TOSHIBA TMP93C071

CMOS 16-Bit Microcontroller
TMP93CO71F
1. Outline and Feature

TMP93C071F is a high-speed advanced 16-bit microcontroller developed for application with VCR system
control, software servo motor control and timer control.

In addition to basics such as I/O ports, the TMP93C071F has 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 (900L_CPU)
» TLCS-90 instruction mnemonic upward compatible
+ 16 Mbyte linear address space
» General-purpose registers and register bank system
» 16-bit multiplication/division and bit transfer/arithmetic instructions
» High-speed micro DMA: 4 channels (1.6 us / 2 byte at 20 MHz)
(2) Minimum instruction execution time: 200 ns at 20 MHz
(3) Internal ROM: ROMIless
(4) Internal RAM: 8 Kbyte
(6) External memory expansion
» Can be expanded up to 16 Mbyte (for both programs and data)
* AMB8/16 pin (select the external data bus width)
» Can be mixed 8 and 16bit external data buses.
...Dynamic data bus sizing.
(6) 20-bit time-base-counter (TBC)
« free running counter
» accuracy: 100 ns (at 20 MHz)
« overflow: 105 ms (at 20 MHz)
(7) 8-bit timer (TCO): 1 channel
+ for CTL linear time counter
(8) 16-bit timer (TC1-5): 5 channels
» C-sync count, capstan FG count, general: (3 channels)
(9) Timing pulse generator (TPG): 2 channels
* (16-bit timing data + 6-bit-output data) with 8-stages FIFO: 1 channel
» (16-bit timing data + 4-bit-output data): 1 channel
* accuracy: 400 ns (at 20 MHz)
(10) Pulse width modulation outputs (PWM)
* 14-bit PWM: 3 channels (for controlling capstan, drum and tuner)
+ 8-bit PWM: 9 channels (for controlling volume)
« carrier frequency: 39.1 kHz (at 20 MHz)

980910EBP1

» 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.

* TOSHIBA is continually working to improve the quality and the 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 observe standards of safety, and to avoid situations in which a malfunction or failure of a
TOSHIBA product 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 products specifications. Also, please
keep in mind the precautions and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

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

» 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.

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

EIE@ Purchase of TOSHIBA I2C components conveys a license under the Philips 12C Patent Rights to use these
components in an I2C system, provided that the system conforms to the I2C Standard Specification as defined
by Philips.
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(11) 24-bit time base counter capture circuit (Capture 0)
* (18-bit timing data + 6-bit trigger data) with 8-stages FIFO: 1 channel
* capture input sources: Remote-control-input (RMTIN), V-sync, CTL, Drum-PG,
general (1 channel)
* accuracy: 400 ns (at 20 MHz)
(12) 17-bit time base counter capture circuit (Capture 1/2)
» (16-bit timing data + 1-bit trigger data): 2 channel
« capture input sources: Drum-FG, Capstan-FG
» accuracy: 100 ns (at 20 MHz)
(13) VISS/VASS detection circuit (VISS/VASS)
+ CTL duty detection
+ VASS data 16-bit latch
(14) Composite-sync-signal (C-sync) input (C-sync In)
« Vertical-sync-signal (V-sync) separation (V-sepa)
(15) Head Amp switch/Color Rotary control (HA/CR)
(16) Pseudo-V/H generator (PV/PH)
(17) 8-bit A/D converter (ADC): 16 channels
» Conversion speed: 95states (9.5 us at 20 MHz)
(18) Serial bus I/F
« 8-bit synchronous (S100, 1): 2 channels
* UART: 1 channel
« I’CBUS: 1 channel/2 ports
e e+ Multi - Master function/Master transfer with micro DMA.
(19) Watch dog timer (WDT)
(20) Interrupt controller (INTC)
» CPU: 2 sources « » « SWI instruction, and illegal instruction
* Internal: 20 sources:l 7-level priority can be set.
» External: 5 sources
(21) /O ports
» 57 I/O ports (multiplexed functional pins)
* 8 Input ports (P40/AIN3-P47/AIN10: These pins are used as analog input for
A/D converter.)
» 4 Output ports (P24/A20-P27/A23: These pins are also used as address bus outputs.)
(22) Standby function: 4 halt modes (RUN, IDLEZ2, IDLE1, STOP)
(23) System clock function
* Dual clock operation 20 MHz (High-speed: normal)/32 kHz(Low-speed: slow)
se+eo  17-bit Real Time Counter built in
(24) Operating Voltage
* Vec=27105.5V (at 32 kHz)
* Vec=4.5t055V (at 20 MHz)
(25) Package
+ 120 pin QFP 28 mm x 28 mm (Pin pitch: 0.8 mm)
+ Type name QFP120-P-2828-0.80A
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Block Diagram of TMP93CO071F
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Figure 1 TMP93CO071 Block Diagram
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2. Pin Assignment And Functions

