TOSHIBA TMPSY0CR74A

CMOS  8-BIT MICROCONTROLLER

TMP90CR74ADF

1. OUTLINE AND CHARACTERISTICS
The TMP90CR74A 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.
(1) Efficiently systematized instructions
® 163 instructions
® Multiplication, division, 16-bit arithmetic operation, Bit manipulation
(2) Minimum instruction execution time : 250 ns (at 16MHz Oscillation), 122 us (at 32.8 kHz

Oscillation.)
(3) Internal ROM : 56K bytes
(4) Internal RAM : 1K bytes
(5) 20-bit time-base Counter (TBC)
(6) 8-bittimer/ counter : 4 channels
® Timer mode/Event counter mode ® 16-bittimer/counter mode
(7) Capture inputs : 8 terminals
® 18-bittiming data + 6-bit trigger data (with 8 level FIFO) : 1channel
® 16-bittiming data + 1-bit trigger data : 2channels
(8) Timing Pulse Generatar (TPG) : 2 channels : 1 channel
® 16-bittiming data + 6-bit output data (with 4 level FIFO) : 1channel

® 16-bittiming data + 4-bit output data
(9) PWM output

® 12-bit PWM : 2 channels ® 8-bitor 14-bit PWM : 1 channel
(10) C-Syncsignal separation
® H/VSYNCseparation ® Mute Detection

(11)  VISS/VASS detection

® Index Search/Address code Search
(12) Head amp/Color rotary contral circuit
(13) Pseudo synchronizing signal (PV/PH) output
(14) Serial interface

® 8-bit clock synchronous mode : 2 channels ¢ 12C-BUS mode : 1 channel
(15) On-Screen Display (OSD) Control circuit

® 256 characters ® 24characters x 10 lines
(16) 8-bit A/D Converter : 12 inputs )
(17) CTLamplifier, Capstan FG amplifier
(18) Input/Output port : 63 terminals
(19) Interrupt: 18 factors (20 interrupt sources)
(20) Watch dog timer
(21) Operation mode under low Current Consumption {Dual Clock System)
® STOP mode: Oscillation stop (Battery / Capacitor back-up).

Port output selection (Data hold / High impedance)

® SLOWmode: Slow speed operation with 32.8 kHz
® IDLE mode: CPUstop/peripheral circuit active at high speed / released by interrupt
® SLEEP mode: CPUstop/peripheral circuit active at slow speed / released by interrupt
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 12 C Patent Rights to use these

components in an I’ C system, provided that the system conforms to the i2 C Standard Specification as defined by
Philips.
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Fig 1.1 TMP90CR74ADF Block Diagram
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2.

PIN ASSIGNMENT AND FUNCTIONS

The pin assignment of TMP9OCR74ADF is shown in Fig. 2.1 and its name and function are in Table

2.1,
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Fig. 2.1 Pin Assignment of TMPO0OCR74ADF
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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 Vo Function
Port structure
P00 to PO7 8 I{e] P00 to PO7 ¢ 8-bitI/O port. Input and output can be setin bit unit.
3-state
P10to P17 8 o P10to P17 : 8-bit O port. Input and output can be set in bit unit.
3-state
P20 2 o P20, P21 :  2-bit VO port. Input and output can be set in bit unit.
(TPGOO/ TPO) 3-state TPGOO/TPGO1 :  Timing Pulse Generator 0 (TPGO)
P21 Programmable | TPO/TP1 :  Timing Pulse (TP} output.
(TPGO1/TP1) Open Drain
P22 2 o P22,P23 : 2-bit VO port. Input and output can be set in bit unit.
(VTP3/CR) 3-state VTP3/VTPA :  Video 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 ™2 : Timing pulse (TP) output.
Programmable |TI3 :  Event count input for Timer3 (TC3).
Open Drain
Schmittinput
P25 (SCLKO) 1 7o P25 : 1-bit /O port. Input and output can be set in bit unit.
3-state SCLKO . Serial clock input/output for SIO0.
Schmittinput
P26 (TXDO) 1 o P26 : 1-bit YO port. Input and output can be set in bit unit.
3-state TXDO :  Serial transmit data output for S100.
P27 (RXDO) 1 Vo P27 : 1-bit VO port. Input and output can be setin bit unit.
3-state RXDO :  Serial receive data input for SI00.
Schmitt input
P30 1 1o P30 : 1-bit VO port. Input and output can be setin 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 /e] P34 : 170 port. Input and output can be set in bit unit.
(T1I0/ EXT) 3-state TIO :  EventCountinput for Timer0 (TCO).
Schmittinput | EXT : External trigger input for Capture 0 (CAPO).
P35 1 [/{e] P35 : 1-bit /O port. Input and output can be setin bit unit.
{T2/T03) 3-state TI2 :  EventCountinput for Timer2 (TC2).
Schmittinput {703 : Timer3(TC3) output.
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TOSHIBA TMP90CR74A

Table 2.1 Pin name and pin functions (2/4)

. . l{e] i
Pin N No. of P
in Name 0. of Pins Port structure Function
P36 1 [s] P36 : 1-bitI/O port. Input and output can be set in bit unit.
(TP3/TPG12) 3-state TP3 : Timing pulse (TP) output.
Schmittinput | TPG12 1 Timing pulse generator (TPG1) output.
P37 (CAPFR) 1 Vo P37 : 1-bit /O port. Input and output can be setin bit unit.
3-state CAPFR : Capstan motor control output.
Programmable
Open Drain
P40 (DOTXI) 2 7o} P40, 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 1{e] P42 : 1-bit /O 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.
PA3 (CMPIN) 2 I{e] P43, P44 ¢ 2-bit I/O port. Input and output can be set in bit unit.
P44 (HDIN) 3-state CMP IN : Comparator signal input for Head Amp switch.
Schmittinput |HDIN : Horizontal sync. signal input.
P45 1 o P45 : 1-bit /O port. input and output can be set in bit unit.
(B/RXD1) Open Drain B . Blue output from OSD.
Schmittinput |RXD1 : Serial receive datainput for SIO1.
P46 (G/SC) 2 1] P46, P47 : 2-bit /O port. Input and output can be set in bit unit.
P47 (R/SY) 3-state G,R ¢ Green and Red output from OSD.
SC,SY . Chroma, luminance Signal output from QSD.
P50 (INTO) 2 110 P50, P51 1 2-bit /O port. Input and output can be set in bit unit.
P51 (INT1) 3-state INTO, INT1 : External interrupt request.
Schmitt input
P52 (SDAO/ 2 WO P52, P53 : 2-bitl/O port. Input and output can be set in bit unit.
RXD2/VTPQ) 3-state SDAQ : Serial data 1/O for I2CBUS.
P53 {SCLO/ Programmable |SCLO : Serial clock I/O for 12CBUS.
SCLK2/VTP1} Open Drain RXD2 . Serial receive datainput for SI02.
Schmittinput | SCLK2 : Serial clock input/output for SI02.
VTPO, VTP1 1 Video timing puise (VTP) output.
P54 (TXD2/ 1 7/e] P54 : 1-bitI/O port. Input and output can be set.
VTP2) 3-state TXD2 : Serial transmit data output for SI02.
Schmittinput  jVTP2 1 Video timing pulse (VTP) output.
P55 (SDA1) 2 o P55, P56 : 2-bit1/O port. Input and output can be setin bit unit.
PS6 (SCL1) 3-state SDA1 : Serial data input/output for 12CBUS.
Open Drain scu1 : Serial clock input/output for 12CBUS.
Schmitt input
P57 (SCLK1) 1 o P57 . 1-bit VO port. Input and output can be set.
QOpen Drain SCLK1 1 Serial clock input/output for SIO1.
Schmittinput
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TOSHIBA TMP90CR74A

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

" . le} i
PinN No. of Pi

in Name o.ofPins | o structure Function
P60 (AINO) to 10 Input P60 to P67 :  8-bitinput port.

P67 (AIN7) P70, P71 : 2-bitinput port.
P70 (AIN8) to AINOto AIN9 : Analog input for A/D converter.

P71 (AIN9)
P72 (XTIN) 2 o P72,P73 : 2-bit /O port. Input and output can be set in bit unit.
P73 (XTOUT) 3-state XTIN, XTOUT :  Oscillator terminals for stow clock (32.768 kHz)
P74 (PWM2/ 1 Output P74 :  1-bit output port.
PWM3) 3-state PWM2/PWM3 :  8-bit/ 14-bit PWM (PWM2 / PWM3) output.

Programmable
Open Drain
P80 2 Output P80, P81 1 2-bit output port.
P81 3-state
PWMO 2 Output PWMO : o 12-bit PWM (PWMO) output.
PWM1 3-state PWM1 : 12-bit PWM (PWM1) 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 o Input and output for Controi (CTL) signal.
CBIN 1 Input Bias input terminal for control (CTL) amplifier.
CTLo 2 Output CTL amplifier output for gain switching.
cTLY
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 controt (CTL) Amplifier.
AIN1O :  Analog input for PDP level monitor.
PDM (AIN11) 1 PDM :  Terminal for Peak-Hold capacitor which keeps plus
{positive) peak for control (CTL) Amplifier.
AIN11 :  Analog input for PDM level monitor.
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Table 2.1 Pin name and pin functions (4/4)

Pin Name No. of Pins Ho Function
Port structure
CFGA 1 Output Capstan FG amplifier (CFGA amp.} output.
CFGA IN 1 Input Capstan FG amplifier (CFGA amp.) input.
CFG BIAS 1 - Capstan FG amplifier bias terminal.
CFGB IN 1 input Capstan FG amplifier (CFGB amp.) input.
CFGB 1 Output Capstan FG amplifier (CFGB amp.) output.
VIDEO 1 Output 0OSD video signal output.
PV/BLK 1 QOutput Pseudo V-SYNC (PV) output/ On Screen Display (OSD) Blanking (BLK) output.
4-state
VDIN 1 Input Vertical sync signal input.
Schmitt input
Xl, 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).
TES 1 Input Testterminal : Should be connected to high.
XIN, XOUT 2 Input, Output | Oscillator terminals for main clock (16 MHz)
RESET 1 Input System reset input.
Schmittinput
bvcc 2 - Digital Power supply.
DvCc2
DGND1 2 - Digital Ground.
DGND2
AvCCl 1 - Analog Power supply.
AvCC2
AGND1 1 - Analog Ground.
AGND2
ADREF 1 - AJD converter reference voitage.
ADGND 1 - AJD converter Ground.
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TOSHIBA TMP9OCR74A

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

31 CPU
TMP90CR74A includes a high performance 8 bit CPU. For the function of the CPU, see the previous
chapter “TLCS-90 CPU". This chapter explains exclusively the functions of the CPU of TMP90CR74A which
are not described in the chapter “TLCS-90 CPU”.

3.1.1 Reset
In order to reset the TMP90CR74A, 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 /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).

- WDTCR2 7 6”_ 5 4 3 2 1 0
(FFFBH) | T8CF | TBoF [ wote | [“exe | orve |
EXF Exchange Flag Invert each time EXX instruction is executed. R

3.2 Memory Map

3.2.1 Internal ROM
The TMPYOCR74A contains an 56K-byte ROM. The address space from 0000H 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 (I/O area 1) and F780H to F799H (/O area 2)}. This I/O area 1 can be accessed by
the CPU using a short opcode 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.
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0000H

DFFFH

F780H

F799H

FBBOH

FEFFH
FFOOH

FFAFH
FFBOH

FFFDH

00H

EFH
FOH

F7H

A
Internal ROM
(56K byte) Program
& Data Area
\

internal ¥O

(26 byte) Data Area

internal RAM
{1K byte}
Data Area
g Oirect Area

Internal /O

(77 byte)

{a) Memory map for CPU
. |
10 bit 1
Character code RAM <CMDO>
(300 byte) 1 <CMD1>
: Character ROM
(6.75K byte}

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

Femm e ————— - e e e e e e e m e n e mm—— e -
: | i System Clock TBC! TBC20 :
'N 1 1 1 1
X D ! Osc. circuit for fe i i T 1 f 1 1 __________ T
! High frequency H H System Clock Time Base Counter
XOUT | I_._: clock i i Generator (TBQ)
1 1 1
1 1 [} . . 1
1 1 1 Timing Generator H
XTIN | |_.,_- I I e et -
(P72) U | Ose.circuitfor | E g S .
1 L f 1]
: ow frequency | ; .
XTOUTD_IL__ dock ' : Standby Controller |— STOP (Stop mode status signal)
(P73) i i :
| ! ! ]_, Setting of SYSCR1 <WUEF> |
H ' '
i E E reset l S
 ClockGenerator - Q |———— Reading of SYSCR1 <WUEF>
hecocncamwnmnn—————— - Warming-up R
Counter 1
SYSCR1 H
! <WUEF> !
I SYSCR2 <WARM> i
! Standby Controller v
e e e v e e v . - " = - " = _:
oo mm oD DT TITILTTITTITITTTTITTTITTT T
E SYSCR2 SYSCR2 <RTCISO> E
E <RTCCK> SYSCR2<RTCST> SYSCR2 <RTCIS1> E
% : |
1
ﬂ J: Selector [—>| 17bit Counter Jzi Selector (—> INTRTCinterrupt E
H H
1 )
+ 1}
' 1
L. 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. Oscillating 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 XTOUT respectively. Clock input from external
oscillator is also available.
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High Frequency Clock

o]
Y 7

{a) For Crystal and,
Ceramic Oscillator

XOuT

(b) For External Oscillator

Low Frequency Clock

XTIN XTOUT XTIN XTOUT

U]
(open)
2 3

(c) For Crystal Oscillator (d) For External Oscillator

Figure 3.3.2 Connecting Oscillator
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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 (fc) (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 5/2),
16-bit data register and control register.
Figure 3.3.3 Shows the structure of the time-base counter (TBC).

S Internal data bus

Zs

T T T T T T T T
| Data register
PR A N e M T

Data register
P N i

LN

>To peripheral VO

block

J

TBCCR<INTTBCO1>

l

TBCCR<INTTBCO0>

TBCCR<TBCOE>
— INTTBCO
Selector oncm <TBCOF>

:D_,INTTBC interrupt
request

Selector - IN1__I_—3—0—>WDTCR1 <TBCIF>
TBCCR<TBCIE>

TBCCR<INTTBC10>

IO |~ (N ™ [ i O ™~ [0 Y O

e bt oo o [ oo o b= == = b= = = = = = |~
VLUV ILIVILIVILIVIILIU OV IO
o e | (oo (o | | (oo [0 |0 |0 (6d @ (00 |00 (0 o0 [0 o) jeD
I L T [ [ [l o ol o ol (el

> % - 20-bit up-counter

Basic TGCK

(fcorfs)

Figure 3.3.3 Structure of Time-Base Counter (TBC)
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Time Base Counter Control Register
TBCCR 7 6 . 5 4 3 2 1 0
’ INT INT INT INT
(F798H) __LTBC‘E 1 TBCOE I e | 18C10 1 1oyt | 18c00 | (ResetValue ++00 0000)
TBCIE 00 : INTTBC Interrupt Disable
INTTBC Interrupt 01 : INTTBCO Interrupt Enable
TBCOE Enable/ Disable 10 : INTTBC) Interrupt Enable
11 : INTTBCO/INTTBCI Interrupt Enable
00 : TBC12
INTTBC11
INTTBC1 Interrupt 01 : TBC14 RAW
Source Clock Selection 10 : TBCi6
INTTBC10
11 : TBC18
00 : TBC11
INTTBCO1
INTTBCO interrupt 01 : TBC13
Source Clock Selection 10 : TBC15
INTTBCOO
11 . TBC17

Time Base Counter Data Register 1

TBCDR1 7 6 S 4 3 2 1 0

(FFB2H) [ 12 | tacit [ tecio | teca | tecs | tecr | tcs | T8C5 | (ResetValue 0000 0000)  Read only
Time Base Counter Data Register 2 ’

TBCDR2 7 6 5 4 3 2 1 0

(FFB3H) [ rgc20 | tacro [ Tecis | tact7 | vecis | tsc1s [ 8c1a [ raci3 | (Resetvalue 0000 0000)  Read only

Watchdog Timer Control Register 1

WDTCR1 | 7 .8 > 4 3 .2 0
(FEFBH) = ¢ | 7sctr i racor | wore L exe | orve |
0(wW) : Clear
Tw) © -
TBCIF INTTBC1 interrupt Request Flag i
O0(R) : Nointerruptrequest
1(R}) : Interruptrequest RIW
0(W) : Ciear
1{w) :+ -
TBCOF INTTBCO Interrupt Request Flag R
0(R) : Nointerruptrequest
1(R) : Interrupt request

D 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 1/0
biocks. The contents of time-base counter outputs TBC5 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 1o TBC18. The interrupt source is selected by the time-base counter control register TBCCR
<INTTBC11, INTTBC10, INTTBCO1, and INTTBC0O0>. 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 interruptis requested can be identified by reading the watchdog timer control register 1 WDTCR1
<TBCOF> and <TBC1F>.

Table 3.3.1 lists the interval time of time-base counter outputs.
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Table 3.3.1 interval time of Time-base Counter (f = fc)

TBC1 TBC2 TBC3 TBC4 T8CS TBC6 TBC? TBC8 TBC9 TBC10

'"‘e"’(";]”"“e 22/f 29/f 2078 | 2506 | 280t | 270% | 28sf | 2048 | 20008 | 20114%
at 16 MHz

Les]

0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 64.0 128.0

TBC11 TB8C12 TBC13 T8C14 TBC15 TBC16 TBC17 TBC18 TBC19 TBC20

212/f 213/f 2147f 215/f 216/1 21771 218/f 219/f 220/ f 221/

256.0 512.0 1024 2048 4096 8192 16384 32768 65536 131072

3.3.3 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 contro! 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 status in 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 <SYSCR1

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).)

MCU90-402
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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 /0 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

Resetrelease

HALT
instructi
IDLE mode PR normAL mode HALT instructi
<SYSCK> =0 Instruction
Interrupt
Interrupt STOP mode
HALT
SLer mod instruction SLOW mode
mode <SYSCK> =1 P~ HALT
instruction
Interrupt
(a) Operation Mode Transition Diagram
Operation Qcsillator System
peratio - < CPU Peripheral y
Mode  [High freq. (fc) | Lowfreq. (fs) Clock
RESET Stop Reset Reset
High-
NORMAL Osc. Osc. Run Operation | grequency
or
IDLE Stop Stop (Note 1)
SLOW 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 (TBQ), (2) watchdog timer (WDT), (3) real-

time counter (RTC), and (4) interrupt control circuit are operating.

Note 2) The operating circuits in this case are (1) I/O ports, (2) time-base counter (TBQ), (3) watchdog
timer (WDT), (4) real-time counter (RTC), and (5) interrupt control circuit. (All other peripheral
circuits 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
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System Control Resister 1

SYSCR1 7. 6 5 4 3 2 1 0
(FFBOH) © [svsec T xen [ xven | mxen | rxren [rsvsck | wuer | (Resetvalue +010 1000)
SYSeK (W) System Clock Mode Select 0 : High Frequency Clack Mode
(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) Monitor 1 : Continue/ Restart Oscillation
RXEN High Frequency Osciliator Control 0 : Stop Oscillation
after restarting from Stop mode 1 : Restart Oscillation
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: (wW)-
(W)Warming-up Counter Control .
. . (R) Warming-up Complete
WUEF (R) Warming-up flag (Monitor) i
1 : (W)Warming-up Start,
{R) In Warming-up
System Control Resister 2
SYSCR2 7 6 5.4 3 2 1 0
(FFB1H) ‘‘‘‘‘ | RTCCK I RTCST lR‘rcm I RTCISO |WARMI (Reset Value *»+0 0000}
0 : Low Frequency Clock
RTCCK RTC Clock Source Select !
1 : High Frequency Clock
0 : Stop and Counter Clear
RTCST RTC Start Control
1 : Start
00 : fer215 or fs/215(1.0) [s}
RTCis1 R/W
5 . 01 : fer216 or f5/216(2.0) [s}
Interval Time Control of RTC interrupt
RTCISO 10 : fo214 or f5/214(0.5) {s]
11 : inhibited
WARM W . Time Select 0 : 2%fcor 214/fs 5]
ming-up Time Selec
arming-up 2167¢ or 216/fs [s]
Watchdog Timer Control Register 1
WDTCR1 7 ___________ 5 5 4 3 2 . 1 0
(FFFBH) ¢ 0 [1scie [recor [wore | [ exe ] orve | (ResetValue 00 0+00)
Controlling output status for port 0 @ Highlmpedance .
DRVE . 1 ; Keep the status throughout setting STOP RIW
during STOP mode
mode
Watchdog Timer Control Register 2
WDTCR1 7 6 5 4 3 2 1 0
(F797H) [wores [ woreo [nactmifnaitvo] (Resetvalue s»x 0000)
HALTM1 g? : S_TOP g
B mode
Setting Stand-by mode RAW
etling tand-by 10 : IDLE mode or SLEEP mode
HALTMO

11 : don‘tuse
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3.3.4  Controlling Operation Mode

(1) STOP mode

STOP mode is to be set by executing HALT instruction when watchdog timer control register 2 WDTCR2
<HALT1,0> ="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 terminal input

g
¥
I i (T T
2T
XOUT terminal |

NORMAL —«—— STOP mode
operation

Warming-up NORMAL operation

A N STOP mode is set on AN STOP mode is released on account

account of HALT of external interrupt request
instruction

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

@  The oscillation starts. By setting system control register 1 SYSCR1 <RXEN, RXTEN, RSYSCK >, 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 Q 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 to
recover NORMAL mode and low frequency clock (fs) is to recover SLOW mode.
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Tabie 3.3.3 Warming-up Time (When Exiting STOP Mode)

To operate in

To operate in

<WARM> NORMAL mode’ SLOW mode
(@ fc =16 [MHz)) (@ fs = 32.768 [kHz])
1] 1.024 ms 500 ms
1 4.096 ms 2s

@ 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 operation 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 (INT0), 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 SYSCR2 <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)

<WARM> | @ fs=32.768 [kHz]
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 handled 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>
<WUEF> B |
xoutein ([T LD T T T T T T T
e e i WAV AVAVAVAVINVAVAVAVAVAN
-—————— Warming-up
NORMAL Mode SLOW Mode

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 clock (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 cock (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} 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.
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Figure 3.3.7 shows a switching over sequence from SLOW to NORMAL mode.

<SYSCK>

<XEN>

<XTEN>

<WUEF> B 1

XOUT pin <
xtoutpin N NSNS NSNS NSNANSNS NSNS NS NSNS NSNS

«—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 TMPY0CR74A has the real time counter (RTC) which generates a periodic interrupt request. The
RTC is controlled by System Control Register2 (SYSCR2).
The RTC is a 17bit binary counter and its clock source is selected either low frequency clock {fs) or high
frequency clock (fc/d). To start/stop the counter is controllied 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> <RTCIS 1,0> .
interval
0 00 15
(fs =32.768 kHz) 01 2s
10 0.5 s
1 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 independently. 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
Priority Interrupt Sources Type ear Code for Vector address
Interrupt
Highest 1 | INTSWI (Software Interrupt) —_ 0008H
Non Maskable
2 | INTWDT (Watchdog Timer) —_— 000CH
3 |INTO (External input 0) 04H 0010H
4 |[INTCAP1 {Capture 1) 05H 0014H
5 {[INTCAPO (Capture Q) Q6H Q018H
6 | INTTPGO (Timing Pulse Generator 0) 07H Q01CH
7 [INTTPG1 (Timing Pulse Generator 1) 08H 0020H
8 | INTIIC (12CBus) 09H 0024H
9 | INTTBC (Time Base Counter) 0AH 0028H
INTTO (Timer Counter 0)
10 08H 002CH
INTDIR (Capstan invert detection)
Maskable
11 | INTSIOO (Serial Interface 0) OCH 0030H
12 [INTSIO1 (Serial Interface 1) ODH 0034H
13 {INTT1 (Timer Counter 1) OEH 0038H
14 [ INTT2 (Timer Counter 2) OFH 003CH
INTT3 (Timer Counter 3)
15 10H 0040H
INTAD (A/D conversion)
16 [ INTVA (VISS/VASS detection) 11H 0044H
17 | INT1 (External input 1) 12K 0048H
Lowest 18 [ INTRTC (Real Time Counter) 13H 004CH
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When an interrupt is requested by software or from internal 1/0 block the interrupt request is
transferred to the CPU via an interrupt controller. The CPU starts the interrupt processing if it is a non-
maskable 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. :

&
sSwi S Q
R
Reset
L—— int. acknoledge
08H p
AN Non-Maskable int.
INTWDT 1 ocH ) O
[] Int_enable reg. int. enable flag
DataBus>— D Q IFF
Reset R
int. resguesct) fiag 16, D_'j)_ﬂ int.request
INTO [ L ’
R Maskable int.
Clear code g:sta Release
Int. acknoledge from stand-
by
10H Reset
) Int. enable reg.
DataBus> D Q
Reset >——— R 2
Vi
—ﬂ 7
INTCAP1 Ps ] Data . Vector address » Vector
Bus ; generator address
14H
INTCAPO L 18H —
INTTPGO >—1{e 1CH —
INTTPG1 Lk 20H —
INTIIC D mmam— 24H I—
INTTBC - & 28H —
INTTO | 1 el
INTDIR Selector 2c4 [ )
INTSIO0 C 30H
INTSIO1 < ELLE
INTT1 B 38H J—~
INTTS —pilc 25
B
INTAD Selector |"_‘ A0H
INTVA 5 44H
INT4 1 ASH f—
INTRTC B ACH —
INTCR<T3ADS > >———
INTCR<TODIRS > >——

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 maskabie 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. IFF is
resetto “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) A

{SP - 4) « F (include IFF)
SP«-SP-4

IFF &0

> 20 states

| PC « Vecter address |
[ J
IJnterrupt processing program

RETI instruction
F &« (5P)
A (SP+1)
PCLe(SP+2)
PCh &« (SP +3)
SPeSP+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 enable flag (IFF) returns to 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 plural interrupts are requested at the same time. If interrupts of 3rd and 4th priorities are
requested simultaneously, 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 El 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 /0. 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 : Interrupt from SIO 0
INTSIO1 : InterruptfromSIO 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

Followings are hit function of Interrupt Request Flag (IRF1, IRF2), Interrupt Enable Register (INTE1,
INTE2) and Interrupt Control Register (INTCR).

Interrupt Request Flag 1

IRF1 7 6 5 4 3 2 1 0
(F790H) EEFJ.B [ rerac [ wene [iwereat [mereco] KT R T weo ] Gnitial value 0000 0000)
IRFTODIR INTTODIR Interrupt Request Flag
IRFTBC INTTBC Interrupt Request Flag
IRFIIC INTIIC Interrupt Request Flag
IRFTPG1 INTTPG1 Interrupt Request Flag 0 : Nolnterrupt Request RIW
IRFTPGO INTTPGO Interrupt Request Flag 1 : Interrupt Request
{RFCAPQ INTCAPO Interrupt Request Flag
IRFCAP1 INTCAP1 Interrupt Request Flag
IRFQ INTO Interrupt Request Flag
Interrupt Request Flag 2
IRF2 7 6 S 4 3 2 1 0
(F791H) [ IRERTC I IRF1 I IRFVA l e I IRFT2 ] IRET1 1IRFSIO1 IIRFSIOO] (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 : Nolinterrupt Request read
IRFT2 INTT2 Interrupt Request Flag 1 : Interrupt Request only
IRFT1 INTT1 Interrupt Request Flag
IRFSIO1 INTSIO1 Interrupt Request Flag
IRFSIO0 INTSIO0 Interrupt Request Flag
Interrupt Enable Register 1
INTE1 7 6 S 4 3 2 1 0
(F78DH) I,Emmnl IETBC | (ENC | IETPG1 lIETPGO | IECAPO I IECAP1 l IE0 l (Initial Value 0000 0000)
IETODIR INTTODIR Interrupt Enable / Disable
IETBC INTTBC interrupt Enable / Disable
IENC INTIIC Interrupt Enable / Disable
1ETPG1 INTTPG1 Interrupt Enable / Disable 0 : Disable
IETPGO INTTPGO Interrupt Enabie / Disable 1 : Enable Rw
IECAPO INTCAPO interrupt Enable / Disable
{ECAP1 INTCAP1 interrupt Enable / Disable
IEQ INTO Interrupt Enable / Disable
Interrupt Enable Register 2
INTE2 7 [ 5 a4 3 2 1 0
(F78EH) [ errc | &1 | seva Jier3ao] erz | en [ esior [ iesioo | (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 RIW
IET2 INTT2 Interrupt Enable / Disable 1 : Enable
1ET1 INTT1 Interrupt Enable / Disable
IESIO1 INTSIO1 Interrupt Enable / Disable
1ESIO0 INTSIOO Interrupt Enable / Disable
MCU90-413
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interrupt Control Register
INTCR 7 6 5 4 3 2 1 0

(F78FH) I cLkek | CLOE I ;EZ‘TQE ] Igmﬁrm | T3ADS ltooms l (Initial value **00 0000)

INTTPGOE Edge selection of INTTPGO edge 0 : TPGO3leading edge
(Iﬁterrupt source: TPGO3) 1 : TPGO3 trailing edge
. : Fl f i t
INTTPGOS Selection of INTTPGO interrupt source 0 : FIFObuffer empty mterruP
1 : FIFO buffer empty/TPGO3 interrupt RIW
T3ADS Selection of INTT3AD interrupt source 0z INTT3 lI"ItEFI'Upt
1 : INTAD interrupt
TODIRS Selection of INTTODIR interrupt source ? INTTO interrupt

INTDIR interrupt

Note 1) Clearing the interrupt request flag should be done in the Dl state.

2) 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).

3) Since the interrupt request from INTCAPO, 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. ’

4) 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<TODIRS > and INTCR<T3ADS> bitsto "1". )

3.4.4 External interrupt input
The TMPY0OCR74A 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 P5 mode register (PSMR<INTEO> and <INTE1>) 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 us at fs = 32 kHz) for both “"High” and “tow” level pulse width.

MCU90-414
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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 non-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.

TBC10 ——
TBC16 ——

TBC18 Selector [—>| 4bit Counter Interrupt INTWDT
TBC20 —— enable
reset

WDTCR2<WDTPO> _ 1 Q

FIF
WODTCR2<WDTP1> ————-d R

Reset

STOP mode
write 4EH R
write B1H
Reset
I
V‘c’at‘th'?;g Timer WDTCR1 <WDTE >
WDTCR3 ontrol Register
e internal Data Bus 8

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
WODTCR1 7 6 S 4 3 2 1 0

(FFFBH) : & [[78cir [ vecor | wore || exF | DRVE | (Initial Value 00 1500)
0 : Disabl
WDTE Watchdog Timer Enable Disable RIW
1 : Enable
Watchdog Timer Control Register 2
WDTCR2 3 2 ! 0
(F797H) [wore1 | woteo Jacrmi[uacrvo] ginitial value  =»x 0000)
WDTP1 00 : TBC20 (22Wfc or 22V/fs)
Watchdog Timer 01 : TBC18 (2'%fc or 219/fs) RW
Source Clock Selection 10 0 TBCI6 (217fc or  217/fs)
WDTPQ 11 . TBCI0 (2'V/fc or 211/fs)

Watchdog Timer Control Register 3

WDTCR3 7 6 S 4 3 2 1 0
(FFFCH) [ [ [ [ I [ | | (nitial Value  waxx vaxs)
4EH : Clear binary counter (Clear code) write
WDTCR3 Watchdog Timer Controlling Code 81H : Disable watchdog (Disable code) only
Others : No meaning

MCU90-415
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3.5.3 Operation

The watchdog timer is a kind of timer which generaters an interrupt when its counter overfiows.
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 should 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
routine of watchdog timer.

The watchdog timer stops during STOP mode, 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.

(1) Watchdog timer enable/disable Control
S

disabl achdog mer, this <WDTE > should be cleared to “0” and the disable code (B1H)
should be written into the watchdog timer control register 3 (WDTCR3). To enable the watchdog timer
from disable condition, the <WDTE > only need to be setto "1".

(2) 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 1048.58 s
01 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
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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>  ccisco>
TCCR1<TOCLKY, 0> Match o
8bit Comparator
1 | Selector
Tio TRUN T
CFGTM—— <TORUN >
Selector K l;c(;;>
e <
TBCE: L] 8bit Counter (TCO) [
8C 10 TRUN<TORUN > reset - INTTO
<CLBC16> Interrupt
TCO Over flow request
TCCR1 <TMOD >
TOOTRG y ;
TBC6™ ] —_—
Selector 0 | Selector c‘ebxtCoumer(TU) 0 | Selector [——>INTT1
TBC 10—( reset Interrupt
TBC14 TRUN<TIRUN> | TRUN request
TCCRT <TIRUN> 1
TCCR1<TICLK1, 0> <TMoD> L—D_. 0 [ selector
8bit Comparator
Match I
Tccrz  TECRI TCCR
<TicL>  <CLBC> <TMOD>

Reset

Figure 3.6.1 Configuration of the Timer Counter (TC1 and TCO)
@ Up-counter

Each of the TC1 and TCO has an 8-bit up-counter which input is selected by the timer / counter control
register 1 TCCR1<TOCLK1,0> and <T1CLK1,0>.

The clock source of the TCO can be selected from internal clock TBC6 (27/fc), TBC10 (211/fc) TC1,
external clock input TI0 and CFGTM from a capture input controt circuit (CAPIN). The clock source of the
TC1 can be selected from internal clock TBC6 (27/fc), TBC10 (211/c), TBC14 (215/¢) 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>. Asthis bit is cleared by RESET, the 8-bit timer mode is selected, initially. When the 16-
bit timer mode is selected, the clock source 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’tinitialized 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 (INTTO) 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) annlrcmzosITaTRoschrrRoachnRosl'rcnRozITUTRDIITC/TRool (Initial Value 0/*0/+0/*0/+ O/~0/*0/*0/+) Read/Write

Timer Counter 1 Data Register

TREG1 7 6 5 4 3 2 1 0
(FFCBH) [Tcmm[rcmueITcmns|Tcnmalrcnms|7cnmz[rcrmu|TcnR1o| (Initial Value 0/x0/x0/=0/* O/*0/*0/+0/%} Read/Write

Timer Counter Control Register 1

TCCR1 7 [ 5 4 3 2 1 0
(FFCCH)  [eipcrs | cscr | cueco | mop [ Ticika [ T1ciko | Tocuk [vociko | (initial vValue 0000 0000)
CLBC16 16-bit Timer / Counter Clear by match 0 : Disable
1 : Enable
cLec TC1 Counter Clear by match 0 Disable
1 : Enable
CLBCO TCO Counter Clear by match 0 : Disable
1 : Enable
) . 0 : B8-bit Timer Mode
T lect
TMOD imer Mode Selection 1+ 16-bit Timer Mode
T1CLK _ gc: : :gggne (TCO Comparator output) RW
lock Selecti .
TC1 Source Clock Selection 16 : TBC10
T1CLKO 11 : TBC14
Q00 : TIO(P34input)
TOCLK1
. 01 : CFGTM (Input from CAPIN)
TCO Source Clock Selection 10 : TBCG
TOCLKO 11 : TBC10
MCU90-418
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Timer Counter Control Register 2
TCCR2 7 6 5 4 3 2 1 0
(FFD1H) { i | roc | csea [ r2c [raci [raco] qnitial value %00 0000)
a: -
TiCL TC1 Counter Clea
ounter Liear 1 : Clear {QOne-shot)
R RIW
T c :
0oCL TCO Counter Clear 1 : Clear (One-shot)
Timer Start Control Register
TRUN 7 6 S 4 3 2 1 ]
(FEDAH) [ PWMIS Trapun | "o Pr [ P2 T rarun [ Tirun [ Torun | (initial value 0000 0000)
TIRUN TC1 Count Start ? : :j_:°pt
. ar
0 : Stop
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 (TREG1), 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 ;

mMsB LSB
TRUN ¢ - - - - - -0 - StopandclearTC1
TCCR1 « -1-0 01 --: 8-bittimermode, TBC6 (8 usatfc=16 MHz)
TREGL « 0000 0101: Setdlus/TBCE=05Hto Timerregister
INTEZ « - --- -1 - - : EnableINTT1interrupt
TRUN « -———_-— - =1 - TC1 count start
Note : -;nochange

Table 3.6.1 InterruptInterval (INTTO, INTT1) and Clock Source

Timer Interrupt Interval .
(at fc= 16 MHz) Resolution Clock input
85 to 2.048 ms 8 us TBC6 (27/1¢)
128 us to 32.768 ms 128 15 TBC10 (211/f¢)
2.04Bms  to 524.288 ms 2.048 ms T8C14 (215/1c)

b.Counting up the TC1 by match signal from TCO
Set the TC1 to 8-bit timer mode and select TCO comparator autput (TOOTRG) as the TC1 clock source.
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 TI0 (P34) terminal at its rising edge. The INTTO
interrupt is generated when the counter value matches the value in TREGO.

The maximum applied frequency is f/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 ampilifier is inputted, as CFGA signal to the Capture
input control circuit (CAPIN).
The CFGA signal is divided by 2 or by passed by Capture input control circuit and mput‘ted 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>
to “1“, these timers are connected in cascade. In this mode, even if clock source is set for TC1, the clock
source of TC1 becomes TCO overflow output.

