 and CAP2), and comprises the capture 0 input control circuit, capture 1
input controi circuit and capture 2 input control circuit,

CAPICRS CAPICR4 VIVACR2

<CTLSEL> <CTLEG> <CDIV>
- 1.9 [1]
CTLIN 1 j 6-bi bl 0 Selector
{from P30) Selector Selector 1:relfq E;?‘%;aé?‘:? daer e Y
crout  >—9 Ppiul
(from CTL Amp.) _ {} . CAPICR1
< CAPO3E>
PCTLA - CAPRICR2
(to VIVA, TC2) <PCPR5~0>
CAPICR4 CAPICR4
<EXTEG> <EX'1VS>
j- —_—
EXT Selector —J_ Selector
(from P34} - :
- CAPICR1
< CAPQSE>
VSYNC > 4 - ) | » CTL
(from CSYNC) /
CAPCR1
<CAPQ2E> EXTIVS
RMTU > 4
(from RMTIN) » VS
CAPICR1
< CAPOQOE>
- » RMTU
RMTD > _,1
(from RMTIN)
CAPICR1
<CAPO1E> > RMTD
ACCK > £ [ ) ACCK
(from ACCK}
CAPICR1 {to CAPQ)
<CAPO4E>

(a) Capture 0 (CAPO) input control circuit
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/ 3-bi bl
DFGPG Selector —| -pIt programmable
frequency divider DFGPG
(from P31} VI guency | L (o CAP1)
CAPIICR4 CAPICR3 CAPICRI
<DFGPGEG > <DPCP210 0> <CAPIE>
(b) Capture 1 {CAP1) input control circuit
CAPICR4 CAPICR4
<CFGWPR> <CFCl-‘-EG>
~H 12 4 H
CFGA Selector Selector G;bit progra;jmdable —\
from CFG Amp. requency diviager
| i e T
CFGT™ CAPICR2
(to TCO/TC1) <PCPR5to 0> VIVACR2
<MSK >
o] N
Reset
: Selector —l_‘D_, CFG
-~ 0 (to CAP2)
R Q 1 CAPICR1
<CAP2E>
. Mask F/F
" - CFG I
TBCS K 4-bit counter 4 - a
Q —— CAPICRS
R <CFGMCP>
\—_— CAPCR
{c) Capture 2 (CAP2) input control circuit <CRGCL>
Figure 3.7.1 Capture input control circuit
(1) Capture 0 (CAPO) input Control

D Remote control signal leading edge (RMTU)
This is the leading edge signal of the remaote control signal detected by the remote
input circuit (RMTIN).

control signal

Enabling this trigger input to capture 0 {CAPD) is controlled by Capture input control register 1

CAPICR1<CAPQOE>.
@ Remote control signal trailing edge (RMTD)
This is the trailing edge signal of the remote control signal detected by the remote
input circuit (RMTIN).

control signal

Enabling this trigger input to capture 0 (CAPD) is controlled by Capture input control register 1

CAPICRT1<CAPQIE>.
@ Sync.separation input (VS)

This is the vertical Synchronizing signal (VSYNC) separated from Composite Sync signai by Sync

signal sparator (CSYNC).
Enabling this trigger input to capture 0 {CAPO) controlled by CAPICR1 < CAPO2E >.
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)

@ Control signal (CTL)
This is the control signal {CTLOUT) that has been amplified at the CTL amplifier or an external
signal from P30 (CTLIN). External input (CTLIN) can be selected by the capture input control register
5 (CAPICRS5) <CTLSEL>. The capturing timing can be selected from either leading edge of control
signal or both leading and trailing edges by the capture input control register 4 (CAPICR4)
<CTLEG>. The detected edge signal can be divided by a 6-bit programmable frequency divider.
The frequency division ratic can be set by the capture input contrel register 2 (CAPICR2) <PCPR5-
0>. The frequency division ratios can be set from <PCPR5-0> = 00H (1/1 frequency division) to
<PCPR5-0> = 3FH (1/64 frequency division). Selection of whether edge signal is divided or
bypassed is carried out by the VISS/VASS control register 2 (VIVACR2) <CDIV>,
Enabling the triggerinput to capture 0 (CAPO) is controlled by CAPICR1 < CAPQ3E>,
® AC Clock Input (ACCK)
This is the AC signal from which noise has been removed by the AC clock input circuit (ACCK).
Enabling the trigger input to capture 0 (CAPO} is controlled by CAPICR1 <CAPQ4E>>,
® External Input/V-syncinput (EXT/VS)
The EXT/VS doubles as the external input (EXT) and V-sync signal (VS}. Either of these can be
selected by CAPICR4 <EXTVS>.
Enabling the trigger input to capture 0 (CAPO) is controlled by CAPICR1 < CAPOSE>.
a. External input (EXT)
This is the external trigger input that is inputted from the P34 (TIO/EXT) terminal. The input
polarity of the trigger can be switched by CAPICR4 <EXTEG>.
b. V-syncsignal (VS)
This is the vertical synchronizing signal {(VSYNC) that has been separated from the composite
synchronizing signal by the Syncsignal separator (CSYNC).

Capture 1{(CAP 1} input Control

The trigger of capture 1 (CAP1) is a cylinder speed and phase signal (DFGPG). Detection of the
leading edge or trailing edge of the DFGPG signal from terminal P31 (DFGPG) is carried out by CAPICR4
<DFGPGEG>. The detected edge signal can be divided by a 3-bit programmable frequency divider.
The frequency division ratio can be set by <DPCP2-0> of capture input control register 3 (CAPICR3).
The frequency division ratios can be set from <DPCP2-0> = OH (1/1 frequency division) to <DPCP2-
0> = 7H (1/8 frequency division). Enabling the trigger input to capture 1 {CAP1} is controlled by
<CAP1E> of capture input control register (CAPICR1).

MCU90-430

B 9097249 0043697 49T HE




TOSHIBA TMP90CR74A

(3)

Capture 2 (CAP2) Input Control

The trigger of capture 2 (CAP2) is the capstan frequency signal (CFGA) amplified by the CFG
amplifier. The input signal can be divided 1/1 or 1/2 by using <CFGWPR> of capture input control
register 4 (CAPICRA4). Either the leading edge or both the leading and trailing edges of the CFGA signal
<an be selected by CAPICRA<CFGEG>>. The detected signal can be divided by a 6-bit programmabile
frequency divider. The frequency division ratio can be set by <PCPR5-0> of CAPICR2 in common with
the capturing for CTL. The divided CFGA signal can be masked during an interval of TBC8 (29/fc) x 8 [s]
by a 4-bit mask counter. CFGA signals during the mask interval are not inputted to CAP2, but CFG flag
(CAPICRS <CFGMCP>)issetto “1". The CFG flag can be reset to “0” by <CFGCL> of capture control
register 1 (CAPCR). The selection between subjecting the CFGA signal to mask pracessing or by passing
it can be selected by <MSK> of VISS/VASS controi register 2 (VIVACR2).

Enabling the trigger input to capture 2 (CAP2) is cantrolled by <CAP2E> of capture input control
register 1 {CAPICR1).

Fig. 3.7.2 shows the timing chart far capture 2 input cantrol.

CFGA input " ’1 n

(from CFG amplifier)

svitcouner 7777 [ e XXX XX\, Xed e O /K
Mask F/F I ‘ | —I—_

CFG (to CAP2) n " n

CFG flag |

Figure 3.7.2 Capture 2 input Control Timing Chart (<MSK> = 0)
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(4) Capture Input Control Register

Capture input control register 1

CAPICR1 7 6 5 4 3 2 1 0
{FFBFH) I CAP2E ] CAPIE ICAPOSEICAPMEICAPOBE[CAPOZEICAP01E|CAPDDEI {initial value 0000 0000}
CAP2E Enable/disalzle the capture 2 (CAP2) 0 : Disable
trigger input 1 : Enable
£nable/disable the capture 1 (CAPY) 0 : Disable
CAP1E ) ) RAW
trigger input 1 : Enable
CAPOSEto | Enable/disable the capture ( (CAPQ) 0 : Disable
CAPOOE trigger input 1 : Enable
Capture input control register 2
CAPICR2 7 6 5 4 3 2 1 0
(FFF6H} I e I o | peers | pcera | peprs | peprz | peeri | peero | gnitial value 0000 0000)
Setting the frequency division ratio {from 1/1 to 1/64
PCPRS to Control of 6-bit programmable ) 9 quency I fo (fr )
. for CTLIN (from P30)/ CLTOUT (from CTL amp.) and RAW
PCPRO frequency divider
CFGA (from CFG amp.)
Capture input controi register 3
CAPICR3 7 6 5 4 3 2 1 0
(FFF7H} " ' : [ prcez [ opcet | opero | (initial value  =xxx #000)
DPCP210 Control of 3-bit programmable Setting the frequency division ratio of DFGPG (from RW
DPCPO frequency divider | P31) fram 1/1to 1/8
Capture input control register 4
CAPICR4 7 6 5 4 3 2 1 0
(FFF9H} | EXTVS I EXTEG I %FEGGP &,ﬁ | CFGEG | CTLEG | {Initial value  *=00 0000)
! i 0 : Input VSYNC (from CSYNG)
EXTVS EXT/VS (to CAPQ) input selection
1 : Input EXT (from P34)
Edge selection for EXT input (from 0 : Leading edge
EXTEG ? put( Ing ecl9
P34) 1 : Trailing edge
Edge selection for DFGPG input {(from 0 : Leading edge
DFGPGEG N
P31) 1 : Trailing edge RAW
CFGWPR Frequency division ratio selection for 0 : 171 frequency division
CFGA input {(from CFG amplifier) 1 : 1/2 frequency division
CFGEG Edge selection for CFGA input (from 0 : Bothedges
CFG amplifier) 1 : Leading edge
CTLEG Edge selection for CTLIN/CTLOUT 0 : Leading edge
input (from P30/CTL amplifier) 1 : Both edges
Capture input control register 5
CAPICRS 7 6 5 4 3 2 1 0
(FFFAH) & & [ crusew | rmrst | w0 [accrer | amrer [ceamce] (nitial value  *+00 0000)
) i 0 : CTLOUT (from CTLamplifier)
CTLSEL Selection of CTLinput {to CAPQ) RAW
i : CTLIN {(from P30)
0 : Normal operation (no CFGA in mask interval d
CFGVICP CFG flag P ¢ . . " ) jrea
1 : Errordetected (CFGA inputin mask interval) | only
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Capture control register

CAPCR 7 6 3 4 3 2 1 0

(FFBEH) | C(é‘;’é; lug‘,;‘G",‘,(T;)l CAPCL | VISFRS |VA5FR5] TPRSO I CFGCL I CAFRﬂ {Initial value 0000 DO0O)

0: -~
CFGCL Clear CFG flag . al ( hot) RAW
: Clear (one-sho

VISS/VASS cantrol register 2

VIVACR2 7 6 5 4 3 2 1 0
(FFFSH) - [ecriro | 50 €OV | MSK | wissa | vissz | visst | visso | (nitial value 0000 0000)
BV Control of frequency division of CTLIN 0 : Frequency division from 171 to 1/64
{from P30)/ CTLOUT {fram CTL amp.) 1 : Bypass W
R Mask control of CFGA signal (from CFG 0 : With noise Mask
amplifier) 1 : Bypass
3.7.2 Capture 0 (CAPO)
(from CAPIN)
v
2 e 4 3
SSwiEUx
TBC3 10 TBC20 © e >V quw
IANANANAY [\ [
- >
E full
24-bit 8-stage FIFO buffer
9 : / S FtFO
: control empty INTCAPO
(18-bit timing data) i (B-bit trigger data) interruption
u : request
CAPOL CAPOM CAPOH CAPOH CAPFST Read-out of CAPGH
<CAPODOto 7> <CAPOD8to 15> <CAPOD16tc 17> <CAPQOTOto 5> <CAPFOto 7>

Figure 3.7.3 Structure of Capture0

(1}  Description of Operation

@ Capture

The trigger signals for capture 0 are the six signals that are outputted from the capture 0 input
control circuit, RMTU, RMTD, VS, CTL, ACCK and EXT/VS signals. The CAPO latches 18 bits of timing
data (Output from Time Base Counter : TBC3 to TBC20) in 3 bytes of Capture Data Register (Memory
address FFB7H to FFB9H) and 6 bits of trigger data. It latches a total of 24 bits data.

The 24 bits of latched data can be obtained by reading the data from memaeory addresses FFB7H,
FFB8H and FFBIH in this order.
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@ FIFO Status Register

The 24-bit 8-stage buffer features a FIFO (First In First Out) function, allowing the data latched
first to be read first. The FIFQO status register (CAPFST) indicates the shift status of FIFO, and the
status bits that correspond to the stage being latched are set to “1”. When the 8-stage FIFO buffer
become full, capture operations are disabled and the FIFO status register shows “FFH".

When the FIFO status register shows “00H", in other words the 8-stage FIFO buffer is empty, the
reading data of the capture data register is "FFH". The capture data can be read out when INTCAPQ
interruption has been generated after data has been latched by a trigger signal, or when the FIFO
status register is not “00H.”

@ Capture Reset
In addition to a system reset function (initialization by resetting), capture Q also possesses a
software reset function. Software reset is performed by writing “1” at <CAFRS> of the capture
control register (CAPCR). In performing a software reset, the following circuits are initialized.
a. The FIFO address counter is addressed to the first stage of the 8-stage FIFO buffer.
b. The FIFO status register (CAPFST) is initialized to “00H.”

@ INTCAPO Interruption _

When latch operations are carried out by a trigger input signal, an INTCAPQ interruption request
is generated. The INTCAPQ interruption request signal is maintained in an active state until the FIFO
status register reaches "00H" (empty).

Once INTCAPO interruption is received, capture data in CAPOL, CAPOM and CAPOH <CAPOD16to
17> and trigger input data in CAPOH<CAPOQTO to 5> can be read-out and verified the time data
and interrupt saurces.

INTCAPQ interruption requests are canceled by reading out the FIFO buffer until the content of
the FIFO status register reaches “00R" or writing 1" to <CAFRS> of CAPCR.

® Data Processing
The upper 6 bits of the 24 bits of data latched by the FIFO buffer are the status data for the
trigger signal. The data of the bit that corresponds to the trigger input signal is set to “1,” so by
reading out this data the inputsignal can be identified.
Store the latched data in RAM, and by subtracting the data previously stored in the RAM from
the data latched by the next trigger signal, highly precise time measurement can be carried out.
Detection precision is 500ns when operating at 16 MHz, and quantum error is extremely small.
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(2)  Control Register
Capture O FIFO status register
CAPFST 7 6 5 4 3 2 1 Q
(FFBBH) | caprr | cars | caprs | capra | caprs | caprz | carrr | carro {Initial value 0000 0000)
(8th stage) | (7th stage) | (6thstage) | (5thstage) | (ath stage) | (3rd stage) | (2nd stage) | (15t stage}
CAPF7 to 0 : nocapture data
FIFO status P read
CAPFO 1 : capture data present only
Capture 0 data register - low order
CAPQL 7 6 5 4 3 2 1 0
(FFBTH) I capop7 | capons |capops | carops | carona [caponz [capoot [capooo| (nitialvalue  **** **+%)  read only
(T8C10y [ (vBC9) | (TBCS) | (TBCT) | (TBCG) | (TBCS) | (TBCA) | (TBC3)
Capture D data register - middle order
CAPOM 7 6 5 4 3 2 1 0
P P AP e
(FFoBH) [ T T [ 0 | D00 | 00 [ 0 | 2’ | nitslvatue wen wvee)  read only
(TBC18) | (TBC17) | (TBCI6) | (TBC15) | (TBC14) [ (TBCI3) | (TBC12) | (TBC11)
Capture O data register - high order
7 6 5 4 3 2 1 0
CAPQH CQF)’(OT'SS capota | capot3 | carot2 | capori | caroto | BT [ GYE | (nitialvalue  xexx «xxx)  readonly
(FFBOH) vs) | acck) | T (v8) | (RMTD) | (RMTD) | (TBC19} | (TBC20)
CAPOTS to ) ) 0 : notriggerinput read
Trigger input status . .
CAPOTO 1 : triggerinput anly
Capture control register
7 6 5 4 3 2 1 0
CAPCR CAP2T | CAPIT
(FFBEH) CAPCL | VISFRS | VASFRS | TPRSO | CFGCL | CAFRS
(CFG} |(DFGPG) (Initial value 0000 0000)
0: -
CAFRS FIFQ counter/status clear R/W
1 clear (one-shot)
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3.7.3 Capture 1/Capture 2 (CAP1/CAP2)

TBC1to TBC16

{} J < DFGPG{from CAPIN)
16-bit data buffer ‘G—_ioﬂ q °

<CAPiDOto 7> <CAP1D81t0 15>

R AG——I—' CAPCR <CAPCL>

Read-out of CAP1H

CAPIL CAPIH CAPCR < CAPIT>

:D > INTCAP1 interruption

request

TBC1 to TBC16

{ } _l < CFG(from CAPIN)
16-bit data buffer ‘qu Q °

()

Read-out of CAP2H

R {(_l— CAPCR <CAPCL>

CAP2L CAP2H

CAPCR <CAP2T>

<CAP200to 7> <CAP2D810o 15>

Fig. 3.7.4 Structure of Capture 1/Capture 2

Operation

@ Capture

The trigger input signals are DFGPG and CFG signals for capture 1 and capture 2 respectively.
The output values of time base counters {TBC1-TBC16) are latched onto the 2 bytes of capture

.data register {capture 1 has memory addresses FFBAH and FFBBH, while capture 2 has memory

addresses FFBCH and FFBDH) using the edge of the trigger input signal.

The trigger input signal is latched onta < CAP1T> and <CAP2T > of the capture control register
(CAPCR).

When the CAPCR<CAP1T> is “1“, the Capture 1 data can be obtained by reading out the data
from the low order of the capture 1 data register {CAP1L) and from the high order capture 1 data
register (CAP1H) in this order. By reading out CAP1H, the trigger input status <CAP1T> is cleared.
When <CAP1T> is “0” the read-out of CAP1Land CAP1H is "FFH.”

When the CAPCR<CAP2T> is “1”, the Capture 2 data can be obtained by reading out the data
from the low order of the capture 2 data register {CAP2L) and from the high order capture 2 data
register (CAP2H) in this order. By reading out CAP2H, the trigger input status <CAP2T> is cleared.
When <CAP2T> is “0" the read-out of CAP2L and CAP2H is "FFH."

Capture Reset
In capture 1 and 2, trigger input signal <CAP1T> and <CAP2T> can be cleared by writing

to <CAPCL> of CAPCR.

o 1 F
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@

INTCAPT Interruption

When latch operations are carried out by the edge of a DFGPG signal or CFG signal, a INTCAP1

interruption request is generated.

INTCAP1 interruption is common to both capture 1 and capture 2, so please read out <CAP1T>
and <CAP2T>, and discriminate between them before carrying out processing.
INTCAP1 interruption requests are released by reading out either CAP1H or CAP2H and clearing

<CAPIT> <CAP2T> t0 "0,” or by writing < CAPCL> of CAPCRt0 “1.”

{2)  Control registers

@ Control register of capture 1

Capture 1 data register - low order

CAPIL 7 6 5 4 3 2 1 0
(FFBAH) | cap107 |car106 | cap10s |capina [carins | carib2 | car1o: | carbo (initial value ===« x2xx)  read only
{TBC8) | (TBC?) | (TBCH) | (TBCS) | (T8C4) | (TBC3) | (TBC2) | (TBCY)
Capture 1 data register - high order
CAPIH 7 6 5 4 3 2 1 0
OF [R TGN [ 20 | 97 | O | O | B [ | tniistvaue sses v readonty
{TBC16} [ (TBC15) | (TBC14) | (TBC13) | (TBC12) | (TBC11) | (TBC10) | (TBCS)
Capture control register
CAPCR 7 6 5 4 3 2 1 0
(FFBEH) | RFZT [ Cranay] capce | viseas [vasrrs | torso | cract | carms | (initial value 0000 0000)
CAPIT . . 0 : Notriggerinput read
CAP1 trigger input status . .
(DFGPG) 1 : Triggerinput only
0 -
CAPCL CAP1/CAP2 status clear R/W
1 Clear (cne-shot)
@ Control register of capture 2
Capture 2 dataregister low order
CAP2L 7 6 S 4 3 2 1 0
(FFBCH) | capan7 | carans |capaps | capapa | capz03 [ cap2pz | capapt | capano (Initial value  ###x xxx+}  read only
(TBCB) | (18C7) | (TBCB) | {TBCS) | (TBCA) | (TBC3) | (TBC2) | (TBCY)
Capture 2 data register high order
CAP2H 7 6 5 4 3 2 1 0
(FFBOH) %\1')52 C&? C[»)Q1F‘32 %\1? %‘ﬂz c[.;poz ngz C'ng {Initial value  *x*» xxx+)  read oniy
(TBC16) | (TBCI15) | (TBC14) | (TRC13) | (TBC12) | (TBC11) | (TBC10) | (TBCY)
Capture control register
CAPCR 7 b 5 4 3 2 1 0
(FFBEH) | Pr2T | Seeay ] cavcr | wisens [vasrrs ] rerso [ croct [ carrs | (initialvalue 0000 0000)
CAP2T ) . 0 : Notriggerinput read
Capture 2 trigger input status . .
(CFG) 1 : Triggerinput only
0: -
CAPCL CAP1/CAP2 status clear RIW
1 Clear {one-shot)
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3.8 ACCLOCK INPUT CIRCUIT (ACCK)

AC clock input circuit (ACCK) is a digital noise canceler that samples the AC signai supplied from a
home power source and transmits only those components that exceed the designated pulse width to a
capture circuit.

The edge signal that is detected is inputted to capture D (CAPO) via a capture input control circuit
(CAPIN). Measuring its cycle and discrimination of 50/60 Hz, etc. can be carried out easily by using

capture function.

3.8.1 Circuit Structure
The AC clock input circuit (ACCK) comprises a 4-bit shift register that samples and shifts a signal level
input from P33 {(ACCK) terminal, a 4-bit comparator and RS flip-flop.

ACCK > >| D e , R
{from P33) | ck 4bit Shift Register o— <AQECKI;T> CAPICRS
TBC10 )— <ACCKBP>
T ] tector |
. alll S Selector |— ACCK
TBC13 >— Comparator circuit allo |, Q > {to CAPIN)
ACCR <ACKS0> _T
ACCR <ACKS1>
Fig. 3.8.1 Structure of AC Clock Input Circuit
3.8.2 Control Register
AC clock input control register
ACCR 2 1 Q
(FrezH) [acckst | ackst | ackso | (initiatvalue  *xx% *000)
i Q : Stop
ACCKST Start/stop AC clock sampling
1 : Start
00 : TBCI1O
ACKS1 RiW
selection of AC clock sampling rate o1 = TRCH
Ko Ping 10 : TBCI2
11 : TBC13

Capture input control register 5
CAPICRS 7 6 5 4 3 2 1 0

(FFFAH) | CTLSEL I RMTSTJ RMTPO IACCKBPI RMTEP Icmmcp I (Initial value  *+00 0000)
Q : Samplin
ACCKBP | AC Clock input control piing AW
1 : Bypass
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3.8.3 Explanation of Operation

The signal input from ACCK (P33) terminal is sampled by the leading edge of the time base counter
(TBC) output. When all of the output of the 4-bit shift register becomes “1”, the RS flip-flop is set to "1“.
And when all values of the 4-bit shift register become “0”, the RS flip-flop is reset to “0.” The
sampling/shift clock can be selected in one of TBC10-TBC13 using <ACKS1, ACKSO> of the AC clock
control register {ACCR). In addition, the start/stop of sampling shift operations is controlled by ACCR
<ACCKST>. By writing “0” to <ACCKST> the 4-bit shift register is cleared to all “0", the RS flip flap is
resetted to “0" and shift operations stop.

The selection to sample or to bypass ACCK input is implemented using <ACCKBP> of capture input
controi register 5 (CAPICR5).

Table 3.8.1 shows the sampling clock rate and the minimum pulse width capable of being received as a
regular input signal. Fig. 3.8.2 shows a timing chart for the AC clock input circuit.

<ACKS1,0> sampling clock Mi”im”aTap:’;;i:’::i}zr::?a’ded
00 TBC10 = /2" 2"/ ¢ x 40.512 ms)
01 TBC11 = fc /2% 2/ §¢x 4(1.024 ms)
10 TBC12 = fc /2% 2/ fcx 4(2.048 ms)
1 TBC13 = fe/2" 2"/ fc x 4 (4.096 ms)

Figures in brackets are when operating at 16MHz

Figure 3.8.1 Sampling Rate and Received Pulse Width (Minimum Value)
for AC Clock Input Circuit

input

Samplingclock||||l|||||||llssllllllllllll
(TBC}

RS flip-flop

ACCK terminal I ¥ I
|
1

Pulse width regarded Pulse width regarded
as a regular signal as aregular signal

Figure 3.8.2 Timing Chart for AC Clack Input Circuit
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3.9 REMOTE CONTROL SIGNAL INPUT CIRCUIT (RMTIN)
The remote control signal input circuit (RMTIN) consists of the loss recovery circuit and the noise
cancellation circuit.
The leading edge and trailing edge detected by the RMTIN is inputted to the capture 0 (CAPQ) via the
capture input control circuit (CAPIN).
Width of the remate control signal can be measured by the CAPO.

3.9.1 Configuration
Each of the loss recovery circuit and the noise cancellation circuit consists of 4-bit binary up-counter,
comparatoer and RS flip-flop.
Fig. 3.9.1 shows the configuration of the remate control signal input circuit.

Reset >——— = pommmmeomommmesm oo mses s smm oo m—o—osoooos—oooo—o- 1
< Loss recovery circuit> |
CAPICRS |
<RMTST> { TBC6
CAPICRS I__ 3
<RMTPO> R 4-bit counter

.
]
3

1 1

1 1

] []

L 1

1 1

1 1

] ]

+ ]

' '
1

| 3

RNy )] >—p ai R :

(from P32) C i {} i

1 i

[} [}

i i

1 )

] ]

i ]

1 i

1 1

) 1

] ]

L] 1

1 ]

1 I

L] i

L d

| c
TBC4 > Comparator — D Q —_-D— 5

R
RMTCR<RMTDOto 3> ’—

< TBCY

4-hit counter

=

Comparator —C Q S

R
RMTCR<RMTD4to 7> r

CAPICRS I_..-—< TBC6
<RMTBP>
i 7 RMTU
(to CAPIN)
Selector l_
\ }——RMTD
- {to CAPIN)

Fig.3.9.1 Remote Control Signal Input Circuit
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3.9.2 Control Registers

Remote control signal input control register

RMTCR 7 6 5 4 3 2 1 0
(F795H) | gmro7 [ rroe | RmaTDs | RMTDA | RMTO3 [ rmt02 | o1 | RwTo0 | (Initial value 0000 0000)
RMTD7?7 ) . ) Setting of comparative value of 4-bit counter
Width of noise cancellation . . o
to RMTD4 (noise cancellation circuit} RAW
RMTD3 . Setting of comparative value of 4-bit counter
Width of loss recovery o
to RMTDO {loss recovery circuit)
Capture input control register 5
CAPICRS 7 6 5 4 3 2 1 0
{FFFAH) [ CTLSEL I RMTST I RIVITPOJACCKBP[RMTBP ]CFGMCP] (Initial value «=00 0000)
Start/stop remote control signal input 0 : Sto
RMTST P 9 P P
control 1 : Start
Switching polarity of remote control 0 : Positive
RMTPO . ¥ 92 4 4 N i
signal inpu . Negative
gnalinp 9 : _ RIW
0 : Lossrecovery and noise cancellation
RMTBP Bypass control for the remote control operation
signal input 1 : Bypass the loss recovery and noise
cancellation circuit

3.9.3 Operation of Remote Control Signal Input Circuit

m

(2)

Control for the remote control signal input

The polarity of the remote control signal input from the RMTIN (P32) pin can be switched by
<RMTPO> of the Capture input control resister 5 (CAPICRS). By setting <RMTPO> to “1" the input
polarity can be reversed.

The remote control signal is sampled by the trailing edge of the TBC4 (2 ms when operating at 16 MHz)
of the Time base counter (TBC) output.

Hereinafter, the operation in case of <RMTPO> = 0 {positive polarity) will be explained.

Operation of the loss recovery circuit

In case that high-active remote control signal is received, the loss recovery circuit recovers negative
polarity loss pulse which width is less than that is set in the Remote contro! signal input control register
RMTCR <RMTD3 to RMTDO >.
The 4-bit counter counts TBC6 {8 x5 when operating at 16 MHz) of the Time base counter output. So,
<RMTD3 to RMTD0> should be set a value equivalent to width of loss pulse which is planned to be
recovered. In case of receiving negative pulse which width is more than setting value in the RMTCR
<RMTD3 to RMTDO>, the remote control signal input circuit judges that the trailing edge of negative

pulse was trailing edge of remote control signal and outputs the “RMTD” signal to capture input control
circuit (CAPIN).
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{3) Operation of the noise cancellation circuit

(4)

RMITIN —1 U U | [

In case that high-active remote control signal is received, the noise cancellation circuit cancels positive
polarity pulse which width is less than that is set in the Remote controf signal input control register
RMTCR <RMTD7 to RMTD4>. ' :

The 4-bit counter counts TBCI (64 us when operating at 16 MHz) of the Time base counter output. So,
<RMTD7 to RMTD4> should be set a value equivalent to width of positive polarity pulse which is
planned to be canceled. In case of receiving positive pulse which width is more than setting value in the
RMTCR <RMTD7 to RMTD4 >, the remote control signal input circuit judges that the leading edge of
positive pulse was leading edge of remote control signal and cutput the "RMTU” signal to capture input
control circuit (CAPIN).

Measuring the pulse width of remote control signal

“RMTU” signal (leading edge of the remote control signal} and "RMTD” signal (trailing edge of the

remote control signal) are inputted to the Capture 0 (CAPQ) via the Capture input control circuit (CAPIN).
The width of remote control signal can be calculated by software which uses timing data of RMTU and
RMTD.
In case of setting data 0000H to the RMTCR <RMTD3 to 0> or <RMTD7? to RMTD4>, the Remote
control signal input circuit doesn’t perform a loss recovery or noise cancellation operation, and when
CAPICRS <RMTBP> issetto “1”, the remote control signal inputted to the Capture input control circuit
{CAPIN) is by-passed the Loss recovery and Noise cancellation circuit.

Fig. 3.9.2 shows the operational timing chart of the remote control signal input circuit.

<RMTPO > ="0"

< Loss recovery circuit>>

4-bit counter -mmm ”] m I””l ”” ”””””I ””]”]”””” ”””

Comparator output
Flip-flop I

< Noise canceliation circuit>

4-hit counter I x:_x X X X X X X \ ] x \
Comparator output | % A }

Flip-flop /4") ‘i’/
RMTU &ﬂ (

RMTD \ﬂ

Fig. 3.9.2 Remote Control Signal Input Circuit Timing Chart
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3.10 TIMING PULSE GENERATOR (TPG)

in order to generate the various timing pulses necessary for VTR system control, the TMP90OCR74A has a
timing pulse generator (TPGO) with 22-bit 4-stage FIFO buffer and a 20-bit timing pulse generator (TPG1).

The TPGO and TPG1 can output the timing pulse synchronized with the time base counter (TBC). Their
resolution for both TPGO and TPG1 is 500 ns {(when aperating at 16 MHz).

3.10.1 Timing Pulse Generator 0 (TPGO)

(1) Configuration

The TPGO, as shown in Fig. 3.10.1, is composed of 22-bit 4-stage FIFO data register (16-bit timing
data + 6-bit output data), 16-bit comparator, 6-bit output data buffer and FIFO control circuit.

TPGOL TPGOH TPGODR
<TPGODG to 7> <TPGOD8 to 15> <TPGDOO to 05>

Writing of TPGODR

I

: HIFO full TPGQCR
22-bit 4-stage FIFO buffer comroIR <TPFULO>
o —ull ] TPGOCR
(16-bit timing data) : {6-bit output data) <TPEMPO>

Reset
BH CAPCR
Q <TPR$SO>

5 TPGOCR
. — match <FEMPIE>
16-bit comparator circuit Writing of
NS TPGODR
{? Qutput data buffer :r'\\lt-r;':sgt
request
TBC3 to TBC18
| Edge selection INTCR
I <INTTPGOS >
INTCR
<INTTPGOE >
I TPGOO {to P20)
- TPGO1 (to P21, VA SWP, TP)
M~ > TPGO2 (to PV/BLK)
M TPGQ3 (to VA SWP, TP, VTP, HA/CR)
. > TPGO4 (to PV/BLK, OSD)
N

» TPGO5 (to HA/CR}

Fig.3.10.1 Configuration of Timing Pulse Generator 0 (TPGO)
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(2} Operation

®  22-bit 4-stage FIFO buffer

This is a 22-bit data register which is composed of 16-bit timing data and 6-bit output data. As this
register has a 4-stage FIFQ structure, the first written timing data and output data are transferred first
to the comparator and output data register.

Set to the lower timing data register (TPGOL), the higher timing data register (TPGOH) and the
output data register (TPGODR) in this order. The FIFO address is incremented by writing of TPGODR.

6-bit output data is transferred to the output data buffer when 16-bit timing data matches the
value of TBC3 to TBC18. And they become the TPGOO to TPGO5.

@  16-bit comparator
When the set data of the TPGOL and TPGOH matches the value of TBC3 to TBC18, the comparator
outputs the match signal. The value of TPGODR is transferred to output data buffer and the FIfFO
address is incremented by the match signal.

@ Outputdata buffer
The data set in the output data register (TPGODR) is latched by the match signal from the 16-bit
comparator, and TPGO0 to TPGO5 outputs are changed. When resetting, this buffer is cleared to “0”
and TPGOO to TPGO5 outputs become “0”,

@  FIFO control circuit

The FIFO control circuit controls the 22-bit 4-stage FIFO buffer and has a status flag to monitor the
FIFO address.

The current number of retained data can be verified by reading out the FIFO status flags <TPFO01,
TPF00 > of the TPGO control register (TPGOCR). In case that the value of the FIFO status flag is 00", the
FIFO empty flag <TPEMPO> is set to “1" when retained data is nothing and the FIFO full flag
<TPFULO > is set to "1" when retained data are 4 words. And, writing data to the FIFO buffer is
disabled while the <TPFULO> is setto “1”. The contents of the FIFO status flags is varied each time
the match signal is outputted from the comparator. The contents of the FIFO status flags is cleared to
“00" by resetting. In addition, the FIFO address can be cleared by writing "1" to <TPRS0> of the
capture control register (CAPCR).

® Timing pulse generator D interrupt (INTTPGO)

When the contents of the FIFQ buffer becomes empty, an INTTPGO (empty) interrupt to request the
writing of the next data is generated. The INTTPGO {empty) interrupt request can be controlled by
TPGOCR <FEMPIE> and CAPCR <TPRSO>. By setting <FEMPIE> to “1”, INTTPGO (empty) interrupt
request is enabled by writing of TPGO output data register (TPGODR). And by writing “1" to CAPCR
<TPRS0>, it can be disabied (in this case FIFO address will also be cleared).

In addition, INTTPGO (TPGO3) interrupt request can be generated synchronized with the leading
edge or trailing edge of TPG03. Either leading or trailing edge of TPGO3 can be selected by
< INTTPGOE > of interrupt control register (INTCR}. To enable or disable INTTPGO (TPGO3) interrupt
request can be selected using INTCR <INTTPGQS>.

INTTPGO interrupt request is generated as logical-OR with INTTPGO {empty) interrupt request and
INTTPGO {TPGO3) interrupt request.
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{3) Control Register

TPGO control register

TPGOCR ? ___________ § __________ 5“_ 4 3 2 1 0
(FFEAH) & & & | rewpie | veruwo [Tremeo] Teror | TPF00 | (initial value  *++0 0100)
EEMPIE Enabling of INTTPGO (empty) interrupt 0: - write
request 1 : Enable only
0: -
TPFULO TPGQ  FIFO full flag
1 : FIFOfull
0: -
TPEMPO TPGG FIFO empty flag
1 : FIFO empty read
00 : Empt full
TPFO1 mpty or ful . only
01 : Retained datais 1 word
TPGO FIFO status flag , R
10 : Retained datais 2 words
TPFOQ - i
11 : Retained data is 3 words
TPGQ lower timing data register
TPGOL 7 6 5 4 3 2 1 0
(FFEBH) [ reco07 | pGops | TPoDs | TpGona | TrGo03 [TrGonz [ Tra0p1 [7rG000] (Initial value axss sxxs) Write only
TPGO higher timing data register
TPGOH 7 6 5 4 3 2 1 Q
TPGO | TPGO | TPGO | TPGO | TP PG TPGG | TPGU i, .
(FFECH) Lms I D14 | D13 1 oz | o | o I D9 | pg__| (Initial value xxxx xxwx) Write only
TPGQ output data register
TPGOOR 7 .. 6. > 4 3 2 ! 0
(FFEDH) = | TPG005 | TPGo04 [ 16003 | TPGD02 [ TPaD01 [1PGD00] (Initial value awes sxxs) Write only
Capture control register
CAPCR 7 6 5 4 3 2 1 0
(FFBEH) | CAPaY | Shenml carct [ visrrs Jvaseas [ Torso | croct | carrs |
0: -
TPRSO Clearing of FIFO address and disabling 1 1 Ciearing of FIFO address and disabling of AW
of INTTPGO (empty) interrupt request INTTPGO (empty) interrupt request
{one-shot)
Interrupt control register
INTCR 7o § _____ 5 4 3 2 1 0
(F78FR) : . | e | ame | S0 [ NI ram0s | To0iRs | (Initial value *+00 0000)
INTTRGQ (TPGO3) interrupt 0 : Leadingedge of TPGO3
INTTPGOE . .
Edge selection Trailing edge of TPG0O3 R

INTTPGOS

1
Enabling/disenabling of INTTPGD 0 : Disable
1

(TPGO3) interrupt request Enable
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{4) Output of timing pulse generator

TPGOO

®
TPGOOQ is outputted from P20 (TPGOQ) pin.
(Referto 3.21.3 P2 Port.)
@ TPGO1
TPGO1 can be used as AFF {(audio head switching) signal.
TPGO1 is outputted from P21 (TPGQ1) pin. And TPGO1 controls VASWP output and TPO to TP3
output.
(Referto 3.21.3 P2 Port, 3.13.4 Control of VASWP Output and 3.10.3 Timing Pulse Qutput.)
® TPGO2
TPGO2 controls the pseudo synchronizing signal output (PV).
(Refer to 3.15 Pseudo Synchronizing Signal Qutput Circuit.)
@ TPGO3
TPGO3 can be used as DFF (cylinder head switching) signal.
TPGO3 controls VASWP output, TPO to TP3 output, VTPO to VTP4 output, HA output and CR output.
(Refer to 3.13 Head Amplifier/Color Rotary Control Circuits and 3.10.3 Timing Pulse Output.)
® TPGO4
TPGO04 controls the pseudo synchronizing signal output (PV).
{Refer to 3.15 Pseudo Synchronizing Signal Qutput Circuit and 3.16 On-screen Display Circuit.
® TPGDS

TPGO5 controls HA/CR output.

{Refer to 3.13 Head Amplifier (HA) /Color Rotary (CR) Control Circuit.
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3.10.2 Timing Pulse Generator (TPG1)
(1) Configuration

TPG1 consist of a 20-bit data register (16-bit timing data + 4-bit output data), 16-bit comparator and 4-
bit output data buffer.

TPGIL TPG1H TPGiDR
<TPGiDQto 7> <TPG1D8to 15> <TPGD10to 3>

20-bit data register :
{16-bit timing data) : (4-bit output data)

16-bit comparator circuit match ' — INTTPG1 interruption request
7 J
{? Output data buffer

TBC3to TBC18

TPG10 (to CTL amplifier)
TPG11 (to CTL ampiifier)
TPG12 (to P36)

TPG13 (Non connect)

Fig.3.10.2 Configuration of Timing Pulse Generator 1 (TPG1)
(2) Operation

@  20-bit data register
This is a 20-bit data register which is composed of 16-bit timing data and 4-bit output data. Set to
the lower timing data register (TPG1L), higher timing data register (TPG1H), and the output data -
register (TPGODR}. 4-bit output data is transferred to the output data buffer when 16-bit timing data
matches the value of TBC3 to TBC18. And they become the TPG10to TPG13.

@  16-bit comparator

When the set data of the TPG1L and TPG1H matches the value of TBC3 to TBC18, the comparator
outputs the match signal. The value of the TPG1DR is transferred to output data buffer and INTTPG1
interrupt request is generated by the match signal.

@ Outputdata buffer

The data set in the output data register (TPG1DR) is latched by the match signal from the 16-bit
comparator, and TPGOO to TPGO5 are outputted. When resetting, this buffer is cleared to “0” and
TPG10 to TPG13 output become “0”.
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{3} Control register

TPG1 lower timing data register

TPG1L 7 6 5 4 3 2 1 0
(FFEEH) ITPG1D?[TPG1DSITPG1D5ITPG1DAITPG1DBITPG102ITPG1DI |TPG1DU| {Initial value 0000 0000) Write only

TPG1 higher timing data register

TPG1H 7 6 5 4 3 2 1 0
(FFEFH) [Tpmmslwcsmmlwmm3hPG1D12[TPG|D11hPG1mo|TPG1D9]TPG1DEI {Initial value 0000 0000) Write only

TPG1 output data register
TPG1DR 7 6 5 4 3 2 1 0

(FFFOH) : : : [TPGD13|TPGD12|TPGD1‘I |TPGDID| (Initial value ##*xx 0DOO) Write only

(4) Output of timing pulse generator 1
@ TPG10
TPG10 controls the recording amplifier for CTL signal.
(Refer to 3.20 Servo Control Amplifier.)

® TPG11
TPG11 controls the recording amplifier for CTL signal.
(Refer to 3.20 Servo Control Amplifier.)

® TPG12
TPG12 can be output from TPG12 (P36) pin.
(Referto 3.21.4 P3 Port.)

3.10.3 Timing pulse output (TP/VTP)
Timing pulse generator 0 {TPGO) outputs TPGO1 and TPGO3 can be used as AFF {audio head switch) and
DFF {cylinder head switch) signals, and can be output from the VASWP terminal (referto 3.13.4 Control of

VASWP Qutput).

In addition, timing pulses synchronized with the AFF signal or DFF signal can be output from TP0 to TP3
pins, and timing pulses synchronized with the DFF signal can be output from VTP0 ta VTP4 pins.

Table 3.10.1 shows timing pulse outputs and its output pins.

Table 3.10.1 Timing Pulse Output and its output pins

Timing Pulse Output output pins
TPO P20 (TPGOOD)
TP1 P21 (TPGO1) -
TP2 P24 (Ti3)
T3 P36 (T!2/TO3)
VTPO P52 (SDAQ/RXD2)
VTP1 P53 (SCLO/ SCLK2)
VTP2 P54 (TXD2)
vTP3 P22 (CR)
VTP4 P23 (HA)

-(Refer to 3.21.3 P2 Port and 3.21.6 P5 Port concerning configuration of timing pulse output circuit and
explanation of operation.)
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3.11 PULSE WIDTH MODULATION QUTPUT (PWM)

The TMPYOCR74A has four pulse width modulation (PWM) output channels. There are 2 channels of
12-bit resolution (PWMO/PWM1), 1 channel of 8-bit resolution (PWM2), and 1 channel of 14-bit
resolution (PWM3). These can be used for AFC (Automatic frequency control) and APC (Automatic phase
control) outputs of servo control, Voltage synthesize tunning control, and other apprication with an
external low-pass filter.

3.11.1  12-bit Pulse Width Modulation (PWMO, PWM1)

M

W
w
W
W

PWMO and PWM1 are controlled by data register (PWMOL/PWMOH and PWM1L/PWM1 H), PWM control
register (PWMCR) and timer start register {TRUN). By setting PWMCR <PWMOQO1M>, the carrier
frequency can be selected from 20.83 kHz or 41.67 kHz (When operating at 16 MHz).

Phase difference with PWMO and PWM1 is half cycle (180%). Further, the PWMO outputis connected to
the CAPFER (P37) pin, generating a timing pulse synchronized to PWMO is possible. (Refer to Section
3.21.4 P3 Port.)

Configuration

Figure 3.11.1 shows the configuration of the 12-bit PWM. They show in case that <PWMO1M > is set
to "0" or”1”.

S Internal Data Bus S

riting of PWMQL
riting of PWM 1L
riting of PWMOQH
riting of PWM1H

\/1 Llo\/ <

,l '1'2'3],L3‘2‘1‘0
1 1 1 { 1 1

Data Register

= SESZ SN2
Reset @R ‘T_D—rl_. | (Hltghelrdalta)I | ! rbl_jowe]rdafa) Data Latch
TRUN <PWMORUN >
FIF TRUN <PWM1RUNZ>>
Comparator Match R
Q PWMO
PN s (to PWMO, P37)
\7 PWMI
(to PWiM1)

| | Additional Bit
ALL"‘I"( I ™~ - i >OALL“0“

Generator

TRUN <PWMORUN >
TRUN< PWMIRUN>
TRUN < PWM2ZRUN >

fc

T
# 12bit Counter

1 1 1 ] 1 1 1 L I 1 1

(a) Carrier frequency is 20.83 kHz (PWMCR <PWMO1TM > = 0)
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internal Data Bus

)

Writing of PWMOL

Writing of PWMI1L
Writing of PWMOH

Writing of PWMtH

T T
,_|5 67
]

|\|‘7| T v T
01 2°3 43 2 1°¢0
| l , J . | Data Register

— =%

T T T T

Q T ¥ E T 1 ]
Reset _I:D R L_—-D'r’{ , , (Higherdata) | rl l(LOV:ler(fata)l

| Datalatch

TRUN <PWMORUN>

E/F TRUN <PWM1RUNZ

R
S

Q

Comparator Match
Y E >0 Additional 8it
ALL* 1" N ALLT0" | Generator
TRUN < PWMORUN> — T T T T
TRUN<PWM1RUN> ¢  12bit Counter :
TRUN<PWM2RUN> L —————
fc > T '

2]

PWMO

(to PWMO, P37)
PWMI1

(to PWM1)

(b) Carrier frequency is 41.67 kHz (PWMCR <PWMO1M > = 1)

Figure 3.11.1 12-bit pulse width modulation output (PWMG/PWM1)

{2) Control of PWM output

The PWMO and PWM1 outputs are 12-bit resolution pulse outputs whose one cycle is TM = 212 f(f¢/3)
[s]. The carrier frequency can be selected from Ts = Ta/16 [s] (20.83 kHz when operating at 16 MHz) or Ts
= Tw/32 [s] (41.67 kHz when operating at 16 MHz) by the PWMCR <PWMO1M>. The data register used
to set the pulse width are PWMOL, PWMOH and PWM1L, PWM1H.