The assignment of input and output pins for the TMP93C071, their names and functions are described

below.
2.1 Pin Assignment

Figure 2.1.1 shows pin assignment of the TMP93C071.
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Figure 2.1.1 Pin Assignment (120-pin QFP)
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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 (1/5)

Pin name Number 110 Functions
of pins
DO to D15 16 /O (3-state) |data: 0 to 15 for data bus
AO to A19 20 Qutput Address: 0 to 19 for address bus
A20 to A23/ 4 Output Address: 20 to 23 for address bus
P24 to P27 Output Port 2: Qutput port
RD 1 Output Read: strobe signal for reading external memory
AMS8/16 1 Input data bus width select input (only 8 bit or 8 bit/16 bit)
PC3, 4/16 2 l{e} Port C3, 4: I/O port that allows selection of I/O on a bit basis.
AIN14, 15 Input Analog Input: Analog input signal for A/D converter
EA 1 Input External access: Always setto 0
RESET 1 Input Reset: Initializes LSI.(with pull-up R)
X1/X2 2 110 High Frequency Oscillator connecting pins (20 MHz)
PBO/ 1 l{e} Port BO: I/O port (Open Drain Qutput)
XT1 Input Low Frequency Oscillator connecting pin (32 kHz)
PB1/ 1 11O Port B1: 1/O port (Open drain Output)
XT2 Output Low Frequency Oscillator connecting pin
ADREF 1 Input A/D reference Voltage input
P40 to P47/ 8 Input Port 4: Input ports
AIN3 to AIN10 Input Analog input: Analog input signal for A/D converter
PCO to PC2/ 3 I{e] Port C: PCO to PC2 I/O port that allows selection of I/O on a bit basis.
AIN11 to AIN13 Input Analog input: Analog input signal for A/D converter
P57/ 1 I{e] Port 57: I/O port
TIO/ Input 8-bit timer0 (TCO) Input 0
(schmitt)
AIN2 Input Analog input: Analog input signal for A/D converter
P56/ 1 le} Port 56: /O port
Tl4/ Input 16-bit timer4 (TC4) Input 4
(schmitt)
AIN1 Input Analog input: Analog input signal for A/D converter
P55/ 1 110 Port 55: I/O port
TIS/ Input 16-bit timer5 (TC5) Input 5
(schmitt)
AINO Input Analog input: Analog input signal for A/D converter
P54/ 1 l{e} Port 54: 1/O port
INTO Input External Interrupt request input 0: Rising edge/ Level selectable
(schmitt) T
P53/ 1 I{e] Port 53: I/0 port
INT1 Input External Interrupt request input 1: Rising edge/ Level selectable
(schmitt) T
P52/ 1 110 Port 52: I/O port
INT2/ Input External Interrupt request input 2 Rising edge/Falling edge selectable
TI1 Input J7 N
(schmitt) 16-bit timer1(TC1) Input 1
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Table 2.2.1 Pin Names and Function (2/5)

Pin name Number 110 Functions
of pins
P51/ 1 110 Port 51: I/O port
INT3/ Input External Interrupt request input 3 Rising edge/Falling edge selectable
TI2 Input fr '
(schmitt) 16-bit timer2 (TC2) Input 2
P50/ 1 l{e} Port 50: /O port
INT4/ Input External Interrupt request input 4 Rising edge/Falling edge selectable
TI3 Input T '
(schmitt) 16-bit timer3 (TC3) Input 3
PWMO 1 Output PWM (14 bit) output 0: PWMO output
3-state push/pull or open drain output selectable
Open Drain
PWM1 1 Output PWM (14 bit) output 1: PWM1 output
3-state push/pull or open drain output selectable
Open Drain
PA3/ 1 l{e] Port A3: I/O port
PWM2 3-state PWM (14 bit ) output 2: PWM2 output
Open Drain |push/pull or open drain output selectable
PA4/ 1 I{e] Port A4: I/0 port
3-state push/pull or open drain output selectable
Open Drain
WR Qutput Write: Strobe signal for writing data on pins DO to D7
PAS5/ 1 110 Port A5: 1/0 port
PWM3/ Output 8-bit PWM output 3: PWM3 output
3-state push/pull or open drain output selectable
Open Drain
HWR Output High write: Strobe signal for writing data on pins D8 to D15
P60/ 1 l{e} Port 860: /O port
PWM4/ Output 8-bit PWM output 4: PWM4 output
3-state push/pull or open drain output selectable
Open Drain
[0 Output Chip select0: Output _0_ when address is within specified address
area.
P61/ 1 le} Port 81: /O port
PWM5/ Output 8-bit PWM output 5: PWMS5 output
3-state push/pull or open drain output selectable
Open Drain
cs1 Output Chip select1; Qutput _0_ when address is within specified address)
area.
P62/ 1 110 Port 62: I/O port
PWM6/ Output 8-bit PWM output 6: PWM6 output
3-state push/pull or open drain output selectable
Open Drain
cs2 Output Chip select2; Qutput _0_ when address is within specified address|
area.
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Table 2.2.1 Pin Names and Function (3/5)