Table 3.6.2 INTT1 Interrupt Interval and Clock Source for 16-bit timer counter

I?;:;:uf 11; Lnlt,f :;?l Resolution TCO input clock

8 us to 524.29 ms 8 us TBC6 (27/f¢)
128 us to 8.39 s 128 us TBC10 (211/1c)
2.048 ms to 134.22 s 2.048 ms TBC14 (215/4¢)

To set the interval time to timer registers, lower 8-bit should be set to TREGO and higher 8-bit should
be setto TREG1 in this order.
For example, to generate INTT1 interrupt request every 0.5 s, set as following data to TREGO and
TREG1.
TBCG as clock source (8 us at 16 MHz)
0.55/8 ps = 62500 = F424H
TREGQ = 24H, TREGT = 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
INTT1 is 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

L Internal Data Bus S

TRUN <T2RUN IETREG}RD

< >

{from CAPIN) PCTLA —> & Reset

RD
TR ector 4  8bitCounter R TCCR2 <T2CL>
TBC6 — TCCR2 <CLBC2>
TBC10 —» { }
T f Match

8-bit Comparator

TCCR2 <T2CLK1, 0> INTT2 interrupt request

{} TRUN <T2RUN>

Data Register ¢ {<— TREG2-WR

7T

& 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 from the TBC6 (27/fc), TBC10 (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>.

@ Data Register (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
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 10 A
(FFCDH)  [rmray [1ermras | romras [1omrea | Tomras [Temmaz [1cmRat | TemRzo f(initial Value  O/«0/x0/+0/%  O7+0/+0/+0/+)  Read/Write

Timer Counter Control Register 2

TCCR2 7 6 .5 4 3 2 1 0
(FFCCH) ) I TiCL I ToCL ICLBCZ | v2ci |t2ck1 | m2ciko | (initial Value  **00 0000)
CLBC2 TC2 Counter Clear by match signal ‘1) g::bblf
T2CL TC2 Counter Clear ? © lear (One-shot)
T20LK1 00 : PCTLA (from CAPIN) RW
TC2 Source Clock Selection . 10: TBC(G input)
T2CLKO 11 : TBC10
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 0 _
(FFDaH) PN T rapu [ PRt | P | P [ r2zeun | viRun | Torun | ginitiad value 0000 0000)
ITZRUN |TC2 count start I ? ngt I RIW |

(3) Operation

@ Geneérating 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 - —: StopandclearTC2
TCCR2 ¢«  —-—--— 1210 : TBC6(8usat16MHz)
TREG2Z « 0000 010 1: SetTREG2("O5H" =40 us/TBC6)
INTE2 ¢ - - - - 1 - - —: EnableiNTT2
TRUN ¢ ---- —1--_: StantTQ2

Comment: »: Don'tcare, -: no change

Table 3.6.2 Interrupt interval (INTT2) and Clock Source

Timer interrupt Interval Resolution Clock Input
{at fc=16 MHz)
8 us to 2.048 ms B us TBC6 (27/fc)
128 us to 32.768 ms 128 15 TBC10 (211/f¢)
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 f/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-bit
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
TRUN <T3RUN> IETREG;'RD
<
TBC2—> | /Rei
RD
TBC6—>  ector ¢  8bitCounter R TCCR3 <T3CL>
TBC11 —>= Over flow TCCR2 <T3MOD >
TI3—>
(from P24)
TCCR3 <T3CLK1, 0> = }
>
‘ . Match - —> INTT3
8bit Comparator | |, [Selector Interrupt
= TRUN <T3RUN>
TCCR3 < TR3DE>
Data Register é Selector TCCR3 <TFF3IE>
(double buffer) ¢
TREG3-WR <trrsc> =l oL 103
<TFF3CO0> —> (to P35)

S Internal Data Bus S

Figure 3.6.3 Configuration of the Timer Counter 3
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@ 8-bitup-counter

it is 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), TBC6 (27/fc), TBC11 (212/fc) and the external
input TI3 (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<TFF3lE> =“1". When <TFF3IE> = "0”, the flip-flop is disabled. The output of flip-flop can be
outputted to TO3 (P35). This TFF output is controlled 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>.
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(2) Control Registers

Timer Counter 3 Data Register
TREG3 7 6 5 4 3 2 1 0
(FFD2H)  [rcrraz | Temras [remras [ romraa | torras [ TomRaz [ Tomran [crrso(initial value  0707x0/x0/ O/*0/*0/+0/*)  Read/Write

Timer Counter Control Register 3

TCCR3 7 6 5 4 3 2 1 0
(FFO3H) | rr3pe | trrac | 7rraco [ Trrae [7amoo | 73cL r3cix [13cixo | (Initial Value 0**0 0000}

L . . 0 : Writing data to TREG3
TR3DE TREG3 sifting Trigger Selection RIW
1 1 Overflow of up-counter
00 : invertthe output(TO3
TFF3C1 v output (TO3) '
. 01 : Setto"1” write
TC3 Flip-flop (TFF) Control
TFF3CO 10 : Resetto "0 only
11 : Keep TO3 output
. . 0 : Disable
TFF3IE Timer Filp-Flop Invert Enable
1 Enable
. 0 : PWM mode
T3MOD TC3 Mode Selection !
1 : Timer mode
0: -
T3CL TC3 Counter Clear R/W
1 : Clear (One-shot)
T3CLK1 00 : TBC2
TC3 Clock S Selecti 01 : TBC6
oc e Selection
ource >¢ ! 10 : TBC11
T3CLKO )
11 : Ti3 (Input P24 pin)
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 4
(FFoa) [PV [ vsrun | T | RO | aiw: | T2RUN | T1RUN | TORUN | (Initial Value 00#* 0000)
0 : Stop
T3RUN TC3 count Start R/W
1 Start
MCU90-425
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(3) Operation

@® Timer Mode _
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,

MSB LSB
TRUN ¢« -0-- - --—-: StopandclearTC3
TCCR3 « 0110 1001 : SettimermodeandTBC6(8usat16MHz)
TREG3 « 0000 0101: Set TREG3 to “20H" =256 us/TBC6
INTCR « - - -- —--0-:
INTEZ € — — =1 — = ——: }Enable INTT3 interrupt
TRUN ¢« —-1-- - - - —: StartTC3

Note : —; no change

Table 3.6.4 INTT3 Interrupt interval and Source Clock
Interrupt interval

(at fc = 16 MHz) Resolution Clock Input
0.5 w5 ~ 128 s 0.5 s TBC2  (23/fc)
8 um ~ 2.048 ms 8 us TBC6  (27/1c)
2564  ~ 65.536 ms 256 us TBC11  (212/1c)

b. Using TC3 as an 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 fc/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).

MCU90-426
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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 TO3 (P35). The output
flips when up-counter matches TREG3 and it's overflow. When TC3 is used as PWM output, setting
TC3CR<TFF3IE> and <TR3DE> to “1”. Following is a timing chart for PWM mode.

v counter X Tre X e X oo XCor XTOX X XX Xoo Xar)
Il d (. n

Over flow . £
(
) ) )
Match signal . n (0 (¢ rL
1)) ) )
INTT3 N » . [L

S~ 4 i > 33

TREG3 (first) = X ) bb " ) & A

) 37 )) ~

£ g ree

TREGS3 (second) X N aa ( X ((__bb
R 3 )
« «

TO3 output | /) | ([ ] ” L

Figure 3.6.4 Timercounter3 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 buffers.

3.7.1 Capture Input Control Circuit (CAPIN)

Capture input control 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 control circuit and capture 2 input control circuit.

CAPICRS CAPICR4 VIVACR2
<CTLSEL> <CT|LEG> <co|v|>
cun >—1 1
; Sell
{from P30) Selector Selector s;b't progran.'nr_nable I—o elector
requency divider
CTLoUT
(from CTL Amp.) CAPICR1
<CAPO3E>

PCTLA CAPICR2
{to VIVA, TC2) <PCPRS~0>

CAPICR4 CAPICR4

< EX1[‘EG> <EXTVS>
EXT Selector —J_ Selector
{from P34) Q .

- CAPICR1
<CAPQSE>
VSYNC > ) I cTL
{from CSYNC)
CAPCR1
<CAPO2E> EXTIVS

RMTU

{from RMTIN)

RMTD

]

—_— VS

(from RMTIN)

ACCK

(from ACCK)

N R GG

(a) Capture 0 (CAPO) input control circuit

CAPICR1

< CAPOOE >

» RMTU
CAPICR1
<CAPO1E> RMTD
) ACCK
CAPICR1 {to CAPQ)
<CAPO4E>
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3-bit programmable
DFGPG Selector —'
frequency divider DFGPG
(from P31) quency {to CAP1)
CAPIICR4 CAPICR3 CAPICRI
<DFGPGEG> <DPCP2t0 0> <CAPIE>
(b) Capture 1 (CAP1) input control circuit
CAPICR4 CAPICR4
<CFGiNPR> <CFGEG>
12
CFGA >—9 Selector Selector _4 6-bit programmable H
{from CFG Amp.) frequ?dl\f}tder
CFGTM CAPICR2
(to TCQ/TC1) <PCPR5 to 0> VIVACR2
<MSK>
«
Reset
Selector CFG
s - 0 l: (to CAP2)
R Q j CAPICR1
<CAP2E>
R TBCE2* Mask F/F
" CFG fla
TBC8 - 4-bit counter <
E Q —— CAPICRS
I: R <CFGMCP >
CAPCR
<CFGCL>

{c) Capture 2 (CAP2) input control circuit

Figure 3.7.1 Capture input control circuit T

(1)  Capture 0 (CAPO) input Control

@ Remote control signal leading edge (RMTU)
This is the leading edge signal of the remote control signal detected by the remote control signal
input circuit (RMTIN).
Enabling this trigger input to capture 0 (CAPQ) is controlled by Capture input control register 1
CAPICR1<CAPOOE>.
@ Remote control signal trailing edge (RMTD)
This is the trailing edge signal of the remote control signal detected by the remote control signal
input circuit (RMTIN).
Enabling this trigger input to capture 0 (CAPO) is controlled by Capture input contral register 1
CAPICR1<CAPQ1E>.
@ Sync. separation input (VS)
This is the vertical Synchronizing signal (VSYNC) separated from Composite Sync signal by Sync
signal sparator (CSYNC).
Enabling this trigger input to capture 0 (CAPO) controlled by CAPICR1<CAPO2E>.

MCU90-429
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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 (CAPICRS) <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 ratio can be set by the capture input control 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>.
® ACClock 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 (CAPOQ) is controlled by CAPICR1 < CAPQ4E>.
® External Input/V-sync Input (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 (CAPQ) is controlled by CAPICR1 <CAPO5E>.
a. External input (EXT)
This is the external trigger input that is inputted from the P34 (TI0/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 compaosite
synchronizing signal by the Sync signal separator (CSYNC).

(2) Capture 1(CAP 1) Input Control

The trigger of capture 1 (CAP1) is a cylinder speed and phase sighal (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
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(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 (CAPICR4). Either the leading edge or both the leading and trailing edges of the CFGA signal
can be selected by CAPICR4<CFGEG>. The detected signal can be divided by a 6-bit programmable
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 processing or by passing
it can be selected by <MSK> of VISS/VASS control register 2 (VIVACR2).

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

Fig. 3.7.2 shows the timing chart for capture 2 input control.

CFGA input L ﬂ ﬂ n

(from CFG ampilifier)

4-bit counter N0 DD DD ANDIDIDIDDDDD WD
Mask F/F I | __]

CFG (to CAP2) n ﬂ 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) [ capze [ caie | capose [ caroat [ capose [ caroze [ capoie [ carooe | (initialvalue 0000 0000)
Enable/disable the capture 2 (CAP2) 0 : Disable
CAPZE K .
trigger input 1 : Enable
CAPIE Er‘lablel.disablethe capture 1 (CAP1) 0 : Disable RW
trigger input 1 : Enable
CAPOSEto | Enable/disable the capture 0 (CAPQ) 0 : Disable
CAPQOE trigger input 1 : Enable
Capture input control register 2
CAPICR2 7 6 5 4 3 2 1 0
(FrreH)  [TFCTL T PCTL Tocers | pcpra | pepr3 | pcpRa | pePRi | PCPRO | (Initial value 0000 0000)
. Setting the frequency division ratio {from 1/1 to 1/64;
PCPRS to Control of 6-bit programmable . 9 quency divisi o )
. for CTLIN (from P30) / CLTQUT (from CTL amp.) and RIW
PCPRO frequency divider
CFGA (from CFG amp.)
Capture input control register 3
CAPICR3 X 7 6 5 4 R 3 2 1 0
(FFE7H) ;"5 & I DPCP2 ] opcP1 | OPCPO | (initial value  *xxx x000)
DPCP2 to Control of 3-bit programmable Setting the frequency division ratio of DFGPG (from W
DPCPO frequency divider [ P31) from 17110 1/8
Capture input control register 4
CAPICR4 7 6 5 4 3 2 1 0
(FFFOH) [exavs [ exres [ %% [ G [ craes [ cries | anitial value  ++00 0000)
EXTVS EXT/VS (to CAPO) input selection 0 @ Input VSYNC (from CSYNC)
P 1 : Input EXT (from P34)
EXTEG Edge selection for EXT input (from 0 : Leading edge
P34) 1 : Trailing edge
Edge selection for DFGPG input (from 0 : Leading edge
DFGPGEG | .o ! putt ing egg
P31) 1 : Trailing edge RW
CFGWPR Frequency division ratio selection for 0 : 111 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 : Bothedges
Capture input control register 5
CAPICRS 7 6 5 43 2 1 0
(FFFAH) [eruser [ rmrst [ awreo [acckee | amer Jceamce] (mitial value  +x00 0000)
0 : CTLOUT (from CTL amplifier,
( amplifier) RIW

CTLSEL Selection of CTL input (to CAPQ
election of CTLinput ) CTLIN (from P30)

CFGMCP CFG flag

1
0 : Normal operation (no CFGA in mask interval) | read
1 Errar detected (CFGA inputin mask interval) only
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Capture control register

CAPCR 7 6 5 4 3 2 1 0

(FFBEH) | CAPIT T SREIT ] capce [ wiskrs [vasers | Terso | crocr | carns | qnitial value 0000 0000)

0: -

CFGCL Clear CFG fia Rrw
9 1 : Clear {(one-shot)

VISS/VASS control register 2

VIVACR2 7 6 5 4 3 2 1 0
(FFFSH)  [ocripo | ST [0V | MiSK | visss | vissz | visst | visso | (initial value 0000 0000)
BV Control of frequency division of CTLIN 0 : Frequency division from 1/1 to 1/64
(from P30)/ CTLOUT (from CTL amp.) 1 : Bypass RAW
R Mask control of CFGA signal (from CFG 0 : With noise Mask
amplifier) 1 : Bypass
3.7.2 Capture 0 (CAPQ)
(from CAPIN)
v
>
=2 a > N
=
SSwiP 9k
TBC3 to TBC20 ©x>U quw
aNaNANAY R ™
L
: full
24-bit 8-stage FIFO buffer
s : / (S FIFO
control {empty INTCAPO
(18-bit timing data) i (6-bit trigger data) interruption
u : request
CAPOL CAPOM CAPOH CAPOH CAPFST Read-out of CAPGH
<CAPODO to 7> <CAPOD8 to 15> <CAPOD16to 17> <CAPOTOto5> <CAPFOto 7>

Figure 3.7.3 Structure of Capture 0

(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 memory addresses FFB7H,
FFB8H and FFBYH in this order.

MCU90-433
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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 FIFO 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 aperations 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 INTCAPO
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 0 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 INTCAPOQ interruption request signal is maintained in an active state until the FIFO
status register reaches "00H"” (empty).

Once INTCAPQ interruption is received, capture data in CAPOL, CAPOM and CAPOH <CAPOD16 to
17> and trigger input data in CAPOH<CAPQTO to 5> can be read-out and verified the time data
and interrupt sources.

INTCAPO interruption requests are canceled by reading out the FIFO buffer until the content of
the FIFO status register reaches “00H" 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 input signal 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.

MCU90-434
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(2) Control Register
Capture 0 FIFO status register
CAPFST 7 6 5 4 3 2 1 Q
(FFB6H) [ capr7 | caprs | caprs | capra | capr3 | caprz | capr1 | carro (Initial value 0000 0000)
(8th stage) | (7th stage) | (6th stage) | (Sthstage) | {4th 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
CAPOL 7 6 S 4 3 2 1 0
(FFB7H) | capon7 | carons | capops | capops | capona [caponz | caropt [capooo| (initialvalue  *++» *=+x)  read only
(T8C10) | (TBC9) | (TBCB) | (TBC7) | (TBCS) | (TBCS) | (TBCA) | (TBC3)
Capture 0 data register - middle order
CAPOM 7 6 5 4 3 2 1 0
(FPBEH) [N | B | D15 | B0 | D0 [ ©o | o8’ | be” | Unitialvalue axx xxxs)  readonly
(TBC18) | (TBC17) | (TBC16) | (TBC15) | (TBC14) | (TBCI3) | (TBC12) | (TBC11)
Capture 0 data register - high order
7 6 S 4 3 2 1 0
CAPOH Cg:“T'SS capota | carars | carorz | capoti [caroto | DFF | DNE | (nitial value  #exx wxxx)  read only
(FFBOH) vsy | (accq | (T (vs) | (RMTD) | (RMTD) | (TBC19) | (TBC20)
CAPOTS to X ., 0 : notriggerinput read
Trigger input status K g
CAPOTO 1 trigger input only
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 FIFO counter/status clear R/W
1 clear (one-shot)
MCU90-435
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3.7.3 Capture 1/Capture 2 (CAP1/CAP2)

TBC1to TBC16

{} ] DFGPG(from CAPIN)
16-bit data buffer ‘G-_—Jod q °
R G_j— CAPCR <CAPCL>

Read-out of CAP1H

CAPIL CAP1H

<CAP1DOt0 75> <CAP1D8 10 15> CAPCR <CAPIT>

:[>—————' INTCAP1 interruption

request

TBC1to TBC16

{} CFG(from CAPIN)
16-bit data buffer _G-_—LQ q ° _]
R ﬂ:l— CAPCR <CAPCL>

Read-out of CAP2H

CAP2L CAP2H

<CAP20010 7> <CAP2D8t0 155> CAPCR <CAP2T>

Fig. 3.7.4 Structure of Capture 1/Capture 2
(1)  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 onto <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 CAP1L and 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.

e
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® INTCAP1 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> to “0,” or by writing <CAPCL> of CAPCRto “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) [ capio? [carios]carins |capioa|capin: [cartoz [cap101 ]| caribo (initiat value  *xxx xxxx) read only
(t8c8) | (18C7) | (18CH) | (TRCS) | (T8Ca) | (TBC3) | (TBC2) | (TBCY)

Capture 1 data register - high order

CAP1H 7 [ 5 4 3 2 1 Q
3] i P BT APT .
Craee) [T T T T 20 | o | B | B | 5T [ 57| Gnitalvalue  ae snes)  readony

{TBC16) | (TBC15) | (TBC14) [ (TBC13) { (TBC12) | (TBC11) | (TBC10) | (TBCY)

Capture control register

CAPCR 7 6 5 4 3 2 1 0

(FFBER) | ST [ Srenm] capct | wisers [vasres | Torso | cracl | carms | (Initial value 0000 0000)

CEG)
CAPIT 0 : Notriggerinput read
CAP1 trigger input status . 99 P
(DFGPG) 1 : Triggerinput only
0: -
CAPCL CAP1/CAP2 status clear R/W
1 Clear (one-shot)

@ Control register of capture 2

Capture 2 dataregister low order

CAP2L 7 6 5 4 3 2 1 0
(FFBCH) | cap2p7|capane [cap20s [ capzpa|capzoz[capzn2 | capan1 |car200 (initial value  *=+x xxx%) read only
(recs) | (8c7) | (18Cey | (TBCS) | (TBCA) | (TBC3) | (vBC) | (TBCY)

Capture 2 data register high order

CAP2H 7 6 5 4 3 2 1 0
(FFBDH) %\1"52 c@‘? C&sz %ﬁpzz Gz CS%Z CSSZ CSQZ (Initial value  *x*x xxxx)  read only

(TBC16) | {TBCIS) | (TBC14)} | (TBC13) | (TBC12) [ (TBC11) | (TBC10) | (TBCY)

Capture control register

CAPCR 7 6 5 4 3 2 1

(Freer) [ ey |Seeati[ carct | wiseas [vasrrs | temso [ crocL | carrs | (initialvalue 0000 0000)

CAP2T Capture 2 tri X ¢ stat 0 : Notriggerinput read
apture 2 trigger input status
(CFG) ptu . P 1 : Triggerinput only
0: -
CAPCL CAP1/CAP2 status clear RIW
1 Clear (one-shot)
MCUS0-437
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3.8 AC CLOCK INPUT CIRCUIT (ACCK)

AC clock input circuit (ACCK) is a digital noise canceler that samples the AC signal 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 0 (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.

4bit Shift Register Rp——  ACCR

D
(from P33) K CAPICRS
TBC10 >—— l CACCKST> <ACCKBP>
Izz:; ’ Selector |
’ all 1 Selector |—» ACCK
TBC13 >—— Comparator circuit allo Q (to CAPIN)

1

ACCK

-]

ACCR <ACKS0>
ACCR <ACKS1>

Fig. 3.8.1 Structure of AC Clock Input Circuit

3.8.2 Control Register

AC clock input control register
ACCR 7 [3 5 4 . 3 2 1 0

(F792H) [acckst] acks1 | ackso | (initial value  *x+ +000)
ACCKST Start/stop AC clock samplin 0 : Stop
1
P pling 1 : Start
Q0 : TBC10
ACKS1 RW
Selecti f AC clock sampli . 01 TBC
el no ing rate
et piing 10 : TBCI12
ACKSO
11 : TBC13
Capture input control register 5
CAPICRS 7 6 s 4 3 2 1 0
(FFFAH) ] | cruseL | RmrsT [ rmveo Jaccker] rmree | cromee | (initial vatue  ++00 0000)
. 0 : Sampling
ACCKBP AC Clock input control RIW
1 : Bypass
MCU90-438
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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 flop is
resetted to “0” and shift operations stop.

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

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

<ACKS1, 0> sampling clock Minimu::;’;;;’:i:;r::?arded
00 TBC10=fc/2" 2"/ fcx 4(0.512 ms)
0 TBC11=fc/2% 2% /e x 4(1.024 ms)
10 TBC12 = fc/2" 2 /fcx 4 (2.048 ms)
1 TBC13=fc/2" 2'*7fc x4 (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

ACCK terminal I

input

]

]

]
Samplingclock|||:|l|||||||l|sl||||||II|||

[4):]e] '

' 1
RS flip-flop ; !
r 1
' 1

1

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 remote 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,
comparator and RS flip-flop.
Fig. 3.9.1 shows the configuration of the remate control signal input circuit.

Reset )——————— = pmmmmm oo oo oo eeoommecomoaen 1
< Loss recovery circuit> |
1
CAPICRS !
<RMTST>

1

)

)

TBC6 i

CAPICRS H
<RMTPO> 4-bit counter H
RMTIN D R :
(from P32) { } E
€ o —1>— 5

TBC4 Comparator — D Q s !

R Q H

R ]

1

i

RMTCR<RMTDO to 3> ’— i

[}

Fl

TBC9
Lr

' ]
] ]
1 b
' '
' ]
t [}
: :
H 4-bit counter H
1 1}
t 1
1} )
t ]
i { } :
i C )
H Comparator 0o Q S :
i R Q H
' R )
i |
' RMTCR<RMTD4 to 7> '
1 1
1 1

H

CAPICRS
<RMTBP>

(to CAPIN)

Selector

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)  [rmo7 [ RviTos [ RmTDs [ RmTo4 | RMTO3 [ RMTD2 [ rmTos [Rwto0 | (Initial value 0000 0000)
RMTD7 . ) . Setting of comparative value of 4-bit counter
Width of noise cancellation i R L
to RMTD4 (noise cancellation circuit)
RMTD3 . Setting of comparative value of 4-bit counter
Width of loss recovery o
to RMTDO {loss recovery circuit)
Capture input control register 5
CAPICR5 . 5 4 3 2 1 0
(FFFAH) [crusec [rmrst [rmreo Jacckee [ amree Jeramer] (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 i I gr: ’ 1 N ti
signal inpu . Negative
9 P 9 - - RIW
0 : Lossrecovery and noise cancellation
RMITEP 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 s when operating at 16 MHz) of the Time base counter output. So,
<RMTD3 to RMTDO> 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 RMTD0 >, 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).

MCU90-441
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{3) Operation of the noise cancellation circuit

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 control signal input control register
RMTCR <RMTD7 to RMTD4>. ) -
The 4-bit counter counts TBC9 (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 output the “RMTU” signal to capture input
control circuit (CAPIN).

(4) 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 (CAPO) 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 canceliation operation, and when
CAPICR5 <RMTBP> is set to “1”, the remote cantrol 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.

RMTIN _r_u U | 1

<Loss recovery circuit>

4-bit counter [ l I [l] m ” ” I ” H ” l ”I ” ””””” ” ””]

<RMTPO>="0"

Comparator output

Flip-flop I

Sl cancellaton > AL

Comparator output I ;’ \) }
Flip-flop L 4” ‘i’/

g (
3

RMTD

Fig. 3.9.2 Remote Contral Signal Input Circuit Timing Chart

MCU90-442

E 9097249 0043709 331 W

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90CR74A

3.10 TIMING PULSE GENERATOR (TPG)

In order to generate the various timing pulses necessary for VTR system control, the TMIP9OCR74A 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 operating at 16 MHz).

3.10.1 Timing Pulse Generator 0 (TPGQ)

(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
<TPGODO to 7> <TPGOD8 to 15> <TPGDOO to 05>
Writing of TPGODR

FIED ful TPGOCR

22-bit 4-stage FIFO buffer R <TPFULO>
. control empty

. : TPGOCR

(16-bit timing data) i {6-bitoutput data) <TPEMPO>

Reset
®~~<1"’: CAPCR
Q

<TPRSO>
TPGOCR
- — <FEMPIE>
16-bit comparator circuit Writing of
TPGODR

Imatch

NS
{? Output data buffer :,:‘tT;F:S&
request
TBC3to TBC18
| Edge selection INTCR
I <INTTPGOS >
INTCR
<INTTPGOE >
I TPGOO (to P20)
I~ TPGO1 (to P21, VA SWP, TP)
N TPGO2 (to PV/BLK)
N TPGO3 (to VA SWP, TP, VTP, HA/CR)
N TPGOA4 (to PV/BLK, OSD)
g

TPGOS5 (to HA/CR)

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

@®  22-bit4-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 FIFO 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 (TPGODRY) 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 TPGOS.

@  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 FIFO
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 TPGOO to TPGOS outputs are changed. When resetting, this buffer is cleared to “0”
and TPGO0O 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 <TPFO1,
TPFOO> 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 set to “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 0 interrupt (INTTPGO)

When the contents of the FIFO 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
<TPRSO>, it can be disabled (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 TPG03 can be selected by
<INTTPGOE > of interrupt control register (INTCR). To enable or disable INTTPGO (TPGO3) interrupt
request can be selected using INTCR <INTTPGOS >.

INTTPGO interrupt request is generated as logical-OR with INTTPGO (empty) interrupt request and
INTTPGO (TPGO3) interrupt request.

MCU90-444
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(3) Control Register

TPGO control register

TPGOR 7 6 5. 4 3 2 1 0
(FFEAH) [ Femeie [eruro [remeo] trrot [ tero0 | (initiat value *x+0 0100)
Enabling of INTTPGO (empty) interrupt 0: - i
FEMPIE 9 (empty) up write
request 1 : Enable only
0: -
TPFULO TPGQ  FIFO fuli flag
1 : FIFOfull
0: -
TPEMPO TPGG  FIFO empty flag
1 : FIFO empty read
00 : full
TPFO1 EmpTy or ful _ only
01 : Retained datais 1 word
TPGO  FIFO status flag 10 : Retained data is 2 d
TPFOO = etaine ata !5 words
11 : Retained datais 3 words
TPGO lower timing data register
TPGOL 7 6 5 4 3 2 1 Q
(FFEBH) lTPGOD7lTPGDDG|TPGODSITPGODQITPGOD$]TPGODZITPGOD'I |TPGO§] (Initial value *xxx* xxx+) Write only
TPGO higher timing data register
TPGOH 7 2 1 0
¢rech) [ 990 1 Té’ﬁ? [ ‘5?3" [ Topfz" ’5’?1“ 10 | 03" | 58" | tmitial value sxxs waws) Write only
TPGO output data register
TPGODR 7 6 5 4 3 2 1
(FFEDH) . & [7ro0s [ TpGo0a [ Trap03 [ TPan02 [ TPaD01 [TPaD00| (Initialvalue xxxx sxxs) Write only
Capture control register
CAPCR
(FFBEH) c{g‘“’é; {ECAQP”QI capct | visers IVASFRSI PRS0 | CFGCL | carrs [
Q -
TPRSO Clearing of FIFO address and disabling 1 ¢ Clearing of FIFO address and disabling of
of INTTPGO {empty) interrupt request INTTPGO (empty) interrupt request
(one-shot)
Interrupt control register
INTCR 7 6 5
(F78FH) [cu«:xl roE | ,','\épé | "";Eg IT3ADS TODIRS | (Initial value *+00 0000)
INTTPGO (TPGO3) interrupt : Leading edge of TPG0O3
INTTPGOE .
Edge selection 1 . Trailing edge of TPGO3
Enabling/disenabling of INTTPGO 0 : Disable
INTTPGOS N
(TPGO3) interrupt request 1 : Enable
MCUS0-445
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{4) Output of timing pulse generator 0

® TPGOO
TPGOO is outputted from P20 (TPGOO) pin.
(Refer to 3.21.3 P2 Port.)

@ TPGO1
TPGO1 can be used as AFF (audio head switching) signal.
TPGO1 is outputted from P21 (TPGO1) pin. And TPGO1 controls VASWP output and TPQ to TP3
output.
(Refer to 3.21.3 P2 Port, 3.13.4 Control of VASWP Output and 3.10.3 Timing Pulse Output.)

® TPGO2
TPGO2 controls the pseudo synchronizing signal output (PV).
(Refer to 3.15 Pseudo Synchronizing Signal Output 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
TPGO4 controls the pseudo synchronizing signal output (PV).
(Refer to 3.15 Pseudo Synchronizing Signal Output Circuit and 3.16 On-screen Display Circuit.

® TPGOS
TPGO5 controls HA/CR output.
(Refer to 3.13 Head Amplifier (HA) /Color Rotary (CR) Control Circuit.

MCU90-446
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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 TPG1DR
<TPGiDOto 7> <TPG1DBto 15> <TPGD10to 3>

20-bit data register :
(16-bit timing data) H (4-bit output data)
16-bit comparator circuit match,

J INTTPG1 interruption request

SN
{? t)utput data buffer

TBC3to TBC18

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

TPG13 (Non connect)

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

®  20-bitdata 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”.

MCU90-447
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(3) Control register

TPG1 lower timing data register

TPG1L 7 6 5 4 3 2 1 0
(FFEEH)  [1pG107 [1pa106 [TrG105 | TrG104 [ TRG103 | TPG102 [ TPG101 [TPG100] (Initial vatue 0000 0000) Write only

TPG1 higher timing data register

TPG1H 7 6 5 4 3 2 1 0
(FFEFH) [TFG1D15[TPG1D|4!TPG1Di3}'|‘PG1D12ITPGiD11}TPG1D10|TPG1DQITPGIDBI (Initial value 0000 0000) Write only

TPG1 output data register

TPG1DR . 7 6 5 4 3 2 1 0
(FFFOH) - [TPGDBITPGDIZ[TPGDH ITPGDIOl (Initial value **** 0D00) Write only

(4) Output of timing pulse generator 1
@ TPG1O
TPG10 controls the recording amplifier for CTL signal.
(Refer to 3.20 Servo Control Ampilifier.)

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

® TPG12
TPG12 can be output from TPG12 (P36) pin.
(Refer to 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 (refer to 3.13.4 Control of
VASWP Output).
In addition, timing pulses synchronized with the AFF signal or DFF signal can be output from TPO to TP3
pins, and timing pulses synchronized with the DFF signal can be output from VTPO to 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 (TPGOO)
TPY P21 (TPGO1) -
P2 P24(TI3)
T3 P36 (T12/TO3)
VTPO P52 (SDAO/ RXD2)
VTP1 P53 (SCLO/SCLK2)
VTP2 P54 (TXD2)
VTP3 P22 (CR)
VTPA 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 OUTPUT (PWM)

The TMP90CR74A 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 channe! 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 (PWMO0, PWM1)

PWMO and PWM1 are controlled by data register (PWMOL/PWMOH and PWM1 L/PWM1H), PWM control
register (PWMCR) and timer start register (TRUN). By setting PWMCR <PWMO1M>, the carrier
frequency can be selected from 20.83 kHz or 41.67 kHz (When operating at 16 MHz).

Phase difference with PWMO0 and PWM1 is half cycle (180°%). Further, the PWMO output is connected to
the CAPFER (P37) pin, generating a timing pulse synchronized to PWMO is possible. (Refer to Section
3.21.4P3 Port.)

(1) Configuration
Figure 3.11.1 shows the configuration of the 12-bit PWIM. They show in case that <PWMO01M > is set
to “0” or 1",
) Internal Data Bus S
Writing of PWMOQL
Writing of PWM 1L
Writing of PWIMOH
Writing of PWM1H
~N_ 7
L{a"s 677 Io'1'2'3] La‘z‘ﬂoloa(akegmr
1 1 ! 1 1 1 H 1 1

Data Latch

Q T T T ! T 1 T T T T
reset —7ye OO b [ ] ety

TRUN <PWMORUN>
FIF TRUN <PWMI1RUN>

Match

Comparator R
Q PWMO
5 (to PWMO, P37)
PWM1
\ (to PWM1)

Additional Bit
ALL “0Q" Generator

TRUN<PWMORUN >
TRUN<PWM1IRUN>
TRUN < PWM2RUN>

fc

hN
L2
g
L=
Qd
©
L]
3
L=
B

(a) Carrier frequency is 20.83 kHz (PWMCR <PWMO1M > =0)
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S internal Data Bus 43

Writing of PWMOL
Writing of PWM1L
Writing of PWMOH

Writing of PWMtH
_,|5's'7| Io‘1‘2'3j Ia'3'2'1
1 1. 1

11 1

< 4L 1L

LN S S R R | T T
Reset _l:D Q @Tf L, ()‘:ighelrdalta). | rl l(Lo»:zen{ata) Data Latch
[

TRUN <PWMORUN>

To
) | Data Register

w

=

Ff/F TRUN <PWM1RUN>
Comparator Match R
Q PWMO
S (to PWMO, P37)
PWM1
. {to PWM1)
Additional 8it
ALL*1" ALL™0" | Generator

TRUN <PWMORUN>
TRUN<PWM1IRUN>
TRUN <PWM2RUN >

fc

i

T L T T T !
¢ 12bit Counter
L 1 1 1 1 1 I

(b) Carrier frequency is 41.67 kHz (PWMCR <PWMO1M> =1)
Figure 3.11.1 12-bit pulse width modulation output (PWMO/PWM1)

(2) Control of PWM output

The PWMO and PWM1 outputs are 12-bit resofution pulse outputs whose one cycle is TM = 212 /(fc/3)
fs]. The carrier frequency can be selected from Ts = Tm/16 [s] (20.83 kHz when operating at 16 MHz) or Ts
= Tm/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 PWM 1L, 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/ (fv3) ) [s], and additional pulse (10 [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].

PWMOQ and PWM1 are triggered to start outputting by setting the TRUN <PWMORUN and
PWM1RUN> to “1”. Phase difference with PWMO and PWM1 is half cycle (180°).

by 1Cm ner.com El ectronic-Library Service CopyRi ght 2003

MCU90-450
B 9097249 0043717 40a EA



TOSHIBA

TMP90CR74A
Figure 3.11.2 shows a timing chart of the 12-bit pulse width modulation outputs.
TM=16Tsor32Ts
Ts (0) Ts (1) Ts(1Sor31)
nxty «

PWMO

(PWM1)
—
Pulse width = nx ty l Pulsemdth:(nfl)xu —J
——

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) [[PWNT T PRI TPWM [ PWI T PWET T PR T EWIT T TWIT | (initial value *x++ ax+*) Write only
PWM 0 Higher Data Register

PWMOH 7 B .
(FFD6H) i

3
PWM | PW .
0011 QD% PWM | oD ﬂ ' (Initial value *#*xx xxxx) Write only

PWM 1 Lower Data Register

PWMIL

(FFD7H) IW"' [ "1“3“5‘ ‘1”&“5” [ "1“5“4" [ “%5“ | "Y.!%" | "¥c”>'¥' PING ] (initial value awss sxwx) Write only
PWM 1 Higher Data Register

PWM1H 7 6 5 4 3 2 Al 0

(FF08H) T T TP T 7] Gnitalvalue ees axex) Wrte only

Timer Start Control Register

TRUN 7 6 5 4 3 2 1 0
(FFDAaH) VORAT T PWMD T PWMZ T rarun | T1run | TorUN | (Initial value 0000 0000)
0 : Sto|
PWMI1RUN | PWMI1 Start/Stop P
. 1 : Start
0 : Sto| Rw
PWMORUN | PWMO Start/ Stop . P
1 Start
PWM Control Register '
PWMCR 7 5 4 3 2 1 0
(F793H) [ %"1\’“';," | EE}T [svncro [rwmseLpwmpospwiaros] qum (Initial value +000 0000)
PWMOIM | PWMO,1 Carrier Selection 0 : Ts=2083kHz (atfc=16MHz)
,1 Carri
1 : Ts=41.67 kHz (atfc= 16 [MHz])
. . 0 : Positive
PWMPO1 PWM1 Output polarity selection RAW
1 : Inverted
. . 0 : Positive
PWMPOQ PWMO Output polarity selection
1 : Inverted
Open-drain control register 1
ODMCR1 7 6 5 4 3 2 1 0
(F789H) }:wmoc]uwmoocl P370C | P240C | £230C | P220C | P210C | P200C | (Initial value 0000 0000}
) 0 : Push-pull'output
PWM10C PWM!1 open-drain control i
Open-drain output RW

PWMOOC PWMO open-drain control

1
0 : Push-pull output
1 Open-drain output

MCUS0-452
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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 PWM 1 output ports.