The order of writing to the data registers is the Lower data register (PWMOL, PWM1L) and the Higher
data register (PWMOH, PWM1H). After writing to the higher data register, the data is transferred to the
Data Latch immediately before the next TM cycle. Supposing that the higher data in the data latch is 'n’
and the lower data is ‘m’, then the pulse width is n xtg (tp = 1/ (f¢/3) ) [s], and additional pulse (20 [s]) is
added to ‘'m' spaces in the carrier pulse that is outputted during one Ty cycle. Therefore, the carrier

pulse width included with an additional pulse becomes (n + 1} to [s].

PWMO and PWM1 are triggered to start outputting by setting the TRUN <PWMORUN and
PWM1RUN> to “17. Phase difference with PWMQ and PWM1 is half cyde (180°).
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Figure 3.11.2 shows a timing chart of the 12-bit pulse width modulation outputs.

TM=16Ts or 32Ts
Ts (0) Ts(1) Ts(1Sor 1)
| e————
nxty " |
PWMO
(PWM1)
o
Pulse width=nx 1, Pulsewidth=(n+ 1)1,
i |-

Additional pulse =1,

Figure 3.11.2 Timing chart of the 12-bit pulse width modulation outputs
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{3) Control Register
PWM 0 Lower Data Register
PWMOL 7 6 5 4 3 2 1 0
(FFDSH) [T TR | AN [ 7oy | ‘ons | 'ooy | obv | ‘o | (nitial value s sxxx) Write only
PWM 0 Higher Data Register
PWMOH 7 . . oA 3 2 L 0
eroeH) i i Lot [ O0hG [ ob [ ow ] (nitial vatue aaww anns) Write only
PWM 1 Lower Data Register
PWM1L 7 6 5 4 3 2 1 0
(FFD7H) ”,"é’,‘;" ﬂ"é’g" "1‘@’,';" "1"32" "1,"‘,’3" ",".",';" Pm;a ':VS{']A (Initial value *w#=xx x4xx) Write only
PWM 1 Higher Data Register
PWMIH 7 6 3 4 3 2 A 0
(FEDBH) i 2001 | 010 | 09 | 08 | (nitial value saxs 4x2x) Write only
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 0
(FFDAH) [ PWM3 ] yapuy | PAVMI FWNd { P2 T ragun | 11ruN | Torum | (Initial value 0000 0000)
D : Stop
PWMI1RUN | PWMI1 Start/ Stop
: 1 Start
R/W
0 : Stop
PWMORUN | PWMO Start/Stop
1 Start
PWM Control Register '
PWMCR 7 6 5 4 3 2 1 0
(F793H) l :ﬁMl | Sas [s¥nceo [pwmse pwmeopwirort] o0 | (Initial value  +000 0000)
PWMOIM | PWMO.1 Carrier Selecti 0 : Ts=20.83 kHz (at fc = 16 [MHz])
,1 Carrier Selection
1 : Ts=41.67kHz (atfc=16 [MHz)])
. X 0 : Positive
PWMPO1 PWM 1 Output polarity selection RW
1 : Inverted
. i 0 : Positive
PWMPOG PWMO Output polarity selection
1 : Inverted
Open-drain control register 1
ODMCR1 7 6 5 4 3 2 1 0 .
(F789H) l:wwoc]:-wmood P370C | P240C | P230C | P220C I P210C | P200C | (Initial value 0000 0000}
‘ ) 0 : Push-pull'output
PWM10C PWM1 open-drain control o,
Open-drain output RAW

PWMOOC PWMO open-drain control

1
0 : Push-pull output
1 Open-drain output
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(4) PWM output ports

The PWMO output is driven from the PWMO pin and the PWM1 output is driven from the PWM1 pin.
Figure 3.11.3 shows the configuration of the PWMG and PWM1 output ports.

OSCEB )‘_:D%
PWMOQ (from PWMO)
PWM1 (from PWM1) }—:D——:l}

PWMCR < PWMPO0 >
PWMCR<PWMPO1 >

PWMO

[\4
| PWMI1

TRUN<PWMORUN>
TRUN<PWM1IRUN>

ODMCR1<PWMOOC>>
ODMCR1 <PWM10OC>

Figure 3.11.3 PWMO and PWM1 autput ports

The PWMO and PWM1 pins are used exclusively for 12-bit pulse width modulated outputs. Their
output buffers are enabled by setting the timer start control register (TRUN} <PWMORUN> and
<PWM1IRUN> to “1" respectively, Furthermore, their outputs can be switched between push-pull
output or N-channel open-drain output by using the open-drain control register 1 (ODMCR1)
<PWMOOC> and <PWM10C>.

In addition, the polarity of the PWM output can be inverted by setting the PWM control register
(PWMCR) <PWMPOO > and <PWMPO1> to “1".
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3.11.2 8-bit Pulse Width Modulation (PWM2)
PWM2 is controlled by the data register (PWM2DR) and timer start control register (TRUN).
The PWM2 output is driven from the P74 (PWM3) pin. The P74 pin is shared between PWM2 and PWM3
output. (Referto Section 3.21.8 P7 Port.)

(1) Configuration
Figure 3.11.4 shows the configuration of the 8-bit PWM.

S_ internal Data Bus )
Wwriting of PWMZDR———--bl 7: 5: 5: 4: 72 1: Dl Data Register
1 L

' 2

Q 1 1 T Ll 1 1
Reset —I_D R | D I Data Latch
N7 e TRUN <PWMZRUN>
Match

Compara -
parator R Q _LD——’ PWM2
S {(to P74)

{1
a1~ ALL"0"
TRUN < PWMORUN > S N N —
TRUN < PWMIRUN> ¢ 12bit COuﬂtEf H
TRUN < PWMZRUN > PR S S S S T T S
fc > Il U II

Figure 3.11.4 8-bit pulse width modulation output (PWM2)

{2) Control of PWM output
The PWM2 output is an 8-bit resolution pulse output whose one cycle is TM = 28/ (f¢/3) ) [s]. Supposing
that the value set in the PWM2 data register (PWM2DR) is 'n’, the pulse whose width is n x tg (tp = 1/ (f¢/3}
) s] in the TM cycle is outputted. The 12-bit counter is shared between PWM2 and PWMO/PWM1. When
all of the lower 8 bits become "1, the value written to the data register is transferred to the data latch.
PWM2 is triggred to start outputting by setting the TRUN <PWM2RUN> to “1“.
Figure 3.11.5 shows a timing chart of the 8-bit pulse width modulation output.

T

nxty

PWM2

Figure 3.11.5 Timing chart of 8-bit pulse width modulation output
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(3) Control register

PWM 2 Data Register

PWM2DR 7 6 5 4 3 2 1 0
FWM | PWi 3 M | P " . )
(FFO9H) { B | 206 | 208 | Zoa | 0 | oy | v | aon ] Gnitial value xxss +433) Write anly

Timer Start Control Register

TRUN 7 6 5 4 3 2 1 0
(FFDAH) | P | rarun [ "ot | Pat® | PR T rarun | vk | rorun | (initial value 0000 0000)
PWM2RUN |PWM2 Start/Stop G RAW

PWM cantrol register

PWMCR 7 6 5 4 3 2 1 0
(F733m) = [ B | Ses [sviceo rwwmisepwmpoobwmpo pwmeod] (initial vatue  +0000000)
PWMSEL Switch between PWM2 and PWM3 0 : PWM2is outputted from P74 pin,
outputs. 1 : PWM3is outputted from P74 pin. RAW
PWMPO2 Switch over PWM2/PWM3 output 0 . Positive
polarity. 1 : Inverted

Open-drain control register 2
ODMCR2 7 6 5 4 3 2 1 [¢]

(F78aH) = = [ praac | pséoc | essoc | essoc | ps20c | (initial value  +++00000)
P740C P74 open-drain control (1) POL;S:AP::L;U;E:;“ R/W

(4) PWM2 output
The PWM2 output is driven from the P74 pin. (Refer to Section 3.21.8 P7 Port.) The P74 pin is shared
between PWM2 and PWM3 output. Which is outputted from this pin, PWM2 or PWM3, is selected by using
the PWM control register (PWMCR) <PWMSEL > The polarity of the PWM2 (PWM3) output can be inverted
bysettingthe PWMCR <PWMPQO2>10"1".
Furthermore, the P74 outputbuffercan beswitched between push-pull outputand N-channel open-drain
output by using the open-drain contro! register 2 (ODMCR2) <P740C >.
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3.11.3 14-bit Pulse Width Modulation (PWM3)
PWM3 is controlled by the data registers (PWM3L/PWM3H) and timer start control register (TRUN).
The PWM3 output is driven from the P74 (PWM2) pin. The P74 pin is shared between PWM2 and
PWMS3 output. '
(Refer to Section 3.21.8 P7 Port.)

(1) Configuration
Figure 3.11.6 shows the configuration of the 14-bit PWM.

S Internal data bus S
Writing to PWM3L > '
|5'4M1'0 Y 5'4}'/;7'1'0 ;
Writing to PWM3H> ! _I 1 1 1 L 1 ] 1 I 1 ] L A 1 I Data reg|5ter
|~ s )\} i/ NS

T T . 1 ] T T ] T T T
Reset Q | Higher data I l Lower data I Data latch
>®_‘ R 1 1 1 I L | L 1 1 r A 1 L A I

Comparator Match
ayv It~ Q
all 1 N RN > s z‘fm,i)
00 |~ RO i st fn jev e
9] 53 W) W) W) O} U)W v
o |0 |on | 100 [ (o0 jea Bit addition
TBC1to TBCS . il il ad ol b o) determination
{from TBC} ' circuit
ot-tdmie
= |——|— ]
vipviuiviu
o joo o e oo oo
TBCIto TBC14 [l et e

{from T8C) 4

Figure 3.11.6 14-bit pulse width modulation output
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(2) Control of PWM output

The PWM3 outputis a 14-bit resolution pulse output whose one cycle is Tyg = 214/ {f¢/2) [s]. The carrier
frequency is Ts = Ty /64 [s]. The data register used to set the pulse width is PWM3L and PWM3H.

The order of writing to the data registers is the lower data register (PWM3L) and the higher data
register (PWM3H). After writing to the higher data register, the data is transferred to the Data Latch
immediately before the next TM cycle. Supposing that the higher data in the data latch is ‘n’ and the
lower data is ‘m’, then the pulse width is n xtq (tg = 1/ (f/2) ) [s], and additional pulse (t0 [s]) is added to
‘m’ spaces in the carrier pulse that is outputted during one Ty cycle. Therefore, the carrier pulse width
included with an additional pulse becomes (n + 1) tg [s]. PWM3 is triggered to start outputting by setting
the TRUN <PWM3RUN> to "1”.

Figure 3.11.7 shows a timing chart of the 14-bit pulse width modulation output.

- Ty =64Ts o=
Ts {0} Ts{1) Ts {63)
- —
nxty ¥ L
PWM3 |
Pulse width=nxt, Pulse width = (n + 1),
-
Additional pulse =t

Figure 3.11.7 Timing chart of 14-bit pulse width madulation output
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(3) Control register

PWM3 Lower Data Register

PWM3L 7 6 5 4 3 2 1 0
(F78BH) [ PWWI T FWW | PR T PWAT | PWM | PWW [ W | Fw
1

(Initial value **x+ *x2x}  Write only

PWM3 Higher Data Register

PWNM3H 7 6 5 4 3 b 1 0
- : M| Wi P - .
(F78CH) S0r3 | 3012 | ab11 | 3010 | aos 30 (Initial value +##x xxx%) Write only
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 0
(FFDAH) [FWWE T ypy [ FIVMT | VR0 [ WM T ronum [ Tamun | ToRUN | (Initial value 0000 0000)
Q : Stop
PWM3RUN |PWM3 Start/Stop R/W
1 : Start
PWM control register
PWMCR 7 6 5 4 3 2 1 Q
(F793H) P | Snr [ ene [T LRy | ot [ BEM ] (nitial value %000 0000)
PWMSEL Switch between PWM2 and PWM3 0 : PWM2isoutputted fram P74 pin.
outputs. 1 : PWM3is outputted from P74 pin. RW
Switch over PWM2/PWM3 output 0 : Positive
PWMPO2 5
polarity. 1 1 Inverted
Open-drain control register 2
ODMCR 7 ! ... S 3 2 ! 0
(F78aAH) = P P { p7aoc | pseoc | pssoc | psaoc | pszoc | (initial value  x=x0 0000)
0 : Push-pull output
P740C P74 open-drain control P , P RAW
1 : Open-drain output

(4) PWM3 output
The PWMS3 output is driven from the P74 pin. (Refer to Section 3.21.8 P7 Port.) The P74 pin is shared
between PWM2 and PWM3 output. Which is outputted from this pin, PWM2 or PWM3, is selected by
using the PWM control register (PWMCR) <PWMSEL>. The polarity of the PWM3 (PWM2) output can be
inverted by setting the PWMCR <PWMPQ2> to “1".
Furthermore, the P74 output buffer can be switched between push-pull cutput and N-channel open-
drain output by using the open-drain control register 2 (ODMCR2) <P740C>.
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3.12

VISS / VASS DETECTOR (VIVA)

This circuit is to support the Video Index Search System (VISS) and Video Address Search System (VASS)
for VHS VCR. By using this circuit, the duty of contral signal (CTL) recorded on video tapes is can be
measured and the VISS code can be detected. Further, the address code of VASS can be read out.

3.121

Configuration

VISS / VASS detector consists of the CTL duty discrimination circuit, VISS detection circuit, VASS header
detection circuit and 16-bit address code register,

TBC3(145)  ——f
TBCS(448)  —
TBC7 (16 48)  ——»

TBC 10 (128 us) —»

PCTLA

]

Selector

Selector Selector

" i

VIVACR2 <PCTLCKS >

CAPINCR2 <PCTLCKQ>

Automatic clack
switching control

i

CAPINCR2 <PCTLCK1>

CTL duty discrimination circuit

{from CAPIN)

VIVACRZ <PCTLPC >

VIVACRT <CTLDTY >

CK

o]l

B-bit Counter

.—Qﬁigher 4-bit

E_k CAPCR <VISFRS>
R

Internal Data Bus

%

VIS5 Detection VISS Q] VIVACRT <VISSFL>
Circuit 5
{} VIS5 flag
VIVACR2
} <VIs50to 3> :D—> INTVA interrupt request
N
VASS Header detection circuit
l—)—— CAPCR <VASFRS >
D R
16-bit Shift Register VASS g Q[T VIVACRT <VASSEL>
{ CK '

VASS flag

Figure 3.12.1 VISS/VASS detector
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3.12.2 Control Registers

VIS5 / VASS Control Register 1
VIVACR1 7 6 5 4 3 2 1 0

(FFF4H) , | oty | wissru { vasseL] (nitial value 0000 ++0D)
CTLDTY CTL duty discrimination circuit output 0 : CTLduty = 50 % (In case of <PCTLPO> =0)
monitor flag 1 : CTLduty = 50% (In case of <PCTLPO> =0)
0: - read
VISSFL V1SS detect fla
9 1 : VISS detected only
0: -
VASSFL VASS detect flag
1 : VASSdetected
Note ; The hit7 to bitd of the VISS/VASS Control Register 1 {VIVACR1) must be written "0”.
VISS 7 VASS Control Register 2
VIVACRZ 7 6 5 4 3 2 1 1]
(FEFSH)  locripo | "0 | wow | ™ok | wisss | wiss2 | wisst | wisso | qnitial value 0000 0000)
0 : Positive discrimination (< CTLDTY > isset "1"
PCTLPO Polarity selection of CTL duty when CTLduty = 50 %)
discrimination 1 : Negative discrimination (<CTLDTY > isset “1”
when CTL duty = 50 %)
, . 0 : Selected by <PCTLCK1, PCTLCKO> RW
PCTLCKS | CTL duty measuring clock selection . )
1 : Automatic clock selection -
4-bit data “0H" to "FH"
VISS3to . . . N .
VISSO VIS5 detect compare data - {This 4-bit data is compared with higher 4-bit data
of 6-bit counter.)
Capture Input Control Register 2
CAPICR2 7 6 5 4 3 2 1 0
(FFFeH) [ PCTt [ PCT | eeers l PCPRA | PCPR3 I PCPR2 I PCPR1 I PCPRO | (Initial value 0000 0000)
00 : TBC3
PCTLCKA . .
CTL duty measuring clock selection 01 : TBCS W
(Enable when <PCTLCKS> =() 10 . TBC7
PCTLCKO
11 : TBCIO
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(FFBEH) [ CaP2T | CAPTT T capce | visers | vasers | terso | crac | carrs | (initial value 0000 0000)
0: -
VISFRS Clearing of VIS5 fla
9 9 1 Clear {(One-shot)
. RW
VASFRS Clearing of VASS fla ' ’
9 g 1 Clear (One-shot)
VASS Data Register
VASSDR 7 [ 5 4 3 2 1 o
(FFF8H) [ yassy | vasse | vasss | vassa | vasss | vass2 | vasst | vasso | (nitial value #xxx xxxs)
7 6 5 4 3 2 1 ¢
|VASSIS|VASSM|VASS‘|3|VASS12|VASS11 |VA5510| VASS9 I VASSS I (Initial value #xxx wwax)
VASS57 to H
Lower 8-bit of VASS data Thg VASS data can be got by reading of the VASSDR
VASSO . twice. read
VASS15to R . } only
VASSS Higher 8-bit of VASS data First data is lower 8-bit and second is higher 8-bit.
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3.12.3 Control of the CTL duty discrimination circuit

()

(2)

Control of CTL duty discrimination

The CTL signal which is amplified by CTL amplifier is inputted, as a PCTLA signal, to VISS/VASS detector
(VIVA)viathe Capture input control circuit {CAPIN). The CTLduty discrimination circuitjudges by threshoid;
the threshold has half the time of PCTLA signal term. If duty of the PCTLA signal = 50%, the CTL duty
discrimination circuit outputs “0”. And if its duty < 50 %, it outputs “1". This output can be read as
<CTLDTY > of the VISS/VASS control register 1 (VIVACR1). And, the polarity of output can be inverted by
using <PCTLPO > ofthe VISS/VASS cantrolregister 2 {VIVACR2).

Control of Clock switching

The Clock source, which is to measure CTL signal term, is selected by software or by hardware. If its
clock source is selected by software, it is required to set <PCTLCKO> and <PCTLCK 1> in Capture Input
Control Register 2 (CAPICR2) to connect adequate TBC while <PCTLCKS> in VIVACR2 is “0”. On the
other hand, TBC is selected automatically while <PCTLCKS> is "1".
The following table indicates the relation between the term of CTL and its clock source.

Table 3.12.1 Reiation between the CTL signal term and its measuring clock source

<PCTLCK1> <PCTLCKO> | Clock source for CTL duty discrimination (at fc = 16 MHz) Term of CTL signal
00 TBC3 ( 1p3) to 5124
01 TBC5 { 4 ) 512 45 to 2048 us
10 T8C7 ( 16 ws) 2048 5 to 8192 s
1" TBC10 (128 us) 8192 45 to

3.12.4 Control of VISS detection

VISS detection circuit consists of 6-bit up counter counts PCTLA signal, comparator for detecting VISS
index code, and R/S flip-flop (VISS flag).
Since CTL duty discriminating output is “L” active reset input for 6-bit counter, 6-bit counter is held on
count operation while CTL duty discriminating outputis “H” (in case that <PCTLPO> =“0"}. The upper
4bits in 6-bit counter are compared with value of ViSS detection circuit which is a 4-bit comparator. The
data on the comparator is set by <VISS3> to <VISSO> of VISS/VASS Control Register 2 (VIVACR2). VISS
signal is outputted when the upper 4bits in 6-bit counter and the data on <VISS3I> to <VISSD> are
matched; the matching sets the VISS flag and requests INTVA interrupt. The state of VISS flag can be
read out by <VISSFL> of VISS/VASS Control Register 1 (VIVACR1), and the VISS flag can be cleared by
using <VISFRS> of the Capture control register (CAPCR). Table 3.12.2 shows relation between the value
of <VISS3> to <VISSG > and count value of the PCTLA signal.
In order to detect VISS, set VIVACR2 <PCTLPO> ta "0” when tape operates forward and set VIVACR2
<PCTLPO>to "1" when it operates reversely.
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Table 3.12.2 Relation between the value of <VIS53> to <VISS0> and
count value of the PCTLA signal

<VIS$3> to <VISS0> The count value for detecting
3 2 1 0 VISS index ¢ode
0 0 0 ¢ don't use
0 4 0 1 4
0 0 1 4] 8
0 0 1 1 12
0 1 0 0 16
0 1 0 1 20
0 1 1 0 24
8] 1 1 1 28
1 0 0 ¢ 32
] 0 0 1 36
1 0 1 0 40
1 0 1 1 a4
1 1 0 0 48
1 1 0 1 52
1 1 1 0 56
1 1 1 1 (4]

3.12.5 Control of VASS detection circuit

VASS detector consists of the header detection circuit and address code register (16-bit shift register).
The header detection circuit detects the CTL duty discriminating output status that begins with “0" (6-bit
counter is reset) before 9bits of continuous "1 (the PCTLA signal is counted by 6-bit counter).

16-bit shift register latches 16bits of CTL duty discriminating cutput as the address code, which follows
“0" after 9bits of 1" in header. When the register finishes latching whole data of 16 bits, R/S flip-flop
(VASS flag) is set and INTVA interrupt is requested.

Which interrupt request is generated ; it can be checked by reading <VISSFL> and <VASSFL> of the
VISS/VASS contrel register 1 (VIVACR1) in INTVA interrupt processing routine. VASS flag can be reset to
“0" by using <VASFRS > of the Capture control register (CAPCR).

VASS address code generates INTVA interrupt 4 times by one set because address code has 4 headers.
But the 4th code data becomes dummy. And, when the INTVA interrupt is generated, it is required to
read address code before the next address code is started to latch. The 16-bit address code can be got by
reading VASS data register (VASSDR) twice; the first read data is lower 8-bit (<VASS7 > to <VAS50>) of
the address code and the second read data is higher 8-bit (<VASS15> to <VASS8>). In addition, if data
is written to VASSDR (dummy write), the VASSDR gets ready for reading lower 8-hit.

In order to detect VASS, set VIVACR2 <PCTLPO> to “0" when the tape operates forward and set
VIVACR2<PCTLPO > to “1” when the tape operates reversely. Notice that the LSB and M5B of address
code are reversed each other in case the tape operates reversely.
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3.13  Head Amp/ Color Rotary Control Circuit
The TMP9QCR74A contains the output circuit to control Head Amp / Color Rotary. HA output / CR

output can control shifting drum-head amplifier by logical combination, consists of TPG03 (from TPGQ),
TPGO5 (from TPGO), and Head Amp control register (HACR).

3.13.1 Configuration

HACR < COMPS > [>o-
R
COMPIN b Q
(from P43) c
CSYNCA

(from CSYNC) 7

TPGOS .
(from TPGO) D——:D—l__] D—» HA (to P23)
TPGO3

(from TPGO) HACR <HAPO>

HACR <DFFPQO > ———-:) ) > )
> O— D e
HACR < DFFPO1> ——:)

HACR <CRPO>

Figure 3.13.1 Head Amp/Color Rotary control circuit
3.13.2 Control Registers

Head Amp control register
HACR 7 [ 5 4 3 2 1 0
(F794H) ICRMODl 0" l\ITPE34IDFFPO1IDFFPOOICOMPSI CRPO I HAPQ I (Reset Value 0000 0000)

0 : /O port
CRMOD Selection for P22/ P23/ P43 mode P
1 : CR(P22)/HA(P23)/COMPIN (P43)
0 : Positive polarit
DFFPO1 Polarity shifting for TPG03 input . i y
1 : Negative polarity
. - . 0 : Positive polarity
DFFPOO Polarity shifting for TPGO3 input . ;
1 : Negative polarity
- RW
. . 0 . Disable
COMPS Enable / disable for COMPIN (P43) input
1 : Enable
. e 0 : Positive polarity
CRPO Polarity shifting for CR output i .
1 : Negative polarity
. en 0 : Positive polarity
HAPO Polarity shifting for HA output -

Negative polarity

Note) Alwayswriting “0” in bit 6 of Head Amp control register (HACR)
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3.13.3 Utilizing Head Amp / Color Rotary

(1) Logic architecture and operation mode _
Controlling HA (Head Amp) / CR (Color Rotary) output is executed by TPG03, TPGO5 and HACR, as

described below.

HA = <HAPO> & [ (CMPIN - <COMPS>) + (TPGOS5 - (TPGO3 & <DFFPO0>))]
CR=<CRPO> & [{CMPIN- <COMPS>) @ (TPGO5 - (TPGO3 & <DFFPO1>))]

Usually, while device operates as HA shifting or CR output HA output and output are classified to
following 3 operation mode.

Table 3.13.1 HA/CR outputoperate mode

Mode |<COMPS>| TPGOS HA output - CR output

mode 1 0 0 <HAPQO> <CRPO>@® (TPGO3 & <DFFPO1>>)

mode 2 0 1 <HAPQO>® (TPG03 & <DFFPO0>) ' <CRPO>

mode 3 1 0 <HAPQ>@& COMPIN < CRPO> @ COMPIN @ (TPGO3 & <DFFPO1>)

in these cases, TPGO3 is utilized as DFF. The polarity is shifted on <DFFPO0Q>, <DFFPO1>. TPGQS
shift the mode among mode 1 thru 3. <COMPS>> controls the input signal CMPIN (P43) input, whichis
to compare the frequency madulation signal for SP/EP head.

(2) Example
The following timing chart indicates the HA, CR output, assuming <HAPO> = <CRPO> is SP and

<DFFPQ0 > = <DFFPQ 1> =1, under the circuit described below.
Assuming that CR output is CH1 for high level and CH2 for low jevel.

$P1 >—$
L j
H
P2 >—-T
P
H >—|:| COMP output (to CMPIN)

EP2

DFF input {from VASWP)

HA input (from HA)

Playing Y / C output

xo 0

Figure 3.13.2 Example for the interface with Rec/Pre amplifier
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mode SP mode (< HAPO> = <CRPO> = () EP mode (<HAPO> = <CRPO > = 1)
| REC/PB/CUE /REV !

TPGo3  SP1 | sp2 | se1 | sp2 TPGo3 EP2 | EP1 | EP2 | EPI
mode 1 TPGOS TPGOS

HA SP HA EP

CR CH1 | cH2 [ cHi | cH2 CR CH2 | cH1 | cH2 | cH1

TPG0o3  EP2 | sP2 | EP2 | SP2 TPG03  SP1 | EP1 ] sP1 [ EPt
mode 2 TPGOS TPGOS

HA ep | sp [EP |sP HA i ER R

CR CH2 CR CH1

eos | SPZ/EP1 | SP1/EP2 I
mode 3 TPGOS

COMPIN ﬂEP[SP|EP|5P|EP|5P|EP|SP|EP|5P|EP|$

HA ﬂlzpz e} SP2 | EP1 | P2 | EP1 kr2ses| EP2 | sP1 ['EP2 | sp1 [Eez erijsp2

R cHtpuafri] ez [em {enz [om uofa] chz [T |enz [em puf]cnz

Figure 3.13.3 HA/CR outputsegquence

The basic operation, such as REC/ PB, STILL, CUE / REV, can be executed by mode setting, as described
above. The SLOW operation can be set by cycling between mode 1 and mode 2 (shifted on TPGQ5).

3.13.4 VASWP output control

The output TPGO3 of TPGO can be used for drum-head shifting signal (DFF) ; it can be obtained from
VASWP terminal.

The following diagram shows the circuit for VASWP.
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PAMR<SWPE>
R < OSCEB
PAMR < AFFMIX >
TPGO1
(from TPGO) E}
TPGO3 > : : —Jvaswe
(from TPGO) L
Figure 3.13.4 Circuit for VASWP output
@ Control register
VASWP output can be controlied by P4 mode register (PAMR).
P4 mode register
PAMR 7 6 5 4 3 2 1 0
(F785H)  Faremx | scucre [ mxote [ swee | suce | mxote | rese [ potxe | (Resetvalue 0000 0000)
. . 0 : Mix DFF with AFF
AFFMIX Control AFF signal mix
1 : OQOutputonly DFF RAW
0 : Disable
SWPE VASWP output enable
1 : Enable

@  Utilizing VASWP output
Use DFF for TPG03 and AFF for TPGO1.
P4 mode register (PAMR) < AFFMIX> can select the cutput: DFF anly or mixed DFF with AFF: If AFF is
mixed, the VASWP becomes 3-rate output. The VASWP output can be controlled whether to enable or
to disable.
The following diagram indicates the timing chart for VASWP output.

Figure 3.13.5 Timing chart for VASWP output
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3.14 SYNC SIGNAL SEPARATOR (CSYNC)
The Sync Signal Separator separates the Vertical Synchronizing Signal (V.SYNC) and Horizontal
Synchronizing Signal (H.SYNC) from composite synchronizing signal (C.5YNC signal).

3.14.1 Configuration ‘
The Sync Signal Separator cansists of H/V Separator, Mute Detector and H.Pulse Generator.
A canfiguration of the Sync Signal Separator is shown in Figure 3.14.1.

PWMCR <SYNCPO >

» CSYNCA
o {to CR/HA, OSD)
olarity
GYNC Switch | V.SYNC

H/V Separator —»= V5D (to OSD)
T
(f?;::n TBC) VSYNC (to CAPIN)
H.SYNC R
Q
S f—————< CSYNCR <MASK>

> » CSYNCR <MDETQ>

ute Detector > CSYNCR <MDET1>

T8C15 lr3
(from TBC) [Rad L )———— = CSYNCR<SYNCDET>

TPGO2 H.Puise Generator » HP (to PV/BLK)
{from TPGO)

CSYNCR
<HSEN>

Figure 3.14.1 Configuration of Sync Signal Separator

(1) HA/ Separator
The H/V separator separates H.SYNC and V.SYNC signals from the C.SYNC inputted from CSYNC pin. A
separated V.SYNC signal is transferred to Capture 0 (CAPO) via the Capture input control circuit (CAPIN).
And it is used for reference signal in the servo processing routine. In addition, V.SYNC signal is
transferred to On Screen Display circuit (0SD) and it is used for a synchronizing signal in display control
circuit.
Aseparated H.SYNCsignal is inputted to the Mute Detector and H.Pulse generator.

MCU90-467
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{2} Mute Detector

(3)

The mute detectar counts H.SYNC signal separated fram C.SYNC signal and judges it a normal C.SYNC
signal or mute state (no signat).
The mute detector's output can be read out from <MDET1>, <MDET0> and <SYNCDET> of the
CSYNC contro! register (CSYNCR).
When normal C.SYNC signal is inputted, <SYNCDET> is “1”. And when mute state is detected, “0” is
read out from <SYNCDET>, further, information about mute state can be got from mute detection
flags (<MDET 1>, <MDETO>).

H.Pulse Generator

The H.Pulse generator generates serrated-pulse (HP signal), synchronizing with H.3YNC signal from
C.SYNC, in pseudo-V.SYNC signal.
The HP signal is transferred to the Pseudo-sync signal output circuit (PV/BLK), and it is superimposed to
the pseudo-V.SYNC signal as serrated-pulse.
(Refer to 3.15 Pseudo-sync signal output circuit.)

3.14.2 Control Registers

CSYNC Control Register

CSYNCR 7 6 5 4 3 2 1 0 _____
(FFFOH)  [[avbpo | AnDPo [ MDETT | MDETS | Soic | Hsen | Mask | i (Initialvalue 0010 000%)
0 : Mute detect (noisy composite sync signal
MDET1 Mute detection flag (noisy composite sync signal)
1 : Normal
. 0 : Mute detect (nosignal) read
MDETO Mute detection flag
1 : Normal only
) . 0 : Mutedetect
SYNCDET Syn¢ signal detection flag
1 : Normal
0 : Non-synchronize HP with C.SYNC
HSEN H.pulse (HP} control . .
1 : Synchronize HP with CSYNC
0 - RAW
MASK V.SYNC king control
masking contro 1 : Release masking (one-shot)
PWM control register
PWMCR 7 6 5 4 3 2 1 0
(F793H) [ S TcrrrasfsynceolpwmseLpwimpozpwmropwimrod] (Initial value  *000 0000)
o . . 0 : Positive
SYNCPO Switching polarity of C.SYNC signai W
1 1 Invert
MCU90-468
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3.14.3 H/V Separator

(N

The H/V Separator Separates the Vertical Synchronizing Signal (V.SYNC) and Horizontal Synchranizing
Signal (H.SYNC) from Composite Synchronizing Signal inputted from CSYNC pin.

The H/V Separator consists of 7-bit up/down counter and pattern detectar (compare / match circuit).

Configuration of the H/V Separatoris shown in Figure 3.14.2.

CSYNC > CSYNCA (to O5D, CR/HA)
PWMCR

<SYNCPO > u/D

7-bi
T8CI }_T_ o bit up/down counter

> Selector
0 1

} | all
V.SYNC
allo Pattern detector 91 VSD (to GSD)
7 12
_@ ; } J VSYNC (to CAPIN)
R s R s R
Q
Q Q 5 | (SYNCR <MASK>

Flip Flop for masking

H.SYNC (3 i)
£ } to Mute Detector and

H SYNC{1.75 ps) H.Pulse Generator

Figure 3.14.2 H/V Separator

7-bit up/down counter counts TBC1 (22/fc) output from the Time Base Counter. And its direction for
counting is controlled by input polarity of CSYNC pin; CSYNCA ="1" is for up count and CSYNCA ="0" is
for down count. The input polarity of CSYNC pin (CSYNCA signal) is selected by setting <SYNCPQO > in
PWM control register (PWMCR) and it controls the direction for counting 7-bit counter. In case that

CSYNCA is 17, counter stops when counter output becomes ali “1”. And in case that CSYNCA is “0",
counter stops when counter output becomes all “0”.

V.SYNC separation

If pattern detector (compare/match circuit) detects 91 (SBH)” (TBC1 term : 250 [ns] at fc=16 [MHz].
Therefore, threshold rate is 250 [ns] x 91 = 22.75 [4s]), it outputs the V.SYNC signal. V.SYNC enables VSD
signal (to OSD) and VSYNC signal (to CAPQ), and it resets flip-flop for masking. Flip-flop for masking are
reset ance, the following V.SYNC signals are not accepted until masking is released. Setting flip-flop (to
release masking) is executed on <MASK> of CSYNC control register (CSYNCR). Timing chart of V.5YNC
separation is show in Figure 3.14.3.

MCU90-469
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~————— Equivalentpulse | vsne —>
ewea _JLTL M T MM T L LITL
Up/down counter e %.-‘
VSYNC, VSD

Flip Flop for masking

Figure 3.14.3 Timing Chart for V.SYNC separation

{2) H.SYNCseparation

If pattern detector detects "7 (7H)" or “12 (CH)” {TBC1 term : 250 [ns] at fc=16 [MHz]. Therefore,
threshold rate is 250 [ns] x 7 = 1.75 [zs] or 250 [ns] x 12 = 3.0 [us]), it outputs the H.SYNC signal (1.75 s/
3.0 us). In case that CSYNCA signal is “0”, H.SYNC signal is reset when 7-bit counter becomes all *0".
H.SYNC (1.75 xs) signal and H.SYNC (3.0 us) signal, which are separated by H/V Separator, is transferred to

the Mute Detector and H.Pulse generator.

3.14.4 Mute Detector

The mute detector detects mute state of C.SYNC signal by counting H.SYNC signal. Configuration of
the Mute Detector is shown in Figure 3.14.4.

H.SYNC (1.75 ps) >—————>

TBC15 {from TBC) > 43 [ 4

o

CK
8-bit up counter

H.SYNC (3.0 ps) ?

R
Pattern detectar H >o4+——= csYNCR <MDETT>
(nZ232)
K

i 8-bit up counter
R 1> csvncr <syncpeT>

L

Pattern detector "D°——> CSYNCR <MDETQ>
{n<1700rn=212)

Figure 3.14.4 Mute Detector

The mute detector consists of 2 types of pattern detector (compare/match) with 8-bit up counter; one
is for H.SYNC (1.75 ps) signal, the other one is for H.SYNC (3.0 us) respectively. It performs a detection at
every TBC15/3 (12.3 {ms] at fc = 16 [MHz}).

MCuU90-470
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(N

(2)

3)

Mute Detection Flag <MDET1>
The 8-bit up counter counts H.SYNC (1.75 us) signal. If count value exceeds 232 during a detection
period (12.3 ms), <MDET 1> will be reset to "0” as there are noise in the C.SYNC signal. <MDET1> isset

to “1" by reset operation, and it keeps “1” as far as input is normal signal. <MDET1> islocated on bit 5
in the CSYNC control register (CSYNCR).

Mute Detection Flag <MDET0 >

The 8-bit up counter counts H.SYNC (3.0 xs) signal. When count value is more than 170 and less than
212 during a detection period, <MDETO> keeps “1“ as there is normal C.SYNC signal. Butif count value
is less than 170 or more than 212, <MDET0 > will be reset to D" as there is uncertain signal. <MDET0>

is reset to "0" by reset operation, then it will be set to “1” by inputting normal signal. <MDETO> is
located on bit 4 in the CSYNC control register (CSYNCR).

Syncsignal Detection Flag <SYNCDET >
Since <SYNCDET> is logical-AND between <MDET1> and <MDET0>, data "1“ is read out from
<SYNCDET > as far as inputis normal signal. <SYNCDET> isresetto "0" by reset operation, then it will

be set to “1” by inputting normal C.SYNC signal. <SYNCDET> is located on bit 3 in the CSYNC control
register (CSYNCR).

MCU90-471
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3.14.5 H.PULSE Generator
H.SYNC Generator generates serrated pulse in V.SYNC signal. This generated pulse (HP signal} is

transferred to Pseudo-sync signal output circuit (PV/BLK), and it can be mixed to pseudo-V.SYNC signal.
Configuration of the H.Pulse generator is shown in Figure 3.14.5.

TBC1 (from TBC) >
H.SYNC (3.0 zs) L cK
8-bit binary counter
TPGO2 (from TPGO) s pinanyco
CSYNCR <HSEN> k)
R Pattern detector —————"> HP {to PV/BLK)

]

Figure 3.14.5 H.Pulse Generator

H.Pulse Generator generates serrated pulse (HP signal) to mix with pseudo-V.5YNC. The timing to mix
pseudo-V.SYNC with HP signal is controlled by TPGO2 from the Timing pulse generator 0 (TPGO) (Refer to
section 3.15 Pseudo-sync signal output circuit). By setting <HSEN> in CSYNC control register (CSYNCR)
to “17, HP signal can be synchronized with the H.SYNC (3.0 Bs) signal, outputted from H/N Separator, .
during TPGO2 is "L". In case that <HSEN> is “0", HP signal is not synchronized with C.SYNC signal input.

Wave form of the HP signal output is shown in Figure 3.14.6.

HP il 3 _I 7 . |_|

—> |~ 45

63.5 us

Figure 3.14.6 Wave form of HP signal cutput
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3.15 Pseudo-sync Signal Output Circuit (PV/BLK)
The TMP90CR74 has a function to output a pseudo-sync signal {PV) in place of the playback syncsignal

during special effect reproduction. The PV output is controlled by the timing pulse generator 0 (TPGOY's
TPGO2 and TPGO4 outputs and the PV control register (PVCR).

3.15.1 Circuit Configuration
The pseudo-sync signal output circuit consists of a sync signal mixing circuit, a blanking signal mixing
circuit, and a 4-level output circuit. The sync signal mixing circuit is used to superimpaose the serrated
pulse (HP) that is generated by the H pulse generator of the sync signal separation circuit (CSYNC) on a
pseudo-V.SYNC signal. The blanking signal mixing circuit is used to synthesize the sync signal mixing
circuit output and on-screen display output blanking signal {BLK).
Figure 3.15.1 shows a configuration of the pseude-syncsignal output circuit.

PVCR<PVSELD > s

PVCR<PVSEL1 > > Blanking Encoder

PVCR<PVSEL2> > Synesignal signal mixing {4-level _.D PV /BLK
PVCRHPMIX> :D_’:D—» mixing circuit circuit output circuit)

HP {(from CSYNC)

TPGO2 (fram TPGO) J

TPGO4 (from TPGO) »

BLK (from OSD)

PVCR<BLKMIX >

Figure 3.15.1 Configuration of the pseudo-syncsignal output circuit
3.15.2 Control Register

PV control register

PVCR 7 6 5 4 3 2 1 0
{F799H) I XOON ] S/N l agn Imlnpmm IPVSELZIPVSEU I PVSELOI {Initial value 0000 0000)
——— . . 0 : Mixed
BLKMIX Mix BLK signal (from OSD). .
1 : Notmixed
. 0 : Mixed
HPMIX Mix HP signal {from CSYNC). i RV
1 : Not mixed
PVSEL2 . .
Select PV/BLK output format, Output format is selected with Q(H) to 7(H).
to PVSELO
Always write "0" to bit 5in PV control register (PVCR)
MCU90-473
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3.15.3 Control of Pseudo-sync Signal Output

Output of the pseudo-sync signal (PV) is controlled by TPG02 and TPG04 outputs of the timing pulse
generator 0 (TPGO) and the PV control register (PVCR). .

The vertical sync signal (V.SYNC) is patterned by the TPGO which is output from TPG04. The TPGO2
output is used to set a period at which time the serration (serrated pulse) of V.SYNC is inserted. The
serration (HP signal) is generated by the H pulse generator of the sync signal separation circuit {CSYNC).
The HP signal is inserted into V.SYNC by setting the PVCR register PHMIX bit to 1.

The pseudo-sync signal has six output formats which can be selected by the PVCR register's PVSEL2-0
bits. Figure 3.15.2 shows the output formats of the pseudo-syncsignal.

3.15.4 On-screen Display Output Blanking Signal (BLK)

When using the PV/BLK pin for pseudo-sync signal output, the above six types of output formats are
output at three voltage levels. However, with the PVCR register BLKMIX bit cleared to 0, they can be
output at four voltage levels by superimposing the blanking signal (BLK) of the an-screen display (OSD)
output an the pseudo-sync signal (PV). In this case, the PV and BLK signals must be separated external to
the pin. Since the BLK signal also is multiplexed on the P42 (BLK/TxD1) pin, the P42 pin can be used as a
general-purpose I/O port {P42) or serial transmit pin {TxD1) by setting the PV/BLK pin for 4-voltage level
output. The P42 (BLK/TxD1) pin is a normal three-value output.

The BLKMIX bit is reset to 0 by the device's initialize operation.

MCU90-474
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<BLEMIF <PVSEL2t0 0> G0z T L
2 1 0 | TPGO4——e——d e (<PHMIX>=1)
RERR
0 0 0 HP Hz output
Vss
P
0 0 1
P
o | ] 1] r—|
1 _I R
o R
Hp
He
1 * 0 _'_I \_
1 * 1 I
HP
Ve
l—PI I I l Vee (2/3)
0 Q 0 LK l_ELK[: Vee (1/3)
Vs
0 HP
0 0 1
LK LK

Fig 3.15.2 Pseudo-Vsync output format
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3.16 ON-SCREEN DISPLAY CIRCUIT (OSD)
TMPO0OCR74A has On Screen Display {OSD) circuit for displaying characters and symbols on TV screen on
chip. The character and symbol font is in Character Font ROM, put characters or symbols in display RAM
for display message on TV screen. This function can be used to display VCR recording menu and message.

3.16.1 OSD Functional Outline
TMPI0CR74A OSD functional cutline are shown in Table 3.16.1.

Broadcasting System NTSC- PAL - M-PAL - N-PAL - 60PAL - 4.43NTSC
Screen Horizontal 24 characters .
Configuration Vertical 10 lines (line space 0, 1, 2, 4 dot selectable)
Number of Character Max. 240 characters
Font Horizontal | 12 dots

Vertical 18 dots

Character Kind of character Max. 256 (4-type blank code included)

Size Unit Size for 1st line and other lines (2nd to 10th) can be set independently

Type 16 (Horizontal x1, x2, x3, x4, Vertical x1, x2, x3, x4)

Display Style Unit Style for 1st, Mth thru Nth (set by command) and other lines can be set independently

Type Fringing (4 channels), Non-Fringing (3 channels) : black fringing only

Fringing Horizontal | 1TC {1 dot)
Vertical |1HD (1dot)

Smoothing Smoothing available in x2 or x4 mode of character size

Display Starting position Horizontal | 16 position (unit : 4TC)

Vertical [ 16 position {unit : 4HD)

Blinking Unit | each character

Type 6 (Blinking frequencies : 2) x (duty: 3)

Style Normal, Reverse, Flip

Color Unit Screen

{Color for character, character background and background ¢an be set
independently)

Type Hue (Tint) : 8, Value (Luminance) : 5, non-coloring

TC: Dot <lock, HD: Horizontal Sync signal

Table 3.16.1 OSD function
3.16.2 Configuration
On Screen Display (OSD) cirucuit has three main control registers (OSDCR, OSDADR, OSDDBR), eight
display mode control registers (OSDMRD to 7), display control RAM, character ROM, character generator,
clock generator, Sync. generator, video encoder, video signal output amps.
OSD circuit composition are shown in Fig 3.16.1.
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3.16.3 Memory Configuration
On screen display {OSD) circuit uses following four (4) kinds of memories,
@ Three (3) Main Control Registers : OSD Control Register (OSDCR), Display RAM Address Register
{OSDADR) display, Data Buffer Register (OSDDBR)
@ 0SD.Mode Register (OSDMRO) to {OSDMR7)
@ Display RAM (240 x 10-bit)
@  Character ROM for Character Font (18 x 12 x 256-bit)

{1) Main Control Registers
Main Control Registers are OSDCR {address FFCEH), OSDADR (address FFCFH) and OSDDBR {address
FFDQH).
The main control registers can be accessed by CPU directly. Although data can not be set to Display
RAM and OSD Mode Registers (OSDMRn) directly, data can be set through main control register
(OSDADR, OSDDBR) by CPU indirectly. Data written in Display RAM and OSDMRn can not be read out.

