TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

CMOS 16-Bit Microcontroller
TMP9O3CF76/CF77/CW76/CU76/CT76

1.  Outline and Feature

TMP93CF76/CF77/CW76/CU76/CT76 are a high-speed advanced 16-bit microcontroller
developed for application with VCR system control, software servo motor control, VFT driver and
timer control.

In addition to basics such as I/O ports, the TMP93CF76/CF77/CW76/CU76/CT76 have high-
speed/high-precision signal measuring circuit, PWM (Pulse-Width-Modulator) and high-precision
real timing pulse generator.

The device characteristics are as follows:
(1) Original 16-bit CPU (900/L. CPU)
e TLCS-90 instruction mnemonic upward compatible
e 16 Mbyte linear address space
o  General-purpose registers and register bank system
e  16-bit multiplication/division and bit transfer/arithmetic instructions
¢ High-speed micro DMA: 4 channels (2 us/2 byte at 16 MHz)

(2) Minimum instruction execution time: 250 ns at 16 MHz

(3) Internal ROM: TMP93CF76 192 KB
TMP93CF77 160 KB
TMP93CW76 128 KB
TMP93CU76 96 KB
TMP93CT76 72 KB

(4) Internal RAM: TMP93CF76 40KB
TMP93CF77 40KB
TMP93CW76 2.5KB
TMP93CU76 25KB
TMP93CT76 20KB
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e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled
Quality and Reliability Assurance / Handling Precautions.

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

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

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

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

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

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

[[E Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to use these
|l| components in an 12C system, provided that the system conforms to the I12C Standard Specification as defined
[BUS] 1y Philips.
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(5) 20-bit time-base-counter (TBC)
e  Free running counter
e Accuracy: 125 ns (at fc = 16 MHz)
e Overflow: 131 ms (at fc = 16 MHz)

(6) 8-bit timer (TCO): 1 channel
e For CTL linear time counter

(7) 16-bit timer (TC1 to 5): 5 channels

e (C.sync count, capstan FG count, general: 3 channels
(8) Timing pulse generator (TPG): 2 channels
e (16-bit timing data + 6-bit output data) with 8-stages FIFO : 1 channel
e  (16-bit timing data + 4-bit output data) : 1 channel
e Accuracy: 500 ns (at 16 MHz)
(9) Pulse width modulation outputs (PWM)
e 14-bit PWM: 3 channels (for controlling capstan, drum and tuner)
e  8-bit PWM: 1 channel (for controlling volume )
e  Carrier frequency: 31.25 kHz (at 16 MHz)
(10) 24-bit time base counter capture circuit (Capture 0)
e  (18bit timing data + 6 bit trigger data) with 8-stages FIFO: 1 channel

e Capture input sources: Remote-control-input (RMTIN), V.sync, CTL, Drum-PG,
general (1 channel)

e Accuracy: 500 ns (at 16 MHz)
(11) 17-bit time base counter capture circuit (Capture 1/2)
e (16-bit timing data + 1-bit trigger data): 2 channels
e  (Capture input sources: Drum-FG, Capstan-FG
e Accuracy: 125 ns (at 16 MHz)
(12) VISS/VASS detection circuit (VISS/VASS)
e (CTL duty detection
e VASS data 16-bit latch
(13) Composite-sync-signal (C.sync) input
e  Vertical-sync-signal (V.sync) separation
¢  Horizontal-sync-signal (H.sync) separation
(14) Head Amp switch/Color Rotary control (HA/CR)
(15) Pseudo-V/H generator (PV/PH)
(16) 8-bit AD converter (ADC): 10 channels
e Conversion speed: 95 states (11.8 us at 16 MHz)
(17) Serial Channel (SIO): 1channel
(18) Serial bus I/F
e 12C bus with 8-stages FIFO: 1 channel/2 ports

(19) Watch dog timer (WDT)
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(20) Interrupt controller INTC)
e CPU: 8 sources —» SWI instruction and illegal instruction
e Internal: 17 sources

7-level priority can be set.
e External: 5 sources

(21) I/O ports

e 67 1/0 ports (multiplexed functional pins.)
High Break Down Voltage PortE, F are Included: 14 I/O ports

e  8input ports (P40/AIN2 to P47/AIN9)
e 10 output ports
PCO0/GO to PC7/G7, PDO/G8 to PD1/G9: High Break Down Voltage

(22) Standby function: 4 halt modes (RUN, IDLE2, IDLE1, STOP)
(23) System clock function

e Dual clock operation 16 MHz (High-speed: normal)/32 kHz (Low-speed:slow)

-+- 17-bit Real Time Counter built in

(24) Operating Voltage

e Vee=2.7t05.5V (at 32 kHz)

e Vee=4.5t05.5V (at 16 MHz)
(25) Package

e 100 pin QFP 14 mm x 20 mm (Pin pitch: 0.65 mm)

e  Product name: P-QFP100-1420-0.65A
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Figure 1.1 TMP93CF76/CF77/CW76/CU76/CT76 block diagram
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2. Pin Assignment and Functions

The assignment of input and output pins for the TMP93CF76/CF77/CW76/CU76/CT76, their
names and functions are described below.

2.1 Pin Assignment

Figure 2.1.1 shows pin assignment of the TMP93CF76/CF77/CW76/CU76/CT76.
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Figure 2.1.1 Pin assignment (100-pin QFP)

93CF76-5

2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.

Table 2.2.1 Pin names and function (1/3)

Pin name Num'ber 1/0 Functions
of pins

P00 to P07 8 1/0 port0: 1/0O ports

P10 to P17 8 1/0 port1: 1/0O ports

P20 to P27 8 1/0 port2: 1/0O ports

P40 to P47 8 Input port4: Input ports

AIN2 to AIN9 Input Analog input: Input to AD converter

P50 1 110 Port50: 1/O port (schmitt input)

INT4 Input External Interrupt request input 4: Rising edge/Falling edge programable

TI3 Input 16-bit timer3 (TC3) Input 3 I I "I

TI5 Input 16-bit timer5 (TC5) input 5

Sl Input SIO received data

P51 1 110 Port51: 1/0 port (schmitt input)

INT3 Input External Interrupt request input 3: Rising edge/Falling edge programable

TI2 Input 16-bit timer2 (TC2): Input 2 S R

T4 Input 16-bit timer4 (TC4): input 4

SO Output S0 sending data

P52 1 /0 Port52: 1/0 port (schmitt input)

INT2 Input External Interrupt request input 2: Rising edge/Falling edge programable

T Input 16-bit timer1 (TC1) Input 1 £

TIO Input 8-bit Timer0 (TCO) Input 0

SCK 1/0 SIO clock line

P53 1 /0 Port53: 1/0 port (schmitt input)

INT1 Input External Interrupt request pin1: Rising edge/Level programable

P54 1 /0 Port54: 1/0 port (schmitt input)

INTO Input External Interrupt request pinO: Rising edge/Falling edge programable
I

P73 1 110 Port73: 1/0 port (schmitt input, Push-pull or open-drain output selectable)

SDAO 1/0 I°C bus SDAO line

P74 1 110 Port74: 1/0 port (schmitt input, Push-pull or open-drain output selectable)

SCLO /0 I°C bus SCLO line

P75 1 110 Port75: 1/0 port (schmitt input, Push-pull or open-drain output selectable)

SDA1 o] I°C bus SDA1 line

AINO Input Analog input 0: Analog input signal for AD converter

P76 1 110 Port76: Input port (schmitt input, Push-pull or open-drain output selectable)

SCL1 10 I°C bus SCL1 line

AIN1 Input Analog input 1: Analog input signal for AD converter

P80 1 /0 Port80: 1/O port (schmitt input)

CTLIN Input CTL Capture input (Capture 0)

P81 1 110 Port81: 1/0 port (schmitt input)

DFGIN Input DFG Capture input (Capture 1)
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Table 2.2.1 Pin names and function (2/3)

. Number .
Pin name 1/0 Functions
of pins
P82 1 110 Port82: 1/0 port (schmitt input)
RMTIN Input Remote Control Signal Capture input
P83 1 110 Port83: 1/0O port (schmitt input)
EXT Input External Capture input (Capture 0)
TO1 Output Timer Out 1
P84 1 110 Port84: 1/0 port (schmitt input)
DPGIN Input DPG Capture input (Capture 0)
P85 1 110 Port85: 1/0 port (schmitt input)
CFGIN Input CFG Capture input (Capture 2)
P86 1 110 Port86: 1/0 port (schmitt input)
CSYNCIN Input C.sync Capture input
P87 1 110 Port87: 1/0 port (schmitt input)
COMPIN Input Envelope Comparate Input (to HA/CR)
P90 1 110 Port90: 1/0 port (Push-pull or open-drain output selectable)
TPO Output Timing Pulse output 0
TPGO0 Output TPGO00: TPGO output
P91 1 110 Port91: 1/0 port (Push-pull or open-drain output selectable)
VASWP Output Video/Audio head switching control signal output
TPGO1 Qutput TPGO1: TPGO output
P92 1 110 Port92: 1/0 port (Push-pull or open-drain output selectable)
TP1 Output Timing Pulse output 1
P93 1 110 Port93: 1/0 port (Push-pull or open-drain output selectable)
TPGO03 Output TPGO03: TPGO output
P94 1 110 Port94: 1/0 port (Push-pull or open-drain output selectable)
CR Output Color Rotary Output
P95 1 110 Port95: 1/0 port (Push-pull or open-drain output selectable)
HA Qutput Head Amp Switching Control Output
P96 1 110 Port96: 1/0 port (Push-pull or open-drain output selectable)
TO1 Output Timer Out 1
TPG10 Output TPG10: TPG1 output
P97 1 110 Port97: 1/0 port (Push-pull or open-drain output selectable)
TPG11 Output TPG11: TPG1 output
PAO 1 110 PortA0: 1/0 port
PVPH Output PVPH 3-state Output
PWM3 Output PWM(8 bits) output 3
PA3 1 110 PortA3: 1/0O port (Push-pull or open-drain output selectable)
PWM2 Qutput PWM(14 bits) output 2

93CF76-7
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Table 2.2.1 Pin names and function (3/3)

. Number )
Pin name 1/0 Functions
of pins
PWMO 1 Output PWM(14 bits) output 0 (Push-pull or open-drain output selectable)
PWMA1 1 Output PWM(14 bits) output 1 (Push-pull or open-drain output selectable)
PBO 1 110 PortBO: 1/0 port (Open-drain Output)
XT1 Input Low Frequency Oscillator connecting pin
PB1 1 110 PortB1: 1/0 port (Open-drain Output)
XT2 Output Low Frequency Oscillator connecting pin
PCO to PC7 8 Output PortC: Output (High break down voltage outputs with pull-down resistor)
GO0 to G7 Output Grid Drivers
PDO,1 2 Output PortD: Output (High break down voltage outputs with pull-down resistor)
G8, 9 Output Grid Drivers
PEO to PE7 8 110 PortE: 1/0 ports (High break down voltage outputs with pull-down resistor)
S0 to S7 Output Segment Drivers
PFO to PF5 6 110 PortF: 1/0 ports (High break down voltage outputs with pull-down resistor)
S8 to S13 Output Segment Drivers
TEST1 1 Output . .
TEST1 should be connected with TEST2 pin.
TEST2 1 Input
TEST3(NC) 1 Output TEST3 should be open connection.
CLK 1 Output Clock output: Output (System Clock + 2) clock.
Pulled-up during reset.
Can be set to output disable for reducing noise. (Initial Disable)
TEST 1 Input Test pin: Always set to “Vcc” level
RESET 1 Input Reset: Initializes LSI. (with pull-up resistor)
X1 1 Input High Frequency Oscillator connecting pins (16 MHz)
X2 1 Output High Frequency Oscillator connecting pins (16 MHz)
VKK 1 VFT Driver power supply pin
DVCC 1 Power supply pin
DGND 1 GND pin (0 V)
ADREF 1 Reference voltage input for AD converter
ADGND 1 GND pin for AD converter
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3. Operation
This section describes the functions and  basic operational  blocks of
TMP93CF76/CF77/CW76/CU76/CT76 devices.

See the “7. Points of Concern and Restrictions” for the using notice and restrictions for each
block.

3.1 CPU
TMP93CF76/CF77/CW76/CU76/CT76 devices have a built-in high-performance 16-bit CPU
(900/L. CPU). (For CPU operation, see TLCS-900/L CPU in the previous section).

This section describes CPU functions unique to the TMP93CF76/CF77/CW76/CU76/CT76
that are not described in the previous section.

3.1.1 Reset

To reset the TMP93CF76/CF77/CW76/CU76/CT76, the RESET input must be kept at 0
for at least 10 system clocks. (1.25 us at 16 MHz) within the operating voltage range and
with a stable oscillation.

When reset is accepted, the CPU sets as follows:
e Program Counter (PC) according to Reset Vector that is stored FFFFOOH to

FFFFO02H.
PC (7:0) « stored data in location FFFFOOH
PC (15:8) « stored data in location FFFFO1H
PC (23:16) « stored data in location FFFF02H

e  Stack pointer (XSP) for system mode to 100H.
e IFF2 to O bits of status register to 111. (Sets mask register to interrupt level 7.)
e MAX bit of status register to 1. (Sets to maximum mode)

e Bits RFP2 to 0 of status register to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from PC (reset vector). CPU
internal registers other than the above are not changed.

When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

e Initializes built-in I/O registers as per specifications.

e Sets port pins (including pins also used as built-in I/Os) to general-purpose
input/output port mode.

Note: By resetting, register in the CPU except program counter (PC), status register
(SR) and stack pointer (XSP) and the data in internal RAM are not changed.
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3.2
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Figure 3.2.1 is a memory map of the TMP93CF76/CF77/CW76/CU76/CT76.
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Figure 3.2.1 Memory map (1/2)
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Figure 3.2.1 Memory map (2/2)
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3.3 Dual Clock, Standby Function
Dual Clock, Stand by Control Circuits consist of System clock Controller, Timing clock
Generator for I/0 Block, Real Time Clock Generator, and Standby Controller.
The Oscillator operating mode is classified to Single Clock mode (only X1, X2 pin) and Dual
Clock mode (X1, X2, XT1, XT2 pin).
Figure 3.3.1 shows a transition figure. Figure 3.3.2 shows the block diagram.

Figure 3.3.3 shows I/O registers. Table 3.3.1 shows the internal operation and system clock.

Reset
RUN mode Instruction
(Stops only CPU) Release Reset
W“ v .
IDLE2 mode instucion | NORMAL mode [———=—{  STOP mode
(Stops CPU and AD) [~ = (fe/2) et | (Stops all circuits)
Instruci/
IDLE1 mode
(Operates only oscillator) [~ Interrupt
(a) Single Clock mode transition figure
Reset
RUN mode Instruction
(Stops only CPU) \ Release Reset
ey y
IDLE2 mode < Instruction NORI\(/IfPt)mode
(o
(Stops CPU and AD) nternupt o
. 4 y
Instruction
IDLE1 mode
(Operates only oscillator) [~ Interrupt N SToP mode
instructon inierrupt (Stops all circuits)
RUN mode Instruction A
(Stops only CPU)
i AV
IDLE2 mode < Instruction SLOW mode Instruction
(Stops CPU and AD) [———— (fs/2)

i
7

Instruction

IDLE1 mode
(Operates only oscillator) [~ Interrupt

(b) Dual Clock mode transition figure

Figure 3.3.1 Transition figure
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The clock frequency input from X1, X2 pin is called fc, and the clock frequency input from XT1,
XT2 pin is called fs. The clock frequency selected by SYSCR1<SYSCK> is called system clock
fepy. The devided clock of fepy is called system clock fgys, and the 1 cycle of fgyg is called 1

state.
Table 3.3.1 Internal operation and system clock
. Oscillator
Operating System clock
High Low CPU Internal I/O
Mode fsys
Frequency (fc) | Frequency (fs)
RESET Reset Reset
NORMAL Operate
. [ Operate
Single | RUN Oscillation Stop fc/2
Clock | IDLE2 Stop only AD
Stop
IDLE1
Stop
STOP Stop Stop
RESET Oscillation Stop Reset Reset fc/2
NORMAL Progamable
— Operate
Dual SLOW Programable Oscillation Operate fs/2
RUN Oscillator being used as system
Clock o Programable
IDLE2 clock: oscillation st Stop only AD (/2. fs/2
IDLE1 Other oscillator: programmable op s (fef2, )
(o]
STOP Stop P Stop

Note: The TMP93CF76/CF77/CW76/CU76/CT76 does not have a clock gear circuit.

SYSCR2 SYSCR2

1
! SYSCR2<RTCIS1>!
| SRTCCK> <RTCST> SYSCR2<RTCIS0>1
1
1
E v v 055 4 :
—T>
1 MPX 17-bit Counter 1s MPX > INTRTC |
> 2s !
i E Real Time Counter
| 1
1 1
' \WDMOD<WARM> Clear and Start _ !
! ‘lr wl‘ L 2 Write: !
' L S SYSCRO<WUEF> '
Warming Up Counter !
1 . —) : 1
&> Watch dog Timer End R Q g\e(gdCRO<WUEF> !
1 1
1 1
SYSCRO<XTEN><RXTEN> L | Standby Control
XTZDeLowfrequency fs 'r““““““"“"“f;;s_ _________________________________ |
1 1
os¢ : 1/2 > Time Base Counter > TBC20:
XT1 32 kH !
( z) 1 MPX (TBC) 1 !
X : ——> TBCL !
WDMOD ' !
<HALTM1, 0> ' !
Y H ]
- SYSCR1<SYSCK>
X2 D‘— High forf;‘z':“‘encyf_c E SYSCRO<RSYSCK> E Timing Clock Generator
X1 D—> (16 MHz) SYSCR3<CLKEN>
SYSCRO<XEN><RXEN> - >
—».—T—‘—.llz [ | cLk

Figure 3.3.2 Block diagram of dual clock, standby circuits
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System Clock Control Register 0

SYSCRO 7 6 5 4 3 2 I S
(O06EH) | XEN | XTEN | RXEN | RXTEN | RSYSCK | WUEF I ______ : _______ : (Initial Value: 1010 00%*)
XEN High Frequency oscillator (fc) 0: Stop
1: Oscillation
XTEN Low Frequency oscillator (fs) 0: Stop
1: Oscillation
RXEN High Frequency oscillator (fc) after | 0: Stop
released STOP mode 1: Oscillation
RXTEN Low Frequency oscillator (fs) after | 0: Stop
released STOP mode 1: Oscillation RIW
RSYSCK Clock selection after released | O: fc
STOP mode 1:fs
WUEF Warm-Up Timer (READ)
0: End warmming-up
1: Under warmming-up
(WRITE)
0: Don’t care
1: Timer start
Note: The bit 1 to O are always read out as 1.
System Clock Control Register 1
SYSCR1 7 6 5 4 3 2 1 0
(006FH) __ O | ] o SYSCK | 0 __,_ _0 _, 0 | (nitial Value: 0***0000)
SYSCK System clock selection 0: fc
’ 1:fs RIW

Note 1: The bit 7 should be cleared to 0.
Note 2: The bit 6 to 4 are always read out as 1.

Note 3: Writing 0 to SYSCR1<SYSCK> enables the high-frequency oscillator regardless of the
value of SYSCRO<XEN>. Additionally, writing 1 to SYSCR1<SYSCK> enables the low-
frequency oscillator regardless of the value of SYSCRO<XTEN>.

System Clock Control Register 2

SYscrz2 7 6 5 4 3 2 1 0
(006CH) E 0 v 0__ _; ______ RTCCK | RTCST | RTCIS1 | RTCISO I ______ : (Initial Value: 00*0 000%)
RTCCK RTC input clock select 0: fs (32 kHz)
1: fgys/2
RTCST RTC count control 0: Stop & Clear
1: Start
. 16 15 R/W
RTCIS1 Interval time control of RTC 00: fgys/2™ or fs/2
interrupt 01: fgys/2" or fs/2'®
RTCISO 10: fgys/2™ or fs/2™
11: Reserved

Note 1: The bit 7 and 6 should be cleared to 0.

Note 2: When SYSCR2<RTCCK> is 1, RTC input clock is fc/4 or fs/4 depending on operation
mode.
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Watchdog Timer Control Register

WDMOD 7 6 5 4 3 2 1 0
(005CH) | WDTE | WDTP1 | WDTPO | WARM |HALTM1 | HALTMO| RESCR | DRVE |(Initial Value: 1000 0000)

WDTE WDT control 0: Disable
1: Enable
WDTP1 WDT detection time 00: 2%/fsys
01: 2"fsys
WDTPO 10: 2%/sys
11: 2%ffgvs
WARM Warming-up timer source clock 0: 2"/ selected clock frequency
selection 1: 2"/ selected clock frequency RIW
HALTM1 HALT mode selection 00: RUN mode
01: STOP mode
HALTMO 10: IDLE1 mode
11: IDLE2 mode
RESCR WDT internal reset control 0: —
1: Connects WDT output to RESET internaly
DRVE Pin control of STOP mode 0: /O off
1: Remains the state before HALT

Figure 3.3.3 /O registers about dual clock, standby
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3.3.1  System Clock Controller

The system clock controller generates system clock (fsys) for CPU core and internal I/O.
It contains two oscillation circuits. The register SYSCR1<SYSCK> changes system clock
to either fc or fs, SYSCRO<XEN>, <XTEN> controls enable/disable each oscillator.

The system clock (fsys) is set to fc/2 because of <XEN> = 1, <XTEN> = 0, <SYSCK> = 0
by resetting.

For example, fsys is set to 8 MHz by resetting the case of 16-MHz oscillator is
connected to X1, X2 pins.

The high frequency (fc) and low frequency (fs) clocks can be easily obtained by
connecting a resonator to the X1/X2, XT1/XT2 pins, respectively. Clock input from an
external oscillator is also possible.

The XT1, XT2 pins have also Port PB0O, PB1 function. Therefore the case of single clock
mode, the XT1, XT2 pins can be used as I/O port pins.

EEEEEEE High Frequency Clock ------------------ | omm—— - Low Frequency Clock ----=-=-=-=-=---------- :
1 1 1

i o |
poX1 X2 X1 X2 Xt X2 X1 X2 i
1 1 1

: & (D -
1 o open

1 1 1 1
E [ < 7amcuos b [] :
i o |
1 o :
S & e T I :
1 [

! . . [} 1
! (a) Crystal/Ceramic (b) External Oscillator ' ! (a) Crystal (b) External Oscillator |
! resonator b resonator i

Figure 3.3.4 Examples of resonator connection
Note: In connecting the low frequency resonator to ports PBO and PB1, it is necessary to

make the following settings to reduce the power consumption.
Connecting with resonators

PBCR<PBOC, PB1C> = 11, PB<PBO, PB1> =00
Connecting with oscillators

PBCR<PBOC, PB1C> =11, PB<PBO, PB1> =10
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(1) Switching from NORMAL to SLOW mode or from SLOW to NORMAL mode

When the resonator is connected to X1, X2, or XT1, XT2 pin, the warm-up timer is
used to change the operation frequency after getting stabilized oscillation.

The warm-up time can be selected by WDMOD<WARM>.

This starting and ending of warm-up timer are performed like the following
example 1, 2 by program.

Note 1: The warm-up timer is also used as a watchdog timer. So, when it is used as a
warm-up timer, the watchdog timer must be disabled.

Note 2: The case of using oscillator (not resonator) with stabilized oscillation, a warm-
up timer is not need.

Note 3: The warm-up timer is operated by a oscillation clock. Therefore, warm-up time
has an error.

Table 3.3.2 Warm-up time (at fc = 16 MHz, fs = 32.768 kHz)

Warm-up Time
Change to NORMAL Change to SLOW
WDMOD<WARM>
0 (2"/frequency) 1.024 ms 500 ms
1 (2"/frequency) 4.096 ms 2000 ms
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Clock Setting Example 1:
Changing from the high frequency (fc) to the low frequency (fs).

SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDCR EQU 005DH
WDMOD EQU 005CH
RES 7,(WDMOD) ; . )
LD (WDCR),0B1H : } Disables Watchdog Timer.
SET 4,(WDMOD) . Sets Warm-up Time to 2'%/fs.
SET 6,(SYSCRO) ; Enables Low Frequency (fs).
SET 2,(SYSCRO) ; Clears and stars Warm-up Timer.
WUP: BIT 2,(SYSCRO) : )
IR NZ,WUP : }Detects End of Warm-up Timer.
SET 3,(SYSCR1) ; Changes fgys from fc to fs.
RES 7,(SYSCRO) ; Disables High Frequency Oscillation.
SET 7,(WDMOD) ; Enables Watchdog Timer.
<XEN> 1 \
X1, X2 pins

<XTEN> /// i
KT XT2 i e VAVAVAVAVAVA//AVAVAVAVAVAVAVAVAV,

End of Warm-up Timer

Warm-up Timer Counts up by fgys \ / Counts up by fs \\
[}
I
[}
1
[}
[}
[}

<SYSCK> fc {( / s

System Clocksys \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA WA VANVAN

]
|
|
1
|
|
|
.

/

I
I
v v

Enables Clears and Starts
Low Frequency Warm-up Timer

\4 \

Chages fgys D?sables
from fc to fs High frequency

v
End of Warm-up Timer
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Clock Setting Example 2:
Changing from the low frequency (fs) to the high frequency (fc).

SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDCR EQU 005DH
WDMOD EQU 005CH
RES 7,(WDMOD) :
LD (WDCR),0B1H ; }Disables Watchdog Timer.
RES 4,(WDMOD) . Sets Warm-up Time to 2*/fc.
SET 7,(SYSCRO) ; Enables High Frequency (fc).
SET 2,(SYSCRO) ; Clears and stars Warm-up Timer.
WUP: BIT 2,(SYSCRO) ; )
IR NZ,WUP : } Detects End of Warm-up Timer.
RES 3,(SYSCR1) ; Changes fgys from fs to fc.
RES 6,(SYSCRO) ;  Disables Low Frequency Oscillation.
SET 7,(WDMOD) ; Enables Watchdog Timer.

/[

<XEN> /

|
X1, X2pins :
1
<XTEN> i \
T
a \
Warm-up Timer Counts up by fsys \ /Counts up by fc \\
T

End of Warm-up Timer

<SYSCK>

System Clock fgys \ / \

(.
VAN ANYANA\V/ENAVAVAVAVAVAVAVAVAY,

—
(o]

fs

T
1
1
1
! /
T
1
1
I
T

€---t-d---44---

<--

[}

v |

Enables Clears and Starts |Chages fgsys |
High Frequency Warm-up Timer ifrom fsto fc |
\4 \4

End of Warm-up  Disables
Timer Low frequency
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3.3.2  Timing Clock Generator

The timing clock generator generates sorts of system clock from the basic clock (fc or fs),
providing for CPU core and peripheral hardwares.

(1) Architecture

The timing clock 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 (TBC)

The time base counter consists of a 20-bit up-counter counted by a basic clock fSys,
16-bit data register and control register.

Figure 3.3.5 Shows the composition of the time base counter.

TBCMOD<INTTBCO00>
r TBCMOD<INTTBCO01>
TBCMOD<TBCOE>

TBCIF
<TBCOF>

TBC1 2 5
A A A

3 -
>
3y
7N
>
7w
NS
>N
N
(52
=
(<2}
=
~
=
7 00

19 20 Y
A

A A A A A

MPX

YYVYY

INTTBC

TBCIF
<TBC1F>

YYVYY
<
o
x

TBCMOD<TBCI1E>

fsys i

—> 20-bit Time Base Timer

TBCMOD<INTTBC10>
TBCMOD<INTTBC11>

lL lL <— TBCDRO-RD(TBC12 to 5), TBCDR1-RD(TBC20 to 13)
Internal Data Bus S

Figure 3.3.5 Composition of time base counter (TBC)
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Time Base Counter mode Register

TBCMOD __ 7 6__ 5 4 3 2 1 0
(0023H) | 0 : 0 I TBC1E | TBCOE | INTTBC11 | INTTBC10 | INTTBCO1 | INTTBCO0 | (Initial Value: **00 0000)
TBC1lE INTTBC Interrupt Enable/Disable | 00: INTTBCO/INTTBCL interrupt disable
01: INTTBCO interrupt enable
TBCOE 10: INTTBC1 interrupt enable

11: INTTBCO/INTTBCL interrupt enable
INTTBC11 INTTBC1 Interrupt Source Clock | 00: TBC12
Selection 01: TBC14
INTTBC10 10: TBC16
11: TBC18
INTTBCO1 INTTBCO Interrupt Source Clock | 00: TBC11
Selection 01: TBC13
INTTBCOO 10: TBC15
11: TBC17

R/IW

Note 1: The bit 7 and 6 should be cleared to O.
Note 2: The bit 7 and 6 are always read out as 1.

Note 3: Prohibt read-modify-write.

Time Base Counter Data Register 0

TBCDRO 7 6 5 4 3 2 1 0
(0024H) | TBC12 | TBC11 | TBC10 | TBC9 | TBCS8 | TBC7 | TBC6 | TBC5 |<InitiaIValue: 0000 0000) Read only

Time Base Counter Data Register 1

TBCDR1 7 6 5 4 3 2 1 0
(0025H) | TBC20 | TBC19 | TBC18 | TBC17 | TBC16 | TBC15 | TBC14 | TBC13 |<InmaIValue: 0000 0000) Read only

Note: A value of TBC20 to 13 is latched to TBCDR1 at reading out TBCDRO.
TBCDR1 must be read out after reading TBCDRO.

Time Base Counter Interrupt Flag Register 0

TBCIF F___7___,___(_5__ 5 4 3 2 1 -______O___.
(0026H) :_ o 9_ _ _:_ o Q o I TBCI1F | TBCOF | ______ J' . _o_ _ J'L ______ l ______ : (Initial Value: 0000 *0**)
TBC1F TBCL1 interrupt request flag (write) 0: Clear request flag
1: Don't setto 1
(read) 0: —
1: Interrupt request RIW
TBCOF TBCO interrupt request flag (write) 0: Clear request flag
1: Don'tsetto 1
(read) 0:—
1: Interrupt request

Note 1: The bit 7, 6 and 2 should be cleared to 0.
Note 2: The bit 7, 6 and 2 are always read as 1.

Note 3: Prohibit read-midify-write.
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Operation

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 I/O blocks. The contents of time base counter outputs
TBC5 to TBC20 can be read by reading the time base counter data registers,
TBCDRO and TBCDR1. Note that the data registers must be read in order of
TBCDRO and then TBCDRI1.

Time base counter interrupt requests INTTBC) can be generated on the rising
edges of counter outputs TBC11 to TBC18. The interrupt source is selected by
the time base counter mode register TBCMOD <INTTBC11, INTTBCI10,
INTTBCO1 and INTTBC00>. The INTTBC interrupt requests are comprised of
two interrupt request signals INTTBCO and INTTBC1 that are logical OR’ ed to
generate an interrupt request. Which interrupt is requested can be identified by
reading the time base counter interrupt request flag register TBCIF <TBCOF>
and <TBC1F>.

The INTTBCO flag <TBCOF> and INTTBC1 flag <TBC1F> can be cleared by
writing 0 in the register.

Table 3.3.3 lists the interval time of time base counter outputs.

Table 3.3.3 Interval time of time base counter

TBC1 | TBC2 | TBC3 | TBC4 | TBC5 | TBC6 | TBC7 | TBC8 | TBC9 | TBC10

Imerv[zll Tme | atsys | 2svs | 2svs | 2sys | 2svs | 2Usvs | 2sys | 2svs | 2Msvs | 2%sys
at fc = 16 MHz

[us] 0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 64.0 128.0

TBC11 | TBC12 | TBC13 | TBC14 | TBC15 | TBC16 | TBC7 | TBC18 | TBC19 | TBC20

211/fsys lelfsys 213/fsys 214/fsys 215/fSYS 216/fSYS 217/fsys 218/fSYS 219/fSYS 220/fsys

256 512 1024 2048 4096 8192 16384 32768 65536 131072
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3.3.3

System Clock

SYSCR2
(006CH)

Real Time Counter (RTC)

The TMP93CF76/CF77/CW76/CU76/CT76 have 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 system clock (fsys/2) by <RTCCK>. To start/stop the counter is controlled by
<RTCST>.

The period of interrupt request INTRTC 1is selected from 3 types by setting <RTCIS1,
RTCISO0>.

Table 3.3.4 shows the period of interrupt request INTRTC.

Control Register 2

I A 6 . > 4 3 z S
L0 0 | rRrcok | RTesT [ RTCIS1 [RTCISO | ! (iitial Value: 00%0 0000)
RTCCK RTC input clock select 0: fs
1: fgys/2
RTCST RTC count control 0: Stop & Clear
1: Start
RTCIS1 Interval time control of RTC 00: fgys/2™ or fs/2*® RIW
interrupt 17 16
01: fgys/2™" or fs/2
RTCISO svse "
10: fgys/2™ or fs/2
11: Reserved

Note 1: When SYSCR2<RTCCK> is set to 1, RTC input clock is assigned to fc/4 or fs/4
depending on the peration mode.

Note 2: The bit 7 and 6 must be cleared to 0.

Table 3.3.4 INTRTC interrupt interval

INTRTC interrupt
<RTCCK> <RTCIS> .
interval
00 1s
0
01 2s
(fs = 32.768 kHz)
10 05s
1 00 8.192 ms
[ fsys = fc/2 ] 01 16.384 ms
fc =16 MHz 10 4.096 ms
1 00 4s
[ fsys = fs/2 ] 01 8s
fs = 32.768 kHz 10 2s
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3.3.4  Standby Controller

(1) Halt mode

When the HALT instruction is executed, the operating mode changes into RUN,
IDLE2, IDLE1 or STOP mode depending on the contents of watchdog timer mode
register WDMOD<HALTM1,0>. Figure 3.3.6 shows the alternative states of watchdog
timer mode registers.

Watchdog Timer Mode Register

WDMOD 7 6 5 4 3 2 1 0
(005CH) | WDTE | WDTP1 | WDTPO | WARM |HALTM1|HALTMO RESCR | DRVE |(Initial Value: 1000 0000)

WDTE WDT timer enable/disable control | 0: Disable
1: Enable
WDTP1 WDT detection time 00: 2%fsys
01: 2"lsys
WDTPO 10: 2%%fsys
11: 2%ffgys
WARM Warming-up timer source clock 0: 2'/ selected clock frequency
selection 1: 2" selected clock frequency RIW
HALTM1 HALT mode selection 00: RUN mode
01: STOP mode
HALTMO 10: IDLE1 mode
11: IDLE2 mode
RESCR WDT internal reset control 0: —
1: Connects WDT output to RESET internaly
DRVE Pin control of STOP mode 0: 1/0 off
1: Remains the state before HALT

Figure 3.3.6 Watchdog timer mode register
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The features of RUN, IDLE2, IDLE1 and STOP modes are as follows.

a. RUN: Only the CPU halts; power consumption remains unchanged.

b. IDLE2: The built-in oscillator and the specified I/O operates.

The Power Consumption is redced to 1/2 than that during
NORMAL operation.

c. IDLE1:  Only the built-in oscillator operates, while all other built-in circuits
stop. The Power Consumption is reduced to 1/5 or less than that
during NORMAL operation.

d. STOP: All internal circuits including the built-in oscillator stop. This
greatly reduces power consumption.

The operations in the halt state is described in Table 3.3.5.

Note: CAPCR<TPRSO0> must be set to 1 before setting HALT mode such as STOP,
IDLEL, IDLE2. Otherwise Icc may be increased.

Table 3.3.5 1/O operation during Halt mode

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD<HALTM1,0> 00 11 10 01
CPU Stop
1/0 port Keep the state when the “HALT” instruction was executed. | Refer to Table 3.3.8

8-bit Timer(TCO)

16-bit Timer (TC1,2,3,4,5)
Dual Clock

Watchdog Timer

Interrupt controller Operate Stop
SIO

I°C bus

8-bit PWM

14-bit PWM

Timing Pulse Generator (TPG 0,1)
Color Rotary

VISS/VASS

CSYNC

PV/PH

Capture input (Capturel/2)

Capture 0

Remote Control Input (RMTIN)
Time Base Counter (TBC)

AD Converter

Real Time Counter (RTC)
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(2) How to Release the Halt mode

These HALT states can be released by resetting or requesting an interrupt. The
HALT release sources are determined by the combinations between the states of
interrupt mask register <IFF2:0> and the halt modes. The details for releasing the
HALT status are shown in Table 3.3.6.

o Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before executing the HALT
instruction exceeds the value of the interrupt mask register, the interrupt due to
the source is processed after releasing the halt mode, and CPU starts executing
an instruction that follows the HALT instruction. When the interrupt request
level set before executing the HALT instruction is less than the value of the
interrupt mask register, releasing the halt mode is not executed. (in non-
maskable interrupts, interrupt processing is processed after releasing the halt
mode regardless of the value of the mask register.)

However only for INTO and INT1 interrupts, even if the interrupt request level
set before executing the HALT instruction is less than the value of the interrupt
mask register, releasing the halt mode is executed. In this case, interrupt
processing is not processed, and CPU starts executing the instruction next to the
HALT instruction, but the interrupt request flag is held at 1.

Note: Usually, interrupts can release all halts status. However, the interrupts =
(INTO, INT1), which can release the HALT mode may not be able to do so if
they are input during the period CPU is shifting to the HALT mode (for about
3 clocks of fc or fs) with IDLE1 or STOP mode (IDLE2 is not applicable to this
case). (In this case, an interrupt request is kept on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt
with higher priority is handled first followed by the other interrupt.

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

When the STOP mode is released by RESET, it is necessary enough resetting
time (3 ms or more) to set the operation of the oscillator to be stable.

When releasing the halt mode by resetting, the internal RAM data keeps the
state before the “HALT” instruction is executed. However the other setting
contents are initialized. (Releasing due to interrupts keep the state before the
“HALT” instruction is executed.)
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Table 3.3.6 Halt releasing source and Halt releasing operation

Interrupt Receiving Status Interrupt Enable Interrupt Disable
(Interrupt level)>(Interrupt mask) | (Interrupt level)<(Interrupt mask)
Halt mode RUN | IDLE2 | IDLE1 | STOP | RUN | IDLE2 | IDLE1 | STOP
INTWD * X X X — — — —
INTO,1 . . . **1 ®) [®) [®) O*1
Halt Interrupt INTCAPO, 1 * * x X x X X X
releasing INTTTGO, 1 . 3 X x X x X x
source INTI2CB . . X X X X X X
INTTBC * * X x X X x X
INTSIO * * X x X x x x
INTVA * * X X X x X X
INT2, 3, 4 * * X X X X X X
INTTO to 5 * . X X X X X X
INTAD * X X X X X X X
INTRTC * * X x X x x X
Reset Input * ¢ L4 ¢ L4 ¢ R4

+ : After releasing the halt mode, CPU starts interrupt processing (RESET initalizes LSI)

O: After releasing the halt mode, CPU starts executing an instruction that follows the HALT instruction.

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

—: This combination type does not exist because the priority level (interrupt request level) of non-maskable interrupts is fixed to

highest priority level 7.

*1: Releasing the halt mode is executed after passing the warming-up time.

Note: When releasing the halt mode is executed by INT1 interrupt of the level mode in the interrupt enabled status, hold level “H”
until starting interrupt processing . If level “L" is set before starting interrupt processing, interrupt processing is incorrently
started.

(Example releasing “IDLE1” mode)
INTO interrupt releases HALT state when the IDLE mode is on.

Address H
8200H LD (IIMC0),01H ; INTO interrupt input enable
8203H LD (IIMC1),00H ; Selects interrupt rising edge for INTO
8206H LD (INTOCP1),06H ; Sets interrupt level to 6 for INTO
8209H El 5 ; Sets interrupt level to 5 for CPU
820BH LD (WDMOD),08H ; Sets HALT mode to ‘IDLEY’

; halts CPU

820EH II-IALT

INTO A\ > INTO Interrupt routine
|

820FH LD
|
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(3) Operation

a.

X1
Internal CLK

A0 to 23

INT1
(level)

INTO to 4
(rising edge)
INTO, 2to 4
(falling edge)

Internal INT

RUN mode

In the RUN mode, the system clock continues to operate even after a HALT
instruction is executed. Only the CPU stops executing the instruction. In the
HALT state, an interrupt request is sampled with the falling edge of the internal
“CLK” signal.

Releasing the RUN mode is executed by the external/internal interrupts. (See
Table 3.3.6 Halt releasing source and Halt releasing operation.)

Figure 3.3.7 shows the interrupt timing for releasing the HALT state by
interrupts in the RUN/IDLE2 mode.

A A AN YA AYAYAY A YA
X X X

>
N
/

/i
( f i

U

( / !

I
T

1
< RUN/IDLE2 —>»|
mode

Figure 3.3.7 Timing chart for releasing the HALT state by Interrupt in RUN/IDLE2 modes

b.

IDLEZ2 mode

In the IDLE2 mode, the system clock is supplied to only specific internal I/O
devices, and the CPU stops executing the current instruction.

In the IDLE2 mode, the HALT state is released by an interrupt with the same
timing as in the RUN mode. The IDLE2 mode is released by external/internal
interrupt, except INTWD/INTAD interrupts. (See table 3.3.6 Halt releasing
source and Halt releasing operation.)

In the IDLEZ2 mode, the watchdog timer should be disabled before entering the
halt status to prevent the watchdog timer interrupt occurring just after releasing
the halt mode.
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X1
Internal CLK

A0 to 23

INT1

(level)

INTO, 1
(rising edge)
INTO

(falling edge)

IDLE1 mode

In the IDLE1 mode, only the internal oscillator operates. The system clock in
the MCU stops.

In the HALT state, and interrupt request is sampled aynchronunsly with the
system clock, however the HALT release (restart of operation) is performed
synchronously with it.

IDLE1 mode is released by external interrupts (INTO, INT1). (See table 3.3.6
Halt releasing source and Halt releasing operation.)

Figure 3.3.8 illustrates the timing for releasing the HALT state by interrupts
in the IDLE1 mode.

ANNANNNAANNNAUAA

\ / \

¢
i /
.

J

e IDLE1 mode —>!

Figure 3.3.8 Timing chart of HALT released by interrupts in IDLE1 mode
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d. STOP mode

The STOP mode is selected to stop all internal circuits including the internal
oscillator. The pin status in the STOP mode depends on setting of a bit in the
watchdog timer mode register WDMOD<DRVE>. (See Figure 3.3.6 for setting of
WDMOD <DRVE>.) Table 3.3.8 summarizes the state of these pins in the STOP
mode.

The STOP mode is released by external interrupts (INTO, INT1). When the
STOP mode is released, the system clock output starts after warm-up time
required to attain stable oscillation. The warm-up time can be set using
WDMOD<WARM>. See the example of warm-up time (Table 3.3.7).

Figure 3.3.9 illustrates the timing for releasing the HALT state by interrupts
during the STOP mode.

Warm-up
SV AV AV AV AV AV AN VA VAW AV AV AV AV AVWZAN
Internal CLK X X )(: : %-/J:%_i\ [ / \
| Lo 7
roto23 X ):_1)5__535._'_____%
INTL ' I'/
(level) : :,z,_/?
INTO, 1 ! Il](
(rising edge) ! :/zhf: \
INTO —h !
(falling edge) | W‘q/
R
ISTOP)
mode

Figure 3.3.9 Timing chart of HALT state release by interrupts in STOP mode

Table 3.3.7 The example of warm-up time after releasing the stop mode

Clock Operation Frequency Warm-up Time [ms] Clock Frequency
after the Stop Mode WDMOD<WARM>=0 | WDMOD<WARM> =1
fc 1.024 4.096 fc = 16 MHz
fs 500 2000 fs = 32.768 kHz

How to calculate the warm-up time
WDMOD<WARM> = 0: 214/selected clock frequency
WDMOD<WARM> = 1: 216/selected clock frequency

The NORMAL/SLOW mode selection is possible after released STOP mode.

This is selected by SYSCRO <RSYSCK>. Therefore, Setting to <RSYSCK>, <RXEN>,
<RXTEN> is necessary before “HALT” instruction is executed.
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Example:
The STOP mode is entered when the low frequency (fs) operates, and after that high frequency (fc)
operates after releasing by INTO.

Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH
8FFDH LD (SYSCR1),08H s fsys =fs/2
9000H RES 4,(WDMOD) ; Sets Warm-up Time to 2*/fc
9002H LD (SYSCRO0),-11000- -B ; Operates High Frequency after relesed.
(Note) -: no change
9005H HALT
|
INTO _f_ > Clears and Starts
Warm-up Timer
(High Frequency)
End
INTO Interrupt Routine
1
RETI

9006H LD XX, XX
|
|
1

Note:  When different modes are used before and after STOP mode as the above mentioned, there is
possible to release the HALT mode without changing the operation mode by acceptance of the
halt release interrupt request during execution of “HALT” instruction (during 8 states). In the
system which accepts the interrupts during execution “HALT” instruction, set the same operation
mode before and after the STOP mode.
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Table 3.3.8 Pin states in STOP mode

TMP93CF76/CF77/CW76/CU76/CT76
Pin Name I/O WDMOD WDMOD
<DRVE>=0 <DRVE>=1
CLK Output High-Z “H” Level Output
X1 Input — —
X2 Output “H" Level Output “H” Level Output
PBO/PB1 Input/Output — /High-Z — /Output
XT1 Input — —
XT2 Output “H" Level Output “H” Level Output
P40 to P47/AIN2 to AIN9 Input — —
P00 to P07, P10 to P17, P20 to P27, Input — —
P50 to P54, P73 to P76, P80 to P87, Output High-Z Output
P90 to P97, PAQ, PA3
PWMO, 1 Output High-Z Output
PEO to PE7, PFO to PF5 Input — —
Output High-Z Output
PDO, PD1,PCO to PC7 Output High-Z Output
P53/INT1, P54/INTO Input Input Input
Output High-Z Output
TEST Input “H” Level fixed “H” Level fixed
RESET Input Input Input
ADREF Input Open state is available Open state is available

— . Inputs are not accepted.

Input : Input gate in operation. Fix input voltage level to “L” or “H” so that the input pin stays constant.
Output: Output state

High-Z : High-Impedance

93CF76-32 2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

3.4

Interrupts
The interrupts are controlled by the CPU interrupt mask flip-flop <IFF2 to 0> and the built-

in interrupt controller.

Altogether the TMP93CF76/CF77/CW76/CU76/CT76 have the following 30 interrupt
sources:

e Interrupts from the CPU: 8 sources (software interrupt and illegal instrction
execution interrupt)

e Interrupts from the internal peripheral function blocks: 17 sources

e External interrupts (INTO to INT4): 5 sources

A fixed individual interrupt vector number is assigned to each interrupt source; six levels of
priority can also be assigned to each maskable interrupt. Non-maskable interrupts have a
fixed priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the priority of
the interupt source to the CPU. When more than one interrupt is generated simultaneously,
the interrupt controller sends the value of the highest priority (7 for non-maskable interrupts
is the highest) to the CPU.

The CPU compares the value of the priority with the value in the CPU interrupt mask
register (IFF2 to 0). If the value is greater than the value in the mask register, the interrupt is
accepted. The value in the mask register (IFF2 to 0) can be changed by EI instruction
(Executing EI n changes the contents of <IFF2 to 0> to n). For example, programming EI 3
enables acceptance of maskable interrupts with a priority of 3 or more, which are set in the
interrupt controller, and non-maskable interrupts. However, if programmed as “EI” or “EI 0,”
maskable interrupts with priority levels 1 or more and nonmaskable interrupts are accepted
(same as for “EI 1”). The DI instruction (<IFF2 to 0> = 7) operates in the same way as the EI 7
instruction. Since the priority values for maskable interrupts are 0 to 6, the DI instruction is
used to disable acceptance of maskable interrupts. The EI instruction becomes effective
immediately after execution (With the TLCS-90, the EI instruction becomes effective after
execution of the subsequent instruction).

In addition to the general-purpose interrupt processing mode described above, there is also
a Micro DMA processing mode . Micro DMA is a mode used by the CPU to automatically
transfer byte or word data. It enables the CPU to process interrupts such as data saves to
built-in I/Os at high speed.

Figure 3.4.1 shows a general flow of interrupt handling.
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( Interrupt Processing )

Read Interrupt vector V.
Clear interrupt request flag.

The vect}\ Yes

matches with
Micro DMA?

No 3\
< Data transfer by Micro DMA
( PUSH PC
PUSH SR
Qeneral-purpose_ SR<IFF2 to 0>« Accepted DMACnH <« DMACnh -1 Micro DMA
interrupt processing Interrupt processing
level + 1
INTNEST<INTNEST + 1 Yes
| DMACNh=0
J
PC&(FFFFOOH+V) No

=
Interrupt processing
program

RETI Instruction
POP SR
( POP PC )
INTNEST«INTNEST-1

End

A

Figure 3.4.1 Interrupt processing flowchart
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3.4.1

General-Purpose Interrupt Processing

When accepting an interrupt, the CPU operates as follows. Software interrupt and

illegal instruction execution interrupt execute (2), (4) and (5) except (1) and (3).

(1) The CPU reads the interrupt vector from the interrupt controller. When more than
one interrupt with the same level is generated simultaneously, the interrupt
controller generates interrupt vectors in accordance with the default priority (which is
fixed as follows: the smaller the vector value, the higher the priority), then clears the
interrupt request.

(2) The CPU pushes the program counter (PC) and the status register (SR) to the system
stack area indicated by the system mode stack pointer (XSP).

(3) The CPU sets a value in the CPU interrupt mask register <IFF2 to 0> that is higher
by 1 than the value of the accepted interrupt level. However, if the value is 7, 7 is set
without an increment.

(4) The CPU increments the INTNEST (Interrupt Nesting Counter).

(5) The CPU jumps to address indicated by data at FFFFOOH + interrupt vector, then
starts the interrupt processing routine.

The following diagram shows all the above processing state number.

Bus Width Bus Width Interrupt processing
of Stack Area of Interrupt Vector Area state number
16 bits 16 bits 25

To return to the main routine after completion of the interrupt processing, the RETI
instruction is usually used. Executing this instruction restores the contents of the
program counter (PC) and the status register (SR) and decrements INTNEST (Interrupt
Nesting Counter).

Though acceptance of non-maskable interrupts cannot be disabled by program,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts an interrupt request with a priority higher than the value in
the mask register <IFF2 to 0>. The mask register <IFF2 to 0> is set to a value higher by 1
than the priority of the accepted interrupt. Thus, if an interrupt with a level higher than
the interrupt being processed is generated, the CPU accepts the interrupt with the higher
level, causing interrupt processing to nest.

The interrupt request with a priority higher than the now accepted interrupt during
processing above (1) to (5) is accepted before the 1’st instruction in the interrupt
processing routine, causing interrupt processing to nest. (This is the same case of over
lapped each Non-Maskable interrupt (level 7).) The CPU does not accept an interrupt
request of the same level as that of the interrupt being processed.

The mask register <IFF2 to 0> is initialized 7 after reset. It disables maskable interrupt.
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The following (1) to (5) show a flowchart of interrupt processing.

(1) Maskable interrupt

(main)
El1  (INTTO interrupt routine)

IFF €2
1

i [2]
/
INTTO

(level 1) 3]

| Ml RETI
[5]

¢ IFF€1

During execution of the main program, the CPU accepts an
interrupt request. The CPU increments the IFF so that the
interrupts of level 1 are not accepted during processing the
interrupt routine.

(3) Interrupt nesting

(main)
El 3 (INTTO interrupt routine) (INTT1 interrupt routine)
IFFe4 A IFF&5
[1] v
L2 INTTH L4
INTTO (leVFl 4) e
(level 3) 7]
| N N
18] RETI 161 RETI
[i] IFF&3 IFFea N

During processing the interrupts of level 3, the IFF is set to 4.
When an interrupt with a level higher than level 4 is generated,
the CPU accepts the interrupt processing to nest.

(5) Interrupt sampling timing

(main)
EI3 (INTTO interrupt routine) (INTT1 interrupt routine)
——2
| INTT1 .
(1 (level 4)J_|XXX
/12
INTTO B M
(level 3)

[6]
e V\[7] \R% \RlETI
v

If an interrupt with a level higher than the interrupt being
processed is generated, the CPU accepts the interrupt with the
higher level. The program counter which returns at ® is the
start address of INTTO interrupt routine.

(2) Non-maskable interrupt

(main)
DI (INTWD interrupt routine)
IFF&7
[11
Voo
aefl g
evel
A
[i] IFF&7

Dl instruction is excuted in the main program, so that the
interrupts of only level 7 are accepted. The CPU does not
increment the IFF even if the CPU accepts an interrupt
request of level 7.

(4) Software interrupt

(main)
DI (SWI 3 routine)

[2]

%W B
AN

41 RETI

[5]

The CPU accepts the software interrupt request during DI
status(IFF = 7) because of the level 7. The IFF is not changed
by the software interrupts.

: Instruction
: Execution flow

___(underline)

1. 12,
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The address FFFFOOH to FFFFFFH (256 bytes) of the
TMP93CF76/CF77/CW76/CU76/CT76 are assigned for interrupt vector area.

Table 3.4.1 TMP93CF76/CF77/CW76/CU76/CT76 Interrupt table

Address Micro
Default Vector Interrupt Input
o Type Interrupt source w .| referto |DMA start
priority value “V vector vector (Level/Edge)
1 Reset or SWIO instruction 0000H FFFFOOH —
2 SWI1 instruction 0004H FFFF04H —
3 INTUNDEF: illegal instruction or SWI2 instruction | 0008H FFFFO8H —
4 SWI3 instruction 000CH FFFFOCH —
5 Non- SWI4 instruction 0010H FFFF10H —
6 maskable | SWI5 instruction 0014H FFFF14H —
7 SWI6 instruction 0018H FFFF18H —
8 SWI7 instruction 001CH FFFF1CH —
9 (Reserved) 0020H FFFF20H —
10 INTWD: watchdog timer 0024H FFFF24H 09H Edge
11 INTO: External interrupt input O 0028H FFFF28H 0AH Edge
12 INTCAP1: Capture 1 interrupt 002CH FFFF2CH 0BH Level
13 INTCAPO: Capture 0 interrupt 0030H FFFF30H 0CH Level
14 INTTPGO: Timing Pulse Generator 0 interrupt 0034H FFFF34H ODH Edge/Level (Note1)
15 INTTPG1: Timing Pulse Generator1 interrupt 0038H FFFF38H OEH Edge
16 INTI2CB: I°C bus interrupt 003CH FFFF3CH OFH Edge
17 INTTBC: Time Base Counter interrupt 0040H FFFF40H 10H Edge
18 INTVA: VISS/VASS detection 0044H FFFF44H 11H Edge
19 INT1: External interrupt input 1 0048H FFFF48H 12H Edge/Level
20 Maskable INT2/INTSIO: External input 2/SIO interrupt 004CH FFFF4CH 13H Edge/Level (Note2)
21 INT3: External interrupt input 3 0050H FFFF50H 14H Edge
22 INT4: External interrupt input 4 0054H FFFF54H 15H Edge
23 INTTO: 8-bit Timer 0 (TCO) 0058H FFFF58H 16H Edge
24 INTT1: 16-bit Timer 1 (TC1) 005CH FFFF5CH 17H Edge
25 INTT2: 16-bit Timer 2 (TC2) 0060H FFFF60H 18H Edge
26 INTT3: 16-bit Timer 3 (TC3) 0064H FFFF64H 19H Edge
27 INTT4: 16-bit Timer 4 (TC4) 0068H FFFF68H 1AH Edge
28 INTT5: 16-bit Timer 5 (TC5) 006CH FFFF6CH 1BH Edge
29 INTAD: AD conversion completion 0070H FFFF70H 1CH Level
30 INTRTC: Real Time Counter (RTC) 0074H FFFF74H 1DH Edge
— (Reserved) 0078H FFFF78H 1EH
to to to to to
— (Reserved) 00FCH FFFFFCH 3FH

Note 1: When the INTTPGO is used for a FIFO empty interrupt (a level signal), the interrupt request itself is
cleared by setting next TPGO data in the interrupt routine but the request flag (Flip/Flop). Therefore,
in this case, the INTTPGO request flag has to be cleared by an instruction before executing RETI
instruction.

Note 2: The serial channel interrupt (INTSIO) and external interrupt 2 (INT2) share one interrupt request
flag. Use the Interrupt Source Control Register (ISCR)’s <SELINT> bit to specify which interrupt is
requested.

Interrupt Source Control Register

ISCR 7 6 5 4 3 2 1 0
(0ogFH) [SELINT | | I | | | | | (nitial Value: 0%+ #+++)
[ SELINT [lInterrupt source select [0:INT2 1:INTSIO [ rRW ]
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Setting to Reset/Interrupt Vector
a. Reset Vector

FFFFOOH
FFFFOTH
FFFFO2H
FFFFO3H

PC(7:0)

PC(15:8)

PC(23:16)

XX

XX: Don’t care

Vector base PC setting sequence after reset
address
FFFFOOH PC(7:0) < stored data in location FFFFOOH
PC(15:8) < stored data in location FFFFO1H
PC(23:16) < stored data in location FFFF02H

b. Interrupt Vector (except Reset Vector)

Address refer to vector +0 PC(7:0)
+1| PC(15:8)
+2| PC(23:16)
+3 XX XX: Don’t care

Setting Example
Sets the Reset Vector: OFFO000H, INTWD Vector: OFF9ABCH, INTAD Vector: 0OFE3456H.

ORG OFFFFOOH
DL OFF0000H ; Reset = FFO000H
ORG OFFFF24H
DL OFF9ABCH ; INTWD = FF9ABCH
ORG OFFFF84H
DL OFE3456H ; INTAD = FE3456H
ORG OFEOO0O0OH
LD AB Note:
: ORG, DL are Assembler Directives.
ORG OFF9ABCH ORG: control location counter
LD B,C DL: defines long word (32 bits) data
ORG OFE3456H

LD CA
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3.4.2

Micro DMA

In addition to the conventional interrupt processing, the
TMP93CF76/CF77/CW76/CU76/CT76 also has a Micro DMA function. When an interrupt
is accepted, in addition to an interrupt vector, the CPU receives data indicating whether
processing is Micro DMA mode or general-purpose interrupt. If Micro DMA mode is
requested, the CPU performs Micro DMA processing.

(1) Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the
Micro DMA start vector value set in the interrupt controller. The Micro DMA has four
channels so that it can be set for up to four types of interrupt source.

When a Micro DMA interrupt is accepted, data is automatically transferred from
the transfer source address to the transfer destination address set in the control
register, and the transfer counter is decremented. If the value in the counter after
decrementing is other than 0, Micro DMA processing is completed; if the value in the
counter after decrementing is 0, general-purpose interrupt processing is performed.

There are two data transfer modes: one-byte mode and one-word mode.
Incrementing, decrementing, and fixing the transfer source/destination address after
transfer can be done in both modes. Therefore data can easily be transferred between
I/0 and memory and between I/Os. For details of transfer modes, see the description
of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the
initial value of the transfer counter is 0000H) can be performed for one interrupt
source by Micro DMA processing.

When the transfer counter is decremented to 0 after data is transferred with micro
DMA, general-purpose interrupt processing is performed. After processing the
general-purpose interrupt, starting interrupt of the same channel restarts the
transfer counter from 65536. Reset the count times to the transfer counter.

Interrupt sources processed by Micro DMA are those with the Micro DMA start
vectors listed in Table 3.4.1.

The following timing chart is a Micro DMA cycle of the Transfer Address INC

rement mode.
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(2) Register configuration (CPU control register)

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 1
DMAS1
DMAD1
DMAC1
DMAMA1
Channel 2
DMAS2
DMAD2
DMAC2
DMAM2
Channel 3
DMAS3
DMAD3

DMAC3

A

DMAM3

’(—8bit—>

<« 16bit —>

32 bit —————— >

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

:| (Use only lower 24 bits.)

(1 to 65536)

These Control Registers can be set only “LLDC cr, r” instruction.

Example: LD XWA, 100H
LDC DMASO0, XWA
LD XWA, 50H
LDC DMADO, XWA
LD WA, 40H
LDC DMACO0, WA
LD A, 05H
LDC DMAMO, A
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(3) Transfer mode register DMAO to 3

(DMAMO to 3)

0 | 0 | 0 | 0 Mode Note: When setting values for this register, set the upper 4 bits to 0
]
l v Z: 0=Byte transfer, 1 = Word transfer <Execution time>

0 0 0 Z | Transfer destination address INC mode (Peripheral to Memory) 16 states
(DMADnN + ) € (DMASN)
DMACn<DMACH -1
: - @2 us)
if DMACn = 0 then INT.

0 0 1 Z | Transfer destination address DEC mode (Peripheral to Memory) 16 states
(DMADnN — ) < (DMASN)
DMACn<DMACH -1 @ us)
if DMACn = 0 then INT. K

0 1 0 Z | Transfer source address INC mode (Memory to Peripheral) 16 states
(DMADnN) < (DMASN +)
DMACn<DMACH -1 @ us)
if DMACn = 0 then INT. H

0 1 1 Z | Transfer source address DEC mode (Memory to Peripheral) 16 states
(DMADnN) < (DMASn —)
DMACn<DMACH -1 2 s
if DMACn = 0 then INT. (@ps)

1 0 0 Z | Fixed address mode (Peripheral to Peripheral)

16 states

(DMADnN) < (DMASN)
DMACn<DMACH -1
. B (2 ps)
if DMACn = 0 then INT.

1 0 1 1 | Counter mode (Interrupt counter)

11 states

DMASN & DMASNh + 1
DMACn<DMACH -1 (1.375 ps)
if DMACn = 0 then INT. ok

Note 1: n; corresponds to micro DMA channels 0 to 3.

DMADnN + / DMASnh +
DMADN -/ DMASh -

(1 states = 125 ns at 16 MHz, High frequency mode)

: Post-increment(Increments register value after transfer.)

: Post-decrement(Decrement register value after transfer.)

Note 2: Execution time: When setting source address/destination address area to ROM/RAM area.

Note 3: Do not use the codes other than the above mantioned codes for transfer mode register.
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3.4.3

Interrupt Controller

Figure.3.4.4 shows a configuration of the interrupt controller.

The interrupt controller has an interrupt request flag, an interrupt priority setting
register, and a micro-DMA start vector register for each interrupt channel (total 21
channels). The interrupt request flag latches an interrupt request from a peripheral
device.

The interrupt request flag is cleared in the following cases:
(1) When the device is initialized (reset)
(2) When the CPU accepted an interrupt and its interrupt vector is read out

(3) When cleared by an instruction (by writing 0 to the Interrupt Priority Control
Register’s <IxxC> bit)

Example: To clear the INTO interrupt request, set up the register after the “DI” instruction as
shown below.

LD (INTOCP1),----0---B

Also, the <IxxC> bit can be read as an interrupt request flag to see if the interrupt
request is generated.

Interrupt priority can be set up to six levels using the Interrupt Priority Control
Register. Setting the value in this register to 0 or 7 disables the relevant interrupt request.
The nonmaskable interrupt (watchdog timer interrupt) has its priority fixed to the
highest level (7). If interrupt requests with the same priority level occur simultaneously,
they are accepted in order of default priority (which is set in hardware).

The interrupt controller resolves priority between the simultaneously generated
interrupts and sends the interrupt request of the highest priority and its vector address to
CPU. The CPU compares the priority of the received interrupt request with the values set
in the Status Register (SR)’s interrupt mask bits <IFF2:0>. If priority is higher for the
requested interrupt, the CPU accepts it and write the value of the accepted interrupt
priority plus 1 to <IFF2:0>. When interrupt servicing is finished by RETI instruction, the
interrupt priority, that has been saved to the stack, is restored back into <IFF2:0>.

The interrupt controller also handles micro-DMA processing for the interrupt sources
used to initiate micro-DMA processing by writing their micro-DMA start vectors to the
Micro-DMA Start Vector Register (4 channels). Parameters must be set in the Micro-DMA
Control Registers (DMAS3 to 0, DMAD3 to 0, DMAC3 to 0 and DMAMS3 to 0) before
micro-DMA processing can be performed.
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(1) Interrupt priority setting register

INTO/CAP1 Interrupt Register

INTOCP1 7 6 5 4 3 2 1 0
©o7oH) | icapic |icapim2 [icapimt [icapimo| o | tom2 | iom1 | 1Mo | gnitial value: 0000 0000)

ICAP1C CAP1 interrupt request 0:No interrupt request (read)/Clear interrupt flag (write)
flag 1:Interrupt request (read)/- (write)

ICAP1M2 CAP1 interrupt request 000: Interrupt request disable

level 001: Interrupt request level 1

ICAP1MA1 010: Interrupt request level 2

011: Interrupt request level 3

ICAP1MO 100: Interrupt request level 4

101: Interrupt request level 5

110: Interrupt request level 6

111: Interrupt request disable

10C INTO interrupt request flag | 0:No interrupt request (read)/Clear interrupt flag (write)
1:Interrupt request (read)/- (write)

10M2 INTO interrupt request 000: Interrupt request disable

level 001: Interrupt request level 1

10M1 010: Interrupt request level 2

011: Interrupt request level 3

10MO 100: Interrupt request level 4

101: Interrupt request level 5

110: Interrupt request level 6

111: Interrupt request disable

R/W

write only

write only

CAPO/TPGO Interrupt Register

INTCPOTGO 7 6 5 4 3 2 1 0
©o71H) | itrcoc |itPGom2 | itPcomi | itPGomo | icapoc | icapom2 | icapomi | icAPoMo | gnitial vatue: 0000 0000)

ITPGOC TPGO interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write)
flag 1: Interrupt request (read)/- (write)

ITPGOM2 TPGO interrupt request | 000: Interrupt request disable

level 001: Interrupt request level 1

ITPGOMA1 010: Interrupt request level 2

011: Interrupt request level 3

ITPGOMO 100: Interrupt request level 4

101: Interrupt request level 5

RW

write only

110: Interrupt request level 6
111: Interrupt request disable

ICAPOC CAPO interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write)
flag 1: Interrupt request (read)/- (write)

ICAPOM2 CAPO interrupt request [ 000: Interrupt request disable

level 001: Interrupt request level 1

ICAPOMA1 010: Interrupt request level 2

011: Interrupt request level 3

ICAPOMO 100: Interrupt request level 4

101: Interrupt request level 5

write only

110: Interrupt request level 6

111: Interrupt request disable
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TPG1/I°C bus Interrupt Register

INTTP112C 7 6 5 4 3 2 1 0
©o72H) | m2cc | n2cm2 | n2emt | neemo | mraic | mpaim2 [ imPGimt | iTPGimo | (mitial vaive: 0000 0000)
112CC I’C bus interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
112CM2 I°C bus interrupt request [ 000: Interrupt request disable
level 001: Interrupt request level 1
112CMA1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
112CMO0 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
ITPG1C TPG1 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
ITPG1M2 TPG1 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
ITPG1M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
ITPG1MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
TBC/VA Interrupt Register
INTTBCVA 7 6 5 4 3 2 1 0
©oo7aH) | wvac | wam2 | vamt | wvamo | itBec | imBem2 | imBomit | itBcMo | gnitial vatue: 0000 0000)
IVAC VA interrupt request flag | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
1: Interrupt request (read)/- (write)
IVAM2 VA interrupt request level | 000: Interrupt request disable
001: Interrupt request level 1
IVAM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IVAMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
ITBCC TBC interrupt request flag | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
1: Interrupt request (read)/- (write)
ITBCM2 TBC interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
ITBCM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
ITBCMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
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INT1/INT2/SIO Interrupt Register

INT12SIO 7 6 5 4 3 2 1 0
(0074H) 12C/ 12M2/ 12M1/ 12M0/ 11C 11M2 11M1 11MO (Initial Value: 0000 0000)
SI0OC SIOM2 SIOMA1 SIOMO
12C/SIOC INT2/SIO interrupt request| 0:No interrupt request (read)/Clear interrupt flag (write)
flag 1:Interrupt request (read)/- (write) RIW
12M2/SIOM2 | INT2/SIO interrupt request| 000: Interrupt request disable
level 001: Interrupt request level 1
12M1/SIOM1 010: Interrupt request level 2
011: Interrupt request level 3 write only
12M0/SIOMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
11C INT1 interrupt request flag | 0:No interrupt request (read)/Clear interrupt flag (write)
1:Interrupt request (read)/- (write) RIW
11M2 INT1 interrupt request 000: Interrupt request disable
level 001: Interrupt request level 1
1M1M1 010: Interrupt request level 2
011: Interrupt request level 3 write only
11MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
INT3/INT4 Interrupt Register
INT43 7 6 5 4 3 2 1 0
©oo7sHy | ac | wam2 | am1 | amo | iz | ism2 | ism1 | 13m0 | gnitial valve: 0000 0000)
14C INT4 interrupt request | O: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
14M2 INT4 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
14M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
14MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
13C INT3 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
13M2 INT3 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
13M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
13MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
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Timer0/Timer1 Interrupt Register

INTT1TO 7 6 5 4 3 2 1 0
©oozey | imic | mam2 | mamt | mamo | moc | mom2 | iromt | imomo | mitial vaive: 0000 000o)
IT1C Timer1 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
IT1IM2 Timer1 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
IT1IM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IT1IMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
ITOC TimerO interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
ITOM2 TimerO interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
ITOM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
ITOMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
Timer2/Timer3 Interrupt Register
INTT3T2 7 6 5 4 3 2 1 0
©oo77Hy | imac | mam2 | mamt | mamo | mec | mom2 | imamt | imamo | mitial vaive: 0000 0000)
IT3C Timer3 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
IT3M2 Timer3 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
IT3M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IT3MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
IT2C Timer2 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
IT2M2 Timer2 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
1T2M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IT2MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
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Timer4/Timer5 Interrupt Register

INTT5T4 7 6 5 4 3 2 1 0
©oozeH) | itsc | imsm2 | msmt | imsmo | mac | mame | imamt | imamo | it vaive: 0000 000o0)
IT5C Timer5 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
IT5M2 Timer5 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
1T5M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IT5MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
IT4C Timer4 interrupt request | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
flag 1: Interrupt request (read)/- (write)
IT4M2 Timer4 interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
1T4M1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
1T4MO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
AD/RTC Interrupt Register
INTADRTC 7 6 5 4 3 2 1 0
©o7oH) | IrTcc | IRTM2 | IRTM1 | IRTMo | 1apc | 1aDpm2 | 1aDm1 | 1aDMO | (itial vaive: 0000 0000)
IRTCC RTC interrupt request flag | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
1: Interrupt request (read)/- (write)
IRTM2 RTC interrupt request | 000: Interrupt request disable
level 001: Interrupt request level 1
IRTM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IRTMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable
IADC AD interrupt request flag | 0: No interrupt request (read)/Clear interrupt flag (write) RIW
1: Interrupt request (read)/- (write)
IADM2 AD interrupt request level | 000: Interrupt request disable
001: Interrupt request level 1
IADM1 010: Interrupt request level 2
011: Interrupt request level 3 .
write only
IADMO 100: Interrupt request level 4
101: Interrupt request level 5
110: Interrupt request level 6
111: Interrupt request disable

Figure 3.4.5 Interrupt priority setting register
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Note 1: The interrupt priority setting register must not be used with read-modify-write instruction.

Note 2: The interrupt request signal and flag of the capture 0 interrupt (INTCAPQ) is cleared by reading its
data register.

Note 3: The interrupt request signal and flag of the capture 1 interrupt (INTCAP1) is cleared by reading its
data register.

Note 4: The interrupt request signal and flag of the SIO interrupt (INTSIO) is cleared by reading its data
buffer register.

Note 5: The interrupt request signal and flag of the AD conversion completion interrupt (INTAD) is cleared
by reading AD conversion value register.

Note 6: When the timing pulse generator O interrupt (INTTPGO) is used as the FIFO empty interrupt, the
interrupt request signal is cleared by writing timing data and output data, but the interrupt request
flag is not cleared. It is necessary to clear the interrupt request flag by an instruction before
executing RETI instruction.

(2) External interrupt control

External Interrupt Control Register 0

1IMCO 7 6 5 4 3 2 1 0

(005EH) V 141E I3IE 12IE MIE I0IE (Initial Value: ***0 0000)
(INT4) (INT3) (INT2) (INT1) (INTO)

141E External interrupt input 0: Disable

I3IE 1: Enable

121IE write only
I1IE

10IE

External Interrupt Input Mode Control Register 1

1IMC1 7 6 5 4 3 2 1 0
©oosFH) | 1ec | 1Ec | 12ec | nec | e | INTTPGOE | INTTPGOS | (inital Value: 0000 0+00)
14EG INT4 edge selection 0: Rising edge
1: Falling edge
I3EG INT3 edge selection 0: Rising edge
1: Falling edge
12EG INT2 edge selection 0: Rising edge .
. write only
1: Falling edge
MEG INT1 edge/level selection 0: Rising edge
1: Level
I0EG INTO edge selection 0: Rising edge
1: Falling edge

Figure 3.4.6 Interrupt Input Mode Control Register
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Note 1: The INTO and INT1 pins can also be used for standby release. When these pins are not used for
standby release, setting IIMCO<I1IE, I0IE> to 00 maintains the port function during standby
mode.

Note 2: When the active edge is changed by the IIMC1<I4EG, I3EG, I2EG, I1EG, IOEG>, they must be
changed after disabling interrupt.
Example:
LD (INTOCP1) , XXXX0000B ; Disable the INTO interrupt, clear the INTO interrupt
request flag.

LD (IIMCO0) , XXXXXXX0B ; Disable the INTO input
LD (lIMC1) , XXXX1XXXB ; Change the active edge to falling edge from rising
edge.

LD (INTOCP1) , XXXX0nnnB ; Set interrupt level “nnn” for INTO, clear the interrupt
request flag.

Note 3: The minimum pulse width for external interrupt signal is 2/fsys [s] (250 ns at fc = 16 MHz).

Note 4: Prohibt read-modify-write.

Table 3.4.2 Setting of external interrupt pin functions

Interrupt Shared Pin Mode Setting Method
INTO P54 _f_ Rising edge IIMC1<IOEG> = 0,IIMCO<IOIE> = 1
_\_ Falling edge IIMC1<I0EG> = 1,IIMCO<IOIE> = 1
INT1 P53 _f_ Rising edge IIMC1<IMEG> = 0,[IMCO<I1IE> =1
j._E Level IIMC1<IMEG> = 1,IIMCO<I1IE> =1
INT2 P52 J_ Rising edge IIMC1<I2EG> = 0,IIMCO<I2IE> = 1
_\_ Falling edge IIMC1<I2EG> = 1,IIMCO<I2IE> = 1
INT3 P51 J_ Rising edge IIMC1<I3EG> = 0,[IMCO<I3IE> = 1
_\_ Falling edge IIMC1<I3EG> = 1,IIMCO<I3IE> = 1
INT4 P50 _f_ Rising edge IIMC1<I4EG> = 0,IIMCO<I4IE> = 1
_\_ Falling edge IIMC1<I4EG> = 1,IIMCO<I4IE> = 1
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(3) Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it
simultaneously compares the interrupt vector with each channel’s Micro DMA start
vector (bits 3 to 8 of the interrupt vector). When the two match up, the interrupt from
the channel whose value matched is processed in Micro DMA mode.

If an interrupt vector matches up in more than two channels, the channel with the
lower number has higher priority.

Micro DMAO Start Vecter Register

DMAOV 7 6 5 4 3 2 1 0
(007CH) ' | bmAovs | bMAova4 | Dmaov3 | DMAOV2 | DMAOV1 | DMAOVO | (nitial Value: *+00 0000) write only

L e == e e e - -

DMA1V 7 6 5 4 3 2 1 0
(007DH) ! | bmA1vs | DMA1v4 | DMA1V3 | DMATV2 | DMA1V1 | DMA1VO | (nitial Value: 00 0000) Write only

_____________

DMA2V 7 6 5 4 3 2 1 0

1
(007EH) 5 | bmA2vs | DMA2v4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2VO | (nitial Value: 00 0000) Write only

DMA3V 7 6 5 4 3 2 1 0

1
(007FH) . | bmA3vs | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO | (nitial Value: 00 0000) Write only

Note: Prohibt read-modify-write.

Figure 3.4.7 Micro DMA start vector

(4) Notice of the interrupt controller

When the CPU fetches an instruction to clear the interrupt request flag for the
interrupt controller immediately before an interrupt is generated, the CPU may
execute the instruction between receiving the interrupt and reading the interrupt
vector. In such a case, the CPU reads default vector 0028H and the interrupt vector at
address FFFF28H.

To avoid the above occurring, clear the interrupt request flag by entering the
instruction to clear the flag after the DI instruction. In the case of setting an
interrupt enable again by EI instruction after the execution of clearing instruction,
execute EI instruction after clearing instruction and following more than one
instruction are executed. When EI instruction is placed immediately after clearing
instruction, an interrupt becomes enable before interrupt request flags are cleared.

In the case of changing the value of the interrupt mask register <IFF2: 0> by
execution of POP SR instruction, disable an interrupt by DI instruction before
execution of POP SR instruction
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3.5 Functions of Ports
The TMP93CF76/CF77/CW76/CU76/CT76 have 67 bits for I/O ports, 8 bits for input ports
and 10 bits for output ports. These port pins have I/O functions for the built-in CPU and
internal I/Os as well as general-purpose I/0O port functions. Table 3.5.1 lists the function of
each port pin. Resetting makes the pins listed below function as general-purpose I/0 ports.
Table 3.5.1 Functions of ports
Direction/ )
Port Name| Pin Name | Pin No. |Direction Output Mode Output Mode P.m 'Name fc?r
Built-in Function
setting unit
Port 0 P00 to P07 8 1/10 Push-pull Bit
Port 1 P10 to P17 8 1/0 Push-pull Bit
Port 2 P20 to P27 8 1/0 Push-pull Bit
Port 4 P40 to P47 8 Input - (fixed) AIN2 to AIN9
Port 5 P50 1 110 Push-pull Bit INT4/TI3/TI5/SI
P51 1 110 Push-pull Bit INT3/TI2/TI4/SO
P52 1 110 Push-pull Bit INT2/TI1/TI0O/SCK
P53 1 110 Push-pull Bit INT1
P54 1 1/0 Push-pull Bit INTO
Port 7 P73 1 1/0 Push-pull/Open-drain Bit SDAO
P74 1 1/0 Push-pull/Open-drain Bit SCLO
P75 1 110 Push-pull/Open-drain Bit SDA1/AINO
P76 1 /10 Push-pull/Open-drain Bit SCL1/AIN1
Port 8 P80 1 1/0 Push-pull Bit CTLIN
P81 1 1/0 Push-pull Bit DFGIN
P82 1 1/0 Push-pull Bit RMTIN
P83 1 110 Push-pull Bit EXT/TO1
P84 1 110 Push-pull Bit DPGIN
P85 1 110 Push-pull Bit CFGIN
P86 1 110 Push-pull Bit CSYNCIN
P87 1 1/10 Push-pull Bit COMPIN
Port 9 P90 1 1/0 Push-pull/Open-drain Bit TPO/TPGO0
P91 1 110 Push-pull/Open-drain Bit TPGO1/VASWP
P92 1 110 Push-pull/Open-drain Bit TP1
P93 1 110 Push-pull/Open-drain Bit TPGO3
P94 1 110 Push-pull/Open-drain Bit CR
P95 1 110 Push-pull/Open-drain Bit HA
P96 1 110 Push-pull/Open-drain Bit TO1/TPG10
P97 1 /10 Push-pull/Open-drain Bit TPG11
Port A PAO 1 110 Push-pull Bit PVPH/PWM3
PA3 1 /10 Push-pull/Open-drain Bit PWM2
Port B PBO 1 1/0 Open-drain Bit XT1
PB1 1 1/0 Open-drain Bit XT2
Port C PCO0 to PC7 8 Output | High break down voltage (fixed) G0 to G7
Port D PDO, PD1 2 Output | High break down voltage (fixed) G8, G9
Port E PEO to PE7 8 1/0 High break down voltage Bit SO0 to S7
/Open-drain
Port F PFO to PF5 6 1/0 High break down voltage Bit S8 to S13
/Open-drain
93CF76-54 2003-03-31




TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

Note 1:

Note 2:

Note 3:

Read signals from the port data register are switched according to the function of the port, when
the port registers (P5, P6, P7, P8, P9, PA, PB, PE, PF) are read out (Refer to Figure 3.5.2 to
Figure 3.5.31).

Output data is written to output latch by writing operation to the port.

Due to “Read-Modify & Write” instruction, 1 byte data including specified 1 bit data are read out
once and the 1 byte are modified, and then the modified 1 byte are written to output latches.

The port status during STOP mode, except PWMO and PWM1, can be selected from no-change
or high impedance. When WDMOD<DRVE> is 1, the port status remains. And when it is 0, the
port status becomes high impedance. This function is controlled upon the structure shown below.

WDMOD<DRVE> OSCEB
STOP (from stand-by control)

Figure 3.5.1 Port status control circuit for STOP mode
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3.5.1  Port 0 (P00 to P07)

Port 0 is an 8-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 0 control register (POCR). Reset operation clears Port 0
data register (P0) and POCR to 0 and initializes port O to the input mode.

™ Reset

R

Direction control OSCEB
(on bit bases)

Y

POCR-WR

R

R
Output latch

i

PO-WR

P00 to PO7

Internal data bus

3 < MPX
0
¥ X

P0O-RD

Figure 3.5.2 Port 0 (P00 to P07)

Port 0 Data Register

PO 7 6 5 4 3 2 1 0 (Initial Value: 0000 0000)
©oooH) | Po7 | Pos | Pos | Poa | Po3z | pPo2 | Po1 | Poo |Readnrite

Port 0 Control Register

POCR 7 6 5 4 3 2 1 0
©oo2H) | porc | Posc | Posc | Poac | Posc | Pooc | Poic | Pooc | mitial value: 0000 0000)

PO7C to PO input/output control 0: Input mode
P0O0C 1: Output mode

Prohibit read-modify-write.

write only

Figure 3.5.3 Registers for Port 0
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3.5.2  Port1 (P10 to P17)

Port 1 is an 8-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 1 control register (P1CR). Reset operation clears Port 1
data register (P1) and control register P1CR to 0 and initializes port 1 to the input mode.

(N

Reset
R
> Direction control OSCEB
(on bit bases)
(72}
3 P1CR-WR
o]
3 l
=
c R
[0}
k= Output latch P10 to P17
P1-WR ! ]
s B
< < MPX
0
\T\l A
P1-RD
</
Figure 3.5.4 Port 1 (P10 to P17)
Port 1 Data Register
P1 7 6 5 4 3 2 1 0 (Initial Value: 0000 0000)
ootHy | P17 | Pe | P15 | P14 | P13 | P12 | P11 | P10 |Readmrite
Port 1 Control Register
P1CR 7 6 5 4 3 2 1 0
©ooar) | pizc | piec | Pisc | p1ac | pisc | pioc | p11c | Proc | nitia vaiue: 0000 0000)
P17C to P1 input/output control 0: Input mode Wirite onl
P10C 1: Output mode y

Prohibit read-modify-write.

Figure 3.5.5 Registers for Port 1
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3.5.3  Port 2 (P20 to P27)

Port 2 is an 8-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 2 control register (P2CR). Reset operation sets Port 2
data register (P2) to 1 and clears P2CR to 0 and initializes port 2 to the input mode.

™™ Reset

R

> Direction control p—< OSCEB
(on bit bases)

P2CR-WR

S
Output latch —D P20 to P27

P2-WR

Internal data bus

< MPX

h ik

P2-RD

A

Figure 3.5.6 Port 2 (P20 to P27)

Port 2 Data Register

P2 7 6 S 4 3 2 1 0 (Initial Value: 1111 1111)
(0006H) I P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 |ReadNVrite

Port 2 Control Register

P2CR 7 6 5 4 3 2 1 0
©oosH) | p2zc | Posc | Posc | poac | Posc | p2oc | p21c | P20 | (mitial value: 0000 0000)

P27C to P2 input/output control 0: Input mode
P20C 1: Output mode

Prohibit read-modify-write.

Write only

Figure 3.5.7 Registers for Port 2
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3.54  Port 4 (P40 to P47)

Port 4 is an 8-bit general purpose input port. Port 4 is also used for analog input ports
(AIN2 to AIN9) of 8-bit AD conversion circuit (AD).

(A
A P40 to P47/
- AIN2 to AIN9
2]
a
= P4-RD
®
©
©
c
2 Conversion
£ < A result 1 AD L Channel <
) converter | | selector
register
T ADREG-RD

Figure 3.5.8 Port 4

Port 4 Data Register

©ooAH) | Paz | pPas | Pas | pPas | pPas | pPaz | Pa1 | P40 |Rreadony

Figure 3.5.9 Register for Port 4

Note: The input channel selection of AD converter is set by AD converter mode register (ADMOD).
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3.5.5

Port 5 (P50 to P54)

Port 5 is a 5-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 5 control register (P5CR). Reset operation sets Port 5
data register (P5) to 1 and clears control register P5CR to 0 and initializes port 5 to the

input mode.

(1) P50/INT4/TI3/T15/SI

P50 is also used as external interrupt input (INT4), timer counter input (TI3, TI5),

or serial data input (SI).
When P50 is used as INT4, TI3, TI5 or SI, clear PSCR<P50C> to 0 and it is set to

input mode.

INT4 interrupt input is permitted by <I4IE> of external interrupt control register 0
(IIMCO0), and can choose input edge by <I4EG> of external interrupt control register 1

(IIMC1).
1 Reset
Y.
R
> Direction control p- OSCEB
P5CR-WR
(2]
a N S P50/INT4
% ”1 Output latch TI3/TI5/SI
o
g )
2 P5-WR v 1
- S B
< < MPX
0
A
P5-RD TI3/TI5
A (0 -\_ y > (to TC3/TC5)
MPX > Sl (to SIO)
1
S B f <
IIMCO<I4IE> LIIMC1<I4EG>
g > INT4

Figure 3.5.10 Port 5 (P50)
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(2) P51/INTS/TI2/T14/SO

P51 is also used as external interrupt input (INT3), timer counter input (TI2, TI4)
or serial data output (SO).

When P51 is used as INT3, TI2 or TI4, clear PSCR<P51C> to 0 and it is set to input
mode.

INTS3 interrupt input is permitted by <I3IE> of IIMCO, and can choose input edge
by <ISEG> of IIMC1.

When P51 is used as SO, set P CR<P51F> and <P51C> to 1 respectively.

(3) P52/INT2/TI1/TT0/SCK

P52 is also used as external interrupt input (INT2), timer counter input (TI1, TIO0)
or serial clock (SCK).

When P52 is used as INTZ2, TI1, TIO or SCK input, clear PSCR<P52C> to 0 and it is
set to input mode.

INT2 interrupt input is permitted by <I2IE> of IIMCO, and can choose input edge
by <I2EG> of IIMC1.

When P52 is used as SCK output, set PBCR<P52F> and <P52C> to 1 respectively.

(> Reset
Y
R
> Direction control OSCEB
(on bit bases) <P51F> <P51C> <P51C>
<P52F> <p52C> | |<P52C>
P5CR-WR
® 1 0 Y
2 S >A S P51/INT3/TI2/TI4/SO
8 Output latch MPX P P52/INT2/TI1/TIO/SCK
° 1
= B
g [ SO (from SI0)
% P5-WR ﬁ | | SCK (from SIO)
= S Ble 4
< < MPX
\T\l 0
Ale
P5-RD
0
Ale —\_ <
TI2/TI4 (to TC2/TC4)
MPX ] > TI1/TIO (to TC1/TCO)
S Ble <
y > SCK (to SIO)
IIMCO<I3IE> IIMC1<I3EG>
IIMCO<I2IE> IIMC1<I2EG> INT3
T~ ” INT2

Figure 3.5.11 Port 5 (P51, P52)
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(4) P53/INT1

P53 is also used as external interrupt input (INT1).