OSCEB
PWMQ (from PWMQ)
PWM1 (from PWM 1) ﬂ PWMO

L PWMI1

PWMCR < PWMPO0 >
PWMCR<PWMPO1 >

TRUN <PWMORUN>
TRUN<PWM1RUN>

ODMCR1<PWMOOC>
ODMCR1 <PWM10C>

Figure 3.11.3 PWMO and PWM1 output 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
<PWMTRUN> 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) <PWMPQOO> and <PWMPO1> to “1“.

MCU90-453
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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.

Sﬁ Internal Data Bus 48

Writing of PWM2DR 7: 6: s 432 ) olDataRegister

S
Q
Reset E ER T SR T TR T N 1 ]DataLau:h

TRUN <PWM2RUN>

watch F/F

atcl

Comparator >

p R Q PWM2

s (to P74)

ALL“1” ALL“0"

TRUN <PWMORUN> ™7 T 7 T T T T T T

TRUN<PWMI1RUN> I¢ 12bit Counter J

TRUN <PWMZRUN> L et

fc

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 (tg = 1/ (fc/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.
PWM?2 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.

™

nxtg

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

PWNM2DR 7 6 5 4 3 2 1 0
PWM PWM PWM PWM P! PWM ™M I3 cer . .
(FFDIH) [ 207 | 206 | 205 208 | 203 | 203 | o0 zquarén—l (nitial value *xx» xxxx) Write only

Timer Start Control Register

TRUN 7 6 5 4 3 2 1 0
(FFDAH) | P [ rarun | Tn' | Poome | "eons | T2runs [ T1run [ ToruN | (initial vatue 0000 0000)
0 : Stop
lPWMZRUN IPWIVIZ Start/Stop l 1. start | R/W )
PWM control register
PWMCR 7 6 5 4 3 2 1 0
(F793H) F | SGaT [svnceo [pwmse pwmpodpwapoipwmpod (initial vatue 000 0000)
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
4 3 2. 1 Q
~ |Lpraoc | pssoc | essoc | essoc | ps2oc | (initiat value  +x200000)

0 : Push-pull output
1 : Open-drain output

ODMCR2
(F78AH)

IP740C IP74 open-drain control I RIW |

(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 controlregister (PWMCR) <PWMSEL>. The polarity of the PWM2 (PWM3) output can be inverted
bysetting the PWMCR <PWMPO2>10"1".
Furthermore, the P74 outputbuffercanbeswitched between push-pull outputand N-channelopen-drain
outputby using the open-drain control register 2(ODMCR2) <P740C>.

MCU90-455
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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
PWM3 output.
(Refer to Section 3.21.8 P7 Port.)

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

Internal data bus
Writing to PWM3L P 1

T T 1 T T 1 T T 1 T
Writing to PWM3H ' [sTertsr2TiTel | [7 Ve ] 5 4082

5 =) )

T
1 ) 0 I Data register

S T B

Q T e dea R latch
Reset )_'D_ R ‘—_DTl L ng erdata I I—»l , Lolwer‘ ata N I Data latcl
Pl
Comparator Match IR
all 17 s 2 PWM3
0 |~ ko un = o0 [N (toP74)
vlolulouloluo
a 1eq 1o 60 10 e 0 jea Bit addition
TBC1 to TBC8 : Lnd il ad a2 i uul determination
(from TBC) | circuit
SY S M ¥Y
oy MY i i
vlululujulu
@ joo [ (o |oo jo
TBC9 to TBC14 i v v i
{from T8Q)

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/ (fc/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 xtg (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) to [s]. PWM3 s 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
Ts{0) Ts(1) Ts{63)

nxty

$ —
PWM3 |

Pulse width=nxt, I Pulse width=(n+ 1)ty

|-
Additional pulse =1,

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

PWM3 Lower Data Register
PWM3L

(F788H) mmm (nitial value *=++ axsx) Write only

PWMS3 Higher Data Register

PWM3H 7 5. 5 4 3 2 ! 0
T B S TSR LR T T ] (riviue wene wee) witony
Timer Start Contro! Register
TRUN 7 6 5 4 3 2 1 0
(FFD4H) TPWWMI T 3y | BVMT [ EWMO T EWMZ T 150w [ T1run [ Torun | (Initial value 0000 0000)
0 : Stop
PWM3RUN | PWM3 Start/Stop RW
1 : Start
PWM control register
PWMCR
(F793H) *000 0000)
PWMSEL Switch between PWM2 and PWM3 0 : PWM2is outputted from P74 pin.
outputs. 1 : PWM3is outputted from P74 pin. RW
Switch over PWM2/PWM3 output 0 : Positive
PWMPO2 .
polarity. 1 : Inverted
Open-drain control register 2
ODMCR 7 . I 5 3 2 ! 0
(F7eaH) [praoc ] pseoc [ pssoc [ psaoc | ps2oc | (initial value  xxx0 0000)
0 : Push-pull output
P740C P74 open-drain control P X P R/W
1 : Open-drain output

(4) PWMS3 output
The PWM3 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 <PWMPQO2> to "1”.
Furthermore, the P74 output buffer can be switched between push-pull output 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 control 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.

3.12.1

Configuration

VISS / VASS detector consists of the CTL duty discrimination circuit, VISS detection circuit, VASS header

detection circuit

TBC3(1 ) —
TBCS(4ps)  ——
TBC7 (16 4s) ——>

TBC 10 (128 45} —>

PCTLA

and 16-bit address code register.

]

|

VIVACR2 <PCTLCKS >

CAPINCR2 <PCTLCKO>

il

CTL duty discrimination circuit

{from CAPIN)

—»I K

6-bit Counter

VISS Detection

Selector Selector
L A
Selector
Automatic clock
switching control

g

higher 4-bit

A

CAPINCR2 <PCTLCK1>

VIVACR2 <PCTLPO>

VIVACRT <CTLDTY >

VISS

E_k CAPCR <VISFRS>

—> VIVACR1 <VISSFL>

Circuit

VIVACR2
<VIS50to3>

VASS Header detection circuit I

D

VASS

VISS flag
\:D———> INTVA Interrupt request

CAPCR <VASFRS>

VIVACR1 <VASSFL>

16-bit Shift Register
K

gl

Internal Data Bus

¢

VASS flag

Figure 3.12.1 VISS/VASS detector
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3.12.2 Control Registers

VISS / VASS Control Register 1

VIVACRT 7 .. LA 5. 2 ! 0
(FFFAH) !  |crwr [ vissr [ vasseL] (initial value 0000 ++00)
CTLOTY 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 bit7 to bitd of the VISS/VASS Control Register 1 (VIVACR1) must be written “0*.
VISS / VASS Control Register 2
VIVACR2 7 6 5 4 3 2 1 Y]
(FEFSH)  focmipo| G- [ oo [ ™ok | wisss | wiss2 | wiss1 | wisso | (nitial 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-bitdata “0OH" to "FH"
VISS3 to . . . . . .
VISSO VISS 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
(FFF6H) [ FCTUT FCTU T peprs | pepra | ecera | pcera [ peeri [ pepro | (initial value 0000 0000)
PCTLCKA 00 = TBG3
CTL duty measuring clock selection 01 : TBCS
(Enable when <PCTLCKS> =0) 10 : TBC7
PCTLCKO
11 : TBC1Q
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(FFBEH) [ CAF2T | CAPTT | capct [ viseas [vastas] vemso | crace | carns | (initial value 0000 0000)
0: -
VISFRS Clearing of VIS5 fla
g 9 1 : Clear {One-shot)
0. - R/W
V. learing of VASS fla ) ‘
ASFRS Clearing 0 9 1 Clear {One-shot)
VASS Data Register
VASSDR 7 6 ) 4 3 2 1 v
(FFF8H) [ 'vass7 [ vasse | vasss | vassa | vasss [ vass2 [ vass1 [ vasso | (nitialvalue #xxx xxx#)
7 6 5 4 3 2 1 4
|vAs'515JVAss1A|VAss13|VAssu |VASSH |VASS'IO| VASS9 ] VASS8 ] (Initial value *xxx =xxx)
VASS7 to i
Lower 8-bit of VASS data Thg VASS data can be got by reading of the VASSDR
VASS0 - twice. read
VASS15 to . . . only
VASS8 Higher 8-bit of VASS data First data is lower 8-bit and second is higher 8-bit.
MCU90-460
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3.12.3 Control of the CTL duty discrimination circuit

(1) 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 Captureinput control circuit (CAPIN). The CTLduty discrimination circuitjudges by threshold;
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 > of the VISS/VASS control register 2 (VIVACR?2).

(2) 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 <PCTLCK13> 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 Relation 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 ( 1ps) to 512 us
01 TBCS {4 us) 512 45 to 2048 us
10 TBC7 ( 16 us) 2048 x5 to 8192 us
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 <VISS3> to <VISSO> 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 <VISSO> 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.

MCU90-461

E 9097249 0043728 293 1A

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMPSO0CR74A

Table 3.12.2 Relation between the value of <VISS3> to <ViSS0> and
count value of the PCTLA signal

<VISS3> to <VISS0> The count value for detecting
3 2 1 0 VISS index code
0 0 0 ¢ don't use
0 4] 0 1 4
0 0 1 (¢} 8
0 0 1 1 12
0 1 0 0 16
0 1 0 1 20
0 1 1 1] 24
0 1 1 1 28
1 Q0 0 ¢} 32
1 0 0 1 36
1 0 1 0 40
1 0 1 1 44
t 1 0 [4] 48
1 1 0 1 52
1 1 1 0 56
1 1 1 1 60

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 output 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 control 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 (<KVASS7> to <VASS0>) 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-bit.

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 MSB 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 TMPIGCR74A 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 TPGO),
TPGOS5 (from TPGO), and Head Amp control register (HACR).

3.13.1 Configuration

HACR <COMPS> ——{>0—

R
COMPIN
(from P43) b _Q

CSYNCA
(from CSYNC)

TPGOS 4
(from TPGO) D_ D—’ HA (to P23)
TPGO3

({from TPGO) HACR <HAPO>

HACR <DFFPO0> —:) ) > )
] > E S>> CR(to P22)
HACR <DFFPO1> ——:)

HACR <CRPO>

Sl

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

Head Amp control register

HACR 7 6 5 4 3 2 1 0
(F794H) Tcrmon| “ov | vreeaaforreo1 ] oreroo | comes | creo 1 haro | (Reset value 0000 0000)
CRMOD Selection for P22 /P23 /P43 d 0 Voport
election Tor mode
1 : CR(P22)/HA (P23)/ COMPIN {P43)
0 : Positive polarit
DFFPO1 Polarity shifting for TPGO3 input ‘e polarity
1 : Negative polarity
. e . 0 : Positive polarity
DFFPOO Polarity shifting for TPG03 input . _
1 : Negative polarity
- RW
. . 0 : Disable
COMPS Enable / disable for COMPIN (P43) input
1 : Enable
. el 0 : Positive polarity
CRPO Polarity shifting for CR output . X
1 : Negative polarity
. . 0 : Positive polarity
HAPO Polarity shifting for HA output i ;
1 . Negative polarity

Note) Always writing “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>) + (TPGO5 - (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 output operate mode

Mode | <COMPS> TPGOS HA output . CR output

mode 1 0 0 <HAPO> <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 <DFFPO0>, <DFFPO1>. TPGOS
shift the mode among mode 1 thru 3. <COMPS> controls the input signal CMPIN (P43) input, which is
to compare the frequency modulation signal for SP/EP head.

(2) Example
The following timing chart indicates the HA, CR output, assuming <HAPO> = <CRPO> is SP and
<DFFPO0> = <DFFPO1> =1, under the circuit described below.
Assuming that CR output is CH1 for high level and CH2 for low levei.

DFF input (from VASWP)

HA input (from HA)

SP1
L ({ L
O
H Playing Y / Coutput
sp2 ©
H
EP1 ~
H COMP output {to CMPIN)
.
L
EP2

Figure 3.13.2 Example for the interface with Rec/ Pre amplifier
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TMPS0CR74A
mode SP mode (<HAPO> = <CRPO> =0) EP mode (<HAPO> = <CRPO> = 1)
TPGO3 SP1 | SP2 | SP1 | SP2 TPGO3 EP2 | EP1 EP2 | EP1
mode 1 TPGOS TPGOS
HA P HA EP
CR CH1 | CH2 | CH1] CH2 CR CH2 | CH1 | CH2 | CH1
TPGo3 EP2 | sp2 | Ep2 | sP2 TPGO3  SP1 | EP1 | sp1 | EP1
mode 2 TPGOS TPGO5S
HA P | sp {EP | sP HA Sp ep | sp [ ep
CR CH2 CR CH1

TPGO3 | SP2/EP1 | SP1/EP2 ]

mode 3 TPGOS

COMPIN ﬂlsp {sp [ ep |sp Jer Jsp Jep |sp [er | sp [EP li

HA seipezept] P2 [ EP1 | sP2 ['EP1 freasei[ EP2 ] sP1 [TEP2 | sP1 [epz erifsp2

CR CH1EHZFH1|CH2 lCHl iCHZ |CH1 kHszlCHZ ICH1 lCHZ ICH1 kHszlCHZ

Figure 3.13.3 HA/CR output sequence

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 TPGO5).

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.

MCUS0-465
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PAMR<SWPE>
OSCEB

PAMR<AFFMIX>

TPGO1
{from TPGO) F)
i . D VASWP

TPGO3
{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)  [aFemmx | scukie | mxoie | swee | sike | Txoi1e | RGBE | 0OTxE | (ResetValue 0000 0000)

[ . . 0 : Mix DFF with AFF
AFFMIX Control AFF signal mix
1 : Outputonly DFF
0 : Disable
SWPE VASWP output enable
1 : Enable

®  Utilizing VASWP output
Use DFF for TPG0O3 and AFF for TPGO1.
P4 mode register (PAMR) <AFFMIX> can select the output: 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.

TPGO3 I I I l l
. TPGO1 I ] l I l
VASWP | I I l I (When <AFFMIX> =1)

M (When <AFFMIX> = 0)

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.SYNC 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
- | - (to CRIHA, OSD)
olarity
CSYNC witch V.SYNC

H/V Separator —>= VSD {to OSD)
TBC1
(from TBC) VSYNC (to CAPIN)
H.SYNC R
Q
S < CSYNCR <MASK >
> CSYNCR <MDETO>
Mute Detector AOETT
TBCI15 13 ] CSYNCR <MDET1>
(from TBC) —D“> CSYNCR<SYNCDET>
TPGO2 H.Pulse Generator HP (to PV/BLK)
{from TPGO)
CSYNCR
<HSEN>

Figure 3.14.1 Configuration of Sync Signal Separator

(1) H/V 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 (OSD) and it is used for a synchronizing signal in display control
circuit.
A separated H.SYNCsignal is inputted to the Mute Detector and H.Pulse generator.

MCU90-467
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{2) Mute Detector

The mute detector counts H.SYNC signal separated from C.SYNC signal and judges it a normal C.SYNC
signal or mute state (no signal).
The mute detector’s output can be read out from <MDET1>, <MDET0> and <SYNCDET> of the
CSYNC control 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 (<MDET1>, <MDETO0>).

(3) H.Pulse Generator
The H.Pulse generator generates serrated-pulse (HP signal), synchronizing with H.SYNC 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 2 1 .
(FFFDH) [ avoro | anpro [WoETT | MDETO | ‘,‘,'E”Tt [ wsen | mask | i (initial value 0010 000%)
[ 0 : Mute detect (noisy composite sync signal
MDET Mute detection flag Y ct (noisy composite sync signal)
1 : Normal
. 0 : Mute detect (nosignal) read
MDETO Mute detection flag
1 : Normal only
, . 0 : Mute detect
SYNCDET Sync¢ signal detection flag
1 : Normal
0 : Non-synchronize HP with C.SYNC
HSEN H.pulse (HP} control R R
1 : Synchronize HP with C.SYNC
0 - RAW
MASK V.SYNC kin trol
masking contro 1 : Release masking {one-shot)
PWM control register
PWMCR 6 5 4 3 2 1 0
(F73m) i | o M crrres|svnceo [pwmseLpwimpodpwipo pwipod (Initial value  *000 0000)
I, . . 0 : Positive
SYNCPO Switching polarity of C.SYNCsignai RIW
1 : Invert
MCU90-468
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3.14.3 H/V Separator
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 detector (compare / match circuit).
Configuration of the H/V Separator is shown in Figure 3.14.2.

CSYNC CSYNCA (to OSD, CR/HA)
PWMCR

<SYNCPO > u/o

T8C1 F—ﬂD— (K7-bit up/down counter

> Selector
0 1

alll
V.SYNC
allo Pattern detector 91 VSD (to OSD)
7 12
_@—k i | VSYNC (to CAPIN)
RS R s R
Q
Q Q S| CSYNCR <MASK>

Flip Flop for masking
H.SYNC (3 us)

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 <SYNCPO> in
PWM control register (PWMCR) and it controls the direction for counting 7-bit counter. In case that
CSYNCA is "1”, counter stops when counter output becomes all “1”. And in case that CSYNCA is “0",
counter stops when counter output becomes all “0”.

(1) V.SYNCseparation
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 [us]), 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 once, 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.SYNC
separation is show in Figure 3.14.3.

MCU90-469
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-~ gquivalent pulse I V.SYNC

threshold rate | A ."

Up/down counter

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 [xs] or 250 [ns] x 12 =3.0 [ws]), it outputs the H.SYNC signal (1.75 s/
3.0 4s). 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 p8) CK
8-bit up counter
TBC15 (from TBC) —~{ R
> Pattern detectar ‘{>°——> CSYNCR <MDET1>
{n=232)
H.SYNC (3.0 u5) K
: 8-bit up counter
R frupcou ) csyncr <sYNCDET>
> Pattern detector "D‘)——’ CSYNCR <MDET0>
{(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 us) 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]).

MCU90-470
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(1) 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), <MDET1> will be reset to “0” as there are noise in the C.SYNC signal. <MDET1> isset

to “1” by reset aperation, and it keeps “1” as far as input is normal signal. <MDET1> islocated on bit5
in the CSYNC control register (CSYNCR).

(2) Mute Detection Flag <MDET0>
The 8-bit up counter counts H.SYNC (3.0 us) signal. When count value is more than 170 and less than
212 during a detection period, <MDET0> keeps “1” as there is normal C.SYNC signal. Butif count value
is less than 170 or more than 212, <MDETO0 > will be reset to “D" as there is uncertain signal. <MDETO>
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).

(3) Syncsignal Detection Flag <SYNCDET >
Since <SYNCDET> is logical-AND between <MDET1> and <MDETO>, data “1" is read out from
<SYNCDET > as far as input is 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 z5) L

TPGO2 (from TPGO)

8-bit binary counter

o

Pattern detector f————> HP (to PV/BLK)

il

CSYNCR <HSEN>

Figure 3.14.5 H.Pulse Generator

H.Pulse Generator generates serrated pulse (HP signal) to mix with pseudo-V.SYNC. The timing to mix
pseudo-V.SYNC with HP signal is controlled by TPG02 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 Is) signal, outputted from H/V 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.

4.5 us

63.5 us

Figure 3.14.6 Wave form of HP signal output
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3.15 Pseudo-sync Signal Output Circuit (PV/BLK)
The TMPS0CR74 has a function to output a pseudo-sync signal (PV) in place of the playback sync signal
during special effect reproduction. The PV output is controlled by the timing pulse generator 0 (TPGO)'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 superimpose 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 pseudo-syncsignal output circuit.

PVCR<PVSELO>
PVCR<PVSEL1> Blanking Encoder

PVCR<PVSEL2> Syncsignal signal mixing (4-level ﬂ PV/BLK

PVCR<HPMIX> mixing circuit el -
HP (from CSYNC) circuit output circuit)
TPGO2 (from TPGO)

TPGOA4 (from TPGO) J
BLK (from OSD}
PVCR<BLKMIX>

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

PV control register

PVCR 7 6 5 4 3 2 1 0
(F799H)  ['xoon | s/ | «or [ackmix] wemix [ pvseiz J pvsenr { pvseo | initial value 0000 0000)
TR . . 0 : Mixed
BLKMIX Mix BLK signal (from OSD). .
1 Notmixed
. . 0 : Mixed
HPMIX Mix HP signal {from CSYNC). i R/W
1 Not mixed
PVSEL2 . .
Select PV/BLK output format. Output format is selected with O(H) to 7(H).
to PVSELO
Always write "0" to bit 5 in 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 TPG02
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 on-screen display (OSD)
output on 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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I <PVSEL2t0 0> PeO2 o
<BLKMIX > R e I
2 1 0 TPGO4 (<PHMIX> = 1)
HERR
0 0 0 HP I Hz output
Vss
P
0 0 1
1 —
P
HP _]
1 * 0 |
1 * 1 l
Hp
Vee
)JP | I l l Vee (2/3)
S u L —
Vss
0 P
0 0 1
LK LK

Fig 3.15.2 Pseudo-Vsync output format
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3.16 ON-SCREEN DISPLAY CIRCUIT (OSD)
TMP90CR74A 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
TMPY0CR74A OSD functional outline are shown in Table 3.16.1.

8roadcasting System NTSC - PAL - M-PAL - N-PAL - 60PAL - 4.43NTSC
Screen Horizontal 24 characters )
Configuration Vertical 10lines (line space 0, 1, 2, 4 dot selectable)
Number of Character Max. 240 characters
Font Horizontal | 12 dots

Vertical |18dots

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 setindependently

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 can be set
independently)

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

TC: Dot clock, 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 (OSDMRO 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)
@ OSD.Mode Register (OSDMRO0) 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

OSDCR 7 (3 5 4 3 2 1 0
(FFCEH) { cmpi | cvpo | Tcen oispon [extiwt| a3 | 5085 | e | (ResetValue 0000 0000)

CMD1
Character display style selection Actual display style is related with <MOD> bitin
Blinking mode, QOSDMR4 register. *
CMDO { [*] ) egistel
0 : Disable
TCEN Dot clock (TC) enabie 1+ Enable
. 0 : Disable
DISPON Display enable 1+ Enable
— . .. 0 : Internal mode (full page mode)
kil Display synchronization 1 : External mode (Superimpose mode}
43 Selection of color sub-carrier {fsc) for 0 : 3.58MHz
full-page mode 1 : 443MHz
50/80 Selection 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
OSDADR 7 6 5 4 3 2 1 0
(FFCFH) [ ospa7 | ospas | ospas | ospas | osoas [ osoaz | osoat | osoao | (Reset value 0000 0000)
QSDA7 . .
Address data for Display RAM (00H to EFH) or OSD (FOH to F7H) mode register RIW
to OSDAQ
Display RAM Data Buffer Register
OSDDBR 7 6 5 4 3 2 1 0
(FFDOH) [ 65007 | 0spo6 | 0spps | 05004 | 0sbD3 | 0spo2 | 0soo1 | 05000 | (Reset value 0000 0000)
DD7 . .
0O5DD Data buffer for Display RAM or OSD mode register l RAW I

to OSDDO
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TOSHIBA TMP90CR74A

(2) OSD MODE Registers

OSD Mode 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

OSDMRO 7 6 5 4 3 2 1 0
(00FOH) 1 posv3  posvz | posV1 | POSVO | POSH3 | POSH2 | POSH1 | POSKO | (Reset Value 0000 0000)
POSV3 . . . .
o 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
OSD Mode Register 1
OSDMR1 7 6 5 4 3 2 1 0
(00FTH) | ksy1 | rsvo I FSH1 L FsHo | csvi ] csvo [ CSH1 I CsHO | (Reset Value 0000 0000)
FSV1 Vertical size (x 1, 2,3, 4)
FSVO ’ .
Character size of 1stline
FSH1 Horizontal size (x 1, 2, 3, 4}
ESHO it write
22\\;; Vertical size(x 1,2,3,4) only
Character size of 2nd to 10th line
CSH1 Horizontal size (x 1, 2, 3, 4)
CSHO : 2,3,
0OSD Mode Register 2
OSDMR2 7 6 S 4 3 2 1
(00F2H) | msiz | msiz | msur [ msio | wsia | wsiz | owsit [ wsio | (Resetvalue 0000 0000)
MSL3 . 2 .
Mth line M=322"-MSLn+1 (thLine) .
to MSLO n=o write
NSL3 ) 3 . only
Nth line N=32"-NSLn+1 (thline)
to NSLO n= g
OSD Mode Register 3
OSDMR3 7 6 5 4 3 2 1 0
(00F3H)  fspacet | spaceo| o1 | oo | nwot | wioo | #ior | roo | (Resetvalue 0000 0000)
SPACE1 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 : Fringingon
GLD1 Character background for general line 0 : Character background off
(Except 15t 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 N
line 1 : Character background on
L . 0 : Fringing off
FLDQ Fringing for 1stline 1 : Fringing on
. 0 : Character background off
FLD1 Character background for 1stline -1 . Character background on
MCU90-479
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0OSD Mode Register 4

OSDMR4 7 6 5 4 3 2 1 0
(00FaH) [ caick | rcpha | Fopm2 [ Fepnz [ mop | sunkz | sunki [Bunko | (Reset value 0000 0000)
CBITF Area selection for color changing by 0 : 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 coloring .
FEPH2 after display position of Blank code PH2 of hue setting changed by Blank code (FEH) w:lte
(FEH) only
MOD Blinking mode Displaying .style is determined with <CMD1, 0> bitin
OSDCR register.
' 0 : 25
BLINK2 Blinking time il
1 : 26/v[s] (fv: Frequency of V-sync)
00 : Blinking off
BLINK1
s 01 : 1/4duty
Blinking duty
10 : 2/4duty
BLINKO
11 : 3/4duty
OSD Mode Register 5
OSDMRS 7 6 5 4 3 2 1 0
(00F5H) | ggorr | BapHz | sapri | apro | ceorr | cepr2 | capmi | capHo | (Reset value 0000 0000)
0: ON
BGOFF Coloring of background screen 1: OFF
BGPH2 to 8 kinds of color (h t 45deg. inst color-
Hue of background screen inds of color (hue) at every eg. against color: '
8GPHO burst (0 to 7H) write
0: ON onl
CBOFF Coloring of character background 1. OFf v
CBPH2 to 8 kinds of color (hue) at every 45 deg. inst color-
Hue of character background ! thue) very €g- agal d
CBPHO burst (0 to 7H)
OSD Mode Register 6
OSDMRé6 7 6 5 4 3 2 1 0 )
(00F6H) I w0~ | vi2 | vir | vio | crorr | crera | crpmt | creHo | (Reset value 0000 0000)
Yi2to . .
Yo Luminance (Y) level Selecting from 5to 100 IRE
R 0: ON write
CFOFF Coloring of character font
1 : OFF only
CFPH2 to Hue of character 8 kinds of color (Hue) at every 45 deg. against color-
CFPHO burst (0 to 7H)

Note) Write “0” in bit 7 of OSDMR6é

MCU90-480
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OSD Mode Register 7
OSDMR7 7 6 5 4 3 2 1 0
(0F7H) | spon | 2° | eqon [nomint] AT | pven | aDven | arpen | (ResetValue 0000 0000)
Area selection of line space (Line space 0 Back o of (Note 1)
: Background of screen (Note
SPON between Mth and Nth : Character S
1 : Character background
background)
) 0 : Disable
SMOOTH Smoothing
1 : Enable
. . . 0 : OFF
EQON Equalizing pulse in non-interlace mode 1: ON
. i 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 4
HD in full page mode OSDCR < 50/60>, <NONINT> and <RATIOHV>.
X R 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-interiace display doesn’t have vertical jitter in

full-page mode.

PV /PH Control Register

PVCR 7 6 S 4 3 2 1 0
(F799H)  ['xoon | s | -0 [sremim i pumix i pseca i pvseit | pvselo| (ResetValue 0000 0000)
Enable 4fsc (X1/XO) oscillation and 0 : Disable
XOON .
input of VDIN 1 Enable
" RIW
0 : Disable
S/N Y/C separate output (SC and SY)
1 Enable
P4 port Mode Register
PAMR 7 6 5 4 3 2 1 0
(F785H) [ asemix [ scucie | rxote | swee | sike [ vxote [ rase Joorxe | (Resetvalue 0000 0000)
0 : Disable
RGBE R/G/B Output Enable
1 Enable
" RW
- 0 : Disable
DOTXE DOTXI, DOTXO Oscillation Enable
1 Enable
CSYNC Control Register
CSYNCR 7 6 5 4 3 2 1 ) 0“
(FFEDH)  [avopo | aHopo [ WDET: | WOETS | oAk | msen | wask | { (ResetValue 0010 0000)
. . 0 Positive
AVDPO External VDIN Input Porarity Switch
1 Inverted RAW
External HDIN (P44) Input Porarity 0 : Positive
AHDPO N
Switch 1 Inverted
MCU90-481
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(3) Display RAM
Display RAM locates indirect address 000H to OEFH which is accessed by using OSDADR.

Display RAM (character code register)

CHARDO osgm T osgcn - r_ & s 4 3 .z 1 0
(00H) <CMD1>  <CMDOS> H CHARDO<CD7 to CDO> I
to : to
CHARD239 T T T T T T T T T
(EFH)| cammrs <o | CHARD239 < CD7 to CDO> I
write
CD7 1o CDO | Character code {252 character code + 4 blank code : 00H to FFH) only

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 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1100]01§02]03f04105/06j07|08)]09|{0A[0BJOC[ODJOEFQF|10]11|12{13|14[15})16]17

2 1819 1A]1BJIC|ID|1EJIF|20]21 |22 12324 252627 |28 |29 |2A]2B|2C|2D|2€E | 2F

3130131132]33|34]35(136)137|38|39|3A|38|3C|3D|3E|3F|40|a1]a2])43]|aa]as]|a6]4a7

4 148149 |4A| 4B |4C 4D J4EJ4F {5051 |52[53]|54|55]56|57 58|59 |5A[5B]S5C|[SD]|SE]|SF

10lines
5]|]60{61]|]62]63[64]|65]166]167|68|69]|6A]|6B|6CJl6D|6E]GF}70]71}72|73 7475|7677

6 |78179|7A]7B|7C|7D|7E | 7F |80 |81 |82|83]84)85|86|87|88|89{8A|8B|8C|8D]8E]|S8F

719091192193 |94]95|96|97198|99}9A|9B|9C|9D|9E |9F |AO|A1|A2|A3]|A4]|AS5|AG]|AT

8 §AB| A9 |AA|AB |AC|ADJAE|AF |80 | B1|B2]B3 B4 |B5]|B6|B7|B8|B9|BA|BB |BC]BD}BE|BF

9JCO|CIC2]|C3|CA]C5)C6)C7|C8|CI|CAJCB|{CC|CD|CE|CF|DO|D1|D2|D3|D4}|D5|D6{D7

10 |08 | D9 |DA|DB{DC|DD|DEDF | EO J E1 | E2 | E3 | E4 | ES | E6 | E7 | E8 } E9 |EA{ EB | 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 data in OSDDBR. Asthe data of
OSDADR sincremented automaticallywhenthe characterdataiswritten in OSDDBR, onlytheinitial address
shouldbewrittenin case that the continuousRAM addresses are accessed.

Datalength of OSD display RAMis 10 bit. The lower 8 bitsrepresenta character code (00Hto FBH) orblank
code (FCHtoFEH)and are written the contents of OSDDBR bywritingdatato OSDDBR. Background ofscreen
(Blank)isdisplayed when the blank code iswritten. The upper2bitsrepresentablinking mode (Displaystyle)
and arewritten the contents of OSD control register OSDCR(CMD 1, CMDO) when the OSDDBRisaccessed.

Following is an example of display RAM data setting.

LD (OSDCR), 001100008 ; <CMD1,0> =00, <TCEN> =1, <DISPON> =1
LD (OSDADR), 00000000B ; RAM address = 00H (Initializing Address counter)
LD (OSDDB8R), 000000008 ;  Character code =00H (at RAM address = 00H), Upper 2 bit of
RAM =00
LD (OSDCR), 111100008 . <CMD1,0>=11
LD (OSDDBR), 00000010B ; Character code =02H (at RAM address = 01H),
. Upper2bitof RAM =11
LD (OSDCR), 001100008 , <CMD1,0>=00
LD (OSDDBR), 00000101B ;. Character code = 05H (at RAM address = 02H),

. Upper 2 bitof RAM =00
<Caution about 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  : Main cdock frequency (XIN/XOUT)
frc : Dotclock frequency
(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 (s). 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 bit . bit Address Address Data Address Data
543210543210

10000H T 11 10020H 10000H COH 10020H COH

10001H COH 10021H COH

10002H CiH 10022H EOH

10003H C3H 10023H FOH

| N 10004H C7H 10024H F8H

| | 10005H CEH 10025H DCH

H ] 10006H CCH 10026H CCH

] | 10007H CCH 10027H CCH

10008H || | 10028H 10008H CCH 10028H CCH

10010H || | 10030H 10010H CCH 10030H CCH

] n 10011H CFH 10031H FCH

| N 10012H CCH 10032H CCH

] ] 10013H CCH 10033H CCH

] | 10014H CCH 10034H CCH

B | 10015H CCH 10035H CCH

N | 10016H CCH 10036H CCH

10017H COH 10037H COH

10018H il [T1 10038H 10018H COH 10038H COH

(Character code : 00H)

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

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

Note 2) TMP90OPR74A, OTP device Character ROM:
Character ROM locates from 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 TMPY0CR74A 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

(1) 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 biue
background, or in the display screen used in programming a VCR.

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

(2) External sync mode (Super-impose mode)

Super-impose mode is an external sync mode synchronizing an external sync signa! (HD and VD)
inputted from port. It can be used for superimposing a message or 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 signalis 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 —— r\

Background
10 [Play-back or broadcast (EE) display during super-impos mode)
lines ]
‘\
Character and character background

(portions without display are assigned to the background by
writing a blank 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« O ]
X0 D——ﬁ*—‘v‘u‘v : &-———-»Msc (to Sync. generator)

PVCR <XOON>

(a) 4fsc Clock Generator

fi -
DOTXI D STOP (from Stand-by control)

(P40) C HD (from Sync. generator)
=S
ootxo [} — W i R

(P41)

DOTCK {to Sync. generator)

PAMR<DOTXE>
(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), Horizontal Driving signal(HD) and

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

Fig.3.16.6 shows a configration of Sync. Generator.

OSDMR7
<AVDEN> OSDMR7
[ <PVEN>
VDIN 1 o I
Selector
U 1 | Selector
QOSDCR
§X$§§O> <EXT/INT>
VSD D e — QOSDMR?7
<from CSYNC> <AVDEN>
TPGO4 OSDMR?7
<from TPGO> <AHDEN>
OSDCR ———_D_——]
<EXT/INT> ’
R
Selector ————————> VD
Afsc V. SYNC Generator VOINT_ 0
(a) Generation circuit for Vertical Driving signal (VD)
OSDMR?7
<AHDEN>
| OSDCR ___
HDIN 1 <EXT/INT>
(P44) Selector
CSYNCR
<AHDPO> OSDCR OSDMR7
H.SYNC LR <AHDEN>
CSYNCA >—— <EXT/INT>
<from CSYNC> Separator L 1
afsc H. SYNC Generator | HDINT 0 | Selector > HD
(b) Generation circuit for Horizontal Driving signal (HD)
OSDCR7
<4/3> P4MR
| <DOTXE>
1 0 |
4fsc - 0
. 2 1| Selector
1 { Selector ““D__> TC
2
5 OSDCR
<TCEN>
DOTCK

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

Fig3.16.6 Configuration of Sync. Generator
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(5) Source signal selection for VD and HD

® Source signal for VD
Thesourcesignal 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: Itis a 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
(<EXTANT> ="1").

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

(c) VSD : Itisa 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

Disolay Mod OSDCR OSDMR7 ‘OSDMR7 OSDMR7 HD . VD
isplayMode | cex1/INT> | <AVDEN> | <AHDEN> | <PVEN>
Internal Sync Mode (] * * ¥* HDINT VDINT
0 VSD
0 0 1 HDINT (HS) TPGOA
0
[ 0 1 7 HDIN VDINT (VSD)
External Sync Mode 1 0 VOIN
1 ) 0 1 HDINT (HS) TPGOA
0 VDIN
1 1 i HDIN TPGOA

Nate: (HS) ; Synchronized with HS, (VSD) ; Synchronized with VSO

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

The horizontaldot-clock (TC) can be selected from eithertheoutputofdot-clockoscillation circuit (DOTXI/
DOTXO)orprescaleroutputofafsc.

The output of prescaler (4fsc/ 2 or 2 x 4fsc / 5) can be selected by setting of the OSD Control Register
(OSDCR<4/3>)whenadotclockisdisable (PAMR < DOTXE > = “0").