OSD Control Register

QsSDCR 7 [ 5 4 3 2 1 0
(FFCEH) | cvpt | empo | veen |oispon [exaamr]| an | 5085 [ pm | (Resetvalue 0000 0000)

CMD1
Character display style selection Actual display style is related with <MOD> bitin
{Blinking mode) OSDMRA register. *
cMDOo
0 : Disable
TCEN Dat clock (TC) enable 1 : Enable
. 0 : Disable
DISPON Display enable 1+ Enable RAW
— . - 0 : Internal mode (full page mode)
EXT/INT Display synchronization 1 : External mode (Superimpose mode)
43 Selection of color sub-carrier {fs¢) for 0 : 3.58MHz
full-page mode 1: 443MHz
50/60 Selaction of V-sync frequency (fv) for 0 : 60Hz
full-page mode 1: 50Hz
= 0 : NTSC
P/N PAL/NTSC 1: PAL
* See chapter 3.16.10 that indicates "Blinking”
Display RAM Address Setup Register
QOSDADR 7 6 5 4 3 2 1 0
{FFCFH) | ospa7 | ospas | 03pas | ospas | ospas | ospaz | osoar | ospao | (Reset value 0000 0000)
QSDA7 . "
Address data for Display RAM {00H to EFH) or OSD (FOH to F7H) mode register RAW
to OSDAD
Display RAM Data Buffer Register
OSDDBR 7 6 5 4 3 2 1 0
(FFDOH) [ 65007 | 05006 | 05005 | 05004 | 05DD3 | 05002 | 05001 | 05000 | (Reset value 0000 0000)
os5DD7 . .
to OSDDC Data buffer for Display RAM or OSD mode register RAW
MCU90-478
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{2) OSD MODE Registers

OSD Made Control Registers are eight (8) bytes registers which can be accessed indirectly through Main
Control Registers OSDADR and OSDDBR. These eight (8) registers (OSDMRO) to {OSDMR7) are located at
indirect address OFQH to OF7H.

OSD Mode Register 0

OSDMR0) 7 6 5 4 3 2 1 Q
(0OFOH) | posv3 | posva | POSVI | POSVO | POSH3 | POSH2 i POSHI | POSHO_I (Reset Value (000 0000}
POSV3 . . . o
to POSVO Vertical start position Select 16 starting position (x 4HD) write
POSH3 . " . .
onl
to POSHO Horizontal start position Select 16 starting position {x 4TC) y
05D Mode Register 1
OSDMR1 7 6 5 4 3 2 1 0
{00F1H) ] ESV1 | ESVO I FSH1 LFSHOJ sVl ] csvo | C5H1 I CSHO I (Reset Value Q000 0Q000)
F5vi Vertical size (x 1,2, 3, 4)
FSVO . .
Character size of 1stline
FSH1 Horizontal size (x 1, 2, 3, 4}
FSHOQ re write
gg\\:é Vertical size (x 1,2, 3, 4) only
Character size of 2nd to 10th line
CSH1 Horizontal size (x 1,2, 3, 4)
CSHO 14,3,
050 Mode Register 2
OSDMR2 7 6 5 4 3 2 1 0
(00F2H)  } wisia | wistz | wsut | msio | msis | wsiz | wsui [ wsio | (Resetvaiue 0000 oo00)
MSL3 ) : .
Mth line M=322"-MSLn+1 (thLine)
to MSLO n=o write
NSL3 . 3 . only
Nth line N=32"-NSLn+1 (thLline}
to NSLO nNn= g
05D Mode Register 3
OSDMR3 7 6 5 4 3 2 1 0
(00F3H) lSPACEILSPACEOl GLD l GLDOJ NLDY l NLDO I FLD1 | FLDO I (Reset Value 0000 0000)
SPACET Line space 00 : OHD 10 : 2HD
SPACEQ P 01 : 1HD 11 ;. 4HD
GLDO Fringing for general line 0 : Fringing off
(Except 1st and Mth to Nth line) 1 : Fringing on
GLD1 Character background for general line 0 : Character background off
(Except ist and Mth to Nth line) 1 : Character background on
NLDO Fringing for Mth to Nth line 0 = Fringing off write
1 : Fringing on only
Character background for Mth to Nth 0 : Character background off
NLD1 :
jine 1 : Character background on
FLDQ Fringing for 1st line - Fr!ngfngoff
1 : Fringingon
. 0 : Character background off
FLD1 Character background for 1stline -1 ¢ Character background on

MCU90-479
B 9097249 0043746 209 N



TOSHIBA

TMP90CR74A

03D Mode Register 4

OSDMR4 7 6 5 4 3 2 1 0
(00F4H) | cuice | rcpma | ropuz | Fepra | mop | eunka | Bunkt [ sunko | (Reset value 0000 0000)
BrTT Area selection for color changing by G : Character font
Blank code 1 : Character background
Character or its background coloring
FCPH2 after display position of Blank code PH2 of hue setting changed by Blank code {FCH)
(FCH)
Character or its background coloring
FDPH2 after display position of Blank code PH2 of hue setting changed by Blank code (FDH)
{FDH)
Character orits background colering )
FEPH2 after display position of Blank code PH2 of hue setting changed by Blank code (FEH) wrllte
on
{FEH) y
Displaying style is determined with <CMD1, 0> biti
MOD Blinking mode play g. Y ' wh rn
OSDCR register.
- s
BLINKZ Blinking time 0: vl
1 : 26/fv[s] (fv: Frequency of V-sync)
00 : Blinking off
BLINK1
o 01 : 1/4duty
Blinking duty
10 : 2/4duty
BLINKO
11 @ 3/4duty
05D Mode Register 5
OSDMRS 7 6 5 4 3 2 1 0
(00F5H) l BGOFF I BGPH2 | BGPH1 | BGPHO | CBOFF I CBPH2 I CBPH1 | CBPHO I (Reset Value 0000 0000}
0: ON
BGOFF Coloring of background screen 1 OFF
BGPHZ2 to 8 kinds of color (h t 45 deg. inst color-
Hue of background screen inds of color {(hue) at every eg. against color '
BGPHO burst (0 to 7H) write
' 0: ON onl
CBOFF Coloring of character background 1. OFF y
CBPH2 1o 8 kinds of color (hue) at every 45 deg. inst color-
Hue of character background : thue) very €g. agal r
CBPHO burst (0 to 7H)
050 Mode Register &
QSDMR6 7 6 5 4 3 2 1 0 ]
(00F6H) | o« | vio | vir | vio [ croer | crema | crpmn | crrHo | (Reset Value 0000 0000)
YL2to . R
YLO Luminance (Y) level Selecting from 5to 100 IRE
. 0: ON write
CFOFF Coloring of character font
1: OFF only
CFPH2 to 8 kinds of coler (Hue) at every 45 deg, against color-
Hue of character
CFPHO burst {0 to 7H)

Note) Write “0” in bit 7 of OSDMR6
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05D Mode Register 7

OSDMR7 7 6 5 4 3 2 1 0

(OOF7H) [ SPON [ 50'\'1'58 | EQON iwommr gﬂ} i PVEN lADVEN[AHDENI (Reset Value 0000 0000)

Areaselection of line space (Line space
0 : Background of screen (Note 1)

SPON between Mth and Nth : Character
1 : Character background
background)
i 0 Disable
SMOOTH Smoothing
1 : Enable
L . , 0 : OFF
EQON Equalizing pulse in non-interlace mode 1 ON
. . 0 : Interlace
NONINT Interlace/Non-interlace display write

1 : Non-interlace (Note 2)

onl
RATIOHV Setting frquency ratio between VD and | The frequency ratio between HD and VD results from Y
HD in full page mode OSDCR <50/60>, <NONINT> and <RATIOHV>.
. - 0 : External VDIN or VSD from Csync
PVEN VD input switching
1 : TPGO4
0 : Disable
ADVEN External VDIN
1 : Enable
0 : Disable
AHDEN External HDIN (P44)
1 : Enable

(Note 1)  Line space between Mth and Nth line set by OSDMR2 is fixed to character background, no matter what
the <SPON> is.

(Note2)  Although the OSD doesn’t care an even/odd field, the non-interlace display doesn't have vertical jitter in
full-page mode.

PV /PH Control Register

PVCR 7 6 5 4 3 2 1 0
(F799K) l XOON I sfﬂ 0" IBLKMIXE PHMIX | PVSELZ © PVSELT | PVSELG | (Reset Value 0000 0000)
Enable 4fsc (X1 X0) oscillation and 0 : Disable
XOON .
input of VDIN 1 . Enable AW
0 : Disable
SIN Y/C separate output (SC and SY)
1 : Enable
P4 port Mode Register
PAMR 7 6 5 4 3 2 1 0
(F785H) !AFFMIXlSCLKIE l RXD1E | SWPE ! BLKE |TXD1E [ raee Joorxs | (Resetvalue 0000 0000
0 : Disable
RGBE R/G/B Qutput Enable
1 : Enable
- RW
L 0 . Disable
DOTXE DOTXI, DOTXO Oscillation Enable
1 Enable
CSYNC Control Register
CSYNCR 7 6 5 4 3 2 1T 0
(FEFDH) | avopo | aoPo | WIDETH | WOETG | pex | wWsen | mask | . (ResetValue 0010 0000)
. ! Q . Paositive
AVDPO External VDIN Input Porarity Switch
1 & Inverted RAW
External HDIN {P44) Input Porarity 0 Positive
AHDPO \
Switch t Inverted
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(3) Display RAM
Display RAM locates indirect address 000H to 0EFH which is accessed by using OSDADR.

Display RAM (character code register)

CHARDO osgca ' osgca : : ! : ' > y ; i ? ' : 1 ' 0
(DOH) <CMDI>  <CMDO> : CHARDO<CD7 to CDO>
to - to
CHARD239 T g T 1 T T T T T

EFH)| oot R CHARD239 < CD7 to CDO >

write
CD7 to CDO | Character code {252 character code +4 blank code : 00H to FFH) onl
y

The character displaying position on TV screen corresponds to the display RAM address. The RAM data
corresponds to a displayed character (Character code: CD7-CDO) on TV screen.
Fig.3.16.2 shows the relation between Display RAM address and Display position on TV screen.

TV Screen Top/ Left 24 CHARACTERS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1100]01)02|03fj04105]06707)|08]09|0A|0BJOCIOD{OEFOF|10] 11 ]|12]{13|14[15]F16]17

2 1819 1A|1IBIC|ID|1EJTF | 20127 |22 |23 }24125]|26 27|28 |29 }2A|2B|2C|2D | 2E | 2F

313031132133 |34}35136]37|38}139|3A|3B|3C|3DJ3E|3F|40|a1]a2]43|a4{45]46]|47

4|48 |49 |4A|4B |4C|ADJAE|4F {50 |51 |5253])54]|55|56 |57 58|59 |5A}5B]5C|[SD]|5E|SF

10 lines
5]160]61]|62]|63|64[65]66]67]68|69|6A]|6B}6CJ6D|6E]|EGF 7071727374175 76]77

6 |78 179 |7Ay7B|7C|70|FE|7F |80 |81 |82|83|84]|85|86|87|88|89|8A|8B|8C|8D|8E]|8F

7190191192193 |94]95]|9|97198[9919A |98 |9C[9D|9E|9F |AO|A1|AZ{A3]|A4]A5 |AG]AT

8 JAB| A9 JAA|AB|AC|ADJAE]AF|BO|B1|B2]B3}1B4|B5fB6|B7|B8|B9|BAJBB|BC]BD}{BE|BF

JFCOICIC2)C3|CA|C5Co|C7)C8)CY|CATCB{CC|COJCE|CF|DO|D1|D2|D3|D4|D5]D6|D7

‘10 |os|D9|pafDB|OC|DD]DE|DF | E0 | E1 |E2 |E3 |€a }E5 | E6 | E7 |E8 JE9 |EAfER | EC | ED | EE | EF

Screen Bottom / Right

Note) The number in each square indicates the address for RAM (hexadecimal notation)

Fig.3.16.2 Relation between Display RAM address and Display position
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The display RAM can be accessed indirectly through OSD RAM address register (OSDADR) and OSD data
buffer register (OSDDBR). Write the OSD RAM address in OSDADR and its datain OSDDBR. Asthe data of
OSDADR isincremented automaticallywhenthe characterdataiswrittenin OSDDBR, onlytheinitial address
shouldbewrittenin case thatthe continuousRAM addresses are accessed.

Datalength of OSD display RAM is 10 bit. The lower 8 bits representacharactercode (00H to FBH) or blank
code (FCHto FEH) and are written the contents of OSDDBR by writing datato OSDDBR. Background ofscreen
(Blank) isdisplayed when the biank code iswritten. The upper2bitsrepresentablinking made (Displaystyle)
and arewrittenthe cantents of O$D control register OSDCR{CMD1,CMDQO)whenthe OSDDBRisaccessed.

Following is an example of display RAM data setting.

LD (OSDCR), 001100008 . <CMD1,0> =00, <TCEN> =1, <DISPON> =}
LD (OSDADR), 00000000B ; RAM address=00H {Initializing Address counter)
LD (OSDDBR), 00000000B  ; Character code =00H (at RAM address = 00H), Upper 2 bit of
RAM =00
LD (OSDCR), 111100008 ;. <CMD1,0>=11
LD (OSDDBR), 000000108 ; Character code = 02H (at RAM address =01H),
. Upper2bitof RAM =11
LD (OSDCR), 001100008 ; <CMD1,0>=00
LD (OSDDBR), 000001018 ; Character code = 05H (at RAM address = 02H),

; Upper 2 bitof RAM =00
< Caution abaout writing data into display RAM >
The display RAM data are read out by OSD at the specific timing synchronized with HD. Therefore, the

data writing from CPU must be done at the different timing of data reading. In order to prevent this
conflict, data writing interval to display RAM must be longer than TORW (s) shown below.

Torw = 8/fc+ 5n/frc [s] fc 1 Main clock frequency (XIN/XQOUT)
frc : Dot clack frequency S

{(Refer to Chapter 3.16.4: Display mode)
n : Charactersize for horizontal (n=1, 2, 3, 4)

Note) Data writing here means a write cycle of Bus Operation.
Refer to Chapter 2: TLCS-90 CPU for the Bus operation of each instructions.

Also, the interval from accessing OSDDBR to accessing OSDADR should be longer than TORW (5). But,
there are no ristriction for the interval from accessing OSDADR to accessing OSDDBR. (Accessing here
means a write or read cycle of Bus operation.)

MCU90-483
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{4) Character ROM - ‘

Character ROM consists of 12dots (6 + 6 = 12 bits) in horizontal and 18dots {9 +9 = 18 bits) in vertical,
totally 216 dots and keeps 256-character font. This ROM is assigned from address 10000H to 13FFFH.
Data “1” meansdisplay and “0” means non-display.

The bit address, data and character image is shown as the follows {as character code "00H"). Similarly
as character code “00H", address 10040H to 10078H is assigned for character code "01H", address 10080H
to 100B8H is assigned for character code "02H".

Address p bit . bit \Address Address Data Address Data
543210543210
10000H 10020H 10000H COH 10020H COH
10001H coH 10021H COH
10002H CiH 10022H EQH
10003H C3H 10023H FOH
10004H C7H 100244 F8H
10005H CEH 10025H DCH
10006H CCH 10026H CCH
10007H CCH 10027H CCH
10008H 10028H 10008H CCH 10028H CCH
10010H 10030H 10010H CCH 10030H CCH
10011H CFH 10031H FCH
10012H CCH 10032H CCH
10013H CCH 10033H CCH
100144 CCH 10034H CCH
10015H CCH 10035H CCH
10016H CCH 10036H CCH
10017H COH 10037H COH
10018H 10038H 10018H COH 10038H COoM

(Character code : 00H)

Fig 3.16.3 Character “"A" as Code "00H"

Note 1) I actual font is full size of character font area, unexpected fringe is generated when fringe is
enabled. Design character font carefully.

Note 2) TMPIOPR74A, OTP device Character ROM:
Character ROM locates fram memory address 10000H to 13FFFH. The PROM writer need to write
up to 1Mbit. Since character data have 6bits for single address, upper 2-bit of 8-bit (non-used
bits) should be "11" for OTP device.

Note 3) If the TMPO0CR74A is used for the set lacking OSD function, set whole area of character ROM to
“COH".

MCU90-484
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3.16.4 Display Mode

(n

(2)

Internal Sync mode (Full page mode)

Full page mode is an internally synchronized mode, in which the syncsignal (HD and VD) of the OSD is
generated from the 4fsc signal in sync generator. It can be used, for example, in displaying a blue
background, or in the display screen used in programming a VCR,

Fuli page mode is selected by resetting <EXT/INT > bit in OSDCR register to “0".

External sync mode (Super-impose mode)

Super-impose mode is an external sync mode synchronizing an external sync signal (HD and vD)
inputted from port. Itcan be used for superimposing a message ar other text on a play-back or broadcast
(EE) display. Timing of the superimposition is determined by the BLK signal {P42 (BLK) terminal or PV /
BLK terminal). (Switching between the superimposed and the background signal is carried out externally
by using this BLK signal.)

Super-impose mode is selected by setting <EXT /INT > bit in OSDCR register to "1”. In this mode, the
background display is a play-back display or an EE display.

Note : Since character coloring is not supposed in this mode, it is essential that coloring of back ground,

character back ground and characters should be turned off, otherwise the superimposed text
will be difficult to read.

The structure of the display on TV screen is shown in Fig 3.16.4.

~——— 24 character —— ,—\

Background
10 [Play-back or broadcast {EE) display during super-impos mode)
flines ]
\

Character and character background
(portions without display are assigned to the background by
writing a biank code (OFCH to OFFH) to the display RAM.)

Fig 3.16.4 TV Screen Display

MCU90-485
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(3) Configuration of OSD Clock Generator
The OSD clock generator consists of clock generators for 4fsc clock and dot clock. Fig.3.16.5 shows a
configuration of OSD clock generator.

o [ |
4 ‘ &——Nﬁsc {to Sync. generator)

xo E]——tiﬂ—*

PVCR <XOON>
(a) 4afsc Clock Generator
{ STOP (from Stand-by control
potx [} . ) (fr y control)
(P4Q) & N <{ HD (from Sync. generator}
=
:?‘)thT)XO D AN - & DOTCK (te Sync. generator)
1
PAMR<DOQTXE>

{b) Dot Clock Generator

Fig 3.16.5 Configuration of OSD Clock Generator

MCU90-486
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(4) Configuration of Sync. Generator

The sync. generator generates a Vertical Driving signal (VD), Horizantal Driving signal(HD) and

horizontal dot-clock (TC) by using 4fsc clock (4 times frequency of color Sub-Carrier) and Dot-clock
(DOTCK) from QSD clock generator.

Fig.3.16.6 shows a configration of Sync. Generator.

OSDMR7
<AVDEN> OSDMR7?
| <PVEN>
VDIN 1 |
0 | Selector 0
— 1 | Selector
QSDCR
C<SX\I\113|50> <EXT/INT>
VSD QSDMR7
<from CSYNC> <AVDEN>
TPGO4 OSDMR7Z
<from TPGO > <AHDEN>
OSDCR —____! ) |
<EXT/INT> 1
R
Selector > VD
afsc > V. SYNC Generator YDINT 0
{a) Generation circuit for Vertical Driving signal (VD)
OSDMR7?
<AHDEN >
| OSDCR
HDIN 1 <EXT/INT>
(Pa4) Selector
CSYNCR
<AHDPO > OSDCR OSDMR7
H.SYNC LR <AHDEN >
CSYNCA >»——— <EXT/INT>
< from CSYNC> Separator -
1
asc > H.SYNC Generator | HDINT @ | Selector ————> HD
(b) Generation circuit for Horizontal Driving signal (HD)
OSDCRY
<4/3> P4MR
| <DOTXE>
4fsc — ! 0 0 |
' 2 1 | Selector
1 | Selector “‘_lD_—> TC
OSDCR
<TCEN>
DOTCK

(¢) Generation circuit for dot-clock (TC)

Fig 3.16.6 Configuration of Sync. Generator
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(5) Source signal selection for VD and HD

®

Source signal for VD
Thesource signal of VD can be selected from followings by setting the OSD Control Register (OSDCR
< EXT/INT >) and OSD Mode Register (OSDMR7 <AVDEN >, <AHDEN>, <PVEN>)

(a) VDINT: Itisa V-sync. signal generated from prescaler of 4 fsc (V-sync. Generator). The VDINT is
synchronized with follwing VSD signal in case of external sync. mode
(<EXT/ANT> ="1").

(b}VDIN : Itisa V-sync.signal inputted from VDIN terminal.

{0 vsSD : Itis a V-sync. signal separated from Composite Synchronizing signal by internal C-sync.
separator.

(d)TPGO4: It is an output signa! from Timing Pulse Generator 0 {TPGO) used as a Pseudo V-sync.
signal (PV) for special play-back.

Source signal for HD .

The source signal of HD can be selected from followings by setting the OSDCR <EXT/INT> and

OSDMR7 <AHDEN>.

{a) HDINT : It is a H-sync. signal generated from prescaler of 4fsc (H-sync. Generator). The
HDINT is synchronized with following HDIN or HS in case of external sync. mode
(<EXTANT>="1").

(b) HDIN : Itis a H-sync. signal inputted from HDIN {P44) terminal.

{c) HS : Itis a H-sync. signal separated from Composite-Sync. signal by internal C-sync. separator.

Table 3.16.2 shows a relationships between source signals of HD/VD and their register settings.

(System matrix for HD and VD)

Table 3.16.2 System matrix for HD and VD
OSDCR OSDMR? -OSDMR? OSDMR7

Display Mode <EXT/INT> | <AVDEN> | <AHDEN> <PVEN> HD VP
Internal Sync Mode 0 * * * HDINT VDINT
0 V5D
0 0 1 HDINT (HS) TPGO4
0
0 1 i HDIN VDINT{VSD}
External Sync Mode 1 0 VOIN
1 ) 0 1 HDINT (HS) TPGOA
0 VDIN
1 ! i HDIN TPGO4

Note: (HS); Synchronized with HS, (VSD) ; Synchronized with VSD

MCU90-488
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{6) Selection of Dot-Clock(TC)

The horizontaldot-clock (TC) can beselected fromeitherthe outputofdot-clock oscillation circuit (DOTX)/
DOTXQ)orprescaleroutputofafsc.
The output of prescaler (4fsc/ 2 or 2 x 4fsc/ 5) can be selected by setting of the OSD Control Register
lloﬂ’)-

(OSDCR<4/3>)whenadotdockisdisable(PAMR < DOTXE>

(7) Correspondance between a register setting and Video system in internal sync. mode

(Full page mode)

The correspoding Video system (PAL 7 NTSC) can be selected by setting the OSD Control Register
(OSDCR<4/3>, <50/60>, <P/N> in the internal sync. mode {Fuli page mode). The OSD coloring is not
supecrtedinexternal sync. mode (Super-imposed mode).

Table 3.16.3 shows a register setting for corresponding Video system.

= Setting for Color sub-carrier 0:3.58MHz
<4/3> frequacy (fsc) 1:4.43 MHz
= . 0:60Hz
<50/60> Setting for V-sync. frequency (fv) 150z
— . . 0: NTSC
<P/N> Setting for Coloring system 1:PAL

Table 3.16.3 Register setting for corresponding Video system

<4/3> <50/60> <P/N> Video system
0 0 o] NTSC
0 1 0 -
1 0 0 4,43 NTSC
1 1 0 -
0 0 1 M - PAL
0 1 1 N - PAL
1 0 1 60 PAL
1 1 1 PAL

(8) Interlace and Non-interlace Display
The frequency ratio between the Vertical Driving signal (VD) and Horizontal Driving signal (HD)
genenated in internal sync. (Full-page) mode can be selected in the following way. The HD / VD ratio is
determined by setting OSD control register (OSDCR<50/60>) and OSD made register 7 (OSDMR7

<NONINT >, <RATIOHV>).

<50/60> 0 4] 0 0 1 1 1 1
<NONINT > 0 0 1 1 0 0 1 1
<RATIOHV > 0 1 0 1 0 1 0 1
HD/VD 262.5 263.5 263.0 264.0 3125 313.5 313.0 314.0

setting OSDMR7 <EQON> to 1" adds a serrated pulse and an equalizing pulse during the Vertical

blanking interval.

MCU90-489
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3.16.5 Display Position

(1) Start position in horizontal line
The start position can be selected from 16-positions every 4 dots (Tc} by <POSH3 > - <POSH0> bitsin
OSDMRO register.
The actual position can be calculated by following form.

3
Hposi=Tcx{42 %"- POSHN + NH)
n=

Tcisthe period of dot clock.
POSHnN is the value in <POSH3 > to <POSHO>.
NH is the variable depends on character size in horizontal.

Horizontal Size of Character NH
x 1 (1TC/1 dot) 43
% 2 (2TC/1 dot) 53
% 3(3TC/1 dot) 63
% 4 (4TC/1 dot) . 73

(2) Start position in vertical line
The start position can be selected from 16-positions every 4 HD by <POSV3> - <POSV0O> bits in
OSDMRQ register.
The actual position can be calculated by following form.

3
Hposi=THx (4= 20"- POSVnN + NV)
n=

TH is the period of horizontal syncsignal.
POSVn is the value in <POSV3 > to <POSV0>.
NV is the variable depends on character size in vertical.

Vertical Size of Character NV
x 1 (1TH/1 dot) 5
x 2 (2TH/1 dot) 6
% 3 (3TH/1 dot) 7
% 4 (4TH/1 dot) 8
MCU90-490
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3.16.6 Display Size

The size of display characters can be selected
combination is 16 sizes.

The first line can be set its special size independently from other lines,

1 to 4 times in both horizontal and vertical, total

(1) 1stline charactersize
The size of 1stline can be setby <FSV1, FSVO> and <FSH1, FSHO > bitsin OSDMR1 register.

<FSV1> | <FSV0> Vertical Size <FSH1> | <FSHO> | Horizontal Size
0 0 X1 0 0 X1
o 1 x2 0 1 x2
1 0 x3 1 0 x3
1 1 x4 1 1 x4

(2} General lines {2nd to 10th {ines) character size
The size of general line can be set by <C5V1, CSVO> and <CSH1, CSHO > bits in OSDMR1 register.

<CSV1> | <CSVO> Vertical Size <CSH1> | <CSHO> | Horizontal Size
0 0 X1 0 0 x1
0 1 x2 0 i x2
1 0 x3 1 0 x3
1 1 x4 1 1 x4
MCU90-491
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3.16.7 Display Type
The display type of character is determined by the combination of character background and fringing,
total four (4) types are available.
This display type can be set for 1st line and anather Mth line to Nth line independently. Four types of
character are shown in Fig 3.16.7.

N
N ;""‘W Background
\ [ ] Backg
N ‘ Character back round
;
E = % Fringing
t f f | Character
Xl L
VN
ARSI
Character Character Character Character
background off background on background off background on
Fringing off Fringing off Fringing on fringing on

Fig 3.16.7 Display Character Type

{1) 1stline display type setting
The display type of 1st line can be set by <FLD1> and <FLD0> bitsin OSDMR3 register.

h
<FLD1> | <FLDO> | Fringing bgc:;ffr:d
0 0 OFF OFF
0 1 OFF ON
1 0 ON OFF
1 1 ON ON

{2} Mth to Nthlines display type setting
The display type of Mth to Nth lines can be set by <NLD1> and <NLDO> bits in OSDMR3 register.

<NLD1> | <NLDO> | Fringing bﬁ?fgfé‘fn'd
0 0 OFF OFF
o 1 QFF ON
1 0 ON OFF
1 1 ON ON

MCU90-492
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The line number Mth and Nth are set by OSDMR2 register. The actual lines are calculated by following
farms.

MSLn is the vaiue in <M5SL3> to <MSLO> bits in OSDMR2 register.
NSLn is the value in <NSL3 > to <NSLO> bits in QSDMR2 register.

Caution : The value write into NSLn should be larger than or equal to MSLn (M = N) and both value should
not be exceeded ten (10). In case that N is equal to M, only one (1) line is designated; it’s Nth (Mth).
If M is equal to 1, designation begins on 2nd line and 1st line is set by <FLDn>.

{3) Otherlines display type setting
The disptay type of other lines can be set by <GLD1> and <GLDO> bits in OSD Mode register3
(OSDMR3).

.. Character
<GLD1> <GLDO> Fringing background
0 0 OFF OFF
¢l 1 OFF ON
1 0 ON OFF
1 1 ON ON
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3.16.8 Linespace
Line spacing is a function that sets the space between lines. Four types of spacing can be set using
<5PACE1, SPACED> bits in OSD mode register3 (OSDMR3). This setting controls the spacing of all 10
lines uniformly. (Only the line spacing of special lines can not be set) Settings are as fallows,

<SPACE1> | <SPACED>
0 0 No space
0 1 1 dot(1 HD)
1 0 2dots {2 HD)
1 1 4 dots (4 HD)

3.16.9 Smoothing and fringing

(1) Smoothing function
Smoothing is a function that corrects dot resolution when characters are enlarged, rendering the
characters easier to read. [t can be turned on/off by setting <SMOOTH> bit in OSD mode register?
(OSDMR?7). This setting is valid when the character enlargement multiple is an even integer for both
vertical and horizontal {i.e. VxH = 2x2,2x4,4x2and 4 x 4).
The correction is one (1) dot when the multiple is two (2) and two (2) dots when the multiple is four (4).

(2) Fringing function
The border is an area surrounding a character to which a black level signal has been added, and which
is a single dot wide irrespective of the enlargement multiple of the character. When the smoothing is
enabled, fringing is executed for area inclusive of dots corrected by smoothing.
Fig 3.16.8 shows the smoothing and Fringing display.

fringing

1x1 2x2 4x4

Fig 3.16.8 Smoothing and Fringing Function
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3.16.10  Blinking
Three basic blinking modes, Standard, Reverse and Alternating, can be selected by <CMD1, 0> bits in
OSD control register (OSDCR) loaded in two most significant bits of 10-bit dispiay RAM data and

<MOD> bit in OSD mode register (OSDMR4). Display modes corresponding to the setting of <MOD>,
<CMD1> and <CMDQ > are as fallows,

Table 3.16.4 Blinking display mode

Display mode <MOD > <CMD1> | <CMVDO> Display
Standard characters * 0 Q Ao A
Standard blinking * 0 1 —— A
Reverse character * 1 Q u “— > ﬂ
Reverse blinking 0 1 1 —-
Alternating blinking 1 1 1 —— A

Set na line-space by setting OSDMR4 <SPACE1, SPACEO> = "00", when Reverse character or Reverse
blinking or Alternating blinking is used.

Four blinking duty factors can be selected using <BLINK1> and <BLINKO> in OSD mode registerd
(OSDMRA4).

<BLINK1> | <BLINKO> Duty factor
Q 0 Blinking off
0 1 50 % (display off 50 % of time)
1 0 75 % (display off 25 % of time)
1 1 25 % (display off 75 % of time)

Two blinking periods, 1/64 and 1/32 of VD (approx. 1.0 [s] and 0.5 [s]), can be selected using <BLINK2 >
bit in OSD mode registerd {OSDMR4).
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3.16.11 Coloring (Hue (Tint), Value (Luminance))

Selection can be made from eight (8) hues and five {5) level of luminance. Hue selection can be made
independently for background, character background and characters. Setting for luminance applies to
the entire screen, but when coloring is turned off, luminance can be set in five levels independently for
each. Particularly that if coloring is turned off for all three (background, character background and
characters), a monochrome video signal without color bursts is outputted.

{1} Coloring for Background
The hue of the background, and whether coloring is on or off for it, is specified by <BGOFF> and
<BGPH2 - 0> bits in OSDMRS register. The setting is follows,

Color phase angle (B-Y reference)

<BGOFF> | <BGPH2> | <BGPH1> | <BGPHO> NTSC phase angle PAL phase angle

0 0 0 Y 45° 315°/45°

0 0 0 1 270" - 90°/270°

0 0 1 0 135° 225°/135°

0 0 1 1 180° 180°

0 1 0 0 0° 0°

0 1 0 1 315° 45°/315°

0 1 1 0 90° . 270°/90°

0 1 1 1 225° 135°/225°
<BGOFF> | <BGPHZ> | <BGPH1> | <BGPHO> ' Luminance

1 * 0 0 5 IRE

1 0 0 1 15 IRE

1 1 0 1 35 IRE

1 * 1 0 65 IRE

1 * 1 1 100 IRE

Note) When the background coloring is off (<BGOFF> = “1"), the luminance level of background can
be selected by setting <BGPH2 - BGPHO >.

MCU90-496
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(2) Coloring for character background

The hue of the character background, and whether coloring is on or off for it, is specified by
<CBOFF> and <CBPH2 to 0> bitsin OSDMRS register. The setting is follows,

Color phase angle (B-Y reference)

<CBOFF> | <CBPH2> | <CBPH1> | <CBPHO> NTSC phase angle PAL phase angle

¢ g 0 0 45° 315°/45°

0 0 0 1 270° 90°/ 270°

4 0 1 0 135° 225°/135°

0 0 1 1 180° 180°

0 1 0 0 0° 0

0 1 0 1 315° 45°/315°

0 1 i 0 90° 270°/90°

0 1 1 1 225° 135°/225°
<CGOFF> | <BGPH2> | <BGPH1> | <BGPHO> Luminance

1 * 0 0 5 IRE

1 0 0 1 15 IRE

1 1 0 1 35 IRE

1 * 1 0 65 |IRE

1 * 1 1 100 IRE

(3) Coloring for character
The hue of the characters, and whether coloring is on or off for it, is specified by <CFOFF> and
< CFPH2 to 0> bits in OSDMR7 register. The setting is fallows,

Color phase angle {B-Y reference)

<CFOFF> | <CFPH2> | <CFPH1> | <CFPHO> NTSC phase angle PAL phase angle

0 0 0 0 45° 315°/45°

0 0 0 1 270° 80°/270°

0 0 1 0 135° 225°/135°

0 0 1 ] 180° 180°

] 1 0 0 0° 0°

0 1 0 1 315° 45°/315°

0 1 1 Q 90° 270°/90°

0 1 1 1 225° 135°/225°
<BGOFF> | <BGPH2> | <BGPH1> | <BGPHO> Luminance

1 bd Q 0 5 IRE

1 0 a 1 15  IRE

1 1 0 1 35 IRE

1 * 1 0 65 {RE

1 » 1 1 100  IRE

MCU90-497
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(4) Value (Luminance)
The luminance level (Y) of the entire screen is specified by <YL2 to 0> in OSDMR6 register.

<YLZ> <YLi> <YLO>

Luminance level

0 0 * 5 IRE
0 1 0 15 IRE
0 1 35 IRE
1 0 x 65 IRE
1 1 * 100 IRE

(5) Coloring Change by Blank code
Blank code (display RAM data OFCH to OFFH) can be used to change the hue of the characters or the
character background within a single screen. Setting a blank code from OFCH to OFEH changes the hue of

the character or the hue of the character background following that blank, and setting a blank code

OFFH returns the hue of it following that blank to the initial value (value

0>).

in <CFPH2 t0o 0> or <CBPH2 to

When a blank code from QFCH to OFEH is set, hue PHO and PH1 are changed to three different
combinations with respect to the initial value, and hue PH2 is changed to the value set in <FCPH2>,
<FDPH2> and <FEPH2> bits in OSDMRA4 register. The ways in which the settings change as a result of
blank codes when the initial settings for <CFPH2, CFPH1, CFPHO> are (CF2, CF1, CF0), <CBPH2, CBPH1,
CBPHO> are (CB2, CB1, CBO} are as follows,

when <CB/CF> = “0" (change the hue of character)

Hue of Character
Blank code
PH2 PH1 PHO
OFCH FCPH2 CFl CF0 CFOQ, CF1 are reversed
OFDH FDPH2 CF1 CFo Only CFOis reversed
OFEH FEPH2 CFT CFO Only CF1 is reversed
QFFH CF2 CF1 CF0 Return to initial value
when <CB/CF> = *1” {change the hue of the character background)
Hue of Background of Character
Blank code
PH2 PH1 PHQ
OFCH FCPH2 [d:3) CBO CBO, CB1 are reversed
OFDH FDPH2 CB1 CBO Only CBO is reversed
OFEH FEPH2 CBY1 CBO Only CB1 is reversed
OFFH B2 CB1 CBO Return to initial value

B 9097249 0043765 160 IR
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3.16.12 SC/SY Output

For supporting S terminal of S-VHS, OSD can output SC (chroma signal) and SY (luminance signal),
respectively from P46 and P47 terminals. Setting <S/N> bitin PVCR register to “1* will generate output
of SC/SY.

Output amplitude of SCis 1Vp-p (typ.) and that of SY (in case of 100% white) is 2Vp-p. Therefore,
external level matching is necessary,

3.16.13 R/G/B output
The OSD can output R/G/B signal as a component Video output in addition to the composite Video
output. The R/G/B signal is a combination of logic ievels corresponding to the hue for the background,
character background and character. They are outputted from P45, P46 and P47.

SC/SY output must be disabled during RGB output. By setting <RGBEN> bit in PAMR register to “1”,
above terminals can be set as RGB output.

MCU90-499
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3.17 SERIAL CHANNELS (S100/SIO01) .
The TMP90OCR74A has two built-in 8-bit synchronous serial channels. Serial channel 0 (SI00) is

connected to an external circuit via P25 (SCLKOQ), P26 (TXDO0), P27 (RXDO), and serial channel 1 {SIO1) is
connected to an external circuit via P57 (SCLK1), P42 (TXD1), P45 (RXD1). To use SIO function, set the
mode register P2MR (P4MR for channel 1) to SIO pin function. Seriai channel @ and 1 are identical
circuits, configured independently.

3.17.1 Configuration

SCOCR 8 lnterrj; Data Bus 8
SCICR S
L) L] T T L T T
I L L L 1 1 1 L I
kBUESY
Flag
Serial Transfer Buffer Control
Control Circuit Circuit
JL J1L
. SCOBR
Buffer Register SC1BR
Shift Register @
Shift
clock
‘I——'> PRI S SN S DTXDU'TXD1
JI l RXDQ, RXD1
D $CLKO, SCLK1

INTSIOO Interrupt request
INTSIO1 Interrupt request

Fig 3.17.1 Configuration of Serial Channel
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B 9097249 DO43?k? T33 MN



TOSHIBA TMP90CR74A

3.17.2 Control Registers

The serial channels are controlied by two (2) contral registers SCOCR, SC1CR and two (2) buffer registers
SCOBR, SC1BR.

Serial Channel 0 Control Register
SCOCR 7 6 5 4 3 2 1 0

(FFDFH) | frosi | sores | somor | sompo | siFro | cixost | scxos | 51006 | (Reset Value 1000 0000)
. . 0 : Transferin progress read
| f !
FFOS Serial transfer monitor flag 1 : Stop transfer only
g : -
SORES Serial transfer transfer terminate .
1 Terminate {one-shot)
SOMD1 g? ;ranfmutm:de
Serial transfer mode select 10 eceive mode
SOMDO : . .
11 : Transmit/ d
- — | FrTﬁererzo a R/W
. : adin
SIFTO Serial transfer shift edge select € ..I o _a_ Ing) edge
1 : Trailing {Rising} edge
. 0 : TBC4
CLKOSI Serial internal clock rate select 1: TBCY
0 : Internal ¢lock
SCKOS Serial transfer clock select
1 : External clock
. . : Disable
SIO0E Serial transfer enable / disable 0 Disa
1 : Enable
Serial Channel 0 Buffer Registe
SCOBR 7 6 5 4 3 2 1 0
(FFDEH) | 1reo7 | Trecs | Truos | Treoa | TRa03 | TRe02 | TrRs01 | TRE00 | (Initial Value ##= rxxx)  (RAW)
Serial Channet 1 Control Register
SCICR 7 6 5 4 3 2 1 0
(FFETH) | kersi | simes | stmos [ sampo | siers | ciasi [ sckis | sioe | (initial Value 1000 0000)
. . Q0 : Transferin progress read
FF1SI Serial transfer monitor flag | . Stop transfer only
0: -
Serial fer termi .
S1RES enai transter terminate 1 : Terminate (one-shot)
S1MD1 00 : Tran?mit mode
. 01 : Receive mode
Serial transfer mode select 0 -
S1MDO ) . ,
1 d
. Irar;s.m:t.;nlalc'elve r;\o e RAW
. : e
SIFTH Serial transfer shift edge select ea. vmg( ‘a‘ Ing) edge
1 . Trailing {Rising) edge
I 0 : TBC4
CLK1S! Serial internal clock rate select 1: TBCT
. : 1 I clock
SCK1S Serial transfer clock select 0 ¢ internal cloc
1 : External clock
. 0 : Disabl
SIONE Serial transfer enable / disable isable
1 : Enable
Serial Channel 1 Buffer Register
SC1BR 7 6 5 4 3 2 1 0
(FFEOH) | rre17 | Trets | TRe1s | Treta | TRa13 | TRe1z | TR [ 7Re10 | (nitial Vatue  wanx xaxx) (RAW)
MCU90-501
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3.17.3 Operation

(1) Serial Clock

®

. Internal clock

Clock Source Selection
The clock of SIQ can be selected from either external clock or internal clock by setting <SCK0S >

bit in SCOCR register {<SCK15> bitin SC1CR register for channel 1).

The clock rate can be selected from either TBC4 (25/fc) or TBC7 {28/fc) by setiing <CLKOSI>
(< CLK1SI> for channel 1). Table 3.17.1 shows the maximum transfer rate using the internal clock.

The serial clock automatically stops after the end of one-frame serial operation, and waits for
the next serial operation. The serial clock holds high-level are not transferred.

Table 3.17.1 The Maximum Transfer Rate by Internal Clock

Maximum Transfer Rate

Internal Clock
(atfc = 16 MHz)

TBC4 (25/fc) 500000 bps

TBC7 (28/fc) 62500 bps

. External clock

.The clock input to the SCLKO (SCLK1 for channel 1) pin is used as the serial clock. To make
certain of the shift operation, set serial clock select register <SCLOS>> (< SCL1S>> for channel 1) to
“1". Using certain shift operation, it is necessary to set more than 8/fc at both high-level and low-
level of the serial clock width.

SCLKO/SCLK1
pin Input

> o

tseu  iscw
tscL tscn > Bfc[s]

Fig 3.17.2 External Clack Input

MCU90-502
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@  shift Edge Selection

The leading or trailing edge shift can be selected by setting <SIFTO> bit in SCOCR register
(<SIFT1> bitin SC1CR register for channel 1).

a. Leading edge
The serial data are shifted on the leading edge of the seriai clock (falling edge of SCLKO or SCLK1
pin input/output).
b. Trailing edge
The serial data are shifted on the trailing edge of the serial clock (rising edge of SCLKO or SCLK1
pininput/output).

In the transmit mode, trailing edge mode can not be operating.

sepn YT VLY Y Y Y Y Y
TXD pin é\bito X_bitt X bitz X bit3 X bita X bits X bite X bit7

Shift register Xo6503210K4 7654321 X x+ 765432+ 76503 K a1 7658 s w0765 es vers76 K aeenrnes

(a) Leadingedge

sakpn LA LA LA LK LA L4 Li L4
RXD pin \b{tO XObitt X bitz X bit3 X bita X bits X bite X bit?

Shift register llnlutllﬁl**hiit 10'!!&!*X210tt!t* 3210tath43210*'*X543210'* 6543210« A 76543210

(b) Trailing edge Note: *;don'tcare

Fig 3.17.3 Shift Edge
(2) Serial Operation
Three transfer mode such as transmit, receive and simultaneous transmit-receive modes for serial
channel 0 and 1 are selected by SCOCR<SOMD1, 0> (SC1ICR<SIMD1, 0 for channel 1). After reset,
SCOCR<SOMD1, 0> and SC1CR<SOMD1, 0> are cleared to “0”, and transmit mode is selected. The
following explains the operation in each transfer mode.

@® Transmit mode

After setting transmit mode to the control register, the first transmit data is written into buffer
registers SCOBR or SC1BR (address FFDEH or FFEDH in memory). (When transmit mode is not set,
transmit data can not be written into the buffer registers.) Setting SCOCR<SIO0E > or SCICR<SIQ1E>
to ”1" starts transmit operation. As the transmit starts, the transmit data area synchronized with the
leading edge of the serial clock (falting edge shift), and sequentially output from the TXD pin of the
LSB side. At the same time, the transmit data area transferred from the buffer registers to the shift
registers. Since the buffer registers are empty, the buffer empty interrupt (INTSIOO or INTSIO1) is
generated to request new data. When the next transmit data is written into the buffer register in the
interrupt service program, the interrupt request signal is cleared.

MCU90-503
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{Internal clock mode)
in the internal clock mode, When all data are transmitted and no subsequent data is set in the
register, the serial clock output stops and a wait begins.
Figure 3.17.4 (a) shows the timing chart of internal clock operation in transmit mode (with wait).

(External clock mode)

In the external clock mode, data must be set in the buffer registers before the next data shift
operation begins. Therefore the transfer rate is determined by the maximum delay time from
interrupt request generation to writing the transmit data into the buffer register in the interrupt
service pragram. :

Figure 3.17.4 (b) shows the timing chart of external clock operation in transmit mode.

To end the transmit operation, set SCOCR<SIOCE > or SC1CR<SIO1E> 10 “0" instead of writing the
next transmit data into the buffer register in the interrupt service program. When <SIO0E> or
<SIO1E> are cleared to “0”, the transmit operation stops at once by setting SCOCR<SORES> or
SCICR<STRES > to “1”, and <SORES > or <S1RES> are automatically cleared to "0”.

The end of transmit operation can be confirmed by reading out the serial transfer monitor flag
SCOCR< FFOSI> or SCICR<FF1SI>. (When the transmit operation is finished, the serial transfer
monitor flag issetto “17.)

In the external clock mode, the serial transfer enable/disable register<SIQ0E> or <SIO1E> must
be cleared to "0” before starting the next transmit data shift operation. If <SIO0E> or <SI01E> is
not cleared to “0” before the shift operation begins, operations stop after transferring the next
transmit data (dummy).

MCUS0-504
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/ Writes the next transmit data D" to buffer register.

14 L0
M

1
<SIODE> ’

£
»)
% D
<S5COBR> 5

| R
2 F
L4
W

Waitis released

SCLKO pin m—‘——l
output

e T o0 X o X o) s X o

ol
4
e
=
..;.-
3]
o
>
<

< FFQOSI> —| l L_*I K

Buffer Empty writing the next transmit data D’
dearsinterrupt request flag.