When P53 is used as INT1, clear P5CR<P53C> to 0 and it is set to input mode.
INT1 interrupt input is permitted by <I1IE> of IIMCO, and can choose input edge

by <I1EG> of IIMC1.
(> Reset
Y
R
OSCEB
>| Direction control >_D_
P5CR-WR
1 S o
§ > Output latch I>—<>—D P53/INT1
f
f;’ P5-WR ! 1
S B
¢ pd
P5-RD
A
MPX
S B l€ / \ <
[IMCO<1IE> LIIMC1<I1EG>
—~ INT1
Figure 3.5.12 Port 5 (P53)
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(5) P54/INTO
P54 is also used as external interrupt input (INTO).
When P54 is used as INTO, clear P5CR<P54C> to 0 and it is set to input mode.
INTO interrupt input is permitted by <IOIE> of IIMCO, and can choose input edge

by <IOEG> of IIMC1.
T Reset
v
R OSCEB >—D_
>| Direction control
P5CR-WR

s N

s Output latch |>—<>—D P54/INT1

3

©

£

g P5-WR ! 1

S B
ﬂ
P5-RD
A
MPX
S B | f <€
[IMCO<IOIE> LIIMC1<IOEG>

I~ > INTO

Figure 3.5.13 Port 5 (P54)
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Port 5 Data Register
P5 7 6 5 4 3 2 1 0 (Initial Value: ***1 1111)

(000BH) l : | psa | ps3 | ps2o | P51 | P50 |Readmrite

Port 5 Control Register

P5CR 7 6 5 4 3 2 1 0
©ooocH) | pseF | pstE | [ psac | pssc | psac | psic | psoc | (nitial value: 00%0 000o)
P52F P52 output selection 0: P52
1: SCK
P51F P51 output selection 0: P51 .
write only
1: SO
P54C to P5 input/output control 0: Input mode
P50C 1: Output mode

Access by Read-Modify and Write instruction is prohibited.

External Interrupt Control Register 0

lIMco 7 6 5 4 3 2 1 0
(005EH) ! l4IE I3IE I2IE HMIE I0IE
o v o (INT4) (INT3) (INT2) (INT1) (INTO) | (Initial Value: ***0 0000)
14IE to External interrupt input 0: Disable .
I0IE Enable/Disable 1: Enable write only
Access by Read-Modify and Write instruction is prohibited.
External Interrupt Control Register 1
[IMC1 7 6 S 4 3 2 1 0
©ooskH)y | 14Ec | 13ec | 1Ec | MEc | w0Ec | INTTPGOE | INTTPGOS | (Initial Value: 000 0%00)
14EG INT4 edge selection 0: Rising edge
1: Falling edge
I3EG INT3 edge selection 0: Rising edge
1: Falling edge
12EG INT2 edge selection 0: Rising edge .
) write only
1: Falling edge
1MEG INT1 edge/level selection 0: Rising edge
1: Level
I0EG INTO edge selection 0: Rising edge
1: Falling edge

Access by Read-Modify and Write instruction is prohibited.

Figure 3.5.14 Registers for Port 5
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Note 1: Do not write the data to <P51F> and <P51C> of Port 5 control register at the same time, <P52F>
and <P52C> as well.

Note 2:INTO and INT1 pin are applicable also to standby release.
<I0IE> and <I1IE> are set to “0” when not using it an object for standby release, a port function
can be maintained also during standby.

Note 3: When change effective edge by IIMC1 register, change after carrying out interrupt prohibition.

LD (INTOTP1), ----0000B ;Disabled INTO, Clear the request flag.

LD (IIMC0),  ------- 0B ; INTO input disable.

LD (lIMC1), ----1---B ;Change from a rising edge to level detection.

LD (INTOCP1), ----0nnnB  ;INTO is set to a level n and a request flag is cleared.

Note 4: “H” level and “L” level of the external interrupt minimum input pulse width are 2/fgyg[s] (250 ns at
16 MHz operation).
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3.5.6

Port 7 (P73 to P76)

Port 7 is a 4-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 7 control register (P7CR). Reset operation sets Port 7
data register (P7) to 1 and clears P7CR to 0 and initializes port 7 to the input mode. In the
case of the output mode, Port 7 can be set to either push-pull output or N-ch open-drain
output per bit by open-drain output control register 1 (ODCR1).

(1) P73/SDAO, P74/SCLO
P73 and P74 are also used as serial data (SDAO) or serial clock (SCLO) of serial bus
interface (I2C bus).
When outputting SDAO or SCLO, set Port 7 function register (P7FC)<P73F><P74F>,

ODCR1<POD73><POD74> and P7CR<P73C><P74C> to 1 respectively. When
inputting, clear PTCR<P73C><P74C> to 0.

Input source of P73 and P74 can be chosen by <PR73><PR74> of Port 7 input
control register (P7ICR).

> Reset
Y
R
3| Direction control p—< OSCEB
(on bit bases)
A
P7CR-WR
——
SDAOOUT
v R SCLOOUT
E »| Function control (from I°C bus)
© (on bit bases)
®©
° 7 1 ,
%:) P7FC-WR L 3B S
)= ls MPX N P73/SDAO
0 L4 P74/SCLO
> Output latch A #)
P7ICR<PR73>
£ P7ICR<PR74> ODCR1<POD73>
P7-WR ¢
1 ODCR1<POD74>
S B |«
< i MPX
}I 0
A €
P7-RD
. SDAOIN
-~ ” SCLOIN
(to I°C bus)

Figure 3.5.15 Port 7 (P73, P74)
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(2) P75/SDA1/AINO, P76/SCL1/AIN1

P75 and P76 are also used as serial data/address (SDA1), serial clock (SCL1) of I2C
bus or analog input ports (AINO, AIN1) of 8-bit AD conversion circuit (AD).

When outputting SDA1 or SCL1, set PTFC<P75F><P76F>,
ODCR1<POD75><POD76> and P7CR<P75C><P76C> to 1 respectively. When
inputting SDA1, SCL1, AINO, or AIN1, clear FTCR<P75C><P76C> to 0 respectively.

Input source of P75 and P76 can be chosen by <PR75><PR76> of P7ICR.

> Reset
Y
R
»| Direction control p—< OSCEB
(on bit bases)
K
P7CR-WR
1
SDA10OUT
" R scL1ouT
2 »| Function control (from I°C bus)
« (on bit bases)
©
©
g PTFG-WR ! S
£ : L >[B s
£ v MPX N o P75/SDA1/AINO
S 0 Lx P76/SCL1/AINA
Output latch A "J
P7ICR<PR75>
A P7ICR<PR76> ODCR1<POD75>
PT-WR J ODCR1<POD?
1 6>
S B |«
< < MPX
0
}I A |« L—> AD Input (to AD)
P7-RD
. SDA1IN
I~ ” SCL1IN
(to I°C bus)

Figure 3.5.16 Port 7 (P75,P76)
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Port 7 Data Register
P7 7 6 5 4 3 2 1 0 (Initial Value: *111 1#+%)

(O00FH) | [ P76 | Ps | pPra | P3| : : | Read/Wiite

Port 7 Control Register

P7CR 7 6 5 4 3 2 1 0
I e ———— = = = = = == (o P 1
©011H) ' [ prec | P7sc | Prac | Prac | o o ! (initial Value: 000 0%+*)
P76C to P7 input/output control 0: Input mode write onl
P73C 1: Output mode Y
Access by Read-Modify and Write instruction is prohibited.
Port 7 Function Register
P7FC Y 6 5 4 3 2 1 o,
©013H) ' [ prer | prsk | pPrar | P73 | o o ! (initial Value: *000 0%+*)
P76F P76 output selection 0: P76
1: SCL1
P75F P75 output selection 0: P75
1: SDA1 i
write only
P74F P74 output selection 0: P74
1: SCLO
P73F P73 output selection 0: P73
1: SDAO

Access by Read-Modify and Write instruction is prohibited.

Open-drain Output Control Register 1

ODCR1 7 6 5 4 3 2 1 0
1 1 I 1
(0015H) '+ [ Pob7e | Pop7s | Pop74 [ POD73 | i (nitial Value: *0000%+%)
POD76 to P7 open-drain control 0: Push-pull Output .
. write only
POD73 1: Open-drain Output

Access by Read-Modify and Write instruction is prohibited.

Port 7 Input Control Register

P7ICR T 6 5 4 3 2 1 0

(O00DH) '+ [ PrR76 | PR75 | PR7a | PR73 | o L | (Initial Value: 000 0%+*)
PR76 to P7 input selection 0: Pin write onl
PR73 1: Output latch y

Access by Read-Modify and Write instruction is prohibited.

Figure 3.5.17 Registers for Port 7
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3.5.7

Port 8 (P80 to P87)

Port 8 is an 8-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 8 control register (PSCR). Reset operation sets Port 8

data register P8 to 1 and clears PSCR to 0 and initializes port 8 to the input mode.

(1) P8O/CTLIN, P81/DFGIN, P82/RMTIN, P84/DPGIN, P85/CFGIN, P86/CSYNCIN,

P87/ COMPIN

P80, P81, P84 and P85 are also used as capture trigger inputs (CTLIN, DFGIN,

DPGIN, CFGIN).

P82, P86 and P87 are also used as remote-control signal input (RMTIN), composite
synchronizing signal input (CSYNCIN) and head-amp.-switch comparison signal
input (COMPIN) respectively.

When it is used as these functional inputs, clear PSCR<P80C, P81C, P82C, P84C,

P85C, P86, P87C> to 0 respectively, and it is set to the input mode.

Internal data bus

Reset

A

R
Direction control

Y

(on bit bases)

OSCEB

A
P8CR-WR

. 7

S

Output latch

0

P8-WR
!

<€

}\I

P8-RD

Figure 3.5.18 Port 8 (P80 to P87)

MPX

_I:l P8O/CTLIN
P81/DFGIN

P82/RMTIN
P84/DPGIN
P85/CFGIN
P86/CSYNCIN
P87/COMPIN

> CTLIN (to CAPIN)
DFGIN (to CAPIN)
RMTIN (to RMTIN)
DPGIN (to CAPIN)
CFGIN (to CAPIN)
CSYNCIN (to CSYNC)
COMPIN (to HA/CR)
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(2) P83/EXT/TO1
P83 is also used as capture trigger input (EXT) or timer counter output 1 (TO1).

When P83 is used as capture trigger input, clear PSCR<P83C> to 0 and it is set to
the input mode.

When it is used as timer counter 1 output, set Port 8 function register
(PSFC)<P83F> and PSCR<P83C> to 1 respectively.

> Reset
TO1 (from TC1)
R
>| Direction control OSCEB
A
P8CR-WR
‘ l
R
(2]
3 ?| Function control
©
L
© . 1 A
g P8F£ WR B S
- ; 4
£ S 0 MPX N —D P83/EXT/TO1
Output latch > A
A ! 4
P8-WR
S B <—|
1
< < MPX
A 0
P8-RD
> EXT (to CAPIN)
/
Figure 3.5.19 Port 8 (P83)
Port 8 Data Register
P8 7 6 5 4 3 2 1 0 (initial Value: 1111 1111)
ooteH)y | ps7 | pPes | Pes | pPea | Pz | pPe2 | P81 | Peo |Readmwrie

Port 8 Control Register

P8CR 7 6 5 4 3 2 1 0
©oo1sH) | ps7c | pssc | Pesc | psac | peac | psoc | psic | Psoc | mital vaive: 0000 0000)

P87C to P8 input/output control 0: Input mode .
write only
P80C 1: Output mode
Access by Read-Modify and Write instruction is prohibited.
Port 8 Function Register
PeFC 7 6 __ 5 4 3 2 T 0 __
1 I 1 [} 1 1 1
(0014H) L R P83F | o o ! (Initial Value: *x#* Q%)
P83F P83 output selection 0: P83 .
write only
1: TO1

Access by Read-Modify and Write instruction is prohibited.

Figure 3.5.20 Registers for Port 8
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3.5.8

Port 9 (P90 to P97)

Port 9 is an 8-bit general purpose I/O port which can be set to input or output mode to
each bit. I/O mode is set by Port 9 control register (P9CR). Reset operation sets Port 9
data register (P9) to 1 and clears P9CR to 0 and initializes port 9 to the input mode. In the
case of the output mode, Port 9 can set to either push-pull output or N channel open-drain
output per bit by open-drain output control register 2 (ODCR2).

(1) P90/TPO/TPGO0
P90 is also used as timing pulse output 0 (TPO) or the timing pulse generator 0

(TPG00).

When P90 is used as TPO output, set Port 9 function register (P9FC)<P90F> and
P9CR<P90C> to 1 respectively. (Refer to chapter 3.8.3 Timing Pulse Output)
When it is used as TPGO0O output, set P9<P90> and POCR<P90C> to 1 respectively.

TPGOO output is permitted by setting timing pulse control register (TPCR)
<TPGOEO> to 1.

Reset

A 4

A 4

Direction control

R

(=

P9CR-WR

—>

| S

Output latch

]

Internal data bus

P9-RD

MPX
1

@
A

TPCR<TPGOEO0>
TPCO0 (from TPGO)

—<

)

0
A l«— P9-WR

S Bile

S Aj«

TPO data latch

7
TPCR-WR

¢ P9FC<P90OF>
0

0
A [«
MPX 1

K::+_<
—| Y

HACR<VTPPOO0>

Figure 3.5.21 Port 9 (P90)

OSCEB

—D PYO/TPOITPGO0

ODCR2<POD90>

TPGO3
(from TPGO)
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(2) P91/TPGO1/VASWP

P91 is also used as timing pulse generator 0 (TPGO) output (TPGO1) or Video/Audio
Head switching control signal (VASWP).

When P91 is used as TPGO1l output, clear Head Amp control register
(HACR)<TPVASEL> to 0 and also set P9FC<P91F> and P9CR<P91C> to 1
respectively.

When it is used as VASWP output, set HACR<TPVASEL> to 1, set POFC<P91F> to
1, and clear POCR<P91C> to 0 respectively. (Refer to chapter 3.14.3 Control of
VASMP Output)

(N

7 HACR<TPVASEL>
0
S A TPGO01 (from TPGO)
Reset ] MPX 1
B TPGO03 (from TPGO)
N4
R
> Direction control
A
" PICR-WR p—< OSCEB
3 lbﬁ
Kol
E
3 R
§ N Function control
5]
= 7
POFC-WR
S 0 v
> Output latch > A S
(
' ] MPX * I | P91/TPGO1/VASWP
P9-WR — B
A 1
S B ODCR2<POD91>
id MPX
N 0
P9-RD A
N

Figure 3.5.22 Port 9 (P91)
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(3) P92/TP1

P92 is also used as timing pulse output (TP1). When P92 is used as TP1 output, set
PI9FC<P92F> and P9CR<P92C> to 1 respectively.

> Reset
A
R
>| Direction control p—< OSCEB
A
P9CR-WR
‘ l
S
] Output latch IT/ I | P92/TP1
v 1
g T s B N ODCR2<POD92>
o)
o le <}— MPX LH
o 0
° 0 A
T P9-RD
2 0
C
= A l«— P9-WR
0
L MPX ] A le—| —\_
S B [« MPX TPGO3 (from TPGO)
7 1
¢ PYFC<P92F> S Bl—| /)
0
S Al«
HACR<VTPPO1>
— MPX 1
B [«
S
> TP1 data latch
A
I~/ TPCR-WR

Figure 3.5.23 Port 9 (P92)
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(4) P93/TPGO3, P94/CR, P95/HA

P93, P94 and P95 are also used as timing pulse generator 0 (TPG0) output (TPGO03),
Color Rotary control output (CR), Head Amp switching control output (HA),
respectively. When they are used as these function outputs, set PO9FC<P93F, P94F,
P95F> and POCR<P93C, P94C, P95C> to 1 respectively.

> Reset
R
»| Direction control OSCEB
(on bit bases)
A
P9CR-WR
9 0—;
e TPGO3 (from TPGO)
g > Functign control CR (from CR/HA)
= (on bit bases) HA (from CR/HA)
c
9 A 1 L
£ P9FC-WR L >[B s
SI MPX NS I | P93/TPG03
> NN P94/CR
7l Output latch 4 P95/HA
A Push-pull/Open-drain
1
P9-WR S B - ODCR2<POD93>
- Pl MPX ODCR2<POD94>
~ 0 ODCR2<POD95>
P9-RD aly
Y/

Figure 3.5.24 Port 9 (P93 to P95)
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(5) P96/TO1/TPG10

P96 is also used as timer counter output 1 (TO1) and timing pulse generator 1
(TPG1) output (TPG10). When P96 is used as TO1 output, set P9FC<P96F> and
PI9CR<P96C> to 1 respectively, and clear TPCR<TPGOE1> to 0.

When P96 is used as TPG10 output, clear P9<P96> and P9FC<P96F> to 0, set
PI9CR<PI6C> to 1 respectively, and set TPCR<TPGOE1> to 1.

(N

Reset
TO1 (from TC1)
_C|:< TPCR<TPGOE1>
R TPG10 (from TPG1)
>| Direction control
A
P9CR-WR
@ R D—<OSCEB
el
% >| Function control
©
©
g A 1 L4
2 P9FC-WR LB s
% MPX ‘D—D I | P96/TO1/TPG10
S 0
> Output latch > A T
ﬁ Push-pull/Open-drain
0 1 L] ODCR2<POD96>
P9-WR S Bl
< <7 MPX
}\I A 0
P9-RD N
-/

Figure 3.5.25 Port 9 (P96)
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(6) P97/TPG11
P97 is also used as timing pulse generator 1 (TPG1) output (TPG11).

When P97 is used as TPG11 output, set PO9FC<P97F> and P9CR<P97C> to 1
respectively.

P97 can be used as a logical-output syncronized with TPG10 as a below shown
logical matrix.

This is enabled by setting TPCR<TPG1CNT> to 1.

TPG10 P97 output

H TPG11
L High-Z

™ Reset

TPG11 (from TPG1)

) TPCR<TPG1CNT>
R TPG10 (from TPG1)

>| Direction control

A
POCR-WR

R ) OSCEB

Y

Function control

*
POFC-WR AN

s MPX D P97/TPG11
0

Output latch

Internal data bus

— Push-pull/Open-drain
A {
P9-WR s Bl ODCR2<POD97>
< ﬁ MPX
A 0

P9-RD

Figure 3.5.26 Port 9 (P97)
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Port 9 Data Register

P9 7 6 5 4 3 2 1 0 (Initial Value: 1111 1111)
©017H) | P97 | poe | Pes | Poa | pPoz | pe2 | P91 | P90 |Rreadmrie

Port 9 Control Register

P9CR 7 6 5 4 3 2 1 0
©o1oH) | perc | pesc | pPosc | Paac | pPazc | poec | Porc | Pooc | mital vaive: 0000 0000)

P97C to P9 input/output control 0: Input mode
P90C 1: Output mode

Access by Read-Modify and Write instruction is prohibited.

write only

Port 9 Function Register

P9FC 7 6 5 4 3 2 1 0
©o1aH) | Po7F | Posr | PosE | Poar | PosF | pooF | potF | PooF | (mitial value: 0000 0000)

PI7F P97 output selection 0: P97
1: TPG11
P96F P96 output selection 0: P96/TPG10 (P96 = 0)
1: TO1
P95F P95 output selection 0: P95
1: HA
P94F P94 output selection 0: P94
1: CR .
write only
P93F P93 output selection 0: P93
1: TPG0O3
P92F P92 output selection 0: P92
1: TP1
PO1F P91 output selection 0: P91
1: TPGO1/VASWP
POOF P90 output selection 0: P90
1: TPO/TPGO0

Access by Read-Modify and Write instruction is prohibited.

Open-drain Output control Register 2

ODCR2 7 6 5 4 3 2 1 0
©o1BH) | Pope7 | Popes | Pop9s | Popes | Pop9s | Pope2 | PoD91 | POD90 | (initial value: 0000 0000)

POD97 to P9 open-drain control 0: Push-pull Output
POD90 1: Open-drain Output
Access by Read-Modify and Write instruction is prohibited.

write only

Head Amp Control Register

HACR 7 6 5 4 3 2 1 0
©08dH) | vippo1 | viPPoo | TevaseL | DFFPO1 | DFFPO0 | comPs | cRPO | HAPO | (nitial value: 0000 0000)

TPE1 TPGO03(P92) edge selection 0: Rising edge
1: Falling edge

TPEO TPGO03(P90) edge selection 0: Rising edge RIW
1: Falling edge

TPVASEL P91 output selection 0: TPGO1
1: VASWP

Access by Read-Modify and Write instruction is prohibited.
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Timing Pulse Control Register

TPCR 7 6 5 4 3 2 1 0
(ooseH) |TPcoE1|TPGoE0|  |teeient] D | TPOD | (inital Value: 00%0 *0+0)
TPGOE1 TPG10 output control 0: Disable
1: Enable
TPGOEO TPGOO0 output control 0: Disable
1: Enable
: R/W
TPG1CNT P97/TPG11 output control 0: Disable
1: TPG10 Enable
TP1D TP1 data latch TP1 data
TPOD TPO data latch TPO data
Figure 3.5.27 Registers for Port 9
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3.5.9

Port A (PAO, PA3)

Port A is a 2-bit general purpose I/0O port which can be set to input or output mode to
each bit. I/O mode is set by Port A control register (PACR). Reset operation sets Port A
data register (PA) to 1 and PACR to 0 and initializes port A to the input mode.

(1) PAO/PVPH/PWM3
PAO is also used as pseudo-synchronized signal output (PVPH) or 8-bit PWM output
(PWMS3).
When PAO is used as general purpose I/O port, set <PAOF1> and <PAOF0> of port A
function register (PAFC) to 0 and set the I/O mode by PACR<PAOC>.
When PAO is used as PVPH output, set PAFC<PAOF0> to 1, clear PACR<PAOC> to
0 respectively.

When PAO is used as PWMS3 output, set PAFC<PAOF1><PAOFO0> to 10, and set
PACR<PAOC> to 1 respectively.

(> Reset PVPHC
(from PV/PH)
A
R OSCEB
> Direction control
A
) PACR-WR
R
»{ Function control
(bit 0)
[2]
a
- A
5 PAFC-WR
° [
e R
[J]
IS »| Function control
(bit 1) l PAO/PVPH
0 0 /PWM3
LN A S —>A S
PAFC-WR
MPX MPX
— ] — )
. PVPHD
1 Output latch (from PV/PH)
PWM3
0 v
PA-WR s R 40 <l| (from PWM3)
{ll MPX ]
B
PA-RD
-/

Figure 3.5.28 Port A (PAOQ)
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(2) PA3/PWM2

PA3 is also used as 14-bit PWM output (PWM2). In the case of output mode, PA3
can be set to either push-pull output or N-ch open-drain output by open-drain output
control register 3 (ODCR3)<PODA3>.

When PA3 is used as PWM2, set PAFC<PA3F> and PACR<PA3C> to 1 respectively.

(e Reset

v
R

Direction control p— OSCEB

A
PACR-WR
‘ l

R

> Function control

*
PAFC-WR

.
S

Output latch

. | wex —D PA3/PWM2
PA-WR |—> B J
PWM2

ﬁ (from PWM2)
1

ODCR3<PODA3>

Internal data bus

A
<
<

N 4

7\

Figure 3.5.29 Port A (PA3)
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Port A Data Register
PA 7 6 5 4 3 2 1 0 (Initial Value: **#* 1+%1)

(001CH) | | | | PA3 | m Read/Write

Port A Control Register

PACR __ 7 ____ 6 __ _.5_ _ __4_ 3 2 1. 0
(001EH) + L A PA3C | o PAOC | (initial Value: *+++ 0*+0)
PA3C, PA input/output control 0: Input mod
input/output contro nput mode Wite only
PAOC 1: Output mode
Access by Read-Modify and Write instruction is prohibited.
Port A Function Register
PAFC 7 6 &5 4 3 2 1 0
] r r T
(008BH) ' L R pa3F | [ Paor1 | PAOFO | (nitial value: *+++ 0%00)
PA3F PA3 output selection 0: PA3
1: PWM2
PAOF1 PAO output selection 00: PAO .
Write only
*1: PVPH
PAOFO 10: PWM3
11: Reserved
Access by Read-Modify and Write instruction is prohibited.
Open-drain Output Control Register 3
ODCR3 7 6 &5 4 3 2 1 0
1 1 1 1
(0021H) ! ! ! PWMOD1 | PWMODO ! PODA3 | (Initial Value: ***Q 0**0)
. . . (PWM1) (PWMO) | ______ L (PA3)
PODA3 PA3 open-drain control 0: Push-pull Output
P ral " ush-pu . utpu Write only
1: Open-drain Output

Access by Read-Modify and Write instruction is prohibited.

Figure 3.5.30 Registers for Port A
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3.5.10

Port B (PBO, PB1)

Port B is a 2-bit general purpose I/O port which can be set to input or output mode to
each bit.

I/O mode is set by Port B control register (PBCR). Reset operation sets port B data
register (PB) to 1 and PBCR to 0 and initializes port B to the input mode. Output buffer is
constructed of N-channel open-drain.

(1) PBO/XT1,PB1/XT2
PB0O and PB1 are also used as a low-frequency oscillation circuit (XT1, XT2). A
resonator is connected to XT1 and XT2. The low-frequency oscillation circuit goes
active by setting system clock control register 0 (SYSCR0)<XTEN> to 1.

™™ Reset

N4
R
Direction control OSCEB
(bit0)

SYSCRO<XTEN>

*
PBCR-WR

S

Output latch > L 4 L I | PBO/XT1
(o)

Y

y 1 Output
S B Buffer
(Open-drain)
0

*
PBYR

PB-RD

' l
R
.| Direction control >
(bit 1)

Internal data bus
>

A
PBCR-WR

.
S

> Output latch > L 4 PB1/XT2
Output

v
PB-4\WR S B e ! Buffer
pd MPX (Open-drain
N All

I~ PB-RD

=

Figure 3.5.31 Port B (PBO, PB1)
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TOSHIBA
Port B Data Register
PB 7___?_______6___7____5___'7____4___m______! ______ 1 0 (Initial Value: *#x* *%11)
(001DH) 1 ______ L R R [ pe1 | Peo |Readwiie
Port B Control Register
PBCR __ 7 ____ 6 __ .5 __ A ____3____..2__ 1 0
(01FH) '+ o R S S A | PB1C | PB0OC | (Initial Value: *##* #%00)
PB1C, PB input/output control 0: Input mod
input/output contro nput mode Wite only
PBOC 1: Output mode

Prohibit read-modify-write.

Figure 3.5.32 Registers for Port B

2003-03-31
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3.5.11 Port C (PCO/GO to PC7/G7), Port D (PD0/G8 to PD1/G9)

Port C and port D are 8-bit and 2-bit P-channel high break-down voltage output port.
PC and PD are also used grid-outputs and can drive vacuum fluorescent tube directly.

Reset operation clears port C data register (PC) and port D data register (PD) to 0
respectively.

(N
Reset OSCEB

l Vee
R
Output latch

£ PCO to PC7 (GO to G7)
PDO (G8), PD1 (G9)

PC-WR

PD-WR
Rk (typ. 80 kQ)
e

RN

PC-RD VKK
~g PD-RD

Internal data bus

Figure 3.5.33 Port C (PCO to PC7), Port D (PDO, PD1)

Port C Data Register

PC 7 6 5 4 3 2 1 0 (Initial Value: 0000 0000)
oosrH) | pc7 | pcs | pcs | pca | pca | pco | pct | pPco | Readmvrite

Port D Data Register

PD 7 6 5 4 3 2 1 0 (Initial Value: *#** *x00)

(0088H) ! ! ' ' . . [ Pp1 | Ppo |Readwrie

___________________________________________

Figure 3.5.34 Registers for Port C, Port D
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3.5.12 Port E (PEO/SO to PE7/S7), Port F (PF0/S8 to PF5/S13)

Port E and port F are 8-bit and 6-bit P-channel high break-down voltage output port.
PE and PF are also used segment-outputs and can drive vacuum fluorescent tube directly.
I/0 mode is set by port E control register (PECR) and port F control register (PFCR).

Reset operation sets port E data register (PE), port F data register (PF), PECR, and
PFCR to 0 respectively and initializes port E and port F to the input mode.

S Reset

Y
R

| Direction control
i’ (on bit bases)

OSCEB

A
PECR-WR
PFCR-WR

o
R
> Output latch _Do__l

PEO to PE7 (S0 to S7)
A ’—| | PFO to PF5 (S8 to S13)
PE-WR |
. 1 Rk
PF-WR )

(typ. [80 k)
< MPX

P?IRD A ‘O—G—

PF-RD

Vee

Internal data bus

A

VKK

Figure 3.5.35 Port E (PEO to PE7), Port F (PFO to PF5)

Port E Data Register

PE 7 6 5 4 3 2 1 0 (Initial Value: 0000 0000)
oosoH) | Pe7 | pPes | pPEs | pPea | PE3 | PE2 | PE1 | PEO |Reagnrie

Port E Control Register

PECR 7 6 5 4 3 2 1 0
©ooseH) | pezc | pPesc | pesc | peac | Pesc | Peoc | PEic | PEOC | (itial value: 0000 0000)

PE7C to PE input/output control 0: Input mode .
Write only
PEOC 1: Output mode
Prohibit read-modify-write.
Port F Data Register
PF 7 6 5 4 3 2 1 0 (Initial Value: **00 0000)
|
(00BAH) ' C [ prs | pra | pPr3 | pPr2 | Pr1 | PFo | Readmrie
Port F Control Register
PFCR 7 6 5 4 3 2 1 0
(008CH) ' o [ prsc | prac | prac | prac | Pric | PFoc | (nitial vaiue: *+000000)
PF5C to PF input/output control 0: Input mode .
Write only
PFOC 1: Output mode

Prohibit read-modify-write.

Figure 3.5.36 Registers for Port E, Port F
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3.5.13 PWMO, PWM1

PWMO and PWM1 output 14-bit pulse width modulation output (PWMO0, PWM1).

The outputs are enabled by accessing PWM Start Regigter (PWMRUN)
<PWMORUN><PWM1RUN> and able to be set to N-channel open-drain output by Open-
drain Output Control Register 3 (ODCR3).

PWMRUN<PWMORUN>
PWMRUN<PWM1RUN>

PWMO(from PWMO) N PWMO
PWM1 (from PWM1) Y PWM1
ODCR3<PWMODO>
ODCR3<PWMOD1>
Figure 3.5.37 PWMO, PWM1
PWM Start Resister
PWMRUN 7 6 &6 4 3 2 1 0
(Q03DH) + | pwizrun | Pwittrun | PwioruN | (nital Value: *+#+ +000)
PWM1RUN PWM1 start/stop 0: Stop
1: Start
a Write only
PWMORUN | PWMO start/stop 0: Stop
1: Start

Open Drain Output Control Resister 3

ObCR3 7 6 &6 4 3 2 1 0
(0021H) X ' PWMOD1 | PWMODO X PODA3 | (Initial Value: ***0 0**0)
o o o ewv) | ewwvo) | o (PA3)
PWMOD1 PWM1 Open Drain control 0: Push-Pull Output
1: Open Drain Output
- = P Write only
PWMODO PWMO Open Drain control 0: Push-Pull Output
1: Open Drain Output

Figure 3.5.38 Registers for PWMO0, PWM1
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3.5.14 CLK

CLK can output fc/4 or fs/4 clock. The output is enabled by System Clock Control
Register 3 (SYSCR3)<CLKEN>. The source clock can be selected from fc or fs by System
Clock Control Register 1 (SYSCR1)<SYSCK> and System Clock Control Register 0
(SYSCR0)<RSYSCK>.

By the reset, <CLKEN> is initialized to 0 and CLK goes high-impedance.

During the reset, CLK is pulled internally up to Vcc level. (Refer to 6 Port Section
Equivalent Circuit Diagram.)

When CLK is not enabled, the terminal should be pulled externally up to Vcg, in order
to avoid some extra power consumption at the input gate.

SYSCR1<SYSCK>
SYSCRO<RSYSCK> SYSCR3<CLKEN>
OSCEB
0
fc >—>»A S
MPX 1/4 I | CLK
1 L
fs >—>B
Testinput < <II
Figure 3.5.39 CLK
System Clock Control Resister 0
SYSCRO 7 6 5 4 3 2 I o
(00BEH) | XEN XTEN RXEN | RXTEN |Rsysck | wurr | 1 _I(ResetValue: 1010 00**)
RSYSCK Clock selection after released 0: High frequency clock (fc) RIW
STOP mode 1: Low frequency clock (fs)
System Clock Control Resister 1
SYSCR1 __7_____ 6 ___ _.5_ __ __4__ 3 L2 0 .
(006FH) + 0" 1 R SYSCK | ‘0 1 0" i 0" i(ResetValue: 0%** 0000)
SYSCK System clock selection 0: High frequency clock (fc) RIW
1: Low frequency clock (fs)
System Clock Control Resister 3
SYSCR3 7 6 5 4 3 2 1 0
——————— F i e e A T
(o6DH) ; 1" LM oM M L0 o CLKEN | (Initial Value: 1111 00*0)
CLKEN CLK output selection 0: High-inpidance output RIW
1: Clock output

Figure 3.5.40 Register for CLK
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3.6 Timer Counter

TMP93CF76/CF77/CWT76/CU76/CT76F have an 8-bit timer counter and five 16-bit timer
counters. They can be used as various event counters needed for VCR system control.

3.6.1 8-bit Timer Counter 0 (TCO)
(1) Block diagram

% Internal Data Bus S

TREGO-RD
TRUN<TORUN> 1 Reset

PCTLA (from CAPIN) —>| RD I
TIO (from P52) — pMpx 8-bit Counter R TCCR10<TOCL>

TBCS (from TBC) —>|

TBC10 (from TBC) —>»| TCCR10<CLBCO>
TCCR10<TOCLK1, 0> match
8-bit Comparator INTTO
TRUN<TORUN>

il

8-bit Timer Register l«—— TREGO-WR

ﬁ

S Internal Data Bus S

Figure 3.6.1 Composition of the Timer Counter 0

a. Up-counter

The 8-bit up-counter counts up with the input clock selected by Timer Counter
Control Resister 10 (TCCR10)<T0OCLK1,0>. The input clock can be selected from
TBC6(28/fsys), TBC10(219/fsys) from Time Base Counter (TBC), PCTLA from
Capture Input Control Circuit (CAPIN) and TIO(P52). The up-counter starts to
count up when Timer Start Control Resister (TRUN)<TORUN> is 1, and it stops
to count up when TRUN<TORUN> is 0. Reset operation clears the up-counter
and TRUN<TORUN>.

When TCCR10<CLBCO0> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is directly cleared by setting TCCR10<TOCL> to 1.

b. Timer register (TREGO)

The timer register is 8-bit register for setting the value of the interval time.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “O0H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
TREGO. The real-time value of up-counter can be read out by reading TREGO.

TREGO is not initialized when resetting.
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c. Comparator

8-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of

up-counter, a match signal is outputted from comparator, and interrupt request
(INTTO) occurs.

(2) Control Register

Timer Counter Control Register 10

TCCR10 7 6 5 4 3 2 1 0
©o2eH) | cuect | micL [ T1ciki [ ticiko [ cisco | toct [ tocikit [ tociko | nitat vaive: 0000 0000)

CLBCO TCO counter clear by match 0: Disable
1: Enable
TOCL TCO counter clear 0: -
1: Clear (One-shot) RIW
TOCLK1 TCO source clock selection 00: PCTLA (from CAPIN)
01: TIO (from P52)
TOCLKO 10: TBC6
11: TBC10

Timer Register 0

TREGO 7 6 5 4 3 2 1 0
©o20H) | Tco7 | Tcos | Tcos | Tcoa | Tcos | Tco2 | Tcor | Tcoo | nitial value: 0000 0000) Read

[ TRo7 | TRos | TROs | TRo4 | TR03 | TRo2 | TRO1 | TROO | (nitial value: s sxxs) write
Prohibit read-modify-write.

Timer Start Control Register

TRUN 7 ____6__ 5 4 3 2 1 0
©o027H) 1+ L T5RUN | T4RUN | T3RUN | T2RUN | TARUN | TORUN | (nitial Value: *00 0000)
TORUN TCO :
count start 0: Stop RIW
1: Start

Figure 3.6.2 Registers for TCO

93CF76-89 2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

(3) Operation
a. Timer mode
In this mode, the up-counter counts up with TBC6 or TBC10.
Stop TCO first, and select one input clock by TCCR10<TOCLK1,0> and set an
interval time to TREGO. Then, enable TCO interrupt (INTTO) and start TCO. The

INTTO interrupt request occurs when the value of the up-counter coincides with
the value of TREGO.

Example : When generating TCO interruption every 32us by fc = 16MHz, set up
each register in the order of the following.

MSB LSB

76543210
TRUN @ ————————

——————— 0 The count of the TCO is stopped.
TCCR10 ———=1*10 The source clock is set to TBC6 (8 us).
TREGO 00000100 32 us + 8 us = 04H is set to the timer register.
INTITO Onnn-——-—-— INTTO interrupt is enabled with Level “nnn”.
TRUN @ ——————— 1 The count of the TCO is started.

Note: *; Don't care —; No change

Table 3.6.1 Interrupt Interval for the TCO

Interrupt Interval (at fc = 16 MHz) Resolution Input Clock
8.0 us to 2.048 ms 8.0 us TBC6  (2°/fsys)
128 ps to 32.768 ms 128 ps TBC10  (2"%fsys)

b. Event counter mode
In this mode, the up-counter counts up with the rising edge of TI0 (P52).

Stop TCO first, and select TIO as a source clock by TCCR10<T0CLK1,0> and
set an interval time to TREGO. Then, enable TCO interrupt (INTTO) and start
TCO. The INTTO interrupt request occurs when the value of the up-counter
coincides with the value of TREGO.

The maximum input frequency is fsys/23 [Hz] (1 MHz at fc = 16 MHz). The

minimum input pulse width (H level and L level) is each 22/fsys [s] (500 ns at fc
=16 MHz).

c¢. Playback control signal counter mode

In this mode, the up-counter counts up with the rising edge of PCTLA signal
from Capture Input Control Circuit (CAPIN).

Stop TCO first, and select PCTLA as a source clock by TCCR10<T0OCLK1,0>
and set an interval time to TREGO. Then, enable TCO interrupt (INTTO0) and
start TCO. The INTTO interrupt request is occurs when the value of the up-
counter coincides with the value of TREGO.
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3.6.2  16-Bit Timer Counter (TC1)
(1) Block diagram

g Internal Data Bus §
TREG1L-RD, TREG1H-RD
TRUN<T1RUN> ﬁ ﬁ y Reset
T — RD TL
TBC2 (from TBC) —| \1ox 4L]:>—> 16-bit Counter R TCCR10<T1CL>
TBC4 (from TBC) — TCCR10<CLBC>

TBC6 (from TBC) —»|
1 U

TCCR10<T1CLK1, 0>

match

4 L 4 > INTT1

TO1CR TO1CR
<TFFSET> <TO1SET>

16-bit Comparator
TRUN

j r <T1RUN>

.. TO1

16-bit Timer Register l«—— TREG1L-WR, (to P83,
. P96
TREG1H-WR TO1CR )
ﬁ ﬁ <TO10N>
TO1CR
Internal Data Bus § <TFFRES>

Figure 3.6.3 Composition of the timer counter 1

a. Up-counter

The 8-bit up-counter counts up with the input clock selected by Timer Counter
Control Register 10 (TCCR10)<T1CLK1,0>. The input clock can be selected from
TBC2(22/fsys), TBC4(24/fsys), TBC6(28/fsys) from Time Base Counter (TBC) and
TI1(P52). The up-counter starts to count up when Timer Start Cntrol Register
(TRUN)<T1RUN> is 1, and it stops to count up when TRUN<T1RUN> is 0.
Reset operation clears the up-counter and TRUN<T1RUN>.

When TCCR10<CLBC1> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is directly cleared by setting TCCR10<T1CL> to 1.

b. Timer register (TREG1L/TREG1H)
The timer register is 16-bit register (8-bit register x 2) for setting the value of
the interval time.

Set the lower 8-bit value to TREG1L first, and then, set the higher 8-bit value
to TREG1H.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “O000H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
timer register. The real-time value of up-counter can be read out by reading
TREG1L and TREG1H.

TREGI1L and TREG1H is not initialized when resetting. TREG1H must be
read after reading TREG1L. In case an overflow occurs immediately after
reading TREG1L, the carry-over is added to the value of TREG1H.

Note: TREG1H must be written a data. Otherwise, the up-counter is not compared
with the timer register.
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Comparator
16-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of

up-counter, a match signal is outputted from comparator, and interrupt request
(INTT1) occurs.

Output control circuit
The match signal from comparator is divided by 2 with a flip-flop (F/F) and can
be outputted to TO1(P83 and P96).

When TO1CR<TO1SET>is 1, TO1 output is set to 1 and when <TO1SET> is 0,
the divided signal is outputted from TO1.

When TO1CR<TFFSET> is 1, the flip-flop is set to 1 and when TO1CR
<TFFRESET> is 1, the flip-flop is cleared to 0.

(2) Control register

Timer Counter Control Register 10

TCCR10

Timer Register 1 Lower order

TREG1L

Timer Register 1 Higher order

TREG1H

7 6 5 4 3 2 1 0
©o2sH) | cect | TicL | Ticika [ Ticiko | ciBco | TocL | TocLk1 | TOCLKO | (nitial value: 0000 0000)
CLBC1 TC1 counter clear by match 0: Disable
1: Enable
T1CL TC1 counter clear 0: -
1: Clear (One-shot) RIW
T1CLK1 TC1 source clock selection 00: T (from P52)
01: TBC2
T1CLKO 10: TBC4
11: TBC6
7 6 5 4 3 2 1 0
©o2aH) | Tc17 | Tc1e | Te1s | te1a | te1s | Te12 | te11 | Te10 | niial vatue: 0000 0000) Read
[ 7R17 | TR16 | TR15 | TR14 | TR13 | TR12 | TR11 | TR10 | (nitial value: e sxxs) write
Prohibit read-modify-write.
7 6 5 4 3 2 1 0
©o28H) | Tc1F | Tc1E | Teip | teic | teie | tcia | tcie | Tc18 | (mitial vaiue: 0000 0000) Read
| 7RiF | TR1E | TR1ID | 7RIC | TR1B | TR1A | TR19 | TR18 | (mitial value: ##vs sy write

Prohibit read-modify-write.

Note:

Writing and reading in order of TREG1L — TREG1H are necessary.

Timer Start Control Register

TRUN 7 6 5 4 3 2 1 0
©o27H) T5RUN | T4RUN | T3RUN | T2RUN | TARUN | TORUN | (initial Value: *+00 0000)
T1RUN TC1 count start 0: Stop RIW
1: Start
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TO1 Control Register

TOICR 7 6 5 4 3 2 1 0
(0062H) + L | TFERES | TEFSET [TO10N | TO1SET | (iniial Value: *++ 0000)
TFFRES Flip Flop reset 0: -
1: Reset (One-shot)
TFFSET Flip Flop reset 0: -
1: Set (One-shot) )
write only
TO10ON TO1 ON/OFF 0: OFF
1: ON
TO1SET TO1 output control 0: Divided signal is outputted from TO1.
1: Set TO1 to 1.

Prohibit read-modify-write.

Figure 3.6.4 Registers for TC1

(3) Operation
a. Timer mode
In this mode, the up-counter counts up with TBC2, TBC4 or TBC6.

Stop TC1 first, and select one input clock by TCCR10<T1CLK1,0> and set an
interval time to TREG1L and TREG1H. Then, enable TC1 interrupt INTT1) and
start TC1. The INTT1 interrupt request occurs when the value of the up-counter
coincides with the value of TREG1L and TREG1H.

Table 3.6.2 Interrupt Interval or the TC1

Interrupt Interval (at fc = 16 MHz) Resolution Input Clock
05us to 32.768 ms 0.5 us TBC2 (2%sys)
2us  to 131.072 ms 2 us TBC4 (2% fsys)
8us to 524.288 ms 8 us TBC6 (2% fsys)

b. Event counter mode

In this mode, the up-counter counts up with the rising edge of TI1 (P52).

Stop TC1 first, and select TI1 as a source clock by TCCR10<T1CLK1,0> and
set an interval time to TREGIL and TREG1H. Then, enable TC1 interrupt
(INTT1) and start TC1. The INTT1 interrupt request occurs when the value of
the up-counter coincides with the value of TREG1L and TREG1H.