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

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

Table 3.16.3 shows a register setting for corresponding Video system.

<4/3> Setting for Color sub-carrier 0:3.58 MHz
frequncy (fsc) 1:4.43 MHz
<50/60> Setting for V-sync. frequency (fv) |9 60 Hz
) 1:50Hz
<P/N> Setting for Coloring system ? EZEC

Table 3.16.3 Register setting for corresponding Video system

<4/3> <50/60> <P/N> Video system
0 0 0 NTSC
0 1 0 -
1 0 0 4.43 NTSC
1 1 0 -
0 0 1 M - PAL
0 [ 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. (Fuli-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 mode register 7 (OSDMR7
<NONINT >, <RATIOHV>).

<50/60> 0 0 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 262.5 263.5 263.0 264.0 312.5 313.5 313.0 314.0

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 > - <POSHO> bits in
OSDMRO register.
The actual position can be calculated by following form.

3
Hposi=Tcx (4= g"' POSHN + NH)
=

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

Horizontal Size of Character NH
x 1 (1T dot) 43
x2(2TC/1 dot) 53
x 3 (3TC/1 dot) 63
X 4 (4TC/1 dot) . 73

(2) Start position in verticat line
The start position can be selected from 16-positions every 4 HD by <POSV3> - <POSV0O> bits in

OSDMRG register.
The actual position can be calculated by following form.

3
Hposi=THx (4= 20"- POSVn + 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
x 3 (3TH/1 dot) 7
x4 (4TH/1 dot) 8
MCuU90-490
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3.16.6 Display Size

The size of display characters can be selected 1 to 4 times in both horizontal and vertical, total
combination is 16 sizes.

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

(1) 1stline charactersize
The size of 1stline can be set by <FSV1, FSVO> and <FSH1, FSHO > bits in OSDMR1 register.

<FSV1> | <FSVO0> Vertical Size <FSH1> | <FSHO> | Horizontal Size
(] 0 x1 0 0 x1
¢ 1 x2 0 1 x2
1 0 x3 1 0 x3
1 1 x4 1 1 x4

(2) General lines (2nd to 10th lines) character size
The size of general line can be set by <CSV1, CSV0> and <CSH1, CSHO> bits in OSDMR1 register.

<CSVi> | <CSVO> Vertical Size <CSH1> | <CSHO> | Horizontal Size
0 0 x1 0 0 x1
0 1 x2 0 1 x2
1 0 x3 1 0 x3
1 1 x4 1 1 x4
MCUS0-491
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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.
&
s D Background

Character background

<

4

X

X N
] N
&N
XN
N
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 <FLDO> bits in OSDMRS3 register.

<FLD1> | <FLDO> | Fringing bg::;f;ff;d
0 0 OFF OFF
0 1 OFF ON
1 0 ON OFF
1 1 ON OoN

(2) Mth to Nth lines 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 bg'c'f;;:e; p
0 0 OFF OFF
0 1 OFF 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
forms.

3
M =32"MSLn + 1
n=0

3
N=22"NSLn +1
n=0

MSLn is the value in <MSL3 > to <MSLO> bits in OSDMR?2 register.
NSLn is the value in <NSL3 > to <NSLO> bitsin OSDMR2 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 display type of other lines can be set by <GLD1> and <GLDO> bits in OSD Mode register3
(OSDMR3).

L. Character
<GLD1> | <GLDO> Fringing background
0 0 OFF OFF
0 1 OFF ON
1 o ON OFF
1 1 ON ON

MCU90-493
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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
<SPACE1, 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 follows,

<SPACE1> | <SPACEO>
[} 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. It can be turned on/off by setting <SMOOTH> bit in OSD mode register7
(OSDMR7). This setting is valid when the character enlargement multiple is an even integer for both
vertical and horizontal (i.,e. VxH = 2x2,2x4,4x 2 and 4 x 4).
The correction is one (1) dot when the multiple is two (2) and two (2) dots when the muitiple 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.

D Character

Smoothing

fringing

1x1 2x2 4x4

Fig 3.16.8 Smoothing and Fringing Function

MCU90-494

M 9097249 00u437b1 515 HE

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90OCR74A

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 display RAM data and

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

Table 3.16.4 Blinking display mode

Display mode <MOD> <CMD1> | <CMDO> Display
Standard characters * 0 Q A > A
Standard blinking * 0 1 —— A
Reverse character * 1 Q m “—— ﬂ
Reverse blinking 0 1 1 ——
Alternating blinking 1 1 1 «>3 A

Set no 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
(OSDMR4).

<BLINK1> | <BLINKO> Duty factor
0 0 Blinking off
0 1 50 % (display off 50 % of time)
1 o] 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 (QSDMR4).

MCU90-495
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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 OSDMRS5 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 Q 135° 225°/135°

(] 0 1 1 180° 180°

0 1 0 0 0° Q°

0 1 0 1 315° 45°/315°

0 1 1 0 90° 270°/90°

0 1 1 1 225° 135°/225°
<BGOFF> | <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

Note) When the background coloring is off (KBGOFF> = “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 foliows,

Color phase angle {B-Y reference)

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

[« g 0 0 45° 315°/745°

Q 0 0 1 270° 90°7270°

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°

Q 1 1 0 90° 270°/90°

0 1 1 1 225° 135°/225°
<CGOFF> | <BGPH2> | <BGPH1> | <BGPH0O> 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 follows,

Color phase angle {B-Y reference)

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

0 0 0 0 45° 315°745°

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 ] 1 315° 45°/315°

0 1 1 Q 90° 270°/90°

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

1 * 0 0 5 IRE

1 0 ] 1 15 IRE

1 1 0 1 35 IRE

1 * 1 0 65 IRE

1 * 1 1 100 IRE
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(4) Value (Luminance)
The luminance level (Y) of the entire screen is specified by <YL2 to 0> in OSDMRG6 register.

<YL2> <YLi> <YLO> Luminance level
0 0 * 5 IRE
0 1 0 15 IRE
0 1 1 35 IRE
1 0 * 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 in <CFPH2 to 0> or <CBPH2 to
0>).

When a blank code from OFCH 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, CFt, 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 CF1 CFO CFQ, CF1 are reversed
OFDH FDPH2 CF1 CFO Only CFO is reversed
OFEH FEPH2 CFl CFO Only CF1is reversed
OFFH CF2 CF1 CFO 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 BT CBO CBO, CB1 are reversed
OFDH FDPH2 CB1 CBO Oniy CBO is reversed
OFEH FEPH2 CB1 CBO Only CB1 is reversed
OFFH cB2 CB1 CB0 Return to initial value

MCU90-498
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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> bit in 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 levels 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/ S101) .

The TMP90OCR74A has two built-in 8-bit synchronous serial channels. Serial channel 0 (SI00) is
connected to an external circuit via P25 (SCLKO), P26 (TXDO), 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. Serial channel 0 and 1 are identical
circuits, configured independently.

3.17.1 Configuration

SCOCR 2 lnterr‘wiba\ta Bus 8
SCICR
I T ¥ T T T T T
L L L 1 1 1 1
BUSY
Flag
Serial Transfer Buffer Control
Control Circuit Circuit
JL o Jl
. SCOBR
Buffer Register SC1BR

Shift

Shift Register ﬁ
TXDO, TXD1

clock
r 1 [ 1 L 1 1 L
El RXDO, RXD1

I l SCLKO, SCLK1
INTSIOO Interrupt request
INTSIO1 Interrupt request

Fig 3.17.1 Configuration of Serial Channel
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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

(FFDFH) | Frosi | sores | somp1 | sompo | siFro | cixost | sckos | siooe | (ResetValue 1000 0000)
) . G : Transferin progress read
FFOSI Serial transfer monitor flag 1 . Stoptransfer only
o -
SORES Serial transfer transfer terminate R
1 : Terminate (one-shot)
SOMD1 g(]) ;ran?mntm:de
Serial transfer mode select 10 : ecelve mode
SOMDO ) . .
11 : Transmit/rece de
0 : Leadi IFII' lve:o Rw
SIFTO Serial transfer shift edge select ) ea' _lng( o ng) edge
1 : Trailing (Rising) edge
- 0 : TBC4
CLKOSI Serial internal clock rate select 1. TBCY
0 : Int | clock
SCKOS Serial transfer clock select ernat ¢
1 : External clock
. . . Disabl
SIO0E Serial transfer enable / disable 0 Disable
1 : Enable
Serial Channel 0 Buffer Registe
SCOBR 7 6 5 4 3 2 1 0
(FFDEH) | 1reo7 | treos | Treos | TReoa | TRB03 | TRe02 | TRB01 | TRECD | (Initial Value sxws xxxx)  (RAW)
Serial Channel 1 Control Register
SC1CR 7 6 5 4 3 2 1 0
(FFETH) | Fe1si | stres [simos [ simoo | sieTt | cikisi | sckis | siore | (imitial Value 1000 0000)
. R 0 : Transferin progress read
FF1SI Serial transfer monitor flag i : Stoptransfer only
0: -
Serial t fer termi .
S1RES erial transfer terminate 1 : Terminate (one-shot)
S1IMD1 00 : Tran?mltmode
. 01 : Receive mode
Serial transfer mode select 10 -
S1MDO : . .
1M1 : 7T t de
. Lrarl;s.mx /}:r(lelselv)e r;m RAW
SIFT1 Serial transfer shift edge select . ea‘ vmg( ?Amg ecge
1 . Trailing {Rising) edge
c e 0 TBC4
CLK1S! Serial internal clock rate select 1. TBCT
: I clock
SCK1S Serial transfer clock select 0 ¢ Internal cloc
1 : External clock
o] Disabl
SIO1E Serial transfer enable/ disable isable
1 Enable

Serial Channel 1 Buffer Register

SC1BR 7 6 5 4 3 2 1
(FFEOH)

| TRB17 l TREB16 l TRB15 | TRB14 l TRB13 I TRB12 l TRB11 l TRB10 I (Initial Value axx% xxxx) (R/W)

MCU90-501
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3.17.3 Operation
(1) Serial Clock

@ Clock Source Selection
The clock of SIO can be selected from either external clock or internal clock by setting <SCK0S>
bitin SCOCR register (<SCK1S> bit in SC1CR register for channel 1).

a. Internal clock
The clock rate can be selected from either TBC4 (25/fc) or TBC7 (28/fc) by setting <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
(at fc = 16 MHz)

internal Clock

TBCA (25/fc) 500000 bps

TBC7 {28/fc) 62500 bps

b. 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/SCLK I | I | I
pin Input )

s tsew
tscL. tsen > 8/fcls]

Fig 3.17.2 External Clack Input

MCU90-502
B 9097249 00437b9 &80L WA

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90CR74A

@  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 serial 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.

TXD pin \_bito bit1 X bitz X _bit3 X bitd X bits X bite X bit7

Shift register xsssuuy-msaau 765432 K+ ++76503 K 00007658  xwvse765K e xexr76Knennnnsy
(a) Leading edge

o L LA LA LA LA L LA LS

RXD pin \ it X bitt X bitz X bit3 X bita X bits X bite X bit7

Shift register ,.......&.n"nx10..---.Xz1on... 3210882 a3210n~X543210n 6543210+ X76543210
{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> (SC1CR<S1MD1, 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 FFEOH in memory). (When transmit mode is not set,
transmit data can not be written into the buffer registers.) Setting SCOCR<SIOOE > or SCICR<SIOTE>
to “1” starts transmit operation. As the transmit starts, the transmit data area synchronized with the
leading edge of the serial clock (falling 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 (INTSIO0 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 program.

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

To end the transmit-operation, set SCOCR<SIOOE > or SCICR<SIO1E > to “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 “1”.)

In the external clock mode, the serial transfer enable/disable register<SIO0E> or <SIO1E> must
be cleared to "0” before starting the next transmit data shift operation. If <SIO0E> or <SIO1E> 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 bufter register.
g 1S

14
<SIQ0E> ’

£
<scoBR> 20K D
2T
SCLKO pin w
output
TXDO pin T v g .

<FFOSI>

—
¥
(o
T

Wait is released

Buffer Empty Writing the next transmit data D’
clears interrupt request flag

£
INTSIO0 l_j ’ U

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

<SICOE>

<SCOBR> K D X o ¥ o

SCLKO pin
input

o VP00 20 X o1 X o X o X o X0

<FFOSI>

INTSIO0

(

(b) External clock operation in transmit mode

Fig 3.17.4 Serial channel Timing Chart in Transmit mode
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@ Receive Mode
After setting the control register to receive mode, setting SCOCR<SIO0E> or SC1ICR<SIOIE> 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 INTSIOO 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) <SIO0E> or
(SC1CR)<SIO1E> to “0”. When the serial transfer enable/disable register <SIQ0E> 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)<S1RES> are set to
“1” stops the serial transfer at once and <SIO0E > or <SIQ1E> are cleared to “0".

st . g

The end of receive can be confirmed by reading serial transfer monitor flags <FF0SI> or <FF1SI>.

MCU90-506
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An end of receive operation can be confirmed by reading the serial transfer monitor flag <FF0SI> or
<FF1SI> in program.

<SIOQE> 5
Reads serial transfer monitor flag “0”, and

disables by software.
<FFOSI> ™ (L <
d §¥

SCLKQ pin
L]

<
]

output { 5
RXDO pin §
Mix bs X0 X DUmej:xsz:{,

?,mggng 4 T f T f T T T
INTSIOO0 3 ’_5_1 \3_
SR> K O e E)

T
<SCOBR> (ﬂ; L
Read

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

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

<SIOOE> J /L

<FFOSI> —L . [——l I_L‘

25 e e e e e e e e I e
o 00 X o X 3 X s X 07 X e X o 0 X0 {50 XX X :

S R A A R R D — -

INTSI00 |—”h)—"—“_lﬁ__|—\7,

Sl R A 7 X

y
<SCOBRF> {ﬁ (ﬂ kﬁ_
Read

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 chartin Receive mode (Leading edge)
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<sI00E> |

satput | —uwwwww

input

Sampling
Timing

<FFOS{>

INTSIOO0

RxDO pin m(% D; G:XDS)(DTXDOX:{:XDG :; XD7XDOXD1X:

/A S E H N A R 4

4

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

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

The first transmit data are written into the buffer register SCOBR (SC1BR for channel 1) after the
simultaneous transmit-receive mode 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 (INTSIO0 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.

& serialclo

(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<SIO0E> or <SIO1E> 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
<SORES> or <STRES> to “1”, and the serial transfer enable/disable register <SIO0E> or <SIQ1E> is
cleared to “0”.

The end of simultaneous transmit-receive can be confirmed by reading the serial transfer monitor
flags<FFOSI> or <FF1S!> in program.

MCUS0-509
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An end of the simultaneous transmit/receive operation can be confirmed by reading the serial
transfer monitor flag <FFOSI> or <FF1SI> in program.

/Writes next transmit data “DO’" to buffer register

g0 i
¥F / 13} I

<SIO0E> | 3
V4

{5 1%
<SCOBR> o ><:Dl X o DO
<SCOBR>
Read ” ﬂ

s S O T T e O
output .

N 77 R CHED CHAW Y . C Ca—)
L byt

Sampling Timing T T
<FFOSI> —‘—“—,—j——l_‘ f
INTSI00 3 : 1

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

<SCOBR>

<SIO0E> I
1
2 3 XX oo X

<SCOBR> . n
Read

l__l I_] H
:ﬁ&i‘:in m poo X poi X 002 X pos X poa X pos X 0os X 007 X 000 X noD( oos' X por /

::‘);[:3 pin WD'O X on X oz X oz X ow X os X o X o7 X ow XEE::X ois' X o7’
Sampling Timing R S R S S S S R N S N

<FFOS5I> - - ¢
}

SCLKO input

INTSIOO0 rl

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

by

Fig 3.17.7 Serial channel Timing chart in Simulaneous Transmit/Receive mode
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3.18 SERIALBUS INTERFACE (SB!)
TMP0CR74A has one (1) channel 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 12C-Bus mode, the interface terminals can be selected from two (2) channels.
¢ Channel 0 ; P52 (SDAQ), P53 (SCLO)
¢ Channel 1 ; P55(SDA1), P56 (SCL1)

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

The terminals for I2C-BUS are multiplexed with PS port and these are used as normal port when not to
use as 12C-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 [/O in I12C-BUS mode. For the terminal of
RxD2, the I/0O mode should be set as input mode.

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

SIO Functions
® 8-bitdata Transfer Synchronizing with Serial Clock
® Transmission mode / Transmit-receive mode / Receive mode
® 1-byte Transfer

MCU90-511
B 9097249 0043778 819 WM
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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 I°C-BUS mode
The followings shows the data format in 12C-BUS mode.

{a) Addressing format :

transferring between master and addressed slave

(b) Addressing format (restart)

8 bit 1 8 bit 1
FTTTTTIR[A[] TTTTTTT |A

S| slaveaddress |/]|C data c|p
K K
1time »|-e—multi-transferred >

in case the direction for transferring is changed

(c) Freedat

8 bit 1 8 bit 1 8 bit 1 8bit 1
TTTTTTIRIAf TTTTTTT A FTTTTTIRIA] TTTTTTT [A
5| slaveaddress |/|C data CIS| slaveaddress |[/[C data cip
W] K K W| K K
1 time multi-transferred —- 1time multi-transferred —
a format

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

8 bit

T T T TTT
data

Noie S :

ACK :

~-multi-transferred

1
A
Cc|P
K
—

start condition

Output timing pulse which indicates start transmitting.
direction bit

Indicate the direction for transferring against slave.
0: slavereceives {master transfers)
1: slave transfers {master receives)
Receiver response to transmitting as a confirmation for data receiving
0: receiving completed
1: notaccepting data transferred, or in case master receiver instructs slave
transmitter to terminate transferring.
Output timing pulse which indicates terminate transmitting

acknowledge bit

stop condition

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 control 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) [ ~g- | =~ i -0+ | mck | ams | L ScK ] (Resetvalue 0000 0000)
0 : Acknowledge notret dtot itter.
ACK Acknowledge bit select cknowlecge not returned 1o ral;nsml <
1 ¢ Acknowledge returned to transmitter. AW
0 : Channel 0 (5CLO, SDAO)
CHS Input / Output channel select
1 : Channel 1(SCL1,5DA1)
000 : fc/26(250 kHz)
001 : /27 (125 kHz)
010 : fu28(62.5kHz)
sck Serial clock frequency select 011 : fd/22(31.2kH2) write
{available in master mode) 100 : f¢/210(15.6 kHz) only
101 : f¢/299 (7.8 kHz)
110 : f¢/212(3.9 kHz)
1M1 — at fc=16 [MHz]
Note. : Alwayswriting “0” in 5, 6, 7bits of SBICR1.
Serial BUS interface Data Buffer Register
SBIDBR 7 6 5 4 3 2 1 0
(FFE3H) : 5 ; z ] ®wW
12C-BUS Address Register
12CAR 7 6 5 4 3 2 1 0
(FFE4H) sa6 | sas | saa [ sa3 | saz | sa1 | sm0 | aus I(ResetVaIue 0000 0000)
0 : Confirm slave address (addressing format; i
ALS Address confirm N v ¢ 9 ) write
1 : Notconfirm slave address {free data format) only

MCU90-514
BN 9097249 0043741 303 W
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Serial BUS Interface Control Register 2
SBICR2 7 6 5 4 3 2
(FFESH) [ wst [ tax | s8 | em | sBIM
MST (Write) Master / slave selection 0 : Slave
{Read) Status monitoring 1 : Master
TRX (Write) Transmission / Receive selection 0 : Receiver
(Read) Status monitoring 1 : Transmitter
(Write) (Write)
Start/ stop condition control 0 : Stopcondition generate
B8 1 : Startcondition generate
{Read) {Read)
12C-BUS status monitor 0 : BUSfree Rw
1 : BUSbusy
(Write) (Write)
Interrupt request reset 0: -
PIN 1 © Interruptrequest reset
(Read) (Read)
interrupt request monitor 0 : Interruptrequest
1 : Norequest
00 : Portmode
SBIM Serial BUS Interface 01 : SIOmode Write
operating mode selection 10 : 12C-BUS mode only
11 : reserved

Serial BUS Interface Status Register

SBISR 7 1
(FFESH) ADO (Reset Value wxxx waxs)
. . 0: -
AAS Slave address match detection monitor
1 : Slave addr match or general call detect
. . 0: - read
ADO General Call detection monitor
1 : General Call detect only
LRB Last receive bit monitor 0 : Lastreceive bit “0” (Acknowledge)
(Acknowledge monitor) 1 ¢ Llastreceive bit "1” (No-Acknowledge)
MCU90-515
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(1) Setthe ACK (bit4 in the SBICR1) to “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 _m_

External SDA Line o7 X b6 X D5 X pa X o3 X' b2 X bt X DO j
External SDA Output 4
Data transfer Acknowlddge

Fig 3.18.3 Acknowledge Signal Output Timing

(2) Input/Output 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>""7
} O————{1spAt (P55)
SDA ~— Channel 1

g><25cu (pse) J
SDAO  (P52)
Channel 0

O————{dsce  (P53)

o
[a]
-

Fig 3.18.4 Input/Output Channel

MCU90-516
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(3) Serial Clock

The SCK (bits 2to 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 clack (trc ) is at least 8/fc [s], a high-level time of
the output clock (tHe) istSCL.
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 (tsc1/2) < the < tscL.

(a) Incase of tge< (8/f¢) [s]

the=tic=tsc/2[s] (tscu=1/fscu [s])

~— 1/FscL[s] tuc tic—-
SCL 0.5V
{Output)
————
Fseu=fsc tae
(b) Incase of tre 2 (8/fc) [s]  tuc=1tsci Is] . tic=tsc /2 [s]
1/Fsculs] tuc
SCL 0.5V
{Output)
——
Foeu=fscL /1.5
scu=fscl tac
SCK Fscy {atfc=16 MHz)
{Bit 2 to 0 of SBICRY) tre < 500 [ns] 500 [ns] = tpc

Q00 250 kHz 166.7 kHz
[¢[o]] 125 kHz 83.3 KkHz
010 625 kHz 41.7  kHz
01 31.2  kHz 20.8 kHz
100 15,6  kHz 10.4 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 <$A6 to 0> and <ALS> to I2CAR register. Set
<ALS> "0" to the for the address recognition mode.

(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 12CAR 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 bit is “0”.
In the master mode, after an acknowledge signal is returned from the slave device, the TRX is set to “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.

th —

MCU90-517
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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 5 in the SBICR2) is

g,
scLo___t 1

terminal ! HAY 1 2 3 4 5 6 7 8 _/_9_\____
SDA Lo

terminal ~ 1 \ b7 X o6 X D5 X o4 X b3 X bz X bt X Do -
1

r-
]

1

1

|5

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, BB, and PIN until a shop
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 interrupt service 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 PINto "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 set to “1” by the program, the PIN is not cleared
to “0” when it is written “0”.

(9) Serial bus interface operation mode selection
The SBIM (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 portis high level.
Switch a mode to port after confirming sure that the bus is free.

MCU90-518
B 9097249 0043785 T59 WA
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{10) Slave address match detection monitor

The AAS (bit 2 in the SBISR) isset 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 I2CAR. When the

ALS is "1”, 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 monitor

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 ADO 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 LRB (bit 0 in the SBISR). In the

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

MCU90-519
B 9097249 004378k 995 WA
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2.18.4 Data Transferin 12C bus Mode

(1) Setthe ACK, CHS and SCK in the SBICR1. Specify “0” to bits 7 to 5.
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 defauit 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 bits0and 1. :

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

Setthe ACKto “1” and specify aslave address and adirection bit to 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
SBIDBRare outputonabusbywriting “1” tothe MST, TRX, BB, and PIN. Aslave device receive these dataand
pulls down the SDA line of a bus to the low-level at the acknowledge signal timing. An INTSBI interrupt
requestoccursatthe Sth falling edge ofthe SCLclock 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.

m————

SCL 3%F

i 1
] 1
1 1
SDASF | LD (D CED G Gl G CID G5 4N
L_t! < w2haia s
Y acknowledge

Start Condition . R . from
Slave Address + Direction Bit slave

PIN ( l_--_

INTSBI

INTERRUPT Request I |

Fig 3.18.8 Start Condition and Slave Address Generation

(3) 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. When the MST is “1” (Master mode)
Check the TRX and determine whether the mode is a transmitter or receiver.

@  When the 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 datatransfer.
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 INTSB! interrupt request occurs. The PIN becomes “0” and the SCL pin is pulied 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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SCL terminal

SDA terminal

<PIN>
INTSBi
Interrupt Request

—— Writing tranmit data to SBIDBR

1 2 3 4 5 6 7 8 9

____l zlfceiver

D CO G CD CH I CI G X B

Acknowledge from

...

Fig 3.18.9 1-byte Transmission

@ When the TRX is “0” (Receiver mode)

Setthe ACKto “1” and read thereceived data from the SBIDBR (data which is read immediately after a
slave address is sent is undefined). After the data isread, 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 outputs a clock pulse for 1-byte of data transfer and the acknowledge signal each time that
received dataisread from the SBIDBR.

<PIN>
INTSB!

Interrupt Request _

Reading of SBIDBR

Acknowledge to

‘ L_'I'Lansmitter

..

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 30CR74A generates a stop condition and
terminates data transfer. When reading data from SBIDBR in the last received byte, the serial clock and
acknowledge signal don’t outputs because ACK is “0”.

SCL

D7__¥D6 DS wba xp3  ¥pz b1 xoo [ w T

Acknowledge (H) to
Transmitter

| L
s ..

After clearing ACK to "0”, read received data

Fig 3.18.11 Data Transmission of Final Data in Master/Receiver mode

MCU90-521
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b.When the MST is “0” (Slave mode)

In the slave 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 90CR74A 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 SBIDBR register.

tn 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.

/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).

1/0

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 untila stop condition is

generated a bus.

17— <MST>
"1" = <TRX>

“Q" - <BB>
1" > <PIN>

<SCL>

<SDA>

<PIN>

<BB> (Read out) - l

Fig 3.18.12 Stop Condition Generation
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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 until 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> 1" <MST>
“0" — <TRX> 17 5 <TRX >
“0" - <BB> “1" > <BB>
“1" = <PIN> "1" = <PIN>
1“(4“/17#15)" Start Condition
External SCL Line / \ / /
L .
\ 1] t
internal SCL Output / 9 \ / ) ! 3 !
(90CR74A) ' '
) — X
External SDA Line / ( : [ \ :
<LRB> I \‘
¥
<BB> l I

<PIN> l I

Fig 3.18.13 TMP90CR74A Restart Timing Chart
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3.18.5 FIFO 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

12CFCR1 7 6 5 4 3 2 1 0
(FFE6H) [om ] | FSCK | cont | | BYTE | | (Resetvaiue 0000 0000)
TR FIFO transfer mode selection 0 Recelve.r mode
1 : Transmitter mode
000 : fc/26 (250 kHz)
001 : fe/27 (125 kHz)
010 : fu28(62.5kHz)
FSCK Serial clock frequency {fscl) 011 : f/29(31.2kHz)
selection 100 : fc/210(15.6 kHz)
101 : fo211 (7.8 kHz)
110 : f¢/212(3.9 kHz)
1M1 0 — at fc=16 [MHz] Write
CONT Data transfer mode selection o &byt'EdatatranSfer only
___________________________________ 1: Continvouswanster ...
BYTE Number of transfer data byte 000 = 1-byte
001 : 2-byte
(Data is valid when <CONT> = “07) 010 : 3-byte
011 : 4-byte
100 : S-byte
101 : 6-byte
110 : 7-byte
111 : 8-byte

12C-BUS FIFO Control Register 2

i2CFCR2 7 [ 5 4
(FFE7H) |Svart | 570p | s | wT |

i (ResetValue 1101 »#1%)

0 : Startorrestart
START Start FIFO buffer transfer .
— 0 : Sto
STOP Stop FIFO buffer transfer . P
CHS Input/ Qutput Channel selection 0 = Channel 0(SCLO, SDAQ) write
ut/ Qutpu i
P P 1 : Channel 1 (SCL1, SDAT) only
— . . 0 : Startcontinuous transfer
INT Restart in continuous mode 1
T Reset for 2C-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 [2CBUS 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) | o7 | ro6 | ros | foa | f03 | F02 | FD1 | f00 | (ResetValue wwaw xxss) (RAW)

12C-BUS FIFO Status Register 1
12CFSR1 7 6 5 4 3 2 1 0

(FFE7H) l SDA [ END [ CHS [ BUSYJ FULL l EMPTY I SCERR I AKERR I (Reset Value ~000 0000)
. . 0 : SDAlineiow
SDA SDA line monitor . |
1 : SDAline high
1: E f f
END FIFO buffer status flag nd of trans er'
cleared by setting <STOP> to "0”
. 0 : Channel0
CHS Input/ Output channel monitor
1 : Channel 1
1 : FIFO buffer datain transfer
BUSY FIFO buffer transfer status K
cleared by setting <STOP> to “0” read
0: - onl
FULL FIFO buffer full / Receive end . v
1 : FIFO buffer full/ receive end
0: -
EMPTY FIFO buffer empty/Transmit end .
1 : FIFO buffer empty/ Transmit end
0: -
SCERR Start condition error .
1 : Start condition error
0 : -
AKERR Acknowledge error
1 : Acknowledge error
12C-BUS FIFO Status Register 2
12CFSR2 7 6 S
(FFESH) bbb (ResetValue Q1as saes)
Matching monitor between 5CL line -
NOMAT . . .
and SCL terminal SCL line pulled down by slave device read
LREM Last received bit monitor Last bit “0" (acknowledge) only
(acknowledge signal monitor) Last bit “1” {(no-acknowledge)

MCU90-525

B 9097249 0043792 199 W

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003




TOSHIBA TMP90CR74A

(1) Transmit Operation

Set the number of byte transferred and select transfer clock by setting 12CFCR1 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 I12CFSR1 registerisset “1“. It'signored if data is
written during <FULL> is "1”. For starting transmission, slave address and <RAV> bit should be set as
the first data.
Then set <CHS> and <START > bitsin I2CFCR2, the FIFO controller becomes active.
The FIFO controller sets <BUSY > bit in 12CFSR “1” and accesses I2CFCR1, 12CFDBR and 12CFCR2 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>
bitin 12CFSR register isset " 1",
When alldatabyte hasbeentransferred, <EMPTY > bitin12CFSR registerisset “ 1" and theinterruptrequest
INTSBlisgenerated. And if <CONT > bitinI2CFCR1 registeris “0", < END > bitin I2CFSR registerisset “1” to
terminate all data transfer. In case that <CONT> bitis “1”, <END> bit is not set because of continuous
mode. Thisisthe reason why therest of datashould be transferred by restarting after setting the number of
dataremained and datainto 12CFCR1 and 12CFDBR registers. [f aninterruptrequestis no needed when data
transfercompletes, set <INT > to "0 beforerestart.

{2) Receive Operation

The procedure is ailmost 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 register.
Following that, set slave address and <RAV> bit to I12CFDBR register and set FIFO controller active by
setting <START > bitin I2CFCR2 to “0”. When the number of data, which was set in 12CFCR1 register, has
been received, <FULL> bit in 12CFSR register is set “1” and the interrupt request INTSBI is generated.
The status can be monitored in <CONT> and <INT> bits and I2CFSR 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.

(3) 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 controller does restart operation then data is transferred.

(4) Stop Operation
By setting I2CFCR2 <STOP> to “0" when <END > bit in 12CFCR1 register is “1”, FIFO controller stops
data transfer after generate stop condition on to BUS and clearing <BUSY> bit in 12CFSR1 register is
nge
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3.18.6 Controlin Clock Synchronous 8-bit SIO mode
To use serial BUS interface as clocked synchronous 8-bit 510 mode, the following registers are used.

Serial BUS Interface Control Register 1

SBICR1 7 6 5 4 3 2 1 0
(FFE2H) ISIOS I JSNI,% SIOM I CHsS l L SCK I (Reset Value 0000 +000)
S$I0S | Transfer start/stop 0: Stop
1:Start
SIOINH | 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-bit transmit/receive mode
11: 8-bit receiver mode
CHS | input/ Output channel select 0: Channel 0 (SCLK2, TXD2, RXD2) RW
1: Reserved

000 : fo/26 (250kHz)
001 : fe/27 (125kHz)

010 : fu28 (62.5kHz)

011 : f/29 (31.2kHz) [ atfc=16 MHz @ﬁ;ﬂa) Write
100 : /210 (15.6 kHz) only
101 : f/2V1 ( 7.8kHz)

110 : ff212 ( 3.9kHz)

111 : External clock (from SCLK2 input)}

SCK | Serial clock frequency select

Note 1) *; don'tcare
Note 2) $105 should be “0” during transfer mode and serial clock.

Serial BUS interface Data Buffer Register

SBIDBR 7 6 5 4 3 2 1 0
(FFE3H) [ T T T T T T T

(Initial Value *xxx wxxx) Read / Write

Serial BUS Interface Contro! Register 2

SBICR2

(FFESH) i (Initial Value sxxx 00xx)

00 : Port mode (to prohibit Serial Bus Interface)

. : d
SBIM | Serial BUS Interface operation mode 01: 510 mode Write
10:12C-BUS mode
only
11: reserved
Note 1) *; don'tcare
Note 2) Should be confirm transfer-end to change terminal from S10 to port
Serial BUS interface Status Register
SBISR 7 6 5 4 3 2 0
(FFESH) ;- SIOF | SEF (initial Value ##xx 0Dx*)
SIOF |Serial transfer operation status 0 : Complete transfer
1: During transfer
9 Read
SEF | Last bit receive monitor 0: Complete data shift only
{Acknowledge monitor) 1: During data shift
MCU90-527
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(1) Serial Clock

a.Clock Source
Clock source can be selected by SCK bits in SBICR1 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
|- e——|

SCLK2 Output LIFLLE LIPLE TR B FIBMETR
ozone I XX R
~ ~ e

Writing a transmit data :X a X b X [

Fig 3.18.14 Automatic Wait Function Timing

@ External clock (SCK="111")

An external clock supplied to the SCLK2 pin is used as the serial clock. 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).
5CLK2 I | | fl']_l—'[_r——
it
tsckL tsekm
sk tsexn > 16/fc
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.

@ 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 (SCLK2).

MCU90-528

B 9097249 0043795 974 WA

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90CR74A

swe Y Y TY Y TY Y Yy —
TXD2 %\bito X bitt X bitz X bit3 X bitda X bits X bite X bit7

Shift Register Woo543210 47654321 X+ 1765432005 476503 2es7650% s 04765 rerenrT6 rnnrres?

(a) Shift at leading edge
sz T A LA LA LA LA LA LALA
RXD2 \b‘;tl) X bitt X bitz X bits X bita X bits X bite X _bit7

naon.nna»nﬂaﬁnai 10----..X210..n' 3210%xxx 43210."X543210,, 6543210+« X 76543210

Shift Register

{b) Shift at 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
from the SBIDBR to the shift register and output 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 SIOS 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 clock is used, it is also necessary to clear the SIOS to “0" before new data is shifted;
otherwise, dummy data is transmitted and operation ends.

MCU90-529
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Clearing of S10S

<slos> __Ld L N

<sioF> __| | D

<SEF>

SCLK2 (Output)

TXD2

INTSBI
Interrupt Request

SBIDBR

+o4
. Internal clock
Writing of transmit data (@ Interna c.oc

<sos> —1
By

<SIOF>

Clearing of SIOS

<SEF>

SCLK2 {Input)

TXD2

INTSBI
Interrupt Request

SBIDBR

L)
Writing+of transmit data (b) External clock

Fig 3.18.17 Transmitter Mode

scLk2 | |
<SIOF> l

D2 bits X bit] 7

tsopH =Min. 3.5/fc{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 dock 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 not read, 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 SBIDBR 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 “0“ (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 clearing the SIOS to “0”, read the last data, and then
switch the mode.

{<———— Clearing of SI0S ———|

<SI0S$>

<SIOF> | 7
:

<SEF>

SCLK2 (Output) <
RXD2

INTSBI
Interrupt Request

SBIDBR

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 written.

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
datais 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 bilocks. 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 SI0S to "0”, read the last
data, and then switch the transfer mode.

MCU90-532
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{~————— Clearing of SI0$ —»|

<5l0S> L

<SIOF>

<SEF>

SCLK2 (Output)

TXD2

RXD2

INTSBI
Interrupt Request

SBIDBR X a b X d

Writing of Reading of Writing of Reading of
transmit data (a) received data (c) transmit data (b} received data (d)

Fig 3.18.20 Transmit/Receive Mode (Internal Clock mode)

SCLK2 | ]
<SIOF > : ]

TXD2 bit6 X Bit 7 of last transmit data /

tsopn = Min. 4/fcs]

Fig 3.18.21 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 comparison type
with 12-channels analog input. The 10-cannels (AINO to AIN9) 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 us (at 16 MHz) from the start of conversion.

<ADS> <ADBF> <EQCF>
A ¢

ADREF A/D conversion control
ADGND circuit

PDP i

PDM D/A conversion circuit J
AIN9 (P71)
AINB (P70)
AIN7 (P67)
AING (P66)
AINS (P65)
AIN4 (P64)
AIN3 (P63)
AIN2 (P62)
AIN1({P61)
AINO (P60) [—

———————— INTAD interrupt request

|

A/D conversion value
register

N]"-'"'i' —»| samplehold
plexer

circuit

S Internal data bus 5

TITTTTTTTeT

<ADCH3to 0>

Fig.3.19.1 Configuration of 8-bit A/D Conversion Circuit

3.19.1 Operation of A/D Conversion Circuit

(1) A/D conversion reference voltage
The positive electrode of A/D conversion reference voltage connects to ADREF pin, and the negative
electrode of A/D conversion 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.