INTSIOQ } 14 (’ |

(a) Internal clock operation in transmit mode (with wait)

<5I00E>

<SCOBR> K D )1 o' X o

SCLKQ pin
input

e Do X 01 X B2 X B3 ¥ B X 05 X B W 57 X 00 X or X oL X 5 X T

<FFOSI>

INTSIO0 | |_J I——

(b) External clock operation in transmit mode

Fig 3.17.4 Serial channel Timing Chartin Transmit mode
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@ Receive Mode
After setting the control register to receive mode, setting SCOCR<SIO0E > or SC1CR<SIONE> to
"1" makes receive possible. The shift data is synchronized with the serial clock and fetched from the
RXD pin. When 8-bit data is fetched, it is transferred from the shift register to the buffer register, and
buffer-full interrupt INTSIOQ or INTSIO1 is generated to request a read of receive data. The receive
data are read from the buffer register in the interrupt service program. The interrupt request signal is
cleared when they are read.

{Internal clock mode)
In the internal clock mode, if the previous receive data has not been read from the buffer register
after the next data is fetched, the serial clock stops and waits untill the previous data is read.
Figure 3.17.5 (a) shows the timing chart of internal clock operation in receive mode (leading edge
shift with wait).
Figure 3.17.6 (a) shows the timing chart of internal clock operation in receive mode (trailing edge
shift with wait}.

(External clock mode) _

In the external clock mode, as the shift operation synchronizes with supplied external clock, it is
necessary to read from the buffer register before transferring the next receive data. If the previous
data has not read,the receive data will not be transferred to the buffer register, and subsequent
receive data will be canceled.

The maximum transfer rate of the external clock operation is determined by the maximum delay
time from the generation of interrupt requests to receive data read.

Figure 3.17.5 (b) shows the timing chart of external clock operation in receive mode (leading edge
shift). '

Figure 3.17.6 (b) shows the timing chart of external clock operation in receive mode (trailing edge
shift).

In the receive mode, either leading edge shift or trailing edge shift can be selected. Because data is

fetched at the leading edge of the serial clock, the first shift data must already be input to the RXD pin
when the initial serial clock pulses are applied at transfer start.
To end the receive operation, set the serial transfer enable/disable register (SCOCR)<SIOQ0E> or
(SC1CR)<SIO1E> to "0“. When the serial transfer enable/disable register <SIO0E> or <SIO1E>> are
cleared to "0", the receive operation ends after 8 bits of receive data are fetched and transferred to
the buffer register.

Setting the serial transfer enable/disable register (SCOCR)<SORES> or (SC1CR)<SIRES> are set to
1" stops the serial transfer at once and <SIO0E> or <SIQ1E> are cleared to “0".

The end of receive can be confirmed by reading serial transfer monitor flags <FF05I> or <FF1SI>.

MCU90-506
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An end of receive operation can be confirmed by reading the seriat transfer monitor flag <FFOSI> or
<FF1SI> in program.

<S$I00E> - - H—L
Reads serial transfer monitor flag "0”, and
disables by software.

< FFOSI> |‘\ ()_,__l t
L] T

SCLKO pin

output % I | | I . I I | ‘ 1 | |
RXDO pin ; ; ; ; ik
B0 X2 X2 X 03, X 06 X 07 X 0 X1 X 04 X e X,

samoling (A B S A R S T T | 4

INTSIO0 } ! 5—1 ll)-
<SCOBR> 7 7 77X D ::; S XD/
<5C0BR> (‘H; (‘H?

Reads SCOBR data “D” in "
the first frame.

(a) Internal clock operation in receive mode (with leading edge and wait}

<SIQO0E > J L
< FFOSI> _L ) J__! l—l_n/ l_—_
T e e e e e e e 9 N
?::Jotpi” Do X Dy )@:DQDE X p; X 0 XED( p's X b7 X 0% )(E;t)( 0"s XD
Sampling (N A R NS N N R R R |

INTSI00 |—”H—’¥qy_\ﬁ._‘_|}

<SCOBR> 777777 Gk D :E/ AD :‘:—

I
R<esa‘(:10 BRF> Lﬂ {H (!H_

Reads SCOBR data "D" in "
the first frame.

(b) External clock operation in receive mode (with leading edge)

Fig 3.17.5 Serial channel Timing chart in Receive mode (Leading edge)
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<3I00E> |
output | —l_fw WU_"—UM
output

e e ><321>< DvxDox:txDs;; G CE
somin ot
<FFOS!> 14‘:—_1 \

INTSIO0

<sconn> ) D [ XD

<SCOBR>
Read

Reads SCOBR data “D” in
the first frame. /

(a) Internal clock operation in receicve mode (with trailing edge and wait)

<SIO0E> |
SCLKO pin

input U—L_'_Ll_
RxDOpin 777 Do X D1 X D2 X D3 X Da X Ds X Ds X D7 X Do X O XE{:X D's X D7 X D

input

%armgng 1 f 1 f 'f 1 1 T f f f f 1‘ T
<FFOSI> —| |'_|

INTSIOO0 | ‘,s]\

<SCRR> ) o 7 X o

L}
<SCOBR> {q

Read
Reads SCOBR data “D" in /
the first frame.

(b) External clock operation in receive mode (with trailing edge)

050889

Fig 3.17.6 Serial channel Timing chart in Receive mode (Trailing edge)
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@ Simultaneous Transmit/Receive Made

The first transmit data are written into the buffer register SCOBR (SC1BR for channel 1) after the
simultaneous transmit-receive mopde is set to the control register. Then, setting the serial channel
control register SCOCR <SIO0E> or SCICR<SIO1E> to “1” enables transmitting or receiving data. The
transmit data area output from the TXD pin at the leading edge of the serial clock. The receive data
area fetched from the RXD pin at the trailing edge of the serial clock.

When the 8-bit receive data are fetched, the data are transferred from the shift register to the
buffer register, and the interrupt request (INTSIOO0 or INTSIO1) is generated to request receive data

read. In the interrupt servise program, the received data are read out from the buffer register and the
next transmit data are written into the buffer register.

(Internal clock mode)

In the internal clock mode, a wait begins until the receive data are read and the next transmit data
are written into the buffer register.

(External clock mode)

In the external clock mode, the receive data must be read and the next transmit data written before
the next shift operation, because the shift operation is synchronized with external supplied clock
puises. The maximum transfer rate of the external clock operation is detemined by the maximum delay
time from interrupt request generation to receive data read and transmit data write.

Figure 3.17.7 (b) shows the timing chart of external clock operation in simultaneous transmit/receive
mode.

Since the buffer registers are used for both transmit and receive data, always ensure that transmit
data is written after 8 bits of receive data are fetched.

To end the simultaneous transmit-receive operation, clear the serial transfer register<<SIO0E> or
<SIO1E> to "0”.

When the serial transfer enable/disable register<SIOO0E> or <SIQ1E> is cleared to “0”, the
simuitaneous transmit-receive operation ends after the 8 bits of receive data are fetched and
transferred to the buffer register.

In the simultaneous transmit-receive mode, the serial transfer operation ends just after setting
<S0RES> or <ST1RES> to 1", and the serial transfer enable/disable register <SIO0E> or <SIO1E> is
cleared to “0".

The end of simultaneous transmit-receive can be confirmed by reading the serial transfer monitor
flags<FFOSI> or <FF15!> in program.

MCUS0-509

B 9097249 0043776 Tuk IH



TOSHIBA : . TMPSOCR74A

An end of the simultaneous transmit/receive operation can be confirmed by reading the serial
transfer monitor flag <FFQS5/> or <FF181> in program.

/Writes next transmit data “DO’* to buffer register
4% I

4 4% V
S Xp X oo =
<SCOBR>
Read ” \ ﬂ
output .
TXDO pin
" 0002 o X oo X ooi Y on Y wor
ﬁzgpi" 77772% oo X on X Dl2tx o X ow , X oo’ X Dl]':x s X DI
Sampling Timing T f * * T f 1~ f *

(X4
<FFOSI> l | Y

INTSI00 } : F1

(a) Internai clock operation in simultaneous transmit/receive mode (with wait}

<SCOBR>

<SIO0E>
V2

ke

puety

o

<SCOBR>

<53I00E> l
ZX

1 gt
’ L) f
DO )5( DO SS X D

<SCOBR> _ i
Read

SCLKO input ‘ | ] EnlnEnEnEnEn [“' i ]"‘t‘ J'
Zﬁg&fi" % 7 %DOOXDCHXDOZXDOB‘ X poa X 00s X pos X 007 X 0oo' X poy X 0os X por /

F:(ng pin ,////////%(Dlo X on X DIZ X DI3 X omX DIS X DI6 X D17 X Dio* XE}D( DI6' X D7’
Semping Timing S A N O A T R B

<FFOSI> I : | 1 §

L
7

INTSIO0 ﬂ

(b) External clock operation in simuitaneous transmit/receive mode

oy

Fig 3.17.7 Serial channel Timing chart in Simulaneous Transmit/Receive mode
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3.18 SERIALBUSINTERFACE (SBl)

TMPSOCR74A has one (1) channet serial BUS interface (SBI) on chip, which has two operation modes,
One is 12C-BUS and another is 8-bit clock synchronous serial port. The interface terminals for

communication are multiplexed and named channel 0 and 1. These sets of terminals can be switched by
software. (12C-BUS is the BUS system proposed by Philips.)

in i2C-Bus mode, the interface terminals can be selected from two (2) channels.
¢ Channel 0 ; P52 (SDAQ), P53 (SCLOD)
# Channel 1 ; P55(SDA1), P56(5CL1)

in 510 mode, the interface terminals can use only channel 0.
® Channel 0 ; P52 (RXD2), P53 {SCLK2), P54 (TXD2)

The terminals for [2C-BUS are multiplexed with P5 port and these are used as normal port when not to
use as |2C-BUS. In order to use these port as 12C-BUS, the output latch of port should be set 1" and

output mode when the terminal needs to be used as output or I/O in I2C-BUS mode. For the terminal of
RxD2, the I/0 mode should be set asinput mode.

12C-Bus Function
® Master/Slave Switching
Single Master System without BUS arbitration
High Speed Capability with 8-leve! FIFO in Master mode
9-bit data (8-bit data and 1-bit acknowledge)

SI0 Functions
® 8-bit data Transfer Synchronizing with Serial Clock
¢ Transmission mode/ Transmit-receive mode / Receive mode
#* 1-byte Transfer

MCU90-511
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3.18.1

Control

The following control registers can be used to control and monitor the Serial BUS interface circuit in
12C-BUS mode.

® Serial BUS Interface Control Register 1 (SBICR1)

® Serial BUS Interface Control Register 2 (SBICR2)

® Serial BUS Interface Data Buffer Register (SBIDBR)
® [2C-BUS Address Register (I2CAR)

® Serial BUS Interface Status Register (SBISR)

The function of the above registers are different in each operation mode.

3.18.2 Data Format in 12C-BUS mode
The followings shows the data format in 12C-BUS mode.

{a) Addressing format :

{b) Addressing format (restart)

(¢c) Free data format

Note

transferring between master and addressed slave

-« 8 hit 1 8 bit | 1
ITTTTTT RIA] TTTTTTT [A
5| slaveaddress |/]|C data clP

WK K
|e———1 time ———=|«—multi-transferred >

in case the direction for transferring is changed

- 8 bit | { |e——8 bit 1 8 bit 1 8 bit 1

T T T T T RIA[ T T T T TV T Al [ T T T T T T TRIa T T T T TTT (&
51 slaveaddress |/|C data Cl5| slaveaddress |/|C data cip

W K K W] K K

1time mufti-transferred —=j |-« 1time multi-transferred —»

transferring format for data only; transferring neither involving slave address nor RAW bit

data

S : start condition
RAW : direction bit
ACK

P : stop condition

-emulti-transferred

acknowledge bit

1
A
C|P
K
-

Output timing pulse which indicates start transmitting.
Indicate the direction for transferring against slave.
0: slavereceives {master transfers)
1: slave transfers {master recejves)
Receiver response to transmitling as a confirmation for data receiving
0: receiving completed
1: not accepting data transferred, or in case master receiverinstructs slave
transmitter to terminate transferring.

Output timing pulse which indicates terminate transmitting

Fig 3.18.2 Data Format for 12C-BUS Mode

MCU90-513
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3.18.3 Control in I2C-BUS mode.

The following registers are used to contrel and monitor the serial BUS interface in 12C-BUS mode.

Serial BUS Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(FFE2H) | «o- i o= | ~o- | ack | oms | | SCK | (Resetvalue 0000 0000)
. 0 : Acknowledge not returned to transmitter.
ACK Acknowledge bit sefect .
1 : Acknowledge returned to transmitter. AW
CHS Input / Qutput channel select 0 @ Channel 0(SCLO, SDAQ)
n
put/Qutpu 1 : Channel 1{5CL1, SDA1)
000 : fc/26{250 kHz)
001 : fd/27 (125 kHz)
010 : fc/28(62.5 kHz)
scK Serial clock frequency select 011 : 1¢/29(31.2 kHz) write
(available in master mode) 100 : fo/270{15.6 kHz) only
101 : {211 {7.8kHz)
110 : 1¢/272(3.9 kHz)
1M1 — at fc=16 [MHz)
Note. Always writing "0” in 5, 6, 7bits of SBICR1.
Serial BUS Interface Data Buffer Register
SBIDBR 7 6 5 4 3 2 1
(FFE3H) [ ¢ : ‘ IR : ] (RFW)
12C-BUS Address Begister
12CAR 7 6 5 4 3 2 1 0
(FFEAH) T a6 | sas | saa | saa | saz | sar | sm0 | aus | (Resetvalue 0000 0000)
0 : Confirm slave address (addressing format, i
ALS Address confirm . v ( 9 ) write
1 : Notconfirm slave address (free data format) | only
"MCU90-514
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Serial BUS Interface Control Register 2
SBICR2 i 6 3 4 3 2 _ . LN 8.
(FFESH)  ['mst [ vax | 8 | mn | sem 7o i r0 . (Resetvalue 0001 00#w)
VST {Write) Master/ slave selection 0 : Slave
(Read)} Status monitoring 1 : Master
(Write) Transmission / Receive selection 0 : Receiver
TRX (Read) Status monitoring 1 : Transmitter
(Write) (write)
Start/ stop condition control 0 : Stopcondition generate
1 : Startcondition generate
%8 (Read) {Read)
12C-BUS status monitor 0 : BUSfree Riw
1 : BUSbusy
(Write) (Write)
Interrupt request reset 0: -
1 : Interruptrequest reset
PIN
(Read) {Read)
Interrupt request monitor 0 : Interruptrequest
1 : Norequest
00 : Portmode
Serial BUS Interface 01 : SIOmode Write
SBIM operating mode selection 10 : 12C-BUS mode only
11 1 reserved

Serial BUS Interface Status Register

SBISR 6 5 4 3 2 1 0
{FFESH) | aas | aoo | Wre | (ResetValue wxx wxus)
. . 0 : -
AAS Slave address match detection monitor 1 : Slave addr match or general call detect
. . 0: - read
ADQ General Call detection monitor
1 : General Call detect only
Last receive bit monitor 0 : Lastreceive bit "0” (Acknowledge)
LRE (Acknowledge monitor) 1 : Lastreceive bit "1" (No-Acknowledge)
MCU90-515
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(1) Setthe ACK (bit4 in the SBICR1) te "1" for operation in the acknowledge mode.
In the receive mode during the clock puise cycle, the SDA pin is set to the low-level in order to generate
the acknowledge signal. When the ACK is cleared to “0”, the SDA pin released high-level in the
acknowledge timing.

External SCL Line 1 2 3 4 5 6 7 8 _/9_\_

External SDA Line b7 X 06 X D5 X D4 X 03 Y D2 X DI X DO ,)

External SDA Qutput d /
| Data transfer Acknowljdge

Fig 3.18.3 Acknowledge Signal Output Timing

{2} Input/OQutput channel setting
The channel can be selected by setting <CHS> bit in SBICR1 register.
Channel 1 (pair of SCL1 and SDA1) is selected by setting “1” to <CHS> and Channel 0 (pair of SCLO and
SDAO) is selected by setting “0” to <CHS>.

<CHS>"77

' O————{]sDA1 (P55)
SDA ~— Channel 1

Z><Escu s6) )
SDAO  (P52) } ‘
Channel 0

O—————{Jsco (P53)

w
[a]
[

Fig 3.18.4 Input/Output Channel

MCU90-516
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{3) Serial Clock

The SCK (bits 2 to 0 in the SBICR1)} is used to select a maximum transfer frequency directed from the SCL
pin in the master mode When rising time of the output clock (tre ) is at least 8/fc [s], a high-level time of
the cutput clock (tHc) is tSCL.

While the SCL line is fixed to low-level by a slave device,the output clock stops.
The first clock (tuc [s]) after restart is (tsci/2) < the < tscl.

(a) Incase oftpe< (B/f){s] thc=tc=tsci/2[s] (tseL=1/Tscp Is])

«— 1/ Fsc [5] ————m|e—tyc —>fe—t c —=

SCL
{Output)

—|  |—

FscL="fscL tac

{(b) incase of tre 2 (B8/fc) 5] tyc= tsel sl L tic=tgo /2 [s]

j———1/FscL [s} tHC tLC >

SCL 0.5Vc¢e

(Output)
————] ¢ _—
FeeL=fso 7 1.5
scL=TscL tac
SCK Fscr (atfc= 16 MHz)
(Bit 2 to 0 of SBICR1) tre < 500 [ns) 500 [ns] £ tre
Q00 250 kHz 166.7 kHz
[¢lo]] 125 kHz 83.3 kHz
010 625 kHz 41,7  kHz
a11 31.2  kHz 208 kHz
100 156  kHz 104  kHz
101 7.8 kHz 5.2 kHz
110 39 kHz 26 kHz
In case of (a) In ¢case of (b)

Fig 3.18.5 Serial Clock

(4) Slave Address and Address Recognize mode

To use 90CR74A as a slave device, set the slave address <SA6 to 0> and <ALS> to |2CAR register. Set
<ALS> "0" to the for the address recognition made.

(5) Master/Slave Selection

Set the MST (bit 7 in the SBICR2) to 1" for operating the 90CR74A as a master device. The MST is
cleared to “0” by the handware after a stop condition on the bus is detected.

(6) Transmitter/Receiver Selection

Set the TRX (bit 6 in the SBICR2} to “1" for operating the 90CR74A as a transmitter. Reset the TRX for
operation as a reciver. When 90CR74A receives a slave address setted in I2CAR or a GENERAL CALL from
the master device in the addressing format is transferred in the slave mode, the TRX is set to “1” if the
direction bit {R/W) sent from the master device is “1”, and is cleared to "0” if the bitis “0".

In the master mode, after an acknowledge signal is returned from the slave device, the TRX issetto “0”
if a transmitted direction bitis “1”, and setto “1" if itis "0,

When an acknowledge signal is not returned, the current condition is maintained.

The TRX is cleared to “0” by the hardware after a stop condition on the 12C bus is detected.

MCU80-517
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(7) Start/Stop Condition Generation (for Master Mode)
A start condition and 8-bit of data (a slave address and a direction bit which are set to a data buffer
register) are output on a bus by writing “1" to the MST, TRX, and BB when the BB (bit § in the SBICR2) is

“0.
SCLo__ 1
terminal _!__r\ 1 2 3 4 5 6 7 8 _/?\____
SDA P
terminal 1 \ | b7 X 06 X 0s X 04 X D3 ¥ Dz X DI X DO T
Lomed ,
Start Condiction Slave Address and Direction Bit. Acknowledge

Fig 3.18.6 Start Condition and Slave Address Generation

When the BB is ”1”, a sequence of generating a shop condition is started by writing "1” to the MST,
TRX, and PIN, and “0" to the BB. Do not modify the contents of MST, TRX, 8B, and PIN until a shap
condition is generated on a bus.

Stop Condition

Fig 3.18.7 Stop Condition Generation

The BUS condition can be monitored by check <BB>> bit in SBISR register. The <BB> bit is set “1”
when start condition is detected on SCL and SDA and is set “0* when stop condition is detected on the
BUS.

{8) Cancel interruptservice request

When a serial bus interface interrupt request (INTSBI) occurs, the PIN (bit 4 in the SBISR) is cleared to
“0”, During the time that the PIN is "0“, the SCL pin is pulled down to the low level.
The PIN is cleared to “0” when 1-byte of data is transmitted or received. Either writing/reading data
to/from the SBIDBR sets the PIN to 1",
The time from the PIN being set to “1” until the SCL pin is released takes tLOW.
In the address recognition mode (ALS = 0), the PIN is cleared to “0” when the received slave address is the
same as the value set to the I2CAR or when a GENERAL CALL is received (all 8-bit data are "0 after a start
condition). Although the PIN (bit 4 in the SBICR2) can be setto ”1” by the program, the PIN is not cleared
to “0” when it is written "0”.

{(9) Serial bus interface operation mode selection
The 5BIM (bits 3, 2 in the SBICR2) is used to specify the serial bus interface operation mode. Set the
SBIM to “10” when used in the 12C bus mode after confirming that input signal via port is high level.
Switch a mode to port after confirming sure that the bus is free.

MCU90-518 ‘
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{10) Slave address match detection moniter
The AAS (bit 2 in the SBISR) is set to “1” in the slave mode, in the address recognition mode (ALS =0), or
when receiving GENERAL CALL or a slave address with the same value that is set to the 12CAR. When the

ALS is “17, the AAS is set to “1" after receiving the first 1-byte of data. The AAS is cleared to “0" by
writing/reading data to/from a data buffer register.

{11) GENERAL CALL detection manitor

The ADO (bit 1 in the SBISR) is set to "1” in the slave mode, when all 8-bit data received after a start
condition are "0”. The AD0 is cleared to “0” when a start or stop condition is detected on a bus.

{12) Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is sent to the LR8 (bit 0 in the SBISR). In the

acknowledge mode, immediately after an INTSB! interrupt request is generated an acknowledge signal is
read by reading contents of the LRB.

MCU90-519
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2.18.4 Data Transfer in 12C bus Mode

{1) Setthe ACK, CHS and SCK in the SBICR1. Specify “0" to bits 7 to 5.

(2)

(3)

Set a slave address and the ALS (ALS =0 when an addressing format) to the 12CAR.
After confirming that input signals via port are high level, for specifying the default setting to slave
receiver mode, assign “0” to the MST, TRX, and BB in the SBICR2; “1” to the PIN; “10” to the SBIM; and
“0" to bits0 and 1. '

Confirm a bus free status (When BB =0).

Setthe ACKto “ 1" and specify aslave address and adirection bitto be transmitted to the SBIDBR. When the
BB is “0", the start condition are generated and the slave address and the direction bit which are set to the
SBIDBR are output onabusbywriting “ 17 tothe MST, TRX, BB, and PIN. A slave device receive these data and
pulls down the SDA line of a bus to the low-level at the acknowledge signai timing. An INTSBI! interrupt
requestoccursat the 9th falling edge of the SCLclack cycle, and the PINiscleared to “0*.

The SCL pin is pulled down to the low-level while the PIN is “0”. When an interrupt request occurs, the
TRX changes by the handware according to the direction bit only when an acknowledge signal is
returned from the slave device.

/a6 Xas  Xa4 XAz XA2  XA1  XA0  XR/W ){\_ _\:‘:

1
== t h 'S o acknowledge

Start Condition . . . from slave
Slave Address + Direction Bit v

PIN | ( l—--

INTSBI
INTERRUPT Request n

Fig 3.18.8 Start Condition and Slave Address Generation

1-byte Data Transfer
Test the MST by the INTSBI interrupt process after a 1-byte data transfer is completed, and determine
whether the mode is a master or slave. '

a. Whenp the MST is 1" (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.

@  Whenthe TRXis "1” (Transmitter mode)

Check the LRB. When the LRB is “1", a receiver does not request data. Implement the process to
generate astop condition (described later) and terminate data transfer.
When the LRB is "0, the receiver requests new data. Write the transmitted data to the SBIDBR. After
writing the data, the PIN becomes “1“, a serial clock pulse is generated for transferring a new 1-byte of
data from the SCL pin, and then the 1-byte data is transmitted from SDA pin. After the data is
transmitted, an INTSBI interrupt request occurs. The PIN becomes “0” and the SCL pin is pulled down
to the low level. If the data to be transferred is more than one word in length, repeat the procedure
from the LRB checking above.

MCU90-520
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— Writing tranmit data to SBIDBR
SCL terminal 1 2 3 4 5 6 7

Y
SDA terminal D7_Xoe Xps Xosa Yo3 Yoz Xor Yoo Y\“‘t’ N

Acknowledge from

<PIN> ___J (Ecej\ier
} L.

Fig 3.18.9 1-byte Transmission

INTSBI
Interrupt Request

@ Whenthe TRX is “0” (Receiver made)

Setthe ACKto “1” and read the received data from the SBIDBR (data which is read immediately aftera
slave address is sent is undefined). After the data is read, the PIN becomes “1”. The 90CR74A outputs a
serial clock pulse to the SCL pin to transfer new 1-byte of data and sets the SDA pin to “0” at the
acknowledgesignal timing.

An INTSBlinterrupt request occurs, the PIN becomes “0" and the SCLpin pulled down to the low level.

The 90CR74A outputsa clock pulse for 1-byte of data transfer and the acknowledge signal each time that
received dataisread from the SBIDBR.

Reading of SBIDBR

Acknowledge to

<PIN> l l TrarlsTitter
INTSB!

Interrupt Request _ I—L -

Fig 3.18.10 1-byte Receive

In order to terminate transmitting data to a transmitter, clear the ACK to “0” before reading data
which is 1-byte before the last data to be received. The SDA pin released high-level in an acknowledge
timing of last received byte. The receiver indicates to the transmitter that data transfer is complete.
After data is received and an interrupt request has occurred, the 90CR74A generates a stop condition and
terminates data transfer. When reading data from SBIDEBR in the last received byte, the serial clock and
acknowledge signal don’t outputs because ACK is "0”.

SCL 1 2 3 4 5 6 7 8 9

e m, e e ——

Acknowledge (H) to
Transmitter

<PIN> I ' I_ -
INTSBI! Interrupt ___ﬂE I-I___

After clearing ACK to "0”, read received data

Fig 3.18.11 Data Transmission of Final Data in Master/Receiver mode

MCU90-521

Bl 9097249 0043788 7L W



TOSHIBA

TMPIQCR74A

b.When the MST is “0” (Slave mode}

In the stave mode, an INTSBI interrupt request occurs when the 90CR74A receives a slave address or a
GENERAL CALL from the master device, or when a GENERAL CALL is received and data transfer is
complete after matching a received slave address. When an INTSBI interrupt request occurs, the PIN (bit 4
in the SBICR2) is reset, and the SCL pin is pulled down to the low level. Either reading/writing from/to the
SBIDBR or setting the PIN to " 1" releases the SCL pin after taking tLOW time.

In the slave mode, the 90CR74A operates either in normal slave mode.

The S0CR74A tests the TRX (bit 6 in the SBISR)}, the AAS (bit 2 in the SBISR), and the ADO (bit 1 in the
SBISR) and implements processes according to conditions listed in the next table.

Table 3.18.1 Status and Service in Slave mode

TRX | AAS | ADO

Status

Service

In Slave / Receiver mode, received the
slave address of 90CR74A with direction
bit “17. This condition is slave transmit
mode by transfer request from master
device.

Write transmit data into SBIDRBR register.

In Slave / Transmitter mode, 1-byte’

transmission has completed.

In case of <LRB> ="1" (no further data
request), set <PIN> “1” and <TRX>
"0" for BUS release.

In case of <LRB> ="0" (further data
request}, write transmit data to SBIDBR
register.

1/0

In Slave / Receiver mode, received
address of 90CR74A with direction bit
"0" or General Call. This condition is
slave receive mode by receive request
from master device.

Read SBIDBR register in order to set
<PIN> "1" (dummy read).

9] 170

In Slave / Receiver mode, 1-byte receive
has completed,

Read received data from SBIDBR
register.,

(4) When the BB is ”1”, a sequence of generating a stop condition is started by writing "1” to the MST, TRX,
and PIN, and "0” to the BB. Do not modify the contents of the MST, TRX, BB, PIN untita stop condition is

generated a bus.

1" = <MST>
"1 > <TRX>
"0" —» <BB>

17— <PIN>

<SCL>

<5DA>

<PIN>

_

Stop Condition
A
1

.

5

f

-
1
]
]
| S,

<8B> (Read out) -

|

Fig 3.18.12 Stop Condition Generation

MCU90-522
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(5) Restart

Restart is used to change the direction of data transfer between a master device and a slave device
during transferring data. The following explains how to restart when the 90CR74A is in the master
mode,

Specify "0" to the MST, TRX, and BB and "1" to the PIN and release the bus. The SDA pin retains the
high level and the SCL pin is released. Since a stop condition is not generated on the bus, the bus is
assumed to be in a busy state from other devices. Test the BB until it becomes *1” to check that the SCL
pin of the 90CR74A is released. Test the LRB untii it becomes 1" to check that the SCL line of the 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 (2).

"0* = <MST> 17 o <MST>
"0 = <TRX> 1" 5 <TRX>
“0"— <BB> “1" 5 <BB>
"1" = <PIN> "1" = <PIN>
47 .
|~ ™ — Start Condition

External SCL Line / \

/
\ . :
internal SCL Output / 9 \ i 1
(9DCR74A) < ) E 3 E
]
External SDA Line ) ' \ '

— L]
[ 4
<LRB> I

<BB> l I

<PIN> l I

Fig 3.18.13 TMP90CR74A Restart Timing Chart

MCU90-523
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3.18.5 FIFQ Controling
In I2C-BUS / Master mode, 8-byte continuous data transfer can be done with FIFO control.
12C-BUS control registers are accessed from FIFO control circuit instead of CPU, Before starting FIFO
control circuit, 12C-BUS should be set in slave mode (initialized condition). FIFO control circuit is
controlled by following registers,

12C-BUS FIFO Control Register 1

I2CFCR1 7 6 5 4 3 2 1 0
(FFE6H) [Tom | FSCK | conr | , BYTE | (Resetvalue 0000 0000)
_ . 0 : Receiver mode
TR FIFO transfer mode selection .
1 : Transmitter mode
000 : fc/26(250 kHz)
001 : /27 (125 kHz)
010 ; fu/28(62.5kHz)
FSCK Serial clock frequency (fscl) 011 : f/29(31.2 kHz)
selection 100 : fg2'0(15.6 kHz)
101 @ fe211 (7.8 kHz)
110 : fe/212(3.9 kHz)
1M1 : — at fc=16 [MHz] Write
0 : 8-bytedatat { |
CONT Data transfer mode selection yt,e ata transier ony
________________________ 1 : Continuous transfer
000 : 1-byte
BYTE Number of transfer data byte vt
001 : 2-byte
(Data is valid when <CONT> = “0") 010 : 3-byte
011 : 4-byte
100 : S-byte
101 : 6-byte
110 : 7-byte
111 @ B-byte
12C-BUS FIFO Control Register 2
I2CFCR2.__ 7 5 5 4 3.2 1.0 :
(FPE7H) [swamr | Svop | ews [wF | f K5l | (ResetValue 1101 #+14)
—_ 0 : Start tart
START Start FIFO buffer transfer ; artorres
—_ 0 : St
STOP Stop FIFO buffer transfer . °op
CHS Input / Qutput Channel selecti @ @ Channel 0(5CLO, SDAQ) Write
ut/ Outpu ion
P P 1 : Channel 1 (SCL1, SDA1) only
— . . 0 : Startcontinuoustransfer
INT Restart in continuous mode .
BT Reset for 12C-BUS and FiFO control 0 : Reset
circuit {Notice) 1 -
Notice:  Since 4.5-state width system reset is executed after writing to this register,

Do not access with 12CBUS or FIFO controller during the period.

MCU90-524
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12C-BUS FIFO Data Buffer Register

12CFDBR 7 6 5 4 3 2 1 0
{FFEBH)

12C-BUS FIFO Status Register 1

12CFSR1 7 6 5 4 3 2 1 0
(FFE7H)  [spm

l FD7 I FDS—[ FOS | FD4 l FC3 I FD2 | FD1 J FDO I(Reset\fa[ue wrex xxwx)  (RAW)

| eno [ cus | susy | oruie [empry | scerm | akerg | (Resetvalue +000 0000)

. . 0 : SDAlinelow
SDA SDA line monitor . .
1 : SDAline high
1: E f f
END FIFO buffer status flag nd oftrans e'i
cleared by setting <STOP> to "0”
. 0 : Channel0
CHS Input/ Output channel monitor
1 ¢ Channel 1
1 : FIFQ buffer datain transfer
BUSY FIFO buffer transfer status
cleared by setting <STOP> to “0" read
0: - onl
FULL FIFO buffer full / Receive end , Y
1 : FIFO buffer full / receive end
0: -
EMPTY FIFO buffer empty/Transmit end .
1 : FIFO buffer empty / Transmit end
0: -
SCERR Start conditicn error o
1 : Startcondition error
0: -
AKERR Acknowledge error
1 1 Acknowledge error
12C-BUS FIFO Status Register 2
12CFSR2 7 LI R 3 I L. 0.
(FFE9H) : : ‘ : : | (ResetValue Q1w waxw)
Matching monitor between 5CL line 0: -
NOMAT ; ) !
and SCL terminal 1 SCL line pulled down by slave device read
LREM Last received bit monitor 0 : Last bit "0" (acknowledge) only
(acknowledge signal monitor} 1 Last bit “1* {no-acknowledge)

MCU90-525
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(1) Transmit Operation

{2)

(3

(4)

Set the number of byte transferred and select transfer clock by setting I2CFCR1 register. Set FIFO
controller in transmitter mode by setting “1" to <T/R> bit in I2CFCR1 register. The number of byte for
transfer at start time includes slave address. This can be set up to 8 bytes. By setting <CONT> bit in
12CFCR1 register, the number of byte is set to 8bytes and continuous data transfer becomes available.
After setting 12CFCR1 register, write data into I2CFDBR in order of transmission. When number of data
written becomes the number of byte set, <FULL> bit in 12CFSR1 register is set “1”. It'signored if data is
written during <FULL> is “1”. For starting transmission, slave address and <R/W> bit should be set as
the first data.

Then set <CHS> and <START > bits in [2CFCR2, the FIFO controller becomes active,

The FIFO controller sets <BUSY > bit in 12CFSR “1” and accesses I2CFCR1, 12CFDBR and I2CFCR2 registers
to start transmission. At this time, if BUS is busy, <SCERR> bit in I2CFSR register is set “1” and generate
the interrupt request INTSBI. If this happens, set <RST> bit in I2CFCR2 to "1” and reset FIFO controller
by software.

If there is no acknowledge return for each byte, the interrupt request INTSBI is generated and < AKERR >
bit in 12CFSR register is set “ 1",

When alldata byte hasbeentransferred, <EMPTY > bitin 12CFSR registerisset ” 1” and theinterruptrequest
INTSBlisgenerated. And if <CONT > bitin I2CFCR1 registeris “0”, <END > bitin I2CFSR registerisset “1"to
terminate all data transfer. In case that <CONT> bitis "17, <END> bit is not set because of continuous
mode. Thisisthe reason why therestof datashould be transferred by restarting after setting the number of
dataremained and datainto I2CFCR1 and |2CFDBR registers. Ifan intetrupt requestisno needed when data
transfer completes, set <INT > to "0" before restart.

Receive Operation

The procedure is almost same as transmit operation except that the number of data byte does not
include slave address. Set the FIFO controller in Receiver mode by setting <T/R> bit in I2CFCR1 registetr.
Following that, set siave address and <RW> bit to 12CFDBR register and set FIFO controlier active by
setting <START > bit in I2CFCR2 to “0". When the number of data, which was set in I2CFCR1 register, has
been received, <FULL> bit in I2CFSR register is set “1” and the interrupt request INTSBI is generated.
The status can be monitored in <CONT> and <INT> bits and 12CFSR register as same as in transmit
operation.

The content of dummy read, which is executed right after the slave address, is not set into FIFO buffer.

Restart Operation
When <END> bitis “1”, to provide the following procedure can be recognized as restart operation,
Start preparation as same as (1) or (2)
Start by setting <<START > bit “0"
The FIFO controlier does restart operation then data is transferred.

Stop Operation

By setting |I2CFCR2 <STOP> to “0” when <END > hit in I2CFCR1 register is “1“, FIFO controller stops
data transfer after generate stop condition on to BUS and clearing <BUSY > bit in 12CFSR1 register is
"0”.
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3.18.6 Control in Clock Synchronous 8-bit 510 mode
To use serial BUS interface as clocked synchronous 8-bit S0 mode, the following registers are used.

Serial BUS Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
FFE
(FFEZH) [sios oo SIOM | CHs l | SCK | (Reset Value 0000 *000)
S$105 | Transfer start/ stop 0:Stop
1: Start
SICINH | Terminate data transfer 0: Continue
1: Terminate (stop and clear) Write
onl
SIOM | Transfer mode select 00 : 8-bit transmitter mode Y
01 :reserved
10 : 8-bittransmit/receive mode
11 : 8-bit receiver mode
CHS [ Input/Output channel select 0 : Channel 0{SCLK2, TXD2Z, RXD2) RAN
1: Reserved

000 : fa/26 (250 kHz) )
001 : fe/27 (125kHz)

010 : fe/28 (62.5kHz) SCLKD
to .
SCK | Serial clock frequency select 011 f28 (31.2kHz) - atfe=16MHz (output ) Write

100 : fc/210 (15.6 kHz) only
101 fo2V1 ( 7.8kHz)
110 : fg/212 ( 3.9kHz)
111 : External clock (from SCLK2 input)
Note 1) *, don't care
Note 2) SI0S should be “0” during transfer mode and serial clock.
Serial BUS interface Data Buffer Register
?FBFI%B}?} 7 6 5 4 3 2 1 0
[ T J T T T I ' | (nitial value xasx xxxx)  Read/write
Serial BUS Interface Control Register 2
SBICR2 7 6 5 4 3 2 1 0
(FRESH)  rise + Wige ™ Winice T Wilie™ SEm | Wiite TWiiie D (nitial Value  xsxx 00%x)
E L0 I
00 : Port mode (to prohibit Serial Bus Interface)
. 1510 mod .
SBIM | Serial BUS Interface operation mode 01 ode Write
10: 12C-BUS mode
only
11: reserved
Note 1) *: don‘tcare
Note 2) Should be confirm transfer-end to change terminal from SIQ to port
Serial BUS interface Status Register
SBISR 5 4 3 2
(FFESH) 76 .......... 1 ..... 0 "
! : : : I SIOF | SEE I : : (Initial Value wx#x (Q0%»)
SIOF | Serial transfer operation status 0: Complete transfer
1 : During transfer
Read
SEF [ Last bitreceive monitor 0: Complete data shift only
{Acknowledge monitor) 1: During data shift
MCUS0-527
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(1) Serial Clock

a. Clock Source
Clock source can be selected by SCK bits in SBICR 1 register as follows,

@ Internal Clock

In an internal clock mode, any of seven frequencies can be selected. The serial clock is output to the
outside on the SCLK2 pin. The SCLK2 pin becomes a high level when data transfer starts. When writing
{in the transmit mode) or reading (in the receive mode) data cannot follow the serial clock rate, an
automatic-wait function is executed to stop the serial clock automatically and hold the next shift
operation until reading or writing is complete.

Automatic Wait
|

SCLK2 Qutput | FLIELE 1L MR {6l Pl Bl [ 2] [
oo XIS OEE EEEEE
i ph gt

Writing a transmit data :X a X b X c

Fig 3.18.14 Automatic Wait Function Timing

®  External dock (S5CK="111") :

An external clock supplied to the SCLK2 pin is used as the serial <lock. In advance, set P53 to input
mode. In order to ensure shift operation, a pulse width of longer than 16/fc cyles is required for both
high and low levels in the serial clock. The maximum data transfer frequency is 500 kHz (when fc=16

MHz).
SCLK2 I | I_a_l | I I
e
ekl tsckH
tsckL. tsexn > 16/
Fig 3.18.15 Maximum Frequency of External Clock
b.Shift Edge

The leading edge is used to transmit data, and the trailing edge is used to receive data.

(0 Leading edge
The shift timing is the falling edge of the signal at P53 (SCLK2).

@ Trailing edge
The shift timing is the rising edge of the signal at P53 {(SCLKZ2).
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SCLKz_—Lr—V|V|VIVIVI"|L]
TXD2 %\bito X bitt X bitz X bit3 X bita X bits X bite X bit7

Shift Register Yr6543210K+ 7654321 K(v 4765432 %1+ 76503 x4 7654 K s 1 <11 765K e xxn e 76X x2 244147

(a) Shift at leading edge

s~ LA LA LA LA LA LA LA LA
RXD2 \b';:tO X bitt X bitz X bit3 X bita X bits X bite X bit7

Shift Register .“.n..%auuu 10«..-..Xz1(]"n, 3210."~X4321o.n 543210"X55432m. 76543210

(b) shiftat trailing edge Note +; don'tcare

Fig 3.18.16 Shift Edge

(2) Transfer Mode
The SIOM (bits 5 and 4 in the SIO1CR) is used to select a transmit, receive, or transmit/receive mode.

a.8-bit transmit mode
Set a control register to a transmit mode and write data to the SBIDBR.
After the data is written, set the SIOS to 1" to start data transfer. The transmitted data is transferred
fram the SBIDBR to the shift register and cutput to the TXD2 pin in synchronous with the serial clock,
starting from the least significant bit (LSB). When the data is transferred to the shift register, the SBIDBR
becomes empty. The INTSBI (buffer empty) interrupt request is generated to request new data.
When the internal clock is used, the serial clock will stop and automatic-wait function will be initiated if
new data is not loaded to the data buffer register after the specified 8-bit data is transmitted. When new
data is written, automatic-wait function is canceled.
When the external clock is used, data should be written to the SBIDBR before new data is shifted. The
transfer speed is determined by the maximum delay time between the time when an interrupt request is
generated and the time when data is written to the SBIDBR by the interrupt service program.
Transmitting data is ended by clearing the SJ05 to “0” by the buffer empty interrupt service program or
setting the SIOINH to “1“. When the SIOS is cleared, the transmitted mode ends when all data is output.
In order to confirm if data is surely transmitted by the program, set the SIOF (bit 3 in the SBISR) to be
sensed. The SIOF is cleared to "0” when transmitting is complete. When the SIOINH is set, transmitting
data stops. The SIOF turns “0".
When the external clack is used, it is also necessary to clear the 5105 to “0” before new data is shifted;
otherwise, dummy data is transmitted and operation ends.
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<SI05>
<SIOF>
<5SEF>

SCLK2 (Output)
TXD2

iNTSBI
Interrupt Request

SBIDBR

<SI0s>

<SIOF>

<SEF>

SCLK2 {Input)

TXD2

INTSBI
Interrupt Request

SBIDBR

SCLK2

<SIOF >

TXD2

Clearing of 5105

Writing of transmit data

(a) Internal clock
: Clearing of 5105

Writing of transmit data

]

{b) External clock

Fig 3.18.17 Transmitter Mode

bit6 X

tsopn =Min. 3.5/Mc s}

Fig 3.18.18 Data Hold time after Transmission
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b.8-bit Receive Mode

Set a control register to a receive mode and the SIOS to “1” for switching to a receive mode. Data is
received from the RXD2 pin to the shift register in synchronous with the serial clock, starting from the
least significant bit (LSB). When the 8-bit data is received, the data is transferred from the shift register
to the SBIDBR. The INTSBI (buffer full) interrupt request is generated to request of reading the received
data. The data is then read from the SBIDBR by the interrupt service program,

When the internal clock is used, the serial clock will stop and automatic-wait function will be initiated
until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse provided
externally, the received data should be read before new data is transferred to the SBIDBR. If the received
datais notread, further data to be received is canceled. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt request is generated
and the time when received data is read.

Receiving data is ended by clearing the SIOS to “0” by the buffer full interrupt service program or setting
the SIOINH to “1". When the SIOS is cleared, received data is transferred to the SBIDER in complete
blocks. The received mode ends when the transfer is complete. In order to confirm if data is surely
received by the program, set the SIOF (bit 3 in the SBIDBR) to be sensed. The SIOF is cleared to "0" when
receiving is complete. After confirming that receiving has ended, the last data is read. When the SIOINH
is set, receiving data stops. The SIOF turns “Q” (the received data becomes invalid, therefore no need to
read it).

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs

to be switched, conclude receiving data by ciearing the $I0S to “0”, read the jast data, and then
switch the mode.

|«—————— Clearing of 5105 ——|

<SI0S>

_@ AN
<SIOF> | \(,
:

<SEF> K
SCLK2 (Output)

i,

RXD2

INTSBI
Interrupt Request

SBIDBR La X b
v ¥

Reading of received data Reading received data

Fig 3.18.19 Data Receive Mode (internal Clock mode)
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c. 8-bit Transmit/Receive Mode

Set a control register to a transmit/receive mode and write data to the SBIDBR. After the data is written,
set the SIOS to ”1” to start transmitting/receiving. When transmitting, the data is output from the SO pin
on the leading edges in synchronous with the serial clock, starting from the least significant bit (LSB).
When receiving, the data is input to the Si pin on the trailing edges of the serial clock. 8-bit data is
transferred from the shift register to the SBIDBR, and the INTSBI interrupt request occurs. The interrupt
service program reads the received data from the data buffer register and writes data to be transmitted.
The SBIDBR is used for both transmitting and receiving. Transmitted data should always be written after
received data is read.

When the internal clock is used, automatic-wait function is initiated until received data is read and next
data is writien.

When the external clock is used, since the shift operation is synchronized with the external clock,
received data is read and transmitted data is written before new shift operation is executed. The
maximum transfer speed when the external clock is used is determined by the delay time between the
time when an interrupt request is generated and the time when received data is read and transmitted
data is written.

Transmitting/receiving data is ended by clearing the SIOS to “0” by the INTSBI interrupt service program
or setting the SIOINH to “1". When the SIOS is cleared, received data is transferred to the SBIDBR in
complete blocks. The transmit/receive mode ends when the transfer is complete. In order to confirm if
data is surely transmitted/received by the program, set the SIOF (bit3 in the SBISR) to be sensed. The SIOF
becomes "0" after transmitting/receiving is complete. When the SIOINH is set, transmitting/receiving
data stops. The SIOF turns “0”. :

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs
to be switched, conclude transmitting/receiving data byclearing the 5105 to “0”, read the last
data, and then switch the transfer mode.
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j————— Clearing of 5105 ——»|

<5lQ5> L

<SIOF> R

<SEF> _; I__| C_

SCLK2 (Output)
TXD2 ag A ay A A azA ag A as A agA az boA b1 A ba A bz X ba bs A bg A by
RXD2 AU AQLCAGAGAGA GA G doAdiAda NdsAda A dsXds X dy

INTSBI n
Interrupt Request

SBIDBR X a b X d
writing of Reading of Writing of Reading of
transmit data (a) received data (¢} transmitdata (b) received data (d)

Fig 3.18.20 Transmit/Receive Mode (Internal Clock mode)

SCLK2 | |
<SIOF> l_—.