The maximum input frequency is fsys/23 [Hzl (1 MHz at fc = 16 MHz). The

minimum input pulse width (H level and L level) is each 22/fsys [s] (500 ns at fc =
16 MHz).
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c. Timer output 1 (TO1)
The match signal from comparator is divided by 2 with the flip-flop (F/F). The
divided signal is outputted to TO1(P83 and P96).

Example: When outputing 40 [kHz] pulse at fc = 16 MHz (duty 50%), set up each
register in order of the following.

~
o
[&)]
IN
w
N
N
o

TRUN - ————— 0
TO1CR ———--100
TCCR10 0101—-—-

The count of the TC1 is stopped.
Reset the flip-flop.
Counter is cleared and the source clock is set to TBC2 (0.5 ps).

o |

TREG1L 00011001 40 kHz, 0019H is set to timer register.
TREG1H 00000O0O0O0

INTT1TO 0000 ---- (INTT1 interrupt is disabled in this example.)
TOICR - - - - - — 1 - TO1 output is “ON”.

TRUN -—-—=-=-0010 TC1 starts counting.

Note: —; No change
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3.6.3  16-Bit Timer Counter (TC2)
(1) Block diagram

N Internal data bus §
TREG2L-RD, TREG2H-RD
TRUN<T2RUN> Roret

TI2 (from P51) — RD Il
TBC2 (from TBC) —> \ipox 16-bit Counter R TCCR32<T2CL>

TBC4 (from TBC) —>|

TBC6 (from TBC) —>| TCCR32<CLBC2>
TCCR32<T2CLK1, 0> match T2
16-bit Comparator
TRUN<T2RUN>

ﬁ

16-bit Timer Register ~ [«——TREG2L-WR, TREG2H-WR

ijikfi

Internal data bus

Figure 3.6.5 Composition of the Timer Counter 2

a. Up-counter
The 16-bit up-counter counts up with the input clock selected by Timer
Counter Control Register 32 (TCCR32)<T2CLK1,0>. The input clock can be
selected from TBC2(22/fsys), TBC4(24fsys), TBC6(27/fsys) from Time Base
Counter (TBC) and TI2(P51). The up-counter starts to count up when Timer
Start Control Register (TRUN)<T2RUN> is 1, and it stops to count up when
TRUN<T2RUN> is 0. Reset operation clears the up-counter and TRUN

<T2RUN>.

When TCCR32<CLBC2> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is directly cleared by setting TCCR32<T2CL> to 1.

b. Timer register (TREG2L/TREG2H)
The timer register is 16-bit register (8-bit register x 2) for setting the value of
the interval time.

Set the lower 8-bit value to TREG2L first, and then, set the higher 8-bit value
to TREG2H.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “O000H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
timer register. The real-time value of up-counter can be read out by reading
TREG2L and TREG2H.

TREG2L and TREG2H is not initialized when resetting. TREG2H must be

read after reading TREG2L. In case an overflow occurs immediately after
reading TREG2L, the carry-over is added to the value of TREG2H.
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Note: TREG2H must be written a data. Otherwise, the up-counter is not compared
with the timer register.

c. Comparator
16-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of

up-counter, a match signal is outputted from comparator, and interrupt request
(INTT?2) occurs.

(2) Control register

Timer Counter Control Register 32

TCCR32 7 6 5 4 3 2 1 0
©oo2cH) | cieca | T3cL | msciki | sciko | ciec2 | Tect | T2ciki | T2ciko | mita vaiue: 0000 0000)

CLBC2 TC2 counter clear by match 0: Disable
1: Enable
T2CL TC2 counter clear 0: -
1: Clear (One-shot) RIW
T2CLK1 TC2 source clock selection 00: TI2 (from P51)
01: TBC2
T2CLKO 10: TBC4
11: TBC6

Timer Register 2 Lower order

TREG2L 7 6 5 4 3 2 1 0
©o2eH) | Tco7 | Tcos | Tcos | teoa | Teos | tc22 | te21 | Tc20 | gnitial vatue: 0000 0000) Read

| TR27 | 7Ro6 | TR25 | TR24 | TR23 | TR22 | TR21 | TR20 | (itial value: wers sy write
Prohibit read-modify-write.

Timer Register 2 Higher order

TREG2H 7 6 5 4 3 2 1 0
©o2FH) | Tc2F | Tc2E | Teop | Teac | te2 | Te2a | Tc2e | Tc2s | nitial value: 0000 0000) Read

| TRoF | TrRoE | TRoD | TRoc | TR2B | TRoA | TR29 | TR28 | (mitial value: #xer sy write
Prohibit read-modify-write.

Note: Writing and reading in order of TREG2L->TREG2H are necessary.

Timer Start Control Register

TRUN 7 6 5 4 3 2 1 0
(0027H) |, . T5RUN | T4RUN | T3RUN | T2RUN I T1RUN | TORUN | (Initial Value: **00 0000)
T2RUN TC2 count start 0: Stop
R/W
1: Start

Figure 3.6.6 Registers for TC2
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(3) Operation
a. Timer mode

In this mode, the up-counter counts up with TBC2, TBC4 or TBC6.

Stop TC2 first, and select one input clock by TCCR32<T2CLK1,0> and set an
interval time to TREG2L and TREG2H. Then, enable TC2 interrupt (INTT2) and
start TC2. The INTTZ2 interrupt request occurs when the value of the up-counter
coincides with the value of TREG2L and TREG2H.

Table 3.6.3 Interrupt Interval for the TC2

Interrupt interval .

Resolution Input Clock
(at fe=16 MHz) P
0.5 ps to 32.768 ms 0.5 us TBC2 (2%fsys)
2 ps to 131.072 ms 2.0 us TBC4 (2*fsys)
8 us to 524.288 ms 8.0 us TBC6 (2%fsys)

b. Event counter mode
In this mode, the up-counter counts up with the rising edge of TI2 (P51).

Stop TC2 first, and select TI2 as a source clock by TCCR32<T2CLK1,0> and
set an interval time to TREG2L and TREG2H. Then, enable TC2 interrupt
(INTT2) and start TC2. The INTT2 interrupt request occurs when the value of
the up-counter coincides with the value of TREG2L and TREG2H.

The maximum input frequency is fsys/23 [Hz] (1 MHz at fc = 16 MHz). The

minimum input pulse width (H level and L level) is each 22/fsys [s] (500 ns at fc
=16 MHz).
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3.6.4  16-Bit Timer Counter (TC3)
(1) Block diagram

S Internal data bus S
ﬁ ﬁ TREG3L-RD, TREG3H-RD
TRUN<T3RUN> Reset

TI3 —>| RD J_I_
TBC2 (from TBC) —> \ipx 16-Bit Counter R TCCR32<T3CL>

TBC4 (from TBC) —>|

TBC6 (from TBC) —> TCCR32<CLBC3>
TCCR32<T3CLK1, 0> 2 Match
16-Bit Comparator INTT3
TRUN<T3RUN>

ﬁ

16-Bit Timer Register ~ [«——TREG3L-WR, TREG3H-WR

k(i

Internal data bus

Figure 3.6.7 Composition of the timer counter 3

a. Up-counter
The 16-bit up-counter counts up with the input clock selected by Timer
Counter Control Register 32 (TCCR32)<T3CLK1,0>. The input clock can be
selected from TBC2(22/fsys), TBC4(24/fsys), TBC6(27/fsys) from Time Base
Counter (TBC) and TI3(P50). The up-counter starts to count up when Timer
Start Control Register (TRUN)<T3RUN> is 1, and it stops to count up when
TRUN<T3RUN> is 0. Reset operation clears the up-counter and TRUN
<T3RUN>.
When TCCR32<CLBC3> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is directly cleared by setting TCCR32<T3CL> to 1.

b. Timer register (TREG3L/TREG3H)
The timer register is 16-bit register (8-bit register x 2) for setting the value of
the interval time.

Set the lower 8-bit value to TREG3L first, and then, set the higher 8-bit value
to TREG3H.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “O000H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
timer register. The real-time value of up-counter can be read out by reading
TREG3L and TREG3H.

TREG3L and TREG3H is not initialized when resetting. TREG3H must be
read after reading TREG3L. In case an overflow occurs immediately after
reading TREG3L, the carry-over is added to the value of TREG3H.

Note: TREG3H must be written a data. Otherwise, the up-counter is not compared
with the timer register.
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c. Comparator
16-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of

up-counter, a match signal is outputted from comparator, and interrupt request
(INTTS3) occurrs.

(2) Control register

Timer Counter Control Register 32

TCCR32 7 6 5 4 3 2 1 0
(002CH) | CLBC3 | T3CL | T3CLK1 |T30LKO| CLBC2 | T2CL | T2CLK1 |T20LKO |(Initial Value: 0000 0000)

CLBC3 TC3 counter clear by match 0: Disable
1: Enable
T3CL TC3 counter clear 0: -
1: Clear (One-shot) RIW
T3CLK1 TC3 source clock selection 00: TI3 (from P50)
01: TBC2
T3CLKO 10: TBC4
11: TBC6

Timer Register 3 Lower order

TREG3L 7 6 5 4 3 2 1 0
©osoH) | Tc37 | Tc3e | Teas | Tcaa | Te33 | Te32 | Te3tr | T30 | mitar vatue: 0000 0000) Read

| TR37 | 7R36 | TR35 | TR34 | TR33 | TR32 | TR31 | TR30 | (nitial value: wees sy write
Prohibit read-modify-write.

Timer Register 3 Higher order

TREG3H 7 6 5 4 3 2 1 0
©os1H) | Tc3F | Tc3e | teap | Teac | tese | tesa | tesa | Te3s | anitial vatue: 0000 0000) Read

| TRaF | TR3E | 7TR3D | TR3c | TR3B | TR3A | TR39 | TR38 | (mitial value: *++ oy wiite
Prohibit read-modify-write.

Note: Writing and reading in order of TREG3L->TREG3H are necessary.

Timer Start Control Register

TRUN 7 ____6__ 5 4 3 2 1 0
(0027H) , L | T5RUN | T4RUN | T3RUN | T2RUN | T1RUN | TORUN |(Initial Value: **00 0000)
T3RUN TC3 count start 0: Stop
R/W
1: Start

Figure 3.6.8 Registers for TC3
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(3) Operation
a. Timer mode

In this mode, the up-counter counts up with TBC2, TBC4 or TBC6.

Stop TC3 first, and select one input clock by TCCR32<T3CLK1,0> and set an
interval time to TREG3L and TREG3H. Then, enable TC3 interrupt (INTT3) and
start TC3. The INTT3 interrupt request occurs when the value of the up-counter
coincides with the value of TREG3L and TREG3H.

Table 3.6.4 Interrupt interval for the TC3

Interrupt interval (at fc = 16 MHz) Resolution Input Clock
0.5 s to 32.768 ms 0.5 us TBC2 (2%fsys)
2 us to 131.072 ms 2.0 us TBC4 (2%fsys)
8 us to 524.288 ms 8.0 us TBC6 (2%sys)

b. Event counter mode

In this mode, the up-counter counts up with the rising edge of TI3 (P50).

Stop TC3 first, and select TI3 as a source clock by TCCR32<T3CLK1,0> and
set an interval time to TREG3L and TREG3H. Then, enable TC3 interrupt
(INTT3) and start TC3. The INTTS interrupt request occurs when the value of
the up-counter coincides with the value of the TREG3L and TREG3H.

The maximum input frequency is fsys/23 [Hz] (1 MHz at fc = 16 MHz). The
minimum input pulse width (H level and L level) is each 2%/fsys [s] (500 ns at fc
=16 MHz).
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3.6.5  16-Bit Timer Counter (TC4)

(1) Block diagram

S Internal data bus %

TREGA4L-RD, TREG4H-RD
TRUN<T4RUN> Reset

v
RD

TI4 —> Il
CFGTM (from CAPIN) —> 1oy 16-Bit Counter R TCCR54<T4CL>

TBC6 (from TBC) —>»|

TBC10 (from TBC) —>»| TCCR54<CLBC4>
TCCR54<T4CLK1, 0> Match
16-Bit Comparator INTT4
TRUN<T4RUN>

a.

il

16-Bit Timer Register ~ [«——TREG4L-WR, TREG4H-WR

0 1t

Internal data bus

Figure 3.6.9 Composition of the timer counter 4

Up-counter

The 16-bit up-counter counts up with the input clock selected by Timer
Counter Control Register 54 (TCCR54)<T4CLK1,0>. The input clock can be
selected from TBC6(2¢/fsys), TBC10(219/fsys) from Time Base Counter (TBC),
CFGTM signal from Capture Input Control Circuit (CAPIN) and TI4(P51). The
up-counter starts to count up when Timer Start Control Register
(TRUN)<T4RUN> is 1, and it stops to count up when TRUN<T4RUN> is 0.
Reset operation clears the up-counter and TRUN<T4RUN>.

When TCCR54<CLBC4> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is cleared by setting TCCR54<T4CL> to 1.

Timer register (TREG4L/TREG4H)

The timer register is 16-bit register (8-bit register x 2) for setting the value of
the interval time.

Set the lower 8-bit value to TREGA4L first, and then, set the higher 8-bit value
to TREG4H.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “0000H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
timer register. The real-time value of up-counter can be read out by reading
TREG4L and TREG4H.

TREG4L and TREG4H is not initialized when resetting. TREG4H must be
read after reading TREG4L. In case an overflow occurs immediately after
reading TREG4L, the carry-over is added to the value of TREG4H.

Note: TREG4H must be written a data. Otherwise, the up-counter is not compared
with the timer register.
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c. Comparator
16-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of

up-counter, a match signal is outputted from comparator, and interrupt request
(INTT4) occurs.

(2) Control register

Timer Counter Control Register 54

TCCR54 7 6 5 4 3 2 1 0
(002DH) | CLBC5 | T5CL | T5CLK1 |T5CLKO| CLBC4 | T4CL | T4CLK1 |T4CLKO I(Initial Value: 0000 0000)

CLBC4 TC4 counter clear by match 0: Disable
1: Enable
T4CL TC4 counter clear 0: -
1: Clear (One-shot) RIW
T4CLK1 TC4 source clock selection 00: TI4 (from P51)
01: CFGTM (from CAPIN)
T4CLKO 10: TBC6
11: TBC10

Timer Register 4 Lower order

TREGA4L 7 6 5 4 3 2 1 0
©o32H) | Tcaz | Tcas | Tcas | Tcas | Tcaz | Tca2 | Tcar | Tcao | gnitial value: 0000 0000) Read

| TRa7 | TRa6 | TRa5s | TRa4 | TRz | TRa2 | TRa1 | TR40 | (nitial value: wern wreny write
Prohibit read-modify-write.

Timer Register 4 Higher order

TREG4H 7 6 5 4 3 2 1 0
©033H) | TcaF | TcaE | Tcap | Tcac | TcaB | Tcaa | Tcao | Tcas | niial value: 0000 0000) Read

| TR4F | TR4E | TR4D | TR4c | TR4B | TRaA | TRao | TRag |mitial Value: sssx +re wiite
Prohibit read-modify-write.

Note: Writing and reading in order of TREG4L->TREG4H are necessary.

Timer Start Control Register

TRUN 7 ____6__ 5 4 3 2 1 0
(0027H) , L | T5RUN | T4RUN | T3RUN | T2RUN | T1RUN | TORUN |(Initial Value: **00 0000)
T4RUN TC4 count start 0: Stop
R/W
1: Start

Figure 3.6.10 Registers for TC4
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(3) Operation
a. Timer mode

In this mode, the up-counter counts up with TBC6 or TBC10.

Stop TC4 first, and select one input clock by TCCR54<T4CLK1,0> and set an
interval time to TREG4L and TREG4H. Then, enable TC4 interrupt (INTT4) and
start TC4. The INTT4 interrupt request occurs when the value of the up-counter
coincides with the value of TREG4L and TREG4H.

Table 3.6.5 Interrupt Interval for the TC4

Interrupt interval (at fc = 16 MHz) Resolution Input Clock
8 us to 524.288 ms 8.0 us TBC6 (2°sys)
128 us to 8388.608 ms 128 s TBC10  (2'%sys)

b. Event counter mode
In this mode, the up-counter counts up with the rising edge of TI4 (P51).

Stop TC4 first, and select TI4 as a source clock by TCCR54<T4CLK1,0> and
set an interval time to TREG4L and TREG4H. Then, enable TC4 interrupt
(INTT4) and start TC4. The INTT4 interrupt request occurs when the value of
the up-counter coincides with the value of the TREG4L and TREG4H.

The maximum input frequency is fsys/23 [Hz] (1 MHz at fc = 16 MHz). The
minimum input pulse width (H level and L level) is each 22/fsys [s] (500 ns at fc
=16 MHz).

c. Capstan FG signal counter mode
In this mode, the up-counter counts up with the rising edge of CFGTM signal
from CAPIN.

Stop TC4 first, and select CFGTM as a source clock by TCCR54<T4CLK1,0>
and set an interval time to TREG4L and TREG4H. Then, enable TC4 interrupt
(INTT4) and start TC4. The INTT4 interrupt request occurs when the value of
the up-counter coincides with the value of TREG4L and TREG4H.
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3.6.6  16-Bit Timer Counter (TC5)
(1) Block diagram

TBC4 (from TBC) —>

VSYNC 16-Bit T5MOD<VSMOD>
— > RD
(from CSYNC) Data Latch

S Internal data bus §

TREG5L-RD, TREG5H-RD
TRUN<T5RUN> Reset )
RD

TI5 — J_L
CSYNCA (from CSYNC) —>{ | 1oy 16-Bit Counter R TCCR54<T5CL>
VSYNC (from CSYNC)
TBC6 (from TBC) —>| TCCR54<T5CLK1, 0>=01

TCCR54<T5CLK1, 0> ﬁgg;}i’gfg‘g&

16-Bit Match INTT5

Comparator
16-Bit

a.

Timer Register l«— TREG5L-WR, TREG5H-WR

7T 7%

Internal data bus

Figure 3.6.11 Composition of the timer counter 5

Up-counter
The 16-bit up-counter counts up with the input clock selected by Timer
Counter Control Register 54 (TCCR54)<T5CLK1,0>. The input clock can be

selected from TBC4(24fsys), TBC6(26/fsys) from Time Base Counter (TBC),
CSYNCA signal from Sync Signal Separator (CSYNC) and TI5(P50). The up-
counter starts to count up when Timer Start Control Register (TRUN)<T5RUN>
is 1, and it stops to count up when TRUN<T5RUN> is 0. Reset operation clears
the up-counter and TRUN<T5RUN>.

When TCCR54<CLBC5> is 1, the up-counter is cleared by the match signal
from the comparator.

The up-counter is cleared by setting TCCR54<T5CL> to 1.

Timer register (TREG5L/TREG5H)
The timer register is 16-bit register (8-bit register x 2) for setting the value of
the interval time.

Set the lower 8-bit value to TREGS5L first, and then, set the higher 8-bit value
to TREG5H.

When the value of timer register coincides with the value of up-counter, a
match signal is outputted from comparator. In case of setting “O000H” to timer
register, the match signal is outputted from comparator when up-counter
overflows.

The set data is transferred to the comparator immediately after writting to
timer register. The real-time value of up-counter can be read out by reading
TREG5L and TREG5H.

TREG5L and TREG5H is not initialized when resetting. TREG5H must be

read after reading TREGS5L. In case an overflow occurs immediately after
reading TREG5L, the carry-over is added to the value of TREG5H.
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Note : TREG5H must be written a data. Otherwise, the up-counter is not compared
with the timer register.

Comparator

16-bit comparator compares the value of up-counter with the setting value of
the timer register. When the value of timer register coincides with the value of
up-counter, a match signal is outputted from comparator, and interrupt request

(INTT5) occurs.

Data latch

The data latch latches the value of the up-counter at the rising edge of the
vertical synchronizing signal VSYNC and read the value of this latch from
TREG5L and TREG5H when TSMOD<VSMOD> is 1.

(2) Control register

Timer Counter Control Register 54

TCCR54 7

6 5 4 3 2 1

©o2oH) | ciees | tscL [ tsciki [ tsciko | cieca | tacL | Taciki | Taciko | mitial vaiue: 0000 0000)

CLBC5 TC5 counter clear by match 0: Disable
1: Enable
T5CL TC5 counter clear 0: -
1: Clear (One-shot) RIW
T5CLK1 TC5 source clock selection 00: TI5 (from P50)
01: CSYNCA (from CSYNC)
T5CLKO 10: TBC4
11: TBC6

Timer Register 5 Lower Order

TREG5L 7

6 5 4 3 2 1 0

©03aH) | Tcs7 | Tese | Tess | Tesa | Tess | tes2 | test | Teso | itial vatue: 0000 0000) Read

| TRs7 | TRs6 | TRs5 | TRs4 | TRs3 | TR52 | TR51 | TR50 | (mitial value: *++ ey write

Prohibit read-modify-write.

Timer Register 5 Higher Order

TREG5H 7

6 5 4 3 2 1 0

©o3sH) | TcsF | Tese | tesp | Tesc | Tese | Tesa | Tesa | Tess | anitial vatue: 0000 0000) Read

| TrRsF | Trse | TRsD | TRsc | TRsB | TRsA | TRs9 | TR58 | (nitial value: wers sy write

Prohibit read-modify-write.

Note: Setting and reading in order of TREG5L->TREGS5H are necessary.

Timer Start Control Register

TRUN 7
(0027H) 1

6 5 4 3 2 1 0
______ I T5RUN | T4RUN I T3RUN | T2RUN | T1RUN I TORUN |(Initial Value: **00 0000)
TC5 :
count start 0: Stop RIW
1: Start
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TC5 Mode Control Register

TsSMoD 76 ___ 5 __ A .3 .2 _._.1_. 0
(008EH) 1 R T T T T S VSMOD | (Initial Value: *#+* *++0)
VSMOD TC5 function selection 0: Timer/Event Counter

R/W

1: C.sync Counter

Figure 3.6.12 Registers for TC5

(3) Operation
a. Timer mode

In this mode, the up-counter counts up with TBC4 or TBC6.

Stop TC5 first, and select one input clock by TCCR54<T5CLK1,0> and set an
interval time to TREG5L and TREG5H. Then, enable TC5 interrupt (INTT5) and
start TC5. The INTT5 interrupt request occurs when the value of the up-counter
coincides with the value of TREG5L and TREG5H.

Table 3.6.6 Interrupt interval for the TC5

Interrupt interval (at fc = 16 MHz) Resolution Input Clock
2 ps to 131.072 ms 2.0 ps TBC4 (2%fsys)
8 us to 524.288 ms 8.0 us TBC6 (2%fsys)

b. Event counter mode
In this mode, the up-counter counts up with the rising edge of TI5 (P50).

Stop TC5 first, and select TI5 as a source clock by TCCR54<T5CLK1,0> and
set an interval time to TREG5L and TREG5H. Then, enable TC5 interrupt
(INTT5) and start TC5. The INTT5 interrupt request occurs when the value of
the up-counter coincides with the value of the TREG5L and TREG5H.

The maximum input frequency is fsys/23 [Hz] (1 MHz at fc = 16 MHz). The

minimum input pulse width (H level and L level) is each 2%/fsys [s] (500 ns at fc
=16 MHz).

c. Composite Sync. (C.Sync) signal counter mode

In this mode, the up-counter counts up with the rising edge of CSYNCA signal
from CSYNC. Composite Sync. signal (C.sync) is inputted to CSYNCIN (P86) pin
and its edge is selected by Sync Signal Separator (CSYNC). TC5 can measure the
selected signal CSYNCA by synchronizing with the Vertical Synchronizing Signal
(V.sync).

Stop TC5 first, and set TEMOD<VSMOD> to 1 and CSYNCA signal is selected
as a source clock when TCCR54<T5CLK1,0>. Then, start TC5. The data latch
latches the value of the up-counter at the rising edge of the VSYNC signal and
the up-counter is cleared at the same time.

Composite Sync. signal can be measured by reading the data latch in Capture
0 interrupt (INTCAPO) service routine.
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3.7 Capture

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, time
measurement process for servo control can be done in high accuracy.

The capture circuit consists of the capture 0 (CAPO) with eight level of 24-bit FIFO (first-in
first-out) data buffer, the capture 1 (CAP1) and the capture 2 (CAP2) with single level of 17-bit
FIFO data buffers.

3.7.1  Capture Input Control Circuit (CAPIN)

Capture input control circuit (CAPIN) controls the trigger input signals for the three
channels of capture circuits (CAP0O, CAP1 and CAP2), and consists of the capture 0 input
control circuit, capture 1 input control circuit and capture 2 input control circuit.

(1) Capture 0 (CAPO) input control circuit

Il

RMTU f
(from RMTINY RMTU (to CAPO)
Tl CAPINCRO<CAPOOE>
RMTD f
(from RMTINY RMTD (to CAPO)
Tl CAPINCRO<CAPO1E>
VSYNC f
(from CSYNCY VS (to CAPO)
CAPINCRO<CAPO02E>
CAPINCR3<CTLPO> CAPINCR3<CTLEG> VIVACR2<MSK1>

f | 1/1 to 1/64
CTLIN MPX MPX J_I_ itp e Divi MPX
(from P80) 6-bit Programmable Divider | T—D_’CTL (to CAPO)

PCTLA < CAPINCRO<CAPO3E>

(to VISS/VASS, TCO) CAPINCR1<PCPR5:0>
CAPINCR4<EXTEG>

i
ext JH n
(from P83) }{f\_ MPX ’_D—>EXT (to CAPO)
CAPINCR3<DPGEG>

v
opon 17 H n
(from P84) >‘{ ~H MPX ’_D—>DPG (to CAPO)

CAPINCRO<CAPO4E>

CAPINCRO<CAPO5E>

J_I_ Q (—— > CSYNCR<DPGST>

CSYNCR<DPGST>

Note: The minimum input pulse width (“H” level and “L” level) of CTLIN, EXT, DPGIN are 2/fgys
(250 ns at fc = 16 MHz).

Figure 3.7.1 Capture 0 input control circuit
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Remote control signal rising edge (RMTU)

This is the rising 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
Control Register 0 (CAPINCR0)<CAPOOE>.

Remote control signal falling edge (RMTD)

This is the falling 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
CAPINCRO<CAPO1E>.

Sync. separation input (VS)

This is the vertical synchronizing signal (VSYNC) separated from Composite
Sync.signal by Syncronizing signal separator (CSYNC).

Enabling this trigger input to capture 0 (CAPO) controlled by CAPINCRO
<CAPO2E>.

Control signal input (CTL)

The CTLIN signal is a pulse formed with an external amplifier from the
picture CTL signal and inputted to pin80 (CTLIN). The polarity of CTLIN can be
selected by Capture Input Control Register 3 (CAPINCR3)<CTLPO>. The
capturing timing can be selected from either rising edge of control signal or both
rising and falling edges by CAPINCR3<CTLEG>. The detected edge signal can
be divided by a 6-bit programmable frequency divider. The frequency division
ratio can be set by Capture Input Control Register 1 (CAPINCR1)<PCPR5 to 0>
from 1/1 to 1/64. It is selectable to skip the dividing process for CTLIN by
VISS/VASS Control Resister 2 (VIVACR2)<MSK1>.

Enabling the trigger input to capture 0 (CAPO) is controlled by CAPINCRO
<CAPO3E>.

EXT Input (EXT)

This is the trigger signal from EXT (P83) pin. Rising edge or rising/falling edge
of EXT is selected by Capture Input Control Register 4 (CAPINCR4)<EXTEG>.

Enabling the trigger input to capture 0 (CAPO) is controlled by CAPINCRO
<CAPO4E>.
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f.  Drum PG signal input (DPG)
The external Drum PG signal is inputted to DPGIN (P84) pin.

Rising edge or rising/falling edge of DPGIN is selected by Capture Input
Control Register 3 (CAPINCR3)<DFGEG>.

Enabling the trigger input to capture 0 (CAPO) is controlled by CAPINCRO
<CAPO5E>.

A status F/F is also set by DPGIN. The status F/F can be read by CSYNC
Control Register (CSYNCR)<DPGST>. By setting <DPGST> to 1, the status F/F

is cleared.

(2) Capture 1 (CAP 1) Input Control

CAPINCR3<DFGEG>

v
f— I 0i>_R 3-bit programmable Il

DFGIN ivi »—>> DFG (to CAP1
divid (to )
(from P81) MPX CK et

\ B {} CAPINCRO<CAP1E>

R Comparator

CAPINCR3<DIVCLR>

CAPINCR2<DPCP2 to 0>

Note: The minimum input pulse width (“H” level and “L” level) of DFGIN is fgys/2
(250 ns at fc = 16 MHz).

Capture 1 input control circuit

The trigger of capture 1 (CAP1) is the external Drum FG signal (DPGIN). Rising
edge or falling edge of DFGIN is selected by CAPINCR3<DFGED>. The detected edge
signal 1s divided by a 3-bit programmable frequency divider from 1/1
(CAPINCR2<DPCP2 to 0 = 0H>) to 1/8 (<DPCP2 to 0> = 7H). 3-bit programmable
divider and <DPCP2:0> can be cleared to 0 by setting CAPINCR3<DIVCLR>.
Enabling trigger input to Capturel (CAP1) is controlled by CAPINCRO<CAP1E>.

Figure 3.7.2 shows a timing chart of the Capture 1 Control Circuit.

DPGIN 1
(from P8)

DPG
(to CAPO)

DFGIN _ﬂ ﬂ ﬂ

(from P84)

| ) ) B |

(to CEIL:% [ I / I I l :
&— Clear by setting CSYNCR<DPGST> |
\ | \\

<DFGST> \ |
\ T A}
' ! \
Divider 0 ,(1X2)\0:(1X2)\0//’1(1‘X2
/ ]
2H //' Il'

A Set CAPINCR2<DPCP21t0 0>  / /

S

€<4----t-—---}—

<DPCP2 to 0> oH

><

7

Ntearr | |||~ / | | |¢

Figure 3.7.2 Capture 1 input control timing chart

93CF76-109 2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

(3) Capture 2 (CAP2) Input Control

CAPINCR3 CAPINCR3 CAPINCR3
<CFGPO> <CFGWPR> <CFGEG>

1/1to 1/64
crain S -
(from P85) MPX MPX MPX |—— 6-bit Programmable Divider

CFGTM < CAPINCR4<CFGPRS5 to 0>
(to TC4)
°< VIVACR2<MSKO0>
Mask F/F 1 ¢
S
0| mMPx CFG
Q f (to CAP2)
R
R TBC8/2* CAPINCRO<CAP2E>
4-bit Count
TBCS " it Counter f _D_ <
(from TBC) J_I_ Q —>CAPINCR2
CAPCR<CFGCL> R <CFGMCP>
CFG flag

Note: The minimum input pulse width (“H” level and “L” level) of CFGIN is 2/fsys (250 ns
at fc = 16 MHz).

Figure 3.7.3 Capture 2 input control circuit

The trigger of capture 2 (CAP2) is the external capstan FG signal (CFGIN). The
polarity of CFGIN can be selected by CAPINCR3 <CFGPO>. The input signal can be
divided 1/1 or 1/2 by using CAPINCR3<CFGWPR>. Either rising edge or both rising
and falling edges of CFGIN signal can be selected by CAPINCR3<CFGEG>. The
detected edge signal can be divided by a 6-bit programmable frequency divider. The
frequency division ratio can be set by Capture Input Control Register 4
(CAPINCR4)<CFGPR5 to 0>. The divided CFGIN signal can be masked during an
interval of TBCS8 (29fc) x 8 [s] by a 4-bit mask counter. The CFGIN signal during the
interval is not inputted to CAP2, but sets CAPINCR2<CFGMCP> to 1. The CFG flag
<CFGMCP> can be reset to 0 by CAPCR<CFGCL>. CFGIN signal to mask processing
or by-passing can be selected by VIVACR2<MSKO0>.

Enabling the trigger input to capture 2 (CAP2) is controlled by
CAPINCRO<CAP2E>.

Figure 3.7.4 shows the timing chart for Capture 2 Input Control.
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Capstan FG
input
(CFGIN)

4-bit counter

Mask F/F

CFG (to CAP2) M M

CFG flag I

Figure 3.7.4 Capture 2 input control timing chart (VIVACR2<MSKO0> = 0)

(4) Capture Input Control Register

Capture Input Control Register 0

CAPINCRO 7 6 5 4 3 2 1 0
(0046H) CAP2E CAP1E CAPO5E CAPO4E CAPO3E CAPO2E CAPO1E CAPOOE | (Initial Value:
(CFG) (DFG) (DPG) (EXT) (CTL) (VS) (RMTD) (RMTU) | 0000 0000)
CAP2E Capture 2 input Enable/Disable 0: Disable
1: Enable
CAP1E Capture 1 input Enable/Disable 0: Disable RIW
1: Enable
CAPOS5E to Capture 0 input Enable/Disable 0: Disable
CAPQOE 1: Enable
Capture Input Control Register 1
CAPINCR1 7 6 5 4 3 2 1 0 (Initial Value:

©o0a7H) | pcTicki | peticko | pcrrs | pcpra | pcPrs [ pcpro [ pcPr1 [ PcPro ] o000 0000)

PCPRS5 to CTL signal (CTLIN) fregency division | 000000: 1/1
PCPRO ratio (1/1 to 1/64) 000001: 1/2

R/W
to
111111: 1/64
Capture Input Control Register 2
CAPINCR2 7 6 5 4 3 2 1 0 (Initial Value:
(0048H) ;_ .0 RMTST | RMTPO | RMTBP I CFGMCP | DPCP2 | DPCP1 | DPCPO |0000 0000)
CFGMCP CFG flag 0: Normal
read only
1: Error
DPCP2 to DFG signal (DFGIN) 000: 1/1
DPCPO frequency division ratio (1/1 to 1/8) 001: 1/2 RIW
to
111: 1/8

Note: The bit 7 should be cleared to 0.
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Capture Input Control Register 3

CAPINCR3 7 6 5 4 3 2 1 0 (Initial Value:
©osoH) | pivclr | ctpo | crepo | ppeec | preec | crewpr | cFeec | cTLEG 0000 0000)
DIVCLR DFG divider 0: -
division ratio clear 1: Clear (One-shot)
CTLPO CTL input polarity selection 0: Positive
1: Negative
CFGPO CFG input polarity selection 0: Positive
1: Negative
DPGEG DFG input edge selection 0: Rising edge
1: Both ed
: : —— RW
DFGEG DFG input edge selection 0: Rising edge
1: Falling edge
CFGWPR CFG input division ratio 0: 11
1:1/2
CFGEG CFG input edge selection 0: Both edge
1: Rising edges
CTLEG CTL input edge selection 0: Rising edge
1: Both edges
Capture Input Control Register 4
CAPINCR4 7 6 5 4 3 2 1 0 (Initial Value:
(0068H) EXTEG | . | cFePrs | cFGPra | cFGPR3 | cFGPR2 | CFGPR1 | GFGPRO | 0+00 0000)
EXTEG EXT input edge selection 0: Rising edge
1: Both edges
CFGPR5to | CFG signal (CFGIN) 000000: 1/1 R/W
CFGPRO Frequency division ratio (1/1 to 1/64) to
111111: 1/64
CSYNC Control Register
CSYNCR ___ 7 _____ .6 __ 5 4 3 2 1 0 (Initial Value:
(0057H) ;_ .0 _; _______ | DPGST | CSYNCPO | SEPMOD | CSYNBP | 0 __ | MASK |[0%*000000)
DPGST DPG detection monitor (Read)
0: -
1: DPG input detected
) R/W
(Write)
0: -
1: Reset (One-shot)
Note: The bit 7 and 1 should be cleared to 0.
VISS/VASS Control Register 2
VIVACR2 7 6 5 4 3 2 1 0 (Initial Value:
©0s5H) | pcTipo | peticks [ msk1 | wsko | wvisss VISS2 VISS1 VISSO | 0%00 0000)
MSK1 CTLIN input division control 0: Divide
1: B
: : ypass RIW
MSKO0 CFG input masking control 0: Mask
1: Bypass
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(0052H) CAP2T CAP1T CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS | (Initial Value:
(CFG) (DFG) 0000 0000)
CFGCL CFG flag clear 0: -
g RIW
1: Clear (One-shot)
Prohibit read-modify-write.
Figure 3.7.5 Register for CAPIN
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3.7.2  Capture 0 (CAPQ)
(1) Block diagram

TBC3 to 20

U

24-bit 8-level FIFO Buffer

(18-bit Timing Data)

A N4 N4

CAPOL CAPOM CAPOH
<CAPOQDO to 7> <CAPOQDS8 to 15> <CAP0D16, 17>

Figure 3.7.6

(2) Operation

a. Capture

(from CAPIN)
o0
EE a0
=
zx 2655
LN NS N
@
A LA 7
up full
FIFO R le—— CAPCR<CAFRS>
Controller
(6-Bit Trigger Flag) down empty INTCAPO
CAPOH CAPFST
<CAPQOTOto 5>  <CAPFOto 7>
CAPOH-RD

Composition of the Capture 0

The trigger signals for capture 0 (CAPO) are the six signals outputted from
capture 0 input control circuit: RMTU, RMTD, VS, CTL, EXT and DPG. The
CAPO latches 18-bit timing data (Outputs from Time Base Counter: TBC3 to
TBC20) and 6-bit trigger data in 3-byte Capture Data Register (CAPOL, CAPOM,

CAPOH).

The 24 bits latched data can be obtained by reading CAPOL - CAPOM ->
CAPOH in order. The address of FIFO buffer is shifted by reading CAPOH.

Note: CAPOM and CAPOH need to be read serially. Therefore, CAPOM and CAPOH
need to be read by word operation, or CAPFST, CAPOL,CAPOM and CAPOH
need to be read by long-word read operation.

ex1) LDB
LDW

ex2) LDL

reg. (CAPOL)

reg. (CAPOM) ; CAPOM/CAPOH word read operation

reg. (CAPFST) ; CAPFST/CAPOL/CAPOM/CAPOH long-word

read operation
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FIFO Status Register

The 24-bit 8-level data buffer features FIFO (First In First Out) function,
allowing the data latched first to be read first. Capture 0 FIFO status register
(CAPFST) indicates the status of FIFO shifting, and the status bits that
correspond to the level being latched are set to 1. When the 8-level FIFO buffer
becomes full, capture operations are disabled and the FIFO status register shows
“FFH”.

When the FIFO status register shows “O0H”, meaning empty, “FFH” is read

out from the capture data register. The capture data can be read out when
INTCAPO interruption is generated or FIFO status register doesn’t show “00H.”

Capture Reset

In addition to a system reset function (initialization by resetting), capture 0
also has a software reset function. Software reset is performed by writing 1 at
<CAFRS> of capture control register (CAPCR). In performing a software reset,
the following circuits are initialized.

a. The FIFO address counter indicates the first level of the 8-stage FIFO
buffer.

b. The FIFO status register (CAPFST) is initialized to “00H.”

INTCAPO Interruption

When a latch operation is performed by the trigger input, INTCAPO
interruption request is generated. The INTCAPO interruption request signal is
held in the active state until the FIFO status register reaches “00H” (empty).

When INTCAPO interruption is accepted, read out the capture data from
CAPOL, CAPOM and CAPOH <CAPOD16 to 17> and trigger data from
CAPOH<CAPOTO to 5> to verify the time data and interrupt sources.

INTCAPO interruption request is available until reading out the FIFO buffer
until the FIFO status register reaches “O0H” or writing 1 to CAPCR<CAFRS>.

Data Processing

The upper 6 bits of the FIFO buffer show the status of the trigger input. As the
data corresponding to the trigger input is set to 1, the trigger input can be
identified by reading out the data.

Restore the latched data to RAM, and by subtracting the data from the data
latched by the next trigger input, highly precise time measurement can be
performed. Detection precision is 500 ns at 16 MHz operation, and quantum
error is extremely small.
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(3) Control Register

Capture 0 FIFO Status Register

CAPFST 7 6 5 4 3 2 1 0

(004AH) CAPF7 | CAPF6 | CAPF5 | CAPF4 | CAPF3 | CAPF2 | CAPF1 CAPFO | (Initial Value:
(FIFO8) | (FIFO7) | (FIFoe) | (FIFo5) | (FIFo4) | (FIFO3) | (FIF02) | (FIFO1) | 0000 0000)

CAPF7 FIFO status 0: No capture data

read onl
to CAPFO 1: Capture data present in FIFO y

Capture 0 Data Register - Low order

CAPOL 7 6 5 4 3 2 1 0 (Initial Value:

(004BH) CAPOD7 | CAPOD6 CAPOD5 CAPOD4 | CAPOD3 CAPOD2 CAPOD1 CAPQDQ | **** ***%)
(TBC10) (TBC9) (TBC8) (TBCT) (TBC6) (TBC5) (TBC4) (TBC3) | Read only

Capture 0 Data Register - Middle order

CAPOM 7 6 5 4 3 2 1 0 (Initial Value:

(004CH) CAPOD15 | CAPOD14 | CAPOD13 | CAPOD12 | CAPOD11 | CAPOD10 | CAPOD9 CAPQDS8 | **** ***%)
(TBC18) (TBC17) (TBC16) (TBC15) (TBC14) (TBC13) (TBC12) (TBC11) | Read only

Capture 0 Data Register - High order

CAPOH 7 6 5 4 3 2 1 0
(004DH) CAPOQT5 CAPQT4 CAPOQT3 CAPOQT2 CAPOT1 CAPOTO | CAPOD17 | CAPOD16 | (Initial Value:
(DPG) (EXT) (CTL) (VS) (RMTD) (RMTU) (TBC20) (TBC19) | ###x #xxx)
CAPOT5 Tri input stat 0: No tri input
rigger input status (? r|gg§r inpu . read only
to CAPOTO 1: Trigger input accepted in FIFO
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(0052H) CAP2T CAP1T CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS | (Initial Value:
(CFG) (DEG) 0000 0000)
CAFRS CAPO FIFO counter/status clear 0: - RIW
1: Clear (One-shot)

Prohibit read-modify-write.

Figure 3.7.7 Registers for Capture 0
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3.7.3

Capture 1/Capture 2 (CAP1/CAP2)
(1) Block diagram

DFG (from CAPIN
TBCA to 16 (from ) JL capcrecarcis
CAP1H-RD
\s R Full
Q
D R

T
16-bit Timing Data Buffer i
|

CAP1L<CAP1DO0 to 7> CAP1H<CAP1D8 to 15> CAPCR<CAP1T>
CAP2L<CAP2D0 to 7> CAP2H<CAP2D8 to 15> CAPCR<CAP2T>

INTCAP1

T
16-bit Timing Data Buffer i
]

S
11 — 1
CAPCR<CAPCL>
TBC1to 16
CFG (from CAPIN) CAP2H-RD

Figure 3.7.8 Composition of the Capture 1/Capture 2

(2) Operation
a. Capture
The trigger input signals are DFG and CFG signals for capture 1 and capture
2 respectively.
The outputs of time base counters (TBC1 to TBC16) are latched into the 2
bytes of capture data register (CAP1L and CAP1H for Capturel, CAP2L and
CAP2H for Capture2) at the edge of the trigger input signal.

The trigger input signal is also latched into <CAP1T> or <CAP2T> of capture
control register (CAPCR).

When the CAPCR<CAPI1T> is 1, capture 1 data can be obtained by reading
out the lower data from capture 1 data register (CAP1L) and the higher data
from capture 1 data register (CAP1H) in this order. By reading out CAP1H, the
trigger input status <CAP1T> is cleared. When <CAP1T> is 0, “FFH” is read out
from CAP1L and CAP1H each.

When the CAPCR<CAP2T> is 1, capture 2 data can be obtained by reading out
the lower data from capture 2 data register (CAP2L) and higher data from
capture 2 data register (CAP2H) in this order. By reading out CAP2H, the
trigger input status <CAP2T> is cleared. When <CAP2T> is 0, “FFH” is read out
from CAP2L and CAP2H each.

b. Capture Reset

In capture 1 and 2, trigger input status <CAP1T> and <CAP2T> can be
cleared by writing 1 to CAPR <CAPCL> .
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c. INTCAP1 Interruption

When the trigger input signal is latched by the edge of DFG or CFG signal, an
INTCAP1 interruption request is generated.