(2) 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 (Portb, Port7).

(3) 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".

MCU90-534
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(4) Start A/D conversion start
A/D conversion is started by setting the A/D conversion control register ADCR<ADS> to "1”. After A/D

g

(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 to 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 conversion interrupt (INTAD) is the same as the one of the
Timer/Counter3interrupt(INTT3). The selection ofeither 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> ]

~«———Conversion time ——>|

<EOCF> |
<ADBF> | \

ADREG s

INTAD interruption LL

request 7
Interruption request
flag
Program R ing of
9 Start conversion of:%;‘é‘ﬁ icr:f::::g‘?on 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 resultin 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 3 S a4 3 2 1 0
{FFDCH)

0 : A/Dconversion in progress or prior to A/D
EOCF A/D conversion completed flag conversion

. read

1 : A/D conversion completed

0 : A/D conversion stopped only
ADBF AJD conversion busy flag . fon stopp

1 : A/Dconversion in progress

0: -
ADS A/D conversion start .

1 : A/D conversion start (one-shot)

0000 : Select AINO 1000 : Select AIN8

ADCH3

0001 : Select AIN1 1001 : Select AIN9
0010 : Select AIN2 1010 : Select AIN10(PDP)
ADCH2 RAW

R . 0011 : Select AIN3 1011 : Select AIN11(POM)
Analog input channel selection

0100 : Select AiN4 10%x* ; Stopuse

0101 : Select AINS
0110 : Select AING

0111 : Select AIN7

ADCH1

ADCHO

Note: Please ensure that "1" is always writtenin the 7 bit of the A/D conversion control register. (ADCR)

AJD conversion value register

ADREG 7 6 5 4 3 2 1 0
(FFODH) [ apry | aors I ADRS | ADR4 | ADR3 j ADR2 I ADR1 I ADRO | (Initial value *#+x *xxx)  read only

MCU90-536
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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 CTL signal and VISS/VASS signal can re-write by use to the CTL ampilifier.
Figure 3.20.1 shown in configuration of CTL amplifier.

< 7PG10 (from TBC1)
—< TPG11 (from TBC1)

SACR1<REC>

SACR1<INDEX>
SACR2<SWPTA>
SACR3<SWPTB>
SACR3 <SWSHT >

: SWBAS SWBs SACR2<CAMP2>
Recording ——————————————— SACR2<CAMPO>
Pattern SWhLY —— SACR2<CAMP1>
———— SACR2<PHSPUP>

Generator SWREC

7

CTLBIAS
Play Back AMP {to schmit circuit)
D/A
+
Converter - CTLAMP .
} (to schmit circuit)
RECAMP
peak POMS50
1 detect >
Avea ?_e)c {to schmit circuit)
r
t—— PDP50
(to schmit circuit)
2= piasame (t0 A/D)
{to A/D)
AGND1
L 0 1
CTLBIAS RPCTL| CBIN CNF8| POM
223 = R7 c7

¥

AA

R2

L
R1 > R3
2

—

CTLHead

(a) Amplifier of playing, recording for CTL signal
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B 9097249 0043404 730 W8

by 1Cm ner.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP90CR74A

. CTLAMP
POPS0 Do
AVCCH SACR2<SMTPO>
SACR2 <SMTP1>
SACR1
<POPON>
| —+
Selector SACRI<CTLPO>
Selector [ 1=
—= 4 SACR1<REC>
I TPG10 (from TPG1)
=ha
p———>= CTLOUT
{ta CAPIN, P30}
CTLBIAS
= -
= N
9 SACR1
L <PDMON>
= { L]
Selector
Selector }——
= - —
b 3-bit
7 TBC12 counter Q
L (from TBC) R
=
i’ ! SACR1 <CTRGE >
=
= SACRZ<SMTNO >
;]7 AGND1 SACRZ<SMTN1>
PDMSQ e

(b)- Schmit Circult

Fig 3.20.1 Configuration of Amplifier for Servo Control Circuit
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TMP90CR74A
(2) Control Registers
Servo amplifier control register 1
SACR1 7 6 5 4 3 2 1 0
(FFF1H) [ IDIRE } DIRFLG | CTLPO | CTRGE PDMON | PDPON | INDEX | REC ] (Reset Value 0000 0000)
. X 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
R/W
i . i 0 : Manual
PDPON CTL negative ( +) schmit selection
1 : Peak hold
INDEX 00 : Reproducing mode
CTL operation mode selection *1 : Recording mode
REC 10 : Index mode
Servo amplifier control register 2
SACR2 7 6 5 4 3 2 1 0
(FFF2H)  Fppspup i caMP2 | CAMP1 E CAMPO | SMTP1 i SMTPO & SMTNT | SMTNO | (Resetvalue 0000 0000)
i 0 : Normal recovery
PHSPUP Peak-hold recovery speed selection :
1 : High speed recovery
CAMP2 to . e 0 : OFF
CTL reproduction amplifier switch
CAMPO 1: ON
00 : -100 [mvV]
SMTP1 . .
CTL negative ( - ) manual schmit level 01 : =200 [mV] RAW
selection 10 © ~300 [mV]
SMTPO
11 : =500 [mV]
00 : +100 [mV]
SMTN1 . .
CTL negative (+) manual schmitlevel 01 : +200 [mV]
selection 10 : +300 [mV]
SMTNO
11 : 4500 [mV]
Servo amplifier control register 3
SACR3 7 6 5 4 3 2 1
(FFF3H) [ iois | swets i swera iaouTs1ia0UTs0] CraBS | Craas | swsHT | (Reset Value 0000 0000)
00 : 1.5 [ms)
SWPTB L . -
SWPB timing switch in index mode 01 : 2.0 [ms)
selection 10 . 2.5 [ms]
SWPTA
11 : 3.0 [ms]
00 : CTLoutput
AOUTS1 R/W
R 01 : CFGA output
CTLCFG (P30) output source selection
10 : CFGB output
AOUTSO
11 -
0 : Automatic control
SWSHT SWBS control i
1 : Forced "ON
MCU90-539
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Servo amplifier control register 4

SACR4 .3 2 1 0
(F796H) | creez { creaz | croro [criout] (Resetvalue 0000 000+)
CTLOUT CTL reproduction amplifier output 0 : CTlLoutput="0" Read
status 1 : CTLoutput="1" only

Note : Always write “0" in bit 4 to bit 7 of servo amplifier control register 4 (SACR4)

(3) Using the playback amp
(1)  Gain switching

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 difficult 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 gain 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 may set maximumgain and 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
astocomplywithit.

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 becomes 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 relative to the
bias level; hence, this is called a peak-hold Schmit method. The other is called a manual 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 (PDP and PDM) can be monitored using the A/D
converter.

MCU90-540
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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 operating with AVCC1 =5 V) that can be set independently on each positive (+) and
negative { -) side of the signal. Use the <SMTP1>, <SMTP0> in servo amp control register 2
(SACR2) 1o set the Schmit levels 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 method 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 signal has a distorted waveform, 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 contro! circuit (CPAIN), capture 0 (CAPDQ), VISS/VASS determination circuit
(VIVA), and timer counter 2 (TC2) are always matched to the rising edge of the Schmit output.
Polarity switching is controlled by the <CTLPO > in servo amplifier control 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 signal drops.
In such a case, you can set the <CTRGE > - in servo amplifier control register 1 (SACR1), so that the
Schmit output is reset low about (213/fc) 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.

MCU30-541
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Veop

. 3
Schmit level _ |

Vegias

Schmitlevel _

Veom __|

<PDPON>

<PDMON>

crouT __|

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 possible 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 synchronously 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.

MCU90-542
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TPG10

<REC> |

SWBAS

SWPLY

SWREC

RPCTLterminal =~ —=— —*~ L
Playing CTL
signal after REC k k

CTLOUT r—-| r_l

(<CTRGE>=1)

I
N
~< |V\’

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 controlied 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 CTL signal negative ( -) edge is written to by a falling
edge of TPG10. 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 puised 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 recording (rewrite) to
back electromotive force which will be amplified by the reproducing amplifier. To prevent this
problem, the reproducing amplifier can be 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.
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U TR \ — ’ N
TPG10 l
e 1 —I—_

<INDEX> __| I

SWBAS

SWPLY I

SWREC

RPCTLterminal = — ===

Playing CTL
signal after k k k
<INDEX>

cTLouT [ 1 [ 1 L

(<CTRGE>=1)

Fig 3.20.4 Timing chart for INDEX (Rewrite) ®

£t
¥

TPG10 it it

T 12

It 1t
"7 17
TPG11 v

S m
F{ I{i {3
” L il

SWBAS o

SWPLY it 14 1

12 124 "

it {1
7T 124

SWREC I

it
2]

RPCTL terminal HZ : HZ

14
3

t1=01t064 15

12=64 us

13=64 us

tr=10.96 ms

T : Programmable (to be set on <SWPTB>, <SWPTA>)

Fig 3.20.5 Timing chart for INDEX (Rewrite) @
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3.20.2 CFGAmp
(1) Configration
AvCC APH
APL CE:
RAY
o1my APZ = SACR4
RA2 ‘——l <CFGAZ>
+B0mv ‘ -
RA3 —.
:: R
L Q
RAG = I_n* t— - 5
o =: .
RAS =
A -—
=120 mv
L
RAE = AML Cg:
AMH _1
AGND1 —C = SACR3
<CFGAS>
CFGAl {
CFGA ampleler Q
SACR1
CFGAIN D—|_ bias <CTLPO>
amplifier
CFGBIASl E ) >
CFGBIN D—’— SACRA :l I/
<CFGPO>
CFGB AGND1
amplifier
CFGBI }
AVCC1 BPH _Cbl
BPL
- =
BPZ SACR4
+120mv <CFGBZ>
RB2
+ 80 mv <— -
/83 N
R
af—
R84 > S
- 80mv > .
RBS
120 mV BMZ { t
RB6 8ML
BMH —l
AGND1 SACR3
SACR1 <S|g|CRR53> <CFGBS >
<IDIRE> ¢
1 CFGB
. INTDIR selector] 3 (to P30)
interrupt request
Direction |<—
Detector CFGA

SACR1<DIRFLG>

Fig 3.20.6

Configuration of CFG Amplifier

(to P30, CAPIN)
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(2) Control Registers

Servo amplifier control register 1

SACR1 7 6 5 4 3 2 1 0
(FFF1H)  [“iome [ oimeea | crepo [ cirae [pomon] poron [ inoex | rec | (Reset value 0000 0000)

. . 0 : Disable
IDIRE INTDIR detect interrupt enable / disable RW
. 1 : Enable
0 : CFGB ahead of CFGA Read
DIRFLG DIR detect flag
1 : CFGA ahead of CFGB only
. . 0 : Forward
CTLPO CTL porarity switch RAW
1 : Reverse
Servo amplifier control register 3
SACR3 7 3 5 4 3 2 -1 0
(FFF3H) [ ipins [ swere [ swera [aoutt [ aouto | ceaes | croas [ swsiT ] (Reset value 0000 0000)
3
0 : DIRFLG
IDIRS INTDIR interrupt source select
1 : CFGB
00 : CTL output (from CTL amplifier)
AOUT1 01 : CFGA output (from CFG amplifier)
AMPOUT (P30) output source select .
AQUTO 10 : CFGB output (from CFG amplifier) RW
11 @ -
CFGBS CFGB amplifier Schmit level select
0: +80 [mV] (atAvCC1=5(V])
. . 1 : £120 [mV t AVCCt =5 [V
CFGAS CFGA amplifier Schmit level select (V] (o VD
Servo amplifier control register 4
SACR4 . 7 6 5 4 . 3 2 1 0
(F796H) . | croez | croaz | crapo fcTiout] (Resetvalue 0000 000%)
- 0: 2 Schmit
CFGBZ CFGB Schmit select €ro cross schmi
1 : Manual Schmit
5 0 : Zerocross Schmit
CFGAZ CFGA Schmit select ) R/W
1 : Manual Schmit
5 0 : Forward
CFGPO Zero cross polarity select
1 : Reverse

Note : Always write “0" in bit 7 to 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 cantrol register 4 (SACR4).

a.Manual Schmit Trigger Circuit

The Schmit width can be selected from two, +/—-80 mvolit 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 motar, 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
described onthetable below. Set <CFGPO > to ”0” or “1" to match capstan FG architecture.
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

CFGA amplifier input 90 deg ahead of

<CFGPO> <CTLPO> Pz CFGB amplifier 12;;21\90 deg ahead of
0 0 (foward) zero-cross Schmit manual Schmit

1 (reverse)

manual Schmit

zero-cross Schmit

0 (foward)

manual Schmit

zero-cross Schmit

1 (reverse)

zero-cross Schmit

manual 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> is reset to “0" after reset, itissetto “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
orto disable. The source of INTDIR interrupt can be selected on <IDIRS> whether CEGB'or DIRFLG.
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CFGA AMP oy —_—1
s '
i
1
i
i
i
i
+4
i
CFGB AMP
CFGA
CFGB i | i
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

s L L L T L L LT L
s [ U LR L[] [
<DIRFLG > | -

interrupt INTDIR ' | ) I

eea [ L[ T L1 1 f [
cFGB l [ f ' L
<DIRFLG> ‘ [
| | |

interrupt INTDIR I I

74

Fig 3.20.8 Forward/Reverse Detection Timing chart
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3.21 PORT

The TMP90CS74 has 63 general-purpose digital I/O ports and 8 digital dedicated-function ports.
Table 3.21.1 indicates the digital port structure.

Table 3.21.1 General-purpose I/0 Ports and Dedicated-function Ports

Type Port Name Bit Structure Number of Pins
Port 0 P07 to POO 8
Port 1 P17 to P10 8
Port 2 P27 to P20 B8
General-purpose I/O | Port 3 P37 to P30 8
Ports Port 4 P47 to P40 8
Port 5 P57 to PS50 8
Port & P67 to P60 8
Port7 P74 to P70 S
Port8 P81 to P80 2
Pulse-width modulation PWM1, PWMO 2
Head switch signal output VASWP 1
Dedicated-function | OSD oscillator connection pins Xl, XO 2
Ports Vertical sync signal input VDIN 1
Composite sync signal input CSYNC 1
Clock output CLK 1

(1) I/O Settings
Each bit of 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, PWMO0 and PWM1 can be programmed as push-pull
outputs or N-channel open drain outputs by software.

(3) Output Control in STOP mode

Except for the X!, 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 > OSCER (to port)
sTOP

(from standby control circuit)

Fig 3.21.1 Port Output Control Circuitin STOP Mode
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3.21.1 Port 0(P0O0 to P07)
Port 0 is an 8-bit general-purpose /O port which can specify input/foutput in bit unit. The control
register (POCR) is used to set input/output.
Reset operations clear PO port data register (P0) and PO port control register (POCR) to "0” and initialized
to the input mode.

POCR - WR
Y
Direction OscE8
Control (Bit)
w
>
«@ PO-WR
© I
-
©
o Output Latch > { I PQO to PO7
©
[=4
: —( 5
-
c
+— PO -RD
)

Fig 3.21.2 Port 0 (PO7 to P00) Block Diagram

Port 0 Data Register
PO 7 6 5 4 3 2 1 0
(FFCOH) [ po7 i pos i pos i poa : po3 i P02 i Po1 i POO | (ResetValue 0000 0000) (RAW)

Port 0 Control Register 1

POCR 7 6 5 4 3 2 1 0
(FFC1H) PO7C i POGC i POSC | PO4C | PO3C i PO2C i POIC | POOC | (ResetValue 0000 0000)

PO7C 0 : Input :

Port 0 Input/ Output control (per bit) pu write

to POOC 1 : Output only
MCU90-550
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3.21.2 Port1(P17 to P10)
Port 1 is an 8-bit general-purpose /O 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
(N
Direction Osces
Control (Bit)
“»
=]
@ P1-WR
o |
©
e QOutput Latch —D P10to P17
©
c
: pai=
c
b— PO - RD
N
Fig 3.21.3 Port 1 (P17 to P10) Block Diagram
Port 1 Data Register
P1 7 6 5 4 3 2 1 0
(FFC2H) P17 L P16 L P15 P14 P13 i P12} p11 i P10 | (ResetValue 0000 0000) (RAW)

Port 1 Control Register 1
PICR 7 6 S 4 3 2 1 0
(FFC3H) | p1zc | piec | pisc i prac | P13c i piac i p11C © P1oc | (ResetValue 0000 0000)

P17C 0 : Input rite
Port 1 Input/ Qutput control {per bit) P wii
to P10C 1 : Output only
MCU90-551
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3.21.3 Port2 (P27 to P20)
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.

(1) P20 (TPGOO/TPO) .

P20 used as an TPGOO of timng pulse generator 0 (TPGO) output, and also timing pulse output (TPO).
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).

@ TPGOO
TPGOO 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 TPG01 or TPGO3 in the TPGO output.
When P20 is used as used as an to TP, setting <TPOE> of P2ZMR 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>. :

(2) 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 (P2CR) to “1” to select
output mode. :
The output circuit of P21 can be selected either push-pull cutput or N-channel open drain output by
setting <P210C> in open drain control register1 (ODMCR1).

® TPGM
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".

@ TPt
The data written to <TP1D> 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 P21 used as TP1, setting <TP1E> of P2MR to "1” and set the output trigger to TPGO1 or TPGO3
by setting <VASEL1> of the TP control register (TPCR), then select the edge using <TPE1>.

MCU90-552
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P2CR-WR
(N
Direction OSCEBFD_
Control (BiY P2MR<TPGOOE >
P2MR<TPGO1E>
TPGOO (from TPGO)
< Tpao {from TPGO)
D P20 (TPGOO/TPO)
tput Latch
Output Late P21 (TPGD1/TP1)
S _CIH ODMCR1<P200C>
b ODMCR1<P210C>
: A v
®
3 \_g—Cf*_~ P2-RD
®
< TPCR<TPEQO>
2 — p2-wr TPCR<PPE1>
c Selector }
- Edge Detector [+——— TPGO1 (from TPGO)
Selector
TPGO3 (from TPGO)
TPCR<VASELO>
TPCR<VASEL1>
P2MR < TPOE>
P2ZMR<TP1E>
Selector TPDR<TPOD>
TPDR<TPID>
-

Fig 3.21.4 Port 2 (P20 and P21) Block Diagram
(3) P22 (CRNVTP3)
P22 used as color rotary output (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 TPGO3 in the timing pulse generator 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 or falling edge of TPGO3.

MCU90-553
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(4) P23 (HANTPA)

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-pull 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”.

@ VIP4

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) output.

When P23 is used as VTP4, setting <VTP4E> of the port 3 mode register (P3MR) to “1”

<VTPE34> of HACR to select the rising or falling edge of TPG03.

P2CR - WR
-
Direction OSCEB >—D__
Control (Bit)
HACR<CRMOD>
—_— CR (from CR/HA)
HA (from CR/HA)
$22 (CR/VTP3)
- Output Latch >__D P23 (HA/VTP4)
a
@ ODMCR1 <P220C>
@ _@ \V4 ODMCR1<P230C>
a
© ﬂ— P2 RD
b
@
c
= setoctor [ P2-WR HACR<VTPE34>
elector
Edge Detector TPGO3 (from TPGO)
P3MR<VTP3E>
P3MR <VTP4E>
Selector TPDR<VTP3D>
P7<VTP4D>
S

Fig 3.21.5 Port2 (P22 and P23) Block Diagram

, then set

Bl 9097249 0043421 ALIT HR
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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 (P2MR) to “1“, then set
<VASEL2> of the TP control register (TPCR) to select TPG0O1 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
"
Direction Osces
Control (Bit)
1
Output Latch D P24 (TP2/TI3)

- _C!—< ODMCR1<P240C>

; E

©

© —— P2-RD

[= Ti3 (to TC3)

©

c TPCR<TPE2>

5 — P2 WR

- Selector t

= Edge Detector [ H——— TPGO1 (from TPGO)

Selector |
| Edge Detector TPGO3 (from TPGO)
TPCR<VASEL2>
P2MR<TP2E>
Selector
TPDR<TP2D >
=

Fig 3.21.6 Port2 (P24) Block Diagram

MCU90-555
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(6) P25 (SCLKO)
P25 used as an serial clock input/output (SCLKO) of serial channel (SI00).
When P25 is used as serial clock 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).

PZCRl' WR
(N
Direction OSCEB >—D—
Control (Bit)
4 SCLKO output (from SIO0)
-]
P2-WR
© I [ P2ZMR<SCLKOE>
-
© -
=) - ™
o Output Latch [— | Selector > [ p2s(scixo
@
<
@
-
[ =

{,——'_—C!‘“ Y

— P2 RD
./ SCLKO input (to SIC0)

Fig 3.21.7 Port 2 (P25) Block Diagram

(7) P26 (TXDO)
P26 also used as an serial data output (TXD0) of serial chanel (S100).
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 OSCEB>:D—
Control {Bit) .
“ TXDO (from S100)
3
P2 -WR
i ] | P2MR < TXDOE >
-
a Qutput Latch +— | Selector I\l/ D P26 (TXDO)
®
<
2 _ <|— ] \%
— P2 - RD
.

Fig 3.21.8 Port 2 (P26) Block Diagram

MCU90-556
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(8) P27 (RXDO)
P27 also used asanserialdata output (RXDO) ofserial chanel (SIOD).

When P27isused asserial datainput, clearing <P27C> in port 2 control register (P2CR) to “0” to selectinput

mode,andset <RXDOE > of port2 moderegister(P2MR) to “1".

P2CR - WR
(N
Direction OsCEB
Control (Bit)
a P2+ WR
<
o
a Output Latch 1> { | P27 (RXDO)
e
: J.Z—CF
:
< @
- \—P2-RD

-/
( [ P2MR<RXDOE>

> RXDQ (to SI00)

Fig3.21.9 Port2 (P27) Block Diagram

Port 2 Data Register

P2 7 6 5 4 3 2 1 0
(FFCAH) | p27 | e26 i P2s | P2a | P23 i P22 | p21 | P20 | (Resetvalue 0000 0000) (RAW)
Port 2 Control Register
P2CR 7 6 S 4 3 2 1 0
(F780H) | pa7c  paec i pasc i paac | p23c i p22c i P21C i P20C | (ResetValue 0000 0000)
P27C . 0 . input
R/W
to P20C Port2 Input/ Qutput control (per bit) 1 : Output l (RIW) |
Port 2 Mode Register
PZMR 7 6 5 4 3 2 1
(F781H) | rxooe | Txook [ scikoe | pae | te1e | teoe | trGote [TrGooe | (Resetvalue 0000 0000)
. . 0 : Disabled
RXDOE RXDO input enable/disable 1 : Enabled
. 0 : Disabled
TXDOE TXDO output enable/disable 1 : Enabled
. 0 : Disabl
SCLKOE SCLKO /O enable/disable isabled
1 : Enabled
G : Disabl
TP2E TP2 output enable/disable isabled
1 : Enabled
TP1E TP1 output enable/disabl 0 : Disabled o
outp able 1_: Enabled
. 0 : Disabled
TPOE TPO output enable/disable 1 : Enabled
. 0 : Disabled
TPGOIE TPGO1 output enable/disable 1: Enabled
TPGOOE TPGOO output enable/disable 0 : Disabled
1 . Enabled
MCU90-557
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Port 3 Mode Register

P3MR 7 6 5 4 3 2 1 0
(F783H) | yreae | vreae lCAPFRDl CAPFﬂTPG'IZEl TP3E | 703 | CTLCFG | (ResetValue 0000 0000)
VTP4E VTP4 output enable/disable 0 : Disable
: Enable
0 : Disable W
VTP3E VTP3 output enable/disable
1 : Enable
TP Control Register
TPCR 7 6 5 4 3 2 1 0
(FFDAH) [ 7p3e [vasez| vre2 |vaseiz| teet [vasers| teeo [vaseio] (Resetvalue 0000 0000)
. . Q@ : Rising Edge
TPE2 TP2 (P24) Trigger Edge Selection 1 : Falling Edge
VASEL2 TP2 (P24) Trigger Selection ? I:gg?
TPE1 TP2 (P21) Trigger Edge Selection 0 Rusn.wg Edge
1 : Falling Edge
0 : TPGO3 Rrw
Tri lecti )
VASEL1 TP2 (P21) Trigger Selection 1: TPGO1
. . 0 : Rising Edge
TPEO TPO (P20) Trigger Edge Selection 1 : Falling Edge
. . 0 : TPGO3
VASELC TPO (P20) Trigger Selection 1: TPGOT
TP Data Registe'r
TPDR 7 6 5 4 3 2 1 0
(FFDBH) [ yre3p | vre2o [ vieio [ viroo | 7e3o | tp2p | 7e10 | 7roD | (Resetvalue 0000 0000)
VvTP3D VTP3 (P22} Data Register
TP2D TP2 (P24) Data Register RAW
TP1D TP1(P21) Data Register
TPOD TPO (P20) Data Register
P7 Data Register '
P7 BT, 8. — 4 3 2 ! 0
(FFDBH) | vieao | e7a l P73 l P72 I P71 [ P70 l (Reset Value **00 0000)
[vtPap [vTP4 (P23) Data Register I [ aw ]
Head Amp Control Register
HACR 7 6 S a4 3 2 1 0
(F794H) fcamon] -0~ [vrresa]orrrot [orrroo | “OMP T caro | Haro | (Reset value 0000 0000)
CRMOD CR (P22) output, HA (P23) output, 0 : Disable
COMPIN (P43) input enable/disable 1 : Enable RAW
VTPE34 VTP3 (P22)/VTP4 (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) "W ] paroc [ p2aoc | pasoc | p220c | p210c T r20ac ] (Resetvalue 0000 0000)
P240C P24 Open Drain Control
P230C P23 Open Dra!n 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(P37to P30)
Port 3 is an 8-bit general-purpose /O port which can specify input/Output in bit unit. The control
register (P3CR) is used to 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.

(1) P30{(AMPOUT)

P30 also used as the servo amp output (AMPOUT).
AMPOUT 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 AOUTS0 > of the servo 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 control circuit (CAPIN) and allows capture 0 (CAPO) to measure the
frequency periodically.

P3CR-WR

SACR3<AOQUTS1>
— | [ SACRI<AOUTSO>
Direction OSCEB >—D‘
. F————< CTLOUT (from CLT Amplifier)
Control (Bit) - Selector |————= CFGA(from CFG Amplifier)
F———< CFGB (from CFG Amplifier)
P3-WR P3IMR<CTLCFGE>
J

Qutput Latch ——DPE!O (AMPOUT)

— P3-RD
—~ CTLIN (to CAPIN)

Fig 3.21.10 Port 3 (P30) Block Diagram

Internal Data Bus

(2) P31 (DFGPG)
P31 aiso 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
selectinput mode.

(3) 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.

(4) 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 (CAPO).
When P34 is used as TI0 input or EXT input, clearing <P34C> of the port 3 control register (P3CR) to “0”
to select input mode.

P3CR-WR
(S
Direction OscEB
Control (Bit)
«»
=]
o« P3 - WR
©
-
L
[ Output Latch | g;; :gl:ﬂ"sl'rl,l\?))
g P33 (ACCK)
£ P34 (TIO/EXT)
2 . <5:———<:}~ \%
— P3-RD
g DFGPG (to CAPIN)
RMTIN (to CAPIN)

ACCK (to CAPIN)
TI0/ EXT (to TCO / CAPIN)

Fig 3.21.11 Port3 (P31, P32, P33 and P34) Block Diagram

(6) P35 (TI2/TO3)
P35 used as the event count input (T12) of timer counter 2 (TC2), and also the timer flip-flop output
(T03) of timer counter 3 (TC3). .
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)
P3MR<TO3E>
P3 ‘lWR | < TO3 (from TC3)
Output Latch P35(T12/TO3)

Internal Data Bus

N L_<£?————(:jti___p?RD

Fig 3.21.12 Port 3 (P35) Block Diagram

TI2 (to TC2)

MCU90-560
M 9097249 00u3827? 234 W

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA TMP9OCR74A

(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.

® TPG12

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".

@ 7TP3
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
(N
Direction Osces
Control {Bit)
J—-— P3IMR<TPG12E>
] ———————< TPG12 {from TPG1)
Output Latch — ] 36 (TPG121TP3)
3 {pﬂ \
o
: I e =
o ——
g TPCR<TPE3>
- — P3-WR
e Selector 1
< Edge Detector ————< TPGO1 (from TPGO) -
Selector
| Edge Detector TPGO3 (from TPGOQ)
TPCR<VASEL3>
P3MR<TP3E>
Selector
TPDR<TP3D>
_

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 > of the port3 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 outputof the speed/phase error for the capstan servo system, the capstan motordirection can 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
-
Direction OSCEB)—D—
Control (8it)
I
Output Latch l: = I P37 (CAPFR)
s ODMCR1<P370C>
3 JZ—C!‘ _
L
ot
5 ﬁ_ P3-RD
o
c N SR PWMCR<CFRTRGS >
elector
et I Edge Detector PWMO (from PWMO)
[~
P3MR<CAPFR>
Selector P3MR<CAPFRD>

Fig 3.21.14 Port 3 (P37) Block Diagram

Port 3 Data Register

P3 7 6 5 0
(FFC5H) [e37 P36 : p3s i P3a i P33 i P32 i P31 : P30 | (ResetValue 0000 0000) (R/W)

-
w
N
-

Port 3 Control Register

P3CR 7 6 5 4 3 2 1 0
(F782H) [e37c i p3sc | pasc : P3ac i P33c i P32c i P31C i P30C | (ResetValue 0000 0000)

p37C Port 3 Input/Output control (per bit) 0 ¢ lInput (RAW)
NP U er bl
t0 P30C ortsinp Py P 1: Output
MCU90-562
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Port 3 Mode Register
P3MR 7 6 5 4 3 2 1 0
(F783H) | vrpae © vip3e [CAPFRD | CAPFR (TPGIZE: TP3E | TOZE | SHC | (Reset value 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
RIW
. 0 : Disabled
TP3E TP3 (P36) output enable/disable
1 : Enabled
. Q0 : 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) I IDIRS | SWPTB | SWPTA IAOUTSIIAOUTSO] CFGBS : CFGAS ESWSHTI (Reset Value 0000 0000)
00 : CTLOUT Output  (from CTL amplifier)
AOUTS 01 : CFGA Output {from CFG amplifier)
AOUTSO AMPOUT {P30) Output Source Select 10 : CFGB Output (from CFG amplifier) R/W

11 : Don'tUse

PWM Control Register

PWMCR 6 5 4 3 2 1 Q
(F793H) PW”M;:‘ZI CEFERST | S P pwmo2 | pwmor fPWM00| (Reset Value %000 0000)
CAPFR (P37 0 : Rising Edge
CFRTRGS ) ) . iy W
Trigger Edge Selection 1 : Falling Edge
TP Control Register
TPCR 7 6 5 4 3 2 1 0
(FFDAH) [ 7pe3 ivasees| Tpe2 ivaseiz: 7eer vaseLt: Teeo iMSEﬂ (Reset Value 0000 0000)
TP3 (P36 0 : Rising Edge
TPE3 ; (P36) . ng o9
Trigger Edge Selection 1 : 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) Lvrpsn { VIP2D { VTPID ! VIPOD I TP3D—I TP20 i TPID i TPOD | (ResetValue 0000 0000)
TP3 (P36)
TP3D . R/W
Data Register
Open Drain Mode Control Register 1
ODMCR1 7 6 5 4 3 2 1 0
(F789H) e pwmood pazoc | p2aoc § pa3oc | pa2oc | p210€ : P200C (Reset Value 0000 0000)
0 : Push-pull Qutput
P370C P37 Open Drain Control P ) P R/W
1 : Open Drain Output

MCU90-563
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3.21.5 Port4({PA7 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 (PACR). 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) P40 (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 DOTXI and DOTXO, set <DOTXE> of the port

4 mode register (P4MR) to “1”.

PACR - WR
N
Direction OSCEB
Control (Bit)
P4AMR<DOTXE >
. STOP (from stand-b:
Pa-WR control circuit
HD (from OSD)
Output Latch > +—] ] pa0 (o™X
. T
3
a .
©
hid
a
®
c PACR - WR .
: |
-
= Direction OSCEB
Contral (Bit)
1 DOTCK (to OSD)
P4-WR b
| =
Output Latch [ > "] parwoTx0)

e
N L_<5———{:]Z;m_4*gn

Fig 3.21.15 Port4 (P41 and P40) Block Diagram

. MCU90-564
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(2) P42 (BLK/TXD1)
P42 also used as the on-screen display (OSD) output blanking signal {BLK) and the serial channel (SI01)
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 > of the PAMR to “1”.
@ TXD1

To output TXD1, set <TXD1E> of the P4MR to “1".

PACR - WR
(g
Direction OSCEB>—D_
Control (Bit)
) PAMR<BLKE >
=]
© P4 - WR BLK {(from OSD)
= l
3 opgn
Output Latch Selector __{>M P42 (BLK / TXD1)
<
: TXD1 (from SI01)
2 )\’}t—@ PAMR<TXD1E>
Lﬁ—@— Pa-RD
G

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 control register (HACR) to “1”. —
PACR - WR
[Nt
Direction O5CEB
Control (Bit)
5
© P4 - WR
2 |
g
e Output Latch > ] pa3 (compiny
e
@
g — \Y
+— P4 -RD
N

CMPIN (to CRIHA)

Fig 3.21.17 Port4 (P43) Block Diagram

MCU90-565
B 9097249 0043832 LTS N

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TOSHIBA

TMP90CR74A

(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

mode.
P4CR - WR
Direction OSCEB
Contro! (Bit)
“»
>
@ P4 - WR
o l
-
©
o Output Latch { >
®
c
@
2 —( 5 \Y
— Pa-RD
b~/

{ ] paa tom)

HDIN

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
channef (S101) 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 (P4MR) to “1“.
When P45 is used as RXD1, clear <P45C> of the PACR to “0” to select input mode, then set <RXD1E> of

the PAMR to "1”.

———<P4MR <RGBE>
[————<8 (from O5D)

open

ope
2 pas 8 /RXD1)

PACR + WR
-
Direction OscEB >_D—
Control (Bit}
a P4-WR
oo
L
b4 Output Latch
a
©
< =
2
c
- — P4 - RD
N

RXD1 (to SIO1)

Fig 3.21.19 Port 4 (P45) Block Diagram
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(6) P46 (G/SC) and P47 (R/SY)

P46 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 (P4CR) to “1” to select
output mode, then write “0” to <P46, PA7> 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 P4CR to “0”, then set <S/N> of the

PVCR to “1” to output SC, SY.

P4CR - WR
-
Direction OSCEB >_D—
Control (Bit)
o PAMR <RGBE >
@ P4-WR — G (from OSD)
bt | R (from OSD)
© P46 (G / SC)
o Output Latch P47 (R/5Y)
e
<
g —(C Y
<
- PVCR<S/N>
——P4-RD SC (from OSD)
-y SY (from OSD)

Fig 3.21.20 Port 4 (P46, PA7) Block Diagram

MCU90-567
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Port 4 Data Register

P4 7 6 S 4 3 2 1 0
(FFCOH) | pa7 i pag | pas i Paa i Pa3 i paz : pa1 : Pao | (ResetValue 0000 0000) (RAW)

Port 4 Control Register

P4CR 7 6 5 4 3 2 1 0
(F784H) | pasc | pasc i Pasc | paac : Pa3c i pazc i Paic | Pa0C | (ResetValue 0000 0000)

Pazc Port 4 Input/Output control (per bit) 0 & Input RW
u uipu er DI
to P40C P P P 1 : Output
Port 4 Mode Register
PAMR 7 6 5 4 3 2 1 0
(F785H) |AFFMIX§SCLKIE | rxote | swee | ske P xoie i reee iooTxe | (ResetValue 0000 0000)
isabl
RXD1E RXD1 (P45) input enable/disable 0 : Disabled
1 : Enabled
0 : Disabled
BLKE BLK (P42) output enable/disable seble
1 : Enabled
0 : Disabled
TXD1E TXD1 (P42) output enable/disable sable 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 [ 5 4 3 2 1 0
(F794H)  [crmoo | o* v orrpot ; oFFpo0 | SO i crro i Haro ] (ResetValue 0000 0000)
CR (P22) output, HA (P23) output, 0 : Disabled
CRMOD ) X 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) ['xoon | sm | “o- Imuxore ! pvses i pvseiz  pvseLt { puso | (ResetValue 0000 0000)
SC (P46), SY (P47) output 0 : Disabled
SIN : R/W
enable/disable 1 : Enabled .

Note : Always write "0” in bit § of the PV control register (PVCR).

MCU90-568
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3.21.6 Port5 (P57 to P50)

&)

€]

Port 5 is an 8-bit general-purpose IO 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 (PS) and P5 port control register (P5CR) to “0” and initialized
to the input mode.

PS50 (INTO) and PS1 (INT1)
P50 and P51 also used as the external interrupt inputs (INTO and INT1).
When P50 is used as INTO and INT1 clear <P50C, P51C>> of the port 5 mode control register (P5CR) to “0”

to select input mode. <INTEQ, INTE1> of the port 5 mode register (PSMR) select the rising or falling
edge of INTO and INT1.