TXD2 bit6 X Bit 7 of Jast transmit data /

tsopn = Min. 4/fc(s]

Fig 3.18.2% Data Hold time at End of Transfer (Transmit/Receive mode)
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3.19 8-BIT A/D CONVERSION CIRCUIT (A/D})

The TMP90CR74A has an 8-bit A/D conversion circuit of high precision, the successive compatison type
with 12-channels analog input. The 10-cannels {AINO to AINS) of 12-channels analog input pin are also
used as general purpose input ports (P60 to P67 and P70 to P71). The 2-channels input pin (PDP and PDM)
can also be used as the peak hold monitor port of CTL amplifier.

The A/D conversion ends in 11.9 x5 (at 16 MHz) from the start of conversion.

<A$S> <ADBF> <EQCF>
t ¢

ADREF [ D i

ADGND 0 Al con\;ei':::ﬁ?control > INTAD interrupt request

PDP [ y !

PDM i D/A conversion circuit

AIN9 (P71)

AINB (P70) [

AIN7 (P67) 31— A/D conversion value
. register

AING (P66) [ Muiti- sample hold

AINS (P65) [—{ plexer circuit *

AINA (P64) O

AIN3 (P63) [O— S Internal data bus 5

AIN2 (P62) O—

AIN1(P61) 01—

AINO (P60} [

<ADCH3to 0>

Fig.3.19.1 Configuration of 8-bit A/D Conversion Circuit

3.19.1 Operation of A/D Conversion Circuit

(1

(2)

{3)

A/D conversiaon reference voltage

The positive electrode of A/D conversion reference voltage connects to ADREF pin, and the negative
electrode of A/D canversion reference voltage connects to ADGND pin.

Apply positive of analog reference voltage to the ADREF pin and negative to the ADGND pin. The A/D
conversion is carried out by splitting reference voltage between ADREG pin and ADGND pin to bit
divided by 256 by ladder resister and making a judgment by comparing it with analog input voltage.

Analog input channels .

One of the 12-channels analog input (AINO to AINS, PDP, PDM) is selected by the A/D conversion
control register ADCR<<ADCH3-0>.

The analog input channel selection register ADCR<ADCH3 to 0> are initialized to "0, 0, 0” by reset
operation, then the AINO (P60) is selected. When these ports are not used as the analog input ports, these
ports can be used as general purpose input ports (Port6, Port7).

A/D conversion time
The result of A/D conversion is stored into the A/D conversion value register (ADREG) after the passage
of 95states from setting the A/D conversion start register ADCR<ADS> to "1”.
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B 9097249 0043801 T21 WE



TOSHIBA TMPS0CR74A

(4) Start A/D convetsion start

A/D conversion is started by setting the A/D conversion control register ADCR<ADS> to "1”. After A/D
conversion starts, the A/D conversion busy flag ADCR<ADBF> issetto 1",

DB

{5) A/D conversion end
After A/D conversion ends, the A/D conversion end flag ADCR<EOCF > which indicates the end of A/D

conversion is set to “1”, and the interrupt request signal (INTAD) is generated, and the <ADBF> is
cleared to “0".

(6) A/D conversion interruption (INTAD)

After A/D conversion ends, the interrupt request signal (INTAD) is generated, and the A/D circuit
requests CPU 1o interrupt. The interrupt request signal (INTAD) is cleared to “0" by reading out the
ADREG in program.

Note: The vecter address of the A/D canversion interrupt (INTAD) is the same as the one of the
Timer/Counter3 interrupt (INTT3). The selection of either INTAD or INTT3 can be selected by setting
theinterrupu controlregisterINTCR<T3ADS >.

(7) Reading of A/D conversion values
The results of A/D conversion is put into the A/D conversion value register (ADREG).
The A/D conversion end flag ADCR<EOCF> is cleared to "0” by reading the ADREG.
The value of the ADREG is an undefined data if the ADREG is read durring A/D conversion.
Figure3.19.2 shows the timing chart of A/D conversion operation.

<ADS> I

~————(onversion time ———|

<EOCF> I

<ADBF> | \

\
ADREG 0 s Conversion value 5%

INTAD interruption | l /
Y

request

Interruption request

flag

Program Read out  Clearing of

Start conversion of ADREG  interruption Start conversion

request flag
Fig 3.19.2 shown in timingchart of A/D conversion operation.
Note) Executing the HALT instruction during A/D conversion that conversion operation is forced stop,

and result in undefined ADREG value.
At the same time, A/D control register is initialized to initial value.
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3.19.2 Control Register

A/D conversion control register

ADCR b 5 4 3 2 1 Y
(FFDCH) | eocr | aoer | aps | aoch3 [ aockz [aocHi [aoco | ginitial value 1006 0000)
0 : A/D conversion in progress or prior to A/D
EOCF AJ/D conversion completed flag conversion d
rea
1 : A/D conversion completed ond
. 0 : AJ/D conversion stopped y
ADBF A/D conversion busy flag .
1 : AJ/Dconversion in progress
Q -
A sion start
DS A/D conver 1 : AJ/D conversion start (one-shot)
0000 : Select AINO 1000 ; Seiect AINS
ADCH3

0001 : Select AINT 1001 : Select AIN9
ADCH2 0010 : Select AIN2 1010 : Select AIN10O(PDP) AW
0011 : Select AIN3 1011 : Select AIN11 (PDM)
0100 : Select AIN4 10== ; Stopuse

0101 : Seiect AINS

0110 : Select AING

0111 : Select AIN7

Analog input channel selection
ADCH1

ADCHO

Note: Please ensurethat "1" is always writtenin the 7 bit of the A/D canversion control register, (ADCR)

A/D conversion value register

ADREG 7 6 5 4 3 2 1 0
(FFDDH) | Aoy | aore | aprs | aore | nors | aorz | aori | aoro | (Initial value ###s #%+#)  read only
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3.20 AMPLIFIER FOR SERVO CONTROL
The TMP90CR74A has the amplifier for CTL signal while playing, for CTL signal while recording (CTL

amp) and for capstan FG signal (CFG amp). The amplified digital signal is input for capture CAPQ, CAP2
through capture input circuit (CAPIN).

3.20.1 CTLAmp

(1) Configuration

The CTL amplifier consists of right opeamplifier of CTL signal reproducing and schmit circuit, and D/A
converter of CTLsignal recording output.

Recording and reproducing of CTLsignal and VISS/VASS signal can re-write by use to the CTL ampilifier.
Figure 3.20.1 shown in configuration of CTL amplifier.

< TPG10 {trom TBCT)

TPG11 (from TBC1})

SACR1<REC>
—  SACRI<INDEX>
SACRZ<SWPTA>
SACRI<SWPTR>
SACR3I <SWSHT >
. SWBAS SWes SACR2 <CAMP2 >
Recording SACR2 <CAMPO >
Pattern SWPLY — SACR2<CAMPI>
SWREC SACR2<PHSPUPH
Generator

~7

CTLBIAS
Play Back AMP {to schmit gircyit)
Converter » CTLAMP
AMP > 5 § 6 XY Y {to schmit circuit)
Ree 3 h Peak Peak
AVCCI ’_W\/_;‘ detect detect > POM30
rd {+) {-) (to schmit circuit)
2! —AAA pdq u
| aa ]
| o L > PDPSO
Y (to schmit circyit)
< pasAMP H: {to A/D)
{to A/D)
AGND1
[1 mlm] [m|
CTLBIAS RPCTL| CBIN CNF8| CTLO CTL PDP POM
R4 |
ca
[} 3 ” R6& <6 R7$C7
R3 RS
Wt
(&)
Il
]
CTL Head

(a) Amplifier of playing, recording for CTLsignal

MCU90-537
B 9097249 0043304 7?30 W



TOSHIBA , TMP90CR74A

CTLAMP D>
PDPS0 >

AVCCH SACR2<SMTPO >

SACR2 <SMTP1>

SACR1
<POPON>
. b+
Selector < SACRI<CTLPO>
Selector [ 1=
- 4 SACR1<REC>
I TPG10 (from TPGT)
14 .
Selector —Dc cTLoUT
{to CAPIN, P30}
CTLBIAS 4
< l
- Selector
o
SACR1
<PDMON>
| | dEdge
lect etect
j Setector Selector
; 3-bi Q Ell
-bit
TBC12 counter
(from TBC) R

‘ SACR1 <CTRGE >

SACR2<SMTNQ >

AGND1 - - SACR2 <SMTN1>

PDMS0

(b} Schmit Circult

Fig 3.20.1 Configuration of Amplifier for Serve Contral Circuit
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(2} Control Registers

Servo amplifier control register 1

SACR1 7 6 5 4 3 2 1 0
(FFF1H) [ IDIRE éDIRFL’GI CTLPO | CTRGE :PDMON : PDPON | INDEX | REC ] (Reset Value 0000 0000)

) . 0 : Forward
CTLPO CTL polarity switch
1 Reverse
. 0 : Disable
CTRGE CTLOUT auto-reset enable/disable
1 : Enable
. . . 0 : Manual
PDMON CTL negative { - ) schmit selection
1 Peak hold
RAW
. X ) 0 Manual
PDPON CTL negative ( +) schmit selection
1 Peak hold
INDEX 00 : Reproducing mode
CTL operation mode selection *1 : Recording mode
REC 10 : Indexmode
Servo amplifier control register 2
SACR2 7 6 5 4 3 2 1 0
(FFF2H) IPHSPUP; CAMPZ | CAMP1 | CAMPO i SMTP1 | SMTPO | SMTN1 : SMTNO I (Reset Value 0000 0000)
. 0 : Norma recovery
PHSPUP Peak-hold recovery speed selection .
1 : Highspeed recovery
CAMPZ to A o 0 : OFF
CTL reproduction amplifier switch
CAMPO 1: ON
00 : -100 [mV]
SMTP1 ) ,
CTL negative { - ) manual schmit level 01 : =200 [mv] RAW
selection 10 1 -300 [mv]
SMTPO
112 =500 [mV]
00 : +100 [mV]
SMTN1 , .
CTL negative (+) manual schmit level 01 : +200[mvV]
selection 10 : +300 [mV]
SMTNO
11 : +500 [mV]
Servo amplifier control register 3
SACR3 7 6 5 4 3 2 1 0
(FFF3H) I irs | swpTe | swera iaouTsiaouTso] croes | croas | swshT | (Resetvalue 0000 00G0)
00 : 1.5 [ms]
SWPTB - T
SWPB timing switch in index mode 01 : 2.0 [ms]
selection 10 : 2.5 [ms)
SWPTA
11 : 3.0 [ms]
00 : CTLoutput
ADUTSY RAW

01 : CFGA output

10 : CFGB output

11 -
0 : Automatic control
1 : Forced "ON"

CTLCFG (P30} output source selection
AOUTSO

SWSHT SWBS control
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Servo amplifier control register 4
SACR4 7 6 5 4 3 2 1 0

(F796H) : =g~ | wpr : ~p~ ! 0" | craBz }cFGAZ | CFGPO [CTLOUT] (ResetValue 0000 000+)

................................................

CTL reproduction amplifier output 0 : CTLoutput="0" Read

CTLOUT
status 1 : CTLoutput="1" only

Note : Alwayswrite 0" in bit 4 to bit 7 of servo amplifier control register 4 (SACR4)

(3} Using the playback amp
(1) Gainswitching.

The reproduction CTL signal deriving from the magnetic head has its amplitude voltage in
compliance with the tape speed. Consequently, if the amplifier gain is fixed, there is a possibility of its
output becoming saturated. Furthermore, the output may be distorted by cut-off frequency settings.
All these result in imperfect waveform reshaping, making it difficuit to obtain exact duty cycle
determination,

To prevent this problem, the reproducing amplifier allows you to set various constants using its
internal feedback resistor or a feedback resistor connected external to the chip.

The gair and cut-off frequency can be set by using the <CAMP2 to CAMPO> in servo amplifier
control register 2 {SACR2) and the <SWSHT > in servo amplifier control register 3 (SACR3).

During normal reproducing, you mayset maximumgainand minimum cut-offfrequency. During high-
speed CUE/REV or FF/REW, however, you need to reduce the gain depending on the amplitude of the
reproducing CTLsignal. Furthermore, since the CTLsignal frequencyincreases, setthe cut-offfrequencyso
asto comply with it.

As an example of constant settings, A fixed numbers that for normal reproducing, constants be set
up using an external circuit via the CTLO/CTL1/CNFB pins. If the tape speed is very fast and the
reproducing amplifier becoemes saturated so you want to set a gain that is smaller than possible with an
external circuit, you can use the internal feedback resistor. Refer to Section 4, “Electrical
Characteristics” for details about the accuracy of this internal resistor.

(2) Schmit circuit

The reproducing amplifier output {CTLAMP signal) is waveform-reshaped using a Schmit circuit
in two methods. In one, the Schmit level is set to 1/2 of the amplifier output level reiative to the
bias level; hence, this is called a peak-hold Schmit method. The other is called a manuat Schmit
method in which four fixed Schmit levels can be set. Each method allows you to set the Schmit level
separately on the positive (+) and the negative ( -) sides of the signal by using the <PDPON>,
<PDMON > in servo amplifire control register 1 (SACR1). In either method, if the amplifier output
is below the bias level 100 mV (when operating with AVCC1=5 V), Suhmit operation is canceled
in order to prevent erratic device operation to noise.

The waveform-reshaped CTL signal (CTLOUT signal) is inputted to the capture input control
circuit (CAPIN). In also can be output from the P30 {AMPOUT) pin. The CTLOUT signal can be
monitored with the <CTLOUT > in servo amp control register 4 (SACR4).

a. Peak-hold Schmit method

Since the Schmit level is set to 1/2 of the peak level of reproducing amplifier output relative
to the bias level, Schmit operation can be performed in compliance with level fluctuations of the
reproducing CTL signal. If the tape speed is fast, the internal load resistors (r5 and r6) can be
turned on using the <PHSPUP> in servo amplifier control register 2 (SACR2) to expedite the
discharging time of the peak holders (PDP and PDM).

The voltage levels of the peak holders (PDF and PDM) can be monitored using the A/D
converter.
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b. Manual Schmit method

This method has four Schmit levels: 100, 200, 300, and +500 mV relative to the bias
level {when aperating with AVCC1 =5 V) that can be set independently on each positive ( +) and
negative { -} side of the signal. Use the <SMTP1>, <SMTPO> in servo amp control register 2
(SACR2) to set the Schmit [evels on the positive ( + ) side, use the SMTM1-0 bits to set the Schmit
levels on the negative { - ) side.

Use this manual Schmit method when the reproducing amplifier output level fluctuates
greatly as in high-speed FF/REW and the peak-hold Schmit method cannot be used. Similarly, if
the tape transport speed drops rapidly, the reproducing CTL signal deriving from the PB head
has its amplitude reduced rapidly. Consequently, the amplitude of the reproducing amplifier
output also is reduced, which depending on the time constants set on the peak-hold pins (PDP
and PDM), makes recovery unable to comply with amplitude fluctuations. Therefore, when
reducing the tape transport speed rapidly, switch to the manual Schmit method by estimating
the reproducing amplifier output, because this methed provides stable Schmit operation. Then,
when the reproducing amplifier output level is peak-held, switch back to the peak-hold Schmit
method.

Furthermore, if the transport speed of the tape on which the VISS/VASS signals are recorded
increases and the playback CTL signat has a distorted wavefarm, set the Schmit width according
to the DC fluctuations caused by the duty cycle of the signal.

(3) Switching Schmit polarity
When the direction of tape transport is reversed, the polarity of the reproducing CTL signal
deriving from the PB head is inverted. This polarity switching ensures that the reference edges fed
to the capture input control circuit (CPAIN), capture 0 (CAPQ), VISS/VASS determination circuit
(VIVA), and timer counter 2 (TC2) are always matched to the rising edge of the Schmit cutput.
Polarity switching is controlled by the <CTLPO> in servo amplifier contral register 1 (SACR1).
When the polarity is switched over, the Schmit output is reset low, waiting for input of the next
reference edge.

{4 Retrigger function

During step slow reproducing, etc., it can happen that the Schmit output (CTLOUT signal) does
not produce a negative ( -) edge because the output level of tape's reproducing CTL signai drops.
In such a case, you can set the <CTRGE > -in servo amplifier control register 1 (SACR1), sa that the
Schmit output is reset low about (213/f¢) X 7 [s] after outputting a positive { +) edge without having
to enter a negative (- ) edge.

This retrigger function is also used when the CTL signal (CTLOUT) is fed to the capture 0 (CAPO)
or timer counter 2 (TC2) during recording.
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Veor

Schmit level -

Vesias |

Schmit level -

Veom __|

<PDPON>

<PDMON>

cTLouT __|

Fig 3.20.2 Timing Chart for PLY (playing) mode

(4) Using the record amplifier
The CTL signal recording amplifier can be used to output the recorded CTL signal or the VISS/VASS
signal rewrite waveform during normal recording.
(1) Normal recording

By setting the <REC> in servo amplifier control register 1 (SACR1) to 1, it is possuble to output a
waveform of the same polarity as that of TPG10, output of the timing pulse generator 1 (TPG1). The
recorded waveform output is started and ended synchranously with the TPG10 edges according to the
set value of the REC bit as shown by the timing chart in Figure 3.20.3. The duty cycle can be set easily by
patterning TPG10.

When normal recording is started, SWBAS turns on and SWPLY turns off and then SWREC turns on,
causing the record amplifier to generate its output.

When recording is ended, each switch turns on or off with the reverse timing. This switchover
timing is automatically controlled by the record pattern generating circuit. This switchover sequence
prevents the reproducing amplifier output from going wild.

During normal recording, make sure that the reproducing amplifier gain is set to minimum.
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TPG10 ‘ I

<REC> | |

SWBAS

SWPLY

SWREC

HZ ( HZ

RPCTL terminal =~ —— — - _—
sign::a;;itr;? FfETCL }\ k

CTLOUT r—-l I_I

(<CTRGE>=1)

Fig 3.20.3 Timing Chart for REC (recording) mode
(2) Rewriting

When rewriting the CTL signal recorded on tape, operation is performed to rewrite only the
negative ( - ) edges of the CTL signal (rewrite operation).

The rewrite operation is controlled using the timing pulse generator 1 ({TPG1) outputs, TPG10 and
TPG11, after setting the <INDEX> in servo amplifier control register 1 (SACR1) to 1 and REC bitto 0, as
shown by the timing chart in Figure 3.20.4. The CTLsignal negative ( ~) edge is written to by a falling
edge of TPG1Q. Then, synchronously with the rising/falling edges of TPG11, the ramp level (CTLsignal’s
positive ( +) edge write mask) is output, performing an interval operation until the next negative { -)
edge is written. Make sure that TPG10 and TPG11 are patterned so their rising edges occur at the same
time.

Before a rewrite operation can be initiated, the INDEX bit must be set to 1 before TPG10 and TPG11
are pulsed high. Similarly, when a rewrite operation is completed, make sure that the PRCTL pin is
placed in the high-impedance state by a falling edge of TPG11 before the INDEX is cleared to 0.

Since a rewrite operation involves repeatedly alternating record and reproduction, inductance in
the control head can cause a voltage waveform to occur in the REC head after recarding (rewrite) to
back electromotive force which will be amplified by the reproducing amplifier. To prevent this
problem, the reproducing amplifier can he disabled against input until the voltage waveform tails off.

Use the <SWPTA>, <SWPTB > in servo amplifier control register 3 (SACR3) to set the duration of this
disable time.

MCU90-543

B 9097249 0043810 T3ay A



TOSHIBA

TMP90CR74A

Playing CTL
signal

TPG10

TPG11
<INDEX>
SWBAS

. SWPLY
SWREC

RPCTL terminal
Playing CTL

signal after
<INDEX>

CTLOUT
(<CTRGE>=1)

TPGi0
TPG11
SWEBAS
SWPLY

SWREC

RPCTL terminal

t1

L

Fig 3.20.4 Timing chart for INDEX (Rewrite) ©
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3.20.2 CFGAmp
(1) Configration

AVCCI APH
APL CE
RAI
+120my APz ] SACRY4
RA2 <CFGAZ>
+B0my u >—L’
RA3 % :1 ],
: e ©
s —pt Lt
RAS
[ AMZ Cr——
RAS AML
AMH CB:_J
AGND1 _CE— SACR3
CEGA D <CFGAS>

CFGA amplifier
AVCCT SACRI
CFGAIN D_|_ bias <CTLPO>
amplifier

crasias [} bD

CFGBIN D—I_ SACR4
<CFGPO>
CFGB AGND1
amplifier
CFGB D
AVCCH BPH _CF—_l

RB1

BPZ SACR4
s | <CFGBZ>
RB2
280 m P
80 v% >< >—L
R83 ‘ :: -
R

DI EHEE N

w 2 — 33 Ly

_ gom >4
80mv ’q
RBS
-i20my BMZ /_‘P—‘
RB6 BML :B ~—p
BMH —1
AGND1 CF"“ SACR3
CR <CF
SACR1 <s|g |R53> GBS >
<IDIRE> ¢
! CFGB
, INTDIR }Selector 0 {to P30)
interrupt request
Direction =<
Detector CFGA
SACR1<DIRFLG > (to P30, CAPIN)

Fig 3.20.6 Configuration of CFG Amplifier
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{2) Control Registers

Servo amplifier control register 1

SACR? 7 6 5 4 3 2 1 0
(FFE1H) [ owme [ omees [ ceeo [ ciree [romon| poron | noex | rec | (Reset value 0000 0000)

' . ) 0 : Disable
IDIRE INTDIR detect interrupt enable / disable R/W
. 1 : Enable
0 : CFGB ahead of CFGA Read
DIRFLG DIR detect flag
1 CFGA ahead of CFGB only
0: F d
CTLPO CTL porarity switch orwar RAW
1 Reverse
Servo arnplifier controi register 3
SACR3 7 6 5 4 3 2 -1 0
(FFF3H) 1 1pies [ swere | sweia | aoutt | aoute | croes | croas ISWSHT] (Reset Value 0000 DD0O)
. ¢ : DIRFLG
IDIRS INTDIR interrupt source select
1 : CFGB
00 : CTL output (from CTL amplifier)
AOUTH 01 : CFGA output (from CFG amplifier)
AMPOQUT (P30) output source select .
AQUTO 10 : CFGB output (from CFG amplifier) RV
1 -
CFGBS CFGB amplifier Schmit level select
0: 80 [mVv] (atAvCC1=5[V))
" . 1 : 120 [mV tAVCCI =5[V
CFGAS CFGA amplifier Schmit level select [mv] (s VD)
Servo amplifier control register 4
SACR4 7 6 5 4 3 2 1 0
(F796H)
: . 0 : Zero cross Schmit
CFGBZ CFGB Schmit select i
1 : Manual Schmit
. 0 : Zerocross Schmit
CFGAZ CFGA Schmit select . R/W
1 : Manual Schmit
. 0 : Forward
CFGPO Zero cross polarity select
1 : Reverse

Note : Always write "0” in bit 7 {o 4 of servo amplifier control register 4 (SACR4).
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(3) CFG Amp Usage

The signal from a capstan motor is amplified by two inverting amplifier and is reformed by each Schmit

trigger circuit. CFGA amplifier and CFGB amplifier are to be set gain / cutoff frequencies as normal
operational amplifier.

®  Schmit Circuit

There are two methods for CFGA / CFGB amplifier output Schmit. One is to set fixed level, called
manual Schmit; the other is to reverse with bias-level, called zero-cross Schmit. One method is selected
on <CFGAZ>, <CFGBZ> in servo amplifier control register 4 (SACR4).

a.Manual Schmit Trigger Circuit

The Schmit width can be selected from two, +/-80 mvolt or +/~- 120 mvolt based CFGBIAS level by
setting <CFGAZ> and <CFGBZ> bits in SACR4 register. Usually this Schmit width is changed in
accordance with noise level, but +/-80mvolt can be used for better condition to reduce the error of duty
in AM modulation. If noise level is too big to get proper operation, use +/- 120mvolt width.

b.Zero Cross Schmit Trigger Circuit

When two phase signals with 90 degree difference can be received from the capstan motor, these signals
are proceeded through zero cross Schmit trigger circuit based on CFG BIAS by setting <CFGAZ> and
<CFGBZ> bits in SACR4 register. In this case, the outputs and polarities of CFGA and CFGB signals can be
controlled by setting <CTLPO > and <CFGPO > bits. The timing chart is shown in Fig 3.20.1. The
combination for zero-cross Schmit function, results from phase relation between CFGA and CFGB, is
describedonthetable below. Set <CFGPO > to “0” or “ 1" to match capstan FGarchitecture.

Changing the tape condition between forward and reverse generates INTDIR interrupt. Therefore, by

shifting the polarity for CTL amp on <CTLPO> inside INTDIR routine, the zero cross Schmit for CFG
amplifier can be operated continuously.

Table 3.20.1 FG phase and Schmit mode

<CFGPO> <CTLPO> CFGA amplifier iaeéégo deg ahead of | CFGB amplifier izgékgo deg ahead of
0 0 (foward) zero-cross Schmit manual Schmit
1 (reverse) manual S¢hmit zero-cross Schmit
1 0 (foward) manual Schmit zero-cross Schmit
1 (reverse) Zero-¢ross schmit manuai Schmit

Zero-cross Schmit can be operated if either side of CFGA amplifier or CFGB amplifier is set ; therefore
they can operate by setting <CFGAZ> and <CFGBZ > respectively.
Figure 3.20.7 shown in sequence of zero-cross Schmit operation.

@  Reverse Direction Detector

In the case that two phase signal with 90 degree difference changes its condition at changing between
forward and reverse, the forward / reverse can be detected from CFGA and CFGB reformed signals by
internal detector circuit. The result can be monitored by reading <DIRFLG> bit and the interrupt
request INTDIR is generated when detected. Figure 3.20.8 shown is timingchart operation. Though
<DIRFLG> isresetto “0" after reset, itisset to "1” if CFGA input has a phase ahead of CFGB input. The
rising / falling edge of <DIRFLG> generates INTDIR interrupt. <IDIRE > is set INTDIR whether to enable
or to disable. The source of INTDIR interrupt can be selected on <IDIRS> whether CEFGB'or DIRFLG.
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CFGA AMP
CFGB AMP
CFGA
CFGB
CFGA ahead of CFGB CFGB ahead of CFGA
(zero ~- cross) {(Non zero - cross)

Conditions : <CFGAZ> = <CFGBZ> =0, <CFGPO> = <CTLPO>

Fig 3.20.7 CFG Ampilifier Zero-cross Schmit Sequence

e L L LI L L L
e [T
won L 1L LI L LT L
e _ LN UL LT LT

interrupt INTDIR I I | I

e

Fig 3.20.8 Forward/Reverse Detection Timing chart
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3.21 PORT

The TMPS0CS74 has 63 general-purpose digital /0 ports and 8 digital dedicated-function ports.
Table 3.21.1 indicates the digital port structure.

Table 3.21.1 General-purpose I/O Ports and Dedicated-function Ports

Type Port Name Bit Structure Number of Pins
Port 0 P07 to POO 8
Part 1 P17 to P10 8
Port Z P27  to P20 8
General-purpose I/0 | Port 3 P37 1o P30 8
Ports Port 4 P47 to P4Q 8
Port 5 P57 to P50 8
Port & P67 to P60 8
Port 7 P74 to P70 5
Port 8 P81 to P80 2
Pulse-width modulation PWM1, PWMO 2
Head switch signal output VASWP 1
Dedicated-function | OSD oscillator connection pins X, X0 2
Ports Vertical sync signal input VDIN 1
Composite sync signal input CSYNC 1
Clock output CLK 1

{1) I/O Settings
Each bitof port 0 to port 8 can be set for input or output.

(2) Output Circuit Format Settings

Pins P20 to P24, P37, P52 and P53, P55 and P56, P74, PWMO and PWM1 can be proegrammed as push-pull
outputs or N-channel open drain outputs by software.

{3) Output Control in STOP mode

Except for the XI, XO, VDIN, and CSYNC pins all digital ports can set whether the output state in STOP
mode remains or turns to high-impedance by setting <DRVE> in the watch dog timer control register 1
(WDTCR1) (see Section 3.2, “System Clock Contral Circuit").

Figure 3.21.1 shows the port output control circuit in STOP mode.

WDTCR1<DRVE> OSCEB (to port)
STOP

(from standby contral circuit)

Fig3.21.1 Port Output Control Circuitin STOP Mode
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3.21.1 Port 0 (P00 to P07)
Port 0 is an 8-bit general-purpose /O part which can specify input/output in bit unit. The control
register (POCR) is used to set input/output.
Reset operations clear PO port data register (PO} and PQ port control register (POCR) to “0” and initialized
to the input mode.

POCR - WR
-
Direction OSCE8
Control (Bit)
w
>
@ PO-WR
® I
-
1+
o Output Latch 1~ ]I I P00 to PO7
®
=
: —( 1
; I
— PO - RD
’\J

Fig 3.21.2 Port 0 (PO7 to POD) Block Diagram

Port 0 Data Register
PO 7 6 5 4 3 2 1 0
(FFCOH) | po7 i pos i Pos : Poa : P03 i P02 : POt : POO | (ResetValue 0000 0000) (RAW)

Port 0 Control Register 1

POCR 7 6 5 4 3 2 1 0
(FFCTH) | poc i posc : Posc | poac i PO3C i PO2C [ POIC i POOC | (ResetValue 0000 0000)

PO7C 0 : Input it

Port G Input/ Qutput control (per bit) pu write

to POOC 1 : Output only
MCU90-550

R 9097249 0043417 399 mm




TOSHIBA TMP9OOCR74A

3.21.2 Port1 (P17 to P10)

Port 1 is an 8-bit general-purpose VO port which can specify input/output in bit unit. The control
register (P1CR) is used to set input/output.
Reset operations clear P1 port data register (P1) and P1 port control register (P1CR) to “0" and initialized
to the input mode,

P1CR-WR
"
Direction OsCEB
Control (Bit)
1%
3
= P1+WR
it |
-
o
e Qutput Latch —D P1Qto P17
®
c
@
—
: 5:@
—- PO -RD
SN

Fig 3.21.3 Port1(P17 to P10) Block Diagram

Port 1 Data Register

P1 7 6 5 4 3 2 1 0
(FFCZH) | 17 © p16 | P15 © pta i P13 P12 | e @ P10 | (ResetValue 0000 0000) (RAW)
Port 1 Control Register 1
PI1CR 7 6 5 4 3 2 1 Q
(FFC3H) Lpﬁc Pp16C | PISC o P1ac i oPi3c | oP12C | pic | PlDC_I {(Reset Value 0000 0000}
P17C ) 0 : Input write
Port 1 Input/ Output control {per bit)
to P10C 1 : Output only
MCU90-551
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3.21.3 Port 2 (P27 to P20)

M

{2)

Port 2 is an 8-bit general-purpose /0 port which can specify input/output in bit unit. The control
register (P2CR} is used to set input/output.
Reset operations clear P2 port data register {(P2) and P2 port control register (P2CR) to “0“ and initialized
to the input mode.

P20 (TPGOO/TPO) .

P20 used as an TPGO0 of timng pulse generator 0 {TPGO) output, and also timing pulse output (TP0).
When P20 is used as TPGOO or TPO, setting <P20C> in port 2 controlregister (P2CR) to "1 to select
output mode.

The output circuit of P20 can be selected either push-pull output or N-channel open drain output by
setting <P200C>> in open drain control register1 (ODMCR?1).

O TPGOO
TPGO0 is output by clearing <P20> of the port 2 data register (P2) to “0”, then setting < TPGOOE>
of the port 2 mode register (P2MR) to “1".

@ TPO
The data written to <TPOD > in the TP data register (TPDR) can be output in sync with the rising or
falling edge of TPGO1 or TPGO3 in the TPGO output.
When P20 is used as used as an to TP0, setting <TPOE> of P2MR to “1" and set the output trigger to
TPGO1 or TPGO3 by setting <VASELO> of the TP control register (TPCR), then select the edge using
<TPEQ>. :

P21 (TPGO1/TP1}

P21 used as an TPGO1 of timng pulse generator 0 (TPGO) output, and also timing pulse output (TP1).
When P21 is used as TPGO1 or TP1, setting <P21C> in port 2 controlregister (PZCR) to “1” to select
output mode. ‘
The output circuit of P21 can be selected either push-pull output or N-channel open drain output by
setting <P210C> in open drain control register1 (ODMCR1).

® TPGO
TPGO1 is output by clearing <P21> of the port 2 data register (port 2) to “0", then setting
<TPGO1E> of the port 2 port mode register {(P2MR) to “1".

@ TP1
The data written to <TP1D>> in the TP data register (TPDR} can be output in sync with the rising or
falling edge of TPG01 or TPGO3 in the TPGO output.
When P21 used as TP1, setting <TP1E> of PZMR to “1” and set the output trigger to TPGO1 or TPG03
by setting <VASEL1> of the TP control register (TPCR), then select the edge using <TPE1>.

MCU90-552

W 9097249 0043819 1kl WM




TOSHIBA TMPY0OCR74A

PZCR-WR
(et
Direction 05CEB>—D—
Control (BiY P2MR < TPGOOE >
P2MR<TPGO1E>
¢ TPGOO(from TPGO)
| TPGO1 (fram TPGO)
P20 (TPGOO/TPQ)
Output Latch >__| |
utputtate P21 (TPGO1/TP4)
5 _@ ODMCR1 <P200C>
@ ODMCR1<P210C>
; o %
®
o %—Cf'—__ P2-RD
®
< TPCR<TPED>
3 ___ p2-WR TPCR<PPE] >
c Selector 1
- I Edge Detector -+——= TPGO1 {from TPGO)
Selector
TPGO3 (from TPGO)
TPCR<VASELO>
TPCR<VASEL1>
P2MR< TPOE >
P2MR<TPIE>
Selector TPODR<TPOD >
TPOR<TPID>
f‘\"

Fig3.21.4 Port2 (P20 and P21) Block Diagram
(3) P22 {CRNVTP3)
P22 used as color rotary cutput (CR), and also timng pulse (VTP3). When P22 is used as CR or VTP3,
setting <P22C> in port 2 control register (P2CR) to " 1" to select output mode,
The output circuit of P22 can be selected either push-pull outputor N-channel open drain output by
setting <P220C> in open drain control register1 (ODMCR1).

@ CRr

The CRis output by clearing <P22> of the port 2 data register{P2) to “0", then setting <CRMOD >
of head amp control register (HACR) to “1".

@ vTP3
The data written to <VTP3D> of the TP data register (TPDR) can be output in sync with the rising
or falling edge of TPG03 in the timing pulse generater 0 {TPGO) output.
When P22 is used as VTP3, setting <VTP3E> of the port 3 mode register (P3MR) to "1”, then set
<VTPE34> of HACR to select the rising ar falling edge of TPG03.
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(4) P23 (HANTP4)
P23 used as an head amp output {HA},and also timing pulse output (VTP4). When P23 is used as HA or
VTP4, setting <P23C> in port 2 control register (P2CR) to "1" to select output mode.
The output circuit of P23 can be selected either push-puil outputor N-channel open drain output by
setting <P230C> in open drain control register1 (ODMCR1}.
® HA
The HA is output by clearing <P23> of the port 2 data register (P2) to “0", then setting
< CRMOD > of head amp control register (HACR) to “1”.
@ VTP4
The data written to <VTP4D > of the port P7 data register {port 7) can be output in sync with the
rising or falling edge of TPGO3 in the timing pulse generator 0 (TPGO) cutput.
When P23 is used as VTP4, setting <VTP4E> of the port 3 mode register (P3MR) to “1”, then set
<VTPE34> of HACR to select the rising or falling edge of TPG03.

P2CR - WR
~ 1
Direction OScEB >_D*
Control (Bit) ]
Ii HACR<CRMOD >
S CR (from CR/HA)
] HA (from CR/HA)
P22 (CR/VTP3)
i Qutput Latch >__D P23 (HA/VTP4)
@
@ _C!j ODMCR$ <P220C>
- ODMCR1<P230C>
: S Y
p 4—@— P2:RD
c
@
=
- | P2-WR HACR<VTPE34>
Selector
Edge Detector TPGO3 (from TFGO)
P3MR<VTP3E>
P3IMR<VTPAE>
Selector TPDR<VTP3D >
P7<VVTP4D >
N

Fig 3.21.5 Port2 (P22 and P23) Block Diagram
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(5) P24 (TP2/TI3)

P24 used as an timng pulse output (TP2) and also event counter input (TI3).
When P24 is used as TI3 or TP2, setting <P24C> in port 2 contro! register (P2CR) to “1“ to select output
mode.

The output circuit of P24 can be selected either push-pull output orN-channel open drain output by
setting <P200C> in open drain control register1 (ODMCR1).

@ TP2
The data written to <TP2D > of the TP data register (TPDR) can be output in sync with the rising or
falling edge of TPGO1 or TPGO3 in TPGO output.
When P24 is used as TP2, setting <TP2E> of the port 2 mode register (PZMR) to “1”, then set

<VASEL2> of the TP control register (TPCR) to select TPGO1 or TPGO3 as the output trigger, then set
<TPE2> to select the edge.

@ T3

This is the event countinput for timer counter 3 (TC3).

P2CR - WR
N
Direction OSCEBFD_
Control (Bit)
1
Output Latch {: 1 [ ] e2acrr2imizy

a _C!—< ODMCR1<P240C >

3 ?

i

m

o +— P2-RD

e . T3 (to TC3)

©

£ TPCR<TPE2>

® — P2 - WR

- Selector ]

= Edge Detector H——< TPGO1 (from TPGQ)

Selector |
Edge Detector TPGO3 (from TPGQ)
TPCR<VASEL2>
P2MR<TP2E>
Selector
TPDR<TP2D>
N

Fig 3.21.6 Port2 (P24) Block Diagram
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(6) P25 (SCLKD)

P25 used as an serial clock input/output (SCLKO) of serial channel {S100).
When P25 is used as serial dock output, setting <P25C> in port 2 control register (P2CR) to “1” to select
output mode. The output circuit of P25 can be selected either push-pull output or N-channel open drain
output by setting <P250C> in open drain control register1 (ODMCR1).

P2CR - WR

Direction
Control (Bit)

OSCEB )—D_

< SCLKO output {from SI00)

Internal Data Bus

PZMR<SCLKOE>

(7) P26 (TXDO)

P26 also used as an serial data output (TXD0) of serial chanel (S100).

P2-WR ,
|
N »
Qutput Latch | Selector { >
_FC’D—_——- P2-RD

Fig 3.21.7 Port 2 {P25) Block Diagram

[ P25 (scikoy

> SCLKO input (to SICO)

When P26 is used as serial data output, setting <P26C>> in port 2 control register (P2CR) to "1” to select
output mode,and setting <TXDOE > of port 2 mode register (P2MR) to 1",

P2CR - WR

Direction
Control (Bit)

PZ2-WR

osceR—y

<{ TXDO (from 5{00)

I

Qutput Latch

Selector
-

Internal Data Bus

(

P2-RD

Y

—CH
g

Fig 3.21.8 Port 2 (P26) Block Diagram

P2ZMR<TXDOE>

P> p26 (000
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(8) P27 (RXDOQ)
P27 also used asanserial data output (RXDOQ) ofserial chanel (S100).

When P27isused asserialdatainput, clearing <P27C > in port 2 control register (P2CR) 1o “0” to selectinput
mode,andset <RXDOE > of port2 moderegister(P2MR)to " 1".

P2CR - WR
(]
Direction OSCEB
Control (Bit)

wr
K P2+ WR
[1]
i
g Output Latch > [ ] P27 (rxD0)
®
< Ju,jﬂ
u
p é;
- — P2:RD

A
l—( [ P2MR < RXDOE >

= RXDO (to 5100)

Fig 3.21.9 Port 2 (P27) Block Diagram

Port 2 Data Register

P2 7 3 S 4 3 2 1 0
(FFCAH) b p7 | p26 { pas : p2a | P23 : P2z | p21 | P20 | {ResetValue 0000 0000) (RAW)
Port 2 Control Register
P2CR 7 6 S 4 3 2 1 0
(F780H) 1 parc i vasc : pasc i paac { pasc | paac | p21C | P20¢ | (ResetValue 0000 0000)
p27C . 0 : input
R/W
t0P20C Port2 Input/ Qutput control (per bit) | : Qutput (RAW)
Port 2 Mode Register
P2MR 7 6 5 4 3 2 1 0
(F781H) | rxooe | mxooe | scukoe | te2e | teie [ troe | reaoie [trcooe] (Resetvalue 0000 0000)
. . 0 : Disabled
RXDOE RXDO0 input enable/disable 1 - Enabled
. 0 : Disabled
TXDOE TXDO0 output enable/disable 1 - Enabled
. 0 : Disabl
SCLKOE | SCLKO VO enable/disable isabled
1 : Enabled
0 : Disabl
TP2E TP2 output enable/disable Isabled
1 . Enabled
TPIE TP1 output enable/disabl 0 : Disabled o
outp avle 1 : Enabled
i 0 : Disabled
TPOE TPO output enable/disable 1 - Enabled
. 0 : Disabled
TPGOIE TPGO1 output enable/disable 1 Enabled
. 0 : Disabled
TPGOOE TPGOOQ autput enable/disable 1 ¢ Enabled
MCU90-557
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Port 3 Mode Register
P3MR 7 6 5 4 3 2 1 0
(F783H) | vreae | vieae ]CAPFRDI CAPFﬂTPGuE] TP3E I TO3E ICTLCFGl {Reset Value 0000 0000)
VTP4E VTP4 output enable/disable 0 : Disable
1 : Enable
0 : Disable Rw
VTP3E VTP3 output enable/disable :
1 : Enable
TP Control Register
TPCR 7 6 5 4 3 2 1 0
(FFDAH) I_TPBE |VASEL3I TPE2 IVASELZI TPEY IVASEL1 [ TPEO IVASELOI {Reset Value 0000 0000)
i . Q : Rising Edge
1
TPE2 TP2 (P24) Trigger Edge Selection 1 : Falling Edge
0 : TPGQ3
VASEL2 TP2(P24) Tri Selecti
(P24) Trigger Selection 1 : TPGO1
TPE1 TP2 (P21) Trigger Edge Selection 0: Rlsu‘wg Edge
1 : Falling Edge
0 : TPGO3 Rw
- lecti :
VASEL1 TP2 (P21) Trigger Selection 1. TPGO1
. . 0 : Rising Edge
TPEO TPO (P20} Trigger Edge Selection 1 : Falling Edge
0 : TPGD3
VASELO TPO (P20) Tri lecti
0 (P20) Trigger Selection 1 TPGOY
TP Data Registér
TPDR 7 6 5 4 3 2 1 0
{FFOBH) [ yreap | vrezo | vipip | vieoo | 7e3p [ 1ezp | 710 | 7P0D | (Resetvalue 0000 0000)
vTP3D VTP3 (P22) Data Register
TP2D TP2 (P24) Data Register R
TP1D TP1(P21) Data Register
TPOD TPO (P20) Data Register
£7 Data Register '
P7 e 82 4 3 2 ! °
(FFDBH) : ........... I VTP4D l P74 l P73 [ P72 ] P71 l P70 l (Reset Value *%00 0000)
[vtPap | vTP4 (P23) Data Register | [ aw |
Head Amp Control Register
HACR 7 6 5 4 3 2 1 0
(F794H) Tepmon] o~ [vreesa | orerot [orrroo [ “OMP T creo | mapo | (Reset value 0000 0000)
CRMOD CR(P22) output, HA (P23) output, 0 : Disable
COMPIN {P43) input enable/disable i : Enable RIW
VTPE34 VTP3 (P22)/VTPA (P23) 0 : Rising Edge
.| Trigger Edge Selection 1 : Falling Edge
Note : Please ensure that “0” is always written in the & bit of the Head Amp Control Register (HACR).
Open Drain Mode Control Register 1 '
-ODMCR1 7 6 5 4 3 2 1 0
(F789H) [_P‘Vc‘;'g' | oW 1 p3roc | pzaoc | pa3oc | p220c | patoc | pacoc | (Reset value 0000 0000)
P240C P24 Open Drain Control
P230C P23 Open Drain Control 0 : Push-pull Output
P220C P22 Open Drain Control . RW
- 1 : Open Drain Output .
P210C P21 Open Drain Control :
P200C P20 Open Drain Control

MCU90-558
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3.21.4 Port3 (P37 to P3Q)

(M

(2)

(3)

(4)

Port 3 is an 8-bit general-purpose /O port which can specify input/Output in bit unit. The control
register (P3CR) is used 1o set input/output.
Reset operations clear P3 port data register (P3) and P3 port control register (P3CR) to “0” and initialized
to the input mode.

P30 (AMPOUT)

P30 also used as the servo amp output (AMPOUT).
AMPQUT can be used to output the CTL amp reproduction amplifier output (the CTLOUT signal), the CFG
amplifier CFGA amplifier output (the CFGA signal), or the CFGB amplifier output (the CFGB signal) by
setting <AOUTS1 and AQUTSO > of the serva amplifier control register (SACR3).
When P30 is used as an AMPOUT, set <P30C>> of the port 3 control register {P3CR) to "1 to select
output mode, then write “0” to <P30> of the port 3 data register (P3).
AMPOUT is output by setting < CTLCFGE > of the port 3 mode register (P3MR) to "1,

By setting <P30C> to input mode, P30 can be used to input an externally shaped CTL (CTLIN) signal.
CTLIN is input to the capture input controi circuit {CAPIN) and allows capture 0 {CAPD) to measure the
frequency periodically.

P3CR - WR ———— SACR3<AQUTS1>
—~ i [ SACR3<AOUTSO>
Direction O5CEB >—D—
. F————¢ CTLOUT (from CLT Amplifier)
Control (Bit) L Selector < CFGA{from CFG amplifier)
3 ——— CFGB tfrom CFG Amplifier)
m
© P3-WR P3IMR< CTLCFGE>
3
—_ Output Latch DP30 (AMPOUT)
(]
C
U
-
c

s CF Y

— P3-RD
b~ CTLIN (to CAPIN)

Fig 3.21.10 Port 3 (P30} Block Diagram

P31 (DFGPG)

P31 also used as the head cylinder speed and phase signal (DFGPG) input.
When P31 is used as an DFGPG input, clearing <P31C> of the port 3 control register (P3CR) to "0" to
select input mode.

P32 (RMTIN)
P32 also used as the remote control signal (RMTIN) input.

When P32 is used as an RMTIN input, clearing <P32C> of the port 3 control register (P3CR) to “0“ to
selectinput mode.