INTCAP1 is common interruption for both Capture 1 and Capture 2, and read
out <CAP1T> and <CAP2T> to identify the trigger input.

INTCAP1 interruption request is kept available until <CAP1T> <CAP2T> is
cleared to 0.

INTCAP1 interruption request is released by reading out either CAP1H or
CAP2H and clearing <CAP1T> <CAP2T> to 0, or by writing CAPCR <CAPCL>

to 1.

(3) Control Register

a. Control Register for Capture 1

Capture 1 Data Register - Low order

CAP1L 7 6

5 4 3 2

1 0 (Initial Value:
(004EH) CAP1D7 | CAP1D6 CAP1D5 CAP1D4 | CAP1D3 CAP1D2 CAP1D1 CAPADQ | * ***%)
(TBC8) (TBC7) (TBC6) (TBCS5) (TBC4) (TBC3) (TBC2) (TBC1) | Read only
Capture 1 Data Register - High order
CAP1H 7 6 5 4 3 2 1 0 (Initial Value:
(004FH) CAP1D15 | CAP1D14 | CAP1D13 | CAP1D12 | CAP1D11 | CAP1D10 | CAP1D9 CAP1D8 | *** **xx)
(TBC16) (TBC15) (TBC14) (TBC13) (TBC12) (TBC11) (TBC10) (TBCY) | Read only
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(0052H) CAP2T CAP1T CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS | (Initial Value:
(CFG) (DFG) 0000 0000)
CAP1T CAP1 tri DFG) input stat 0: No tri input
rigger ( ) input status 9 ngggr inpu read only
1: Trigger input
CAPCL CAP1/CAP?2 status clear 0: -
R/W

1: Clear (One-shot)

Prohibit read-modify-write.

Figure 3.7.9 Registers for Capture 1
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b. Control Register for Capture 2

Capture 2 Data Register - Low order

CAP2L 7 6 5 4 3 2 1 0 (Initial Value:
(0050H) CAP2D7 CAP2D6 CAP2D5 CAP2D4 CAP2D3 CAP2D2 CAP2D1 CAP2D(Q | ** ***%)
(TBC8) (TBC7) (TBC6) (TBC5) (TBC4) (TBC3) (TBC2) (TBC1) | Read only
Capture 2 Data Register — High order
CAP2H 7 6 5 4 3 2 1 0 (Initial Value:
(0051H) CAP2D15 | CAP2D14 | CAP2D13 | CAP2D12 | CAP2D11 | CAP2D10 | CAP2D9 CAP2D8 | *xx* ***¥)
(TBC16) (TBC15) (TBC14) (TBC13) (TBC12) (TBC11) (TBC10) (TBC9) | Read only
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(0052H) CAP2T CAPIT CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS | (Initial Value:
(CFG) (DFG) 0000 0000)
CAP2T CAP2 trigger (CFQG) input status 0: No trigger input
. . read only
1: Trigger input
CAPCL CAP1/CAP2 status clear 0: - RIW
1: Clear (One-shot)
Prohibit read-modify-write.
Figure 3.7.10 Registers for Capture 2
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3.8 Timing Pulse Generator (TPG)

To generate the various kinds of timing pulse necessary for VIR system control, the
TMP93CF76/CF77/CW76/CU76/CT76 has timing pulse generator 0 (TPG0) with 22-bit 8-stage
FIFO buffer and 20-bit timing pulse generator 1 (TPG1).

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

3.8.1  Timing Pulse Generator 0 (TPGO0)

(1) Block diagram

The TPGO is composed of 22-bit 8-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<TPGODO to 7> TPGOH<TPGODS8 to F> TPGODR<TPGODOO to 05>

TPGODR-WR
i ! Ful > TPGOCR<TPFUL0>
22-bit 8-Ievell FIFO buffer FIFO TPGOCR-RD ¢
i Controller > TPGOCR<TPF02, 01, 00>
i < R ¢
T . Empty R
(16-bit Timing data) 1(6-bit Output data) > TPGOCR<TPEMPO>

/ Reset
el
Q CAPCR<TPRS0>

LD—< S _G‘I__ TPGOCR<FEMPIE>
match .
16-bit Comparator g TPGODR-WR
_I/ \l_ INTTPGO
N
TBC3 10 TBC18 Output Data Buffer|
MPX IIMC1<INTTPG0S>
L
T IIMC1<INTTPGOE>
\ > TPGOO0 (to P90)
\ > TPGO01 (to P91)
> TPGO02 (to PV/PH)
> TPGO3 (to P93,CRHA)
> TPGO4 (to PV/PH)
b > TPGOS5 (to CR/HA)

Figure 3.8.1 Composition of timing pulse generator 0 (TPGO)
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(2) Operation

a.

b.

C.

22-bit 8-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 8-stage FIFO structure, the first written
timing data and output data are transferred first to the comparator and output
data register. Set the data to the lower timing data register (TPGOL), the higher
timing data register (TPGOH) and the output data register (TPGODR) in this
order. The FIFO address is incremented by writing of TPGODR. 6-bit output data
is transferred to the output data buffer when 16-bit timing data matches the
value of TBC3 to TBC18. And they become the TPG00 to TPGO05.

16-bit comparator

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

Output data buffer

The data set in the output data register (TPGODR) is latched by the match
signal from the 16-bit comparator, and TPGOO to TPG05 outputs are changed.
When resetting, this buffer is cleared to 0 and TPGOO to TPGO5 outputs become
0.

d. FIFO control circuit

The FIFO control circuit controls the 22-bit 8-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 <TPF02, TPF01, TPF00> of the TPGO control register (TPGOCR).
When the value of the FIFO status flag is 000, the FIFO empty flag<TPEMPO0>
is set to 1 in case the retained data is nothing. While <TPEMPO> is 1,
transferring the output data to output data buffer is disabled. When the value of
the FIFO status flag is 000, the FIFO full flag <TPFULO> is set to 1 in case the
retained data are 8 words. While <TPFULO> is 1, writing a data to the FIFO
buffer is disabled. The FIFO status flags updates the status each time the match
signal is outputted from the comparator. The contents of the FIFO status flags is
cleared to 000 by resetting. In addition, the FIFO address can be cleared directly
by writing 1 to <TPRS0> of the capture control register (CAPCR).
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e.

Timing pulse generator 0 interrupt INTTPGO)

When the contents of the FIFO buffer becomes empty, INTTPGO (empty)
interrupt to request the writing of the next data is generated. INTTPGO (empty)
interrupt request can be controlled by TPGOCR <FEMPIE> and CAPCR
<TPRS0>. When TPGOCR <FEMPIE> is 1, INTTPGO (empty) interrupt request
is enabled by writing of TPGO output data register (TPGODR). And by writing 1
to CAPCR <TPRSO0>, it can be disabled (the FIFO address is also cleared).

In addition, INTTPGO (TPGO03) interrupt request can be generated at the
rising or falling edge of TPGO03. Either rising or falling edge of TPG03 can be
selected by <INTTPGOE> of Interrupt Input Mode Control Register (IIMC1). To
enable or disable INTTPGO (TPGO03) interrupt request can be selected using
IIMC1 <INTTPGOS>.

INTTPGO interrupt request is generated through the logical-OR with
INTTPGO (empty) interrupt request and INTTPGO (TPG03) interrupt request.

(3) Control Register

TPGO Control Register

TPGOCR 7 6 5 4 3 2 1 0
©ooeH) | o | | Fempie | TPruLo | TPEMPO | TPFO2 | TPFo1 | TPF00 | (nitial value: 000 1000)
FEMPIE Enable INTTPGO FIFO interrupt 0: Disable )
write only
1: Enable
TPFULO TPGO FIFO full flag 0: -
1: FIFO full
TPEMPO TPGO FIFO empty flag 0: -
1: FIFO empty
TPFO2 TPGO FIFO status flag 000: Empty or Full
001: Retained data is 1 word read only
010: Retained data are 2 words
TPFO1 011: Retained data are 3 words
100: Retained data are 4 words
101: Retained data are 5 words
TPFOO 110: Retained data are 6 words

111: Retained data are 7 words

Note 1: The bit 7 of TPGOCR should be written 0.
Note 2: Prohibit read-modify-write.

TPGO Timing Data Register — Low order

TPGOL 7 6 5 4 3 2 1 0
(0037H) TPGOD7 | TPGOD6 | TPGOD5 | TPGOD4 | TPGOD3 | TPGOD2 | TPGOD1 | TPGODO | (Initial Value: ***# #xxx)
(TBC10) [ (1BCY9) | (TBC8) | (TBC7) | (TBC6) | (TBC5) | (TBC4) | (TBC3) | write only

Prohibit read-modify-write.

TPGO Timing Data Register — High order

TPGOH 7 6 5 4 3 2 1 0
(0038H) TPGODF | TPGODE | TPGODD | TPGODC | TPGODB | TPGODA | TPGOD9 | TPGODS | (Initial Value: *## *xsxx)
(TBC18) | (TBC17) | (TBC16) | (TBC15) | (TBC14) | (TBC13) | (TBC12) | (TBC11) | write only

Prohibit read-modify-write.
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TPGO Output Data Register

TPGODR 7 6 5 4 3 2 1 0

(0039H) TPGDO05 | TPGD04 | TPGDO03 | TPGD02 | TPGDO1 [ TPGDOO | (Initial Value: *##* *#+x)
_______________ (TPGO05) | (TPGO04) | (TPGO3) | (TPGO2) [ (TPGO1) [ (TPGOO) | Write only
Prohibit read-modify-write.

Capture Control Register

CAPCR 7 6 5 4 3 2 1 0

(0052H) CAP2T CAP1T | CAPCL | VISFRS | VASFRS | TPRSO | CFGCL | CAFRS | (Initial Value: 0000 0000)
(CFG) (DFG)

TPRSO TPGO FIFO counter clear 0: -

R/W
1: Clear (One-shot)
Note 1: TPRSO should be set to 1 before setting STOP mode.
Note 2: Prohibit read-modify-write.
Interrupy Input Mode Control Register 1
IIMC1 7 6 5 4 3 2 1 0
(005FH) | 14EG | I3EG | I2EG | MEG | I0EG | ______ | INTTPGOE | INTTPGOS | (Initial Value: 0000 0*00)
INTTPGOE INTTPGO (TPGO03) edge selection 0: Rising edge
1: Falli
: alling edge RIW
INTTPGOS INTTPGO source selection 0: FIFO empty
1: FIFO empty or TPGO03

Prohibit read-modify-write.
Figure 3.8.2 Registers for TPGO

(4) Outputs of timing pulse generator 0
a. TPGOO
TPGOO outputs from TPGO0O (P90) pin

b. TPGO1

TPGO1 can be used as AFF (Audio-head switching) signal. It outputs from
TPGO1 (P91) pin. It controls output of Video/Audio head switching control signal
(VASWP).

c. TPGO2
TPGO2 controls the pseudo synchronizing signal output (PV/PH).

d. TPGO3

TPGO3 can be used as DFF (Video-head switching) signal. It outputs from
TPGO3 (P93) pin. It controls Head Amplifier (HA) /Color Rotary (CR) output,
Video/Audio-head switching control signal (VASWP) output, and Timing pulse
output (TPO, TP1).

e. TPGO4
TPGO4 controls the pseudo synchronizing signal output (PV/PH).

f. TPGO5
TPGO5 controls the Head Amplifier/Color Rotary (HA/CR) output.
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3.8.2

Timing Pulse Generator 1 (TPG1)

(1) Block diagram

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

TPG1L<TPG1DO0:7> TPG1H<TPG1D8:15> TPG1DR<TPGD10:13>

T
20-bit Data Register

(16-bit Timing data)

match

16-bit Comparator >INTTPG1

it Y

TBC3 to TBC18

(4-bit Output data)

Output Data Buffer|

A

>TPG10 (to P96)
>TPG11 (to P97)
(
(

>TPG12 (No connection)
>»TPG13 (No connection)

Figure 3.8.3 Composition of timing pulse generator 1 (TPG1)

(2) Operation
a. 20-bit data register

This is a 20-bit data register which is composed of 16-bit timing data and 4-bit
output data. Set the data to the lower timing data register (TPG1L), higher
timing data register (TPG1H), and the output data register (TPGODR) in this
order. 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 TPG10
to TPG13.

b. 16-bit comparator
When the set data of the TPG1L and TPG1H matches the value of TBC3 to
TBC18, the comparator outputs a match signal. The data of TPGI1DR is
transferred to output data buffer and INTTPG1 interrupt request is generated
by the match signal.

c. Output data buffer

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

TPG1 Timing Data Register — Low order

TPG1L 7 6 5 4 3 2 1 0
(003AH) TPG1D7 | TPG1D6 | TPG1D5 | TPG1D4 | TPG1D3 | TPG1D2 | TPG1D1 | TPG1DO | (Initial Value: 0000 0000)
(TBC10) | (TBC9) | (TBC8) | (TBC7) | (TBC6) | (TBC5) | (TBC4) | (TBC3) | write only
Prohibit read-modify-write.
TPG1 Timing Data Register — High order
TPG1H 7 6 5 4 3 2 1 0
(003BH) TPG1DF | TPG1DE | TPG1DD | TPG1DC | TPG1DB | TPG1DA | TPG1D9 | TPG1D8 | (Initial Value: 0000 0000)
(TBC18) | (TBC17) | (TBC16) | (TBC15) | (TBC14) | (TBC13) | (TBC12) | (TBC11) | write only
Prohibit read-modify-write.
TPG1 Output Data Register
TPGIDR __7_____ 6 ___ 5 _ __ __4_. 3 2 1 0
(003CH) | : l | TPGD13 | TPGD12 | TPGD11 | TPGD10 | (Initial Value: **** 0000)
L o L (TPG13) | (TPG12) | (TPG11) | (TPG10) | write only
Prohibit read-modify-write.
Figure 3.8.4 Registers for TPG1
(4) Output of timing pulse generator 1
a. TPG10
TPG10 outputs from TPG10 (P96) pin.
(Refer to 3.5.8 Port 9)
b. TPG11
TPG11 outputs from TPG11 (P97) pin.
(Refer to 3.5.8 Port 9)
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3.8.3  Timing Pulse Output (P90, TPO, P92, TP1)

The timing pulse synchronized with DFF (cylinder head switching) signal can output
from TOO (P90) and TP1 (P92).

a. TPO

The data written in <TPOD> of Timing Pulse Control Register (TPCR) outputs
at the rising edge or falling edge of TPG03. Either rising edge or falling edge of
TPGO3 can be selected by <VIPPO0> of head amp control register (HACR).
Please refer to 3.5.8 port9 (1) P90/TPO/TPGO0 section.

b. TP1

The data written in <TP1D> of Timing Pulse Control Register (TPCR) outputs
at the rising edge or falling edge of TPGO03. Either rising edge or falling edge of
TPGO3 can be selected by <VTPPO1> of head amp control register. Please refer
to 3.5.8 Port9 (3) P92/TP1 section.

P90, P92
TPGO03
TPCK
Selectable rising/falling \} HACR A (HACR)
edge of TPGO3. <VTPOO> <VTPOO0>
<VTPO1> <VTPO1>
Write a rising edge setting. Write a rising edge setting.
Port9 register
<P92, P90> _AL . N N 4
Write a Port9—/ ~ -
(P9) data.

Figure 3.8.5 Timing Pulse output
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3.9 Pulse Width Modulation Output (PWM)

TMP93CF76/CF77/CW76/CU76/CT76 have 3 channels of the pulse width modulation output
with 14-bit resolution (PWMO, PWM1, PWM2) and another 1 channel with 8-bit resolution
(PWM3). PWM can be used for some applications, such as D.C. conversion for the
frequency/phase error of a drum and capstan servo system, tuner control (voltage synthesizing
system), etc. by attaching a low path filter outside.

3.9.1  8-bit PWM (PWM3)

(1) Block diagram
PWMS3 is composed of 8-bit data register (PWMDBR), a data latch, and a

comparator.
g Internal data bus §
@ PWMDBR-WR
T 17T 1T 7T T°71 T 17T T 7T 11
PWMCR-WR Control Register Data Register
7161514131211,0 7161514131210
<PWMEOQOT>
S Il
T 17T 1T 7T 11
Reset R Q _D Data Latch
FD‘ 716151413121110
J L Match
R
Comparator s Q> to PWMS3 (to PAQ)
ALL 1 DDJ?
1
(7 TF ALL O

TBC8 to TBC1

Figure 3.9.1 Composition of the 8-bit PWM output(PWM3)

(2) Control of PWMS3 output

PWMS is the pulse width modulation output with 8-bit resolution and the carrier
frequency is 1/TM = fsys/28 [Hz] (32 us/31.25 kHz at 16 MHz operation). When the
value of the 8-bit data latch is “n”, pulse width (active “H”) is nxt0 (t0 = 1/ fsvs [s]).

<

n x t0

A 4

PWM3

Figure 3.9.2 PWM3 output timing chart
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PWM3 Data Register

PWMDBR 7 6 5 4 3 2 1 0 (Initial Value: *##+ *xss)
(0044H) | PWM3DR7 | PWM3DR6 | PWM3DR5 | PWM3DR4 | PWM3DR3 | PWM3DR2 | PWM3DR1 | PWM3DRO |Write only
Prohibit read-modify-write.

PWMS3 Control Register

PWMCR 7 6.5 _ _ . _.4_ 3 2 1 0
(0oasH) [pwmeoT| L [ Pwmcs | Pwmcz | Pwmct | Pwmco | gnitial value: 0%+ 0000)
PWMEOT PWM3 status flag 0: no inhibition
Read only
1: busy
PWMCS3 to PWM3 data transfer request write 0000 .
Write only
PWMCO

Prohibit read-modify-write.

Figure 3.9.3 Registers for the 8-bit PWM

PWM3 output is controlled by the data transmission to the data latch. When PWM3
status flag (PWMCR<PWMEOQOT:> is 0, and the data can be written in PWMDBR.

By writing 0000 in PWMCR <PWMC3:0>, a data transmission request from
PWMDBR to the data latch occurs, and the output data is transmitted at the timing
that TBCS8 to TBC1 of Time Base Counter (TBC) becomes “FFH”, and the output
switches.

Note: When PWMCR <PWMEOT> is 1, do not write the data in PWMDBR.
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3.9.2 14-Bit PWM(PWMO to PWM2)
(1) Block diagram
PWMO, PWM1 and PWM2 are composed of 14-bit data registers
(PWMODRL/PWMODRH, PWMI1DRL/PWM1DRH, PWM2DRL/PWM2DRH), data
latches and comparators.
g Internal data bus S

| | PWMnDRL*-WR
PWMnDRH-WR

|51413{}21110}J [5.4.3 {} IJI

L ¢

S

——— V: Q

Lower Data Lach (m) }—| | Higher Data Latch (n] }—I—Cl__l Reset
[T R ::C

All 1

Addltlonal Bit Scrambler | Comparator

NiGiacalliaaas s —

TBC9 to TBC14

All 0
} o S PWMRUN<PWM2RUN, 1RUN, ORUN>

Match R Q
PWMO (to PWMO)
Additional pulse PWM1 (to PWM1)

(2

PWM2 (to PA3)

Figure 3.9.4 Composition of the 14-bit PWM output (PWMO to PWM2)

Control of PWMO to PWM2 output

PWMO to PWM2 are the pulse width modulation output with 14-bit resolution and
the one cycle time TM = 214/fsys [s] (2.048ms at 16 MHz operation). The carrier
frequency 1/Ts = 64/Tm [Hzl (32 ps/31.25 kHz at 16 MHz operation). The data
registers are assigned as PWMODRL/PWMODRH, PWM1DRL/PWMI1DRH,
PWM2DRL/PWM2DRH. Write the 8-bits data to PWMnDRL first, and then write the
6-bits data to PWMnDRH. After writing the data to PWMnDRH, Lower Data Latch
(m) and Higher Data Latch (n) latch the data written in PWMnDRL and PWMnDRH
at the next TS cycle. When the value of the higher data latch is “n” and the value of
the lower data latch is “m”, pulse width (active “H”) of Tgis n x t0 (t0 = 1/fsys) [s],
and the pulse with t0 is added at the “m” points into 64 TS cycle. The PWM output is
enabled when the PWM start register (PWMRUN)<PWMORUN, PWMI1RUN,
PWM2RUN> is set to 1.

Tnm=64Ts

A
Y

Ts(0) Ts (1) Ts (63)

3 3 >

nxt0

v
N

~
~

PWMO to
PWM2

Width=nxt0 width=(n+1)xt0

—>t0€—

Figure 3.9.5 Wave form of the 14-bit PWM output
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PWM Start Register

PWMRUN 7 ___ __ 6 ____.5_____ A . 3 2 1 0
(003DH) .+ o R T T [ pwivorun | PwmiruN | PwivorUN | (nitial Value: #++ 000)
PWM2RUN PWM2 start/stop 0: Stop
1: Start
PWM1RUN PWM?1 start/stop 0: Stop RIW
1: Start
PWMORUN PWMO start/stop 0: Stop
1: Start
PWMO Register — Low order
PWMODRL 7 6 5 4 3 2 1 0 (Initial Value: ###* #xxx)
(003EH) | PWMOD7 | PWMOD6 | PWMOD5 | PWMOD4 | PWMOD3 | PWMOD2 | PWMOD1 | PWMODO |Write only
Prohibit read-modify-write.
PWMO Register — High order
PWMODRH 7 6 5 4 3 2 1 0 (Initial Value: ##xs wixx)
(003FH) 1 L [ Pwmopp | Pwmonc | Pwimons | Pwmopa | Pwimops | Pwmons | write only
Prohibit read-modify-write.
PWM1 Register — Low order
PWM1 DRL 7 6 5 4 3 2 1 0 (Initial Value: *¥%¥* ****)
(0040H) | PWM1D7 | PWM1D6 | PWM1D5 | PWM1D4 | PWM1D3 | PWM1D2 | PWM1D1 | PWM1D0 |Write only
Prohibit read-modify-write.
PWM1 Register — High order
PWMIDRH ___7______ 6 5 4 3 2 1 0 (Initial Value: *+++ +xs)
(0041H) . L | PWM1DD | PWM1DC | PWM1DB | PWM1DA | PWM1D9 | PWM1D8 IWrite only
Prohibit read-modify-write.
PWM2 Register — Low order
PWM2DRL 7 6 5 4 3 2 1 0 (Initial Value: ###* %)
(0042H) I PWM2D7 | PWM2D6 | PWM2D5 | PWM2D4 |PWM2D3 |PWM2D2 | PWM2D1 | PWM2D0 IWrite only
Prohibit read-modify-write.
PWM2 Register — High order
PWM2DRH 7 6 5 4 3 2 1 0 (Initial Value: #sws sxix)

(0043H) 1 | [ Pwm20D | PwmzDC | PwizDB | PwM2DA | PWM2Dg | PwizDs | Write ony

Prohibit read-modify-write.

Open-drain Output Control Register 3
ODCR3 7 6 5 4 3 2 1 0

(0021H) E E i PWMOD1 | PWMODO E PODA3 | (Initial Value: ***0 0**0)
L L o PwMD) [ pwmO) | o (Port A3)
PWMOD1 PWM1 Open-drain control 0: Push-pull Output
1: Open-drain Output
PWMODO PWMO Open-drain control 0: Push-pull Output write only
1: Open-drain Output
PODA3 PA3/PWM2 Open-drain control 0: Push-pull Output
1: Open-drain Output

Prohibit read-modify-write.

Figure 3.9.6 Registers for 14-bit PWM
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3.10 Sync Signal Separator (CSYNC)

The Sync Signal Separator (CSYNC) separates Vertical Synchronizing signal (V.sync) from
composite synchronizing signal (C.sync).

3.10.1 Block Diagram

The Sync Signal Separator is composed of Synchronizing signal separator and H-pulse
generator.

The configuration of the Sync Signal Separator is shown in Figure 3.10.1.

CSYNCIN . 5 CSYNCA
(from P86) (to TC5, CR/HA)
CSYNCR

<CSYNCPO> Synchronizing signal | V-sync MPX VSYNG
TBC1 (from TB to
C1(f c Separator CAPIN
TBC2 (from TBC)
R CSYNCR<CSYNBP>
Q
S J_L CSYNCR<MASK>
Mask F/F
»  H-Pulse Generator > HP (to PV/PH)

Figure 3.10.1 Composition of the sync signal separator

(1) Synchronizing signal separator

The Synchronizing Signal Separator separates V.sync signal from the C.sync
inputted from CSYNCIN (P86) pin. A separated V.sync signal (VSYNC) is transferred
to Capture 0 (CAPO) via Capture input control circuit (CAPIN). And it is used as a
reference signal in the servo processing routine.

(2) H-Pulse Generator

The H-pulse generator generates a serrated-pulse (HP signal). The HP signal is
transferred to the Pseudo-sync signal output circuit (PV/PH), and it is superimposed
on the pseudo-V.sync signal as a serrated-pulse.

(Figure 3.11.1 Pseudo-sync signal output circuit.)
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3.10.2

Control Registers

CSYNC Control Register

CSYNCR 7 6 5 4 3 2 1 0
iy [ S S DU T
(©057H) | bpasT [csvncro[sepmon|csyner | o [ mask ] nitial vaiue: +00 00%0)
CSYNCPO C.sync input polarity selection 0: Positive
1: Negative
SEPMOD 7-bit counter source clock selection 0: TBC1
(during counting down) 1: TBC2 RIW
CSYNBP C.sync bypass control 0: V.sync
1: Bypass
MASK VSYNC (to CAPIN) mask control 0: -
1: Release masking (One-shot)
Note: The bit 1 of CSYNCR should be set to 0.

Figure 3.10.2 Register for CSYNC

3.10.3 Synchronizing signal Separator
The synchronizing signal separator separtes the vertical synchronizing signal (V.sync)
from the composite synchronizing signal inputted from CSYNCIN (P86) pin. The
synchronizing signal separator is composed of a 7-bit up/down counter and a pattern
detector (comparison circuit).
The 7-bit up/down counter counts TBC1 (2/fsys) or TBC2 (2%fsys) output from Time
Base Counter (TBC). And its direction for counting is controlled by input polarity of
CSYNCIN pin (when CSYNCA is 1, the counter is counting up, when CSYNCA is 0, the
counter is counting down). The source clock for counting up is TBC1 (0.25 ps: fc = 16 MHz).
The source clock for counting down is selected from either TBC1 or TBC2 (0.5 ps: fc = 16
MHz) by CSYNCR <SEPMOD>. The input polarity of CSYNCIN pin (CSYNCA signal) is
selected by setting CSYNCR<CSYNCPO> and it controls the direction for counting. In
case that CSYNCA is 1 and the counter becomes all 1, the counter stops. Also in case that
CSYNCA is 0 and the counter becomes all 0 the counter stops as well. When CSYNCR
<CSYNBP> is set to 1, CSYNCA instead of V.sync is inputted to capture input control
circuit (CAPIN).
CSYNCIN > CSYNCA
(from P86) _ (to TC5, CR/HA)
CSYNCR u/bD
<CSYN(_:I_:2: —Y 7-bit Up/Down Counter
(from TBC) o jof MPX l_D— CK
TBC2 > MPX
(from TBC) o\ nCRESEPMOD> 2| MPX ﬂ
I N VT
Pattern Detector
All O ]
e V.sync o | MPX —>vsyNe
(to CAPIN)
R CSYNCR<CSYNBP>
“ S J_I‘—CSYNCR<MASK>
Mask F/F
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Vertical synchronizing signal separation

When the pattern detector (comparison circuit) detects “114 (72H)” (TBC1 = 250
[ns] at fc = 16 [MHz]. Therefore, threshold is 250 [ns] x 114 = 28.5 [us]), it outputs the
V.sync signal. V.sync signal is inputted to capture input control circuit (CAPIN) and
resets a flip-flop (Mask F/F) for masking. The flip-flop is reset once, the following
V.sync signals are not accepted until masking is released. The flip-flop is released
from masking when CSYNCR<MASK> is set to 1. Timing chart of vertical
synchronizing signal separation is show in Figure 3.10.3.

64 ys————>«-32 ps |32 p.s—)l <CSYNBP> = 0
r——1 r=—1 r=—1
CSYNCA :|_'<:7 us ’1‘2'3 “:h H H H . *U"& : U: : L
py—yyd | L___J4.7 |s____| L=
H overflow
Threshold (28.5 ps) — N7 7o NZm——~ N
///~ \\\///
7 bit Counter _/"\ A~ ~ ~ A~ ~___ O \CSYNCR<SEPMOD> _
V.sync ﬂ
Mask Flip Flop |

—— counting by TBC1
---- counting by TBC2

Figure 3.10.3 Timing Chart for Vertical synchronizing signal separation
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3.10.4

H-Pulse Generator

H-Pulse generator generates a serrated pulse inserted into V.sync signal. This pulse
(HP signal) is transferred to Pseudo-sync signal output circuit (PV/PH), and it can be
mixed into pseudo-V.sync signal. Configuration of the H-Pulse generator is shown in
Figure 3.10.4.

TBC1 (from TBC) CK
8-bit Binary Counter

R
Pattern Detector —> HP (to PV/PH)

Figure 3.10.4 H-Pulse generator

H.Pulse Generator generates a serrated pulse (HP signal) to be mixed into pseudo-
V.sync signal. The timing to mix HP signal into pseudo-V.sync signal is controlled by
TPGO2 from the timing pulse generator 0 (TPGO) (Refer to section 3.11 Pseudo-sync signal
output circuit). HP signal is not synchronized with Composite sync. signal input.

The wave form of the HP signal is shown in Figure 3.10.5.

-7 | 1
b>) bp)
(49

TC
— > le—45ps

fc =16 MHz

A
Y

64 ps

Figure 3.10.5 Wave form of HP signal output
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3.11 Pseudo-sync Signal Output Circuit (PV/PH)

The TMP93CF76/CF77/CW76/CU76/CT76 have 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 (TPG0)’s TPG02 and TPGO04 outputs and the PV
control register (PVCR).

3.11.1  Block Diagram

The pseudo-sync signal output circuit consists of a sync signal mixing circuit and a 3-
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.

PVCR<PVSELO> ———————>
PVCR<PVSEL1> —— > ——> PVPHC (to PA0)

PVCR<PVSEL2> ————————>{ Syncsignal >  Encoder
mixing circuit

PVCR<HPMIX>
L > PVPHD (to PAO)

HP (from CSYNC)
TPGO2 (from TPGO)
TPGO4 (from TPGO)

Figure 3.11.1 Composition of the pseudo-sync signal output circuit

3.11.2 Control Register

PV/PH Control Register

PVCR 7 6 5 4 3 2 1 0
(0s8H) ' [ HPmix_| PvseL2 | pvseL1 | PVSELO | (initial value: *+++ 0000)
HPMIX Insert HP to pseudo-V.sync 0: Disable
1: Enable RIW
PVSEL2 PV/PH output format selection Select output format OH to 7H
to PVSELO

Figure 3.11.2 Register for PV/PH
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3.11.3 Control of Pseudo-V.sync. Signal Output

Output of the pseudo-sync signal (PVPH) is controlled by TPG02 and TPGO04 outputs of
Timing Pulse Generator 0 (TPGO) and PV control register (PVCR).

The pseudo-V.sync. signal is patterned by the TPGO, and it is outputted while TPGO04 is
high-level. The TPGO02 output is used to set a period at which time HP signal is inserted
(HP signal is inserted into the pseudo-V.sync. signal while TPG02 is high-level). The
serration (HP signal) is generated by the H.Pulse generator of the sync signal separation
circuit (CSYNC). The HP signal is inserted into pseudo V.sync by setting the PVCR
<HPMIX> to 1.

The pseudo-sync signal has six output formats which can be selected by PVCR
<PVSELZ2:0>. Figure 3.11.3 shows the output formats of the pseudo-V.sync signal.

<PVSEL 2:0> TPGO2 —I 1
. 1 > TPGO4 L (<HPMIX>=1)
_l_l_l_l_[ ____________ Vcc level
___________ High-Z output
0 0 0 ° P
HP Vss level
HP
0 0 1 4,_UJJ_I—
o | 1| o T
0 1 1 —LV_FFF\_
HP
HP
A — — 1
1 * 1 I
HP
Note: *; Don’t care

Figure 3.11.3 Pseudo-V.sync output format
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3.12 VISS/VASS Detector (VIVA)

VISS/VASS detector is a control circuit specific to VISS (Video Index Search System)/VASS
(Video Address Search System) of VHS. Duty of CTL signal recorded on the control track can
be discriminated and VISS code can be detected. Also the address code of VASS can be read
out.

3.12.1 Block Diagram

VISS/VASS detector is composed of a CTL duty discrimination circuit, a VISS detection
circuit, a VASS head detection circuit and a 16-bit address code register.

| ] * VIVACR2<PCTLCKS>
MPX <J MPX <—T
VY _ VY
TBC3 (from TBC) > A+ 4 £ A CAPINCR1<PCTLCKO>
TBC5 (from TBC) > \1px CAPINCR1<PCTLCK1>
TBC7 (from TBC) > e Clock Sefoct
TBC10 (from TBC) > uto Lok selector
{} VIVACR2<PCTLPO>
0,
CTL Duty Discrimination @_"—V'VACR“CTLDTW
PCTLA >
(from CAPIN)
>» CK 6-Bit Counter R 3
Higher 4-bit J_I‘ CAPCR<VISFRS>
R
VISS Q——> VIVACR1<VISSFL>
VISS Detector S
VISS Flag
{} — ) >——>INTVA
VIVACR2<VISS0:3>
VASS Header Detector
Il CAPCR<VASFRS>
R
|—> D VASS Q——» VIVACR1<VASSFL>
16-Bit Shift Register >S
VASS Flag

RV

Internal data bus

Figure 3.12.1 Composition of the VISS/VASS detector
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3.12.2 Control Registers

VISS/VASS Control Register 1

read only

VIVACR1 7 6.5 4 3 2 1 0
oosaH)y | o | A [ ety | vissFL | vAsSFL | (itial value: 0%+ +100)
CTLDTY CLT duty detect monitor flag 0: CTL duty > 50% (when<PCTLPO> = 0)
1: CTL duty < 50% (when<PCTLPO0> = 0)
VISSFL VISS detect flag 0: -
1: VISS detected
VASSFL VASS detect flag 0: -
1: VASS detected
Note: The bit 7 of VIVACR1 should be cleared to 0.

VISS/VASS Control Register 2

VIVACR2 7 6 5 4 3 2 1 0
©os5H) | pcTLpo | peticks | msk1 | wmsko | wvisss | wiss2 | wviss1 | visso | nitial vatue: 0%00 0000)
PCTLPO CTL duty discrimination polarity | 0: Positive (CTL duty < 50% when <CTLDTY> = 1)
selection 1: Negative (CTL duty > 50% when <CTLDTY> =1)
PCTLCKS CTL duty discrimination 0: Selected by CAPINCR1<PCTLCKO, 1> RIW
sampling clock selector 1: Selected automatically
VISS3 to VISS discrimination comparison | 4-bit data “OH” to “FH”
VISSO data (compared with higher 4-bit data of 6-bit counter)

Capture Input Control Register 1

CAPINCR1 7 6 5 4 3 2 1 0
©047H) | rctiokt [ PoTicko | Pcprs | pcPra | PcPr3 | PcPr2 | PePrR1 | PePRO | (initial value: 0000 0000)
PCTLCK1 CTL duty discrimination 00: TBC3
sampling clock selection in case | 01: TBC5 RIW
PCTLCKO <PCTCKS>=0 10: TBC7
11: TBC10
Capture Control Register
CAPCR 7 6 5 4 3 2 1 0
(0052H) CAP2T CAP1T | CAPCL | VISFRS | VASFRS | TPRSO | CFGCL | CAFRS | (Initial Value: 0000 0000)
(CFG) (DFG)
VISFRS Reset VISS flag 0: -
1: Reset (One-shot
( ) R/W
VASFRS Reset VASS flag 0: -
1: Reset (One-shot)
Prohibit read-modify-write.
VASS Data Register
VASSDR 7 6 5 4 3 2 1 0
(0056H) VASS7 | VASS6 VASS5 VASS4 VASS3 VASS2 VASS1 VASSO | (Initial Value: #*#* #x%x)
VASS15 | VASS14 | VASS13 | VASS12 | VASS11 | VASS10 [ VASS9 | VASS8
VASST7 to VASS data lower 8 bits Twice reading from VASSDR.
VASSO The first is lower 8-bit, the second is higher 8-bit.
. - read only
VASS15 to VASS data higher 8 bits
VASS8
Figure 3.12.2 Registers for VISS/VASS
93CF76-137 2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

3.12.3 Control of the CTL Duty Discrimination Circuit

The clock source can be selected automatically or a command by VIVACR2 <PCTLCKS>.
When VIVACR2<PCTLCKS> is 0, the clock source is selected by CAPINCR1 <PCTLCK1,
0>. When <PCTLCKS> is 1, according to the cycle of CTL signal, clock source is
automatically selected by hardware (it applies to Table 3.12.1).

(1) Control of CTL duty discrimination circuit
The polarity of picture-play CTL signal inputted from CTLIN (P80) pin, which is
named PCTLA signal, is selected of Capture Input Control Circuit (CAPIN) and
PCTLA signal is transferred to VISS/VASS detector (VIVA). The CTL duty
discrimination circuit discriminates the duty of PCTLA signal. If the duty is more
than 50%, VIVACR1<CTLDTY> is cleared to 0. When it is less than 50%, <CTLDTY>
is set to 1. The polarity of discrimination can be reversed by VIVACR2<PCTLPO>.

(2) Clock selection control

The clock source for CTL duty discrimination is selected by CAPINCR1<PCTLCK1,
0>.

When VIVACR2<PCTLCKS> is 0, the clock source for CTL duty discrimination is
selected by CAPINCR1<PCTLKC1, 0>. When VIVACR2<PCTKCKS> is 1, it is
selected automatically by hardware.

The clock source for CTL duty discrimination is selected from Table 3.12.1.

Table 3.12.1 Correspondence of the cycle of CTL signal and the clock source for duty discrimination

<PCTLCK1> Clock source for CTL duty discrimination Cycle of CTL signal
<PCTLCKO> (at fc = 16 MHz)
00 TBC3 ( 1pus) to 512 ps
01 TBC5 ( 4 ps) 512ps  to 2048us
10 TBC7 ( 16 ps) 2048 s to 8192 us
11 TBC10 (128 pus) 8192us o
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3.12.4

Control of VISS Detector

VISS detector is composed of a 6-bit up-counter which counts PCTLA signal, a 4-bit
comparison circuit which detects VISS code, and a R/S flip-flop (VISS flag).

The output of the CTL duty discrimination circuit is inputted to a reset-input (active-
low) of the 6-bit up-counter. When VIVACR2<PCTLPO> is 0, the 6-bit up-counter counts
up while the output of the CTL duty discrimination circuit is high.

The higher 4-bit of the 6-bit up-counter are connected to 4-bit comparison circuit for
detection of VISS code and are compared with VIVACR2<VISS3 to 0>. When the higher 4-
bit of the 6-bit up-counter matches VIVACR2<VISS3 to 0>, VIVACR1<VISSFL> is set to 1
and INTVA occurs at the same time. VIVACR1<VISSFL> can be cleared to 0 by setting
CAPCR<VISFRS> to 1.

The relation between the count value of the PCTLA signal and VIVACR2<VISS3 to 0>
are shown in Table 3.12.2.

Clear VIVACR2<PCTLPO> to 0 when a tape runs forward, set <PCTLPO> to 1 when it
runs reversed.

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 VISS index code
3 2 1 0

0 0 0 0 Don’t use
0 0 0 1 4

0 0 1 0 8

0 0 1 1 12

0 1 0 0 16

0 1 0 1 20

0 1 1 0 24

0 1 1 1 28

1 0 0 0 32

1 0 0 1 36

1 0 1 0 40

1 0 1 1 44

1 1 0 0 48

1 1 0 1 52

1 1 1 0 56

1 1 1 1 60
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3.12.5

Control of VASS Detector

VASS detector consists of a header detection circuit and address code register (16-bit
shift register).

If a header detection circuit detects that the output of the CTL duty discrimination
circuit is 1, 9 times continuously after it detects that the output of the CTL duty
discrimination circuit is 0, a header of VASS is detected. The output of the CTL duty
discrimination circuit is shifted into 16-bit shift register 16 times, as address code,
following the output of the CTL duty discrimination circuit is O after a header of VASS.
When a shift register latched all 16-bit data, VIVACR1<VASSFL> is set to 1 and INTVA
occurred.

It recognizes which an interrupt is occurred by reading VIVACR1<VISSFL> and
VAVACR1<VASSFL> is cleared to 0 by setting VAVACR1<VASFRS> to 1.

In order to read a 16-bit address code, a data is read from VASDR twice. The first data
is read as lower 8-bit (VASS7 to 0), and the second data is read as higher 8-bit (VASS15 to
8).

Clear VIVACR<PCTLPO> to 0 when a tape operates forward, set VIVACR2<PCTLPO>
to 1 when it operates backward. However, when a tape operates backward, a LSB and
MSB of an address code is exchanged.

Note 1: Since an address code has 4 headers, an INTVA is occurred 4 times each an address
code. But 4th data is dummy data. It is necessary that an address code should be read
before beginning to shift a next address code into a shift register after INTVA is
occurred.

Note 2: After a data is written to VASDR, lower 8-bit of an address code can be read from
VASDR.
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3.13 Remote Control Signal Input Circuit (RMTIN)

The remote control signal input circuit (RMTIN) rejects noise from remote control signal. It
detects the rising edge and the falling edge from RMTIN signal (P82) without the noise. The
detected rising edge signal (RMTU) and the falling edge signal (RMTD) are inputted into
capture 0 (CAPO) via capture input circuit (CAPIN). The pulse width of a remote control signal
can be measured by CAPO.

(1) Block diagram

The remote control signal input circuit is composed of H-level noise canceller and L-
level noise canceller, which each consists of a 4-bit up-counter and a comparator.

Reset e e T e e ,
Py ! 1
CAPINCR2<RMTST> 4‘>0_L—):> T | C TBCS (from TBC) !
cK
CAPINCR2<RMTPO> R R io—D_“_ o 4-bit Counter |
1
T
RMTIN (from P82) CK |1 < } oK (L-Level noise canceller)i
I
T%MMme—_—————j : Comparator —DRQ '
1
| :
1
; RMTCR<RMTDO to 3> '
L n
iy ot intoininivintulointoloinivisintvinintviniutviniulvistulsintvisiutvisiulviniutistulistuliutoinl L]
| O TBCS (from TBC) 1 ® Qh
: CX 4bit Gount S
! _D" R -bit Counter !
| <L :
i CK | (H-Level noise canceller);
: Comparator —Db Q '
1 R 1
! 1
! 1
1
! RMTCR<RMTD4 to 7> E
e e e e e e e e e o = = = = = = = = = — == — == = = — = d
CAPINCR2<RMTBP> l_'|'BC8 (from TBC)
> {f —> RMTU (to CAPIN)
MPX v n
> \

RMTD (to CAPIN)

Figure 3.13.1 Composition of the remote control signal input circuit (RMTIN)
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(2) Control register

Remote Control signal input Control Register

RMTCR 7 6 5 4 3 2 1 0
©053H) | RMTD7 | RMTD6 | RMTD5 | RMTD4 | RMTD3 | RMTD2 | RMTD1 | RMTDO | (initial value: 0000 0000)
RMTD?7 to Width of H noise cancellation Setting of comparative value of 4-bit counter
RMTD4 (H-level noise canceller) RIW
RMTD3 to Width of L noise cancellation Setting of comparative value of 4-bit counter
RMTDO (L-level noise canceller)
Capture Input Control Register 2
CAPINCR2 7 6 5 4 3 2 1 0
©oo4sH) + o | RmtsT | RMTPO | RMTBP | cFamcp | DPcP2 | DPCP1 | DPCPO | (inital value: 0000 0000)
RMTST Start/Stop remote control signal input | 0: Stop & Counter clear
control 1: Start
RMTPO Switching polarity of remote control 0: Positive RIW
signal input 1: Negative
RMTBP RMTIN noise canceller control 0: Active
1: Bypass

Note: The bit 7 should be cleared to 0.