P5CR - WR
Direction OSCEB>
Control (Bit)

5

@ PS5 - WR

- |

©

o Output Latch L~ ! Eg? E:m?;

®

[ =4

@

b= {!“

+— P5- RD
-
PSMR<INTEQO>
PSMR<INTE1>
Interrupt request INTO
Interrupt request INT1
Fig 3.21.21 Port5 (P51 and P50) Block Diagram
P52 (SDAO/RXD2/VTPO)

P52 aiso used as the serial bus interface (SBI) 12C bus mode serial bus data 1/O (SDAO), the SIO mode
serial data input (RXD2), and pulse output VTPD.
When P52 is used as SDAD /O and VTPQ, 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 P5CR 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 contro! register 2 (ODMCR?2).

@® sbao
Write “1” to <P52> of the port 5 data register (port 5), then set <P520C> of the ODMCR2 to “1"
for open drain output.
@ RXD2
® VvTPO
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) to “1“, then set <VTPEO>
of the PSMR for TPG03 edge selection.

MCU90-569
BB 9097249 0043836k c40 HE
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(3) P53 (SCLO/SCLK2/VTP1)
P53 also used as the serial bus interface (SBI) 12C bus mode serial clock I/O (SCLO), or the SIO mode serial

clock I/0 (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)

“qn

to

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 output 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.

@ sSCLk2

@ VvTP1

The data written to <VTP1D> of the TP data register (TPDR) can be output in sync with the rising or

falling edge of output TPGO3 in the timing pulse generator 0 (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.

OSCEB

O

SDAO output (from SBI)

qu—G“

Lo

SCLO output / SCLK2 output
(from S8I)

> lj P52 (SDAQ/RXD2/VTPQ)
P53 (SCLO/SCLK2/VTP1)

ODMCR2<P520C>

— P5-RD

Y

ODMCR2<P530C>

SDAQ input/RXD2 input (to SBI)
SCLOinput/SCLK2 input (to SBI)

PSMR<VTPEO>

L— PS-WR PSMR<VTPE1>
Edge Detector TPGO3 (from TPGO)

PSMR<VTPOE>

PSMR<VTP1E>

PS5DR<VTPOD >

P5CR - WR
(S :
Direction
Control (8it)
1
Output Latch
Ll
3
@
a
-
L
=)
®
<
@
-
< Selector
Selector
-

PSDR<VTPID>

Fig 3.21.22 Port5 (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 PSCR 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 (PSMR) to “1“, then setting
<VTPE2> of the P5MR for TPGO3 edge selection.

PSCR - WR
(e
Direction OSCEB >_D—
Control (Bit)
TXD2 {from SBI)
1
Output Latch —— ] ps4 (xp2/v1r2)

a

<

-

3 )\/lj—@ Y

®

< +— PS - RD

@

<

- PSMR<VTPE2>

Select — P5-WR
elector
Edge Detector TPGO3 (from TPGOQ)
PSMR<VTP2E>
Selector

TPDR<VTP2D >

Fig 3.21.23 Port 5 (P54) Block Diagram
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(5) P55 (SDA1), and P56 (SCL1)
P55 also used as the serial bus interface (SBi) 12C bus mode serial bus data IO (SDA1), and also P56
functions as the 12C bus mode serial clock IO (SCL1).
When P55 and P56 are used as SDA1 I/0 and SCL1 I/O, write “1” to <P55> and <P56> of the port 5 data
register (port 5), then set <P55C, PS6C> 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.

P5CR - WR
N
Direction OSCEB >"D——__
Control (Bit)
a SDA1 output (from SBI)
© P5 -|WR LD__[ SCL1 output (from SBI)
2
o P55 (SDA1)
[a]
- Output Latch >'—‘_D P56 (SCL1)
L]
(=
= ODMCR2<P550C>
2 . 5 U= ODMCR2<P560C>
[ =4
gy l & :]:_—“— P5-RD i SDAT input (to 581)
SCL1 input (to S8I)

Fig 3.21.22 Port5 (P55 and P56) Block Diagram

(6) P57 (SCLK1)
P57 also used astheserial channel (SIO1) serial clock I/O (SCLK1).
When P57 is used as serial clock output, set <P57C> of the port 5 control register (P5CR) to “1” to select
outputmode, thenset <SCLK1E> ofthe port4 moderegister (PAMR)to “1”.
When P57 isused asserial clock input, clear <P57C> ofthe P5SCRto "0” toselectinputmode.

P5CR - WR
N
Direction 05CEB>_D—
“ Control (Bit)
2 < SCLK1 output (from SIO 1)
- PS 'IWR I PAMR<SCLK1E>
a Lo
— ran
E Output Latch —_ Selector l>—————-D P57 (SCLK1)
: —CH
E — v
— P5-RD
P~ SCLK1 input (to SIO1)

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 9]
(FFC7H) | ps7 | pss : pss i psa : p53 : ps2 | pst PSo_| (ResetValue 0000 0000) (R/W)
Port 5 Control Register
P5CR 7 6 5 4 3 2 1 0
(F786H) [ ps7c  psec : pssc © psac © psac : psac | esic | Psoc | (Resetvalue 0000 0000)
Po7C Port § Input /Output control (per bit) 9 Input RAW
ort 5 input /Output control (per bi
to P50C P P P 1 : Output
Port 5 Mode Register
PSMR 7 6 5 4 3 2 1 0
(F787R) | vipe2 | viPE1  VIPEO | VTP2E i VIPIE : VIPOE : INTET | INTED | (ResetValue 0000 0000)
VTP2 (P © Risi
VTPE2 ‘ 2 (P54) . 0 |5|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/disabie
1 : Enabled
0 : Disabled Rw
VTP1E VTP1 output enable/disable ’
1 : Enabled
. 0 : Disabled
VTPOE VTPQO output enable/disable
1 : Enabled
) 0 : Rising
INTE1 INT1(P51) interrupt Edge Selection .
1 : Falling
i 0 : Rising
INTEQ INT2 (P50) Interrupt Edge Selection .
1 . Falling
Port 4 Mode Register
PAMR 7 6 5 4 3 2 1 0
(F785H) [AFFM.lemglgxmg i SWPE i BLKE : TXDIE i RGBE ioorxs—] (Reset Value 0000 0000)
. Q0 : Disabled
SCLKI1E SCLK 1 {P57) output enable/disable R/W
1 : Enabled
TP Data Register
TPDR 7 6 5 4 3 2 1 0
(FFDBH) Ivrpso | vreao i vieio i vieon | Tp3p i te2p 1 TeiD ¢ TROD | (Reset Value 0000 0000)
VTP2 (P54)
VTP2D .
Data Register
VTP1 (PS53)
VvVTP1D . RAW
Data Register
VTPO (P52)
VTPOD .
Data Register
MCU90-573

M 9097249 0043840 771 WA
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Open Drain Mode Control Register 2
ODMCR2 7 6 5 4 3 2 1 0

(F78AH) [ p7a0c | pseoc : pssoc : ps3oc i ps20c | (Reset Value +++0 0000)
P560C
P550C .
Open drain control of PS6/P55/P53/P52 0 : Push-pull output W
PS30C output 1 : Opendrainoutput
P520C
MCU90-574

BN 9097249 0043841 LOS EE
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3.21.7 Port 6 (P67 to P60)

Port 6 is an 8-bit general-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.

B P6 - RD
“ P7-RD
; )/l ( I—_OSCEB P60 (AINQ) to P67 (AIN7)
e ~ '_‘W\'—] IP70 (AIN8), P71 (AIND)
°
e 10
© ADREG -RD
c
@
T ADREG Register A/D Converter Analog ——— PDM
- Multiplexer  [——— PDP
—/

Fig 3.21.26 Port6 (P67 to P60), Port 7 (P71 and P70) Block Diagram

Port 6 Data Register

P6 7 6 5 4 3 2 1 0
(FFCBH) l P67 | P66 i P65 | P64 : P63 . P62 | P61 : PGOj (Reset Value ##xx xxxx} Read only
MCU90-575

B 9097249 0043842 544 HH
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3.21.8 Port7 (P74 to P70)
Port 7 is an 5-bit general-purpose /O 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 operations 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.

(1) 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.

(2) P72 (XTIN) and P73 (XTOUT)
P72 and P73 also used aslow-frequency oscillator connection pin (XTIN and 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
~, XTEN<SYSCR1:4>
Direction OSCEB
Control (Bit)
P7-WR
Output Latch {™> . D P72 (XTIN)
@ L p7-RD
©
o STOP>—|
a P7CR - WR
©
c Direction OSCEB
2 Control (Bit)
[ =4
P7 - WR
Output Latch > . - D P73 (XTOUT)
}— P7-RD
Low frequency clock (fs)
N <

Fig 3.21.27 Port7 (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(PWM?2) and also 14-bit pulse width moduration
output (PWM3).
When used as PWM?2 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 PWMS3 can be set to <PWMSEL> in the PWM control register (PWMCR). And the
polarity of PWM outputinverte 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
| q TRUN<PWM2RUN >
Y
Direction TRUN <PWM3RUN >
Control (Bit) < OSCEB

" P7 - WR

P

@

o QOutput Latch

© Selector P74 (PWM2/PWM3)

: T .

- P7-RD ODMCR2<P740C>

< P7CR<P74M >

2

L =4

- PWMCR<PWMPO2>

r—— PWMCR<PWMSEL>
[——< PWM2 (from PWM2)
I~ Edge Detector [ Selector

[—————< PWM3 (from PWM2}

Fig.3.21.28 Port 7 (P74) Block Diagram

MCU90-577
B 9097249 004384y 317 WA

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



TDSH‘BA

TMP90CR74A

Port 7 Data Register

P7
{FFCSH)

5 4 3

2 1 0

{viran | p7a i p73

P72 | P71 i P70 | (ResetValue =x00 00x%) (R/W)

Note) P71 and P70 are read only.

Port 7 Contral Register

P7CR L AU 4 3 2 A 0..
(F788H) [pram  prac | prsc i prac | G ! (ResetValue +=00 00+¥)
P7aM PWM2/PWMS3 (P74) output 0 : Disabled
enable/disable 1 : Enabled RIW
P74C . 0 Input mode
P74 to P72 I/O control (per bit)
to P72C 1 Output mode
PWM Control Register
PWMCR 7 6 5 4 3 2 1 0
(F793d) : P o [ ‘pwmpo2]pwipo1 Pwmeoo] (Reset Value =000 0000)
PWMSEL | PWM output (P74) Selecti o pwm2
election
outpy 1: pwm3
PWM2/PWM3 (P74) Q0 : Positive (+)
PWMPO2 . .
Output Polarity Switch 1 Inverted
Timer Start Control Register
TRUN 7 6 5 4 3 2 1 Q
(F793H) TIRUN | Tt 1 PVMO | PRVAC | T2RUN © TIRUN § T0RUN | (Reset Value 0000 0000)
G : Stop
PWM3RUN | PWM3 start/stop 1 Start
RIW
0 : Stop
PWM2RUN | PWM2 start/stop
1 : Start
QOpen Drain Mode Control Register 2
ODMCR2 . 4 3 2 1 0
(F78AH) ['pra0c ] pseoc [ pssoc [ pssoc | pszoc | (Resetvalue »=x0 0000)
0 : Push-pull output
. trol RIW
P740C P74 open drain control 1 : Open Drain output

MCU90-578
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3.21.9 Port8(P81 to P80)
Port8is a 2-bit general-purpose output port. The port 8 data register (P8) is reset to “0” on a reset.

P8 - WR
g l 0$CEB
3
[++]
© Output Latch ’ P80
5 P81
o
- P8-RD
g
(=
o
=
Fig 3.21.29 Port 8 Block Diagram
Port 8 Data Register
AR LA L CR—. AR 3.2 L 0
Lk S S S A S P81 [ P80 | (ResetValue xxxx #00)
MCU90-579

BB 9097249 004384bL 19T EM
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3.21.10 Special Function PORT

(1) Pulse width modulation output (PWMO and PWM1)
This port is dedicated to 12-bit PWM (PWMO and PWM1) output.
See 3.11.1, “12-bit PWM (PWMO and PWM1)" for details.

(2) Head switching signal output (VASWP)
The timing pulse generator 0 (TPGO) output, TPG03, 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) OSD oscillator connection pins (XI/XO)
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.

{Jx

B X0
i L]

PVCR <XOON>

R>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 1 4
(F799H) [xoon | s/n | o~ [BrRwix | Hemix | pvserz [puseLs pusero ]| (Resetvalue 0000 0000)
0OSD oscillation (XI/X0) and vertical 0 : Disabled
XOON . : RIw
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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TOSHIBA TMP90OCR74A

(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 <XOON>

Fig 3.21.31 Structure of Vertical Sync Signal Input (VDIN)

PV Control Register

PVCR 7 6 5 4 3 2 1 Q
(F799H) | xoon | sin | o Jarmmm | wemix [ psei [ pvserr | pvseto ] (Reset Value 0000 0000)
0SD oscillation (XI/X0) and vertical Q : Disabled
XOON . ) RAW
syncinput (VDIN) enable/disable 1 : Enabled

Note: Always write “0” in bit 5 of the PV control register (PVCR).

(5) Composite Sync Signal Input (CSYN)

This is the input for the composite sync signal. The sync signal separation circuit (CSYNC) separates the
vertical syncsignal (V.SYNC) from the horizontal syncsignal (H.SYNC).

csyne [ ] j— CSYNC {to CSYNC)

Fig 3.21.32 Structure of Composite Sync Signal Input (CSYNC)

MCU90-581
B 9097249 0043848 The W
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TOSHIBA TMP90CR74A

(6) Clock Qutput (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 pulled up to H level by a reset.

INTCR<CLKCK>
£ r INTCR<CLOE>
¢ O—
t System clock generator |Baseclock OSCEB
> E_' Selector 1> CLK
Fig 3.21.32 Structure of Clock Output (CLK)
Interrupt Control Register
INTCR i 7 6 5 4 3 2 1 Y
(F78FH) [cuer [ @0t | e | paoe | 12405 [ 1o0ms | (initial value 00 0000)
. 0 : fudorfsya
CLKCK CLK output frequency selection
1 fd2orfs/2
0 : Enabled Rw
TLOE CLK output enable/disable o
. 1 : Disabled
MCU90-582
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TOSHIBA

TMPSOCR74A
4 PINS OF INPUT/ QUTPUT CIRCUIT
(1)  Control pin
CONIROLT 0 INPUT/OUTPUT CIRCUIT REMARKS
VCC Resonator connecting pins
D XOUT {high-frequency)
XIN input/ 7;
XOUT | Output cc
Enable ;
; Rf=1.2MQ (Typ.)
R j\’cc Also used as resonator
Y D XTOUT connecting pins
(low-frequency}, P72 and P73
XTIN Input/ Rf
XTOUT | Output WVCC
Enable \T %
ﬂ XTIN Rf=6MQ (Typ.)
)5_ Ro=220kQ2 (Typ.)
Schmitinput
VCC
RpsT l%
RESET | Input —oo— —]
i Pull-up resistor
Rps7=100k2  (Typ.)
Final test pin
;VCC
TEST | Input —<+ D
i Fixto "H” level
VCC
Clock output _l 1
CLK Qutput Enable — )i D
Reset %
ﬂ ADREF Analog reference voltage pin
ADREF resistance |
ADGND ladder I
—{ ] aocno
Irer = 0.6 MA(Typ.)
MCU90-583
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TOSHIBA TMP90CR74A
CONTROLL o INPUT/OUTPUT CIRCUIT REMARKS
Tri-start output
Open drain control VCC ?pen drain output
Programmable)
PWMO PWM output
PWM1 Output
Output enable -
— %VCC 0SD oscillator connecting
4fsc 4—0@ oo = I X0 pins
X1 Input/ RE 7;‘
X0 Output VCC
Enable —>\? %
{ I X1
; Rf=1.2MQ (Typ.)
Dot clock <—4:<]—l %VCC Also used as oscillator
connecting pins, PA0 and P41
1 {Toorxo 9P
Enable
DOTX! | Input/
DOTXC | Output a ;vcc
HD >-——l
‘ D DOTXi
; Rf=1.2MQ  (Typ)
CSYNCinput
%VCC Schmitinput
CSYNC | Input G' @ : |
Polarity switch /i
OSD VD input
%VCC Schmitinput
VDIN | Input <+ ]
Inpui enable i
Head switch signal output
vee Tri-state output
TPGO3 ' O
VASWP | Output
| —J o=
TPGO1

MCU90-584
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TMPS0CR74A
(2) 1/0 port
CONIROLT 0 INPUT/QUTPUT CIRCUIT REMARKS
VCC Tri-state /O
i? Input/ _D
Output Output enable )—JD‘)_{ <
VCC Tri-state I/O
Input/ _D
Output Output enable >—Q>°—| 5
777
— P26, P30
VCC Tri-state I/O
—D,_' Schmitinput
Input/ _D
Output Output enable 1 =3 >~
Vs P25, P27
P2 @ P31to P36
P3
Open drain control VCC Tri-state /O
Open drain output
(programmable)
Input/ Schmitinput
Output Output enable =
P24
Open drain control <o Tri-state I/O
Open drain output
_D (programmable)
Input/
Output Output enable 5
P20 to P23
< P37

Power ed by | Cnmi ner.
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TOSHIBA TMP90CR74A

CONTROLT™ o INPUT/OUTPUT CIRCUIT REMARKS

VCC Tri-state /O

input/ —D
Output Qutput enabie )——@"—I [

—< '— P40, P41

Open drain output

Input/ _D

Output Output enable oy

P4z

, WVCC Tri-state /O
':D)—' Schmitinput
P4 Input/
Output Output enable >———'—‘—3>0_'I o
777

—— Pa3, Pas

Open drain output

cC L
Schmitinput

Input/ _D

Output Qutput enable =

—Q I—— P45

VeC ’ Tri-state VO
Input/ E [ t
Output Output enable
777
< P46, P47

SCorSY <S/IN>

MCU90-586
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=
CONIROLL o INPUT/OUTPUT CIRCUIT REMARKS
VCC Tri-state I/O
————1—DD_| Schmitinput
Input/ _D
Output Output enable >—®o—l =
@ P50, PS1, P54
Open drain control VCC Tri-state /0
Open drain output
(Programmable}
P3 Input/ _D Schmitinput
Output Output enable ny
—— P52, P53, P55, P56
vee Open'dram output
Schmitinput
Input/ _‘D
Output Qutput enable e
N-— PS7
Analog channel selection>—l ;VCC
Analog input >
P6 Input ginp > D

MCU90-587
M 9097249 0043454 2bhL HH
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TOSHIBA TMP90CR73A
CORROLL o INPUT/OUTPUT CIRCUIT REMARKS
Analog channel selection )_l %VCC
Analog input 1= D
Input i
-] P70, P71
VCC Also used as Tri-state output,
D5_| XTIN and XTOUT
pP7 Input/ —D
Output Output enable >—J>°—| =
ez P72,P73
Tri-state output
Opendrain control VCC Open drain output
(programmable)
Output
Output enable ol
P74
Tri-state output
VCC
W
P8 Output
Output enable >—q>° |~
777 P80, P81
MCU90-588
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TMP90CR74A
5. ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS —| (Vss=0V)
PARAMETER SYMBOL PINS (or note) RATING UNIT
Supply voltage Vee DVCCi, DVCC2, AVCCT, AVCC2 ~0.5t0 +6.5 v
Input valtage Vin -0.5toVec+0.5 v
Output Voltage VouTi -0.5toVec +0.5 v
louT1 Analog Output pin (Source Current) -10 mA
lout2 Digital Gutput pin (Source Current) -3.2 mA
Output Current (Per 1 pin)
louts Analog Output pin (Sink Current) 10 mA
louTa Digital Qutput pin (Sink Current) 3.2 mA
pAIY] Sly = Sloutt + ZlouT? -50 mA
Output Current (Total)
Slp Sip = Slouts + ZlouTta 100 mA
Power Dissipation (Ta = 70°C) Pp 700 mw
Soldering Temperature (time) Tsid 260(105) °C
Storage Temperature Tstg -65t0 +150 °c
Operating Temperature Topr -20to +70 °C
RECOMMENDED OPERATING CONDITIONS {(Vss =0V, Topr= -20to +70°C)
PARAMETER CONDITION SYMBOL Min. Max. UNIT
NORMAL mode a5
Supply voltage IDLE mode v - ss v
SLOW mode c« 2.7 :
SLEEP mode -
Except of hysteresisinput | Vcc24.5V ViH1 Veex0.70
Input High Voltage |Hysteresis input pin Veez 4.5V ViH2 Veex 0.75 Vee v
All of degital input pin Vee<4.5v ViH3 Vcex0.90
Except of hysteresisinput | VccZ45V Vi Veex0.30
Input Low Voltage Hysteresis input pin Veez4.5V Vi 0 Veex0.25 Y
All of degital input pin Vee<4.5V Viez Veex0.10
XIN/ XOUT pin fc - 16.0 MHz
Clock Frequency
XTIN / XTOUT pin fs 30.0 34.0 kHz
MCU90-589

E 9097249 0043456 039 WE

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



M 9097249 0043457 T?5 W

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003

TOSHIBA TMP90CR74A
L D.C. Characteristics (Topr= -20to +70°C)
PARAMETER CONDITION SYMBOL Min. Typ. Max. UNIT
Digitai NORMAL mode Vee=55V Iccot - 40 60 mA
Current IDLE mode fc=16 MHz, fs = 32.8 kHz lccut - 15 25 mA
consumption  |s) oW made Vec=3V Iccoz - 100 200 Py
SLEEP mode fs=32.8kHz lceLz - 50 100 2A
STOP mode Vee=5.5V Iccs - 0.5 50 pA
omoaston [NORMALmode | AVl =AV(2=5.0V Icca - 25 40 mA
High-level output voltage Vee=4.5V, loy= -0.7mA Vou1 Vec-0.4 - Vv
High-level output voltage Vee=4.5V, oy = - 200 A Vo2 2.4 - - 3
Low-level output voltage Vee=4.5V, lo = 1.6 mA Voui - ~ 0.4 3
Low-level output voltage Vee=4.5V,lg =3.0mA Voiz - - 0.4 - v
Hysteresis voltage Vus - 0.70 - Vv
INPUT Leakage Current OV=VIinS Ve Iu ~ 0.05 +10 A
OUTPUT Leakage Current 0.2VEVOUT= Ve - 0.2V Lo -~ 0.05 +10 uA
RESET pin Puli-up Current Vee=5.5V,Vin=0.2V TrsT 30 - 120 pA
A/D Conversion characteristic ] (Topr=~20to +70°C, Vcc=4.5t0 5.5V, fc = 16 MHz)
PARAMETER SYMBOL Min. Typ. Max UNIT
Analog Reference Voitage VRer Vee-1.5 Vee Vec v
VagND Vss Vss Vss v
Analog Input voltage Vain ADGND ARer 1
Supply Current for ADREF Iree - 0.6 1.0 mA
Total error (Ta=25°C, VCC = Vggr=5.0V) - - +3 LSB
MCU90-590




TOSHIBA

TMP90CR74A
LCharacteristics of CTLAMP (Topr= -20to +70°C,V¢cc=5.0V)
BLOCK PARAMETER SYMBOL| Min. Typ. Max UNIT CONDITION
cTL No load output voltage Ves 2.4 2.5 2.6 \ No load
BIAS AMP Qutput voltage (with high load) |Vcpn - - +70 | mV_|lsi=5mA, Difference from Vcg
Output voltage (with lowload) | Veg ~-70 - - mV |Iso=5mA, Difference from Vcg
REC CTL AMP | HIGH output voltage VRow 3.2 - - Vv 1so=5mA
LOW output voltage VReoL - - 1.8 \ I1si=5mA
D/A CONVERTER Differential Vrpa - - 3| 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 | icie1 -750 - +750 | nA | RPCTL terminal
Ias2 -750 - +750 nA CNFB terminal
HIGH output voltage Veou 3.6 - - \ Iso=2mA
LOW output voitage Veor — - 1.2 \ Isi=2mA
Voltage gain Gy - 60 - dB | f:1kHz, Vin: 1mV, 60dB
[ - 51 R d8  |f:10kHz, Vin: 1imV, 60dB
Feed back resistance RsHORT 5 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 Rpg - - 500 Q Set to on by SWPLY
| Raias - - 500 | o [SettoonbySWBAS
Rampo - - 500 | Q |Settoonby <CAMPO>
Rame1 - - 500 Q Set to on by <CAMP1>
CTL PLUS PDP Charge current Iep 4 — - MA | Veon = 3.5V, Vppp = 2.5V
SCHUMITTE PDP Leakage current 1T - - -350 nA | Vcor=1.5V, Vppp= 2.5V
R ppp : OFF
PDP_Maximum output voltage [ Vop 4.3 4.7 - \ Charge current : 0.1 mA
PHSPDUP Resistance Repe 10 20 kQ Fig3.20.1 (a) r5, r6, SWinternal
resistance
1/2 level of Peak-hold Schmitt Vespa - 50 - %
Manual Schmitt level Vespi - 100 - mV | 100 mV mode ({to Vcg)
Vcspa - 200 - mV_ | 200 mV mode (to Vcg)
Vcsps - 300 - mV_ | 300 mV mode (to Vcg)
Vespa - 500 - mV | 500 mV mode (to Vcp)
Noise Limit (plus) Vesp - 100 - myv (to Vcg)
CTL MINUS PDM Charge current lcam -4 - - mA | Vo =1.5V, Vppp=2.5V
SCHUMITTE PDM Leakage current ILm - - 350 nA VcoL = 3.5V, Vppp = 2.5V
R ppm : OFF
PDM Minimum output voltage |Vom - Q0.3 0.7 \ Charge current: - 0.1 mA
PHSPDUP Resistance Rpom 5 10 20 kQ
1/2 level of Peak-hold Schmitt | Vesma - 50 - %
Manual Schmitt level Vesmi - - 100 - mV - 100 mV mode  (to Vcg)
Vesmz - — 200 - mv -200mV mode  (toVcg)
Vesma - — 300 - mV -300mV mode  (toVcg)
Vesma - -500 - mV - 500 mV mode  (toVcp)
Noise Limit (minus) Vesmt - - 100 - mV (to V¢p)
MCU90-591
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| Characteristics of CFG AMP (Topr= -20to +70°C,Vec=5.0V)

BLOCK PARAMETER SYMBOL{ Min. Typ. Max. UNIT CONDITION
CFG BIAS No load output voltage Vep 2.4 2.5 2.6 \ No load
AMP Output voltage (with high load) | Vegy - - +150 | mV_|isi=5mA, Difference from Vig_
Output voitage (with low ioad) | Vep - 150 - - mV | iso=5mA, Difference from Vgg
CFGA AMP Input offset voltage VEAOE =15 = +15| mV
Input bias voltage Veay -750 - +750 nA
HIGH output voltage VEaQH 4.3 4.7 = Vv iso= ~0.2mA
. [ LOW output voltage VeaoL - 0.3 0.7 \ 15i =0.2 mA
Voltage gain Geay - 40 - dB [f:1kHz, Vin: 10mV, 40dB
Geaz - 37| - dB  [f:10kHz, Vin : 10mV, 40d8
CFGB AMP Input offset voltage VeBOF -15 - +15 [ mv
Input bias voltage Igg1 =750 - +750 | nA
HIGH output voltage Vesol 4.3 4.7 - \ Iso= -0.2mA
LOW output voltage VEesoL — 0.3 0.7 \'4 isi=0.2mA
Voltage gain Gegy - 40 - dB [f:1kHz, Vin:10mV, 40dB
Grg2 - 37 - dB |[f:10kHz, Vin: 1mV, 40dB
CFGA P Schmitt Voltage 1 VEasp1 - 80 - mV 80 mV mode  {to Vgg)
SCHMITT P Schmitt Voltage 2 Vease2 - 120 - mV 120 mV mode  (to Vgg)
M Schmitt Voltage 1 VEasmi - -80 - mV_ | - 80mVmode (toVig)
M Schmitt Voltage 2 VEAsSM2 - -120 - mV | -120mVmode (to V)
CFGB P Schmitt Voltage 1 Vegse1 - 80 - mV 80 mV mode  {to Vig)
SCHMITT P Schmitt Voltage 2 Vigsp2 - 120 - mvV 120mV mode  (to Vg)
M Schmitt Voltage 1 VEgsmi - -80 - mV_ { - 80mVmode {toVeg)
M Schmitt Voltage 2 VFBS_M2 - -120 - mV - 120 mV mode {to Vig)
MCU90-592
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TMP90CR74A
l Characteristics of OSD AMP (Topr= -20to +70°C, Vcc = 5.0 V)
OUTPUT PIN PARAMETER SYMBOL { Min. Typ. Max. UNIT NOTE

sC Bias voltage Vg - 2.5 - )
Burst amplitude Vi — 0.29 - V (PP)
Chroma amplitude 1/Burst amplitude |V,/V, - 2.0 - -

sY Sync. tip level Vs - 1.60 - \
Sync. to Pedestal AVsp = 0.60 - \' AVsp=Vp—Vg
Sync. to Luminance voltage 0 OVsg - 0.66 - \'4 AVso=Vg-Vs
Sync. to Luminance voltage 1 AVg, - 0.80 - \ AVsy=V) - Vg
Sync. to Luminance voltage 2 AVsy - 1.08 - \ AVsa =V, - Vs
Sync. to Luminance voltage 3 AVg3 - 1.50 - Vv AVs3=V3-Vs
Sync. to 100% White Level AVsw ~ 2.00 - \'/ AVgy = Vy ~ Vs

osD Color Burst amplitude Vo — 0.29 -~ Vp.p

VIDEO Chroma amplitude / Burst amplitude Ve/Vep - 2.0 - -
Sync. tip level Vg - 1.00 - 3
Sync. to Pedestal AVigp - 0.30 - \ AVisp = Vip = Vig
Sync. to Luminance voltage 0 AVlsg - 0.33 - 3 AVlsg=Vlg~ Vg
Sync. to Luminance voltage 1 AVlsy - 0.40 - \ AVlsy =VIy - Vg
Sync. to Luminance voltage 2 AVls, - 0.54 - \ AVlsy; =VI; = Vig
Syn<. to Luminance voltage 3 AVl — 0.75 ~ 1 AVls3 =Vi3 - Vig
Sync. to 100% White Level AVlsyw ~ 1.00 - \ AVlsy = Viw ~ Vg

\

Vip
-] ;

Vcb

V1, Ve2

Fig.4.1 OSD VIDEO Output Waveform

VI0, Vi1, Vi2, VI3, Viw

MCU90-593
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TMP9Y0CR74A
I Characteristics of PV/BLK (Topr= —20to +70°C, Vcc=5.00V)
MODE PARAMETER SYMBOL| Min. Typ. Max. UNIT CONDITION
MIXQFF =0 HIGH output voltage Vi 4.70 5.00 5.00 \'4 1= +100 pA
MIDDLE-HIGH output voltage | VM2 3.00 3.30 3.60 \'4 I=+10 4A
MIDDLE-LOW output voltagea | VM1a 1.30 1.60 2.0 \' 1= %100 zA
MIDDLE-LOW output voltageb | VM1b 1.30 1.60 2.0 \ 1= +10 LA
LOW output voltage Vi - - 0.30 \4 1= —100 pA
MIXOFF = 1 HIGH output voltage Vy 4.70 - - v 1= +100 4A
LOW output voltage Vi - - 0.30 \ I= - 100 A
Vi
VMia VM1b
VM1a, VM1b ——eeed

J

L

Fig.4.2 PV/BLK Output Waveform

MCU90-594
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6.  Peripheral Function Control Registers
6.1 Peripheral Function Control Registers

6.1.1 I/O area 1 (Direct Addressing Area)

Address Symbot Address Symbol Address Symbol Address Symbol Address Symbol
FFBO SYSCR1 FFCO PO FFDO OSDDBR FFED SC1BR FFFO TPG1DR
FFB1 SYSCR2 FFC1 POCR FFD1 TCCR2 FFE1 SC1CR FFF1 SACR1
FFB2 TBCDR1 FFC2 P1 FFD2 TREG3 FFE2 SBICR1 FFF2 SACR2
FFB3 TBCDR2 FFC3 P1CR FFD3 TCCR3 FFE3 SBIDBR FFF3 SACR3
FFB4 P8 FFC4 P2 FFD4 TRUN FFE4 12CAR FFF4 VIVACR1
FFBS FFC5 P3 FFDS PWMOL FFES SBICR2 FFFS VIVACR2
FFB6 CAPFST FFC6 P4 FFD6 PWMOH FFE6 I2CFCR1 FFFE CAPICR2
FFB7 CAPOL FFC7 P5 FFD7 PWMI1L FFE7 12CFCR2 FFF7 CAPICR3
FFB8 CAPOM FFC8 P6 FFD8 PWM1H FFE8 12CFDBR FFF8 VASSDR
FF89 CAPOH FFC9 P7 FFD9 PWM2DR FFE9 I2CFSR2 FFF9 CAPICR4
FFBA CAPIL FFCA TREGO FFDA TPCR FFEA TPGOCR FFFA CAPICRS
FFBB CAP1IH FFCB TREG1 FFDB TPDR FFEB TPGOL FFFB WDTCR1
FFBC CAP2L FFCC TCCR1 FFDC ADCR FFEC TPGOH FFFC WDTCR3
FFBD CAP2H FFCD TREG2 FFDD ADREG FFED TPGODR FFFD CSYNCR
FFBE CAPCR FFCE OSDCR FFDE SCOBR FFEE TPG1L
FFBF CAPICR1 FFCF OSDADR FFOF SCOCR FFEF TPG1H

6.1.2 1/O area 2

Address Symbol Address Symbol
F780 P2CR F790 IRF1
F781 P2ZMR F791 IRF2
F782 P3CR F792 ACCR
F783 P3MR F793 PWMCR
F784 PACR F794 HACR
F785 PAMR F795 RMTCR
F786 PSCR F796 SACR4
F787 PSMR F797 WDTCR2
F788 P7CR F798 TBCCR
F789 ODMCR1 F799 PVCR
F78A ODMCR2
F788 PWS3L
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 | s 5 4 3 2 1 0
H TBCIE TBCOE INTTBC11 INTTBC10 INTTBCOY INTTBCO0
RW
Time Base 0 0 0 o 0 0
TBCCR Counter £798H INTTBC Interrupt INTTBC? Interrupt Source INTTBCO Interrupt Source
Control 00 :INTTBC Interrupt Disable {Ciock Selection Clack Selection
Register 01 :INTTBCO interrupt Enable |00 : TBC12 00 :TBC11
: 10 :INTTBC1 Interrupt Enable |01 :T8C14 01 :TBC13
1: INTTBCOANTTBCY 10:T8C16 10:TBCI15
: Interrupt Enable 11:78C18 11:TBC17
- T™8C12 TBC11 TBC10 l T8C9 TBC8 TBC? TBC6 I TBCS
Time Base
R
Tacort | CoUnter FFBZH
Data 0
Register 1 )
Time Base Counter Data (TBC12t0 5)
. TBC20 ] TBC19 T8C18 T8C17 TBC16 TBC1S I T8C1a T8C13
Time Base
R "
Tecorz | CoUnter FFB3H
Data o
Register 2 -
Time Base Counter Data (TBC23 to 13)
SYSCK XEN I XTEN RXEN RXTEN RSYSCK WUEF
RIW
0 1 0 1 0 0 0
System Clock {High Low High Low Selection of |[Warming-up
Selection Fr y Fr Yy Fr Freq Y System Clock |Counter
Syst 0 :fc Oscillator Oscillator Oscillator Oscillator Operation Control
ystem 1:fs Control Control Control after [Control after |after o(w): -
SYSCR1 Control FFBOH . . "
Register! 0 :Stop 0 :Stop restarting restarting restarting O(R) :
i .
9 1 :Restart 1 :Restart from stop from stop from Stop Warming-up
Oscillation Oscillation |mode mode mode Complete
0:Stop 0 :Stap 0:fc 1MW) :
1:Restart 1:Restart 1:fs Warming-up
Oscillation Oscillation Start
1(R): In
‘Warming-up
RTCCK RTCST RTCIS1 RTCISO WARM
RW
0 0 [ I 1] o
: : RTCSource  |RTCStart Interval Time Control of RTC |Warming-up
System Clock Control Interrupt Time
SYSCR2 Control FFBTH : : Selection  |0:Stop& |00 :c2" or 0:2"cor
Register2 0:fs Clear 1512"%|Hz] 2Ms s}
: : 1:fcia 1:Start 01 :4e2"or 1:2'%icor
15/2'°[Hz) 2"%s [s)
10:fc2™ or
15/2"{Hz]
11 :Don‘tuse

I 5097249 00438L3 279 N
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SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
TBC TBCOF WDTE EXF DRVE
R/W RW RW R RAW
0 0 1 0 0
Watch- INTTBC1 INTTBCO WDT Enable Invert each Controlling
dog interrupt Interrupt time Exx output status
Timer : Request Flag |Request Flag instruction is §for port
WDTCR1 FFFBH : 0(W) :Clear  |0(W) :Clear ]0: Disabie executed during Stop
Control : R : WR) 1: Enable mode
Register1 : Interrupt Interrupt 0 :High
: Request Request impedance
1:Keepthe
status
throughou
tsetting
Stap mode
: WDTP1 WOTPO HALTM1 HALTMO
Watch- H H RIW RAW
dog H : [ 0 0 [ 0
WOTCR2 Timer F797H : : WOT Source Clock Selection [Standby mode Selection
Control : : : 00: TBC20 00: -
Register2 : H : 01:78BC18 01 : STOP mode
: . : 10:TBCY6 10 : IDLE/SLEEP mode
11:TBC10 11:Don‘tuse
MCU90-597
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6.2.2 Interrupt Control Circuit