P33 (ACCK)
P33 also used as the AC clock (ACCK) input.

When P33 is used as an ACCK input, clearing <P33C> of the port 3 control register (P3CR) to “0” to
select input mode.

MCU90-559
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(5) P34 (TCO/EXT) )
P34 used as the event count input {T10) for timer counter 0 (TCO), and also the external trigger input
(EXT) for capture 0 (CAPD).
When P34 is used as TI0 input ar EXT input, clearing <P34C> of the port 3 control register (P3CR) to “0”
to select input mode.

P3CR-WR
e
Direction Osces
Control (Bit)
3
L P3-WR
(o]
-
9
(=] Qutput Latch gg; EEI\FIIC;"I,S))
.é P33 (ACCK)
< P34 (TIQ/EXT)
: =
E &
— P3-RD
g : » DFGPG (to CAPIN)
RMTIN (to CAPIN)

ACCK (to CAPIN)
TIO/ EXT (to TCO/ CAPIN)

Fig 3.21.11 Port3 (P31, P32, P33 and P34) Biock Diagram

(6) P35(TI2/TO3)
P35 used as the event count input (TI12) of timer counter 2 (TC2), and also the timer flip-flop output
(TO3) of timer counter 3 (TC3). v
When P35 is used as TI2, clear <P35C> of the port 3 control register (P3CR) to "0” to select input mode.
When (P35 is used as TO3 output, write “0” to <P35> of the port P3 data register {P3}, then set <P35C>
of P3CR to "1" to select output mode. TO3 is output by setting <TO3E> of the port 3 mode register
(P3MR) to “1".

P3CR - WR
-_—
Direction OSCEB )_D—
Control {Bit}
P3IMR<TO3E>
P3 ‘lWR < TO3 (from TC3)
Output Latch P35 (Ti2/ TO3}

Internal Data Bus

O
N L g—TLns

Fig 3.21.12 Port 3 (P35) Block Diagram

> T2 (to TC2)
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(7) P36 (TPG12/TP3)

P36 also used as the TPG12 of timing pulse generator 1 (TPG1) output, and also timing pulse output
{TP3).

When used as TPG12 or TP3 set <P36C> of the port 3 control register (P3CR) to “1” to select output
mode.

@O TPGI12

TPG12 is output by clearing<P36> of the port 3 data register (port 3) to "0", then setting
<TPG12E> of the port 3 mode register (P3MR) to "1”.

@ 7P3
The data written to <TP3D > of the TP data register (TPDR) can be output in sync with the rising or
falling edge of TPGO1 or TPGO3 in the TPGO output.
When P36 is used as TP3 output, setting <TP3E> of P3MR to “1", and set the output trigger to TPGO1
or TPGO3 by setting <VASEL3 > of the TP control register (TPCR), then select the edge using <TPE3>.

P3CR - WR
F\/
Oirection OSCEB>_D—
Control {Bit)
_J—i P3IMR<TPG12E>
————————< TPG12 {from TPG1
] { }
Qutput Latch ———i l P36 (TPG12/TP3)
z @ﬂ Y
(1]
z —F@— PR
o
g TPCR<TPE3>
w — P3-WR
3 Selector ]
c Edge Detector H——< TPGO1 (from TPGO)
Selector
Edge Detector TPGO3 (from TPGQ)
TPCR<VASEL3 >
PIMR<TP3E>
Selector
TPDR<TP3D>
/‘v

Fig 3.21.13 Port 3 (P36) Block Diagram
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(8) P37 (CAPFR)

P37 also used as the capstan motor direction control pulse output (CAPFR).

Thedatain <CAPFRD > ofthe port 3 mode register (P3MR) can be outputin syncwith the rising or falling
edge of the 12-bit pulse width modulation output 0 (PWMO). By assigning PWMO output to the DC
conversion outputofthespeed/phase error forthe capstan servo system, the capstan motordirectioncan be
controlled by the CAPFR output.
When P37 is used as CAPFR, set <P37C> of the port 3 control register (P3CR) to “1” to select output
mode, then set <CAPFR> of P3MR to “1”. The PWMO edge select by setting <CFRTRGS> of the PWM
control register (PWMCR).
The output circuit can be set to push-pull output or N-channel open drain output by setting <P370C>
in the open drain control register 1 {ODMCR1).

P3CR-WR
N
Direction OSCEB>—D—
Control (Bit)
!
Output Latch M [ 7] p37 (caprry
n ODMCR1<P370C>
3 JZ—C!“ 7
L]
: T Law
a
_ ~J
c ooy |73 WR PWMCR<CFRTRGS >
e r i
o Edge Detector PWMO (from PWMO0)
c
P3MR < CAPFR>
Selector P3MR<CAPFRD>
Fig 3.21.14 Port 3 (P37) Block Diagram
Port 3 Data Register
P3 7 6 5 4 3 2 1 0
{FFCSH) [ p37 ¢ p3s : P35 i p3a | P33 i P32 | P31 i P30 | (ResetValue 0000 0000) (R/W)
Port 3 Control Register
P3CR 7 6 5 4 3 2 1 0
(F782H} | p3pc i p3sc i P3sC : P3ac | P33C I P32c I P3IC : P3OC | (Resetvalue 0000 0000)
P37C 0 : Input
Port 2 Input/Output control (per bit RAW,
to P30C ° nputoutpu ® ) 1 : Output (RA)
MCU90-562
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Port 3 Mode Register

P3IMR 7 6 5 4 3 2 1 0
(F783H) | vipae : vipse [caprroi carrr (TRGI2E: TP3E | To3E | GHX | (ResetValue 0000 0000)
CAPFR (P37)
CAPFRD )
Data Register
0 : Disabled
CAPFR CAPFR (P37) output enable/disable
1 : Enabled
. 0 : Disabled
TPG12E TPG12 (P36) output enable/disable
1 . Enabled
- RAW
. 0 : Disabled
TP3E TP3 (P36) output enable/disable
1 : Enabled
0 : Disabled
TO3E T03 (P35) output enable/disable '
1 : Enabled
. 0 : Disabled
CTLCFGE AMPOUT (P30} output enable/disable
1 : Enabled
Servo Amp Control Register 3
SACR3 7 6 5 4 3 2 1 0
(FFF3H) | 1oirs ¢ swers | sweta |aoutst[aoutse] cross | crons | swswt | (Resetvalue 0000 0000)
00 : CTLOUT Output (from CTL amplifier)
AQUTS1 01 : CFGA Qutput (from CFG amplifier}
AOUTSO AMPOUT {P30) Qutput Source Select 10 : CFGB Output (from CFG amplifier) RAW
11 : Don'tUse
PWM Control Register
PWMCR 7 6 5 4 3 2 i 0
(F793H) & Phon | Gcs | Soa i PV pwiioz i pwiior  pwioo | (Reset Value *000 0000)
CAPFR (P37) 0 : Rising Edge
CFRTRGS . . , RAW
Trigger Edge Selection 1 : Falling Edge
TP Control Register
TPCR 7 6 5 4 3 2 1 0
(FFDAH) [ TPE3 §VASEL3] TPE2 VASEL2Z: TPE1 :VASEL1: TPED ';VASELOI (Reset Value 0000 0000)
TP3 (P36 0 : Rising Edge
TPE3 ‘ (P36} ) narad
Trigger Edge Selection i : Falling Edge RAW
TP3 (P36} 0 : TPGO3
VASEL3 . .
Trigger Selection 1 : TPGO1
TP Data Register
TPDR 7 6 5 4 3 2 1 0
(FFDBH) [ yrp3p | vrpzn i vtein | vieoo | te3o | Tp20 : te1D | TROD | (ResetValue 0000 0000)
TP3 (P36)
TP3D . RIW
Data Register

Open Drain Mode Control Register 1

ODMCR1 7 6 5 4 3 2 1 0
(F789H) | floe Pwmood p370c | p2a0c | P230C | P220C | p210C © P200C | (Reset Value 0000 0000}

. 0 : Push-pul! Qutput
RP370C P37 Open Drain Control R/W

1 . Open Drain Output

MCU90-563
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3.21.5 Port 4 {P47 to P40)
Port 4 is an 8-bit general-purpose /O port in which each bit can be set independently for input or
output using the port 4 control register (P4CR). The port 4 data register {(port 4) and port 4 control
register (PACR) are initialized to “0” and set to input mode on a reset.

(1) P4Q (DOTXI) and P41 (DOTXO)
P40 and P41 also used as the dot clock oscillator connection pins (DOTXI) and (DOTXO) for the on-
screen display circuit {OSD). When P40 and P41 are used as DOTX! and DOTXO, set <DOTXE> of the port

4 mode register (P4MR) to “1”.

PACR - WR
N
Direction OSCEB
Control (Bit)
PAMR<DOTXE>
. STOP (from stand-b
Pa-WR control circuit,
<HD (from OSD)
Output Latch >ty D P40 (DOTXI)
. JG—G‘
a .
n
s Lﬁ—CIL—- P4-RD
[
Qa i .
®
c PACR - WR :
h |
-
£ Direction 0OSCEB
Control {Bit}
DOTCK {10 OSD)
P4-WR &
Output Latch | > \ El P41 (DOTXO)

A
N Lo

Fig 3.21.15 Port4 (P41 and P40) Block Diagram
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{2) P42 (BLK/TXD1)
P42 also used as the on-screen display (OSD) output blanking signal (BLK) and the serial channe! (S101)
serial data output (TXD1).

When used as BLK or TXD1, set <P42C> of the port 4 control register (PACR) to “1” to select output
mode.
® BLK
The BLK is output by, writing “0” to <P42> of the port 4 data register (port 4), then clearing

<TXD1E> of the port 4 mode register (PAMR) to “0", then setting <BLKE> ofthe P4AMR ta "1”.
@ TXD1

To output TXD1, set <TXD1E> of the PAMR to “1".

P4CR - WR
(et
Direction OSCEB>—D—
Control {Bit)
“ PAMR<BLKE>
2
@ P4 - WR BLK {from OSD)
bt I
s ] open
Output Latch Selector D drain P42 (BLK / TXD1)
<
; I TXD1 (from SIO1)
e E} —@ PAMR<TXD1E>
Lé—CIL_ P4-RD T
-

Fig 3.21.16 Port 4 (P42) Block Diagram
{3) P43 {COMPIN)

P43 also used as COMPIN for inputting the signal that results from comparing the SP/EP head FM
signals after envelope detection.
When P43 is used as COMPIN, clear <P43C> of the port 4 control register (PACR) to "0” to select input
mode, then set <CRMOD > of the head amp contraol register (HACR) to “1".

PACR - WR
|
—~
Direction O3CEB
Control (Bit)
w
3
® P4 - WR
[0
B |
a
Output Latch > [ Pa3ccomeiny
2
L)
2 @—C.h \Y
B

CMPIN {to CR/HA)

Fig 3.21.17 Port4 (P43) Block Diagram
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(4) P44 (HDIN)

P44 also used as the horizontal syncsignal input (HDIN).
When P44 is used as HDIN, clear <P44C> of the port 4 control register (P4CR) to “0” to select input

{ ] paaHomy

HDIN

mode,
P4CR - WR
f\j Direction OSCEB,
Control (Bit)
3
@ P4« WR
(]
I
o Output Latch { >
®
£«
o
2 JL:—G‘ \Y
— P4-RD
V—\_‘

Fig 3.21.18 Port 4 (P44) Block Diagram

{5) P45 (B/RXD1)

P45 also used as the on-screen display {(OSD) component video signal (B} output, and also the serial
channel ($101) serial data input (RXD1).
When P45 is used as B output, set <P45C> of the port 4 control register (P4CR) to “1“ to select output
mode. The B is output by writing “0” to <P45> of the port 4 data register (port 4), then setting
<RGBE > of the port P4 mode register (P4AMR) to "1”,
When P45 is used as RXD1, clear <P45C> of the PACR to "0” {0 select input mode, then set <RXD1E> of

the PAMR to "1”.

OSCEB )—r—\

{PAMR <RGBE>

pu=

P4-RD

< B {from O5D)
open
drain

v

P45 (B/RXD1)

PACR - WR
’\4 0 .
Direction
Control (Bit)
s P4-WR
m |
(]
e Output Latch
[a}
©
[
: -
-
[ =4
P\__’

B £

: RXD1 (to SI01)

Fig 3.21.19 Port 4 (P45) Block Diagram
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{6) P46 (G/SC) and P47 (R/SY)

P4b and P47 also used as the outputs for the component video signals (G and R) for the on-screen
display, and the separate color and brightness signals (SC and SY) for the on-screen display.
When P46 is used as G and R, set <P46C, P47C> of the port 4 control register (PACR) to 1" to select
output mode, then write 0" to <P46, P47 > of the port 4 data register (port 4). The G and R is output by
clearing the <S/N> of the PV control register (PVCR) to "0, then setting <RGBE> of the port 4 mode

register (PAMR) to “1".

When P46 is used as SC and SY output, clear <P46C, P47C> of the PACR to “0”, then set <S/N> of the

PVCR to “1" to output SC, SY.

OSCEB >—D_

< PAMR <RGBE >

P4CR - WR
[N
Direction
Control (Bit)
5
© P4-WR
Ny |
-
m
e QOutput Latch
®
<
b
-
[ o
L

Fig 3.21.20 Port4 (P46, PA7) Block Diagram

5@

| —pa.RD

< G (from Q5D)
R (from QSD)

P46 (G / SC)
P47 (R/SY)

PVCR<S/N>

<5C (from Q5D)
SY {from OSD)

B ¢9097249 D043a834 y7s M
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Port 4 Data Register

P4 7 6 5 4 3 2 1 0
(FFC6H) [ pa7 © pag : pas : paa | Pa3 i paz : P41 [ Pao | (ResetValue 0000 0000) (RAW)

Port 4 Control Register

P4CR 7 6 5 4 3 2 1 0
(F788H) | pasc | pasc i pasc i paac | pa3c | pazc i Paic i paoc | (ResetValue 0000 0000)

Pa7c Port 4 Input/fOutput control (per bit) 0 : Input RAW
[ nput/Output control (per bi
to P40C P P i 1 : Output
Port 4 Mode Register
P4AMR 7 6 5 4 3 2 1 0
(F785H) |m55cu<1e Ireote | swee | aike | xoie | reee :DoTxe | (ResetValue 0000 0000)
: Disabl
RXD1E RXD1 (P45} input enabie/disable 0 : Disabled
1 : Enabled
0 : Disabled
BLKE BLK (P42) output enable/disable sane
1 : Enabled
0 : Disabled
TXD1E TXD1{P42) output enahle/disable Isanie R/W
1 : Enabled
RGBE R{P47), G (P46), B (P45} output 0 : Disabled
enable/disable 1 : Enabled
DOTXE DOTXI and DOTXO (P40/P41) oscillation 0 : Disabled
enable/disable 1 : Enabled
Head Amp Control Register
HACR 7 6 5 4 3 2 1 0
(F794H) Icamon| -0 :viess: orrpor :orrpoo | “OMF © capo © Hapo | (ResetValue 0000 0000)
CR (P22) output, HA (P23} output, 0 : Disabled
CRMOD . ; RW
COMPIN (P43) input enable/disable 1 : Enabled - .
Note : Always write “0” in bit 6 of the Head Amp control register (HACR).
PV Control Register 1
PVCR 7 6 5 4 3 2 1 0
(F799H) I xoon | sm | e imixorr pvsels  evsel2 | pyset §PVSELO—| (Reset Value 0000 0000)
SC(P46), SY (P47) output 0 : Disabled
S/N . /W
enable/disable 1 ; Enabled : -

Note : Always write 0" in bit 5 of the PV control register (PVCR).
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3.21.6 Port 5 (P57 to P50)

Port 5 is an 8-bit general-purpose /O port which can specify input/Output in bit unit. The control
register (P5CR) is used to set input/output.

Reset operations clear P5 port data register (P5) and P5 port control register (P5CR) to “0” and initialized

to the input mode.

{1) PS50 (INTO) and P51 (INT1)

P50 and P51 also used as the external interrupt inputs (INTO and INT1).
When P50 is used as INTO and INT1 clear <P50C, PS1C>> of the port 5 mode control register (PSCR) to "0”
to select input mode. <INTED, INTE1> of the port 5 mode register (PSMR) select the rising or falling

edge of INTO and INT1.

P5CR - WR
Direction OSCEB>
Control (Bit)
PS-WR
P50 (INTO)
t Latch ,
Output Late L~ P51 (INT4)

Ilnternal Data Bus

Edge Detector

PSMR<INTEQO>
PSMR<<INTE1>

Interrupt request INTO
Interrupt request INT1

Fig 3.21.21 Port5 (P51 and P50) Block Diagram

(2) P52 (SDAQ/RXD2/VTPO)

P52 aiso used as the serial bus interface (SBI) 12C bus mode serial bus data /O (SDAQ), the SIO mode

serial data input (RXD2), and pulse output VTPD.
When P52 is used as SDAD /O and VTPO, set <P52C> of the port 5 control register (PSCR) to "1 to select

output mode.

When P52 is used as RXD2, clear <P52C> of the PSCR to “0” to select input mode.
The output circuit format can be set to push-pull output or N-channel open drain output by <P520C> in
the open drain control register 2 (ODMCR2).

@ SDAO

Write 1" ta <P52> of the port 5 data register (port 5), then set <P520C> of the CDMCR2 to “1”

for open drain output.
@ RXD2
@ VTPO

The data written to <VTPOD> of the TP data register (TPDR) can be output in sync with the rising
or falling edge of TPG03 in the timing pulse generator 0 (TPGO) output.

When P52 is used as VTPO, set <VTPOE> of the port 5 mode register (PSMR) ta “1*, then set <VTPEO>
of the PSMR for TPGO3 edge selection.

MCU90-569
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(3) P53 (SCLO/SCLKZ/VTPT)

P53 also used as the serial bus interface (SBI) 12C bus mode serial clock 1/O (SCLO), or the SIO mode serial
clock 110 (SCLK2), and also pulse output VTP1.
When P53 is used as SCLO I/0, SCLK2 output, and VTP1, set <P53C> of the port 5 control register (PSCR)
to “1" to select output mode.
When P53 is used as SCLK2, clear <P53C>> of the P5CR to "0” to select input mode.
The output circuit format can be set to push-pull output or N-channel open drain cutput by <P530C> in
the open drain control register 2 (ODMCR2). '

@ scLo
Write “ 1" to <P53> of the port 5 data register {port 5), then set <P530C > of the ODMCR2 to “1”
for open drain output.
@ scLK2
@ VP ‘
The data written to <VTP1D > of the TP data register (TPDR) can be output in sync with the rising or
falling edge ofoutput TPGO3in the timing pulse generator0 (TPGO).
When P53 is used as VTP1, set <VTP1E> of the port 5 mode register (P5MR) to "1”, then set <VTPE1>
of the PSMR for TPGO3 edge selection.

P5CR - WR
’\’ .
Direction OSCEB >_D—-
Control (Bit) SDAQ output (from SBI)
“SCLO output/ SCLK2 output
] (from $8I)
P D P52 (SDAO/RXD2 /VTPQ)
Qutput Latch P53 (SCLO/SCLK2/VTP1}
- ‘
@ _C!—‘ ODMCR2<P520C>
@ )\’lt ODMCR2<P530C>
©
o — P5-RD ] )
- SDAQ input/RXD2 input (to SBI)
g SCLO input/ SCLK2 input (to SBI)
o PSMR<VTPEO>
b sefect l— p5.-WR PSMR<VTPE1 >
= elector
Edge Detector TPGO3 {(from TPGO)
PSMR<VTPOE>
PSMR<VTP1E>
Selector PSDR<VTPOD >
PSDR<VTPID>
r’\’

Fig 3.21.22 Port 5(P52 and P53) Block Diagram

MCU90-570
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(4) P54 (TXD2/NVTP2)
P54 also used as the serial bus interface (SBI) SIO mode serial data output (TXD2) and also pulse output
VTP2.
When P54 is used as TXD2 and VTP2, set <P54C> of the P5CR to “1” to select output mode.
® TXD2
Write "1" to <P54> of the port 5 data register (P5).
@ VIP2
The data written to <VTP2D> of the TP data register {TPDR) can be output in sync with the rising
or falling edge of TPGO3 in the timing pulse generator 0 (TPGO) output.
When P54 is used as VTP2, set <VTP2E> of the port 5 mode register (P5MR) to “1“, then setting
<VTPE2> of the P5SMR for TPGO3 edge selection.

P5CR - WR
(™
Direction O5CEB >_D——
Control (Bit)
—TXD2 {from SBI)
T
P54 (TXD2/VTP2
- Output Latch ( )
@
[v3
-
5 J’i—@ \%
o
c +— P5 - RD
[\
-
c
- PSMR<VTPE2>
— PS-WR
Selector
Edge Detector TPGO3 (from TPGQ)
PSMR<VTP2E>
Selector ]
TPDR<VTP2D >

Fig 3.21.23 Port 5{P54) Block Diagram

MCU90-571
B 9097249 0043834 013 WA



TOSHIBA TMP90CR74A

(5) P55 (SDA1), and P56 (SCL1)
PS5 alse used as the serial bus interface ($81) 12C bus mode serial bus data 1/0 (SDA1), and also P56
functions as the 12C bus mode serial clock /O (SCL1).
When P55 and P56 are used as SDA1 1/0 and SCL1 I/C, write “1” to <P55> and <P56>> of the port 5 data
register (port 5), then set <P55C, P56C> of the port 5 control register (P5CR) to "1” to select output
mode. Also set <P550C, P560C> of the open drain control register 2 {ODMCR2) to “1" to select open
drain output.

PSCR - WR
"
Direction OsCEB >—Dh~
Control {Bit)
a _SDA1 output (from SBI)
- Ps -IWR LD-_I: “SCL1 output (from SBI)
his
© D P55 (SDA1)
(] e
_ Qutput Latch P56 (SCL1)
(]
[ =
£ ODMCR2<P550C>
.z 5 —C-l_ ODMCR2<P560C>
g 5 CF—Lwwo i SDAI input {to 581)
SCL1 input (to 581)

Fig 3.21.22 Port5(P55 and P56) Block Diagram

(6) P57 (SCLK1)
P57 alsoused asthe serial channel ($101) serial clock /0 {SCLK1).
When P57 is used as serial ciock output, set <P57C> of the port 5 control register (P5CR) to “1” to select
output mode, thenset <SCLK1E> of the portd moderegister(P4MR)to "1".
When P57 isused asserial clock input, clear <P57C > ofthe PSCRto “0” toselectinputmode.

P5CR - WR
e ]
Direction OSCEB>_D—
“ Control (Bit)
a — SCLK1 output (from SIO1)
o Ps '[WR | PAMR<SCLKIE>
o N gpen
] rain
- P57 (S
s Output Latch pl Selector I)'—W—D {SCLK1)
@
: J\L_}-_C:h %
— P5-RD
N »SCLK1 input (to 5101)

Fig 3.21.23 Port 5 (P57) Block Diagram
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Port 5 Data Register
P5 7 6 5 4 3 2 1 4]
(FFC7H) [_ P57 P56 P55 P54 P53 P52 PS1 Psﬂ (Reset Value 0000 0000} (RW)
Port 5 Control Register
P5CR 7 6 5 4 3 2 1 0
(F786H) | ps7c | psec i pssc i psac i PS3C : Psac i esic | PsOC | (ResetValue 0000 0000)
PaTC Port 5 Input /Output control (per bit) 0 : Input RAW
ort 5 Input /Output control (per bi
16 P50C P P P 1 Output
Port 5 Mode Register
P5MR 7 6 5 4 3 2 1 0
(F787H) [ vrpez  vrpe1 | vTpeo | VTP2E | WTPIE | VIPOE | INTEY | INTED | (ResetValue 0000 0000)
VTP2 (P54 1 Risin
VTPE2 ) (P54) _ 0: Ri ng
Trigger Edge Selection 1 : Falling
VTP1 (P53} 0 : Rising
VTPEY . . )
Trigger Edge Selection 1 : Falling
VTPO (P52) 0 : Rising
VTPEQ , . :
Trigger Edge Selection 1 @ Falling
. 0 : Disabled
VTP2E VTP2 output enable/disable
1 : Enabled RV
. 0 : Disabled
VTPIE VTP1 output enable/disable
1 : Enabled
. 0 : Disabled
VTPOE VTPQ sutput enable/disable
1 : Enabled
i 0 : Rising
INTE1 INT1(P51) Interrupt Edge Selection .
1 : Falling
. 0 : Rising
INTEQ INT2 (P50} Interrupt Edge Selection .
1 @ Falling
Port 4 Mode Register
PAMR 7 6 5 4 3 2 1 0
(F785H) lA;FM|xIscLK1E I RXD1E § SWPE : BLKE : TXDIE ! RGSE §DOT><E—| {Reset Value 0000 0000)
. QG : Disabled
SCLKI1E SCLK1 (P57) output enable/disable RAW
1 : Enabled
TP Data Register
TPDR 7 6 5 4 3 2 1 0
(FFDBH) IVTP_‘!D | vieao vieio i vreon | P30 | tP2p ¢ TRID P TROD | (Reset Value 0000 0000)
VTP2 (P54)
VTP2D )
Data Register
VTP1{P53)
VTP1D i RAW
Data Register
VTPO (P52)
VTPOD .
Data Reqgister
MCU90-573
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Open Drain Mode Control Register 2
ODMCR2 7 LB 3. a__3 2 ! 0
(FreaH) | pra0c | pseoc : pssoc | psaoc i Ps20¢ | (Reset Value  #++0 0000)
P56CC
P550C .
Open drain control of P56/P55/P53/P52 0 : Push-pull output RW
PSI0C output 1 : Opendrainoutput
P520C
MCU90-574
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3.21.7 Port 6 (P67 to P60)

Port 6 is an 8-bit generai-purpose input port and also functions as the 8-bit A/D conversion (A/D) input

pins {AINQ to AIN7). The port 6 data register (port 6) is not initialized on a reset.

Fig 3.21.26 Port 6 (P67 to P60), Port 7 {P71 and P70) Block Diagram

Port 6 Data Reqgister

M P6 - RD
. P7-RD
a )’l SCEB PB0 (AINQ) to P67 (AINT)
° ~J —W\;—D P70 (AINB), P71 (AIND)
@
o 10
- ADREG-RD
i=
= Analog PDM
T ADREG Register A/D Converter |« ;
= Multiplexer < PDP
N

P6 7 6 5 4 3 2 1 0
(FFCBH) | pe7 i pos i Pes | Pes . P63 : poz | P6l . P60 | (ReselValue aawx *sx%) Read only
MCU90-575
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3.21.8 Port7 (P74 to P70)

(M

(2)

Port 7 is an 5-bit general-purpose IO port.P70 and P71 are input ports, and P72 and P73 can specify
input/Output in bit unit. P74 is output port. The control register (P7CR) is used to set input/output.
Reset opetations clear except for P70 and P71, P7 port data register (P1) and P1 port control register
(P1CR) to “0" and initialized to the input mode. .

P70 {AIN8) and P71 (AIN9) ]
P70 and P71 also used as an 8-bit A/D converter (A/D) input pin (AIN8 and AINS).
< P70 and P71> in Port 7 control register are not initialized by resetting operation.
See Figure 3.21.6, “port 6 (P60 to P67) and port 7 (P70 and P71) block diagram” for details of the block
diagram of P70 and P71.

P72 {XTIN} and P73 {XTOQUT)

P72 and P73 also used as low-frequency oscillator connection pin (XTINand XTOUT).
When P72 and P73 are used as XTIN and XTOUT, set <XTEN>> in system control register 1 (SYSCR1) to "1"
to stat ocillation.

P7CR - WR
e XTEN<SYSCR1: 4>
Direction OSCEB
Control (Bit)
P7 -WR
Output Latch | > , E] P72 {XTIN)
2 Lé—CI;— P7-RD
@
® srop>—:D_S7
a PICR - WR
s l -
c Direction OSCEB
o Control (Bit) —
[ 4
P7 - WR f
Output Latch > . - D P73 (XTOUT)
_%—Cr;__ .
Low frequency clock (fs) @
e

Fig 3.21.27 Port 7 (P73 and P72) Block Diagram

MCU90-576
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(3) P74 (PWM2/PWM3)

P74 used as an 8-bit pulse width moduration output{(PWM2) and also 14-bit pulse width moduration
output (PWM3).
When used as PWM2 and PWM3, set <P74M > Port 7 control register (P7CR) to “1".
PWM2 and PWM3 are output by setting <PWM2RUN and PWM3RUN) in the timer start control register
(TRUN) to 1.
Selection of PWM2 or PWM3 can be set to <PWMSEL>> in the PWM control register (PWMCR). And the
polarity of PWM output inverte by setting <PWMP02 > in PWMCR.
The output circuit format can be set to push-pull output or N-channel open drain outputby setting
<P740C> in open drain control register2 (ODMCR2).

P7CR - WR
| C{{ TRUN < PWM2ZRUN >
(S - i
Direction TRUN < PWM3RUN >
Control (Bit) OSCEB

" P7-WR

2 I

m

N Output Latch

" Selector D P74 (PWM2 / PWM3)

o

- P7:RD ODMCR2<P740C >

c P7CR<P74M >

b

[ =

- PWMCR<PWMPO2>

|——— PWMCR < PWMSEL >
—————< PWM2 (from PWM?2}
b~ Edge Detector [ Selector

———< PWM3 {from PWM2)

Fig.3.21.28 Port 7 (P74) Block Diagram
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Port 7 Data Register

P7 LA 6. 5 4 3 2 1 0
(FRGH) Cqvreao | 7 i ers i P i Pn i Pro | (ResetValue ++00 00%%) (RIW)
Note) P71and P70are read only.

Port 7 Control Register

P7CR
{F788H}

5 4 3 2 1 0

P pram i prac i p7ac | prac | : ! (ResetValue x*00 00wx)

P7AM PWM2/PWMS3 (P74) output 0 : Disabled
enable/disable 1 : Enabled RAW
pP74C . 0 Input mode
P74 to P72 1/O control (per bit)
to P72C 1 Output mode
PWM Control Register
PWMCR 7 6 . SR S ! 0
(F793H) : PWWTZ: CFR L CSYN T PO towmpo2fpwivpo1 pwmeoo| (Reset Value  *000 0000)
PWMSEL | PWM output (P74) Selecti 0 : PwM2
] election
Hpy 1: pwM3 R
PWM2 / PWM3 (P74) 0 : Positive{+)
PWMPG2 . .
Output Polarity Switch 1 : Inverted
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 [¢]
(F793H) r’;’m? | Tarun | Py PRV | p:”! Mf | T2RUN © TIRUN { TORUN | (ResetValue 0000 0000)
0 : Stop
PWM3RUN | PWMS3 start/stop
1 : Start
R/W
¢ : Stop
PWMZRUN | PWM2 start/stop
1 : Start
Open Drain Mode Control Register 2
OopmcRz 7 ! 6 3. 4 3 2 1 0
(F78AH) [ p7aoc | pseoc [ pssoc | es3oc | ps2oc | (Resetvalue #++0 0000)
0 : Push-pull output
P740C P74 open drain control P . P RIW
1 : Open Drain output

MCU%0-578
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3.21.9 Port 8 (P81 to P80)

Port 8 is a 2-bit general-purpose output port. The port 8 data register (P8) is reset to “0” on a reset.

P8 - WR
B | OSCEB
[a7]
© Output Latch 4 l\k P80
= gl DPBI
(@]
— P8 RD
@
c
@
p=
I~
Fig 3.21.29 Port 8 Block Diagram
Port 8 Data Register
P& LA 6 .. % g 4 3o 2 0
(FRBam S N S A PSI_: P80 | (ResetValue xxx »400)
MCU90-579
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3.21.10 Special Function PORT

(1) Pulse width modulation output (PWMO0 and PWM1)
This port is dedicated to 12-bit PWM (PWMO and PWM1) output.
See 3.11.1, " 12-bit PWM (PWMQ and PWM1)” for details.

(2) Head switching signal output (VASWP}
The timing pulse generator 0 (TPGO) output, TPGO3, can be used as the cylinder head switching signal
(DFF}, which can be output from the VASWP pin.
See 3.13, “Head Amp/Color Rotary Control Circuit” for details.

(3) 0SD oscillator connection pins {(XI/X0)
These are the main clock oscillation circuit for the on-screen display (OSD) circuit and are used to
connect an oscillator that provides a frequency four times that of the fsc (color subcarrier frequency).
Setting <XOON> of the PV control register (PVCR) to “1” enables the oscillation circuit.

- O

$ [0
: PVCR <XOON>

Ry>o 4fsc (to OSD)

Fig 3.21.30 Structure of OSD Oscillator Circuit (XI/XO)

PV Control Register
PVCR 7 6 5 4 3 2 i 0
(F799H) [ xooﬂ SIN | 0" |m1sz| HPMIX Ipvseu | PVSEL1 |vasLo] (Reset Value 0000 0000}

0SD oscillation (XI/XQ) and vertical 0 : Disabled
XOON ) . RW
sync input (VDIN} enable/disable 1 : Enabled

Note: Always write "0” to bit 5 of the PV control register (PVCR).

MCU90-580
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(4) Vertical Sync Signal Input (VDIN)

This port is used only for the external input of the vertical sync signal of the on-screen display (OSD)
circuit. Inputis enabled by setting <XOON> of the PV control register (PVCR)to 1",

VDIN VDIN (to OSD)

PVCR <XQOON >

Fig 3.21.31 Structure of Vertical Sync Signal input (VDIN)

PV Control Register

PVCR 7 ] 5 4 3 2 1 0
{F799H)  ['xoon | s/ ] g ]_Bmwux] HPMIX Ipvsaz | PVSELY ]vaem | (Reset Value G000 0000)
0sD oscillation (XI/XQ) and vertical 0 : Disabled
XOON ) . RAW
syncinput {VDIN) enable/disable 1 : Enabled

Note: Always write “0” in bit 5 of the PV contral register (PVCR).

{5} Composite Sync Signal Input {CSYN)

This is the input for the composite syncsignal. The sync signal separation circuit (CSYNC) separates the
vertical syncsignal (V.SYNC) from the horizantal syncsignal (H.SYNC)

CSYNC D & —» CSYNC (to CSYNC)

Fig 3.21.32 Structure of Composite Sync Signal Input (CSYNC)

MCU90-581
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(6) Clock Output (CLK)
The base clock (high-frequency clock fc or low-frequency clock fs) can be output from CLK divided by 4

ordivided by 2.
<CLKCK> of the interrupt control register {(INTCR) selects the division ratio of CLK. <CLOE> of the

INTCR enables and disables CLK output.
The CLK pin is pulied up to H level by a reset.

INTCR<CLKCK>
P INTCR<CLOE>
C>—————
P Systemn clock generator Base clock OSCEB .
5 ]
EI_,_ Selector L~ CLK
Fig 3.21.32 Structure of Clock Output (CLK)
Interrupt Control Register
INTCR 7 6. 5 ¢4 3 2 ! 0
(F78FH) 1 Tokek | @0% | Bepe | bops | 13405 | T00IRS | (initial value  *+00 0000)
. 0 : fudorfsa
CLKCK CLK output frequency selection
1 fd2orfs/2
RAW
e X 0 : Enabled
CLOE CLK output enable/disable i
’ 1 : Disabled
MCU90-582

B 9097249 0043849 9T9 EE




TOSHIBA

TMPSOCR74A
4 PINS OF INPUT/ QUTPUT CIRCUIT
(1)  Control pin
CONTROLT g INPUT/OUTPUT CIRCUIT REMARKS
%VCC Resonator connecting pins
fe 111 D XOUT {high-frequency)
XIN input/ Rf ;
XOUT | Output VCC
Enable —h\? %
] xw
;i_ Rf=1.2MQ (Typ.)
R }VCC Also used as resonator
‘ WY D XTOUT connecting pins
K ; (low-frequency}, P72 and P73
XTIN Input/ Rf
XTOUT | Output VCC
Enable \T %
. ] xm Rf=6MQ  (Typ)
; Ro=220kt (Typ)
Schmitinput
VCC
Rpst lg ‘
RESET | Imput —o<]—o@ D
i Pull-up resistor
RRST: 100 k (Typ)
Final test pin
;VCC
TEST | Input <} El
i Fix to "H" level
VCC
Clock output)*—ﬂ}_“j]i — ;
ck fouput | gnapie Fﬁ}%:}—lg— i
Reset - %
D ADREF Analog reference voltage pin
ADREF resistance !
ADGND ladder !
—{] Aveno
irer= 0.6 mA(Typ.)
MCU90-583
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CONIROLE wo INPUT/OUTPUT CIRCUIT REMARKS
Tri-start output
Open drain control vee Open drain output
(Programmable)
PWMO PWM output [>o
PWM 1 Cutput
Qutput enable e
VCC . .
05D oscillator connecting
— _
Afsc o@ B 7 D X0 pins
Xl Input / RE ;
X0 Output VCC
Enable > ’\? %
[ x
7; Rf=12M0  (Typ.)
VCC .
Dot clock HQ—I % Also use.d as t.:oscullat:r )
DOTXO connecting pins, P40 and P41
Enable > | o D
DOTX! | Input/
DOTXO | Output Ré VCC
HD >—oH %
D DOTXi
; Rf=1.2MQ  (Typ.)
CSYNCinput
%VCC Schmitinput
CSYNC | Input G’ /\Qi : D
Polarity switch i
OSD VD input
%VCC Schmitinput
VDIN | Input - ]
Input enable i
Head switch signal output
vee Tri-state output
TPGO3 >— D
VASWP | Output
| —J >l
TPGO1

MCU90-584
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(2}  1/Oport
CONTROLT 1o INPUT/QUTPUT CIRCUIT REMARKS
VCC Tri-state 170
?1) Input/ _D
Output Output enable }—J:>°_'I =
VCC Tri-state I/O
==
Input/ _D
Output Cutput enable )—QDO*I =
777
— P26, P30
VCC Tri-state /O
_D°_| Schmit input
Input/ _D
Output Qutput enable >——i>°—| iy
777 P25, P27
p2 @ P31to P36
P3
Open drain control VCC Tri-state IO
Open drain output
(programmable)
Input/ Schmitinput
Output Output enable =
P24
Open drain control VCC Tri-state YO
Open drain output
_D (programmable)
Input/
Output Output enable by
P20 to P23
Q P37

B 9097249 0043452 493 W
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CO';RI‘O'- 0 INPUT/QUTPUT CIRCUIT REMARKS

VCC Tri-state VO
input/ —D
Output Output enable >——j>°_| -
77

—< P40, P41

Open drain output

vCe
Input/ _D
Output Cutput enable o
—<]— P4z
. VCC Tri-state I/O

:D—l Schmitinput
P4 Input/
Cutput Output enable )————'—_‘;}DO—I g

—@—- P43, P44

Open drain output

cC s
Schmit input
Input/ _D
Output CQutput enable g
—— Pas
%VCC % ' Tri-state VO
A (]
Pt/ | 6 tput enable g
Output P
<| P46, P47

SCorsY <S/IN>

MCU90-586
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CONT
OBWOLY yo INPUT/QUTPUT CIRCUIT REMARKS
VCC Tri-state I/0
“DD_I Schmitinput
Input/ ﬂ
Output Output enable )——ﬁ_l o
@ P5Q, P51, P54
Open drain control VCC Tri-state /O
Open drain output
(Programmable}
P5 (I)nput/ _D Schmitinput
utput Output enable -
—@——- P52, P53, P55, PS6
Vee Open-drain output
Schmit input
Input/ _D
Output Qutput enable i
—@— £57
Analog channel selection>—l %VCC
Analog input -]
P6 Input gine L) D

MCU90-587
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CORNOt] wo INPUT/OUTPUT CIRCUIT REMARKS
Analog channel selection )—l %VCC
Analog input = D
Input
—— P70, P71
VCC Also used as Tri-state output,
D)_l XTIN and XTOUT
p7 |nput[ _D
Output Output enable }—JD‘)_I <
77 P72,P73
Tri-state output
Open drain control VCC Open drain output
{programmable}
Output
Output enable <
P74
Tri-state output
VCC
>
4] Output
L —F o=
Output enable
777 P80, P81
MCU90-588
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5. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS {Vss=0V)
PARAMETER SYMBOL PINS (or note) RATING UNIT
Supply voltage Ve | DVCCT, DVCC2, AVECT, AVEC2 -0.5t0 +6.5 v
Input valtage Vin -0.5to Ve +0.5 v
Output Voitage Vouts -0.5toVec+0.5 v
louT Analog Output pin (Source Current) -10 mA
loyT? Digital Gutput pin (Source Current} -3.2 mA
Qutput Current (Per 1 pin)
louts Analog Output pin (Sink Current) 10 mA
louTa Digital Qutput pin {Sink Current) 3.2 mA
Zlm 2l =ZlouTtt + Zlout2 -50 mA
Output Current (Total)
Slp | Slp=Sloyrs + SlouTa 100 mA
Power Dissipation (Ta = 70°C) Po 700 mwW
Soldering Temperature (time) Tsid 260(105) °C
Storage Temperature Tstg -85t0 + 150 °C
Qperating Temperature Topr -20t0 +70 °C

RECOMMENDED QPERATING CONDITIONS {Vss=0V, Topr= ~20to +70°C)

PARAMETER CONDITION SYMBOL Min. Max. UNIT
NORMAL mode a5
Supply voltage IDLE mode v : 55 v
SLOW mode « 57 .
SLEEP mode -
Except of hysteresisinput | Vec245V ViH1 Veex0.70
Input High Voltage |Hysteresisinput pin Veez 4.5V Vinz Veex0.75 Vee v
All of degital input pin Vee<4.5v VK3 V¢ x0.90
Except of hysteresisinput | Vce24.5V Vi1 Ve x 0.30
Input Low Voltage  [Hysteresis input pin VeeZ 4.5V Vi 0 Veex0.25 Y
All of degital input pin Vee<d 5V Vitz Veex0.10
XIN/XOUT pin fc - 16.0 MHz
Clock Frequency
XTIN/ XTOUT pin fs 30.0 34.0 kHz
MCU90-589
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D.C. Characteristics (Topr= -20to +70°C)
PARAMETER CONDITION SYMBOL Min. Typ. Max. UNIT
Digital NORMAL mode Vee=5.5V lccot - 40 60 mA,
Current IDLE mode fc=16 MHz, fs=32.8 kHz lecut - 15 25 mA
consumption (g1 oW mode Vee=3V lccoz - 100 200 7y
SLEEP mode fs=32.8 kHz lceLs - 50 100 wA
STOP mode Vee=5.5V Ices - 0.5 50 oA
road et INORMALmode | AVeel = AVcc2=5.0V leca - 25 40 mA
High-level output voitage Vee=4.5V, loy= -0.7mA Voun Ve 0.4 - v
High-level output voltage Vee=4.5V, oy = - 200 A Vouz 2.4 - - v
Low-level output voltage Vee=4.5V, lg = 1.6 mA Vou - - 0.4 v
Low-level output voltage Vec=4.5V, o =3.0mA Vouz - - - 04 Vv
Hysteresis voltage Vs - 0.70 - v
INPUT Leakage Current QVEVINSE V¢ Il - 0.05 10 pA
OUTPUT Leakage Current 0.2VEVOUTEVee-0.2vV o -~ 0.05 10 pA
RESET pin Puti-up Current Vee=5.5V,Vin=0.2V IrsT 30 - 120 A
A/D Conversion characteristic (Topr=~20to +70°C, Vcc=4.5t05.5V, fc= 16 MHz)
PARAMETER SYMBOL Min. Typ. Max. UNIT
Analog Reference Voltage VRep Vee-1.5 Vee Vee )
VagnD Vss Vss Vss v
Analog Input voltage VaN ADGND Aggr v
Supply Current for ADREF IReF - 0.6 1.0 mA
Total error (Ta=25°C, VCC = Vpgr=5.0V) - - 3 LSB .
MCU90-590
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Characteristics of CTL AMP (Topr=-20to +70°C, Vcc=5.0V)
BLOCK PARAMETER SYMBOL| Min. Typ. Max. | UNIT CONDITION
CTL No load output voltage Vep 2.4 2.5 2.6 v No load
BIAS AMP Qutput voltage (with high lgad) | Vepy - - +70 | mV |lsi=5mA, Difference from Vcg
Output voltage (with low load) | Vegy ~-70 - - mV | Iso=5mA, Difference from Vg
REC CTL AMP | HIGH output voltage VROH 32 - - v | 50 =5mA
LOW output voltage VRoL - — 1.8 s I5i=5mA
D/A CONVERTER Differential VrDa - - t4] LSB
error
SW REC internal resistance Rrec 55 85 130 Q Set to on by SWREC
PB CTL AMP  |Input offset voltage Veor - 15 - +15| mV [ RPCTLterminal
Input bias current gy -750 ) - +750 | nA _|RPCTLterminal
sz - 750 - +750 | nA | CNFBterminal
HIGH cutput voltage Veou 3.6 ~ - ) Iso=2mA
LOW output voltage Veol — - 1.2 vV Isi=2mA
Voltage gain Gy - 60 - dB [f:1kHz, Vin: 1mV, 60dB
G - 51 - dB  |f:10kHz, Vin: imV, 60d8
Feed back resistance RsHoRT S 10 20 kQ |[Fig3.20.1(a)r3, SWinternal
resistance
Rampz 20 40 60 [ kQ |Fig3.20.1(a) r4, SWinternal
resistance
Resistance of Analog SW Reg - - 500 iy Set to on by SWPLY
Raias - - 500 | 0 |SettoonbySWBAS
| Rampo - - 500 9} Set to on by <CAMPO>
Ramp1 - - 500 Q Settoon by <CAMP1>
CTL PLUS PDP Charge current Iep 4 - - MA | Veon = 3.5V, Vppp = 2.5V
SCHUMITTE PDP Leakage current ILp - - -350 nA  |Vceor= 1.5V, Vppp= 2.5V
R PDE - OFF
PDP Maximum output voltage | Vep 4.3 4.7 - \ Charge current : 0.1 mA
PHSPDUP Resistance Repe 10 20 | kf |Fig3.20.1 (a) r5, r6, SWinternal
resistance
172 level of Peak-hold Schmitt | Vcspa - 50 - %
Manual Schmitt level Vespi - 100 - mV 100 mV mode {toVcg)
Vespa - 200 - mV  |200 mV mode (to Vcg)
Vesps - 300 - mV | 300 mV mode (to Vcg)
Vespa - 500 - mV | 500 mV mode {to Vcp)
Noise Limit {plus) Vesp - 100 - my (to V¢p)
CTL MINUS PDM Charge current lem -4 - -~ mA | Vear=1.5V, Vppp=2.5V
SCHUMITTE PDM Leakage current I - - 350 | nA [ VcoL=3.5V,Vppp=2.5V
R ppm @ OFF
PDM Minimum output voltage |Vgm - Q.3 0.7 1" Charge current: -0.1mA
PHSPDUP Resistance Reom 5 10 201 kQ
1/2 level of Peak-hold Schmitt | Vegma - 50 - %
Manual Schmitt level Vesmi - - 100 - mV 1 -100mV mode (1o Vcg)
Vesmz ~ — 200 ~ mv -200mVY mode (toVcg)
Vesma - - 300 - mV -300mV mode  (toVcg)
Vesva - - 500 - mV [ =500 mV mode  (to Vep)
Noise Limit {(minus) Vesme - -100 - my (toVep)
MCU90-591
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Characteristics of CFG AMP (Topr= -20to +70°C, Vcc=5.0V)
BLOCK PARAMETER SYMBOL{ Min. Typ. Max. UNIT CONDITION