Figure 3.13.2 Register for RMTIN
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(3) Operation of the remote control signal input circuit
The remote control signal input circuit starts operation by setting

CAPIN2<RMTST> to 1. In advance, the input polarity of a remote control signal and
noise removal width need to be set up.

a. Control of remote control signal input
By CAPIN2 <RMTPO>, the polarity of the remote control signal inputted from
RMTIN (P82) pin can be changed accordingly. The inputted remote control signal
is sampled with the falling edge of TBC4 and is inputted to a noise canceller.

b. Operation of the noise canceller (in case CAPIN2<RMTPO> is 0)

“H” level noise removal width and “L” level noise removal width are set up by
RMTCR <RMTD7:0> and <RMTD3:0> each. When the width of “H” level pulse or
“L” level pulse of the remote control signal is less than the removal width set to
RMTCR<RTMD7:4> and RMTCR<RTMDS3:0>, the pulse is rejected as a noise.

i) “H” level noise canceller

While the remote control signal is high, a 4-bit counter counts up by
TBC8. And while the remote control signal is low, the 4-bit counter is reset.
When the count of the counter matches the value of RMTCR<RMTD7:4>, a
flip-flop is set to 1 as a rising edge of remote control signal.

ii) “L” level noise canceller

While the remote control signal is low, a 4-bit counter counts up by TBCS.
And while the remote control signal is high, the 4-bit counter is reset.
When the count of the counter matchs the value of RMTCR<RMTD3:0>, a
flip-flop is cleared to 0 as a falling edge of remoto control signal.

iii) Measurement of remote control signal pulse width

The rising edge of the flip-flop output (RMTU) and the falling edge of the
flip-flop output (RMTD) are inputted into Capture 0 (CAPO) via Capture
Input Control Circuit (CAPIN). The time gap between RMTU and RMTD
can be measured in INTCAPO interrupt routine.

When RMTCR<RMTD7:4> or RMTCR<RMTD3:0> is cleared to 0, “H” or
“L” level cancellation is not performed. Also when CAPINCR2<RMTBP> is
set 1, it is not performed.
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RMTIN —,\‘ - -~ I L
\ \
\ \
\
4-bit Counter | | \ |\ || || ||
(Low level noise @ m
\ \

canceller)

\ RMTCR<RMTD3 to 0> —t«— {]
Match \\\ ° v i |-|_
\ \
\\ \\
4-bit Counter \
(High level noise || | | I || || || || || \ IT”
I \ |
canceller)  RMTCR<RMTD7 to 4>\ I \
Match N \
y \‘v
\
RS-F/F
RMTU

RMTD ﬁ

Figure 3.13.3 Timing chart of the remote control signal input circuit (CAPINCR2<RMTPO> = 0)
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3.14 Head Amp Switch/Color Rotary Control Circuit (HA/CR)

TMP93CF76/CF77/CW76/CU76/CT76 have the head amp switch (HA)/color rotary (CR)
control output circuit. HA output/CR output can control Video-head amplifier switching with
the logical combination pattern by TPG03, TPGO5 of Timing Pulse Generator 0 (TPGO0) and
setting value of head amp control register (HACR).

3.14.1

HACR<COMPS>

COMPIN ) S
(from P87)

CSYNCA

Block Diagram

o

4o o

(from CSYNC)

TPG05

(from TPGO)

TPGO3
(from TPGO)

HACR<DFFPOO0>

— )

HACR<DFFPO1>

HACR<HAPO>

HACR<CRPO>

HA (to P95)

CR (to P94)

Figure 3.14.1 Composition of the head amp/color rotary control circuit

3.14.2 Control Register

Head Amp Control Register

HACR 7 6 5 4 3 2 1
008DH) | vTPPo1 | vTPPoo | TPvasEL | DFFPO1 | DFFPO0 | comps | crRPo | HAPO | (nitial value: 0000 0000)
TPVASEL P91 output selection 0: TPGO1
1: VASWP
DFFPO1 CR control 0: Positive
TPGO3 input polarity selector 1: Negative
DFFPOO0 HA control 0: Positive
TPGO3 input polarity selector 1: Negative RIW
COMPS HR/CR control 0: Disable
Enable COMPIN 1: Enable
CRPO CR control 0: Positive
CR output polarity selector 1: Negative
HAPO HA control 0: Positive
HA output polarity selector 1: Negative

Figure 3.14.2 Register for HA/CR
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(1) Logic architecture and operation mode

Controlling HA (Head Amp)/CR (Color Rotary) output is performed by TPGO03 and
TPGO5 of Timing Pulse Generator 0 (TPG0) and Head Amp Control Register (HACR)
as shown in Figure 3.14.2.

HA = <HAPO> @ [(COMPIN - <COMPS> + (TPG05 - (TPG03 ® <DFFPO0>))]
CR = <CRPO> @ [(COMPIN - <COMPS> @ (TPGO05 - (TPG03 @ <DFFPO1>))]

Generally, for controlling a head amplifier switching, HA output and CR output are
provided with three basic modes as shown below.

Table 3.14.1 HA/CR output operate mode

Mode [<COMPS>| TPG05 HA output CR output

mode1 0 0 <HAPO> <CRPO> @ (TPG03 ® <DFFPO1>)

mode2 0 1 <HAPO> & (TPG03 ® <DFFPQ0>) | <CRPO>

mode3 1 0 <HAPO> & COMPIN <CRPO> ® COMPIN @ (TPG03 & <DFFPO1>)

In this case, TPGO3 can be used as a cylinder head switching signal (DFF). The
polarity of TPGO3 input is selected by HACR <DFFPO1, 0>. And TPGO5 can be used
for switching mode 1 to 3. HACR <COMPS> controls the input of COMPIN (P87)
signal (emvelop detection and camparison of FM signal of SP/EP head).

(2) Example

SP/EP mode is set by HACR <HAPO> = HACR <CRPO>. HA and CR output
frequence is shown in Figure 8.14.4 in case of <DFFPOO0> = <DFFPO1> (In case with
an example of a Rec/Pre amplifier device to Figure 3.14.3).

DFF input (from VASWP)

SP1 < % []_>_<Lj' HA input (from HA)
L

Playing Y/C output

:
Y

= (G 1H > -
H I >—|::| COMP output (to COMPIN)

Figure 3.14.3 Example for the interface with Rec/Pre amplifier
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Mode SP mode (<HAPO> = <CRPO> = 0) EP mode (<HAPO> <CRPO> = 1)
REC/PB/CUE/REV |
TPG03 _sP1 | sp2 | sp1 | sp2 TPG03 _EP2 | EP1 | EP2 | EP1
modet | 1pgos TPGO5
HA SP HA EP
CR cH1 | _cH2 | cH1 | cH2 CR _cH2 | cH1 | cH2 | cHi

TPG03 _EP2 | sp2 | EP2 | sp2 TPGO3 _SP1 | EP1 | sP1 | EP1
mode2 | 1pgos5 TPGO5

HA er |.sp | Er [ sp HA _sp | Er |Lsp | EP

CR CH2 CR CH1

CUE/REV | (SP mode)
TPGO3 SP2/EP1 | SP1/EP2

TPGO05

mode3

comPin sp| Ep | sp | Er | sp | er | sp | Er | sp | EP | sp | EP |sP

HA sP|eroer1| sP2 | EP1 | sP2 | EP1 |seesei| EP2 | sP1 | EP2 | sP1 [eraerilsP2

CR CHAlerzor]_cHz [ cht | ch2 [ et ender] ch2 [ cHt | cHe | ch1 |engerilonz

Figure 3.14.4 HA/CA output frequence

As shown in Figure 3.14.4, the control for each operation, such as REC/PB, STILL
and CUE/REV, can be performed by setting the modes. Moreover, SLOW operation
can be controlled by using sequentially mode 1 and 2.
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3.14.3 Control of VASWP Output

TPGO03 and TPGO1 are used as DFF signal (cylinder head switching) and AFF signal
(audio head change) for head switching control each.

DFF signal is outputted to TPG03 (P93) pin and AFF signal is outputted to TPGO1

(P91) pin respectively. The signal multiplexed with these signals can also be outputted to
VASWP (P91) pin.

(1) Circuit composition

The circuit construction of VASWP output is shown in Figure 3.14.5, also refer to

figure 3.5.21 (P91).

HACR<TPVASEL>

TPGO1
(from TPGO)
TPGO03 B

(from TPGO) MPX VASWP(P91)
P91 A L D

(from P91) S
POFC<P91F>

Figure 3.14.5 Composition of the VASWP circuit

(2) VASWP output

PI9FC <P91F> is set to 1, and VASWP output is enabled by HACR <TPVASEL>. 3-
state output maltiprexed with DFF signal (TPG03) and AFF signal (TPGO1) is
outputted to VASWP pin. The timing chart, an example of VASWP output is shown in

Figure 3.14.6.

TPGO03

TPGO1 L L I
PO1 | Mn______

VASWP 1"

Figure 3.14.6 VASWP output timing chart

Note: When P91 terminal is used as VASWP output, set PO9CR <P91C> to 0.
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3.15 Serial Channels (SIO)

The TMP93CF76/CF77/CW76/CU76/CT76 have one built-in 8-bit synchronous serial
channel. Serial channel (SIO) is connected to an external circuit via P52 (SCK), P51 (SO), P50
(SD).

3.15.1 Block Diagram

S Internal data bus §
SCMOD VAN
| T T T T T 1 |
I N T OO T B
BUSY
Flag
Serial Transfer P >BufferControI
Control Circuit Circuit
{} N
Buffer Register SCBUF
Shift Register @
Shift 76 543210
clock T T T T T 1
S N |——> SO (to P51/SO)
Sl (from P50/SI)
v > SCK (from/to P52/SCK)
INTSIO

Figure 3.15.1 Configuration of the serial channel
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3.15.2 Control Registers

The serial channel are controlled by serial channel control register (SCMOD) and serial
channel buffer register(SCBUF). To use serial channel, set the port 5 control register to
serial channel pin function.

Serial Channel Control Register

SCMOD 7 6 5 4 3 2 1 0
(0067H) | _FFSI_| SRES | SMD1_| SMDO | SIFT | CLKSI | SCKS | SIOE | (initial Value: 1000 0000)
FFSI Serial transfer monitor flag 0: Transfer in progress
Read only
1: Transfer stop
SRES Serial transfer termination 0: -
1: Terminate (One-shot)
SMD1 Serial transfer mode selection 00: Transmit mode
01: Receive mode
SMDO 10: reserved
11: Transmit/receive mode
SIFT Serial transfer shift edge selection 0: Leading edge RIW
1: Trailing edge
CLKSI Serial transfer internal clock rate 0: fSYs/23
selection 1: fsys/27
SCKS Serial transfer clock selection 0: Internal clock
1: External clock
SIOE Serial transfer start 0: Stop
1: Start
Serial Channel Buffer Register
SCBUF 7 6 5 4 3 2 1 0 (Initial Valug: *##x xxx)
©oseH) | TRB7 | TRB6 | TRB5 | TRB4 | TRB3 | TRB2 | TRB1 | TRBO |Readmiie
Prohibit read-modify-write.
Interrupt Source Control Register
ISCR 76 5. A 3.2 . (I 0.
(oosFH) [ sELnT | o o I I o o ! (Inital Value: 0%+ *+e)
SELINT Interrupt source select 0: INT2 RIW
1: INTSIO

Note: It is necessary to select from either serial channel interrupt (INTSIO) or external interrupt 2 (INT2)
by <SELINT> of interrupt source control register (ISCR) because an interrupt request flag is used
both as a INTSIO and INT2.
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3.15.3 Operation

(1) Shift Clock
a. Clock Source Selection

The clock of SIO can be selected from either internal clock or external clock by
setting SCMOD <SCKS>.

1) Internal clock

The clock rate can be selected from either TBC3(fsys/23) or
TBC7(fsys/27) by setting SCMOD <CLKSI>.

Figure 3.15.1 shows the maximum transfer rate using the internal clock.

The shift clock automatically stops after the end of one-frame transfer
operation and waits for the next transfer operation. The SCK pin holds
high-level in no transferring.

Table 3.15.1 The maximum transfer rate by internal clock

Maximum Transfer Rate
(at fc =16 MHz)

TBCS3 (fsys/2®) 1 Mbps
TBCY7 (fsys/2') 62500 bps

Internal Clock

ii) External clock
The clock input to the SCK pin is used as the shift clock. Before starting
serial transfer, set SCMOD <SCKS> to 1. To make certain shift operation,

it is necessary to input more than 8/fc at both high-level and low-level of
the shift clock width.

SCK S
pin Input

A 4

<€

tscL  tscH

tscL, tscH > 8/fc [s]

Figure 3.15.2 External clock input
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b. Shift Edge Selection
The leading or trailing edge shift can be selected by setting SCMOD <SIFT> .
1) Leading edge

The serial data are shifted on the leading edge of the shift clock (falling
edge of SCK pin input/output).

ii) Trailing edge

The serial data are shifted on the trailing edge of the shift clock (rising
edge of SCK pin input/output).

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

SCK 2 2 2 2 I 2 B R
i
SO E\ Bito X Bitt X Bit2 X Bit3 X Bit4 X Bits X Bit6 X Bit7
i
Shift register :><76543210X‘ 7654329X: - 765432X: -+ 76543 - - - 7654 X - - - o D 7
(a) Leading edge shift
SCK s - - = - Lt L Lt
|
SI \ |:3ito X Bit1 X Bit2 X Bit3 X Bit4 X Bits X Bit6e X Bit7
.
Shift register — i.iien. :Xo ******* y s 21042 vvs 3210....X43210...X543210. .X6543210 X 76543210

(b) Trailing edge shift Note : * ; Don’ t care

Figure 3.15.3 Shift edge
(2) Serial Operation

Three transfer mode such as transmit, receive and simultaneous transmit-receive
modes for serial channel are selected by SCMOD<SMD1, 0>. After reset,
SMOD<SMD1, 0> are cleared to 0, and transmit mode is selected. The following
explains the operation in each transfer mode.

a. Transmit mode

After setting transmit mode 00 to SMOD<SMD1, 0>, the first transmit data is
written into a buffer registers SCMOD. When transmit mode is not set, a
transmit data can not be written into a buffer registers. Next, set SCMOD
<SIOE> to 1 to start transmission. After starting transmission, a transmit data
is transferred from a buffer register to a shift register, the transmit data is
output from the SO pin synchronous with the falling edge of shift clock (leading
edge shift), starting from the least significant bit (LSB). When LSB of written
data is output to SO pin, the buffer register is empty and the serial channel
interrupt to request a new data is generated. When the next transmit data is
written into the buffer register in the interrupt service program, the interrupt
request signal is cleared.
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Note:

1)

ii)

iii)

After SCMOD<SIOE> is set to 1, undefined data is output from SO pin till the
first falling edge of the shift clock

Internal clock mode

In the internal clock mode, when all data are finished to transmit, if a
new data is not set in the buffer register, the shift clock stops and a wait
function starts.

Figure 3.15.4 (a) shows the timing chart of internal clock operation in
transmit mode (with wait function).

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

Finish to transmit

In order to end the transmit operation, set SCMOD<SIOE> to 0 instead
of writing the next transmit data into the buffer register in the interrupt
service program. When <SIOE> is cleared to 0, the transmit operation
stops when all data is output. And when SCMOD<SRES> is set to 1, the
transmit operation stops immediately and SCMOD<SIOE> is cleared to 0
automatically.

The end of transmit operation can be confirmed by reading out the serial
transfer monitor flag SCMOD<FFSI>. When the transmit operation is
finished, the serial transfer monitor flag is set to 1.

In the external clock mode, <SIOE> must be cleared to 0 before starting
the next transmit data shift operation. If <SIOE> is not cleared to 0 before
the shift operation begins; otherwise, dummy data is transmitted and
operation ends.
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When the next transmit data D’ to SCBUF

SCMOD
<SIOE>

SCBUF

4~ K

55

f
I D
)

Wait function is released
SCK pin
(output)

SO pin
(output)

SCMOD
<FFSI>

Buffer Empty Writing the next transmit data D,

interrupt request flag is cleared.
INTSIO 1 1 5 r

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

SCMOD
<SIOE>

SCBUF

SCK pin
(input)

SO pin
(output)

SCMOD
<FFSI>

INTSIO i) L

(b) External clock operation in transmit mode

Figure 3.15.4 Serial channel timing chart in transmit mode
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b. Receive Mode

After setting receive mode 01 to SCMOD <SMD1, 0> and 1 to SCMOD <SIOE>,
receive mode is enabled. Data is received from SI pin to the shift register
synchronous with the shift clock, starting from the least significant bit (LSB).
When 8-bit data is received, the data is transferred from the shift register to the
buffer register, the buffer register is full and the serial channel interrupt to read
a received data is generated. When the received data is read from the buffer
register in the interrupt service program, the interrupt request signal is cleared.

1) 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 received, the shift clock stops
and a wait function starts until the previous data is read.

Figure 3.15.5 (a) shows the timing chart of internal clock operation in
receive mode (leading edge shift with wait function).

Figure 3.15.6 (a) shows the timing chart of internal clock operation in
receive mode (trailing edge shift with wait function).

i) External clock mode

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

Figure 3.15.5 (b) shows the timing chart of external clock operation in
receive mode (leading edge shift).

Figure 3.15.6 (b) shows the timing chart of external clock operation in
receive mode (trailing edge shift).

iii) Shift edge
In the receive mode, either leading edge shift or trailing edge shift can be
selected. Because data is received at the leading edge of the serial clock,
the first shift data must already be input to the SI pin when the initial
serial clock pulses are applied at transfer start.

iv) Finish to receive
To end the receive operation, clear SCMOD <SIOE> to 0. When <SIOE>
is cleared to 0, the receive operation stops after all data are received and
transferred to the buffer register.

Setting SCMOD <SRES> is set to 1, the receive operation stops
immediately and SCMOD <SIOE> is cleared to 0 automatically.
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Note: If the transfer mode is switched, the contents of the buffer register is
lost. In case that the mode needs to be switched, switch the mode after
clearing <SIOE> to 0 and reading out the last received data. Undefined
data is output from SO pin.

An end of receive operation can be confirmed by reading the serial
transfer monitor flag SCMOD<FFSI>.

SCMOD

<SIOE> J Confirm that <FFSI> comes 0, and then disable transfer.
SCMOD ﬁ(\
<FFSI>

SCK pin S‘|_,—|_,—$$—‘_’—
output

Sl pin

St o 50 X o1 X2
Sampling T T T T T T
Timing

INTSIO [5)7
SCBUF ’ D"/
SCBUF : H
Read out
Read out the first data “D” from SCBUF. /

(a) Internal clock operation in receive mode (Shifted by leading edge with wait function)
SCMOD ¢
<SIOE> J Confirm that <FFSI> comes 0, and then disable transfer. S—I

pv e « [ 1 [
SCK pin _———
output 'TI_\_,_\_,_L,—LS'J_\_,_\_'—L i

Sl pin
input

Timing rtrrr ot

INTSIO [5 5 & b
SCBUF X 0,/ X D
SCBUF <ﬂ <a
Read out

Read out the first data “D” from SCBUF. /

(b) External clock operation in receive mode (shifted by leading edge)

Figure 3.15.5 Serial channel timing chart in receive mode (Leading edge)
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SCMOD
<SIOE> J

| u—*w
opt D THED EDC T CIRY €D CD CD &
Tiing L7 O AL A O N \TTT
FrS N y 1

)
INTSIO [ » «%

SCBUF X D “ /J X D

35
SCBUF <a
Read

Read out the first data “D” from SCBUF. /

(a) Internal clock operation in receive mode (Shifted by trailing edge with wait operation)

<sioe> | &

SCK pin
output

Sl pin
input

Sampling
Timing

SCMOD
<FFSI>

INTSIO

SCBUF X D 55 X D

L ¢

SCBUF
Read

Read out the first data “D” from SCBUF. /

(b) External clock operation in receive mode (shifted by trailing edge)

Figure 3.15.6 Serial channel timing chart in receive mode (Trailing edge)
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¢. Transmit/Receive mode

After setting transmit/receive mode 11 to SMOD <SMD1, 0>, the first transmit
data is written into a buffer registers SCMOD. And then set SCMOD <SIOE> to
1, transmit/receive mode is enabled. The transmit data is output from SO pin
synchronous with the falling edge of shift clock (leading edge shift), data is
received from SI pin to the shift register synchronous with the rising edge of
shift clock (trailing edge shift), starting from the least significant bit (LSB).

When 8-bit data is received, the data is transferred from the shift register to
the buffer register, the buffer register is full and the serial channel interrupt to
read a received data is generated. When the received data is read from the buffer
register in the interrupt service program, the interrupt request signal is cleared.
And then a next data is written into buffer register.

Note: After SCMOD<SIOE> is set to 1, undifined data is output from SO pin till the
first falling edge of the shift clock.

i) Internal clock mode

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

ii) 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. The maximum
transfer rate of the external clock operation is detemined by the maximum
delay time from interrupt request generation to reading received data and
writing transmit data.

Figure 3.15.7 (b) shows the timing chart of external clock operation in
transmit/receive mode.

Since the buffer registers are used for both transmit and receive data,
transmit data must be written after 8 receive data is read.

iii) Finish to transmit
To end the transmit/receive operation, clear SCMOD <SIOE> to 0.

When SCMOD <SIOE> is cleared to 0, the transmit/receive operation
ends after all data are received and transferred to the buffer register.

In the transmit/receive mode, the serial transfer operation ends just after
setting SCMOD <SRES> to 1, and SCMOD <SIOE> is cleared to 0 auto
matically.

The end of transmit/receive operation can be confirmed by reading the
serial transfer monitor flag SCMOD <FFSI>.
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/Write the next transmit data “DO” to SCBUF

SCMOD 55 55
<SIOE>

SCBUF

SCBUF
Read

SCK pin
output

SO pin
output

Sl pin
input

Shift
(Sampling
Timing)

SCMOD
<FFSI>

INTSIO

SCMOD
<SIOE>

SCBUF

SCBUF
Read

SCK pin
output

SO pin
output

Sl pin
input

Shift
(Sampling
Timing)

SCMOD ﬁ
<FFSI>
INTSIO £

(b) External clock operation in transmit/receive mode

Figure 3.15.7 Serial channel timing chart in transmit/receive mode
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3.16 Serial Bus Interface (I°C bus)
TMP93CF76/CF77/CW76/CU76/CT76 have one channel serial bus interface (I2C bus). The

interface terminals for communication are multiplexed and named channel 0 and 1. These sets
of terminals can be switched by software. (I2C bus is the bus system by Philips.)

The interface terminals can be selected from two channels.
e Channel 0; P73 (SDA0), P74 (SCLO)
e Channel 1; P75 (SDA1), P76 (SCL1)

The terminals for I2C bus are multiplexed with P7 port and these are used as normal port
when not to use as I12C bus. When used for I2C bus pins, control registers are set to 1 for
output mode and function registers are set to 1 for I2C bus.

I2C bus Function
e  Master/Slave Switching
e Single Master System without BUS arbitration
e High Speed Capability with 8-level FIFO in Master mode
e 9-bit data (8-bit data and 1-bit acknowledge)
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Figure 3.16.1 Configuration of serial bus interface
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3.16.1 Control

The following registers are used for control and monitor the serial bus interface.

3.16.2 Data Format in I°C bus Mode

Serial BUS Interface Control Register 1 12CCR1)
Serial BUS Interface Control Register 2 I2CCR2)
Serial BUS Interface Data Buffer Register I2CDBR)
I2C bus Address Register (I2CAR)
Serial BUS Interface Status Register (I2CSR)

The followings shows the data format in I2C bus.

(a) Addressing format: transferring between master and slave

8 bits

A

1 €

8 bits ———>

S Slave address

S

<0 >»

I
Data

le— 1time ————>

l«—  multi-transferred

(b) Addressing format (restart): in case the direction for transfer

8 bits 1€ 8 bits < 8 bits 1 8 bits > 4
[T T 11 rlal 1 [ [T T 171 Rlal T T T1 A
S Slave address rc Data S Slave address 1|c Data c|P
w(K wiK K
«— 1time ————>f«— multi-transferred —>» |[€«—— 1time —————>f«— multi-transferred —>
(¢) Free data format: transferring format for data only; transferring neither

S data

1

A
Cc|P
K

Note: S

l«—— multi-transferred ——|

involving slave address and direction bit

; start condition: Output timing pulse which indicates start transmitting.

R/W ; direction bit: Indicate the direction for transferring against slave.

0: slave receives (master transfers)
1: slave transfers (master receives)

ACK ; acknowledge bit: Receiver response to transmitting as a confirmation for data receiving

0: receiving completed
1: not accepting data transferred, or in case master receiver
instructs slave transmitter to terminate transferring

P ; stop condition: Output timing pulse which indicates terminate transmitting

Figure 3.16.2 Data Format for I°C bus
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3.16.3 Control in I°C Bus
The following registers are used for control and monitor the serial BUS interface.

Serial BUS Interface Control Register 1

I2CCR1 7 6 5 4 3 2 1 0
©8tH) + o o+ o i+ o | ack | chs | SCK | (initial Value: 0000 0000)
ACK Acknowledge bit select 0: Acknowledge not returned to transmitter.
1: Acknowledge returned to transmitter. RIW
CHS Input/Output channel select 0: Channel 0 (SCLO, SDAO0)
1: Channel 1 (SCL1, SDA1)
SCK Serial clock frequency select | 000: fc/2° (250 kHz)
(available in master mode) 001: fc/2" (125 kHz)
010: fc/2° (62.5 kHz)
011: fc/2° (31.2 kHz) )
100: fc/2™ (15.6 kHz) write only
101: fe/2"" (7.8 kHz)
110: fe/2" (3.9 kHz)
111: reserved at fc=16 [MHz]

Note 1: The bit 7 to 5 should be cleared to 0.
Note 2: Prohibit read-modify-write.

Serial BUS Interface Data Buffer Register

I2CDBR 7 6 5 4 3 2 1 0
©os2H) | 12DBR7 | 12DBR6 | 12DBRS | 12DBR4 | 12DBR3 | 12DBR2 | 12DBR1 | 12DBRO | (nital Value: ###+ +sx4) Readmrite
Prohibit read-modify-write.

I°C bus Address Register
I2CAR 7 6 5 4 3 2 1 0

©o83H) | sae | sas | sas4 | sa3 | sa2 | sa1 | sao | ALs | nitial value: 0000 0000)
SA Slave address for a serial bus
interface .
] ] - write only
ALS Address confirm 0: Confirm slave address(addressing format)
1: Not confirm slave address(free data format)

Prohibit read-modify-write.

Serial BUS Interface Control Register 2
I2CCR2 7 6 5 4 3 2 1 0

(0084H) | MST I TRX I BB | PIN I SBIM | __0__ _: __0 _: (Initial Value: 0001 0000)
MST Master/slave selection 0: Slave
1: master
TRX Transmission/Receive selection | 0: Receiver
1: Transmitter
BB Start/stop condition control 0: Generate the stop condition when MST,
TRX and Pin are 1.
1: Generate the start condition when MST, .
write only
TRX and PIN are 1.
PIN Interrupt request reset 0: -
1: Cancel interrupt service request
SBIM Serial BUS interface Operating | 00: Port mode
mode selection 01: reserved
10: I°C bus mode
11: reserved
Note 1: The bit 1 and 0 should be cleared to 0.
Note 2: Prohibit read-modify-write.
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Serial BUS Interface Status Register

12CSR 7 6 5 4 3. 2 1 0
oosat)y | msT | TRx | BB | PN | | aas | apo | tre | nitial value: 0001 *000)
MTS Master/slave selection mode | 0: Slave
monitor 1: Master
TRX Transmission/Receive  selection | 0: Receiver
status monitor 1: Transmitter
BB I2C bus status monitor 0: BUS free
1: BUS busy
PIN Interrupt request moniter 0: Interrupt service requested
1: interrupt service released
Read only
AAS Slave address match detection | 0: Slave address match or “GENERAL CALL”
monitor not detected
1: Slave address match or “GENERAL CALL”
detected
ADO “GENERAL CALL” detection | 0: “GENERAL CALL” not detected
monitor 1: “GENERALCALL” detected
LRB Last receive bit monitor 0: Last receive bit is 0 (Acknowledge)
1: Last receive bit is 1 (No-Acknowledge)

(1) Acknowledge mode specification
Set the I2CCR1 <ACK> to 1 for operation in the acknowledge mode.

In the receive mode during the clock pulse cycle, the SDA pin is set to the low-level
in order to generate the acknowledge signal. When I2CCR1 <ACK> is cleared to 0,
the SDA pin released high-level in the acknowledge timing.

scL 1 2 3 4 5 6 7 8\_/ 9\
d

SDA (transmitter)

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

SDA (receiver)

Data transfer Acknowledge
signal

Figure 3.16.3 Acknowledge signal output timing

(2) Input/Output channel setting
The channel can be selected by setting I2CCR1 <CHS>.

Channel 1 (pair of SCL1 and SDA1) is selected by setting 1 to I2CCR1 <CHS> and
Channel 0 (pair of SCL0 and SDAO) is selected by setting 0 to I2CCR1 <CHS>.

<CHS>
3
SDA O [JSDA1 (P75)
—~— Channel 1
i SCL1 (P76)
1
]
scL ! SDAO (P73)
\I Channel 0

O []scLo (P74)

Figure 3.16.4 Input/output channel
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SCL pin
(Output)

SCL pin
(Output)

3)

Serial Clock

The I2CCR1 <SCK 2:0> are used to select a maximum transfer frequency directed
from the SCL pin in the master mode. When rising time of the output clock (tR() is at
least 8/fc [s], a high-level time of the output clock (tH() is tSCL.

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

(a) In case of tRC < (8/fc) [s] tHC = tLC = tscr/2 [s] (tscL = 1/fscL [sD)

<«— 1/FscL [s]—|«—tHC —le—tic

\ 0.5Vce

FscL=fscL
trc
(b) In case of tRC = (8/fc) [s] tHC = tscL [s], tLe =tscr/2 [s]
l«—— 1/FscL [s] > tHo———>1€—t. ¢
\ 0.5Vce
—— ] _—
Fsci=fscL/1.5
trc
SCK FscL (atfc =16 MHz)
(Bit 2 to 0 of I2CCR1) tre < 500 [ns] 500 [ns] < tre
000 250 kHz 166.7 kHz
001 125 kHz 83.3 kHz
010 62.5 kHz 41.7 kHz
011 31.2 kHz 20.8 kHz
100 15.6 kHz 10.4 kHz
101 7.8 kHz 52 kHz
110 3.9 kHz 2.6 kHz
In case of (a) In case of (b)

(4)

(5)

Figure 3.16.5 Serial clock

Slave Address and Address Comfirm

When TMP93CF76/CF77/CW76/CU76/CT76 is used as a slave device, set the slave
address <SA6:0> and <ALS> to I2CAR register. Set I2CAR2 <ALS> 0 to the for the
addressing format mode.

Master/Slave Selection
Set the I2CCR2 <MST> to 1 for operating the serial bus interface as a master

device. I2CCR2 <MST> is cleared to 0 by the handware after a stop condition on the
bus is detected.
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(6) Transmitter/Receiver Selection

Set the I2CCR2 <TXR> to 1 for operating the serial bus interface as a transmitter.
Clear I2CCR2 <TRX> for operation as a reciver. When the serial bus interface receive
a slave address setted in I2CAR or a GENERAL CALL from the master device in the
addressing format is transferred in the slave mode, I2CCR2 <TRX> is set to 1 if the
direction bit (R/W) sent from the master device is 1, and is cleared to O if the bit is 0.

In the master mode, after an acknowledge signal is returned from the slave device,
I2CCR2 <TRX> is set to 0 if a transmitted direction bit is 1, and set to 1 if it is O.

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

I2CCR2 <TRX> is cleared to 0 by the hardware after a stop condition on a bus is
detected.

The following shows I2CCR2 <TRX> change conditions in each mode and I2CCR2
<TRX> after changing.

Mode Direction bit Change condition [2CCR2 <TRX>
after changing

Slave mode 0 A received slave address is 0
the same as a value set to 1

I12CAR.
Master mode 0 ACK signal is returned. 1
0

When the serial bus interface circuit operates in the free data format, the slave
address and the direction bit are not recognized. They are handled as data just after
generating a start condigion. I2CCR2 <TRX> was not changed by the hardware.

(7) Start/Stop Condition Generation (for Master Mode)

When I2CSR <BB> is 0, the slave address and the direction bit which are set to the
I2CDBR are output on a bus after generation a start condition be writing 1 the
I2CCR2 <MST>, I12CCR2 <TRX>, I2CCR2 <BB> and I2CCR2 <PIN>. It is necessary
to set transmitted data to I2CDBR and set 1 to <ACK> beforehand.

scL™ 1 2 3 4 5 6 7 s\ /9N

pin
sbA” T\ b7 X D6 X D5 X b4 X D3 X D2 X D1 X DO
pin
Start Condiction

A

Slave Address and Direction Bit. ———>{ Acknowlédge

Figure 3.16.6 Start condition and slave address generation

When I2CSR <BB> is 1, a sequence of generating a shop condition is started by
writing 1 to I2CCR2 <MST>, I2CCR2 <TRX>, and I2CCR2 <PIN>, and 0 to I2CCR2
<BB>. Do not modify the contents of [2CCR2 <MST>, I2CCR2 <TRX>, [2CCR2 <BB>,
and I2CCR2 <PIN> until a stop condition is generated on a bus.
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SCL pin =~

SDA pin :_\ : / o

_______

Stop Condition

Figure 3.16.7 Stop Condition Generation

The bus condition can be indicated by reading I2CSR <BB>. The I2CSR <BB> is set
to 1 when start condition is detected and is cleated to O when stop condition is
detected on a bus.

(8) Interrupt Service Request and Cancel

When a serial bus interface interrupt request INTI2C) occurs, the I2CSR <PIN> is
cleared to 0. During the time that <PIN> is 0, the SCL pin is pulled down to the low
level.

<PIN> is cleared to 0 when 1-byte of data is transmitted or received. Either
writing/reading data to/from the I2CDBR sets <PIN> to 1.
The time from <PIN> being set to 1 until the SCL pin is released takes tLOW.

In the address recognition mode (ALS = 0), <PIN> is cleared to 0 when the received
slave address is the same as the value set to the [I2CAR or when a “GENERAL CALL”
is received (all 8-bit data are O after a start condition). Although I2CCR2 <PIN> can
be set to 1 by the program, <PIN> is not cleared to 0 when it is written 0.

(9) Serial Bus Interface Operation Mode Selection

The I2CCR2 <SBIM1:0> is used to specify the serial bus interface operation mode.
Set the I2CCR2 <SBIM1:0> to 10 when used in the I2C bus Mode after confirming
that input signal via port is high level. Switch a mode to port after confirming sure
that the bus is free.

(10) Slave Address Match Detection Monitor

I12CSR <AAS> is set to 1 in the slave mode, in the address recognition mode (<ALS>
= 0), or when receiving “GENERAL CALL” or a slave address with the same value
that is set to the I2CAR. When I2CAR2 <ALS> is 1, I2CSR2 <AAS> is set to 1 after
receiving the first 1byte of data. <AAS> is cleared to 0 by writing/reading data to/from
a data buffer register.

(11) GENERAL CALL Detection Monitor

I2CSR <ADO> is set to 1 in the slave mode, when all 8-bit data received after a
start condition are 0. I2CSR <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 I2CSR
<LRB>. In the acknowledge mode, immediately after an INTI2C interrupt request is
generated an acknowledge signal is read by reading contents of I2CSR <LRB>.
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3.16.4 Data Transfer in I°C bus Mode

oy

(2

SCL pin

SDA pin

I2CCR2<PIN>

INTI2C
Interrupt Request

Device Initialization
Set I2CCR1 <ACK>, <CHS>, <SCK 2:0>. Clear 0 to bits 7 to 5.

Set a slave address and I2CAR <ALS> <ALS> = 0 when an addressing format.
After confirming that input signals via port are high level, for specifying the default
setting to slave receiver mode, clear 0 to I2CCR2 <MST>, <TRX>, <BB> and set 1 to
I2CCR2 <PIN>, 10 to I2CCR1 <SBIM 1:0>; and 0 to bit 0 and 1.

Start condition and Slave address Generation.
Confirm that I2CSR <BB>is 0.

Set [2CCR2 <ACK> to 1 and specify a slave address and a direction bit to the
I2CDBR.

When I2CSR <BB> is 0, the start condition is generated and the slave address and
the direction bit which were set to the I2CDBR are output on a bus by setting 1 to
I2CCR2 <MST>,<TRX>, <BB> and <PIN>. A slave device receives these data and
pulls down the SDA line to the low level at the acknowledge signal timing. An INTI2C
interrupt request occurs at the 9th falling edge of the SCL clock cycle, and the I2CSR
<PIN> is cleared to O.

The SCL pin is pulled down to the low level while <PIN> is 0. When an interrupt
request occurs, [I2CCR2 <TRX> changes by the according to the direction bit only
when an acknowledge signal is returned from the slave device.

1 2 3 4 5 6 7 8 9
_\ /A6XA5XA4XA3XA2XA1XAOXR/\N)(___/
A \ ~ J "
v Start Condiction Slave Address + Direction Bit ﬁg:zr;l\zﬂge

bE

Figure 3.16.8 Start condition and slave address generation
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(3) 1-byte Data Transfer

Check I2CRS <MST> by the INTI2C interrupt process after a 1-byte data transfer
is completed, and determine whether the mode is a master or slave.

a. When I2CSR <MST> is 1 (Master mode)

Check <TRX> and determine whether the mode is a transmitter or receiver.

When I2CSR <TRX> is 1 (Transmitter mode)

Check I2CSR < LRB>. When the <LRB> is 1, a receiver does not request
data. Implement the process to generate a stop condition (described later) and
terminate data transfer.

When <LRB> is 0, the receiver requests new data. Write the transmitted
data to the I2CDBR. After writing the data, <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 INTI2C interrupt request occurs. <PIN> becomes 0 and the
SCL pin is pulled down to the low level. If the data to be transferred is more
than one byte in length, repeat the procedure from <LRB> checking above.

Writing transmit data to I2CDBR

1 2 3 4 5 6 7 8 9

D7XD6XD5XD4XD3XD2XD1XDO)(_$__I’

Acknowledge from Receiver

§L'“
...

i)
SCL terminal
SDA terminal
I2CCR2<PIN> J
INTI2C .
Interrupt Request

ii)

Figure 3.16.9 1-byte transmission

When I2CSR <TRX> is 0 (Receiver mode)

Set I2CCR1 <ACK> to 1 and read the received data from the I2CDBR (data
which is read immediately after a slave address is sent is undefined). After
the data is read, <PIN> becomes 1. The serial bus interface output a serial
clock pulse to the SCL pin to transfer new 1-byte of data and set the SDA pin
to 0 at the acknowledge signal timing.

An INTI2C interrupt request occurs, < PIN> becomes 0 and the SCL pin
pulled down to the low level. The serial bus interface output a clock pulse for

1-byte of data transfer and the acknowledge signal each time that received
data is read from the I2CDBR.
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Reading of I2CDBR

SCL

SDA TTIII87 D088 D88 DT80 D68 D T6E D TOT S0 Ny fReor
________ VA W A Y A R S Ty . W 2 YN 4 " | QS

Acknowledge to Transmitter

I2CCR2<PIN> J L
INTI2C B ﬂ_ L

Interrupt Request

Figure 3.16.10 1-byte receive

In order to terminate transmitting data to a transmitter, clear <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 serial bus
interface generates a stop condition and terminate data transfer. When
reading data from I2CDBR in the last received byte, the serial clock and
acknowledge signal don’t output because <ACK> is 0.

SCL 1 2 3 4 5 6 7 8 9

SDA D7 5 D5 - D4 D3 b2 DT -
________ AN TS WA WG ) W 4 W 4 W

Acknowledge (signal “H”) Transmitter

I12CCR2<PIN> I L
INTI2C Nk M.

Interrupt Request
LAfter clearing <ACK> to 0, read received data

Figure 3.16.11 Data Transmission of final data in master/receiver mode

b. When < MST> is 0 (Slave mode)

In the slave mode, an INTI2C interrupt request occurs when the serial bus
interface receive 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 INTI2C interrupt request occurs, I2CCR2
<PIN> is cleared, and the SCL pin is pulled down to the low level. Either
reading/writing from to the I2CDBR or setting <PIN> to 1 releases the SCL pin
after taking tL,OW time.

In the slave mode, the serial bus interface operates either in normal slave mode.

Check the I2CSR <TRX>, <AAS> and <ADO0> and implement processes according
to conditions listed in the next table.
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Table 3.16.1 Status and service in slave mode

TRX [ AAS | ADO Status Service
1 1 0 In Slave/Receiver mode, received the slave | Write transmit data into I2CDBR register.
address of serial bus interface with direction bit 1.
This condition is slave transmit mode by transfer
request from master device.
0 0 In slave transmitter mode, 1-byte transmission|In case of <LRB> = 1 (no further data
has completed. request), set <PIN> 1 and <TRX> 0 for
BUS release.
In case of <LRB> = 0 (further data
request), write transmit data to I2CDBR
register.
0 1 1/0 | In slave receiver mode, received address of the [ Read I2CDBR register in order to set
serial bus interface with direction bit O or|<PIN> 1 (dummy read).
“GENERAL CALL". This condition is slave receive
mode by receive request from master device.
0 1/0 |In slave receiver mode, 1-byte receive has|Read received data from I2CDBR register.
completed.

(4) Stop Condition Generation

When I2CSR <BB> is 1, a sequence of generating a stop condition is started by
writing 1 to I2CCR2<MST>, <TRX>, and <PIN>, and 0 to I2CCR2<BB>. Do not
modify the contents of I2CCR2<MST>, <TRX>, <BB>, <PIN> until stop condition is

generated on a bus.

1 — <MST>
1 — <TRX>
0 — <BB>
1 — <PIN>

SCL pin

SDA pin

I2CCR2<PIN>

I2CSR<BB>
(Read out)

Figure 3.16.12 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 serail bus interface is in the master mode.

Clear 0 to I2CCR2<MST>, <TRX>, and <BB> and set 1 to I2CCR2<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. Check I2CSR<BB> until it becomes 1 to check that the SCL pin of
the serial bus interface are released. Check the I2CSR<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> 1 — <TRX>
0 — <BB> 1 — <BB>
1 — <PIN> 1 — <PIN>
4.7 ps
|(_(Min) /S~ Start Condition

External SCL Line

Internal SCL Output

/" \ <
External SDA Line —(? / ) (
y |

I2CSR<LRB>

I2CSR <BB> I I

I2CSR <PIN>

Figure 3.16.13 Restart timing chart
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3.16.5 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, I12C bus should be set in slave mode (initialized condition).
FIFO control circuit is controlled by following registers,

I°C bus FIFO Control Register 1

I2CFCR1 7 6 5 4 3 2 1 0
(0063H) I T/R | | FSCK | | CONT | | BYTE | I(Initial Value: 0000 0000)
T/R FIFO transfer mode selection 0: Receiver mode
1: Transmitter mode
FSCK Serial clock frequency (fscl) 000: fc/2° (250 kHz)
selection 001: fc/2” (125 kHz)

(
010: fc/2° (62.5 kHz)
011: fc/2° (31.2 kHz)
100: fc/2"° (15.6 kHz)
101: fc/2"" (7.8 kHz)
110: fe/2' (3.9 kHz)

111: — at fc = 16 [MHz] write only
CONT Data transfer mode selection 0: 8 to 1-byte data transfer
1: Continuous transfer
BYTE Number of transfer data byte 000: 1-byte
(Data is valid when <CONT> = 0) 001: 2-byte
010: 3-byte
011: 4-byte
100: 5-byte
101: 6-byte
110: 7-byte
111: 8-byte
Prohibit read-modify-write.
I?C bus FIFO Control Register 2
I2CFCR2 7 6 5 4 3 2 1 0
(osaH) | START | sTOP | cHs | Wt | ] RST | : (Initial Value: 1101 **1%)
START Start FIFO buffer transfer 0: Start or restart
1. —
STOP Stop FIFO buffer transfer 0: Stop
1: —
CHS Input/Output Channel selection 0: Channel 0 (SCLO, SDAO0) write only
1: Channel 1 (SCL1, SDA1)
INT Restart in continuous mode 0: Start continuous transfer
1: —
RST Reset for I°C bus and FIFO control 0: Reset
circuit (Note) 1: -

Note 1: Since 4.5-state width system reset is executed after writing to this register,
Do not access with 1°C bus or FIFO controller during the period.