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
IRFTODIR IRFTBC IRFIC IRFTPG1 IRFTPGO IRFCAPO IRFCAP1 IRFO
Interrupt RAW (Only ctear code can be written into IRF1)
IRF1 Request F790H ° ] 0 ] o | ° | 0 I o | 0 I 0
Flag 1
Interrupt Request Flag
0: Nolnterrupt Request
1: Interrupt Request
. IRFRTC l IRF1 ! IRFVA I IRFT3AD [ IRFT2 l IRFT1 I IRFSION I IRFSIO0
Interrupt R
IRF2 Request F791H o I ° l o I ° I ° l ° I 0 I o
Flag 2
Interrupt Request Flag
0: Nolinterrupt Request
1: interrupt Request
eroor | etec | wenc_ | eteGr | ieteo | iecaeo ecamt | o
RIW
Interrupt 0 0 0 0 0 [ 0 Q
INTE1 Enable F78DH
Register 1 INTTODIR INTTBC INTHC INTTPG1 INTTPGO INTCAPO INTCAPY INTO
9 Interrupt [ Int pt P Interrupt Interrupt Interrupt Interrupt
0 : Disable 0 : Disable 0 : Disable 0: Disable 0: Disable 0 : Disable 0: Disable 0: Disable
1: Enable 1: Enable t: Enable 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
IERTC €1 IEVA 1ET3AD 1ET2 IET1 IESION IESION
RW
Interrupt 0 0 0 0 0 0 0 o
INTE2 Enable F78EH
Register 2 INTRTC INT1 INTVA INTT3AD INTT2 INTT? INTSIO® 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 CLOE INTTPGOE INTTPGOS T3ADS TODIRS
H RW RW RW
interrupt o o 0 0 0 0
INTCR Control F78FH t
Register : CLK Output CLK Qutput | INTTPGO INTTPGO INTT3AD INTTODIR
9 H Frequency 0 : Disable (TPGO3) (TPGO3) Interrupt Interrupt
i selection 1: Enable Edge Interrupt Source Source
0:fc/d or Selection 0 : Disable Selection Selection
fsi4 . 0:TPGO3 1 | 1: Enable 0:INTT3 0: INTTO
1:fu2 or 1:TPGO3 | 1: INTAD 1: INTOIR
fs12
MCU90-598
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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
RAV RAW RAW R RW
0 0 ] 0 0
Watch- INTTBCY INTTBCO WDT Enabl h
nable Invert eacl Output
WDTCR3 éog FEFBH interrupt Interrupt time EXX controlin
Timer Request Flag |Request Flag §0 : Disable instructionis [$STOP mode
Control 1: Enable executed 0:High
Register 1 o(W): 0{w): Impedance
Clear Clear 1:Keep the
1(R): 1{R): status
Interrupt interrupt throughout|
Request Request setting
STOP mode
WDTP1 WDTPO HALTM1 RALTMO
RAW RW
Watch- 0 0 0 0
WDTCR2 dog F797H
Timer WDT Source Clock Selection [ standby mode Selection
Control 00 : TBC20 00 -
Register 2 01 : TBC18 01 : STOP mode
10 : TBCI® 10 : IDLE/SLEEP mode
11:78C10 11 : Don'tuse
Watch- Watch-dog Timer Control Code Register
dog Timer
WOTCR3 FFFCH
Control w
Register 3 B1H : WDT Disable 4EH : WDT Clear Others: —

MCU90-599
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6.2.4 Timer Counter

(1)  Timer Counter 0 (TCO)/Timer Counter 1(TC1)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
Timer TC/TRO7 TUTROG TCTROS TC/T RO4 TC/TRO3 TCTRO2 TCTROT TC/TROO
Counter0
TREGO FFCAH RW
Data
Register 0/* 0/* 0/* G/* 0/* 0/ 0s* 0/
Timer TCTRI7 TC/TR16 TCTRIS TCTR14 TCTRIZ TCITRY2 TC/TR11 TC/TRI0
Counterl
TREG1 FFCBH RW
Data
Register 0/* qr* 0/* 0/% ar* 0/* Q1% 0/*
CLBC16 CLBC1 CLBCO TMOD T1CLKY T1CLKO TOCLK1 TOCLKO
RW
Timer 0 0 [ 0 0 0 0 0
— Counter EECCH 16 bit counter [TC1 counter  {TCO counter |Timer mode |TC1 source clock selection TCO source clock selection
< Control cc clear clear clear selectian 00 : TOOTRG 00 : TI0 {Input 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 0t :TBC6 CAPIN)
10:TBCIO 10:TBC6
11:TBC14 11 :TBC10
T1CL TOCL CLBC2 T2CL T2CLK1 I T2CLKO
RW RW
Timer 0 0 0 0 [ I [
T Counter [TC1 counter  [TCOcounter JTC2counter |TC2counter [TC2source clock selection
CCR2 Control FFOTH forced clear  |forcedclear fClear forced clear  |00:PCTLA
Register 2 0: — 0: - 0 : Disable 0: - {Input from CAPIN)
1: Clear 1: Clear 1: Enable 1: Clear 01: TIZ (Input from P35)
10:TBCG
11:TBC1O
PWM3RUN T3RUN PWM1IRUN PWMORUN PWM2RUN T2RUN T1RUN TORUN
Timer Start RW RW RW RW R/W RW
TRUN Control FFD4H Q i} 0 0 L] o [} 1]
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: S}.a_rt
(2) Timer Counter2 (TC2)
SYMBOL NAME Addr. 7 6 S 4 3 2 1 0
Timer TUTR27 TCATR26 TC/TR25 TC/TR24 TCTR23 TC/TR22 TC/TR21 TCTR20
Counter2
TREG2 FFCDH RW
Data
Register 0/* o/* or* Or* 0/% 0/* 0% 0/*
TICL TOCL CLBC2 T2CL T2CLK1 T2CLKO
RW RW
Timer 0 0 0 0 0 0
Counter TC1counter |TCOcounter [TC2counter [TC2counter |TC2 source clock selection
TCcR2 Control FFOTH forced clear [forcedclear [Clear forced clear |00 :PCTLA
Register 2 0: - 0: - 0 : Disable 0: - {input from CAPIN)
1: Clear 1: Clear 1: Enable 1: Clear 01:TI2 (Input from P35)
10:TBC6
11:TBCIO
PWM3RUN T3RUN PWM1RUN PWMORUN PWM2RUN T2RUN T1RUN TORUN
Timer Start RIW RW RW RW RAW RW
TRUN Control FFO4H 0 0 0 0 0 Q Q 0
Register PWM3 Ta PWM1 PWMO PWM2 TC2 TC1 TCO
0: Stop 0: Stop 0 : Stop G: 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
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 TUTR36 TCUTR3S TR34 TC/TR33 TC/TR32 TCTR3 TC/TR30
Counter 3
TREG3 Data FFD2H RAW
Register Q/* 0/* or* [ 0% orx or* Or*
TR3DE TFF3IC1 TFF3C0 TFF3IE TIMOD T3CL T3CLKY T3CLKO
R/IW W R/W R/W R/W RIW
Timer 0 * * 0 0 0 [ 0
TCCR3 Counter FFO3H " N
Control TREG3 Shift- | Timer 3 Flip-flop (TFF) TFF Output TC3 mode TC3 Counter | TC3 Source Clack Selection
R 3 Trigger Control inverted Selection Clear 00: TBC2
egister Selection 00: Forced invert 0 : Disable 0: PWM 0: - 01: TBCH
0 : Writing 01: Forced set 1: Enable mode 1: Clear 10: 78C11
data on 10 : Forcedreset 1: Timer 1: T13 {Input from P24)
TREG3 11: Keep TO3 output mode
1: Qver flow
PWM3RUN T3RUN PWM1RUN PWMORUN PWM2RUN T2ZRUN TIRUN TORUN
Timer RAW RW RW RIW RW RW
TRUN Start FFDAH o 0 0 0 0 0 0 9
Control
Register PWM3 TC3 PWM1 PWMO PWM2 TC2 TCQ1 TCO
0:Stop 0:Stop 0:5top 0:5top 0:Stop 0 :Stop 0:Stop 0 :5top
1:Start 1:Start 1:Start 1:5tart 1:5tart 1:Start 1:Start 1:Start

Bl 9097249 00438bL8 850 [

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003




TOSHIBA

TMP90CR74A
6.2.5 Capture
(1)  Capture input Controi Circuit (CAPIN) -
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CAP2E CAP1E CAPQSE CAPQ4E CAPQ3E CAPQ2E CAPOE CAPOOE
Capture RW )
CAPICRT Input FFBFH o | o o | o T o ] o T o T o
Control -
Register 1 CAPO/CAP1/CAP2 Trigger Input Disable / Enable
0: Disable
1: Enable
PCTLCK2 I PCTLCK1 PCPRS I PCPR4 I PCPR3 ] PCPR2 I PCPR1 ' PCPRO
RW RAW
Capture
CAPICR2 Input FEFGH o | ° 0 l 0 0 | ° [ 0 | °
Control CTL Duty Discrimi g 6-bit Prog ble Clock Divider Control
Register 2 Circuit Source Clock Selection [Divider Setting 1/1 to 1464 from CTLIN {from 30), CTLOUT from {CTLAmMp) CFGA (from CFG
00: TBC3 10: TBC7 Amp)
01:TBCS 11: TBC10
: : DPCP2 | DPCPt |  DPCPO
Capture H RW
CAPICRZ | Input FFE7H : o | o o
Control + -~ ]
Register 3 3-bit programmable clock divider
Divider Setting 1/1 to 1/8 from DPGPF from
i H P31
EXTVS I EXTEG l DFGPGEG CFGWPR I CFGAEG I CTLEG
RIW
0 0 [ 0 0 0
Capture EXTIVS {ta EXT (P34) DFGPG Input |Dividing rate |CFGA Input CTLIN/
input CAPO} Input | Trigger Edge |{from P31) selection for |Edge CTLOUT tnput
CAPICRA Control FFFOH Selection. Selector Edge CFGAinput  |Selection Edge
Register 4 0:VSYNC  [|0: ¢ Selection 0: 1/t 0: 1 Selection
from 1: 4 o: 1 1:12 1: 1 0: 1
CSYNC) 1wl L
1: EXT
(from P34)
CTLSEL RMTST RMTPO ACCKBP RMTBP CFGMCP
RW RAW RW RIW RW R
0 0 0 Q [ 0
Capture CTL Input Remote- Remote- AC Ciock Remote- CFG Flag
Input I(to CAPO) Cantrol Control Input Control |Control
CAPICRS Controt FFFAH Selection Signal Input  |Signal Input |0 : Sampling |Signaiinput [g . Normal
Register 5 0: cTLOUT  fControl Polarity 1: Bypass Bypass .
GromcTL 0:STOP  [Selection P 0: Omission | oPeration
Amp) 1: Start 0: Positive Compensa |1 : Error _
1: Negative tion/Noise detection
1: CTLIN : Neg: Removal
(from P30} 1: Bypass
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
{CFG) {DFGPG)
R R RW RW RW RW RW RW
Capture [ 0 ] 0 0 0 0 4]
CAPCR Con_trol FFBEH CAP2 Trigger |CAP1 Trigger |CAP1/CAP2 Viss VASS TPGO [CFG Flag [CAPO FIFO
Register Input Input Status Clear  [Detection Detection  |FIFO Address fClear Counter
0: No Trigger |0 : No Trigger |0: — Flag * Flag 0: - 0: - Status
Input Input 1: Clear 0: - 0: - 1: Clear 1: Clear fo: -
1: Trigger 1: Trigger 1: Clear 1: Clear 1: Clear
Input Input
MCU90-602

B 9097249 00438L9 797 W

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA

TMPY0OCR74A
SYMBOL NAME Addr. 7 6 S 4 3 2 1 0
PCTLPO PCTLCKS DIV MSK VISs3 VISs2 VISS1 VISSO
RW W RW RW RAW
VISS/ 0 0 0 0 Q o l 0 0
VIVACR2 VASS FFFSH CTL Signal CTL Duty JCTLIN/CTLOUT{CFGA Input Setting Comparator data of VISS detect Circuit
Control Duty Discriminat- {input Divider |Mask Control Setting 4-bit data of OH to FH
Register 2 Discriminat-  |ing Circuit iControl 0: Mask
ing Polarity Sour(g Clock [0 : Divider 1: Bypass
Switch Selection 9 : Bypass
0: Positive 0: Manual
1: Negative Switch
1: Automatic
Switch
(2) Capture0 (CAPO)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 ]
CAPF7 CAPF6 CAPFS CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
Captured R
CAPFST | FIFO Status FFB6H 0 I 0 l 0 l 0 l 0 l o | 0 | 0
Register Capture0 (CAPO) FIFO status
0: No-capture data
1; Capture data
CAPOD7 I CAPODE l CAPODS I CAPODA l CAPOD3 l CAPOD2 l CAPOD1 1 CAPQODO
Capture0
R
CAPOL Lower Data FFB7H
1 - [ -~ 1T «~ 1 ~ 1 ~ [ -~ 1T~
Register
Capture0 {CAPO) lower data register
Capture0 CAPOD15 l CAPQD14 [ CAPOD13 | CAPOD12 | CAPOD 11 | CAPOD 10 [ CAPODY l CAPODB
Middler R
CAPOM FFB8H
Data -
Register CaptureQ (CAPQ) middle data register
CAPOTS l CAPOTS l CAPOT3 I CAPOT2 1 CAPOTY ] CAPOTO CAPOD17 CAPODI6
T
Captured (EXTAVS) (ACCK) (CTL) (vs) (RMTD) (RMTU)
R R
Higher
CAPOH FFBOH > [ « [ R i R [ * * | .
Data
i Capture0 (CAPQ) trigger input status Capture0 {CAPO) higher data register
Register 0: No-triggerinput
1: triggerinput
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) (DFGPG)
R R R/W RIW RIW RAW RW R/W
Capture 0 0 0 0 [ 0 [ [
CAPCR Control rreEH  |CAP2trigger |CAP1trigger [CAP1/CAPZ  |VISSdetect |VASS detect |TPGOFIFO Clear of CFG  JCAPO FIFO
input status  |inputstatus |statusclear fla: fla address fla counter/
Register 0: No trigger |0: No trigger [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
MCU90-603
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(3) Capturel (CAP1)

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CAP1D?7 CAP1D6 CAP1DS CAP1D4 CAP1ID3 CAPID2 CAP1D1 CAP100
Capturel =
CAPIL Lower Data FFBAH l I l I I [ l
* * * * * * * *
Register
Capturel lower data register
Capturel CAPIDI1S I CAPID14 [ CAPID13 l CAPID12 I CAPIDTI I CAP1D10 I CAPIDY I €AP1DB
Higher R
CAP1H FFBBH
bata - 1 ~ 1 «~ [ -~ 1 -~ 1 -~ 1T «~ T =
Register Capture1 higher data register
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) {DFGPG)
R R R/W RAW RW RAW RAW RAW
Capture 0 9 0 0 0 0 0 0
CAPCR Control FFBEH CAP2 trigger JCAP1 trigger |CAP1/CAP2  JViSSdetect  [VASS detect |TPGO FIFO Clear of CFG | CAPO FIFO
. inputstatus finputstatus  |statusclear gflag flag address flag counter/
Register 0: Notrigger §0: No trigger [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
(4) Capture2 (CAP2)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CAP2D7 CAP2D6 CAP2DS CAP2DA CAP2D3 CAP2D2 CAP2D1 CAP2DO
Capture2 .
carP2L Lower Data FFBCH
w1~ 1 +~ 1 + 1 +~ 1 -~ T +~ T ~
Register
9 Capture2 lower data register
Capture2 CAP2D15S | CAP2D14 I CAP2D13 ] CAP2D12 ] CAP2D11 I CAP2010 I CAP2D9 I CAP2D8
Higher N R )
CAPZH FFB
bata - 1 - 1 - T -~ T -~ 1T ~ 1 =
Register Capture2 higher data register
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
{CFG) - (DFGPG)
R R RW RW RW RW RW RW
Capture 0 (4 0 0 0 0 0 0
CAPCR Control FFSEH CAP2 trigger RCAP1 trigger JCAPT/CAP2  JVISSdetect |VASSdetect |TPGOFIFO Clear of CFG  |CAPO FIFO
. inputstatus  Jinputstatus Istatusclear [Jfla fla address flag counter /
Register 0 : Notrigger §0: Notrigger J0: ~ 0: - 0: - 0: - 0: - status
input input 1: Clear 1: Clear 1: Clear 1: Clear 1: Clear 0: -
1: Trigger 1: 1: Clear
input input
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6.2.6  ACClock Input Cirucuit (ACCK)
SYMBOL NAME Addr. 7 I 6 I 5 4 3 2 1 0
: ACCKST ACKS1 ACKS0
RW RW
AC Noise 0 0 0
Remaval AC Clock
ACCR F792H Cloc! 5AC| Clqck Sampling rate
Control Sampling election
0: Stop 00 :T8C10
Register 1. start 1 TBCI1
10:TBC12
11:7BC13
CTLSEL RMTST RMTPCO ACCKBP RMTBP CFGMCP
RW RW RW RAW RIW R
0 0 0 0 0 0
c CTLinput Remote- Remote- AC Clock Remote- CFG flag
apture {to CAPO) Control Control signal finput Control JControl 0 : Normal
Input Selection Signal Input Polarity J0 : Sampling {Signal input Operatian
CAPCRS Control FREAH 0: CTLOUT Control Selection 1: By-pass Bypass 1: Error
Redi {from CTL [0: Stop 0 : Positive 0 : Omission detection
egisters Amp) 1: Start 1: Negative Compensa
1: CTLIN tion/
{from P30) Nose
Remaval
1: Bypass
6.2.7 Remote Control Signal input Circuit (RMTIN)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
RMTD?7 RMTD6 RMTDS RMTD4 RMTD3 RMTD2 RMTD1 RMTDO
RMTIN RAW RW
RMTCR Control F795H 0 o ° ° o 0 0 l o
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
RW RIW RAWV RW RAW R
0 0 0 0 [ 0
CTLinput Remote- Remote- AC Clock Remote- CFG flag
Capture (to CAPQ) [Contro! Control signal finput Control |Control 0 : Normal
CAPCRS input Selection Signal Input Polarity J0 : Sampling [Signalinput Operation
CAPICRS Control FFRAH 0: CTLOUT Control Selection 1: By-pass Bypass 1: Error
(from CTL JO : Stop 0 : Positive 0 : Omissian detection
Registers . . i
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 a4 3 2 1 0
FEMPIE TPFULO TPEMPO TPFO1 TPFOO
w R R R
G0 0 0 1 Q 0
TPGOCR Control FFEAH INTTPGO TPGOFIFO  [TPGOFIFO  [TPGO FIFO Status flag
Register (Empty) Fuli flag Emptyflag |00 : Empty or fult
Interrupt 0: ~ 0: - 01: 1Data
0: -~ 1: Full 1: Empty 10: 2 Data
1: Enable . 11: 3 Data
TPGO TPGOD7 [ TPGOD6 | TPGODS TPGOD4 TPGOD3 TPGOD2 TPGOD1 I TPGODO
Lawer w
TPGOL Timing FFEBH
Data * l * [ * I * I * ] * l * I *
Register . TPGO Timing Data
TPGO TPGOD1S ] TPGOD14 I TPGOD13 | TPGOD12 [ TPGOD11 l TPGOD10 I TPGOD9 | TPGODS
Higher w
TPGOH Timing FFECH
Data * I * | * | * J hl I * I * I *
Register TPGO Timing Data
TPGDOS | TPGDO4 I TPGDO3 | TPGDO2 | TPGDOY |  TPGDOO
TPGO
Output H bl
TPGODR P FFEDH H
Data : * , * I * I * | * | *
Register TPGO Output Data
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
{CFG) {DFGPG)
R R RW RW RIW RW RIW RW
Capture
CAPCR | Control FFBEH o ° 9 0 0 9 9 0
Register CAP2 Input CAP2 Input CAP1/CAP2 VISS Detect  JVASS Detect JTPGOD CFG Flag CAPOFIFO
Trigger Status | Trigger Status |Status Clear  |Flag Clear Flag Clear FIFO Clear Counter/
0: NoTrigger |0 : No Trigger [0: - 0: - 0: - Address 0: - Status
'"f_‘“" Input 1: Clear 1: Clear 1: Clear 0: - 1: Clear 0: -
. 1: Trigger 1: Trigger 1: Clear 1: Clear
Input fnput
H CLKCK CLOE INTTPGOE INTTPGOS T3ADS TODIRS
’ RW RW RW
Interrupt 0 9 0 9 g 9
INTCR Control F78FH CLK Output  |CLK Qutput [INTTPGO INTTPGOS INTT3AD INTTODIR
Register Frequency  (0: Enable {TPGO3) {TPGO3}) Interrupt interrupt
: Selectian 1: Disable Edge Interrupt Request Request
0: fc/aor fs/4 Selection 1: Disable [Selection Selection
1: fo/2 or fsi2 0: TPGO3 1 |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 TPGID7 TPG1D6 TPG1DS TPG1DA TPG1D3 TPG1D2 TPGID1 TPG1D0
Lower W
TPGIL Timing FFEER
bate - - T -~ T« [T« T T T =
Register TPG1 Lower Timing Data
TPG1 TPG1DF ] TPGIDE [ TPG1DD | TPG1DC | TPG1DB | TPG1DA 1 TPG1D9 l TPG1D8
Higher w
TPG1H Timing FFEFH
pata - - T -~ [ -~ [« T T -7 =
Register TPG1 Higher Timing Data
TPG1 TPGD13 I TPGD12 I TPGD11 I TPGD10O
Output : : : w
TPG1DR data FFFOH T T T I I |
i T H * * * *
Register >
: B TPG1 Output Data

MCU90-607
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6.2.9  Pulse Width Modulation Output
(1) 12-bit PWM (PWMO, PWM 1)

SYMBOL NAME Addr, 7 6 5 4 3 2 1 0
PWMO PWMOD7 PWMOD6 PWMODS PWMOD4 PWMOD3 PWMOD2 PWMOD1 PWMODO
Lower
PWMOL Data FFD5H w
Register * * * * * * * *
PWMO PWMOD11 PWMOD10 PWMOD9 PWMODS
pwmon | Higher FFDGH : : : w
Data H : :
Register * * > *
PWM1 PWM1D7 I PWMI1D6 I PWM1D5 l PWMID4 PWM1D3 PWM1D2 PWMID1 PWM1D0
Lower
PWMIL Data FFD7H w
Register * I * I * | * * * * *
PWM1 PWM1D11 PWM1D10 PWM1D9 PWMI1D8
Higher H B H
PWMIH Data FFDBH H H w
Register : i * * * *
Timer PWM3RUN T3IRUN PWMIRUN | PWMORUN' § PWM2RUN T2RUN T1RUN TORUN
Start RIW RIW RAW RW RW RAW
TRUN Control
] ontrol FFDAH o ° 0 0 ° o 0 0 -
Register
PWM3 T3 PWM1 PWMOQ PWM2 TC2 TC1 TCO
0:Stop 0 :Stop 0:5top 0:Stop 0:5top 0 :Stop 0:5top 0:5top
1:Start 1:Start 1:Start 1:Start 1:Start 1 :Start 1 :Start 1:Start
PWMOIM CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOO
RW RIW RW RIW RW R/W RW
PwM 0 0 0 0 0 o 0
PWMCR Control F793H
Reigster PWMO/PWM1 JCAPFR (P37) |CSYNCInput {PWM2/PWM3 |PWM2/PWM3 IPWM1 PWMOD
Carrier rigger Edge |Polarity (P74} Output |Output [Output Qutput
Fr lecti lecti lecti Polarity Polarity Polarity
lecti o: ¢ 0: Positive |0 : PWM2 Selection S i i
0: 20.83kHz §1: | 11 invert 1: PWM3 0: Positive  JO: Positive |0 Positive
1:41.67kHz 1: invert 1: Invert 1: lavert
PWM10C PWMOOC P370C P240C P230C "p220C P210C P200C
RW RW RW RIW RIW RW RW RW
Open- 0 [] 0 0 0 0 0 [
ODMCR1 drain F789H
Control PWM1 PWMO P37 Qutput  |P24 Qutput  [P23 Output  |P22 Qutput  [P21 Output  |P20 Output
. [Output Output [Control Control Control Controt |Cantrol Control
Register 1 Control Cantrol Jo: Push-pull JO: Push-pull {0: Push-pull |0: Push-pull [0: Push-pull |0: Push-pult
0 : Push-pull {0 : Push-puil §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

B 9097249 0043875 T90 Wm

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



TOSHIBA
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(2)  8-bit PWM (PWM2)
SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
PWM2 PWM2D7 PWM2D6 PWM2DS PWM20D4 PWM2D3 PWM2D2 PWM2D1 PWM2D0
PW2DR Data FFDIH w
REQ's‘er * * * * »* * * *
PWM3RUN T3RUN PWMI1RUN PWMORUN PWM2RUN T2RUN TIRUN TORUN
Timer RW RW RAW RIW RW RW
TRUN
Start FFDAH 0 0 0 0 0 0 0 o
Controt
Register pPWM3 T3 PWM1 PWMO PwWMm2 TCc2 Tl TCO
0 :5top 0 :Stop 0 :Stop 0 :Stop 0:Stop 0 :Stop 0 :Stop 0 :Stop
1:5tart 1:Start 1 :Start 1:Start 1:Start 1:Start 1:Start 1:Start
PWMO 1M CFRTRGS SYNCPO PWMSEL PWMPQ2 PWMPO1 PWMPOO
RW Rw RW RIW RW RAV
PwM 0 o 0 0 0 0 0
PWMCR Control F793H
Register PWMO/PWM?1 [CAPFR(P37) |CSYNCinput [PWM2/PWM3 |PWM2/PWM3 [PWM1 PWMO
Carrier Trigger Edge [Polarity (P74) Output |Output Output Output
Frequency Selection Selection Selection Polarity Polarity Polanity
Selection 0: 1 0: Positive 0: PWM2 Selection Selection Selection
0:20.83kHz [1: | 1: Invert 1: PWM3 0: Postive O : Positive 0: Positive
1:41.67kHz 1: Invert 1:invert 1: Invert
P740C P560C P550C PS30C P520C
RW RW RW R/W RW
Open- 0 0 0 0 0
ODMCR2 drain F78AH
Contro} P74 Output  [PS6 Output |PSSOutput  |P53Output |PS2 Output
Register 2 Control Control Control Control Control
0 : Push-puil J0: Push-pull |0: Push-puil |@: Push-pull {0 : Push-pull
1: Open- 1: Qpen- 1: Open- 1: Open- 1: Open-
drain dratn drain drain drain
MCU90-609
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3) 14 bit PWM (PWM3)
SYMBOL | NAME Addr. 7 6 5 4 3 2 1 0
PWM3 PWM3D7 PWM3D6 | PWM3DS PWM3D4 PWM3D3 PWM3D2 PWM3D1 PWM3DO
Lower
PWM3DRL F78BH W
Data - . -
Register * * : * * * : * * *
PWM3 PWM3D13 | PWM3D12 | PWM3D11 | PWM3DI0 i PWM3D9 PWM3D8
Higher
PWM3DRH Data F78CH W
Register : * * * H * * *
PWM3RUN T3RUN PWMI1RUN PWMORUN PWM2RUN T2RUN T1RUN TORUN
Timer Start RIW RW H RW RAW RW
TRUN Control FFDAH 0 0 0 0 0 0 H 0
Register PWM3 [TC3 PWMOQ H PWM2 ETCI
0 : Stop 0 : Stop Stop Stop : Stop 0: Stap
1: Start 1: Start Start :1: Start Star 1: Start 1: Start
PWMO1M CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOO
WM H [ ] i 0 0 0 0 ; 0
" 3 PWMO/PWM1 iCAPFR (P37) :iCSYNCinput FPWM2/PWM3 :PWM2/PWM3 IPWM1 {PWMO
PWMCR Control F793H iCarrier gger Edge :Polarity Output :Output [Output {Output
Register iFrequency  :Selection i0: Push-Pull JSelection i Polarity Polarity iPolarity
:Selection 0: 1 : 0: PWM2 H i Selecti ;Selecti
20.83 kHz 1: PWM3 Positive  §0: Positive  :0: Positive
41.67 kHz Invert 1: Invert 1: invert
i P740C PSE0C P550C PS30C PS20C
Open-drain 0 o 0 H 0 0
ODMCR2 Controt F78AH P7a0utput  [PS6 Output  iPS5Output (P53 Output ;P52 Output
. H Control Control :Control Control iControl
Register2 H : H
: 0 : Push-Pull O : Push-Pult :0: Push-Pull :0: Push-Pull :0: Push-Pull
1: Open- 1: Open- 1: Open- i1: Open-
H drain deain drain drain
MCU90-610
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6.2.10 VISS/VASS Detection Circuit (VIVA)

SYMBOL | NAME Addr. 7 6 5 4 3 2 1 4]
0" "0~ “Q” 0" CTLDTY VISSFL VASSFL
RW RW RAV R/W R
VISS/ 0 0 0 [ * 0 0
VIVACR1 VASS FFFaH Always Write |Always Write |Always Write Always Write CTL dut; VISS VASS
¥: y
Control "o “g” 0" “Q" gm.x;mmauug 3eteclion :)Ietection
Register 1 Monrtor o: - 0 -
0: CTLduty 1:VISS 1: VASS
=50 % detect detect
1: CTLduty
<50 %
PCTLPO PCTLCKS [N MSK VISS3 VvISS2 Vviss1 VISSO
RAW RW RW RAW RW
0 0 0 0 0 0 0 0
ViSS/
CTL Signal CTL Duty CTLIN/CTLOUT{CFGA Input Setting comparator data of VISS detection circuit
VIVACR2 VASS FRESH Duty discriminatingdinput Divider |Mask Control Setting 4-bit data OH to FH
Control discriminating] Circuit Source §Control 0: Mask
Register 2 Polarity Clock 0 : Divider 1: Bypass
Switch Selection 1: Bypass
0 : Positive 0: Manual
1: Negative Switch
1: Automatic
Switch
vAsS7 VASSE VASSS vasse vasss | vassz | vasst | vasso
R
T R T T TR T BT
VASS v b
VASSDR Data FFFQH ASS Data Lower 8-bit
Register VASS1S I VASS14 I VASS13 | VASS12 I VASS11 l VASS10 | VASS9 l VASS8
R
I S R S T T B
VASS Data Higher 8-bit
PCTLCK l PCTLCKO PCPRS l PCPRS | PCPR3 I PCPR2 | PCPR1 l PCPRO
R/W RiwW
Caprure o | o o | o [ o T o [ o T =
CAPICR2 Input FFF6H
Control CTL Duty Discriminating 6-bit programmakbile clock divider control - -
Register 2 Circuit Source Clock Divider sett:ng 1/1 10 1/64 from CTLIN (from 30), CTLOUT (from CTL amp}), CFGA (from
Selection CFG amp)
00: TBC3 10:TBC7
01:TBCS 11:TBCIO
CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
(CFG) (DFGPG)
R R RAW RW RW RAW RV R/W
Capture
CAPCR Control FFBEH ° 0 ° 0 0 ° 0 0
Register CAP2 Trigger |CAP1 Trigger |CAP1/CAPZ  JVISS VASS TPGO CFG flag CAPQ FIFO
input Status  linputStatus |Status Clear [Detection Detection FIFO Clear Counter/
0: NoTrigger |0 : No Trigger ]0: - flag flag [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 Input
MCU90-611
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TOSHIBA TMP90CR74A
6.2.11 Head Amp/Color Rotary Control Circuit
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CRMOD 0~ VTPE34 DFFPO1 DFFPOO COMPS CRPO HAPO
RAW RW RW RW RW RW RAW RW
Head Amp 0 0 0 0 0 0 0 0
[CR/HA Outpit JAlways write |VTP3 (P22) [TPGO3 Input COMPIN {P43) |CR Output HA Output
HACR Control F794H fr2zran o NTPA(P23)  [Polarity Switch Input Polarity Polarity
Register [COMPIN Trigger Edge O : Positive 0 : Disable Switch Switch
Input (P43} Selection 1: Negative 1: Enable 0: Positive |0 : Positive
[0 : Disable 0: 1 1: Negative |1: Negative
1: Enable 1: )
AFFMIX SCLKI1E RXD1E SWPE BLKE TXDIE RGBE DOTXE
RIW RW RW RW RW
P4 Port 0 0 0 0 0 0 [ 0
PAMR Mode F785H AFF Signal SCLK1 Output |RXD1 Input  JVASWP BLK Output |TXD1 Output |R/G/B Output |Dot clock
Register (TPGO1) Mix |(P57) {Pas) [Output jraz) (Pa2) 0 : Disabie frequency
9 iControl Disable 0: Disable 0 : Disable 0 : Disable 0 : Disable 1: Enable (P40O/P41)
IO: ON nable 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
AVDPQO AHDPO MDET1 MDETO SYNCDET HSEN MASK
RAW R RW RW
0 [ 1 0 0 0 [}
VDIN Input HODIN Input Mute Mute SYNCSignal [SYNCControl |V.SYNC mask
CSYNC Switch Switch Detection Detection Detection of H Puise control
CSYNCR Control FFFOH 0 :Positive 0 :Positive Flag Flag Flag 0:Non- 0: -
Register 1:Invert 1:tnvert 0 : Mute 0: Mute 0:Mute synchronize|1 :Release
detection detection detection HP with masking
1:Normal 1:Normal 1:Normal Csync
1:Synchronize|
HP with
Csznc
PWMOIM CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOD
RIW RW RW RW RW RW RW
WM 0 9 9 0 Q 0 0
PWMO/PWMI1 |CAPFR(P37) JCSYNCInput [PWM2/PWM3 IPWM2/PWMS3 |PWM1 PWMO
PWMCR Control F793H . . .
Regist Carrier Trigger Edge [Polarity (P74) Output [Output Output OQutput
gister Fr y lecti Jselection Selection Polarity Polarity Polarity
0:20.3BkHz [0: 7 0 : Positive 0 : PWM2 i Selecti lecti
1:41.67kHz [1:]) 1 :Invert 1:PWM3 0 : Positive 0 : Positive 0 : Positive
1:lnvert 1 :lnvert 1:Invert
6.2.13 Psudo-Vsync Output Signal Circuit (PV /BLK)
SYMBOL NAME Addr.’ 7 3 5 4 3 2 1 0
XOON N K BLKMIX PHMIX PVSEL2 PVSELY PVSELD
RW RW RIW R/W RW AW
PV 0 [ 0 [ 0 0 I 0 0
PVCR Control F799H XIIXOo SC/SY Output |Always write Jwith BLK With HP Select the output format PV
Register Oscillation or |{P46/P47) (' Signal {from
h t f ton 0
VDIN Input |0 : Disable CSYNC) Select the output farmaton 0 {H) to 7 {H)
0 :Disable 1:Enable 0 : Not mix
1:Enable 1 : Mix
w——
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 a3 50/60 PN
RW RAW RW R/W RW
0 0 [ 0 0 0 [ 0
osD Blinking mode is related Dot Clock Display Display Color Data Vertical PALJINTSC
OSDCR Controt FFCEH with (ODSMR4) <MOD > {TC) Control  |OQutput synchroniza- |[Frequenc Frequency 0 :NTSC
Y
Register Q:Stop Enable tron Selection Selection 1:PAL
1:Enable 0 :5Stop O:interrnal  [0:3.58MHz [0:60Hz
1:Enable mode 1:4.43MHz [1:50Hz
1:External
mode
Display QsDA7? ’ OSDA6 0OsDAS OsSDA4L OSDA3 0OsbA2 0OsSDA1 QSDAD
RAM RW
OSDADR Address FFCFH
Setup 0 l 0 | 0 | 0 I 0 I ° [ 0 l 9
Register Address for Display RAM or OSD mode register (FOH to F7H)
Display OsSDD7 I QOSDD6 | QsSDDS [ [eXYolol} i OsDD3 | osD02 l osoD I [s3elvhi)
D RIW
OSDDBR R";M”:‘a FFDOH | [ I l I [ I
A r
0 0 0 0 0 0 0 0
Register
9 Data buffer for Display RAM or OSD made register (FOH to F7H)
Display D7 l CD6 { DS D4 l D3 co2 D1 I Cc0o
CHARDO RAM 0000H W
to (character to
CHARD239 code 00EFH * I * | * [ * ] * | * [ * I *
register) Character code (252 character code + 4 blank code)
POSV3 ] POSV2 | POSV1 | POSVO POSH3 I POSH2 I POSH1 [ PQSHO
osD w w
OSDMRO Remif: . 00FOH o ] o l o I o ° l 0 | o [ o
I T
9 Vertical start position Horizantal start position
Select 16 starting position (x4 - HD) Select 16 starting position {x 4 - TC)
FSV1 FSVO | FSH1 I FSHO sVl csvo I CSH1 | CSHO
w w
0osD
OSDMR1 Mode 00F1H 0 ] 0 0 | 0 0 [ 0 0 [ 0
Register 1 Character size of 1st line Character size of 1stline Character size of 2nd to 10th |Character size of 2nd to 10th
verticalsize {x 1,2, 3,4) Haorizonatal size (x1,2,3,4) |line verticalsize (x 1,2,3,4) [line Horizonatal size (x 1, 2,
3,4)
MSL3 | MSL2 MSL1 | MSLO NSL3 I NSL2 NSL1 I NSLO
QosD w w
OSDMR2 Mode QOF2H
Register 2 ° ] 9 0 | 0 0 | 0 I 0 I o
Mth Line Nth Line
SPACE1 I SPACEOD GLD1 I GLDO NLD1 | NLDO FLD1 [ FLDO
w w w w
0sD 0 l 0 [ 0 0 0 0 0
OSDMR3 Mode GOF3H Line space General Generalback |MtoN line MtoN hne General General back
Register 3 00 :0HD fiinking screen ot flinking back screen  |[flinking screen of
01:1HD 0 :OFF character 0:0FF of character [0 :OFF character
10 :2HD 1:0N 0 :0FF 1:ON 0 :0FF 1:0N 0:OFF
11 :3HD 1:0N 1:0N 1:0N
MCU90-613
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SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
CB/CF FCPH2 FDPH2 FEPH2 MOD BUINK2 BLINK® BLINKO
w w w w
0 0 0 [ 0 0 0 0
QasD Colorselect {PH2ofblank |PH2ofblank |PH2ofblank |Display Blinking time |Blinking duty
OSDMR4 Mode OOF4H byblinking  {code FCH code FDH code FEH character 0:254V (5] 00 inking OFF
Register 4 code Coloring the |Coloringthe |Coloringthe [Style 1:264V(s] 01:1/4duty
9 O:Character [characters characters characters Blinking 10 :2/a duty
color {character  [{character  [{character |modeis 11:3/4duty
1:Back background) |background) |background) |related with
screen dependon  |dependon  |depend on <CMD1,0>
color blankcode |blankcode [blankcode |bitin OSDCR
FCH FOH FEH register
BGOFF BGPH2 BGPH1 BGPHO CBOFF CBPH2 CBPH1 | CBPHO
w w w w
050 0 [ 0 [ 0 [} [ ] [
OSDMRS Made 00FSH  [Color of 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. (0 to 7H)
0:0N background
1:0FF 0:0ON
1:0OFF
“0” YL2 l YL YLO CFOFF CFPH2 l CFPH1 | CFPHO
w w w w
Qoso I I
OSDMR6 Mode 00F6H g 0 L 0 0 o 0 | 0
Register 6 Alway write  |Brightness level Coloringof  |Character color
0" Selecting from 5 to 100 IRE character 8 colors at each 45 deg. (0 to 7H)
0:ON
1:OFF
SPON SMOOTH EQON NONINT RATIOHV PVEN AVDEN AHDEN
w w W w w w w
s> ] 0 0 0 0 o [ [
Character hi [ Setting frquency ratio VD input External VDIN |External
F7H i " P . A
OSDMR? M,Ode 00F7/ back screen {0 :Disable puise in VDand HDwhile |switching Input HDIN Input
Register 7 - ) . tull page mode 0 : VDIN or N ;
lines |1 :Enable non-interlace |The frequency ratio between vSD from 0 : Disable 0 : Disable
0 :Disable 0:0N HD and VD results from Csync 1:Enable 1 :Enable
1:Enable 1:0FF OSDCR <50/60>, 1:TPG04
N ) <NOINT> and N
<RATIOHV >
XOON SN "0" BLKMIX PHMIX PVSEL2 PVSEL1 PVSELO
RIW RW RW RW RW RW
v 0 [ 0 0 0 [ [ o 0
PVCR Control F799H ;IIX:)) f:fsjpg;l;put ‘A‘;\:lays write :Iith lB:}K :Vith l:(l: Select the output format PV
Register scillation or o ignal {from [Signal {from
l h it format on 0 (H)to 7 (H,
VDIN input 0 : Disable osD) CSYNC) Select the output forma ) H
0 : Disable 1:Enable 0 : Mix 0 :Not mix
1:Enable 1:Not mix 1 :Mix
AFFMIX SCLK1E RXD1E SWPE BLKE TXDME RGBE DOTXE
RIW RAW RW RW RW RW
P4 Port 0 0 0 0 0 [ [ 0
PAMR Mode F785H AFF signal SCLK1 output [RXD1input  |VASWP B8LK output TXD1 output JR/G/B output |Dot clock
Register mix control |0 : Disable (P45) output (P42) (P42) RIW frequency
0:ON 1 :Enable 0 : Disable 0 : Disable 0 : Disable 0 : Disable (PA7/PA6/P45) |0 : Disable
1: OFF 1:Enable 1 :Enable 1 :Enable 1 :Enable 0 : Disable 1:Enable
1 :Enable
AVDPO AHDPO MDET1 MDETO SYNCDET HSEN MASK
RIW R RW RW
0 0 1 0 0 0 0
CSYNC VDINInput  |HDINInput  {Mute Mute SYNCSignal |syNC Control [V-SYNCmask
Switch Switch Detection Detection Detection of H Pulse control
CSYNCR c°“_"°' FFEDH Iy .positive |0 :Positive  |Flag Flag Flag 0:Non- 0:-
Register 1 :Invert 1 :invert 0 : Mute 0:Mute 0 :Mute synchronize| 1 :Release
d i d i d i HP with masking
1 :Normal 1 :Normal 1:Normal Csync ’
1:Synchronize)
HP with
Csync
MCU90-614
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6.2.15 Serial Channel
(1) Serial channel 0 (SI00)

SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
FFOSI SORES SOMD1 SOMDO SIFTO CLKOSI SCKOS SIO0E
R RW RAW RIW RW RW RAWV
1 1] Q l [ 0 0 0 0
Serial Serial transfer {Serial transfer [Serial mode select Serial shift Serial internal | Serial ciock Serial transter
SCOCR Channel 0 EFDEH monitor lag {terminate 00 :Transmit mode edge select |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 :Disabie
1:Stop 11:Transmit/receive mode edge 1:TBC7 t :External 1:Enable
1:Tralhng <lack
(Rising)
edge
Serial TRBO7 TRBOG TRBOS ] TRBOA TRBO3 TRBO2 TRBO1 TRBOO
hannel 0
scosr | "° FFDEH RW
Buffer
Register * * * I * * * [ * *

(2) Serial channel 1 (S101)

SYMBOL NAME Addr 7 6 5 4 3 2 1 0
FF1SI1 SIRES S1MD1 $1MDO SIFT1 CLK1SI SCK1S SIONE
R RAW RAW RW RIW RW RIW
1 0 0 0 1] 0 0 Q
Senal Serial transfer |Serial transfer [ Serial mode select Serial shift Serialinternal [Serial clock  |Serial transfer
SCICR Channel 1 FEETH monitor flag [terminate 00 :Transmit mode edge select clock rate select enable/
Mode 0:ln 0: - 01 :Receive mode 0:Leading select 0 :Internal disable
Register operation |1:Terminate [10:— (Falling) 0:TBC4 clock 0 : Disable
1:5top 11 :Transmit/receive mode edge 1:78C7 1 :External 1:Enable
1: Trailing clock
{Rising)
edge
Seriai TRB17 TRB16 TRBIS I TRB14 TRB13 TRB12 TRB11 TRB10
i1
scigr | Channe FFEOH RAW
Buffer
Register « * x [ * N I N
MCU90-615
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TOSHIBA TMP9Y0CR74A
6.2.16 Serial Bus Interface (SBI)
(1) 1?)CBUS Mode
SYMBOL NAME Addr. 7 I 6 5 4 3 2 I 1 [ 0
0" 0" “Q” ACK CHS SCK
w RW RIW w
4 0 0 | 0 | 0
Serial Bus Always § Always { Always Set of VO channel  [Frequency (fsc)) of Serial Clock Selection
SBICR1 Interface — write "0” write “0” ! write *0" Acknowledge |selection 000 : fc/26 (250 kHz) 100 : 1¢/219 (15.6 kHz)
Cantrol H : bit 0:Channel0 {001 : f27 (125 kHz) 101 : {211 (7.8 kHz)
Register 1 0:0utput1to| (SCLO/ 010 : fc/28(62.5 kH2z) 110 : /212 (3.9 kHz)
SDA SDAO) 011 : fc/29(31.2kHz} 111 -
1:0utput Oto|1 :Channel 1
SDA {scL1/
: : SDA1)
_ DeRD7 | DBROS | OBRODS DBRDA DBRD3 DBRD2__ | DBRD1 | DBRDD
Serial Bus
i RAW
sapgr | Interface FEE3H
Data Buffer ° l o | ° | ° I o l ° l ° | 0
Registe
gister Data Buffer
SAG [ sas | saa | saz | saz | sat | sao I ALS
w
o | o T o T o T o 1T o T e [
1?CBUS Address
12CAR Address FFEAH recagnition
Register Slave Address mode
specification
0 :Recognized|
1:Not
recognized
MST TRK BB PIN SBIM 0" H 0"
RIW RW RN RAW W w
0 0 0 1 0 0 * *
(W) Master/ {{W) Transmit/|(W) Start/ (W) Clear Serial bus interface Always Always
slave receive stop interrupt aperating mode selection write “0” i write “0"
selection, selection, generation, [service 00 :Port mode (serial bus
{R} Status (R) Status (R} 1°C bus request interface autput disable)
monitor monitor status (R} Monitor |01 :510 mode
0:Slave 0 :Receiver monitor interrupt 10 :PC bus mode
N 1 :Master 1 :Transmitter|0 :{W) Stop service 11 :Don’t use
Serial Bus .
Interface condition, |requeststate
SBICR2 Control FFESH {R} Bus free [0 :{W) -
x °f‘t'°2 1:wWistart | (R)
egister condition, Interrupt
(R) Busbusy| service
being
request
1:{wW)
Interrupt
service
request
cleared
{R) Cleared
state
MCU90-616
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SYMBOL NAME Addr. 7 6 S 4 3 2 1 0
AAS ADO LRB
|/ R R
* * * * * * * *
Slave address | "GENERAL  |Last received
. match caLL” bit monitor
Serial Bus . .
\nterface detection detection 0:Last
SBISR FFESH monitor maonitor received bit]
Status
0:- 0: - "0
Register
1:Slave 1:“GENERAL|1 :Last
address CALL" received bit
match or detected 1"
“GENERAL
CALL"
detected
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symeoL | namE | Addr. 7 6 | s | a 3 : | 1 | o
R FSCK CONT L BYTE |
w w w w
0 o . ] o | o 0 o | o | o
12CBUS FIFOQ transfer [Serial clock frequency (fSCL) selection Data transfer |Number of transfer words
12CFCRI FIFO FFEGH mode 000 : f¢/26 (250 kHz) 100:f/2'0 (15.6 kHz) |mode 000: 1 Byte 100 : 5 Byte
Contro! selection 001 : f¢/27 (125 kHz) 101 :fo/2VV (7.8 kHz) 0 :8-byte 001 : 2 Byte 101 : 6 Byte
Register 1 0 :Receive 010 : f/28{62.5 kHz) 110 :fe/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 INT T
w w w w w
1 1 0 1 * : * 1 *
RCBUS FIFO Buffer  |FIFO buffer |V/Ochannel |Nexttransfer : 12CBUS or
FIFQ Transfer Start |Stop selection start of FIFO ctonrol
12CF! FFE7H
2CFCR2 Control 0 :Startor 0 :Stop 0:Channel 0 |continue data circuit system
Register 2 Restart 1:=- {scLo, trans mode reset
Vi SDAO) 0 :Next 0 :Reset
1:Channel 1 transfer 1:-
(scu1, start
SDA1) 1:- H
SDA END CHS BUSY FULL l EMPTY ERROR AKERR
R
* 0 0 0 0 0 [ [
SDA bus FIFO buffer  [/Ochannel  [FIFO buffer [FIFO buffer  [FIFO buffer |Detect of Detect
12¢ BUS monitor status flag monitor transfer full /receive |empty/ start Acknowledge
0:$DAlineis [0: - 0:Channel0 [status end monitor [transfer-end {condition error
[2CFSR1 FIFQ Status FFE7H . y
Register 1 low level |1:Transfer 1:Channel 7 [monitor 0: - monitor error 0: -
egister 1:5DAline s 0:- 1:FIFO 0:- 0: - 1:Error
high level 1 :Transfer buffer-full }1:FIFO 1 :Error
/receive buffer
end empty/
transfer-
end
2caus FO7 FD6 FDS FD4 FD3 FD2 FD1 FDO
RW
acrosr | FPODAMA | gy
Buffer * [ . « - * | * * *
Register N
FIFO Buffer Register
NOMAT I LRBM i
R
] 1
SCL pin Last received
output and bit monitor
2
2CBUS SCL line 0:Last
12CFSR2 FIFO Status FFESH . H H
Register 2 match received H H
egister manitor bit "0~ H :
0: - 1:Last H
1:5CLlineis received
“L" level bit “1" H : :
byslave
device
MCU90-618
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(2) SIOmode
SYMBOL NAME Addr. 7 6 5 l 4 3 2 l 1 l 0
SI0S SICINH SIoM CHS SCK
w w w RAW w
0 0 0 | 0 0 0 [ 0 l 0
Serial Bus -
Interface Transfer start |Transfer Transfer mode selection 110 channel Senal clock frequency selection
SBICR1 Control FFE2H  |/stop forcedstop |00 :Transmit mode selection 000 : fc/2° (250 kHz) 100 :1¢/2'% (15 6 kHz)
R::’S::” 0:Stop 0:- 01:Don't use 0:Channel 0 [001: fr2” (125 kHz) 101 :4¢/2"" (7.8 kHz)
9 1:5tart 1 :Forced 10 :Transmit/ receive mode {SCLK2, 010: f(/2°(62.5 kHz) 110 fes2'? (3.9kHz)}
stop 11 :receive mode TXD2, 011 : $c2° (31.2 kH2) 111 : External clock
RXD2)
1:-
DBRD7 DBRD6 DBRD5S I DBRD4 D8RD3 DBRD2 l DBRD1 | DBROO
Serial Bus
af RW
SBIDBR Interface FFE3H
Data Buffer N | * [ R | N [ . l . l N 1 N
Register
Data Buffer
“0” ] "0" I g I ‘1 I SBM [ “0” I “0”
w
Serial Bus * l * I * * 0 0 * I *
SBICR2 Interface FEESH Always write “0" I:I\:/ays write [Seriaibus interface Always write 0"
Control 1 operation mode selection
Register 2 00 :Port mode
01:510 mode
10 :12C bus mode
11 :Don't use
SIOF ] SEF
R
* * * * 0 0 * *
Serial transter [Shift
Serial bus operating operating
tat| status
SBISR Interface FFESH sta uf .
Status monitor monitor
Register 0:Transfer |0 :Shift
terminated| operation
1 :Transferin terminated
process 1 :Shift
operation
in process
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TOSHIBA TMP90CR74A
6.2.17 8-bit A/D Converter Circuit (A/D)
SYMBOL NAME Addr. 7 6 S 4 3 2 1 [
“1" EQCF ADBF ADS ADCH3 ADCH2 ADCH1 ADCHO
RW R R/W RW
j 0 0 0 0 0 I 0 0
Always write |A/D A/D AD Analog channel selection
AD ‘1" conversion  |conversion  |conversion | 0000 : AING 0011: AIN3 0110 : AING 10G1 : AIN9
Converter flag busy flag start 00017 : AIN1 0100: AING G111 : AINZ 1010 : PDP
D FFOCH
ADMO Control b¢ Q0 :AD 0:AD 0:- 0010: AIN2 0101 : AIN5 1000 : AINB 1011 : PDM
Register conversion conversion |1:A/D {11%* : reserved)
in process non-busy conversion
1:A0 (stop) start
conversion |1:AD
terminat- conversion
ed busy
AD ADR7 ADR6 ADRS5 ADR4 ADR3 I ADR2 | ADR1 I ADRO
ADREG Comparato FFDDH
r Register x * * * * | % I . I N
MCU90-620

B 9097249 0043847 702 W

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003




TOSHIBA

TMPYOCR74A
6.2.18 Servo Control Amplifier
m CTL Amplifier
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
DIRE DIRFLG CTLPO CTRGE POMON PDPON INDEX REC
RIW R RW RW RAW RAW RW
0 0 0 0 0 0 0
Servo Am INTDIR DIR detection jPolarity CTLOUT auto-{CTL(-) CTL(+) Record mode
SACR1 Controlp j— interrupt flag [switch of CTL |reset function |shumit shumit 00 :Reproducing mode
Register 1 request 0 :CFGB 0 : Positive Q :OFF selection selection *1:Recording mode
€9 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 ot
CFG8
PHSPUP CAMP2 CAMP1 CAMPO SMTM1 SMTMO SMTP1t l SMTPO
RW RW RAW R/wW RW RIW
0 0 0 0 0 [ 0 0 l [
Servo Amp -
Peak-hoid CTLAmMp 2 CTLAmp 1 CTLAmMpP O CTL Schmitt plus level CTL Schmitt plus level
SACR2 Control FFF2H . . "
Register 2 mode select  |switch switch switch manual select manual select
r
egiste 0:Normal  [0:0FF 0:0FF 0:0FF 00:-100mV 10:-300mV [00:+100mV 10:+300mV
recovery |1:ON 1:0N 1:0N 1:-200mV 11:-500mV [01:+200mV: 11:+500mV
1:HKigh speed
recovery
IDIRS SWPTB SWPTA AQUTS1 AQUTSO CFGBS CFGAS SWSHT
Riw RIW RW RIW RW
Servo Amp 0 0 0 0 0 0 0 0
SACR3 Control FFF3H INTDIR input JSWPB timing selection in AMPOUT (P30) output CFGB amp CFGA amp SWBS select
Register 3 select index mode source select shumit level [shumitlevel 0 :Automatic
0 :DIRFLG 00:15ms 10:25ms 00:CTLOUT 10 : CFGB 0: 80 mv 0::80mV control
1:CFGB 01:2.0ms 1:3.0ms 01:CFGA 11:Don'tuse §1:£720mV |1:2120mV |1 :Always
“ON”
"0" "0 ] “0" “0" CFGBZ CFGAZ CFGPO CTLOUT
RAW RAWV RIW RIW R
0 0 [ 0 0 0 0 0 *
Servo Amp FGBSchmit  |FGASchmit  |Zerocross CTLamp
SACRS Control F796H N
Register & select select polarity select Joutput status
I r
egiste Always write "0 0:Zeracross [0:Zerocross {0:Positive 0 :CTLOUT
Schmit Schmit 1 :Negative ="0"
1 :Manual 1:Manual 1:CTLOUT
Schmit Schmit
MCU90-621
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TOSHIBA TMP90CR74A
(2) CFG Amplifier
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
DIRE DIRFLG CTLPO CTRGE PDMON PDPON INDEX REC
RW R RIW RIW RIW RW RW
0 0 0 0 0 0 0
Servo Am INTDIR DIR detection |Polarity CTLOUT auto- |CTL(-) CTL(+) Record mode
SACRY eC N ‘p CREIH interrupt flag switch of CTL Jreset function {shumit shumit 00 :Reproducing mode
R o.nstro ’ request 0 :CFGB 0 :Positive 0 :OFF selection selection *1 :Recording mode
egister 0 : Disable ahead of ({forward) J1:ON 0:Manual 0 :Manual 10 :Index mode
1:Enable CFGA 1 :invert 1:Peak hold |1 :Peak hold
1:CFGA {reverse)
ahead of
CFGB
—
IDIRS SWPTB SWPTA ACUTSY AQUTSO CFGBS CFGAS SWSHT
RAW RAW RAW RW RAW
Servo Amp 0 0 0 [ 0 1] [} 1]
SACR3 Controf FFF3H INTDIR input §SWPB timing selection in JAMPOUT (P30) output CFG8 amp CFGA amp SWBS select
Register 3 select index mode source select shumitlevel |shumitlevel |0:Automatic
0 : DIRFLG 00:1.5ms 10:25ms 00 :CTLOUT  10: CFGB 0:x80mv  [0:£80mV control
1:CFGB 01:20ms  11:30ms 01 :CFGA 11:Don'tuse |1:2120mV [1:£120mV [1:Always
~oN"
“0” “0" I “0" “0 CFGBZ CFGAZ CFGPO CTLOUT
RW RIW RAW RW R
servon 0 0 | 0 0 [ [ 0 *
ervo Amp FGBSchmit |FGA Schmit |Zerocross  [CTLamp
SACR4 Control F796H .
Register 4 select select polarity select Joutput status
iIster iad
€9 Always write “0" 0 :Zerocross [0 :Zerocross |O:Positive 0 :CTLOUT
Schmit Schmit 1 :Negative =0
1 :Manual 1 :Manval 1:{TLOUT
Schmit Schmit ="1"
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TOSHIBA

TMP90CR74A

l

6.2.19 Port
(1) POport
SYMBOL NAME Addr. 7 6 5 4 3 2 t 0
PQ port PO7 P06 PQS P04 PO3 P02 PO1 POO
PO Data FFCOH R/W
Register 0 0 0 0 0 0 4 0
PO7C POBC POSC POAC PO3C P02C PO1C POOC
PO port w
POCR Control FFCIH 0 0 0 0 0 0 o o
Register P1 port i/O Control
9 0: Input mode
1: Output mode
(2) Pl1port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
P1port P17 P16 P15 P14 P13 P12 P11 P10
P1 Data FFC2H RAW
Register [ 0 0 0 "] 0 0 0
P17C P16C P15C P14C P13C P12C P11C P10C
P1 port w
PICR Control FFC3H o 0 0 0 l 0 o 0 Q
Reai P1 port /O Control
egister 0: Input mode
1: Output mode
(3) P2 port(1/2)
SYMBOL NAME Addr. 7 6 4 3 2 1 0
P2 port P27 P26 P25 P24 P23 P22 P21 P20
P2 Data FFCAH RW
Register [ 0 0 0 0 0 0 0
P27C P26C P2SC P24C P23C P22C P21C P20C
P2 port R
P2CR Control F7BOH o l o 1 0 o o o 0 | 0
R P2 port 110 Control
egister 0: input mode
1: Output mode
RXDOE | TXDOE I SCLKOE I TP2E I TP1E l TPOE TPGO1E l TPGOOE
RiW
P2 port
0 0 0 0 0 0 0 0
P2MR Made F781H  I2xDOInput | TXDOOutput [SCLKOWG  |TPZOutput |TP1 Output |TPOGutput |TPGOT TPGOO
Register {P27) {P26) (P25) (P24} P21) (P20} Output (P21) {Output (P20)
0 Disable 0: Disable 0 : Disable 0: Disable 0 : Disable 0 : Disabie 0 : Disable 0: Disable
1: Enable 1: Enable : Enable 1: Enable 1: Enable 1. Enable 1: Enable 1: Enable
VTPAE VTP3E CAPFRD CAPFRD TPG12E TP3E TO3E CTLCFGE
RW RV RAW ’RW RAW RAW RIW
P3 port
0 [ 0 0 0 0 0 0
PAMR Mode F783H  Tha Output |VTP3 Output [CAPFR(P37) |CAPER TPGI2 P3 703 AMP Output
Register (P23) (P22) Data Register {Output (P37) [Output (P36) {Output(P36) [Output (P35) [(P30)
0 : Disable 0: Disable 0: Disabie 0: Disable 0 : Disable 0: Disable 0 Disable
1: Enable 1: Enable ) : Enable 1: Enable 1: Enable 1: Enable 1: Enable
MCU90-623
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TOSHIBA TMP90CR74A
(3) P2 port(2/2)
SYMBOLP | NAMEP Addr. 7 6 5 4 3 2 1 0
TPE3 VASEL3 TPE2 VASEL2 TPE1 VASEL1 TPEO VASELO
RW RAW RW RIW RIW RW RW RIW
0 0 0 0 0 0 [ 0
TP Control
TPCR i FFOAH TP3 (P36} TP3 {P386) TP2 (P24) TP2{P24) TP1 (P21} TPt {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 0: 1 0: TPGO3 o: 1 0: TPGO3 0: T 0: TPGO3
1: 1 1: TPGO1 1: | 1:TPC1_01 1: 1 1: TPGO1 1: 1 1: TPGOY
' VTP3D VTP2D VTP1D VTPOD TP3D TP2D TPID TPOD
TP Data RW RW R/W R/W RW RW RW RW
TPDR Register FFDBH 0 o 0 Y 0 0 0 0
VTP3 (P22) VTP2 (P54) VTP1 (PS3) VTPO (P52) TP3 (P36) TP2 (P24} TP1{P21) TPO (P20)
Data Register JData Register | Data Register | Data Register | Data Register |Data Register {Data Rggis(er Data Register
VTP4D P74 P73 P72 P71 P70
P7Fort RW RAW RV RW R R
P7 Data FFCOH ° o o o N N
Register VTP4 (P23) P74 P73 P72 P71 P70
Data Register JData Register | Data Register | Data Register | Data Register {Data Register
CRMOD 0" VTPE34 DFFPO1 DFFPO1 COMPS CRPO HAPO
R/W RIW RAW RW RW RAW RAW RW
1] ] 4] 0 [ 0 0 1]
Head Amp CR/HA fAlwayswrite JVTP3(P22) {TPGO3 input Polarity Switch |COMPIN {P43}|CR Qutput HA Output
HACR Control F794H [Output 0" VTP4 (P23) JO: Positive Input Polarity Polarity
Register (P21/P23) Trigger Edge J1: Negative 0 : Disable Switch Switch
9 COMPIN Selection 1: Enable 0: Positive 0: Positive
input (P43) 0: 1 1: Negative [1: Negative
0 : Disable 1:]
1: Enable .
PWM10C PWMOOC P370C P240C P230C P22QC P210C . P200C
RW RV RW RW RAW RW RAW
Open-drain 0 0 0 0 0 [ 0 0
PWM1 PWMO P37 Output  §P24 Output [P23 Output |P22Output |[P21Output |P20 Output
ODMCR Control F789H Output Output 0: Puch-Puil JO: Puch-Pull |0: Puch-Pull |0: Puch-Pull [0: Puch-Pull [0: Puch-Pull
Register Control Control 1: Open- 1: Open- 1: Open- 1: Open- 1: Open- 1: Open-
0: Puch-Pull |0 : Puch-Pull 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 i P36 P35 P34 P33 P32 P31 i P30
P3 Data FFC5H RAW
Register 0 0 0 0 0 [} [ 0
P37C P36C p3sc_ 1 paac i p3xc P32¢ P3IC P30C
P3 port RW
P3CR Control F782H 0 : 0 5 0 H 0 H 0 ¢ 0 9
B £3 port /O Control
Register 0: Input mode
1: Output mode
MCU90-624
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TOSHIBA

TMPS0OCR74A
(4)  P3port(2/2)
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
VTP4E VTP3E CAPFRD CAPFR TPG12E TP3E TO3E CTLCFGE
RIW RW RwW RWV RAW RAW RAV RIW
P3port
] 0 0 0 0 0 [ 0
P3MR Mode FI83M G52 Output [VTP3 Qutput |CAPFR(P37) |CAPER TPG12 TP3Output |TO3 Output |AMPOUT
Register (P23) {P22) Data Register {Output (P37) |Output (P36) [(P36) (P35) {P30)
0: Disable 0: Disable 0: Disable 0: Disable 0 : Disable 0: Disable 0: Disable
1: Enable 1: Enabie 1: Enable 1: Enable 1: Enable 1: Enable 1: Enable
PWMO1M CFRTRGS SYNCPO WPMSEL PWMPQ2 PWMPO1 PWMPOOQ
RW RW Rw RIW RW RAW RW
PWM 0 0 0 0 0 0 0
P < , F793H PWMO/PWM 1T RCAPFR (P37) JCSYNCinput [PWM2/PWM3 [PWM2/PWM3 {PWM 1 PWMOQ
WMCR ontro 9 Carrier Trigger Edge [Polanty Output (P74) |[Output Output Qutput
Register Frequency Selection Selection Selection Polanty Polarity Polarity
Selection 0: 1 0 : Positive 0: PWM2 Selection Selection Selection
0:2083kHz 11: | 1 invert 1: PWM3 0: Positive  |0: Pasitive |0 : Positive
1:41.67kHz 1: invert 1: Invert 1: invert
TPE3 VASEL3 TPE2 VASEL2 TPEY VASEL1 TPEQ VASELO
RW R/W
0 0 0 0 0 ] 0 0
TP Control
TPCR FFDAH TP3(P36) TP3{P36) TP2 (P24) TP2(P24) TP1(P21) TP1(P21) TPQ (P20) TPQ (P20)
Register Trigger Edge |Trigger Trigger Edge |Trigger Trigger Edge |Trigger Trigger Edge |Trigger
Selection Selection Selection Selection Selection Selection Selection Selection
a: 1 0: TPGO3 0: T 0: TPGO3 0: 1 0: TPGO3 o: T 0: TPGO3
1] 1. TPGO1 1:] 1:TPGOY 1ol 1: TPGO1 1: ] 1: TPGO1
vTP3D VTP2D VTPID VTPOD TP3D TP2D TPID TPOD
TPDI TP Data FFDBH = = = =
R
Register 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 lData Register |Data Register |Data Register [Data Register {Data Register | Data Register [Data Register
CRMOD "0~ VTPE34 DEFPO1 DFFPO1 comPs CRPO HAPO
RW RIW RW R/W RIW RAW RAW RW
] 0 0 0 0 0 0 0
Head Amp CR/HA Always write [VTP3(P22)  |TPGO3 Input Polarity Switch [COMPIN (P43)|CROutput  |HA Output
HACR Control F794H Qutput “0" NTPA(P23) |0 Positive Input Polarity Polarity
Register (P22/P23) Trigger Edge |1: Negative 0 : Disable Switch Switch
9 compin Selection 1:Enable [0 Positive [0 Positive
Input (P43} 0: 7 1: Negative |1: Negative
0 : Disable 1: ]
1: Enable
PWM10C PWMOOC P370C P240C P230C P220C P210C P200C
RW RW RAV RW RAW RW RW
Open-drain 0 0 0 ] 0 0 0 0
PWM1 PWMO P37 Output P24 Output P23 Output P22 Output P21 Output P20 Output
ODMCR1 | Control FT8H 5 ucput Output 0: Puch-Pull §0: Puch-pull [0: Puch-Pull |0 : Puch-Pull |0: Puch-Pull |0: Puch-pull
Register Control Control 1: Open- 1: Open- 1: Open- 1: Open- 1: Open- 1: Open-
0: Puch-Pull (0 : Puch-Pull drain drain drain drain drain drain
1: Open- 1: Open-
drain drain
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TOSHIBA TMP90CR74A

(5) P4port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
P4 Port pPa7 Pas Pas Paa P43 P4z P41 PA0
P4 Data FFC6H RW
Register 0 ) 0 0 0 0 0 0
P47C P46C P45C Paac P43C P42C Pa1C Pa0C
PaPort RW
P4CR :on»trol F784H 0 o 0 o 0 l ° I o | 0
egister P4 Port Input / Qutput Control
0 : Input mode 1 : Output mode
AFFMIX SCLK1E RXD1E SWPE BLKE TXD1E | RGBE | DOTXE
RAW RAW RW RW RW
P4 Port 0 0 0 0 0 0 0 0
PAMR Mode F785H AFF signal SCLK1 output JRXD1 input VASWP BLK output TXD1 output (R/G/B Dot clock
Register mix control 10 : Disable (P4S) (P42) {Pa2) output frequency
0: 0N 1 :Enable 0 : Disable 0 : Disable 0 :Disable {P47/PA6/PAS) |(PAO/PA1)
1:0FF 1 :Enable 1:Enable 1:Enable 0 :Disable 0: Disable
1 :Enable 1:Enable
meenm— ——
CRMOD “o” VTPE34 DFFPO1 DFFPOO COMPSEL CRPO HAPO
RW RW RAW RW RAW RW RAW RAW
0 [ 0 0 0 0 0 0
Head-amp CAHA Always write {VTP3 (P22) TPGO3 input |TPGO3 input |COMPIM CR output HA output
HACR Control F794H loutput “0" VTPA(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) 9:7 1:Negative |1:Negative 1:Negative |1:Negative
0 : Disable LERA
1:Enabie
XOON SIN "0 BLKMIX PHMIX PVSEL2 PVSELY PVSELO
RW RAW RIW RW RIW RW
Py Control 0 0 [ [ [ [] ] 0 0
PVCR R ?rl‘tro F799H XIX0 SC/SY output JAlways write |With BLK With HP Select the output format PV/BLK.
egister oscillation or |(P46/P47) “Q" signal (from Isignal (from Select the output format on 0 (H) to 7 (H).
VOIN input 0 : Disable 0OsD) CSYNC)
0 :Disable 1:Enable 0 :Mix 0 : Not mix
1:Enable 1 :Not mix 1:Mix
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TMPS0OCR74A
(6) P5 port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
PS5 port P57 PSB PS5 P54 P53 P52 PS1 P50
PS5 Data FFC7H RW
Register 0 0 0 0 0 0 0 0
P57C PS6C PSSC PS4C PS3C P52C P51C P50C
P5 port RAW
PSCR Control F786H o I ° l o l ° | o | 0 | 0 l °
Register P5 port /0 Control
0: Inputmode 1: Output mode
VTPE2 I VTPEY l VTPED l VTPS2 | VTPS1 | VTPSO | INT1E l INTOE
RIW
PS port 0 0 0 0 0 0 0 0
PSMR Mode F787H VTP2 (P54) VTP1 (PS3) VTPO (PS2) VTP2 Output |VTP1 Qutput {VTPO Qutput [INT1(P51) INTOQ (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: T 1: Enable 1: Enable 1: Enable 0: 1 0: 1
10 1: 1 10 1: ) 10 )
AFFMIX SCLK1E RXD1E SWPE BLKE TXD1E RGBE DOTXE
RAW RW _RW R/W RW
Paport 0 0 0 0 0 0 Q 0
PAMR Mode F785H AFF Signal SCLK1 Output JRXD1 lnput VASWP BLK Output TXD1 Output [R/G/B Qutput |Dot clock
Register Mix Contro! (P57} {Pas} Output (P4a2) (Pa2) (PA7/P46/P45) |frequency
0:ON 0 : Disable 0 : Disabie 0: Disable 0: Disable 0 : Disable 0: Disable (P41/P40)
1: OFF 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 RW RW RAW
TPDR Register FFDBH 0 o 0 0 o 0 0 0
VTP3 (P22) VTP2 (PS4) VTP1{P53) VTPO (P52) TP3 (P36) TP2 (P24) TP1({P21) TPO (P20)
Data Register §Data Register | Data Register [Data Reﬂister Data Register Data Register |Data Register {Data Register
: P740C P560C PS5QC P530C PS20C
RAW RIW RW RW RAW
Open-drain
o 0 0 0 0
ODMCR2 | Control F78AH P740utput JPS6OUtput P55 Output P53 Output | P52 Output
Register 0: Push-Pull §0: Push-Pull |0: Push-Puli |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
P6 Data FFCBH R
Register - - — - [ - - [ - -
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(8) P7 port
SYMBOL NAME Addr. 7 6 S 4 3 2 1 [4]
VTP4D P74 P73 P72 P71 P70
P7port RAW RW RW
P7 Data FFCOH N Iy 0 ° * *
Register VTP4 (P23) P74 Data P73 Data P72 Data P71Data P70Data
Data register_Jregister register register register register
P74M P74C P73C P72C H
RW
p7 port 0 0 0 0
PICR ! PWM2/PWM3 | P74 Output P731/0 P7210
< Contro F788H lOutput (P74) |Control Control Control
Register 0 : Disable 0: Disable 0: Input 0 : Input
1: Enable 1: Enable mode mode
1: Output 1: Output
mode made
——
PWMO1TM CFRTRGS SYNCPO PWMSEL PWMPO2 PWMPO1 PWMPOO
RW RN RAV RAW RAW RW RAW
PWM 0 0 0 0 0 0 0
PWMCR o . £793H PWMO/PWM1 |CAPFR (P37) |CSYNCINPUT JPWM2/PWM3 IPWM2/PWM3 IPWM1 PWMO
ontro Carrier Trigger Edge |Polarity (P74) Gutput Joutput output Output
Register Frequency Selection Selection Selection Polarity Polarity Polarity
Selection 0: 1 0: Positive JO: PWM2 §Setection Selection Selection
0:2083kHz |1: | 1: Invert 1: PWM3 0 : Positive 0 : Positive 0 : Positive
1:41.67kHz 1 :I_vxler‘t 1: Invert 1: Invert
PWM3RUN T3RUN PWMI1RUN PWMORUN PWM2RUN T2RUN TIRUN TORUN
RIW RW RIW RW RW RW RW
Timer Start 0 0 0 0 0 o 0 o
TRUN Contral FFDAH PWM3 TC3 PWM1 PWMO PWM2 TC2 Output  {TC1O0utput  |TCO Output
Register 0 : Stop 0 : Stop Output Qutput 0: Stop Control Control Control
1: Start 1: Start Control Control 1: Start 0: Stop Q: Stop 0: Stop
0: Stop 0: Stop 1: Start 1: Start 1: Start
1: Start 1: Start
P740C PS60C P550C P530C P520C
RV RW RW
Open-drain
0 ] 0 0 0
ODMCR2 | Control F78AH P74 Output  [P56Output |P55 Output |PS3 Output  |PS2 Output
Register 0 : Puch-Pull [0 : Puch-Pull |0: Puch-Pull |0: Puch-Pull 10 : Puch-Pull
1: Open- 1: Open- 1: Open- 1: Open- 1: Open-
drain drain drain drain drain
(9 P8 port
SYMBOL NAME Addr. 7 6 5 4 3 2 1 0
P8 port 23] P80
P8 Data FFBAH RW
Register ] 1)
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