CFG BIAS No load output voltage Ven 2.4 2.5 2.6 Vv No load
AMP Output voltage (with high load) | Vegy ~ - +150 | mV |isi=5mA, Difference from Vgg

Output voltage (with iow icad} | Ve - 150 - - mV | iso="5mA, Difference from Vpg
CFGA AMP Input offset voltage VEACE -15 — +15 | mv

Input bias voltage VAl — 750 - + 750 nA

HIGH output voltage VEaQH 4.3 4.7 - Vv iso= -0.2mA

.| LOW output voltage Veaor - 0.3 0.7 \ 15i=0.2 mA
Voltage gain Gral - 40 - dB |[f:1kHz, Vin: 10mV, 40dB
Graz - 37| - dB |%:10kHz, Vin : 10mV, 40d8B

CFGB AMP Input offset voltage Vepos -15 - +15| mv

Input bias voltage legy -750 - +750 | nA

HIGH output voltage VEsoH 4.3 4.7 - v Iso= -0.2mA

LOW output voltage VEgoL - 0.3 0.7 v isi=0.2mA

Voltage gain Grgi - 40 - dB | f:1kHz, Vin: 10mV, 40dB

Grpa - 37 - dB |f: tOkHz, Vin: 1mV, 40dB

CFGA P Schmitt Voltage 1 VEasP1 - 80 - mv BOmV mode  (to Veg)
SCHMITT P Schmitt Voltage 2 VEasp2 — 120 - mV 120mV mode  (to Vi)

M Schmitt Voltage 1 VEasmi - - 80 - mV_| - 80mVmode (toVig)

M Schmitt Voltage 2 VEasmz - -120 - my ~120mVmode  (to Veg)
CFGB P Schmitt Voltage 1 VEgsp1 - 80 - mV 80 mV mode  {to Vgg)
SCHMITT P Schmitt Voltage 2 Vegsp2 - 120 - mv 120mV mode  (to Vgg)

M Schmitt Voltage 1 Vessmi - - 80 - mV | - B80mVmode (toVeg)

M Schmitt Voltage 2 VEasmz - -120 - mV | -120mVmode (1o Vi)

MCU90-592

Bl 9097249 0043859 844 HH



TOSHIBA

TMP90CR74A
Characteristics of OSD AMP (Topr= -20to +70°C, Ve =5.0V)
OUTPUT PIN PARAMETER SYMBOL | Min. Typ. Max. UNIT NOTE
5¢C Bias voltage Vg - 2.5 - v
Burst amplitude Vi - 0.29 — V (PP)
Chroma amplitude 1/Burst amplitude |V/Vy, — 2.0 - -
5Y Sync. tip level Vs - 1.60 - V
Sync. to Pedestal AVsp - 0.60 - Vv AVsp=Vp— Vg
Sync. to Luminance voltage 0 AVsgy - 0.66 - 1 AVgg=Vg-Vs
Sync. to Luminance voltage 1 AV - 0.80 - v AV =V~ Vs
Sync. to Luminance voltage 2 AVsy - 1.08 - v AVer=Vy- Vs
Sync. to Luminance voltage 3 AVsy - 1.50 - vV OV =V3=-Vy
Sync. to 100% White Level AV - 2.00 - v AVgy =V ~ Vs
0OsD Color Burst amplitude Vey - 0.29 - Vp.p
VIDEO Chroma amplitude/ Burst amplitude Vel/Vop - 2.0 - -
Sync. tip level Vig - 1.00 - vV
Sync. to Pedestal AVlgp — 0.30 - Vv AVlsp = Vip = Vg
Sync. to Luminance voltage 0 AVlsg - 0.33 - vV AVlsg=Vig~ Vg
Sync. to Luminance voltage 1 AVigy - 0.40 - v AVlgy =V = Vg
Sync. to Luminance voltage 2 AVlss - 0.54 - v AVls; =VI; = Vg
Sync. ta Luminance voltage 3 AVlsy — 0.75 - \' AVlg3 = Vi3 = Vig
Sync. to 100% White Level AVlgw - 1.00 - V4 A VIsywy = Viw - Vig
\
Vi0, VI, Vi2, VI3, Viw
Vip '
Vis ) Vel, Ve2 j

Vcbh

Fig.4.1 OSD VIDEO Output Waveform
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Characteristics of PV/BLK {Topr= - 20to +70°C, Ve ="5.00 V)
MODE PARAMETER SYMBOL| Min. Typ. Max, UNIT CONDITION

MIXQFF =0 HIGH output voltage Vy 470 | 500 | 5.00 v 1= +1004A

MIDDLE-HIGH output voltage | VM2 3.00 3.30 3.60 v 1= 410 A

MIDDLE-LOW output voltage a | VM1a 1.30 1.60 20 v 1= %100 pA

MIDDLE-LOW output voltage b [VM1b 1.30 1.60 2.0 Vv 1= +10 A

LOW output voltage Vi - - 0.30 \J 1= —100 xA
MIXOFF=1 HIGH output voltage Vh 4.70 - - \'4 1= +100 xA

LOW output voltage ' - - 0.30 vV = =100 A

Vi
_ VM1a VM1b
VM2 — i i
VM1a, VM1b

Vi

Fig.4.2 PV/BLK Output Waveform
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6.  Peripheral Function Control Registers
6.1 Peripheral Function Control Registers

6.1.1  I/0 area 1 (Direct Addressing Area)

Address Symbol Address Symbol Address Symbol Address Symbol Address Symbol
FFBO SYSCR1 FFCO PO FFDO OSDDBR FFEQ SCIBR FFFQ TPG1DR
FFB1 SYSCR2 FFC1 POCR FFD1 TCCR2 FFEY SCICR FFF1 SACR1
FFB2 TBCDR1 FFC2 P1 FFD2 TREG3 FFE2 SBICR1 FFF2 SACR2
FFB3 TBCDR2 FFC3 PiCR FFD3 TCCR3 FFE3 SBIDBR FFF3 SACR3
FFB4 P8 FFCa P2 FFD4 TRUN FFE4 12CAR FFF4 VIVACR1
FFBS FFC5 P3 FEDS PWMOL FFES SBICR2 FFFS VIVACR2
FFBG CAPFST FFC6 P4 FFD& PWMOH FFEG I2CFCR1 FFFE CAPICR2
FFB7 CAPOL FFC7 PS5 FFD7 PWM1L FFE7 |2CFCR2 FFF7 CAPICR3
FFB8 CAPOM FFC8 P& FFD8 PWMI1H FFES I12CFDBR FFF8 VASSDR
FFBY CAPOH FFC9 P7 FFD9 PWM2DR FFE9 12CFSR2 FFF9 CAPICR4
FFBA CAPIL FFCA TREGO FFDA TPCR FFEA TPGOCR FFFA CAPICRS
FFBB CAPTH FFCB TREG1 FFDB TPDR FFEB TPGOL FFFB WDTCR1
FFBC CAP2L FFCC TCCR1 FFDC ADCR FFEC TPGQH FFFC WDTCR3
FFBD CAP2H FFCD TREG2 FFDD ADREG FFED TPGODR FFFD CSYNCR
FFBE CAPCR FFCE OSDCR FFDE SCOBR FFEE TPG1L
FFBF CAPICRI1 FFCF QOSDADR FFOF SCOCR FFEF TPG1H

6.1.2 /O area 2

Address Symbol Address Symbol
F780 P2CR F790 IRF1
F781 PZMR F791 IRF2
F782 P3CR F792 ACCR
F783 P3MR F793 PWMCR
F784 PACR F794 HACR
F785 PAMR F795 RMTCR
F786 P5CR F796 SACR4
£787 PSMR F797 WDTCR2
F788 P7CR F798 TBCCR
F789 ODMCR1 F799 PVCR
F78A, ODMCR2
F78B PW3L
F78C PW3H
F78D INTE1
F78E INTE2
F78F INTCR

MCU90-595
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6.2 Peripheral Function Control Registers
6.2.1  System Clock Control Circuit

SYMBOL | NAME | Addr. 7 | e 5 4 3 2 1 0
! TBCIE TBCOE INTTBC11 INTTBC10 INTTBCO INTTBCO0
RW
Time Base 0 0 0 1] 1] 0
T8CCR Counter F798H INTTBC Interrupt INTTBC) Interrupt Source INTTBCO Interrupt Source
Control 00 :INTTBC Interrypt Disable {Clock Selection Clack Selection
Register : 01 :INTTBCC interrupt Enable 00 :TBC12 00 :TBC11
10 :INTTBC1 Interrupt Enable |01 :TBC14 01:TBC13
11 : INTTBCOANTTBCY 10:T8C16 30:TBC15
Interrupt Enable 11:78C18 11 :TBCA7
) T8CI2 TBC11 TBC10 l TBCY TBC3 TBC? TBCE T8CS
Time Base
R
Tecort | CoUnte FFBZH
Data 0
Register 1 "
Time Base Counter Data(TBC12to 5)
. TBC20 TBC19 TBC18 TBCI7 TBC16 TBC15 T8C314a T8C13
Time Base
R
TRCOR2 Counter FEB3H
Data 1]
Register 2 N
Time Base Counter Data (TBC20to 13)
SYSCK XEN XTEN RXEN RXTEN RSYSCK WUEF
RV
0 1 0 ] 1] o] (1]
System Clock {High Low High Low Selection of [Warming-up
Selection Frequency Frequency Frequency Frequency System Clock |Counter
System 0:fc Oscillator Oscillator Oscillator Oscillator Operation Control
¥ 1:1s Control Cantrol Control after |Control after |after 0(wW): -
SYSCRI Control FFBOH . . .
Register] 0:5top 0:Stop restarting restarting restarting 0(R) :
9 1 :Restart 1 :Restart from stop from stop from Stop Warming-up
Oscillation | Oscillation |mode mode mode Compiete
0 :5top 0 :Stap 0:fc 1MW) :
1 :Restart 1:Restart 1:f5 wWarming-up
Oscillation Oscillation Start
1(R): In
Warming-up
RTCCK RTCST RTCIS1 RTCISO WARM
RW
0 0 1] [} 0
: RTCSource  [RTCStart (nterval Time Control of RTC |Warming-up
System Clock Control Interrupt Time
SYSCR2 Control FFBTH Selection 0:Stop & 00:fci2%or . 0:2"4cor
Register2 0:fs Clear f512"%|Hz] 25 [s}
: ! 1:fc/a 1:Start 01 :fe2" or 1:2"%cor
15£2"5{Hz] 2% [5)
10:fc2™ or
15/2"%[Ha]
11 :Pon‘t use
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SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
TBC TBCOF WDTE EXF DRVE
RIW RANV RW R RAW
0 0 1 0 [}
Watch- INTTBC INTTBCO WDT Enable Inverteach  fContralling
dog Interrupt Interrupt time Exx output status
Timer Request Flag [Request Flag instructionis Ffor port
WOTCR1 FFFBH 0(W) :Clear  |0(wW) :Clear [0: Disable executed during Stop
Control HR) : R) 1: Enable mode
Register1 Interrupt Interrupt 0 :High
Request fRequest Impedance
1:Keep the
status
throughou
tsetting
Stap mode
WDTP1 wOTPQ HALTM1 HALTMO
Watch- v R
dog 1] 0 0 0
WOTCR2 Timer F797H WDT Source Clock Selection [Standby mode Selection
Control 00: TBC20 00: -
Register2 01:7TBC18 01:5TOP mode
10: TBC16 10 : IDLE/SLEEP mode
11 :TBC1O 11: Don‘tuse
MCU90-597



TOSHIBA TMP30CR74A
6.2.2 Interrupt Control Circuit
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
IRFTODIR IRFTBC IRFIC IRFTPG1 IRFTPGO IRFCAPG IRFCAP1 IRFO
Interrupt R/W (Only ciear code can be written into IRF1)
IRF1 Request |  F790H 0 0 l 0 I 0 | 0 | 0 | 0 [ 0
Flag 1
Interrupt Request Flag
¢: No Interrupt Request
1:  InterruptRequest
. IRFRTC IRF1 I IRFVA I IRFT34D f IRFT2 [ IRFT1 I IRFSIO I IRFSI00
Interrupt R
IRF2 Request F791H o o I ° l 0 I 0 l o | o l o
Flag 2
interrupt Request Flag
0: Nolnterrupt Request
1: interrupt Request
IETODIR 1ETBC l IENC l IETPG1 l IETPGO l IECAPD IECAP I IED
RAWV
Interrupt 0 0 0 0 0 0 0 0
Enable F78DH
INTE? Register 1 80 INTTODIR INTTBC INTHC" INTTPGH INTTPGO INTCAPD INTCAPY INTO
9 Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
0 : Disable 0 : Disable 0 : Disable 0: Disable [0: Disable 0 : Disable 0: Disable 0: Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
IERTC [3] IEVA 1ET3AD 1ET2 IET1 IESION ESIO0
RW
Interrupt 0 0 [} 0 0 0 0 0
Enabil
INTE2 Re niastef 2 F78EH INTRTC INT1 INTVA INTT3AD INTT2 INTTH INTSIO1 INTSIO0
9 Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt
0 : Disable 0 : Disable 0 : Disable 0: Disable |0: Disable 0 : Disable 0 : Disable 0: Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enabie 1: Enable 1: Enable 1: Enable
CLKCK CLCE INTTPGOE INTTPGOS T3ADS TODIRS
RW RW R/
interrupt 0 o 0 o Q 0
T Control
INTCR R .;ter FI8FH CLK Qutput | CLK Qutput  J INTTPGO INTTPGO INTT3AD INTTODIR
gl Frequency 0 : Disable (TPGO3) (TPGO3) Interrupt Interrupt
selection 1: Enable Edge Interrupt Saurce Source
0:fc/d or Selection 0: Disable | 5election Selection
fsi4 0:TPGO3 T | 1: Enable 0:INTT3 0: INTTO
1:fu2 or 1:TPGO3 | T INTAD T: INFDIR
fs/2
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6.2.3 Watch-dog Timer (WDT)
SYMBOL NAME Addr. 7 ] 6 S 4 3 2 1 0
TBCIF TBCOF WDTE EXF DRVE
RAVW RAWV RIW R RW
0 0 0 0 1]
Watch- INTTBC) INTTBCO WDT Enabl | h [}
nable nvert eac utput
WDTCR1 éog FFFBH interrupt Interrupt time EXX controlin
Timer Request Flag |Request Flag 0 : Disable instructionis  [$TOP mode
Cantrol 1: Enable executed 0:High
Register 1 0(W): o{w): Impedance
Clear Clear 1:Keep the
1(R}: 1{R}: status
Interrupt Interrupt throughout
Request Request setting
$TOP mode
WDTP1 WDTPO HALTM1 HALTMO
RAW RAW
Watch- 0 0 0 )
WDTCR2 dog F797H ;
Timer WDT Source Clock Selection | standby mode Selection
Control 00 : TBC20 00 : -
Reqgister 2 01 : TBC18 01 : STOP mode
10 : TBCI6 10 : IDLE/SLEEP mode
11:78C10 11: Don'tuse
Watch- Watch-dog Timer Control Cade Register
dog Timer
WOTCR3 FFFCH
Control w
Register 3 B1H : WDT Disable 4EH : WDTClear Others: —
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6.2.4 Timer Counter

(1)  Timer Counter 0 {TCQ)/Timer Counter 1 (TC1)

SYMBOL NAME Addr. 7 6 5 4 3 p 1 0
Timer TC/TRO7 TC/TROG TC/TROS TCITRO4 TCATRO3 TC/TROZ TCTROT TC/TROO
CounterQ
TREGO FFCAH RMW
Data
Register 0/% o/ 0/* G/* 0% Qs 0rx Q7%
Timer TCTR17 TCTR1G TCTRS TCTR14 TCTRYZ TCITRY2 TCTR1 TUTRI0
Counter1
TREG1 FFCBH RW
Oata
Register 0r* or* or> [IFA] arx 0/* o~ 0l
' CLBC16 CLBC1 CLBCO TMQD TICLK? TICLKD TOCLKI TOCLKO
RIW
Timer 0 0 0 0 1] [} 0 0
N TCCR Counter FECCH 16 bit counter | TC1 counter (TCO counter |Timer made |TC1 source clock selection TCO source clock selection
< Contro) c«c clear clear clear selectian 00 : TCOTRG 00 : TI0 {lnput from P34}
Register 1 0: Disable 0 : Disable 0: Disable 0: 8bit (TCO comparator output) {01 : CFGTM {tnput from
1: Enable 1: Enable 1 : Enable 1: 16 bit Q1 :TBCS CAPIN)
10:TBCIG 10:TBC6
11:TBC14 11 :TBC1Q
T1CL TOCL CLBC2 T2CL T2CLKA l T2CLKO
: RAW W
Timer ] 0 0 o (1} l o
T Counter TC1 counter [TCOcounter JTC2counter |TC2counter [TC2 source clock selection
CCR2 Control FEDIH fforced clear |forcedclear JClear forced clear 00 : PCTLA
Register 2 : 0: - 0: - §O : Disable 0: - {Input from CAPIN)
1: Clear 1: Clear 1: Enable 1. Clear 01 : FI2 {Input from P35)
10:TBCe
H 11:TBC10
PWM3RUN T3RUN PWMIRUN PWMORUN PWM2RUN T2RUN TIRUN TORUN
Timer $tart RAW RiW W RAW Riw RIW
TRUN Contraol FFD4H 0 g 0 0 0 0 0 o
Register PWM3 TC3 PWM1 PWMO PWM2 TC2 TC1 TCO
0: Stop 0: Stop 0: Stop 0: Stop 0: Stop 0: Stop 0 : Stop 0: Stop
1: Start 1: Start 1: Start 1: Start 1: Start 1 Start 1: Start 1: Start
{2}  Timer Counter2 (TC2)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
Timer TUTR27 TC/AR26 TC/TR25 TC/TR24 TC/TR23 TC/TR22 TCTR21 TCTR20
Counter2
TREGZ FFCDH R
Data
Register (VA o/* 0/* o> 0/% Qr* Q/* 0/*
: TICL TOCL CLBC2 T2CL T2CLK1 T2CLKO
: RAW RAw
Timer : 0 0 0 0 o | o
- Counter " TC1counter |TCOcounter QTC2counter |[TC2counter |TC2source clock selection
CCR2 Control FFO1 forcedclear |[forcedclear [Clear forced clear 100 :PCTLA
Register 2 0. - 0: - JO: Disable [ {input from CAPIN)
1: Clear 1: Clear 1: Enable 1: Clear 01:T12 (input from P35}
10: T8C6
: ) 11:TBCID
PWM3RUN T3RUN PWMIRUN | PWMORUN | PWM2RUN T2RUN T1RUN TORUN
Timer Start RW R/W R/W RAW R/W RAW
TRUN Control FFO4H 0 1] 0 1] 0 Q Q 0
Register PWM3 TC3 PWM1 PWMO PWM2 TC2 TC1 TCO
0: Stop 0: Stop 0: Stop G: Stop 0: Stop ID: Stop 0 : Stop 0: Stop
1: Start 1: Start 1: Start 1: Start 1: Start 1: Start II : Start 1: Start
MCU90-600
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(3) Timer Counter 3 (TC3)
SYMBOL NAME Addr 7 6 S 4 3 2 1 0
Timer TC/TR37 TUTR3G TUTR3S TR34 TC/TR33 TC/TR32 TCAR3N TC/TR30
Counter 3
TREG3 Data FFD2H RAW
Register 0/* o/x o/* orx orx 0r* or* or*
TR3DE TFFICT TFF3C0 TFRF3IE T3IMOD T3CL T3CLKY T3CLKO
R/iW W R/W R/W R/W RIW
Timer 0 * * 0 0 0 0 0
TCCR3 Counter FFD3H . .
Contral TREG3 Shift- [ Timer 3 Flip-flop (TFF) TFFOutput  [TC3 mode TC3 Counter | TC3 Source Clack Selection
3 Trigger Control inverted Selection Clear 00: TBC2
Register Selection 00: Forced invert 0: Disable [0: PWM 0:- 01: TBCH
0: Writing 01 Forced set 1: Enable mode 1: Clear 10: TBC1
dataon 10 : Forced reset 1: Ttmer 11: T13 {Input from P24)
TREG3 11: Keep TO3 output mode
1: Qver flow
PWM3IRUN T3RUN PWMIRUN PWMORUN PWM2RUN TZRUN TIRUN TORUN
Timer RAW RAW RAW RfW R/W RAW
TRUN Start FFDAH 0 0 o 0 0 0 0 9
Control
Register PWM3 TC3 PVWM1 PWMO PWM2 TC2 TC1 TCO
0:Stop 0:Stap 0 :Stop 0 :5top 0 :Stop 0 :Stop 0 :5top 0 :5top
1:Start 1:Start 1:5Start 3 :Start 1:5tart 1 :5tart 1:5tart i :Start
MCU90-601
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6.2.5 Capture
(1)  Capture Input Control Circuit (CAPIN) -
SYMBOL NAME Addr. 7 ] 5 4 3 2 1 0
CAP2E CAP1E CAPOSE CAPGAE CAPQ3E CAPQO2E CAPRIE CAPROE
Capture RIW )
CAPICR1 Input FFBFH
Chout o | e o | o . [ . [ o [ o [ o
Register 1 CAPO/CAP1/CAP2 Trigger Input Disable fEnable
0: Disable
1: Enable
pcTiCk2 | PCTLCKY PcPRS | PcPRa | PcR3 | PcPRz | PePRI | PepRD
RW W
Capture
capicRz | Input FFFGH o | o o | o j o f| o | o [ o
Control CTL Duty Discriminating 6-bit Programmable Clock Divider Control
Register 2 Circuit Source Clock Selection [Divider Setting 1/1 to 1464 from CTLIN (from 30), CTLOUT fram {CTLAmMPp) CFGA (from CFG
00 : TBC3 10: TBC7 Amp)
01: TBCS 11: TBC10
: DPCP2 | DPCPI | DPCPO
Capture H RW
CAPICRZ | Input FFFTH ! o | o | o
Control + - —
Register 3 3-bit programmable clock divider
Divider Setting 1/1 to 1/8 from DPGPF from
. : P31
EXTVS EXTEG DFGPGEG CFGWPR I CFGAEG I CTLEG
! RIW
0 0 0 0 o 0
Capture EXTAS {to EXT (P34) DFGPG Input |Dividingrate |CFGAInput |CTLIN/
Input CAPO} Input | Trigger Edge |{from P31) selection for |Edge CTLOUT tnput
CAPICRA Control FFFIH : Selection. Selector Edge CFGAinput |Selection Edge
Register 4 : 0: VSYNC 0: 1 Selection 0: 11 0: 4} Selection
: from 1:) o: 1 1112 1: ¢ 0:1
CSYNC) 1 L
1: EXT ’
(from P34)
CTLSEL RMTST RMTPCQ ACCKBP RMTBP CFGMCP
RAW RAW RAW RW RAW R
o ] 0 0 o (]
Capture CTL Input JRemote- Remote- AC Clock Remote- CFG Flag
Input (to CAPO) Cantrol Control Input Control [Control
CAPICRS Control FFFAH H Selaction Signal Input  |SignalInput [0 : Sampling |Signaiinput Jg. Normal
Register S : 0: CTLOUT  JControl Polarity 1:Bypass  |Bypass )
; drom L J0:sTOP  [Selection it 0: Omission | OPeration
: A 1- Start 0: Positive Compensa [ ¢ Error
: mp) : - . i
; 1: Negative tion/Noise | detection
: 1: CTLIN s Removal
(from P30} 1: Bypass
CaP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) (DFGPG) )
R R RW RAW RW RW RAW RIW
Capture 1] 1] V] 0 0 0 0 [}
CAPCR Control FFBEH  |CAP2 Trigger |CAP1 Trigger |CAPT/CAPZ  |VISS VASS TPGO CFG Flag CAPO FIFO
Register Input Input Status Clear |[Detection  |Detection  |FIFO Address JClear Counter /
0: No Trigger |0 : No Trigger[0: - Flag - Flag 0: - 0: - Status
Input Input 1: Clear 0: - 0: - 1: Clear 1: Clear 0: -
1: Trigger 1: Trigger 1: Clear 1: Clear 1: Clear
Input Input
MCU90-602
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TOSHIBA TMPYOCR74A

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
PCTLPO PCTLCKS CDIv MSK ViSs3 VISS2 VISS1 VISSD
R/W AW RAW RIW R
VISS/ 0 0 0 0 0 0 [ 0
VIVACRZ VASS FFFSH CTL Signal CTL Duty CTLIN/CTLOUT{CFGA fnput Setting Comparator data of VISS detect Circurt
Controf Duty Discriminat-  finput Bivider |Mask Control | Setting 4-bit data of GH 10 FH
Register 2 Discriminat-  |ing Circuit Control 0: Mask
ing Polarity  |Source Clock JO: Divider 1: Bypass
Switch Selection 11 Bypass
0: Positive Q: Manual
1: Negative Switch
1: Automatic
Switch

(2)  Capture0 (CAPO)

SYMBOL NAME Addr. 7 6 5 4 3 2 1 4]
CAPF7 CAPFB CAPFS CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
Capture0 R
CAPEST | FIFOStatus |  FFBBH o | 0 l 0 I 0 1 9 l ¢ | o | 0
Register Capture0 (CAPO) FIFO status
0: No-capture data
1: Capture data
CAPQD7 I CAPODE l CARODS l CAPODA l CAPOD3 l CAPOD2 I CAPOD1 ] CAPQDO
CaptureQ
R
CAPOL Lower Data FFB7H
* I [ s I [ I T *
Register
Capture0 {CAPO} lower data register
Capture0 CAPOD15 [ CAPOD14 l CAPOD13 | CAPOD12 | CAPQD | CAPOD10 I CAPODY l CAPODB
Middler R
CAPOM FFBBH
Data -
Register Capture0 (CAPQ) middle data register
CAPOTS CAPOTS CAPOT3 CAPOT2 CAPOTY CAPOQTO CAPODYT7 CAPOD16
T
Captured (EXTAVS) {ACCK) (€T vs) {RMTD) (RMTU}
i R R
Higher
CAPOH FFROH N « * * l * * * *
Data
) Capture0 (CAPQ) trigger input status Capture0 {CAPQ) higher data register
Register 0: No-triggerinput
1: triggerinput
CAPZT CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) (DFGPG)
R R RW RW RAW RAW RAW R/W
Capture 0 0 0 0 [} 0 [ 0
CAPCR Control FrBEH  |CAP2trigger |CAP1 trigger |CAP1/CAPZ (VIS5 detect  [VASSdetect |TPGOFIFO Clear of CFG JCAPOQ FIFQ
. inputstatus |inputstatus [statusclear |fla fla address flag counter /
Register 0: Notrigger |0: Notrigger [0: - 0: - 0: - 0: - 0: - status
input input 1: Clear 1: Clear 1: Clear 1: Clear 1: Clear 0: -
1: Trigger 1: Trigger 1: Clear
input input
MCU903-603
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(3) Capturel (CAP1)

SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
CAP1D7 CAP1DE CAP1DS CAP1D4 CAPID3 CAPID2 CAPID1 CARAD0
Capturel ”
CAPIL Lower Data FFEAH l l l l
* * * * *" I * l * l *
Register
Capturel lower data register
Capturel CAPID15 I CAPID4 l CAPID12 I CAPID12 I CAPID11 | CAP1D10O I CAPIDY | CAP1D8
Higher R
CAPiH FFBBH
Data * I * I * I * I % I * I * I *
Register Capture1 higher data register
cap2t CAPIT CAPCL VISFRS VASFERS TPRS0 CFGCL CAFRS
{CFG) {DFGPG)
R R RAW RAW RAW RAY RAW RAW
Capture 1] 4] 0 0 0 0 0 0
CAPCR Control FEBEH CAP2trigger JCAP1T trigger |CAP1/CAP2  RviSSdetect  |VASSdetect |TPGOFIFO Clearof CFG |CAPQ FIFO
. input status Iinput status  statusclear  Jflag flag address flag counter/
Register 0: Notrigger §0. No trigger |0: - hO: - 0: - 0: - 0: - status
input input 1: Clear 1: Clear 1: Clear 1: Clear 1: Clear 0: -
1: Trigger 1: Trigger 1: Clear
input input
(4)  Capture2 (CAP2)
SYMBOL NAME Addr. 7 & 5 4 3 2 1 0
CAP2D7 CAP2D6 CAP2DS CAP2DA CAP2D3 CAP2D2 CAP2D1 CAPZDD
Capture2
R
CAP2L Lower Data FFBCH
w1+ | =+« [ + | «~ 1 =« T « [ =
Register
g Capture lower data register
Capture2 CAP2D15 | CAP2D14 | CAP2D13 I CAP2D12 ] CAP2D13 I CAP2D10 | CAP2DY | CAP2D3
Higher R ’
CAPZH FFBDH
Data * I x I * ! * I * [ * [ ® [ *
Register Capture2 higher data register
CAPZT CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
{CFG) - (DFGPG)
R R RIW RIW RAW RW RIW RIW
Capture 0 0 0 0 0 0 0 0
CAPCR Control Freen  JCAP2trigger BCAP1trigger JCART/CAPZ  JVISSdetect |VASS detect {TPGOFIFO Clearof CFG  [CAPOFIFO
i Iinput status Iinput status  Istatusclear  fflag flag address flag counter /
Register 0: Notrigger §0 : No trigger J0: ~ jo: - 0: - 0: - 0: - status
input input 1: Clear 1: Clear 1: Clear 1: Clear 1: Clear 0: -
1: Trigger 1: Trigger 1: Clear
input input
MCU90-604
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TMPOQCR74A
6.2.6  ACClock Input Cirucuit (ACCK)
SYMBOL NAME Addr. 7 6 ‘ 5 4 3 2 1 0
ACCKST ACKS1 ACKS0
RAW RAW
AL Noise 0 0 0
Remaval AC Clock lock i
ACCR £792H ¢ ACIC oc Sampling rate
Control Sampling Selection
0: Stop 00 :T8C10
Regster 1: Start 07:78CN
10:TBC12
t1:78C13
CTUSEL RMTST RMTPO ACCKBP RMTBP CFGMCP
AW RAW RiW RWW RAW R
0 o] 0 0 0 0
CTLinput Remote- Remote- AC Clock Remote- CFG flag
Capture {to CAPO) Control Control signat finput Control JContral 0: Normal
Input Selection Signal input Polanty 0 : Sampling JSignal input Operation
CAPCRS FFFAH ) 9 putt Y i ping P9 P . P
Contral 0: CTLOUT  {Control Selection 1. By-pass  RBypass 1: Error
i {from CTL |0 : Stop {: Positive 0 : Omission detection
RegisterS . . ;
Amp) 1: Start 1: Negative Compensa
1: CTLIN tion /
{fram P30) Noise
Remaval
1. Bypass
6.2.7 Remote Control Signal Input Circuit (RMTIN)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
RMTD7 RMTD6 RMTDS RMTD4 RMTD3 RMTD2 RMTD1 RMTL2O
RMTIN RAN RAW
RMTCR Coatrol F795H o 9 o o o o [ 0 0
Register Noise cancel width Missing correction width
Comparative value of 4-bit counter (Noise canceller) Comparative value of 4-bit counter {Loss recovery)
: CTLSEL RMTST RMTPO ACCKBP RMTBP CFGMCP
R/W RIW RV RiwW RAV R
0 0 0 0 ¢ 0
CTLinput Remaote- Remote- AC Clock JRemote- CFG flag
Capture (to CAPO) Contro! Control signal finput Control JControl 0: Normal
CAPCRS input Selection Signal Input Polarity J0: Sampling [Signal Input Operation
CAPICRS Control FFEANH 0: CTLOUT  [Control Selection 1: By-pass Bypass 1: Error
{fram CTL JO: Stop 0: Positive 0 : Omissian detection
Registers Amp) 1: Start 1: Negative Compensa
1: CTUN tion/
(from P30) Noise
Removal
1: Bypass
MCU90-605
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6.2.8 Timing Pulse Generator
(1)  Timing Pulse Generator 0 (TPGO)

SYMBOL NAME Addr, 7 I 6 5 4 3 2 1 0
: FEMPIE TPFULD TPEMPO TPFO1 TPFOO
w R R R
60 . : 0 0 1 0 0
TPGOCR Control FFEAH : : INTTPGO TPGOFIFO  [TPGOFIFQ  [TPGO FIFQ Status flag
Register : (Empty) Full flag Empty flag |00 : Empty or full
i : Interrupt 9 ~ 0: ~ 01:1Data
0: - 15 Full 1:Empty  [10:2Data
1: Enable 11: 3 Data
TPG O TPGOD7 [ TPGOD6 | TPGODS TPGOD4 TPGOD3 TPGOD2 TPGOD1 I TPGODO
Lawer W
TPGOL Timing FFEBH
- — [ - [ + T ~ T ~ T «~ 1 ~ T ~
Register } TPGO Timing Data
TPGO TPGOC15 I TPGOD14 | TPGOD13 | TPGOD12 l TPGOD11 I TPGOD10 I TPGOD9 | TPGODS
Higher W
TPGOH Timing FFECH
Data " ] * | * | * J * | * | * ] *
Register TPGO Timing Data
TPGDOS | TPGDO4 I TPGDO3 | TPGDO2 | TPGDO1 | TPGDOO
TPGO
Output : W
TPGODR P FFEDH :
Data : * ’ * I * I * | * I *
Register TPGO Output Data
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
{CFG) {OFGPG)
R R RAW RAW RW RW RW RW
Capture
CAPCR Control FFBEH g o 9 o 0 0 0 °
Register CAP2 input CAP2 input CAP1/CAR2 VIsS Detect  JVASS Detect JTPGO CFG Flag CAPOIFIFO
Trigger Status| Trigger Status |Status Clear  |Flag Clear Flag Clear FIFO Clear Counter/
0: NoTrigger |0 : No Trigger |0 : - 0: - o: - Address 0: - Status
I“P“t Input 1: Clear 1: Clear 1: Clear 0: - 1: Clear 0: -
1:Trigger (1 : Trigger 1: Clear 1: Clear
Input Input
CLKCK CLOE INTTPGOE INTTPGOS T3ADS TODIRS
' RAW AW RV
Interrupt - 0 ¢ ¢ ¢ 0 0
INTCR Control F78FH CLK Qutput  |CLK Qutput  [INTTPGO INTTPGOS INTT3AD INTTODIR
Register : Frequency  |0: Enable  KTPGO3) {TPGO3}) Interrupt Interrupt
: Selectian 1: Disable Edge Interrupt Request Regquest
0: fcidorfs/a Selection 1: Disable Selection Selection
1: fc/i2 or 52 0: TPGO3 T |1: Enable 0 : INTT3 0: INTTO
1: TPGO3 | 1: INTAD 1: INTDIR
MCU90-606
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(2)  Timing Pulse Generator1 (TPG1)

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
TPG1 TPG1D7 TPG1D6 TPG1DS TPG1D4 TPGQ1D3 TPGID2 TPG1D1 TPG1D0O
Lower W
Timin F

TPGIL Datag FEEH N l N l . | . l N I N I N I .
Register TPG1 Lower Timing Data
TPG1 TPG1DF ] TPG1DE ] TPG1DD | TPGI1DC | TPG1DB | TPG1DA l TPG1D9 l TPG1DB
Higher w
Timin F

e e | S B B T R T BT
Register TPG1 Higher Timing Data

: : : TPGD13 I TPGDY2 | TPGO11 I TPGD10

TPG1 : : :
Output : : : w

TPGI1DR data FFFOH ; : : . I N l . | N
Register ! : . TPG1 Output Data

MCU90-607
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TOSHIBA TMP90CR74A
6.2.9 Pulse Width Modulation Output
{1) 12-bit PWM (PWMQ, PWM1)
SYMBOL NAME Addr, 7 6 5 4 3 2 H 0
PWMO PWMOD7 PWMODB PWMOQDS PWMOD4 PWMOD3 PWMOD2 PWMODI PWMODO
Lower
PWMOL Data FFD5H w
Register * * * * * * * *
PWMO PWMOD11 PWMOD10 PWMODS PWMODB
Higher
PWMOH Data FFDGH w
Register : : : - * » >
PWM1 PWM1D7 I PWM1D6 I PWM1D5 1 PWM1D4 PWMI1D3 PWMI1D2 PWM1D1 PWM1D0
Lower
PWMIL Data FFD7H - w
Register * - I * | * * * * *
PWM1 PWMIG1 PWMIDI0 PWM1D9 PWMID8
Higher :
PWM1H Data FFDBH : w
Register : * * * *
Timer PWM3RUN T3RUN PWM1IRUN | PWMORUN  § PWM2RUN T2RUN TIRUN TORUN
Start R/W AW RAW RW RAW RAW
TRUN Con‘trol FFDAH 0 0 o 0 0 Q 0 0-
Register
PWM3 TC3 frwmi PWMO Pwmz TC2 TC1 TCO
0:5top 0:5top Q:5top 0 :Stop 0:Stop 0 :Stop 0:5tep 0:5top
1:Start 1:5tart 1:Start 1:Start 1 :Start 1 :Start 1 :Start 1 :Start
FWMOIM CFRTRGS SYNCPO PWMSEL PWMPC2 PWMPO1 PWMPOO
R/W RIW RW RW RW R/W RW
PWM 0 0 0 0 0 0 0
PWMCR Control F793H
Reigster PWMO/PVWM 1 CSYNCInput  JPWM2/PWM3 | PWM2/PWM3 IPWM1 PWMOD
Carrier Polarity {P74} Output |Output Output Qutput
Frequency Selection Selection Polarity Polarity Polarity
Selection O : Positive 0: PWM2 Selection Selectian Selection
0: 20.83 kHz 1: invert 1: PWM3 0: Positive  JO: Positive |0 : Positive
1: 41.67 kHz 1:invert 1: Invert 1 lavert
PWM10OC PWMODOC P370C P240C F230C P220C F210C P200C
R AW RW RIW RAV W RW RAW
Open- 0 0 0 0 0 o 0 0
ODMCR1 drain F789H
Control FPWM1 PWMO P37 Qutput  [P24 Qutput  |P23 Output  |P22 Qutput  [P21 Output  |[P20 Qutput
) Qutput Qutput Control Control Control Contro! Control Control
Register 1 Control Control 0 : Push-pull }0: Push-pull {0: Push-pull |G: Push-pull [0: Push-pull |0: Push-puli
§0: Push-pull {Q: Push-pui! }1: Open- 1: Open- 1: Open- 1: Open- 1: Open- 1: Open-
1: Open- 1: Open- drain drain drain drain drain drain
drain drain
MCU90-608
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TOSHIBA TMPIOCR74A

(2} 8-bit PWM (PWM2)

SYMBOL NAME Addr. 7 b 5 4 3 2 1 0
PWM2 PWM2ZD7 PWM2D6 PWM205 PWM2D4 PWM2D3 PWM2D2 PWM2D1 PWM2D0
PW2DR Data FFD9H w
REQISter x *® * " L] - * *
PWM3IRUN T3RUN PWMIRUN PWMORUN PWM2RUN T2RUN TIRUN TORUN
Timer RAW RIW RAV Rrw RAN RW
TRUN H
Start FFDA4 0 0 o ¢ o 0 0 0
Controt
Register PWM3 TC3 PWM1 PWMO jewmz TC2 TCY TCO
0:5top 0 :Stop G :Stop 0:5top 0:Stop 0 :Stop 0 :5top Q :Stop
1:5tart 1:5tart 1 :Start 1:Start 1:Start 1 :Start 1:Start 1 :Start
PWMO1 W CFRTRGS SYNCPO PWMSEL PWMPQO2 PWMPO1 PWMPOD
Rrw RW RAW RW RIW RAW
PWM 0 0 0 o 0 0 0
PWMCR Control F793H
Register PWMO/PWM1 |CAPFR (P37) [CSYNCinput [PWM2/PWM3 [PWM2/PWM3 [rwmM PWMO
Carrier Trigger Edge |Polarity {P74) Output [Output Qutput Output
Frequency Selection Selection Selectron Polarity JPolarity Polarity
Selection o: f 0: Positive  ]0: PWM2 Selection Selection Selection
0:20.83kHz |1: | 1: Invert 11 PWM3 0: Positive 0: Positive 0 : Positive
1: 41,67 kHz 1: Invert 1:invert 1: Invert
P740C P560C FS50C P530C P520C
RW RW RW RW RIW
Open- : 5 0 0 0 0 0
ODMCR2 drain F788H ; :
Control : : JP?40utput  IP56 Output  |PS5Q0utput  [PS3Qutput P52 Qutput
Register 2 : : Control Contral Control Control Control
: 0 : Push-pull 0 : Push-puli [0 : Push-pull |0 : Push-pull {0 : Push-pull
: 1: Open- 1: Open- 1: Open- 1:Open- 1: Open-
: drain dratn drain drain drain
MCU90-609
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TOSHIBA TMPSQCR74A
(3) 14 bit PWM (PWM3)
SYMBOL NAME Addr. 7 6 5 : 4 3 2 1 0
PWM3 PWM3D7 | PWM3D6 | PWM3DS | PWM3D4 : PWM3D3  PWM3DZ : PWM3ID1 : PWM3DO
Lower
PWM3DRL F78BH w
Data - - . -~ -
Register * * : * ; * * : * H * : *
PWM3 | pwM3D13 | PWMBDIZ | PWM3DI ! PWM3D10  PWM3DO [ PWM3D8
Higher
PWM3DRH 9 F78CH W
Data - - -
Register : * ; * : * : * * : *
PWM3RUN T3RUN | PWMIRUN | PWMORUN i PWMZRUN ; T2RUN TIRUN |  TORUN
Timer Start RW RIW RIW RAW RAW RAW
TRUN Control FFDAH 0 0 L S N 0 i 0 0 .
Register PWM3 TC3 TPWM1 IPWMD T2 : H
0 : Stop 0 : Stop :10: Stop 0 Stop :0: Stop EO: Stop EO: Stap
1: Start 1: Start 1 Start 11: Start :1: Start i1 : Start :1: Start 11: Start
PWMO1M CFRTRGS SYNCPO PWMSEL PWMPO2Z PWMPO1 | PWMPOO
-RAW RW RW RN R RW RW
PWM i 6 L S 0 i o 0 i 0
| 3 (PWMO/PWM1 ICAPFR(P37) iCSYNCinput JPWM2/PWM3 i PWM2/FWM3 IPWM1 PWMOD
PWMCR Contro F793H :Carrier iTrigger Edge gPolarily Qutput :Output Output :Output
Register iFrequency  :Selection i0: Push-Pull JSelection :Palarity Polarity ‘Polarity
‘Selection 0t 1 : Open- 0 : PWM2 gSeIection Selection §Selection
10:2083kHz {1: | drain 1: PWM3 10: Positive  JO: Positive 10 : Positive
19 41.67 kHz :1: Invert 1: Invert i1: invert
i ! P740C PS6OC | PSSOC | PS30C P520C
RAW RAW RW . RW i RW
Open-drain 0 0 0 o o
ODMCR2 Control F78AH P74 0utput  [PS6Output  IP55Output (P53 Output ;P52 Output
N Control Cantrol iControl :Control ‘Control
Register2 H H :
0 : Push-Pull O : Push-Pull :0: Push-Pull :0: Push-Pull :0: Push-Pull
1: Open- 1: Open- 11: Open- i1: Open- : Open-
drain drain drain drain drain
MCU90-610
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TMPYOCR74A
6.2.10 VISS/VASS Detection Circuit (VIVA)
SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
"o~ “0~ Q" 0" CTLoTY VISSFL VASSFL
RW R RAN RAWY R
ViSS/ 0 0 0 0 * 0 0
VIVACR1 VASS FFF4H Always Write [Always Write |Always Write |Always Write CTL duty VISS VASS
¥
Control " "0 0" “0 discriminating | Detection Detection
. Output fla tla
Register | Monitgr 0: - 0: -
0: CTLduty  |1: VISS 1: VASS
=50 % detect detect
1: CTLduty
<50 %
PCTLPO PCTLCKS CDIV MSK VISS3 VIs52 VISS1 Visso
RAVY RAWV RAW RAV R
0 0 0 0 ¢ 0 0 0
VISS/ _ L
VIVACRZ VASS FEESH CTL Signal CTL Qu‘y ) CTLINIQTITOUT CFGA Input Settfng comparator data of V155 detection circuit
Duty discriminatingdinput Divider |Mask Control Setting 4-bit data OH to FH
Control discriminating] Circuit Source JControl 0: Mask
Register 2 Polarit; Clock 0 : Divider 1: Bypass
Y Y
Switch Selection 1: Bypass
0: Positive [0 Manual
1 Negative Switch
1: Automatic
Switch
VASSY VASSH VASSS VASSE VASS3 I VASS2 | VASST I VASSO
R
I T T T T T
VASS VASS D 8b
VASSDR Data FFFgH ataiowergbit
Register VASS1S [ VASS14 I VASS13 | VASS12 | VASS11 l VASS10 | VASS9 l VASSE
R
* | Ed l * ] * I * I * | * l *
VASS Data Migher 8-bit
PCTLCKY l PCTLCKO PCPRS ] PCPR4 | PCPR3 I PCPR2 | PCPR1 I PCPRD
RIW Riw
Capture I o I o | o | 0 | o | 0
CAPICRZ | Input FEFEH ° 0
Control CTL Duty Discriminating 6-bit programmakble clock divider control
Register 2 Circuit Source Clock Divider setting 1/1 40 1/64 from CTLIN (from 30), CTLOUT (from CTL amp), CFGA {from
9
Selection CFG amp)
00 : TBC3 10: TBC7
041 : TBCS 11:TBCIO
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) (DFGPG)
R R RAV RV R RAW RAW RAW
Capture
CAPCR | Control |  ppeH o ° o ° 0 0 o ¢
Register CAP2 Trigger |CAP1 Trigger {CAP1/CAP2 VISS VASS TPGOD CFG flag CAPQ FIFO
ag 99
input Status  {input Status |Status Clear [Detection Detection | 141 e Clear Counter/
0: NoTrigger [0: No Trigger 10 - fla fla Address 0: - Status
Input Input 1: Clear 0: - 0: - 0: - 1: Clear 0: -
1: Trigger 1: Trigger 1: Clear 1: Clear 1: Clear 1: Clear
input laput
MCU90-611
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TOSHIBA TMP9OCR74A