Note 2: Prohibit read-modify-write.
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I°C bus FIFO Data Buffer Register

I2CFDBR 7 6 5 4 3 2 1 0 (Initial Value; ##sx k)
©oossH) | Fo7 | Fos | FDs | FDa | FD3 | Fp2 | FD1 | FDO | Readmwiite
Prohibit read-modify-write.
I’C bus FIFO Status Register 1
I2CFSR1 7 6 5 4 3 2 1 0
©osaH) | spa | Eno | chs | Busy | FuL | EmPTY | SCERR | AKERR | (nmitial value: *000 0000)
SDA SDA line monitor 0: SDA line low
1: SDA line high
END FIFO buffer status flag 1: End of transfer
cleared by setting <STOP> to 0
CHS Input/Output channel monitor 0: Channel 0
1: Channel 1
BUSY FIFO buffer transfer status 1: FIFO buffer data in transfer
cleared by setting <STOP> to 0
. read only
FULL FIFO buffer full/Receive end 0: —
1: FIFO buffer full/receive end
EMPTY FIFO buffer empty/Transmit end 0: -
1: FIFO buffer empty/Transmit end
SCERR Start condition error 0: -
1: Start condition error
AKERR Acknowledge error 0: -
1: Acknowledge error

I°C bus FIFO Status Register 2

I2CFSR2 7 6 .54 3 2 1 0
©ooeoH) | NomAT | tRBM | R L L | (Initial Value: 01+% +++2)
NOMAT Matching monitor between SCL line 0: -
and SCL terminal 1: SCL line pulled down by slave device read onl
LRBM Last received bit monitor 0: Last receive bit 0 (acknowledge) y
(acknowledge signal monitor) 1: Last receive bit 1 (no-acknowledge)
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ey

(2

3)

(4)

Transmit Operation

Set the number of byte transferred and select transfer clock by setting I2CFCR1
register. Set FIFO controller in transmitter mode by setting 1 to I2CFCR1 <T/R >.
The number of byte for transfer at start time includes slave address. This can be set
up to 8 bytes. By setting I2CFCR1 <CONT>, the number of byte is set to 8bytes and
continuous data transfer becomes available. After setting I2CFCR1 register, write
data into I2CFDBR in order of transmission. When number of data written becomes
the number of byte set, I2CFSR1 <FULL> register is set 1. It’s ignored if data is
written during <FULL> is 1. For starting transmission, slave address and <R/ W > bit

should be set as the first data.

Then set I2CFCR2 <CHS> and <START>, the FIFO controller becomes active.

The FIFO controller sets I2CFSR <BUSY> to 1 and accesses I2CFCR1, I2CFDBR
and I2CFCR2 registers to start transmission. At this time, if BUS is busy, <SCERR>

bit in I2CFSR1 register is set 1 and generate the interrupt request INTI2C. If this
happens, set I2CFCR2 <RST > to 1 and reset FIFO controller by software.

If there is no acknowledge return for each byte, the interrupt request INTI2C is
generated and I2CFSR1 <AKERR> is set 1.

When all data byte has been transferred, I2CFSR1 <EMPTY> is set 1 and the
interrupt request INTI2C is generated. And if 2CFCR1 <CONT>is 0, [2CFSR1 <END>
register is set 1 to terminate all data transfer. In case that <CONT> bitis 1, <END> bit is
not set because of continuous mode. This is the reason why the rest of data should be
transferred by restarting after setting the number of data remained and data into
I2CFCR1 and I2CFDBR registers. If an interrupt request is no needed when data
transfer completes, set <INT > to 0 before restart.

Receive Operation

The procedure is almost same as transmit operation except that the number of data

byte does not include slave address. Set the FIFO controller in Receiver mode by
setting I2CFCR1 <T/R >. Following that, set slave address and I2CFDBR <R/ W > and
set FIFO controller active by setting I2CFCR2 <START> to 0. When the number of
data, which was set in I2CFCRI1 register, has been received, I2CFSR <FULL> is set 1
and the interrupt request INTI2C is generated. The status can be monitored in
I12CFSR1 <CONT> and <INT > as same as in transmit operation.

The content of dummy read, which is executed right after the slave address, is not
set into FIFO buffer.

Restart Operation

When <END> bit is 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.

Stop Operation
By setting I2CFCR2 <STOP> to 0 when I2CFCR1 <END> is 1, FIFO controller

stops data transfer after generate stop condition on to BUS and clearing I2CFSR1
<BUSY> is 0.
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3.17 8-Bit AD Conversion Circuit (AD)

The TMP93CF76/CF77/CW76/CU76/CT76 have an 8-bit AD conversion circuit of high
precision, the successive comparison type with 10-channels analog input. The 8-cannels (AIN2
to AIN9) of 10-channels analog input pin are also used as general purpose input ports (P40 to
P47). The other 2-channels (AINO, AIN1) are also used as I/0 port (P75, P76).

The AD conversion ends in 11.9 us (at 16 MHz).

3.17.1 Block diagram
<ADS> <ADBF> <EOCF>

t

AD Converter Control Circuit > INTAD

> >
w)
6 2
Z m
o T

DA Converter

AD conversion
Register

MPX —>{ Sample/Hold Circuit

% Internal Data Bus S

TP

{}

<ADCH3 to 0>

Figure 3.17.1 Composition of the 8-bit AD conversion circuit

3.17.2 Operation of AD Conversion Circuit

(1) AD conversion reference voltage

The positive electrode of AD conversion reference voltage connects to ADREF pin,
and the negative electrode of AD conversion reference voltage connects to ADGND pin.

The AD conversion is carried out by splitting reference voltage between ADREF pin
and ADGND pin to bit divided by 256 by ladder resistor in DA converter and making
a judgment by comparing it with analog input voltage.

(2) Analog input channels

One of the 10-channels analog input (AINO to AIN9) is selected by the AD
conversion control register ADMOD <ADCHS3 to 0>.

The analog input channel selection register ADMOD <ADCH3 to 0> are initialized
to 0 by reset operation, then the AINO (P75) is selected. When these ports are not
used as the analog input port, they can be used as general purpose input ports (Port
4), input/output ports (P75, P76).

During conversion, do not change output level. (The AD conversion value may be in
fluenced)
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3)

(4)

(5)

(6

(7

AD conversion time

The result of AD conversion is stored into ADREG after the passage of 95 states
(11.9 ps at fc = 16 MHz) from setting ADMOD <ADS> to 1.

Start AD conversion start

AD conversion is started by setting ADMOD <ADS> to 1. After AD conversion
starts, ADCR <ADBF> is set to 1.

Note : If AD conversion is restarted when <ADBF> is 1, AD conversion will be stopped.
Set ADMOD <ADS> to 1 after confirming <ADBF> to 0.

AD conversion end

After the end of AD conversion ADMOD <EOCF> is set to 1, and the interrupt
request signal (INTAD) is generated, and the <ADBF> is cleared to 0.

AD conversion interruption (INTAD)

After the end of AD conversion, the interrupt request signal (INTAD) is generated,
and the AD circuit requests CPU to interrupt. The interrupt request signal (INTAD)
is cleared to 0 by reading out the ADREG in program.

Note : When interrupt is accepted and the vector address is read, the interrupt request
flag is not cleared to 0 because interrupt request signal(INTAD) remains 1 until the
content of ADREG is read. Accordingly, the interrupt request flag must be cleared
to 0 by program after the content of ADREG is read. (Refer to 3.4 Interrupts.)

Reading of AD conversion values
The result of AD conversion is put into the AD conversion register (ADREG).

The AD conversion end flag ADMOD <EOCF> is cleared to 0 by reading the
ADREG.

The value of the ADREG is an undefined data durring AD conversion.

Figure 3.17.2 shows the timing chart of AD conversion operation.
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<ADS> [ 1

< Conversion time —>|

<EOCF>

Y
<ADBF>

\

ADREG Undefined Conversion value Undefined

—
7

Interruption request
flag
Program S S S &
Start conversion Read out of Clearing of Start
ADREG interruption conversion

request flag

Figure 3.17.2 Shown in timingchart of AD conversion operation.

Note: When executing the HALT instruction during AD conversion, AD conversion is
stopped and the value of ADREG is undefined. At the same time, AD control
register (ADMOD) is initialized.

3.17.3 Control Register

AD Converter Control Register

ADMOD 7 6 5 4 3 2 1 0
©05aH) ' 1| EocF | ApBF | ADs | ADcH3 | ADCH2 | ADCH1 | ADCHO | (nitial Value: 1000 0000)
EOCF AD conversion completed flag 0: AD conversion in progress or before conversion
1: AD conversion completed
read only
ADBF AD conversion busy flag 0: AD conversion stopped
1: AD conversion in progress
ADS AD conversion start 0: -
1: Start
ADCHa3 to Analog input channel selection 0000: AINO 0110: AING
ADCHO 0001: AIN1 0111: AIN7 RIW
0010: AIN2 1000: AIN8
0011: AIN3 1001: AIN9
0100: AIN4 1010 to 111: Reserved
0101: AIN5
Note: Bit 7 of ADCR must be set to 1.
AD Conversion Register
ADREG 7 6 5 4 3 2 1 0 (Initial Value: *++k #xks)

©osBH) | ADR7 | ADRe | ADRs | ADR4 | ADR3 | ADR2 | ADR1 | ADRO |Readonly

Figure 3.17.3 Registers for AD converter
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3.18 Watchdog Timer (Runaway Detecting Timer)

TMP93CF76/CF77/CW76/CU76/CT76 contain a watchdog timer of Runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects
that the CPU has started to malfunction (runaway) due to causes such as noise. When the
watchdog timer detects a malfunction, it generates a non-maskable interrupt INTWD to notify
the CPU of the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.
This watchdog timer consists of 22-stage binary counters.

These binary counters are also used as a warm-up timer for the internal oscillator
stabilization. This is used for releasing the STOP and before changing system clock.

3.18.1 Block Diagram
Figure 3.18.1 shows the block diagram of the watchdog timer (WDT).

[] RESET

WDMOD<RESCR> Reset
Internal reset <@

signal D S
Q WDMOD<WDTE>
G
fo R L Write a code B1H
Write a code 4EH WDMOD<WARM> to WDCR
to WDCR
° L MTI(—WDMOD<WDTP1, 0>
INTWDT < A A A A
SYSCRO<WUEF> < MPX
Clock for warming up — —] 14 '216 2'8| 20|22
(fe/2 or fs/2) 0 2 I \write a code 4EH
fovs 1 MPX|—>|CK 22-bit binary counter Rk—(ﬁto e a
Reset HALT
instruction

Figure 3.18.1 Composition of the Watchdog Timer/Warm-up Timer
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The watchdog timer consists of 22-stage binary counters which use System clock (fsys)
as the input clock. The 22-stage binary counter has fSys/216, fsys/218, fSys/220, and
fsys/222 output. Selecting one of the outputs with the WDMOD<WDTP1, 0> register
generates a watchdog interrupt and outputs watchdog timer out when an overflow occurs.
The binary counter for the watchdog timer should be cleared to 0 with runaway detecting
result software (instruction) before an interrupt occurs.

Example:
LDW (WDMOD), 0B100H ; disable
LD (WDCR), 4EH ; write clear code
SET 7, (WDMOD) ;  enable again

The runaway detecting result can also be connected to the reset pin internally. In this
case, the watchdog timer resets itself.

(C
WDT Counter n X Over flow X i X 0
)
WDT Interrupt CC
2J
Write Clear code ——
WDT Clear CC f
(Soft ware) 27

Figure 3.18.2 Normal Mode

Over flow

WDT Counter n X\ cc / 0
)
WDT Interrupt

Internal Reset
le—8 to 20 states (1.0t0 2.5 s at 16 MHz) ——)

dA
(W

J
(WP

Figure 3.18.3 Reset mode

For warm-up counter, 214 and 216 output of 22-stage binary counter can be selected
using WDMOD<WARM> register.
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3.18.2 Control Registers
Watchdog timer WDT 1is controlled by two control registers WDMOD and WDCR.

(1) Watchdog Timer Mode Register (WDMOD)
a. Setting the detecting time of watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for
detecting the runaway. This register is initialized to WDMOD<WDTP1, 0> = 00
when reset.

The detecting time of WDT is shown Table 3.18.1.

b. Watchdog timer enable/disable control register <WDTE>
When reset, WDMOD<WDTE> is initialized to 1 enable the watchdog timer.

To disable, it is necessary to set this bit to 0 and write the disable code (B1H)
in the watchdog timer control register WDCR. This makes it difficult for the
watchdog timer to be disabled by runaway.

However, it is possible to return from the disable state to enable state by
merely setting <WDTE> to 1.

c. Watchdog timer out reset connection<RESCR>

This register is used to connect the output of the watchdog timer with
RESET terminal, internally. Since WDMOD<RESCR>is initialized to 0 at reset, a
reset by the watchdog timer will not be performed.

(2) Watchdog Timer Control Register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.

e Disable control

By writting the disable code (B1H) in this WDCR register after clearing
WDMOD<WDTE> to 0, the watchdog timer can be disabled.

WDMOD €0-- --- X X Clear WDMOD <WDTE> to 0.
WDCR € 10110001 Write the disable code (B1H).
Note: X:Don't care -: No change

e Enable control
Set WDMOD<WDTE>to 1.

e  Watchdog timer clear control
The binary counter can be cleared and resume counting by writing clear

code (4EH) into the WDCR register.

WDCR <« 01001110 Write the clear code (4EH).
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Watchdog Timer Mode Control Register

WDMOD
(005CH)

7 6 5 4 3 2 1 0
[ wote | wotp1 | wotpo | warm | HALTMA | HALTMO | RESCR | DRVE | (nitial value: 1000 0000)
WDTE Watchdog timer Enable/Disable control | 0: Disable
1: Enable
WDTP1, 0 WDT detection time 00: 2"%fsys
01: 2"sys
10: 2"%fsys
11: 2%'ffgvs
WARM Warm-up timer source clock selection | 0: 2"/input frequency
0: 2"7/input frequency RIW
HALTM1, 0 HALT mode selection 00: RUN mode
01: STOP mode
10: IDLE1
11: IDLE2
RESCR Watchdog timeout control 0: Don't care
1: Connects WDT output to RESET internaly
DRVE Pin control of STOP mode 0: I/O off
1: Remains the state before HALT

Watchdog Timer Control Register

WDCR
(005DH)

7 6 5 4 3 2 1 0
| wocrz | wpcre | wpcrs | wocra | wocra | wocr2 | wocr1 | WDCRo | initial value: #er ssx)

WDCR Watchdog timer control B1H: Disable code
4EH: Clear code Write only
Others: Don't care

Prohibit read-modify-write.

Figure 3.18.4 Watchdog timer control register

Table 3.18.1 Watchdog timer detecting time

at fc = 16 MHz, fs = 32.768 kHz

System clock Watchdog Timer Detecting Time
selection WDMOD<WDTP1,0>
<SYSCK> 00 01 10 11
1(fs) 2.000 s 8.000 s 32.000 s 128.000 s
0(fc) 4.097 ms 16.384 ms 65.536 ms 262.144 ms
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3.18.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD<WDTP1, 0>. The watchdog timer must be zero-cleared by software before an
INTWD interrupt is generated. If the CPU malfunctions (runaway) due to causes such as
noise, but does not execute the instruction used to clear the binary counter, the binary
counter overflows and an INTWD interrupt is generated. The CPU detects malfunction
(runaway) due to the INTWD Interrupt and it is possible to return to normal operation by
an anti-mulfunction program.

The watchdog timer restarts operation immediately after resetting is released.

The watchdog timer stops its operation in the IDLE1 and STOP modes.

Example 1: Clear the binary counter
WDCR < 01001110 Write clear code (4EH).
Example 2: Set the watchdog timer detecting time to 217/fSYS
WDMOD &€ 101 ---XX
Example 3: Disable the watchdog timer

WDMOD < 0----- XX Clear WDTE to 0.
WDCR < 10110001 Write disable code (B1H).

Example 4: Set the STOP mode (warming up time: 2'%fsys)
WDMOD € - --101XX Set the STOP mode.

Execute HALT command. Set the HALT mode.

Note : X : Don’t care -: No change
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4. Electrical Characteristics

4.1  Absolute Maximum Rating

Parameter Symbol Rating Unit
Power Supply Voltage Vce -0.5t06.5
Input Voltage Vin —0.5 to Vec+0.5 v
Output Voltage (except PC, PD, PE, PF) Vourt —-0.5to Vce+0.5
Output Voltage (PC, PD, PE, PF) Vourz Vcc-40
Output Current (except PC, PD, PE, PF) (per 1 pin) lon1 -3.2
Qutput Current (PC, PD) (per 1 pin) lomz 25
Output Current (PE, PF) (per 1 pin) lons -15
Output Current (per 1 pin) lov 3.2 mA
Output Current (total except PC, PD, PE, PF) Tlont -40
Output Current (total of PC, PD, PE, PF) Tlon2 -120
Output Current (total) Zlop 120
Power Dissipation (Ta = 70°C) PD 600 mwW
Soldering Temperature Tsolder 260
Storage Temperature Tstg —65 to 150 °C
Operating Temperrature Topr —20to 70

Note:

The absolute maximum ratings are rated values which must not be exceeded during operation,

even for an instant. Any one of the ratings must not be exceeded. If any absolute maximum
rating is exceeded, a device may break down or its performance may be degraded, causing it to
catch fire or explode resulting in injury to the user. Thus, when designing products which
include this device, ensure that no absolute maximum rating value will ever be exceeded.

4.2 DC Characteristics (1/2)

Ta =-20to 70°C

Parameter Symbol Min Typ. Max | Unit
Power Supply Vce fc =4 to 16 MHz 4.5 5.5 v
Voltage fs = 30 to 34 kHz 2.7

PO, P1, P2, P4, P9, | v 4 (CMOS) 0.3 Vee

PA, PB, PE, PF
Input | RESET, ViL2 (Schmit) 0.25 Vee
Low | ps5, P7, P8 0.3
Voltage | TEsT VIL3 (Fixed) 0.3

X1 \Y; Xtal 0.2 Vce

IL4 (Xta) Vec=27t055V \Y

PO, P1, P2, P4, P9, V|H1 (CMOS) 0.7 Vcc

PA, PB, PE, PF
Input | RESET, ViH2 (Schmitt) 0.75 Vee
Voltage | TEsT Vin3 (Fixed) Vee - 0.3

X1 ViH4 (Xtal) 0.8 Vcc

93CF76-184 2003-03-31



TOSHIBA

TMPO3CF76/CF77/CW76/CU76/CT76

4.2 DC Characteristics (2/2)
Ta =20 to 70°C
Parameter Symbol Condition Min Typ. Max | Unit
Output VoL IOL=1.6 mA 0.45 Y
Low Voltage (Vcc=2.7t05.5V)
IOH = -400 pA
Output High VOH (Vec = 2.7 10 5.5 V) 24 v
Voltage v IOH =-700 pA 41
OH1 (Vee = 4.510 5.5 V) '
PE, PF Vec=4.5V -5
IOH mA
PC, PD VOH =24V -15
Input
Lepakage Current LI 0.0 £Vin < Vce 0.02 =5 WA
Output
Loakage Currnt Lo 02 <Vin < Vg 0.2 005 ] 10
Power Down VIL2 = 0.2 V¢,
Voltage VsTOP VIH2 = 0.8 Ve 20 6.0 v
RESET Vec=5V £ 10% 50 150
Rrst kQ
Pull Up Resistor Vec=3V +10% 80 200
Pin Capacitance Clo osc = 1 MHz/100 mVp-p 10 pF
Schmitt Width
RESET, VTH 1.0 Y
P5,P7,P8
NORMAL 30 50
RUN Vec=5V £ 10% 18 28
IDLE2 fc =16 MHz 15 25 mA
IDLE1 5 8
SLOW Icc 50 80
RUN Vec =3V £ 10% 20 5
fs = 32.768 kHz
IDLE2 (typ: Ve = 3.0 V) 25 40 pA
IDLE1 12 25
STOP Vec=271055V 0.2 10
Note 1: Typical value are for Ta = 25°C and Vcc = 5 V unless otherwise noted.

Note 2: Icc measurement conditions (NORMAL,SLOW).

Only CPU is operational;output pins are open and input pins are fixed.

4.3 AD Conversion Characteristics

Ta=-20t070°C,Vcc=4.5t05.5V

Parameter Symbol Min Typ. Max Unit

Analog Reference Voltage Supply ADREF Vee - 1.5 Vee Vee v
ADGND Vss Vss Vss V
Analog Input Voltage Range VAIN ADGND — ADREF \%
Analog Current for ADREF IREF — 1.0 1.5 mA
Total tolerance
(excludes quantization error) Et — — +3 LSB
(Ta =25°C, Vcc = ADREF =5 V)
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4.4  Serial Bus Interface Timing
(1) I2C bus Logic Timing

Start Command Stop Command

ﬁA1 tODAT1 ge_s;m tGSTP3
>
R O X X /TN

tFsDA - le— [>] le—trspa tRSCL —> tFSCL
SCL ]; / \ f 3 ;l: ;L {
K JZ \ 7 zl‘

< 3l
<€ »1<€ >

tGSDA2 tSUODAT tHDODAT | tHIGH  tow | tGSTP2
) tcycscL g
Parameter Symbol Min Typ. Max Unit
SCL cycle tovoscL 2Niic — — s
SCL low pulse width tLow — 2Mifc — s
SCL High pulse width thicH M — — s
SDA Rising Time (Note 1) trspa — — — S
SDA Falling Time (Note 1) trspa — — — S
SCL Rising Time (Note 1) trscL — — S
SCL Falling Time (Note 1) trscL — — S
The time from start command write to start sheecense tesTat — — 2Njfe S
Start condition hold time, start generation of the first clock after this | tgstaz — 2Mfc S
Delay time from SCL falling to data output _ (Note 2) topat1 — — 5/fc s
Set up time of data output for SCL rising (Note 2) tsuopat 0 — — s
The time of holding data for SCL rising (Note 3) tHoDAT 4/fc — — S
The time from stop command write to starting stop sheecense tesTe1 — — 2Mfc S
The time from SDA falling to SCL rising (during stop sheecense) teste2 2Nt — — S
Stop condition set up time tesTrs 2V ifc — — S

Note 1: The time of rising/falling depend on the feature of bus interface.
Note 2: The worst case is at the first bit of slave address.
Note 3: The worst case is at the acknowledge bit.

Note 4: N: dividing value set by 2CCR1 <SCK 2:0>.

SCK N
000 6
001 7
010 8
011 9
100 10
101 11
110 12
111 reserved
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(2) Master SCL output timing

The I2CCR1 <SCK 2:0> are used to select a maximum transfer frequency directed
from the SCL pin in the master mode.When rising time of the output clock (trRC) is at
least 8/fc [s], a high-level time of the output clock (tHC) is tSCL.

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

(a) In case of tRC < (8/fc) [s] tHC =tLC = tscL/2 [s] (tscL = UfscL [s])

le—— 1/FscL [sS] —— > le—tHe —le—tic

SCL pin Y
(Output) 0.5Vce

—

FscL=fscL
trc

(b) In case of trc = (8/fc) [s] tHC =tscL [s] , tLc =tscL/2 [s]

le——— 1/FscL [s] >« tHe ———— et ¢
SCL pin _{
(Output) 5 Vee

—> |e—

FscL=fscL/1.5
trc
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(3) Clock Syncro 8 bit SIO mode

1. SCK Input mode

Expression .
Parameter Symbol - Unit
Min Max
SCK cycle tscyz 2°X s
SCK falling—>Latch output data tons2 6X s
Enable output data->SCK raising toss2 tscya— 16X S
SCK raising>Latch input data thsr2 6X ns
Enable input data->SCK raising tiss2 0 ns
Note: X='/s
2.  SCK Output mode
Expression .
Parameter Symbol - Unit
Min Max
SCK cycle tscyz 2°X 2"X s
SCK falling->Latch output data tons2 2X S
Enable output data>SCK raising tossz tscva — 2X s
SCK raising>Latch input data thsre 2X s
Enable input data->SCK raising tiss2 0 ns
Note: X:1/fC
le—— tSCY2 — toss2_
> le— tiss2
SCK Y v \
(Input/Output mode) \_4/ y
tOHS2 —f l—
SO 3§< >§f
(Output data) 7 3
_)

le— tHSR2

Sl
(Input data)

X
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5. Table of Special Function Registers
(SFR; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control registers
allocated to the 144-byte addresses from 000000H to 00008FH.

Configuration of the table

Symbol | Name |Address| 7 | 6 | 5 | 4 [ 3 | 2 | 1] o
Bit symbol
Read/Write
Value after Reset

Function

Note: “Prohibit RMW?” in the table means that you cannot use RMW instructions on these registers.
The “LD” (transfer) instruction must be used to write for “Prohibit RMW?” registers.

R/W : Read/Write
R : Read-only
W : Write-only
Prohibit RMW : Prohibit read-modify-write
(cannot be used the instruction such as RES,SET,TEST,CHG,STCF,ANDCF,ORCF,XORCF)

Don’t access (Reserved) addresses.
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Table 5.1 1/O register address map

Address | Name | Address| Name Address| Name | Address| Name Address | Name
000000H PO 20H (Reserved) 40H PWM1DRL 60H TREG3L 80H (Reserved)

1H P1 21H ODCR3 41H PWM1DRH 61H TREG3H 81H I12CCR1
2H POCR 22H (Reserved) 42H PWM2DRL 62H T1MOD 82H I2CDBR
3H (Reserved) 23H TBCMOD 43H PWM2DRH 63H I2CFCR1 83H I2CAR
4H P1CR 24H TBCDRO 44H PWMDBR 64H I2CFCR2 84H I2CCR2
5H (Reserved) 25H TBCDR1 45H PWMCR 65H I2CFDBR 85H (Reserved)
6H P2 26H TBCIF 46H CAPINCRO 66H SCBUF 86H TPCR
7H (Reserved) 27H TRUN 47H CAPINCR1 67H SCMOD 87H PC
8H P2CR 28H TCCR10 48H CAPINCR2 68H CAPINCR4 88H PD
9H (Reserved) 29H TREGO 49H CAPINCR3 69H I2CFSR2 89H PE
AH P4 2AH TREG1L 4AH CAPFST 6AH (Reserved) 8AH PF
BH P5 2BH TREG1H 4BH CAPOL 6BH PAFC 8BH PECR
CH P5CR 2CH TCCR32 4CH CAPOM 6CH SYSCR2 8CH PFCR
DH P7ICR 2DH TCCR54 4DH CAPOH 6DH SYSCR3 8DH HACR
EH (Reserved) 2EH TREG2L 4EH CAP1L 6EH SYSCRO 8EH T5MOD
FH P7 2FH TREG2H 4FH CAP1H 6FH SYSCR1 8FH ISCR
10H (Reserved) 30H (Reserved) 50H CAP2L 70H INTOCP1

11H P7CR 31H (Reserved) 51H CAP2H 71H INTCPOTGO

12H (Reserved) 32H TREG4L 52H CAPCR 72H INTTP112C

13H P7FC 33H TREG4H 53H RMTCR 73H INTTBCVA

14H P8FC 34H TREG5L 54H VIVACR1 74H INT12S10

15H ODCR1 35H TREG5H 55H VIVACR2 75H INT43

16H P8 36H TPGOCR 56H VASSDR 76H INTT1TO

17H P9 37H TPGOL 57H CSYNCR 77H INTT3T2

18H P8CR 38H TPGOH 58H PVCR 78H INTT5T4

19H P9CR 39H TPGODR 59H (Reserved) 79H INTADRTC

1AH P9FC 3AH TPGIL 5AH ADMOD 7AH (Reserved)

1BH ODCR2 3BH TPG1H 5BH ADREG 7BH (Reserved)

1CH PA 3CH TPG1DR 5CH WDMOD 7CH DMAOQV

1DH PB 3DH PWMRUN 5DH WDCR 7DH DMA1V

1EH PACR 3EH PWMODRL 5EH 1IMCO 7EH DMA2V

1FH PBCR 3FH PWMODRH 5FH 1IIMC1 7FH DMA3V
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(1) System Control/RTC

Symbol| Name |Address 7 6 5 4 3 2 1 0
SYSCRO | System | 00006EH XEN XTEN RXEN RXTEN [ RSYSCK | WUEF — —
Clock RW RW R/W R/IW RW RW (R/W) (R/W)
Control 1 0 1 0 0 0 (0) (0)
Register0 High Low High Low System Warming |Fix to 0. Fix to 0.
frequency |frequency |frequency [frequency [clock after [up timer
oscillator |oscillator |oscillator [oscillator [releasing
(fc: 16 MHz)| (fs: 32 kHz)|(fc) after  |(fs) after |STOP (Write)
released [released |mode 0: Don't
0: Stop 0: Stop STOP STOP care
1: Oscillation | 1: Oscillation [mode mode 0:fc 1: Start
(Normal) | timer
0: Stop 0: Stop 1:fs
1: Oscillation | 1: Oscillation | (Slow) (Read)
0: End of
warming
up
1: Under
warming
up
SYSCR1 | System | 00006FH — — — — SYSCK — — —
Clock (R/W) RW (R/W) (RW) (R/W)
Control (0) (0) (0) (0) (0)
Register1 Fix to 0. System Fix to 0. Fix to 0. Fix to 0.
clock
0:fc
(Normal)
1:fs
(Slow)
SYSCR2 | System | 00006CH — — RTCCK RTCST RTCIS1 RTCISO
Clock (R/W) (R/W) R/W RW R/W
Control (0) (0) 0 0 0
Register2 Fix to 0. Fix to 0. RTC input [RTC Interval time control of
clock count RTC interrupt
source control
select 00:fgys/2" or fs/2"
0: Stop& | 01:fgys/2' or fs/2'®
0:fs Clear | 10:fgys/2”or fs/2™
1:fc/4 or | 1: Start 11: Reserved
fs/4
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(2) Watch Dog Timer

Symbol| Name |Address 7 6 5 4 3 2 1 0
WDMOD | Watch Dog 00005CH WDTE WDTP1 WDTPO WARM HALTMA1 HALTMO RESCR DRVE
Timer RW R/W R/W R/W R/W RW
Mode 1 0 0 0 0 0
Register WDT timer [WDT detection time Warming up [HALT mode selection WDT interal [Pin control
Enable/ timer reset control |of STOP
Disable 00: 2"/fgys source 00: RUN mode
control 01: 2"fsys clock 01: STOP 0:—
10: 2"%fsys selection  [10: IDLE1 1: Connects |0: /O off
0: Disable  |11: 2°'ffsys 11: IDLE2 wDT 1: Remains
1: Enable 0: 2" output to the state
selected RESET before
clock internaly HALT
frequency
1:2'9
selected
clock
frequency
WDCR | Watch Dog | 00005DH —
Timer (Prohibit Write-only
Control RMW) _
Register B1H: WDT disable code 4EH: WDT clear code

(3) Time Base Counter (TBC) (1/2)

Symbol| Name |Address 7 6 5 4 3 2 1 0
TBCMOD | TBC Mode | 000023H — — TBC1E TBCOE INTTBC11 | INTTBC10 [ INTTBCO1 | INTTBCOO
Register (Prohibit (RW) (RW) R/W RW R/W
RMW) 0) 0) 0 0 0
Fix to 0. Fix to 0. INTTBC interrupt TBC1 interrupt source TBCO interrupt source
enable/disable clock selection clock selection
00: Disable 00: TBC12 00: TBC11
01: INTTBCO enable 01: TBC14 01: TBC13
10: INTTBC1 enable 10: TBC16 10: TBC15
11: INTTBCO/1 enable 11: TBC18 11: TBC17
TBCDRO | TBC Data 000024H TBCD7 TBCD6 TBCD5 TBCD4 TBCD3 TBCD2 TBCD1 TBCDO
Register0 (TBC12) (TBC11) (TBC10) (TBC9) (TBC8) (TBC7) (TBC6) (TBC5)
Read-only
0
TBC12to 5
TBCDR1 TBC Data 000025H TBCD15 TBCD14 TBCD13 TBCD12 TBCD11 TBCD10 TBCD9 TBCD8
Register1 (TBC20) (TBC19) (TBC18) | (TBC17) (TBC16) (TBC15) (TBC14) (TBC13)
Read-only
0
TBC20 to 13
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(3) Time Base Counter (TBC) (2/2)

Symbol| Name |Address 7 6 5 4 3 2 1 0
TBCIF TBC 000026H — — TBC1F TBCOF —
Interrupt (Prohibit (R/W) (RIW) R/W (RW)
Flag RMW) (0) (0) 0 (0)
Register Fix to 0. Fix to 0. TBC1 TBCO Fix to 0.
interrupt interrupt
Note: This  |Note: This |request flag |request flag Note: This
bit is read as |bit is read as bit is read as
1 always. 1 always. \Write \Write 1 always.
0: Clear 0: Clear
request request
flag flag
1: Don't set [1: Don’t set
to 1. to 1.
Read Read
0: — 0: —
1: Interrupt  [1: Interrupt
request request
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(4) Timer Counter 0,1

Symbol| Name |Address 7 6 5 4 3 2 1 0
TRUN Timer Start 000027H — — T5RUN T4RUN T3RUN T2RUN T1RUN TORUN
Control R/W
Register 0
0:Stop 1:Run
TCCR10 Timer 000028H CLBC1 T1CL T1CLK1 T1CLKO CLBCO TOCL TOCLK1 TOCLKO
Counter (Prohibit R/W R/W R/W R/W R/W R/W
Control RMW) 0 0 0 0 0 0
Register10 TC1 TC1 counter [TC1 source clock TCO TCO TCO source clock
counter clear selection counter counter selection
clear by clear by clear
match 0: — 00: TI1 (from P52) match 00: PCTLA
1: Clear 01: TBC2 0: — (from CAPIN)
0: Disable (One-shot) |10: TBC4 0: Disable [1: Clear 01: TIO (from P52)
1: Enable 11: TBC6 1: Enable (One-shot) |10: TBC6
11: TBC10
TREGO Timer 000029H TC/TRO7 | TC/TR06 | TC/TR05 | TC/TR04 | TC/TR03 | TC/TR02 | TC/TRO1 TC/TROO
Counter (Prohibit R/W
Register0 RMW) 0/*
W: Writing TREGO register R: Reading TCO counter
TREG1L Timer 00002AH TC/TR17 | TC/TR16 | TC/TR15 TC/TR14 | TC/TR13 | TC/TR12 | TC/TR11 TC/TR10
Counter (Prohibit R/W
Register1L RMW) 0/*
W: Writing TREG1L register R: Reading TC1L counter
TREG1H Timer 00002BH TC/TR1F | TC/TR1E | TC/TR1D | TC/TR1C [ TC/TR1B | TC/TR1A | TC/TR19 | TC/TR18
Counter (Prohibit R/W
Register1H RMW) 0/*
W: Writing TREG1H register R: Reading TC1H counter
T1MOD Timer1 000062H TFFRES TFFSET TO10ON TO1SET
Mode (Prohibit W W w W
Register RMW) 0 0 0 0
TFF Reset [TFF set TO1 TO1
0: — 0: — ON/OFF Set/Reset
1: TFF reset |1: TFF set  [0: TO1OFF |0: Divided
(One-shot) | (One-shot) |1: TO1ON signal is
passed
TO1
1: TO1 set
*: Unknown after reset
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(5) Timer Counter 2, 3

Symbol| Name |Address 7 6 5 4 3 2 1 0
TCCR32 | Timer 00002CH CLBC3 T3CL T3CLK1 T3CLKO CLBC2 T2CL T2CLK1 T2CLKO
Counter R/W R/W R/W RW R/W R/W
Control (Pronhibit 0 0 0 0 0 0
Register32 RMW) TC3 TC3 TC3 source clock TC2 TC2 TC2 source clock
counter counter selection counter counter selection
clear by clear clear by clear
match 00: TI3 (from P50) match 00: TI2 (from P51)
0:— 01: TBC2 0:— 01: TBC2
0: Disable |1: Clear 10: TBC4 0: Disable [1: Clear 10: TBC4
1: Enable (One-shot) |11: TBC6 1: Enable (One-shot) [11: TBC6
TREG2L | Timer 00002EH TC/TR27 | TC/TR26 | TC/TR25 TC/TR24 | TC/TR23 | TC/TR22 | TC/TR21 | TC/TR20
Counter (Prohibit R/W
Register2L RMW) 0/*
W: Writing TREG2L register R: Reading TC2L counter
TREG2H | Timer 00002FH TC/TR2F | TC/TR2E [ TC/TR2D | TC/TR2C | TC/TR2B | TC/TR2A | TC/TR29 | TC/TR28
Counter (Prohibit R/W
Register2H RMW) 0/*
W: Writing TREG2H register R: Reading TC2H counter
TREG3L | Timer 000060H TC/TR37 | TC/TR36 [ TC/TR35 TC/TR34 | TC/TR33 | TC/TR32 | TC/TR31 TC/TR30
Counter (Prohibit R/W
Register3L RMW) 0/*
W: Writing TREG3L register R: Reading TC3L counter
TREG3H | Timer 000061H TC/TR3F | TC/TR3E [ TC/TR3D | TC/TR3C | TC/TR3B | TC/TR3A [ TC/TR39 | TC/TR38
Counter (Prohibit R/W
Register3H RMW) 0/*
W: Writing TREG3H register R: Reading TC3H counter

*: Unknown after reset
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(6) Timer Counter 4, 5

Symbol| Name |Address 7 6 5 4 3 2 1 0
TCCR54 Timer 00002DH CLBC5 T5CL T5CLK1 T5CLKO CLBC4 T4CL T4CLK1 T4CLKO
Counter (Prohibit R/W R/W RW RW R/W R/W
Control RMW) 0 0 0 0 0 0
Register54 TC5 TC5 TC5 source clock TC4 TC4 TC4 source clock
counter counter selection counter counter selection
clear by clear clear by clear
match 00:TI5 (from P50) match 00:Tl4 (from P51)
0:— 01:CSYNCA 0:— 01:CFGTM
0: Disable | 1: Clear (from CSYNC) 0: Disable | 1: Clear (from CAPIN)
1: Enable (One-shot) | 10: TBC4 1: Enable (One-shot) | 10: TBC6
11:TBC6 11: TBC10
TREGAL Timer 000032H TC/TR47 | TC/TR46 | TC/TR45 | TC/TR44 | TC/TR43 | TC/TR42 [ TC/TR41 TC/TR40
Counter (Prohibit R/W
Register4L RMW) 0/*
W: Writing TREGAL register R: Reading TC4L counter
TREG4H Timer 000033H TC/TR4F | TC/TR4E | TC/TRAD | TC/TR4C | TC/TR4B | TC/TR4A | TC/TR49 TC/TR48
Counter (Prohibit R/W
Register4H RMW) 0/*
W: Writing TREG4H register R: Reading TC4H counter
TREGS5L Timer 000034H TC/TR57 | TC/TR56 | TC/TR55 | TC/TR54 | TC/TR53 | TC/TR52 | TC/TR51 TC/TR50
Counter (Prohibit R/W
Register5L RMW) 0/*
W: Writing TREGSL register R: Reading TC5L counter
TREG5H Timer 000035H TC/TR5F | TC/TR5E | TC/TR5D | TC/TR5C | TC/TR5B | TC/TR5A [ TC/TR59 TC/TR58
Counter (Prohibit R/W
Register4H RMW) 0/*
W: Writing TREG5H register R: Reading TC5H counter
T5MOD Timer5 00008EH VSMOD
Mode RW
Register 0
TCS5 function
selection
0: Timer/
Event
Counter
1: C.sync
counter
*: Unknown after reset
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(7) Capture Control (1/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
CAPINCRO Capture 000046H CAP2E CAP1E CAPOS5E CAPO4E CAPO3E CAPO2E CAPO1E CAPOOE
Input (CFG) (DFG) (DPG) (EXT) (CTL) (vS) (RMTD) (RMTU)
Control R/W
Register0 0 | 0 0 | 0 | 0 | 0 | 0 | 0
Capture 0,1, 2 input source enable/disable control
0: Disable 1: Enable
CAPINCR1 Capture 000047H | PCTLCK1 | PCTLCKO PCPR5 | PCPR4 | PCPR3 | PCPR2 | PCPR1 | PCPRO
Input R/W R/W
Control 0 0
Register1 CTL duty discrimination [ CTL signal (CTLIN) frequency division ratio
sampling clock selction
(VIVACR2<PCTLCKS> | 000000: 1/1
=0) 000001: 1/2
000010: 1/4
00: TBC3 01: TBC5 to
10: TBC7 11: TBC10 111111: 1/64
CAPINCR2 | Capture 000048H — RMTST RMTPO RMTBP CFGMCP DPCP2 DPCP1 DPCPO
Input (RW) RW RW R/W R R/W
Control (0) 0 0 0 0 0
Register2 Fix to 0. RMTIN RMTIN RMTIN CFG DFG signal (DFGIN) frequency
start/stop input noise status flag | division ratio
control polarity chancellor
selection control 0: Normal | 000: 1/1
0: Stop& 1: Error 001: 1/2
counter |0: Positive | 0: Active to
clear 1: Negative | 1: Bypass 111:1/8
1: Start
CAPINCR3 | Capture 000049H DIVCLR CTLPO CFGPO DPGEG DFGEG CFGWPR CFGEG CTLEG
Input RW RW R/W R/W R/W R/W R/W R/W
Control 0 0 0 0 0 0 0 0
Register3 DFG CTLinput | CFGinput | DPGinput | DFGinput | CFGinput [ CFGinput [ CTLIN
divider polarity polarity edge edge division edge input edge
division selection selection selection selection ratio selection selection
ratio clear selection
0: Positive | 0: Positive | 0: Rising 0: Rising 0: Both 0: Rising
0: — 1: Negative |1: Negative edge edge 0: 11 edges edge
1: Clear 1: Both 1: Falling 1:1/2 1: Rising 1: Both
(One-shot) edges edge edge edges
CAPINCR4 Capture 000068H EXTEG CFGPR5 CFGPR4 CFGPR3 CFGPR2 CFGPR1 CFGPRO
Input R/W R/W
Control 0 0
Register4 EXT input CFG division ratio signal (CFGIN) frequency
edge
selection 000000: 1/1
000001: 1/2
0: Rising 000010: 1/4
edge to
1: Both 111111: 1/64
edges
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(7) Capture Control (2/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
CSYNCR CSYNC 000057H — DPGST | CSYNCPO [ SEPMOD | CSYNBP — MASK
Control (RW) R/W R/W R/W R/W (RW) R/W
Register (0) 0 0 0 0 (0) 0
Fix to 0. DPG detect| CSYNC 7-bit C.sync Fix to 0. VSYNC
monitor input signal | counter bypass mask control
polarity down control 0:—
(Read) selection count 1: Release
0:— selection 0: V.sync masking
1: DPG 0: Positive 1: Bypass (One-shot)
input 1: Negative |0: TBC1
detected 1: TBC2
(Write)
0:—
1: Reset
(One-shot)
VIVACR2 VISS/ 000055H PCTLPO | PCTLCKS MSK1 MSKO VISS3 VISS2 VISS1 VISSO
VASS R/W R/W R/W R/W R/W
Control 0 0 0 0 0
Register2 CTL signal | CTL duty | CTLIN CFG input | VISS compare data
polarity measuring | input masking
selection clock division control These 4-bit data are compared with
selection control higher 4-bit of the 6-bit CTL counter
0: Positive 0: Mask
(when duty |0: Selected 0: Divide 1: Bypass
<50%, by 1: Bypass
VIVACR1 CAPINCR1
<CTLDTY> <PCTLCK1,
=1 2>
1: Negative  |1: Automatic
(when duty | selection
> 50%,
VIVACR1
<CTLDTY>
=1
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(8) Capture 0