6.2.11 Head Amp/Color Rotary Control Circuit

N 3
S5YMBOCL NAME Addr. 7 6 5 4 3 2 1 0
CRMOD 0~ VTPE3A DFFPO1 DFFPO0O COMPS CRPO HAPOQ
RW RW R RV RV W RAW RW
Head Amp 0 o 0o 0 [ 0 0 0
[CR/HA Outpit Jalways write (VTP3 (P22) TPGO3 input COMPIN {P43) CR Qutput HA Qutput
HACR Control F794H  Reoowzzy  Jro- ~TPA(P23)  [Polarity Switch Input Polarity Polarity
Register COMPIN Trigger Edge JO: Positive 0 : Disable Switch Switch
Input {PA3}) Selection 1: Negative 1: Enabie 0 : Positive |0 : Positive
0 : Disable 0: 1 1: Negative |1: Negative
1: Enable 1: 4
AFFMIX SCLKIE RXDI1E SWPE BLKE TXDIE RGBE DOTXE
RAW RW RAW RW RW
P4 Port 0 0 0 0 0 0 ] 0
PAMR Mode F785H AFFSignal  JSCLKT Output |RXDY Input  JVASWP BLK Qutput |TXD1 Output |R/G/B Output |Dotclock
Register (TPGO1) Mix  |(P57) {Pas) Output (P42) {Paz} 0 : Disabie frequency
Control 0 : Disable 0 : Disable 0: Disable JO: Disable  |0: Disable 1: Enable {P40/PA1)
lo: ON 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 0: Disable
1: OFF 1: Enable
6.2.12 Sync Signal Separator Circuit (CSYNC)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
AVDPO AHDPO MDET1 MDETO SYNCDET HSEN MASK
RAW R RAW RAV
0 0 i 0 0 0 4]
VDIN Input HOIN Input Mute Mute SYNC Signal  {SYNC Control |V.SYNC mask
CSYNC Switch Switch Detection Detection Detection ot H Puise control
CSYNCR Control FFFOH Q :Positive 0 :Positive Flag Flag Flag 0:Non- 0:~
Register 1 :invert 1:invert 0 : Mute 0:Mute 0: Mute synchronize |1 ; Release
: detection detection detection HP with masking
1 :Normal 1:Normal 1:Normal Csync
1:Synchronize
HPwith
E.sync
PWMO 1M CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOD
RW RW RAV RAV RMW RW RAW
PWI 0 0 Q 0 0 0 0
PWMCR Control F793H PWMO/PWM1 |CAPFR{P37) JCSYNCinput [JPWM2/PWM3 IPWMZ/PWM3 |PWMI1 PWIMO
Re ist:r Carrier Trigger Edge JPolarity (P74) Output [Output Qutput Qutput
9 Frequency Selection Selection Selection Polarity Polarity Polarity
0:20.38kHz |0:7 0 :Positive O :PWM2 Selection Selection Selection
1:41.67kHz |11 ] 1 :nvert 1:PWM3 0 : Positive 0 : Positive 0 : Positive
1:lnvert 1:nvert 1 tInvert
6.2.13 Psudo-Vsync Output Signal Circuit (PV/BLK)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
XOON N " BLEMIX PRMIX PVSEL2 PVSEL1 PVSELD
RAW RAW RAW RAW RW RW
PV 0 0 0 g 0 (1] 0 [1]
PVCR Control F799H XIFXO SC/SY Qutput |Always write Jwith BLK With HP Select the output format PV
Register Oscillation or |(P46/P47) Q" Signal {from |Signal (from
Sel h tput f ton0{H)to 7 {H
VDIN Input |0 : Disable 550) CSYNG) elect the output farmat on 0 {H) to 7 {H)
0 :Disable 1 :Enable 0 : Mix 0 : Not mix
t :Enable I'l : Not mix 1 : Mix

MCU90-612
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6.2.14 On Screen Display Control (OSD)
SYMBOL | NAME Addr, 7 6 5 4 3 2 1 0
CMD1 CMDO TCEN DISPON EXTANT 43 50/60 PR
Riw RAW RIW RW RW
a 0 ] 0 0 0 0 0
osb Blinking made is related DotClock  [Display Display ColorData | Vertical PAL/NTSC
OSDCR Controt FFCEH with (ODSMR4)} < MOD > {TC}Control  |Qutput synchroniza- |Frequency Frequency 0:NTSC
Register 0:Stop Enable tron Selection Selection 1:PAL
1:Enable 0 :Stop 0 :Interrnal  [0:3.58MHz [0:60Hz
1 :Enable made 1:4.43MHz [1:50Hz
1 :External
mode
Display QSDA7 ’ osbaé 0shasS Qsbas 0S0A3 QOSDA2 0s50A1 QS0AD
OSDADR A::M FFCFH R
ress
Setup 0 I 0 | 0 | 0 I 0 | 0 I 0 | 0
Register Address for Display RAM or OSD mode register {FOH to F7H)
Display osSDb7? I QsDD6 | Qse0s I QsbDa l ospDb3 | QsSD02 ] Os0D1 | 0QsbDo
ospppr | RAMData | ki
Buffer 0 [ 0 [ 0 I 0 | 0 ] 0 | 0 I 0
Register
9 Data buffer for Display RAM or 050 mode register (FOH to F7H)
Display cb?7 | CDh6 [ cos I CD4 I D3 | cD2 I D1 I oo
CHARDQ RAM 0000H
w
to (character to
CHARD239 code O0EFH * ] * | * | * l l I * [ * | *
register) Character code (252 character code + 4 blank code)
POSV3 l POSV2 | POSVI | POSVO PCSH3 I POSH2 I POSHA l PQSHO
as0 w W
OSDMRO . M.oiie . 00FOH o l o | o | 0 0 I 0 I 0 [ o
egiste
gister Vertical start pasition Horizontal start position
Select 16 starting position {x 4 - HD) Select 16 starting position {x 4 - TC)
FSV1 I FSVO | FSH1 I FSHO sVl svo C5H1 | CSHO
W w
osD
OSDMR1 Mode 00F1H 1] ] 0 0 | 0 0 | 0 0 I 0
Register 1 Charactersize of 15t line Character size of 1stline Character size of 2nd to 10th (Character size of 2nd to 10th
verticalsize {x 1,2, 3,4) Harizonatalsize (x 1, 2,3, 4) [line verticatsize (x 1,2,3,4) |lne Horizonatal size (x 1, 2,
3,4)
MSL3 | MSL2 M5LIT | MSL0 NSL3 I NSL2 NSL1 I NSLO
05D W w
OSDMR2 Mode QOF2H
Register 2 o ] 9 0 | 0 0 | 0 0 I 0
Mth Line Nth Line
SPACE1 l SPACEOD GLD1 I GLDO NLD1 | NLDO FLDI l FLDO
W W w w
OsD 0 l o o 0 o 0 ¢ 0
QSDMR3 Mode COF3R Line space General Generalback |[MtoN hine Mto N hine General General back
Register 3 00 :0HD fiinking screen of flinking back screen | flinking screen of
01 :1HD 0:0FF character O :OFF of character |0 :OFF character
10 :2HO 1:0N 0 :0OFF 1:0ON 0:0FF 1:0ON 0:0FF
19 :3IHD 1:0N 1:0N 1:0N
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SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CBICF FCRH2 FDPH2 FEPH2 MOD BUINKZ BLINKt BLINKO
w w w w
0 0 0 0 0 0 0 0
QsD Colorselect  {PH2 of blank [PH2 of blank |PH2 of blank |Display Blinking time ]Blinking duty
OSDMR4 Mode 00F4H by blinking  {code FCH code FDH code FEH character 0:254V 5] 00 SBlinking OFF
Reqister & cade Caloring the |Coloringthe |Coloringthe [style 1:284vs)  [01:)@duty
9 O:Character lcharacters [characters  [characters  |Blinking 10:2/4 duty
color (character  [{character  [(character [modeis 11:3M duty
1:Back background} |background) |background} |related with
screen dependon  |dependon  |dependon <CMD1,0>
color blank code blank code blankcode  |bitin OSDCR
FCH FDH FEH register
BGOFF BGPH2 BGPH1 BGPHO CBOFF CBPH2 CBPH1 | CBPHO
w W w w
os0 0 ] 0 0 0 0 0 I 0
OSDMRS M.ode O0FSH e lorof back |Coloring of back screen Color of Coloring character backgound
Register 5 screen 8 colors at eact 45 deg. {0 to 7H) character 8 colors at eact 45 deg. (0to 7H)
0:ON background
1:0FF 0:0N
1:0FF
i YL2 | Yt I ¥YLO CFOFF CFPH2 ] CFPHI | CFPHO
w w w w
Q5D | I l
OSDMRE Made 00F6H 0 0 0 0 0 0 0 | a
Register 6 Alway write |Brightness level Coloringof  {Character calor
"o” Selecting from S to 100 IRE character 8 colors at each 45 deg. (Do 7H)
0:ON
1:OFF
SPON SMOOTH EQON NONINT RATIQHV PVEN AVDEN AHDEN
w w w w w w w
080 0 Q 0 Q 0 1] 1] Q
Character Smoothing Equivalent Setting frquency ratio VO input External VDIN |External
DMR7 F7H H PR
o8 R Mf):ie . O0F7 back screen  {0:Disable pulse in :;}va:;: xgg:d HDwhile  tswitching Input HDIN Input
egister between lines |1 : Enable non-interlace [The frequency ratio between 0 :xls)lnggm 0 :Disable 0 :Disable
0 : Disable 0:0N H? and VDJesealts from Csync 1:Enable 1:Enable
. . OSDCR <50/60>, .
1:Enable 1:0FF <NOINT> and - 1:TPGO4
<RATIOHV >
XOON SN "o" BLKMIX PHMIX PVSEL2 PVSEL1 PVSELO
R/W RW R/W RW RV RW
PV 0 0 0 0 0 0 [ 0 0
PVCR Control F799H XI/XO SC/SY Output fAalways write (With BLK With HP Select the output format PV
Register Oscillation or |[(PA6/PA7) 0" signal {from |Signal {from
Select the output format on 0 (H}to 7 (H
VDIN Input |0 : Disable osD) CSYNG) elect the output format on 0 (H) o 7 {H)
0 : Disable 1:Enable 0 :Mix 0 :Not mix
1:Enable 1 :Not mix 1:Mix
AFFMIX SCLKIE RXD1E SWPE BLKE TXD1E RGBE DOTXE
RIW RAW RW RW RAW W
P4 Port Q ] 0 1] 0 0 0 0
PAMR Mode F785H AFF signal SCLK1 output [RXD1 input  {VASWP BLK output  |[TXD1 output JR/G/B output |Dot clock
Register mixcontrol |0 : Disable (P45) output (P42) (P42) RV frequency
0:ON 1 :Enable 0 :Disable 0 :Disable 0 : Disable 0 : Disable (PAT/PAG/PAS) |0 : Disable
1: OFF 1 :Enabie 1:Enable 1 :Enable 1:Enable 0 :Disable 1 :Enable
1:Enable
AVDPO AHDPO MOET1 MDETO SYNCDET HSEN MASK
RW R RAW RW
0 0o 1 0 0 0 0
CSYNC VDIN Input  [HDIN Input  [Mute Mute SYNCSignal  |$ync Control [V-SYNC mask
Switch Switch Detection Detection Detection of H Pulse control
CSYNCR Control FFFOH g :positive  l0:Positive  [Flag Flag Fiag 0:Non- 0:-
Register 1 :Invert 1 :lnvert 0 :Mute 0:Mute 0 :Mute synchronize| 1 :Release
detection detection detection HF with masking
1:Normal 1 :Normal 1 :Narmal Csync ’
1:Synchronize|
HP with
c_sync
MCU90-614
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6.2.15 Serial Channel
(1) Serial channel 0 (S100)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
FFOSI SORES S0MD1 SOMDO SIFTO CLKOSI SCKOS SIO0E
R RAW RV AW RW RV RAN
1 o 0 0 0 0 0 [
Serial Serial transfer | Serial transter [Serial mode select Serial shift Serial internal |Serial clock ] Serial transter
SCOCR Channel 0 — monitor flag {terminate 00 :Transmit mode edgeselect  clock rate select enable/
Mode 0:tn 0:- 01 :Receive mode 0:Leading select 0 :internal disable
Register operation |1:Terminate |10: - (Falling) 0:TBCA clock 0 :Disable
1:Stop 11 :Transmitireceive mode edge 1:TBC? t:External  |1:Enable
1:Trang clack
(Rising})
edge
Serial TR807 TRBOB TREOS |  TRBOa TRBO3 TRBO2 TRBON TRBOO
h 10
scor | Chenne FFDEH RAW
Buffer
Register * * * I * * * * *
(2)  Serial channel 1 (5101)
SYMBOL NAME Addr 7 [ 5 4 3 2 1 o}
FFi5I S1RES STMD1 S1MDD SIFT1 CLK1S! SCK1S SIO1E
R RAWV RAW RfwW RAW RMW RW
1 u] o] 0 0 0 0 a
Senal Serial transfer |Serial transter | Serial mode select Serial shift Serial internal|Serial clock  |Serial transfer
SCIcR Channe! 1 FFETH monitor flag [terminate 00 :Transmit mode edge select clock rate selact enable/
Mode G:in 0: - 01 :Receive mode 0 :Leading select 0 :Internal disable
Register operation |1:Terminate [10:— (Falling) |0:TBC4 clock 0 : Disable
1:Stop 11 :Transmitireceive mode edge 1:TBC7 1 :External 1:Enable
1:Trailing clock
{Rising)
edge
Serial TRE17 TRB16 TRBIS I TRE14 TRB13 TRB12 TRB11 TRB10
i
scigr | Chenne FREOH R
Buffer
Register ® * * l * * * * *
MCU90-615
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6.2.16 Serial Bus Interface (SBI)

{1) I2°C BUS Mode
SYMBOL | NAME | Addr. 7 | s 5 a 3 2 | 1 | o
L “o" ACK CHS SCK
w RW RW w
0 0 0 ] 0 | 0
Serial Bus Always Always ! Always Set of [lls] ch.annel Frequency (fsq,) of Serial Clock Selection
SBICRY Interface FFE2H write “0” Dwrite*0”  write *0" Acknowledge [selection 000 : fc/2€ {250 kHz) 100 : {29 (15.6 kHz)
Cantrol : H bit 0 :Channel 0 001 : fc/27 (125 kHz) 101 : f02? (7.8 kHz)
Register 1 0:0utput1to| (SCLO/ 010 : fc/28(62.5 kHz} 110 : {212 (3 9 kHzZ)
SDA SDAO) 011 : fo/29(31.2 kHz} 111 -
1:0utput O to|1 :Channel 1
SDA {sCL1/
: : SDA1)
A DERD? | DBRDE | DBRDS DBRD4 DBRD3 peRD2 | DBRD1 | DBRDO
Serial Bus
i R/W
sgipgr | Imerfece FFE3H ,
Data Buffer o ‘ 0 | o o I o I o l o | 0
Register
: Data Buffer
SAG [ $A5 | sa4 SA3 I 5A2 | 5A1 | SAD I ALS
w
o | o ] o o | o | o | o 0
i*cBUs Address
12CAR Address FFE4H recagnition
Register Slave Address mode
specification
0 :Recognized
1 :Not
recognized
MST TRK BB PIN SBIM 0" : o
RW RAW RAW RAY w w
0 0 0 1 0 0 « b«
{W)} Master/ {{W} Transmit/|{W} Start/ {W} Clear Serial bus interface Always Always
slave receive stop interrupt aperating mode selection write “0” write “0"
selaction, selection, generation, |service 00 :Port mode (serial bus :
{R} Status {R) Status {R} 12C bus request interface cutput disable)
monitor monitor status {R} Manitor |01 :51C mode
0:Slave 0 :Receiver  |monitor interrupt 10 :PC bus mode
. 1 :Master 1:Transmitter|Q :{W) Stop service 11 :Don’'t use
Serial Bus -
interface condition, |requeststate
SBICR2 Control FFESH {R)} Bus free [0 :{W) -
5 o t° , 1:wWistart | (R
eguter condition, Interrupt
(R) Bus busy| service
being
request
1:{wW)
Interrupt
service
request
cleared
{R} Cleared
state
MCUS0-616
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SYMBQL NAME Addr. 7 1 6 l 5 l 4 | 3 2 1 0
AAS ADD LRB
R R R
* * * * * * * *
Slave address | "GENERAL  |Last received
. match CALL" bit monitor
Serial Bus . .
Interface detection detection 0:Last
SBISR FFESH monitor manitar racaived bit
Status i
Register 0: - 0:- °
9 1 :Slave 1:*GENERAL|1 :Last
address CALL" received bit
match or detected 1
“GENERAL
CALL”
detected

MCU90-617
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SYMBOL NAME Addr. 7 6 I 5 I 4 3 2 | 1 | 0
TR FSCK CONT | BYTE ,
w w w w
0 0 o | o 0 o | o | o
12C BUS FIFQ transfer [Serial clock frequency {fSCL) selection Data transfer |Number of transfer words
|2CFCR1 FIFO FEEGH mode 000 : 1/26 (250 kHz) 100:f/210(15.6 kHz) |mode 000 : 1 Byte 100 : 5 Byte
Control selection 001 : fe27 (125 kHz} 101 :fc/2'1 (7.8 kHz) 0 :8-byte 001: 2 Byte 101 :6 Byte
Register 1 0 :Receive 010: fc/28{62.5 kHz) 110 :fc/212 (3.9 kHz) data 010: 3 Byte 110: 7 Byte
mode 011 f/29(31.2kHZ) 111 : = transfer 011:4Byte 111: 8 Byte
1 :Transmit mode
mode 1 :Continue
transfer
START STOP CHS ™NT 1y
w w w w w
1 1 0 1 * * 1 *
i2C BUS FIFQ Buffer  |FIFO buffer |WOchannel [Nexttransfer 12C BUS or
FEQ Transfer Start |Stop selection start of FIFO ctonrol
12CFCR2 FFE7H . -
Control 0:Startor Q : Stop 0:Channel 0 |continue data circuit system
Register 2 Restart 1:= (SCLO, trans mode reset
1= SDAOD) 0 :Next 0 :Reset
1 :Channel 1 transfer 1:-
(sCL1, start
SDA1) -
SDA END CHS BUSY FULL EMPTY ERROR AKERR
R
* 0 "} 0 0 0 0 0
SDA bus FIFO buffer |I/Ochannel  |FIFO buffer |FIFO buffer |FIFO buffer |Detectof Detect
2 BUS monitor status flag monitor transfer full /receive |empty/ start Acknowledge
0:50Alineis |0: - 0 :Channel b |status end monitor  [transfer-end  }eondition error
12CFSR1 FIFC Status FFE7H . .
Register 1 lowlevel [1:Transfer |1:Channel1 |monitor 0:- monitor error 0:-
egister 1:8DAline is 0: - 1:FIFO 0:- 0:- 1 :Error
high level 1 :Transfer buffer-full |1 :FAIFO 1 :Error
receive buffer
end empty/
transfer-
end
e BUS FO7 FO6 FOS FD4 FD3 FD2 FD1 FDO
RAW
pcrosr | TTODAR ey
Buffer * | * * * * * * *
Register _
FIFO Buffer Register
NOMAT | LRBM : :
R : : :
0 i é §
SCL pin Last received
outputand  |bit monitor : H H :
2 ! : : :
BCBUS SCL line 0 :Last : : : :
12CFSR2 FIFO Status FFE9H . H : : :
Registar 2 match received : : : H
gl monitor bit¥Q” :
0: - 1:last
1:SCLlingis received
“L" level bit*1" : :
by slave
device
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(2) SIO mode
SYMBOL NAME Addr. 7 6 5 \ 4 3 2 \ 1 I 0
SIOS SICINGS SIOM CHS 5CK
w w w RAW w
i 0 V] 0 | [ 0 0 l 0 l 0
Serial Bus "
Interface Transfer start |Transfer Transfer mode selection 110 channel  |Seral clock frequency selection
SBICR1 Control FFE2H  |/stop forcedstop |00 :Transmit mode selection 000 : 12/2° (250 kHz) 100 :fc/2" (15.6 kHz)
Reqister | 0:5top 0:- 01:Bon't use 0:Channel 0 [001: f/27 (125 kHz) 101 :1e/2" (7.8 kH2)
9 1:5tart 1 :Forced 10 :Transmit / receive mode {SCLK2, 010 1c/2° (62.5 kHz) 110 :1e/2'? (3.9 kHZ)
stop 11 :receive mode TXD2, 011 : fc2° {31.2kH2) 111 : External clock
RXD2)
1: -
DBRD7 DBRD6 DBRDS I DBRDA4 DBRD3 DBRD2 I DBRD1 | DEROO
Serial Bus
4 RAWV
$BIDBR Interface FFE3H
Data Buffer N | * l . ! . I N " l . 1 N
Register
Data Buffer
o | o [ e ] e T sBM [ oo | o
w
Serial Bus * l * I * * 0 0 * I *
SBICR2 interface FEESH Always write “0" ?I\:ﬂay; write |Serialbusinterface Alwayswrite "0"
Control 1 gperation mode selection
Register 2 00 :Part mode
01:510 mode
10 :12C bys mode
11 :Don‘t use
SIOF 1 SEF
R
* * * x 0 0 * t 4
Serial transter [Shift
Serial bus operating operating
tat tat
SBISR Interface FFESH sta L!S sta l{s
Status moanitor monitar
Register 0:Transfer |0 :5Shift
terminated| operation
1 :Transterin terminated
process 1:Shift
operation
in process
MCuU90-619
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6.2.17 8-bit A/D Converter Circuit (A/D)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 Q
“" EQCF ADBF ADS ADCH3 ADCH2 ADCH1 ADCHO
RW R RW R/W
1 o 0 0 [} v] 0 0
Always write |A/D AD AD Analog channel selection
AD “" conversion conversion conversion Q000 : AINO 0011 : AIN3 0110 : AING 1001 : AINS
Converter flag busy flag start 00017 : AINT 0100 : AING 8111 : AIN7 1010 ; PDP
AD FFOCH
MoD Control Ba Q:AD 0:A/D 0:- 0010 : AIN2 0103 : AINS 1000 : AINB 1011 : PDM
Register conversion conversion |1:AD {11%* : reserved)
in process non-busy conversion
1:AD (stop) start
conversion |1 :AD
terminat- conversian
ed busy
AD ADR7 ADR6 ADRS ADR4 ADR3 | ADR2 | ADR1 I ADRO
ADREG Comparato FFDDH R
r Register x * « * . | * I - I -
MCU90-620
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6.2.18 Servo Control Amplifier
(1) CTL Amplifier
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
DIRE DIRFLG CTLPO CTRGE POMON PCPON INDEX REC
RAW R RAwW RV RAN RAW RAY
0 0 0 0 [ [} Q
Servo Am INTDIR DIR detection JPolarity CTLOUT auto-|CTL{-) CTL(+) Record mode
v
SACR1 control P FFETH interrupt Hag switch of CTL |reset function | shumit shumit 00 :Reproducing mode
Register 1 request 0:CFGB 0 : Positive 0 :OFF selection selection *1 :Recording mode
g 0 : Disable ahead of (forward) {1:0ON 0 :Manual 0 :Manual 10 :Index mode
1:Enable CFGA 1 :lnvert 1 :Peak hald |1 :Peak hold
1:CFGA {reverse)
ahead of
CFGB
PHSPUP CAMP2 CAMPY CAMPO SMTM1 SMTVO SMTP1 I SMTPO
RANV R/W RAW RV RW RAW
0 0 0 0 0 0 0 I 0
Servo Amp - -
Peak-hoid CTLAmp 2 CTLAmp 1 CTLAmp O CTL Schmitt plus level CTL Schmitt plus level
SACR2 Control FFF2H . : .
Registar 2 mode select  [switch switch switch manual select manual select
r
egiste 0 :Normal 0:OFF 0:0FF 0:OFF 00:-100mV 10:-300mV |00:+100mY 10:+300mV
recovery  [1:0N 1:0N 1:0N 01:-200mV 11:-500mV |01:+200 MV 11:4500mV
1 :Kigh speed
recovery
IDIRS SWPTB SWPTA AQUTS1 AQUTSO CFGBS CFGAS SWSHT
RiW Riw Riw RIW R/W
Servo Amp 0 0 0 [H 0 0 0 0
SACR3 Control FFF3H INTDIR input JSWPB timing selection in AMPOQUT (P30) output CFGBamp CFGA amp SWBS sefect
Register 3 select index mode source select shumit level |shumitlevel J0:Automatic
0 :DIRFLG 00:1.5ms 10:25ms 00:CTLOUT 10:CFGB 0:+30 mv 0:+80 mVv control
1:CFGB 01:20ms  11:3.0ms 01:CFGA 11:Don'tuse 11:2720mV |1:2320mV |1 :Always
“ON*
"0 "o" ] “Qr “o" CFGBZ CFGAZ CFGPO CTLOUT
RAWV RAV RrW RIW R
s 0 0 l 0 0 0 ¢ 0 *
evoAmp FGBSchmit  |FGASchmit |zerocross  |CTLamp
SACR4 Control F796H R
Register & select select polarity select Joutput status
ister
egiste Always write "0" 0:Zeracross |0:Zerocross |0 :Positive 0:CTLOUT
Schmit Schmit  :Negative ="0"
1 :Manual 1 :Manual 1:CTLOUT
Schmit Schmit ="1"
MCU90-621
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(2) CFG Amplifier

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
DIRE DIRFLG CTLPO CTRGE PDMON PDPON INDEX REC
R/W ;] /W RW RW RW R/W
0 0 0 Q 0 0 0
Serve Am INTDIR DIR detection |Polarity CTLOUT auto-|CTL{-) CTL{+) Record mode
SACRT eCo trol P — interrupt flag switch of CTL [reset function {shumit shumit 00 :Reproducing mode
R :t' 1 request 0 :CFGB 0 :Positive  JO :OFF selection selection *1 :Recording mode
egister 0 : Disable aheadof | (forward) 1:0n 0:Manual  [0:Manual  |10:index mode
1:Enable CFGA 1:Invert 1:Peak hold |1 :Peak hoid
1:CFGA {reverse)
ahead of
CFGB
IDIRS SWPTB SWPTA AQUTST AQUTSO CFGBS CFGAS SWSHT
RIW RW RAW RW RW
Servo Amp ] ¢ 1] 1 0 1] 0 0
SACR3 Contro} FFF3H INTDIR input  §SWPB timing selection in AMPOUT (P30) output CFG8 amp CFGA amp SWBS select
Register 3 sefect ﬂindex mode source select shumitlevel [shumitlevel |0:Automatic
0 :DIRFLG 00:15ms 10:25ms 00 :CTLOUT 10: CFGB 0:x80mv 0:£80mvVv control
1:CFGB 01:20ms  11:3.0ms 01 :CFGA 1:Dontuse |1:£120mVv |1:£120mV |1 :Always
~ON"
“0r “o" I ' 0" CFGBZ CFGAZ CFGPO CTLOUT
RW RW RW RIW R
s A 0 0 I 0 0 0 0 0 *
erve Amp FGBSchmit |FGASchmit [Zerocross  CTLamp
SACR4 Control F796H N
Register 4 select select polarity selectjoutput status
[} r .
gls Always write "0" 0 :Zerocross [0 :Zerocross |Q:Positive O :CTLOUT
Schmit Schmit 1 :Negative ="0"
1 :Manual 1 :Manua! 1:LTLOUT
Schmit Schmit =*1"
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6.2.19 Port
(1) POport
SYMBOL NAME Addr. 7 6 5 4 3 2 t 0
PO port P07 P06 PG5S P04 PO3 PQ2 PQ1 POO
PO Data FFCOH RW
Register 0 0 0 o 0 0 (4] 0
PO7C POGC POSC POAC PO3C PO2C POIC POOC
PO port w
POCR Control FFC1H 0 9 0 0 o 0 0 0
Register P1portifO Control
9 0: Input mode
1: Output made
(2)  Plport
SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
P port P17 P16 P15 P14 P13 P12 P11 Pi0
P1 Data FFC2H RV
Register 0 0 0 0 o] 0 Q 0
P17C P16C P15C P14C P13C P12¢ PHIC P10C
P1 port w
PICR Control FFC3H o 0 0 0 l 0 o 0 0
) P1 port /O Control
Register 0 Input mode
1: Output mode
(3) P2 port(1/2)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
P2 port P27 P26 P25 P24 P23 P22 P21 P20
P2 Data FFCAH RAW
Register 0 1] 0 ] 1] 0 0 0
p27C P26C P2SC P24C P23C p2C P21C P20C
P2 port Riv
P2CR Control F780H o l 4 1 o l 0 I 0 l 0 I ¢ | o
. P2 port 11O Control
Register 0: input mode
1: Output mode
RXDOE | TXDOE I SCLKOE ‘ TPZE ! TP1E l TPOE l TPGO1E | TPGOOE
RV
P2 port
0 0 8 0 0 0 0 0
PZMR Mode FTBIH  RXDOInput |TXDOOutput [SCLKOVO  |TPZOuiput |TP1 Outpot |TPO Outpat |TPGOT TPGOO
Register {P27) {P2B) (P25} (p24a) (P21) (P20} Output (P21) |Output (P20)
0 Disable 0: Disable 0 Disable 0: Disable 0 Disable 0: Disable 0 : Disable 0 : Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1 : Enable
VTPAE VTP3E CAPFRD CAPFRD TPG12E TP3E TO3E CTLCFGE
RAW RAW RAW RAW RAW RAW RIW
P3 port
Q 0 0 0 0 0 0 0
PIMR Mode F783H I TPa Output [VTP3 Output |CAPFR(P37) |CAPER TPGI2 3 703 AMP Output
Register (P23) (P22) Data Register {Output (P37} |Output(P36) {Output(P36) [Output(P35) |{P30)
0 : Disable 0: Disable 0: Disable 0: Disable 0 : Disable 0: Disable 0: Disable
1: Enable 1: Enable i : Enable 1: Enable 1: Enable 1: Enable 1: Enable
MCU90-623
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(3) P2 port(2/2)
SYMBOLP | NAMEP Addr. 7 6 5 4 3 2 1 . 0
TPE3 VASEL3 TPE2 VASELZ TPE1 VASEL1 TPED VASELD
RAW RAW RAW RW R/W RW RW RAW
0 0 0 0 0 0 0 0
TP Control
TPCR . FFDAH T#3{P36) TP3 {P386) TP2 (P24) TP2{P24}  |TP1{P21) TP1{P21) TPO (P20} TPO (P20)
Register . Trigger Edge [Trigger Trigger Edge |Trigger Trigger Edge |Trigger Trigger Edge |Trigger
Selection Selection Selection Selection Selection Selection Selection Selection
0: 1 0:TPGO3  fo: T 0:7PGO3  |0: T 0:7PGO3  [0: T ¢: TPGO3
1: ] 1: TPGO1 1:1 1: TPGO1 1: ] 1: TPGO1 1: ] 1: TPGOY
VTP3D vTPZD VTPI1D VTPOD TP3D TP2D TPID TPOD
TP Data RAW RIW RW R/W RW RIW RW RAW
TPDR Register FFDBH ‘ 0 0 0 Y 0 o 0 o
VTP3 (P22) VTP2 (P54) VTP1 (PS3) VTPO (PS2) TP3{P36) TP2 (P28} TP1{P21) TPO (P20)
Data Register JData Register | Data Register {Data Register | Data Register [Data Register {Data Register | Data Reagister
VTP4D P74 P73 P72 P71 P70
P7Port RIW RIW ’RW RIW R R
P7 Data FFC9H 9 0 0 0 - "
Register VTPA (P23) P74 P73 P72 P21 P70
JData Register fData Register | Data Register |Data Register jData Register Data Register
CRMOD “o" VTPE24 DFFPO1 DFFPOY COMPS CRPO HAPO
RV RAW RIW RW RW RAW RAW RW
1] ] ] 0 0 0 0 0
Head Amp CRIHA Always write JvTP3 (P22)  JTPGO3 input Polarity Switch {COMPIN {P42)}[CROutput  [HA Output
HACR Control F£794H Output ~0" /VTPA{P23) R0 : Positive Input Polarity Polarity
Register (P21/P23) Trigger Edge J1: Negative 0: Disable Switch Switch
9 JCOMPIN Selection 1:Enable 0: Positive 0: Positive
input (P43} fo: 1 1: Negative |1: Negative
0: Disable 1:]
1: Enable .
PWMI10C PWMOOC P370C P240C P230C P220C P210C . P200C
R/W RANV RAW RW RV RW RAW
Open-drain 0 0 0 0 0 0 0 0
I PWM1 PWMO P37 Output P24 Qutput |P23 Qutput P22 Qutput |P21 Output |P20 Output
ODMCR1 Contra F7BoH Qutput Output 0: Puch-Puil J0: Puch-Pull |0: Puch-Puil |0: Puch-Pull |0: Puch-Pull |O: Puch-Pull
Register Control Control 1: Open- 1: Open- 1: Open- 1: Open- 1: Open- 1: Open-
0: Puch-Pull |0: Puch-Pyll drain drain drain drain drain drain
1: Open- 1: Open-
drain drain
(4) P3 port{1/2)
SYMBOL | NAME Addr. 7 6 5 4 : 3 2 1 : 0
P3 port P37 P36 . P35 . P34 i P33z . P32 i P31 i P30
P3 Data FFC5H RW
Register 0 0 0 0 0 0 0 Q
P37C  ©  P36C . PISC_ 1 paC i P33 . el i PaIC_ P3C
P2 port RIW
P3CR Control F782H 0 : 0 : 0 : 0 i 0 ; ] : 0 : 0
Reqi ' P3 port /0 Control
egister 0: Input mode
1: Output mode
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(4)  P3port(2/2)
SYMBOL NAME Addr, 7 6 5 4 3 2 1 0
VTPaE VTP3E CAPFRD CAPFR TPG12E TP3E TO3E CTLCFGE
RIW RW RAW R/W R Rrw RV RW
P3 port
PIMR J o 0 0 0 0 0 ] o
Made Fr83n VTP4 Qutput |[VTP3Qutput JCAPFR(P37) |CAPER TPG12 TP3 Qutput TO3 Qutput  |AMPOUT
Register (P23) P22y Data Register {Qutput (P37) |Output(P36) |(P36) (P35) {P30)
0 : Disable 0: Disable Q: Disable 0: Disable 0 : Disable 0: Disable O Disable
1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
PWMQO1M CFRTRGS SYNCPO WPMSEL PWMPO2 PWMPO1 PWMPOQ
RAW RAW RW R/W RIW R Rivy
PWM 0 0 0 0 0 0 0
PWMCR Control £7931 PWMOPWM T FCAPFR (P37) JCSYNCinput |PWM2/PWM3 [PWM2/PWM3 |PWM1 PWMQ
ontre Carrier Trigger Edge [Polanty Qutput (P74) Output Output Output
Register Frequency Selection Selection Selection Polanty Polarity Polarity
Selection 0: % 0 : Positive 0: PWM2 Selection Sejection Selection
0:2083kHz J1: | 1:invert 1: PWM3 0: Positive  |0: Pasitive |0 Positive
1:41.67 kHz 1: lnvert 1 Invert 1: invert
TPEZ VASEL3 TPE2 VASEL2 TPEY VASEL1 TPEOQ VASELD
RAW RAW
TP Control 0 0 o ¢ b 0 0 0
TPCR FFOAH TP3 (P35) TP3{P36) TP2 (P24) TP2{P24) TPY(P21) TP1(P21) TRO (P20) TPG (P20)
Register Trigger Edge |Trigger Trigger Edge |Trigger Trigger Edge |Trigger Trigger Edge |Trigger
Selection Selection Selection Selection Selection Selection Selection Selection
G: T 0: TPGO3 0. T 0: TPGO3 0:1 0: TPGO3 a: 1 0: TPGO3
1] 1 TPGO) 1:] 1: TPGOT 1ol 1: TPGO1 10 1: TPGO1
VTP3D VTRZD VTP1D VTPOD TP3D TP2D TPID TPOD
90 TP Data RAW RAW RAW RW
R FFDBH
Register 0 Q 0 0 ] 0 0 0
VTP3(P22) VTP2 (PS4) VTP1(PS3) VTPO (P52) TP3{P36) TP2 {P24) TP1(P21) TPQ (P20}
Data Register I0ata Register | Data Register |Data Register |Data Register JData Register | Data Register [Data Register
CRMOQD 0" VTPE34 DFFPO1 DEFPOT COMPS CRPQ HAPO
R/W /W R/W aw R/WW RV RAW RAW
] 0 0 0 0 ] [y] 1]
Head Amp CR/HA Always write [VTP3(P22)  |TPGO3 Input Polarity Switch [COMPIN (P43)|CROutput  |HA Output
HACR Control F79aH  JOutput hi's NTPA(P23) |0: Pasitive Input Polarity Polarity
Register (P22/P23) Trigger Edge |[1: Negative 0: Disable Switch Switch
COMPIN Selection 1: Enable @ : Positive 0: Positive
Input (P43} 0: 7 1: Negative |1: Negative
0 : Disable 100
1: Enable
PWMIQC PWMOOC P370C P240C P230C P220C P210C P200C
RW RV RAV RAW RAN RAW R
Open-drain o 0 0 o 0 0 0 0
| PWM1 PWMO {P37 Qutput P24 Qutput P23 Output P22 Output P21 Qutput P20 Output
ODMCRT | Contro FIBM o tput Output 0: Puch-Pull §0: Puch-Pull [0: Puch-Pull |0: Puch-Pull |0: Puch-Pull |0: Puch-Pull
Register Control Control i : Open- 1: Open- 1: Open- 1: Open- 1: Open- 1: Qpen-
0: Puch-Pull |0: Puch-Pull drain dramn drain drain drain drain
1: Open- 1: Qpen-
drain drain
MCU90-625
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TOSHIBA TMP90CR74A

(5) P4port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
P4 Port P4z Pa6 ZH PaA P43 P42 P41 P40
P4 Data FFC6H RAW
Register 0 0 0 0 0 0 0 0
PA7C P46C P45C Paac P43C Pa2C PAIC PA0C
P4 Port RV
P4CR ;on»t;ol F784H o i o 0 o l o l o I o | 0
egister P4 Port Input/ Qutput Control
0:lnputmode 1: Outgut mode
AFFMIX SCLK1E RXD1E SWPE BLKE | TXD1E | RGBE | DOTXE
RAW RW RW RWY RW
P4 Port 0 0 0 0 0 ] 0 1]
PAMR Mode F785H AFF signal SCLK1 output |[RXD1 input JVASWP IBLK output  |TXD1? output |R/G/B Dot clock
Register mix control 10 : Disable (P43) ’ output (P42) {Pa2) output frequency
0: 0N 1 :Enable 0 : Disable 0 : Disable 0 : Disable 0 :Disable (P47/PAG/PAS) |(PAD/PAT)
1:0FF 1 :Enable 1:Enable 1 :Enable 1:Enable Q :Disable 0:Disable
1 :Enall.::-le 1:Enable
CRMOD “o" VTPE34 DFFPO1 DFFPOQO COMPSEL CRPC HAPO
RW RW RAW R RAW RAW RAW RAW
0 0 0 0 0 (1] 0 0
Head-amp CAHA Always write VTIP3 (P22) TPGO3 input |TPGO3 input |COMPIM CR output HA output
HACR Control F794H loutput "o~ NTP4 (P23) ({polarity polarity {P43) input  |polarity polarity
Register (P22/P23) Trigger edge {switch switch 0 :Disable switch switch
COMPIN selection 0 :Positive 0 :Positive 1 :Enable 0 :Positive 0 : Positive
input (P43} e:7 1 :Negative |1 :Negative 1:Negative [1:Negative
0 : Disable LR
1 :Enabie
XOON SIN "o BLKMIX PHMIX PVSEL2 PVSELY PVSELO
RwW R/W RAW RAW R/W W
[} 0 0 0 0 1] 0 0
PV Control - > .
PVCR Registe F799H XIWXO SC/SY output JAlways write |With BLK With HP Select the output format PV/BLK.
glster oscillation or  J{P46/PA7) g signal (from  |signal (from Select the output formaton 0 (H} to 7 (H).
VOIN input 0 : Disable 0OsD) CSYNC)
0 :Disable 1:Enable 0 :Mix 0 : Not mix
1:Enable 1 :Notmix  |1:Mix
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TOSHIBA

TMPI0CR74A
(6) P5 port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
PS port P57 PSE P53 P54 P53 P52 Ps1 P50
PS5 Data FFC7H RV
Regster 0 0 0 0 0 0 0 0
P57C P56C PssC Psac £33C P52C P51C PS0C
PS5 port RV
PSCR Control F786H 0 I 0 [ o l 0 o | 0 I 0 l o
Register PS port /0 Control
0: Inputmode 1: Qutput mode
VTPE2 I VTPEY [ VTPEOD l VTPS2 | VTPS1 I VTPS0 | INT1E I INTOE
RAW
PS5 port 0 0 0 0 0 0 ] 0
PSMR Made F787H ¥TP2 {P54) VTP1 (P53) VTPO(PS2) VTP2 Output |¥TP1 Quiput (VTPO Qutput [iINT1(P51) INTO {P50)
Register Trigger Edge |[Trigger Edge |Trigger Edge ((P54) (P53) (P52) Intterrupt Intterrupt
Selection Selection Selection 0: Disable 0: Disable 0: Disable Edge Detect |Edge Detect
0: 7 0: 1 0:7 1: Enable 1: Enable 1: Enable o1 0: 1
10 1 1 1: ] 1: ] 1: ]
AFFMIX SCLKIE RXD1E SWPE BLKE TXDLE RGBE DOTXE
RIW RAW W RMW RAW
P4 port 0 0 0 0 0 0 0 ]
PAMR Mode F785H AFF Signal SCLK1 Output JRXD1 Input  [vASwWP BLK OQutput  [TXD1 Qutput |R/G/B Qutput |Dot dock
Register Mix Control  §{P57) {Pas} Cutput (P42} (P42) (PA7/PA6/PA5) |frequency
0: 0N 0 : Disable 0 : Disabie 0: Disable 0: Disable 0: Disable 0: Disable (P41/P40)
1: QFF 1: Enable 1 : Enable 1: Enable 1: Enable 1: Enable 1 Enable 0 : Disable
1: Enable
VTP3D VTP2D VTP1D VTPOD TP3D TP2D TP1D TPOD
. TP Data - RW RIW RAW RAW
TPDR FF
Register 0 0 0 0 0 0 0 0
VTP3 (P22} VTP2 (P54} VTP1{P53) VTPO{P52) TP3 (P36} TP2{P24) TP1 (P21} TPO(P20)
Data Register |Data Register |Data Register |Data Register J0ata Register |Data Register | Data Register {Data Register
: { P740C P560C PSSGC P530C P520C
RAW RAN RW RAW RAW
QOpen-drain
0 0 0 0 0
OOMCRZ | Control F78aH P7A0OUtput JPS6Output  |P55 Output  |P53 Output P52 Gutput
Register 0: Push-Pull 30: Pysh-Pull |0: Push-Pull |0: Push-Pull |0 : Push-Pull
1: Open- 1: Open- 1: Open- 1: Open- 1. Open-
drain drain drain drain drain
(7 P6 port
SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
P& port P67 P66 P65 P64 P63 P62 P61 P60
P& Data FFCBH R
Register - - - - [ - - | - -
MCU90-627
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TOSHIBA TMP90CR74A
(8) P7 port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 1}
viPaD P74 P73 P72 P71 P70
P7 port RW RAW RAW
p7 Data FFCOH 0 0 0 0 * *
Register VTP4 (P23) P74 Data P73 Data P72 Data P71Data P70Data
Data register Jregister register register register register
P74M P7aC P73C P72C i
RW
P7 port o 0 o 0
PICR ' PWM2/PWM3 |P74 Output  |P731/0 P7210
c Contro F783H Output (P74) |Control Control Control
Register 0 : Disable 0 Disable 0: Input 0 Input
1: Enable 1: Enable mode mode
1: Output 1: Output
mode maode
PWMO1M CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOOD
RAV RAN RAN RV R RW RAW
PWM 0 0 0 0 0 0 4
Pwi I £703H PYWMO/PWM |CAPFR (P37) [CSYNC INPUT gPWM2/PYWM3 IPWM2/PWIM3 JPWMI PWMO
MCR Contro Carrier Trigger Edge |Polarity (P74} Qutput JOutput Output Output
Register Frequency Selection Selection Selection Polarity Polarity Polarity
Selection 0: T 0: Positive JO: PWM2 Selection Selection Selection
0: 20.83kHz |1: | 1: Invert 1: PWM3 : Positive  JO: Positive [0 Positive
1; 41.67kHz 1: Invert 1: Invert 1. Invert
PWM3IRUN T3RUN PWM1RUN PWMORUN PWMZRUN T2RUN TIRUN TORUN
W RW RW RW W RW RIW
Timer Start 0 0 ) 0 0 i) ) a
TRUN Contral FFDAH IPWM3 TC3 PWM1 PWNMO ‘PWM2 TC2 Output |TC1Output  |TCO Output
Register 0 : Stop 0 : Stop Qutput Output 0: Stop Control Control Control
1: Start 1: Start Control Control 1: Start 0 : Stop @: Stop 0: Stop
G: Stop 0: Stop 1: Start 1: Start 1: Start
1: Start 1: Start
H P740C PSEOC PS50C P530C P520C
RV RW R
Open-drain
0 0 1] 0 0
QDMCRz | Contral F78AH P740utput  [P560utput  |P55 Output P53 Output  |P52 Output
Register 0 : Puch-Pull JO: Puch-Pull ]0: Puch-Pull {0: Puch-Pull }0: Puch-Pull
1: Qpen- 1: Qpen- 1: Open- 1: Open- 1: Open-
drain drain drain drain drain
(9) P8 port
SYMBOL NAME Addr. 7 [ 5 4 3 2 1 0
P8 port P81 P80
Pl Data FFBAH RIW
Register [} 1)
MCU90-628
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