Symbol | Name [Address 7 6 5 4 3 2 1 0
CAPFST Capture0 | 00004AH CAPF7 CAPF6 CAPF5 CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
FIFO (FIFO8) (FIFO7) (FIFOB) (FIFO5) (FIFO4) (FIFO3) (FIFO2) (FIFO1)
Status Read-only
Register 0
Capture0 FIFO status 0: No capture data, 1: Capture data present in FIFO
CAPOL Capture0 | 00004BH | CAPOD7 | CAPOD6 | CAPOD5 | CAPOD4 | CAPOD3 | CAPOD2 | CAPOD1 | CAPODO
Data Read-only
Register I I
- Low order
CAPOM Capture0 | 00004CH [ CAPOD15 | CAPOD14 | CAPOD13 | CAPOD12 | CAPOD11 | CAPOD10 | CAPOD9 | CAPOD8
Data Read-only
Register I I
— Middle order
CAPOH Capture0 | 00004DH | CAPOT5 | CAP0T4 | CAPOT3 | CAP0T2 | CAPOT1 | CAPOTO | CAPOD17 | CAPOD16
Data Read-only Read-only
Register I I . .
- High order Trigger input status Capture0 higher data
0: No trigger input 1: Trigger input accepted in FIFO register

*: Unknown after reset
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(9) Capture 1, 2

Symbol | Name |Address 7 6 5 4 3 2 1 0
CAP1L Capture1 00004EH CAP1D7 CAP1D6 CAP1D5 CAP1D4 CAP1D3 CAP1D2 CAP1D1 CAP1D0O
Data Read-only
Register * | * | * | * | * | * | * *
- Low order
CAP1H Capture1 | 00004FH [ CAP1D15 | CAP1D14 | CAP1D13 | CAP1D12 | CAP1D11 | CAP1D10 | CAP1D9 CAP1D8
Data Read-only
Register * | * I * | * I * | * | * *
- High order
CAP2L Capture2 | 000050H | CAP2D7 | CAP2D6 | CAP2D5 | CAP2D4 | CAP2D3 | CAP2D2 | CAP2D1 CAP2D0
Data Read-only
Register T - 1 - 1 - ] - 1 - T - :
- Low order
CAP2H Capture2 | 000051H | CAP2D15 | CAP2D14 | CAP2D13 | CAP2D12 | CAP2D11 | CAP2D10 | CAP2D9 CAP2D8
Data Read-only
Register 1 - 1 - T - N .
- High order

*: Unknown after reset
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(10) Timing Pulse Generator 0 (TPG 0)

Symbol| Name |Address 7 6 5 4 3 2 1 0
TPGOCR TPGO 000036H — FEMPIE TPFULO TPEMPO TPFO2 TPFO1 TPFOO
Control (Prohibit (W) W R R R
Register RMW) (0) 0 0 1 0
Fix to 0. INTTPGO | TPGO TPGO TPGO FIFO status flag
FIFO FIFO  full | FIFO
empty flag empty flag | 000: Empty or Full
interrupt 001: 1 word
0:— 0:— 010: 2 word
0: Disable | 1: FIFO full | 1: FIFO 011: 3 word
1: Enable empty 100: 4 word
101: 5 word
110: 6 word
111: 7 word
TPGOL TPGO 000037H TPGOD7 TPGOD6 TPGOD5 TPGOD4 TPGOD3 TPGOD2 | TPGOD1 | TPGODO
Lower (Prohibit Write-only
Timing Data RMW) * | * | * | * | * | * | * | *
Register
TPGOH TPGO 000038H TPGODF | TPGODE | TPGODD | TPGODC | TPGODB | TPGODA | TPGOD9 | TPGOD8
Higher (Prohibit Write-only
Timing Data RMW) * | * | * | * | * | * | * | *
Register
TPGODR TPGO 000039H TPGDO05 | TPGDO04 | TPGDO03 | TPGD02 | TPGDO1 | TPGDO00
Output (Prohibit Write-only
Data RMW) o« s s e
Register
CAPCR Capture 000052H CAP2T CAP1T CAPCL VISFRS VASFRS TPRSO CFGCL CAFRS
Control (Prohibit (CFG) (DFG)
Register RMW) R R R/W
0 0 0 0 0 0 0 0
CAP2 CAP1 CAP1/ VISS detect|VASS TPGO FIFO | CFG flag Capture0
trigger input | trigger input [ CAP2 flag clear detect flag | counter clear FIFO
status status status clear clear clear counter/
0: — 0: — status
0: No 0: No 0:— 1: Clear 0: — 0:— 1: Clear clear
trigger trigger 1: Clear (One-shot) | 1: Clear 1: Clear (One-shot)
input input (One-shot) (One-shot) | (One-shot) 0:—
1: Trigger | 1: Trigger 1: Clear
input input (One-shot)

*: Unknown after reset
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(11) Timing Pulse Generator 1(TPG1)

Symbol| Name |Address 7 6 5 4 3 2 1 0
TPG1L TPG1 00003AH TPG1D7 TPG1D6 TPG1D5 TPG1D4 TPG1D3 TPG1D2 TPG1D1 TPG1DO
Lower (Prohibit (TBC10) (TBC9) (TBC8) (TBC7) (TBC6) (TBC5) (TBC4) (TBC3)
Timing RMW) Write-only
Data 0 0 0 0 0 0 0 0
Register TPG1 lower data register
TPG1H TPG1 00003BH TPG1DF TPG1DE | TPG1DD | TPGIDC | TPG1DB | TPG1DA | TPG1D9 TPG1D8
Higher (Prohibit (TBC18) (TBC17) (TBC16) (TBC15) (TBC14) (TBC13) (TBC12) (TBC11)
Timing RMW) Write-only
Data 0 0 0 0 0 0 0 0
Register TPG1 higher data register
TPG1DR TPG1 00003CH TPGD13 TPGD12 TPGD11 TPGD10
Output (Prohibit (TPG13) (TPG12) (TPG11) (TPG10)
Data RMW) Write
Register 0 0 0 0
TPG1 output data register
(12) 8-bit PWM
Symbol | Name |Address 7 6 5 4 3 2 1 0
PWMDBR | 8-bit PWM | 000044H | PWM3DBR7 | PWM3DBR6 | PWM3DBR5 | PWM3DBR4 | PWM3DBR3 | PWM3DBR2 | PWM3DBR1 | PWM3DBRO
Data (Prohibit Write-only
Buter | RVW) - - T 1 - 1 - | -
Register
PWMCR 8-bit PWM | 000045H PWMEOT PWMC3 | PWMC2 | PWMC1 | PWMCO
Control (Prohibit R Write-only
Register RMW) 0 0
End of PWM data transfer request
data
Transfer These bits must be cleared to 0.
PWM data
transfer
0:End of
transfer
1:Under
transfer

*: Unknown after reset
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(13) 14-bit PWM 0,1, 2

Symbol | Name |Address 7 6 5 4 3 2 1 0
PWMRUN | PWM Start | 00003DH PWM2RUN [ PWM1RUN [ PWMORUN
Control R/W

Register 0 | 0 | 0
0: Stop 1: Start
PWMODRL PWMO 00003EH | PWMOD7 | PWMOD6 | PWMOD5 | PWMOD4 | PWMOD3 | PWMOD2 | PWMO0D1 | PWMO0DO

lower (Prohibit Write-only
Data RMW) x - |« e
Register

PWMODRH PWMO 00003FH PWMODD | PWMODC | PWMODB | PWMODA | PWMOD9 | PWMO0D8
Higher (Prohibit Write-only
Data RMW) oo« e e
Register

PWM1DRL PWM1 000040H [ PWM1D7 [ PWM1D6 | PWM1D5 | PWM1D4 | PWM1D3 | PWM1D2 | PWM1D1 | PWM1DO0
Lower (Prohibit Write-only
Data RMW) . . T e
Register

PWM1DRH PWM1 000041H PWM1DD | PWM1DC | PWM1DB | PWM1DA | PWM1D9 | PWM1D8
Higher (Prohibit Write-only
Data RMW) s s T e ]
Register

PWM2DRL PWM2 000042H PWM2D7 PWM2D6 PWM2D5 | PWM2D4 | PWM2D3 I PWM2D2 | PWM2D1 I PWM2D0
Lower (Prohibit Write-only
Data RMW) . . s s e
Register

PWM2DRH PWM2 000043H PWM2DD | PWM2DC | PWM2DB | PWM2DA | PWM2D9 | PWM2D8
Higher (Prohibit Write-only
Data RMW) s T ] - | - | -
Register

*: Unknown after reset
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(14) CSYNC
Symbol | Name |Address 7 6 5 4 3 2 1 0
CSYNCR CSYNC 000057H — DPGST | CSYNCPO [ SEPMOD | CSYNBP — MASK

Control (RW) RW R/W R/W R/W (R/W) RW

Register (0) 0 0 0 0 (0) 0

Fix to 0. DPG detect |CSYNC 7-bit C.sync Fix to 0. VSYNC

monitor input signal | counter bypass mask

polarity down control control

(Read) selection count

0:— selection 0: V.sync 0:—

1: DPG 0: Positive 1: Bypass 1: Release
input 1: Negative |0: TBC1 masking
detected 1: TBC2 (One-shot)

(Write)

0:—

1: Reset
(One-shot)

(15) PV
Symbol | Name |Address 7 6 5 4 3 2 1 0
PVCR PV 000058H HPMIX PVSEL2 PVSEL1 PVSELO

Control RW R/W

Register 0 0
Insert HP PV/PH output format control
to pseudo
V.sync
0: Disable
1: Enable
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(16) VISS/VASS
Symbol | Name [Address 7 6 5 4 3 2 1 0
VIVACR1 VISS/ 000054H — CTLDTY VISSFL VASSFL
VASS (Prohibit (W) R R R
Control RMW) (0) 1 0 0
Register1 Fix to 0. CTL signal |VISS detect [ VASS
duty flag detect flag
detector
monitor flag [0: — 0:—
1: VISS 1: VASS
0:CTL duty detected detected
>50%
(VIVACR2
<PCTLPO>
=0)
1: CTL duty
<50%
(VIVACR2
<PCTLPO>
=0)
VIVACR2 VISS/ 000055H PCTLPO PCTLCKS MSKA1 MSKO VISS3 VISS2 VISS1 VISSO
VASS R/W R/W R/W R/W RW
Control 0 0 0 0 0
Register2 CTL signal | CTL duty CTLIN CFG input | VISS compare data
polarity measuring | input masking
selection clock division control These 4-bit data are compared with
selection control higher 4-bit of the 6-bit CTL counter
0: Positive 0: Mask
(when duty |0: Selected 0: Divide 1: Bypass
<50%, by 1: Bypass
VIVACR1 CAPINCR1
<CTLDTY>| <PCTLCK1,
=1 2>
1: Negative [1: Automatic
(when duty [ selection
> 50%,
VIVACR1
<CTLDTY>
=1
VASSDR VASS 000056H VASS7 VASS6 VASS5 VASS4 VASS3 | VASS2 I VASS1 | VASSO0

Data VASS lower 8-bit data
Register VASS15 I VASS14 | VASS13 I VASS12 | VASS11 | VASS10 | VASS9 | VASS8
VASS higher 8-bit data
Read-only

Twice reading from VASSDR
The First is lower 8-bit, the second is higher 8-bit

*: Unknown after reset
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(17) Remote Control Input (RMTIN)

Symbol | Name [Address 7 6 5 4 3 2 1 0
RMTCR RMTIN 000053H RMTD7 RMTD6 RMTD5 RMTD4 RMTD3 RMTD2 RMTD1 RMTDO
Signal Input R/W RW
Control 0 0
Register Width of H noise cancellation Width of L noise cancellation
4-bit data (TBC8:32 ps) 4-bit data (TBC8:32 ps)
(18) HA/CR
Symbol | Name |Address 7 6 5 4 3 2 1 0
HACR Head Amp | 00008DH | VTPPO1 VTPPOO | TPVASEL | DFFPO1 DFFPO0 COMPS CRPO HAPO
Control R/W
Register 0 0 0 0 0 0 0 0
TPGO03 TPGO03 P91 output | TPGO3 TPGO3 Enable CR output | HA output
(P92) edge |(P90) edge |selection input input COMPIN polarity polarity
selection selection polarity polarity selector selector
0: TPGO1 selector selector 0: Disable
0: Rising 0: Rising 1: VASWP |0: Positive |0: Positive [1: Enable |O0: Positive [0O: Positive
edge edge 1: Negative [1: Negative 1: Negative | 1: Negative
1: Falling 1: Falling
edge edge
(19) 8-bit AD Converter
Symbol | Name |Address 7 6 5 4 3 2 1 0
ADMOD AD 00005AH — EOCF ADBF ADS ADCH3 ADCH2 ADCH1 ADCHO
Converter (RW) R R RW RW
Control (1) 0 0 0 0
Register Fix to 1. AD AD AD Analog channel selection
conversion |conversion |conversion
complete flag|busy flag start 0000: AINO  0110: AIN6
0001: AIN1  0111: AIN7
0: AD 0: AD 0:— 0010: AIN2  1000: AIN8
conversion| conversion |1: start 0011: AIN3  1001: AIN9
in stopped 0100: AIN4 1010 to 1111: Reserved
progress |[1: AD 0101: AINS
or before conversion
conversion| in
1: AD progress
conversion
completed
ADREG AD 00005BH ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
Converted Read-only
Register Undefined after reset
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(20) SIO
Symbol | Name |Address 7 6 5 4 3 2 1 0
SCBUF SIO 000066H TRB7 TRB6 TRB5 TRB4 TRB3 TRB2 TRB1 TRBO
Buffer (Prohibit R/W
Register RWM) Undefined after reset
SCMOD SIO 000067H FFSI SRES SMD1 | SMDO SIFT CLKSI SCKS SIOE
Control (Prohibit R R/W R/W R/W R/W R/W R/W
Register RWM) 1 0 0 0 0 0 0
Serial Serial Serial transfer mode Serial Serial Serial Serial
transfer transfer select transfer transfer transfer transfer
monitor terminate shift edge | internal clock start
flag 00: Transmit mode select clock rate | selection
0:— 01: Receive mode select 0: Stop
0: Under 1: Terminate | 10: reserved 0: Leading 0: Internal | 1: Start
transfer- (One-shot) | 11: Transmit/receive edge 0: 23/sts clock
ring mode 1: Trailing | 1: 27/fsys 1: External
1: Stop edge clock
ISCR Interrupt 00008FH SELINT
Source R/W
Control 0
Register 0: INT2
1: INTSIO
(21) I2C bus (1)
Symbol | Name |Address 7 6 5 4 3 2 1 0
12CCR1 1’C bus 000081H — — — ACK CHS SCK2 SCK1 SCKO0
Control (W) RW RW w
Register1 @ | o | o 0 0 o | o | o
(Prohibit | These bits must be cleared to “0” 0: Acknowledge | Channel Serial clock selection
RMW) not retured to | selection
transmitter 000: 250 kHz 100: 15.6 kHz
0: Channel0 | 001: 125 kHz 101: 7.8 kHz
1: Acknowledge | (scLo, 010: 62.5 kHz 110: 3.9 Hz
retured to SDA0) 011: 31.2kHz 111: (Reserved)
transmitter
1: Channel1 | at fc =16 MHz
(scL1,
SDA1)
12CDBR I’C bus 000082H 12DBR7 12DBR6 12DBR5 12DBR4 12DBR3 12DBR2 12DBR1 12DBRO
Data Buffer | (Prohibit R/W
Register RMW) Undefined after reset
Can not be read a written data
12CAR I°C bus 000083H SA6 | SA5 | SA4 | SA3 | SA2 | SA1 | SA0 ALS
Address (Prohibit Write-only w
Register RMW) 0 | 0 | 0 | 0 | 0 | 0 l 0 0
slave address selection Address
recognition
mode
specification
0: Slave
address
recognition
1: Non slave
address
recognition
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(21) I2C bus (2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
12CCR2 I’C bus 000084H MST TRX BB PIN SBIM1 SBIMO — —
Control (Prohibit Write-only
Register2 RMW) 0 0 0 1 0 | 0 (0) (0)
Master/ Transmitter | Start/stop Cancel Serial bus interface Fixto 0. Fixto 0.
slave Ireceiver condition interrupt operation mode selection
selection selection generation | service
request 00: Port mode
0: Slave 0: Receiver | 0: Stop 0:— 01: (Reserved)
1: Master | 1: Transmit- | condition 1: Cancel 10: I°C bus mode
ter 1: Start interrupt 11: (Reserved)
condition service
request
12CSR I’C bus 000084H MST TRX BB PIN — AAS ADO LRB
Status Read-only
Register 0 0 0 1 — 0 0 1
Status Status Status Interrupt Slave “GENERAL |[Last
monitor monitor monitor request address CALL” received bit
monitor match detection monitor
0: Slave 0: Receiver |0: Bus free detection monitor
1: Master 1: Transmit- | 1: Bus busy [0: Request monitor 0: Last
ter 1: Release 0:— received
0:— 1: GENERAL bit 0
1: Slave CALL 1: Last
address detected received
match or bit 1
GENERAL
CALL
detected
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(21) I2C bus (8)

Symbol | Name |Address 7 6 5 4 3 2 1 0
I2CFCR1 1°C bus 000063H T/R FSCK CONT BYTE
FIFO (Prohibit Write-only
Control RMW) 0 0 0 0
Register1 FIFO Serial transfer clock selection Data Transfer data byte control
transfer transfer
mode Serial clock selection mode 000: 1 byte
selection selection 100: 5 byte
000: fc/25(250 kHz)  100: fc/2'°(15.6 kHz) 001: 2 byte
0: Receive [001: fc/27(125 kHz) 101: fc/2""(7.8 kHz) |0: Data 101: 6 byte
mode 010: fc/2%(62.5 kHz) 110: fc/2'%(3.9 Hz) transfer |010: 3 byte
1: Transmit |011: fc/2°%(31.2 kHz) 111: (Reserved) mode 110: 7 byte
mode every bit |011: 4 byte
at fc = 16 MHz 1: Series 111: 8 byte
data
transfer |These are enable when <CONT> = 0.
mode
I2CFCR2 | PCbus | 000064H | START STOP CHS iNT — — RST —
FIFO (Prohibit w W W w w
Control RMW) 1 1 0 1 — — 1 —
Register2 FIFO buffer |FIFO buffer |1/O channel |Next 12C
transfer transfer selection transfer bus/FIFO
start stop start(series control
0: ChannelO |data system
0: Start/ 0: Stop (ScLo, transfer reset
Restart |1: — SDAO0) mode)
1:— 1: Channel1 0: Reset
(SCL1, 0: start 1 —
SDA1) next
transfer
1. —
I2CFDBR 1°C bus 000065H FD7 FD6 FD5 FD4 FD3 FD2 FD1 FDO
FIFO (Prohibit R/W
Data RMW) Undefined after reset
Buffer Can not be read written data.
Register
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(21) I2C bus (@)

Symbol | Name |Address 7 6 5 4 3 2 1 0
12CFSR1 I°C bus 000064H SDA END CHS BUSY FULL EMPTY SCERR AKERR
FIFO Read-only
Status — 0 0 0 0 0 0 0
Register1 SDA bus FIFO buffer [I/O channel |FIFO buffer [FIFO buffer |FIFO buffer |Start con- | Acknow-
monitor status flag | monitor transfer full/ empty/ dition error |ledge error
status Receive transmitter  detector detector
0: Low 0:— 0: Channel0 | monitor finishing finishing
level 1: Finished |1: Channel1 monitor monitor 0:— 0:—
1: High transfer 1: Under 1: start 1: Acknow-
level I12CFCR2 FIFO 0:— 0:— condition ledge
<STOP> buffer 1: FIFO 1: FIFO error error
=0 data buffer buffer genera- genera-
then transfer full/ finish empty/ tion tion
clear I2CFCR2 receiver finish
<STOP> transmit-
=0 ter
then
clear

12CFSR2 I°’C bus 000069H NOMAT LRBM — — —

FIFO R R
Status 0 1 Undefined after reset
Register2 SCL output/ |Last receive

SCL line monitor
matching (Acknow-
monitor ledge
monitor)
0:
1: SCL line |0: Last

is low by receive

slave bit 0
device (Acknow-
ledge)

1: Last
receive
bit 1
(Non-
Acknow-

ledge)
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(22) Interrupt priority setting register(1/2)

Symbol | Name |[Address 7 6 5 4 3 2 1 0
INTOCP1 INTO/ 0070H INTCAP1 INTO
CAP1 (Prohibit ICAP1C ICAP1M2 | ICAP1MA1 ICAP1MO 10C 10M2 10M1 10M0
Interrupt RMW) R/W W W W R/W W W W
Register 0 0 0 0 0 0 0 0
INTCPOTGO CAPO/ 0071H INTTPGO INTCAPO
TPGO (Prohibit ITPGOC ITPGOM2 | ITPGOMA1 ITPGOMO ICAPOC ICAPOM2 | ICAPOM1 ICAPOMO
Interrupt RMW) R/W w w w R/W w w W
Register 0 0 0 0 0 0 0 0
INTTP112C TPG1/ 0072H INTI2CB INTTPG1
I’CBUS (Prohibit 112CC 112CM2 112CM1 112CM0 ITPG1C ITPG1M2 | ITPG1M1 ITPG1MO
Interrupt RMW) RW W W W R/W W i W
Register 0 0 0 0 0 0 0 0
INTTBCVA TBC/ 0073H INTVA INTTBC
VA (Prohibit IVAC IVAM2 IVAM1 IVAMO ITBCC ITBCM2 ITBCMA1 ITBCMO
Interrupt RMW) RIW w w w R/W w w w
Register 0 0 0 0 0 0 0 0
INT12SIO0 INT1/ 0074H INT2/SI0 INT1
INT2/ (Prohibit 12C 12M2 12M1 12MO 11C 11M2 1M1 11MO
SIO RMW) /SIOC /SIOM2 /SIOM1 /SIOMO
Interrupt RW w w w RW W w w
Register 0 0 0 0 0 0 0 0
INT43 INT3/ 0075H INT4 INT3
INT4 (Prohibit 14C 14M2 14M1 14MO 13C 13M2 1I3M1 13MO
Interrupt RMW) RW w w w R/W w w w
Register 0 0 0 0 0 0 0 0
INTT1TO Timer0/ 0076H INTT1 INTTO
Timer1 (Prohibit IT1C IT1M2 11TM1 IT1MO ITOC ITOM2 ITOMA1 ITOMO
Interrupt RMW) R/W W W W R/W W W W
Register 0 0 0 0 0 0 0 0
INTT3T2 Timer2/ 0077H INTT3 INTT2
Timer3 (Prohibit IT3C IT3M2 IT3M1 IT3MO IT2C IT2M2 1T2MA1 IT2MO
Interrupt RMW) RW W W W R/W W W W
Register 0 0 0 0 0 0 0 0
INT5T4 Timer4/ 0078H INTT5S INTT4
Timer5 (Prohibit IT5C IT5M2 IT5M1 IT5MO IT4C IT4M2 IT4MA1 IT4MO
Interrupt RMW) R/W W W W R/W W W W
Register 0 0 0 0 0 0 0 0
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(22) Interrupt priority setting register (2/2)

Symbol | Name [Address 7 6 5 4 3 2 1 0
INTADRTC AD/ 0079H INTRTC INTAD
RTC (Prohibit IRTCC IRTM2 IRTM1 IRTMO IADC IADM2 IADM1 IADMO
Interrupt RMW) R/W w W w R/W W w W
Setting 0 0 0 0 0 0 0 0
L IL IL I L |
1 I ]
L 1
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to 1.
0 1 0 Set interrupt request level to 2.
0 1 1 Set interrupt request level to 3.
1 0 0 Set interrupt request level to 4.
1 0 1 Set interrupt request level to 5.
1 1 0 Set interrupt request level to 6.
1 1 1 Prohibit interrupt request.
—>
IxxC Function (Read) Function (Write)

0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interrupt request. Don'’t care

Note 1: Read-modify-write is prohibited.
Note 2: Note about clearing interrupt request flag.

The interrupt request flag of INTCAP1, INTCAPO, INTSIOO0, INTSIO1, INTRX and INTAD are not
cleared by writing 0 to IxxC of they are level interrupts.

They can be cleared only by resetting, reading captured data/ADREG/SC2BUF or reading/writing
SCOBUF/SC1BUF.

Note 3: Note about clearing interrupt request flag.

When the INTTPGO is used for a FIFO empty interrupt (a level signal), the interrupt controller also
leaves a request flag (Flip/Flop) after clearing FIFO empty by setting next TPGO data in an
interrupt routin.

Therefore, in this case, the INTTPGO request flag has to be cleared before executing RETI

instruction.
Symbol | Name [Address 7 6 5 4 3 2 1 0
ISCR Interrupt 00008FH SELINT — — — — — — —
Source R/W
Control 0
Register 0: INT2
1: SIO
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(23) Micro DMA Start Vector

Symbol | Name |Address 7 6 5 4 3 2 1 0
DMAOV micro 00007CH DMAQV5 DMAQV4 DMAOV3 DMAQV2 DMAOV1 DMAQVO
DMAO (Prohibit Write-only
Start RMW) 0
Vector Set micro DMA start vector
DMA1V micro 00007DH DMA1V5 DMA1V4 | DMA1V3 | DMA1V2 I DMA1V1 DMA1V0
DMA1 (Prohibit Write-only
Start RMW) 0
Vector Set micro DMA start vector
DMA2V micro 00007EH DMA2V5 DMA2V4 | DMA2V3 | DMA2V2 I DMA2V1 DMA2V0
DMA2 (Prohibit Write-only
Start RMW) 0
Vector Set micro DMA start vector
DMA3V micro 00007FH DMA3V5 DMA3V4 | DMA3V3 DMA3V2 I DMA3V1 DMA3V0
DMA3 (Prohibit Write-only
Start RMW) 0
Vector Set micro DMA start vector
(24) Port0
Symbol | Name |Address 7 6 5 4 3 2 1 0
PO Port0 000000H P07 P06 P05 P04 P03 P02 P01 P00
data R/W
Register 0 0 0 0 0 0 0 0
POCR Port0 000002H P07C P06C P0O5C P04C P03C P02C P0O1C P00C
Control (Prohibit Write-only
Register RMW) 0 0 0 0 | 0 0 0 0

0: Input mode  1: Output mode

(25) Port1
Symbol | Name |Address 7 6 5 4 3 2 1 0
P1 Port1 000001H P17 P16 P15 P14 P13 P12 P11 P10
data R/W
Register 0 0 0 0 0 0 0 0
P1CR Port1 000004H P17C P16C P15C P14C P13C P12C P11C P10C
Control (Prohibit Write-only
Register RMW) 0 0 0 0 | 0 0 0 0
0: Input mode  1: Output mode
(26) Port2
Symbol | Name |Address 7 6 5 4 3 2 1 0
P2 Port2 000006H P27 P26 P25 P24 P23 P22 P21 P20
data RW
Register 1 1 1 1 1 1 1 1
P2CR Port2 000008H P27C P26C P25C P24C P23C P22C P21C P20C
Control (Prohibit Write-only
Register RMW) 0 0 0 0 | 0 0 0 0

0: Input mode  1: Output mode
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(27) Port 4
Symbol | Name |Address 7 6 5 4 3 2 1 0
P4 Port4 00000AH P47 P46 P45 P44 P43 P42 P41 P40
data Read-only
Register Undefined after reset
(28) Port 5
Symbol | Name |Address 7 6 5 4 3 2 1 0
P5 Port5 00000BH P54 P53 P52 P51 P50
data R/W
Register 1 | 1 | 1 | 1 | 1
P5CR Port5 00000CH P52F P51F P54C | P53C | P52C I P51C | P50C
Control (Prohibit w W Write-only
Register RMW) 0 0 0 | 0 | 0 | 0 | 0
0: Port52 0: Port51 0: Input mode 1: Output mode
1: SCK 1: SO
1IMCO External 00005EH 141E I3IE 12IE MIE 10IE
Interrupt (Prohibit (INT4) (INT3) (INT2) (INT1) (INTO)
Control RMW) W
Register 0 | 0 0 0 0
External interrupt enable
0: Disable  1: Enable
IIMC1 External 00005FH 14EG I3EG I2EG MEG | I0EG INTTPGOE | INTTPGOS
Interrupt (Prohibit Write-only R/W RW
Input RMW) 0 0 0 0 0 0 0
Mode INT4 edge | INT3 edge | INT2 edge |INT1 INTO INTTPGO | INTTPGO
Control selection selection selection edge/level | edge (TPGO3) source
selection selection edge selection
0: Rising 0: Rising 0: Rising selection
edge edge edge 0: Rising 0: Rising 0: FIFO
1: Falling 1: Falling 1: Falling edge edge 0: Rising empty
edge edge edge 1: Level 1: Falling edge interrupt
edge 1: Falling 1: FIFO
edge empty or
TPGO3
interrupt
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(29) Port 7
Symbol | Name |Address 7 6 5 4 3 2 1 0
P7 Port7 00000FH P76 P75 P74 P73
data R/W
Register 1 | 1 | 1 | 1
P7CR Port7 000011H P76C | P75C | P74C | P73C
Control (Prohibit Write-only
Register RMW) 0 | 0 0 | 0
0: Input mode 1: Output mode
P7FC Port7 000013H P76F P75F P74F P73F
Function (Prohibit W W W W
Register RMW) 0 0 0 0
0: Port76 0: Port75 0: Port74 0: Port73
1: SCL1 1: SDA1 1: SCLO 1: SDAO
ODCR1 Open 000015H POD76 POD75 POD74 POD73
Drain (Prohibit Write-only
Control RMW) 0 | 0 | 0 I 0
Register1 0: Push-pull
1: Open-drain
P7ICR P7 00000DH PR76 | PR75 PR74 I PR73
Input (Prohibit Write-only
Control RMW) 0 | 0 | 0 | 0
Register 0: Pin
1: Output latch
(30) Port 8
Symbol | Name |Address 7 6 5 4 3 2 1 0
P8 P8 000016H P87 P86 P85 P84 P83 P82 P81 P80
data R/W
Register 1 1 | 1 | 1 | 1 | 1 | 1 | 1
P8CR P8 000018H P87C I P86C | P85C | P84C | P83C | P82C I P81C | P80C
Control (Prohibit Write-only
Register RMW) 0 0 | 0 | 0 0 | 0 I 0 | 0
0: Input mode 1: Output mode
P8FC P8 000014H P83F
Function (Prohibit W
Register RMW) 0
0: Port83
1: TO1
93CF76-215 2003-03-31



TOSHIBA

TMPO3CF76/CF77/CW76/CU76/CT76

(31) Port 9
Symbol | Name |Address 7 6 5 4 3 2 1 0
P9 P9 000017H P97 P96 P95 P94 P93 P92 P91 P90
data R/W
Register 1 | 1 | 1 | 1 | 1 | 1 1 1
P9CR P9 000019H P97C | P96C I P95C | P94C | P93C | P92C | P91C | P90C
Control (Prohibit Write-only
Register RMW) 0 | 0 | 0 | 0 0 | 0 | 0 | 0
0: Input mode 1: Output mode
P9FC P9 00001AH P97F | P96F I P95F P94F P93F P92F | P91F I P90F
Function (Prohibit Write-only
Register RMW) 0 0 0 0 0 0 0 0
0: Port97 0: Port96 0: Port95 0: Port94 0: Port93 0: Port92 0: Port91 0: Port90
1: TPG11 [ 1: TO1/ 1: HA 1:CR 1: TPGO3 | 1: TP1 1: TPGO1/ | 1: TPO/
TPG10 VASWP TPG00
ODCR2 Open 00001BH POD97 POD96 POD95 POD94 POD93 POD92 POD91 POD90
Drain (Prohibit Write-only
Control RMW) 0 I 0 I 0 | 0 0 | 0 I 0 | 0
Register2 0: Push-pull 1: Open-drain
HACR Head Amp | 00008DH | VTPPO1 I VTPPOO I TPVASEL | DFFPO1 DFFPOO0 | COMPS I CRPO | HAPO
Control R/W
Register 0 0 0 0 0 0 0 0
0: Rising 0: Rising 0: TPGO1 0: Positive | O: Positive | 0: Disable | 0: Positive | O: Positive
edge edge 1: VASWP | 1: Negative | 1: Negative | 1: Enable 1: Negative | 1: Negative
1: Falling 1: Falling
edge edge
TPCR Timing 000086H | TPGOE1 TPGOEO TPG1CNT TP1D TPOD
Pulse RW R/W R/W RIW R/W
Control 0 0 0 0 0
Register TPG10 TPG00 P97 TP1 data TPO data
output output TPG11 latch latch
control control output
control
0: Disable | 0: Disable
1: Enable 1: Enable 0: Disable
1: Enable
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(32) Port A
Symbol | Name |Address 5 4 3 1 0
PA PortA 00001CH PA3 PAO
data R/W R/W
Register 1 1
PACR PortA 00001EH PA3C PAOC
Control (Prohibit w i
Register RMW) 0 0
0: Input 0: Input
mode mode
1: Output 1: Output
mode mode
ODCR3 | Open-drain [ 000021H PWMOD1 | PWMODO PODA3
Control (Prohibit (PWM1) (PWMO) (PortA3)
Register3 RMW) Write-only W
0 0 0
PWMO0,1 Open-drain PortA
control Open-drain
control
0: Push-pull 0: Push-
1: Open-drain pull
1: Open-
drain
PAFC PortA 00006BH PA3F PAQF2 PAOF1
Function (Prohibit W W
Register RMW) 0 0
0: Port A3 00: Port AO
1: PWM2 01: PVPH
10: PWM3
11: Reserved
(33) Port B
Symbol | Name |Address 5 4 3 1 0
PB PortB 00001DH PB1 PBO
data R/W
Register 1 | 1
(SYSCRO<XTEN> = 0)
PBCR PortB 00001FH PB1C | PBOC
Control (Pronhibit Write-only
Register RMW) 0 | 0
0: Input mode
1: Output mode
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(34)Port C,D, E, F

Symbol | Name |Address 7 6 5 4 3 2 1 0
PC PC 000087H PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
data RW
Register 0 0 0 | 0 | 0 0 | 0 | 0
PD PD 000088H PD1 | PDO
data R/W
Register 0 | 0
PE PE 000089H PE7 PE6 PE5 PE4 PE3 PE2 PE1 | PEO
data RW
Register 0 0 0 | 0 | 0 0 | 0 | 0
PF PF 00008AH PF5 | PF4 | PF3 PF2 I PF1 | PFO
data R/W
Register 0 | 0 I 0 0 I 0 | 0
PECR PE 00008BH PE7C PE6C PE5C | PE4C | PE3C | PE2C | PE1C | PEOC
Control (Prohibit Write-only
Register RMW) 0 0 0 | 0 0 0 I 0 | 0
0: Input mode 1: Output mode
PFCR PF 00008CH — — PF5C PF4C PF3C PF2C | PF1C | PFOC
Control (Prohibit Write-only
Register RMW) 0 | 0 | 0 0 I 0 | 0
0: Input mode 1: Output mode
(35) CLK output
Symbol | Name |Address 7 6 5 4 3 2 1 0
SYSCR3 System 00006DH — — — — — — — CLKEN
Control (Prohibit (RW) (RW) (RIW) (RW) (RIW) (RW) R/W
Register 3 | RMW) ) (1) (1) () (1) ) 0
Fix to 1. Fix to 1. Fix to 1. Fix to 1. Fix to 1. Fix to 1. 0: Disable
Note: This | Note: This 1: Enable
bitis read | bit is read
as 1 as 1
always. always.
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6.

Port Section Equivalent Circuit Diagram

e Reading the circuit diagram

Basically, the gate symbols are written the same as those used for the standard CMOS
logic IC [74HCxx] series.

The dedicated signal is described below.

STOP: This signal becomes active 1 when the halt mode setting register is set to the STOP
mode (WDMOD<HALT1,0> = 0, 1) and the CPU executes the HALT instruction.
When the drive enable bit WDMOD<DRVE> is set to 1, however, STOP remains at
0.

e The input protection resistans ranges from several tens ohms to several hundreds ohms.

= PO, P1,P2

Output Data P-ch

Vece

Output Enable _Do—l N-ch
STOP

Input Data <« ()Q c( j\:—i 110

Input Enable

Analog Input
Channel Selection
Analog Input < {Z}—‘ Input

P-ch
]— N-ch

Input Data < OQ o (

Input Enable
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m P5 P8

Vee
Output Data VD—{ P-ch

Vee

Output Enable
STOP

Input Data < OQ o

Input Enable

m P9 PA

Vee
Operation Drain Output Selection
Vee

Output Enable
STOP

Input Data <« QQ 110

Input Enable
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m P75 P76
Vee
Operation Drain Output Selection
Output Data P-ch

Output Enable _Do—l N-ch

STOP Vee
Analog Input
Channel Selection P

-ch
Analog Input < {Z}—‘ D e

Input Data < OQ o :(

Input Enable
m P73, P74
Vee
Operation Drain Output Selection
Output Data P-ch
Vee
Output Enable _Do—l N-ch
STOP
Input Data < OQ /o
Input Enable
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m X1, X2

Clock Vee

OSC Circuit

High Frequency —}—0——[>o—| B P-ch N-ch
OSC Enable

m RESET Vee Vee

RESET
Reset -

Schmitt

WDTOUT
Reset
Enable

m TEST
Vee

Input Data Input

93CF76-222 2003-03-31



TOSHIBA TMPO3CF76/CF77/CW76/CU76/CT76

= PWMO, PWM1

Vee v
Operation Drain Output Selection cc
Output Data P-ch
Output
PWMRUN :) Jo——— feN-ch
STOP
s ADREF, ADGND
Vee

IREF

I | ADREF
;

|
|
i String Resistor

T oo

Note: IREF flows continuously at standby.

m XTI, XT2

fs

DX'I

Vce

Enable L T

4Oy M0

Note: Share PB1 and PB1
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Output Data

Vce
Output Enable Dc N-ch
o) ) >
Input Data < o<} Output

Input Enable
Note: Share XT1 and XT2
ms PC,PD
Vee
Output Data Dc I P-ch
Output
Rk
Vkk
m PE, PF
Vce
Output Data {>c I P-ch
>_|:| o
Rk
VKK

Input Data < JJQ

Input Enable
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s CLK
Vee Vee
Output Enable P-ch pch | Ve
Internal CLK P —l
;0; I | Output
STOP .
N-ch
Internal Reset
To Test Circuit OQ
m TEST1
Vce
D_}—D Output
m TEST2
Vce
%—}—D it
m TEST3
Vce
%—D Output
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Table 6.1 Port enable

Port Pin Input/ Output Shared Function Qondltlon of Remark
Output mode input enable
PO P00 to PO7 1/10 P-P P0+OBF
P1 P10 to P17 1/10 P-P P1+OBF
P2 P20 to P27 1/0 P-P P2+OBF
P4 P40 to P47 | — AIN2 to AIN9 P4+OBF Analog Input
P5 P50 110 P-P INT4/TI3TI5/SI (Schmitt) OBF
P51 110 P-P INT3/TI2T14/SO (Schmitt) OBF
P52 110 P-P INT2/TI1/TI0/SCK (Schmitt) OBF
P53 110 P-P INT1 (Schmitt) OBF
P54 1’0 P-P INTO (Schmitt) OBF
P7 P73 110 P-P/O-D | SDAO (I/O) (Schmitt) OBF
P74 110 P-P/O-D | SCLO (I/O) (Schmitt) OBF
P75 110 P-P/O-D | SDA1/AINO (I/O) (Schmitt) OBF Analog Input
P76 1’10 P-P/O-D | SCL1/AIN1 (I/O) (Schmitt) OBF Analog Input
P8 P80 110 P-P CTLIN (Schmitt) OBF
P81 110 P-P DFGIN (Schmitt) OBF
P82 110 P-P RMTIN (Schmitt) OBF
P83 110 P-P EXT/TO1 (Schmitt) OBF
P84 110 P-P DPGIN (Schmitt) OBF
P85 1’0 P-P CFGIN (Schmitt) OBF
P86 1’10 P-P CSYNCIN (Schmitt) OBF
P87 1’0 P-P COMPIN (Schmitt) OBF
P9 P90 110 P-P/O-D | TPO/TPGOO (o) P9+OBF
P91 110 P-P/O-D | TPGO1/VASWP (3-state) P9+OBF
P92 110 P-P/O-D | TP1 (o) P9+OBF
P93 1’0 P-P/O-D | TPGO3 (o) P9+OBF
P94 1’0 P-P/O-D | CR (o) P9+OBF
P95 110 P-P/O-D | HA (o) P9+OBF
P96 110 P-P/O-D | TO1/TPG10 (o) P9+OBF
Po7 1’0 P-P/O-D | TPG11 (3-state) P9+OBF
PA PAO I/0 P-P PVPH/PWM3 (3-state) PAxOBF
PA3 I/0 P-P/O-D | PWM2 (0) PAxOBF
PB PBO 1’0 O-D XT1 (Xtal) OBF
PB1 1’0 O-D XT2 (Xtal) OBF
PC PCO to PC7 O H-V VFT (Grid) — High Voltage port
PD PDO, PD1 O H-V VFT (Grid) — High Voltage port
PE PEO to PE7 1/0 H-V/ O-D | VFT (Segment) OBF High Voltage port
PF PFO to PF5 1/0 H-V/ O-D | VFT (Segment) OBF High Voltage port

P-P: Push-Pull, O-D: Open-drain, (O): Output, (I/0): Input/Output, (Schmitt): Schmitt input,
except (Schmitt): CMOS input, OBF: STOP- WDMOD <DRVE >, PO to PA: Access to Port register
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7. Points of Concern and Restriction

(1) Notation
a. Explanation of a built-in I/O register: Register Symbol <Bit Symbol>
e.g.) TRUN<TORUN> --- Bit TORUN of Register TRUN

b. Read, Modify and Write Instruction

An instruction in which the CPU executes following by one instruction.
i)  CPU reads data of the memory.
ii) CPU modifies the data.
iii) CPU writes the data to the same memory.
ex1) SET 3, (TRUN) set bit 3 of TRUN
ex2) INC 1, (100H) increment the data of 100H

e A sample Read, Modify and Write instructions using the TLCS-900

Exchange
EX (mem), R
Arithmetic Operation
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)
Logical Operation
AND (mem), R/# OR (mem), R/#

XOR (mem), R/#

Bit Manipulation
STCF #3/A, (mem) SET #3, (mem)
RES #3, (mem) TSET #3, (mem)
CHG #3, (mem)

Rotate and Shift

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

c. fc, fs, frey, fsys, 1 state
The clock frequency input from pins X1 and X2 pin is called fc, and the clock frequency
input from XT1, XT2 pin is called fs. The clock frequency selected by SYSCR1<SYSCK> is
called system clock frpH, and the clock frequency given by frru divided by 2 is called fsys.
One cycle of fsys is called 1 state.
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(2) Care Points
a. Warming-up Counter

The warm-up counter operates when STOP mode is released even if the system is using
an external oscillator. As a result, it takes warm-up time from inputting the releasing
request to outputting the system clock.

b. WatchDog Timer

The watchdog timer starts operation immediately after the reset is released. When the
watchdog timer is not used, disable it.

¢. CPU (Micro DMA)

Only the “LDC cr, r”, “LDC r, cr” instructions can be used to access the control registers
in the CPU (like the transfer source address register (DMASH)).

d. TEST, TEST1, TEST2, TEST3

Each pins for test is used as follows.

TEST : Vcc level
TEST1, TEST2: Short on the PCB
TEST3: OPEN

e. POP SR instruction

Please execute POP SR instruction during DI condition.

f. Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts = (INTO, INT1),
which can release the HALT mode may not be able to do so if they are input during the
period CPU is shifting to the HALT mode (for about 3 clocks of fc or fs) with IDLE1 or
STOP mode (IDLE2 is not applicable to this case). (In this case, an interrupt request is
kept on hold internally.)

If another interrupt is generated after it has shifted to HALT mode completely, halt
status can be released without difficultly. The priority of this interrupt is compare with
that of the interrupt kept on hold internally, and the interrupt with higher priority is
handled first followed by the other interrupt.
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