Pin name Numper 110 Functions
of pins

P63/ 1 11O Port 63: I/O port

PWM7 QOutput 8-bit PWM output7: PWM7 output
3-state push/pull or open drain output selectable
Open Drain

P&4/ 1 I{e] Port 64: I/0 port

PWM8 Output 8-bit PWM output8: PWMS8 output
3-state push/pull or open drain output selectable
Open Drain

P65/ 1 I{e] Port 65: I/0 port

PWM9 Output 8-bit PWM output9: PWM9 output
3-state push/pull or open drain output selectable
Open Drain

P66/ 1 110 Port 66: I/0 port

PWM10 Output 8-bit PWM output 10: PWM10 output
3-state push/pull or open drain output selectable
Open Drain

P87/ 1 I{e] Port 67: I/0 port

PWM11 Output 8-bit PWM output 11: PWM11 output
3-state push/pull or open drain output selectable
Open Drain

P73/ 1 I{e] Port 73: I/O port

SDAO 110 [*CBUS SDA line 0
(schmitt) push/pull or open drain output selectable
Open Drain

P74/ 1 110 Port 74: I/0 port

SCLO l{e] I*CBUS SCL line 0
(schmitt)
Open Drain [push/pull or open drain output selectable

P75/ 1 110 Port 75: I/0 port

SO0 Output SIO0 send data 0
(schmitt) push/pull or open drain output selectable
Open Drain

P76/ 1 11O Port 76: I/0 port

SIo Input SIOO0 receive data 0
(schmitt)

P77/ 1 I{e] Port 77: 1/0 port

SCKo 110 SIOQ transfer clock input/output 0
(schmitt)
Open Drain |push/pull or open drain output selectable

P70/ 1 le] Port 70: I/O port

TXD Output UART send data
(schmitt) push/pull or open drain output selectable
Open Drain

P71/ 1 110 Port 71: I/0 port

RXD Input UART receive data
(schmitt)

P72/ 1 l{e] Port 72: I/O port

CcTS Input UART clear to send
(schmitt)

P80/ 1 I{e] Port 80: I/O port

CTLIN Input Capture input for Control signal (CTL)
(schmitt)
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Table 2.2.1 Pin Names and Function (4/5)

Pin Name Numper le} Functions
of pins
P81/ 1 11O Port 81: /O port
DFGIN Input Capture input for Drum-FG signal (DFG)
(schmitt)
P82/ 1 I{e] Port 82: 110 port
RMTIN Input Capture input for Remote Control Input signal
(schmitt)
P83/ 1 110 Port 83: I/O port
EXT Input External Capture input (Rising edge only)
(schmitt)
P84/ 1 110 Port 84: 1/O port
DPGIN Input Capture input for Drum-PG signal (DPG)
(schmitt)
P85/ 1 lle] Port 85: I/0 port
CFGIN Input Capture input for Capstan-FG signal (CFG)
(schmitt)
P86/ 1 110 Port 86: 1/0 port
CSYNC IN Input Capture input for C-sync
(schmitt)
P87/ 1 110 Port 87: I/0 port
COMPIN Input Envelope Comparator Input (to HA/CR)
(schmitt)
P90/ 1 11O Port 90: /O port
TPG12 Output TPG12: TPG output 12
Open Drain [push/pull or open drain output selectable
P91/ 1 I{e] Port 91: I/O port
TPGO1 Output TPGO1: TPG output 01
Open Drain |push/pull or open drain output selectable
P92/ 1 110 Port 92: I/O port
TPG02 Output TPGO02: TPG output 02 (Internally connected to PV/PH Logic )
Open Drain [push/pull or open drain output selectable
P93/ 1 110 Port 93: /O port
TPGO3 Output TPGO03: TPG output 03
Open Drain |push/pull or open drain output selectable
P94/ 1 11O Port 93: /O port
TPG04 Output TPGO04: TPG output 04 (Internally connected to PV/PH Logic )
Open Drain [push/pull or open drain output selectable
P95/ 1 I{e] Port 95: 1/0 port
TPG13 Output TPG13: TPG output 13
Open Drain |push/pull or open drain output selectable
P96/ 1 110 Port 96: I/0 port
TPG10 Output TPG10: TPG output 10
Open Drain |push/pull or open drain output selectable
P97/ 1 11O Port 97: /O port
TPG11 QOutput TPG11: TPG output 11
Open Drain |push/pull or open drain output selectable
PAO/ 1 l{e} Port PAO: I/O Port
PV-PH Output Pseudo-Vsync/Pseudo-Hsync  (PV/PH)  output  (controlled by,
3-state TPG02/04.)
PA1/ 1 110 Port PA1: I/0 Port
HA (TPG05) Output HA: Head amp switch output (are also used as TPGO5 output.)
PA2/ 1 I{e] Port PA2: I/0 Port
CR (TPG00) Output CR: Colour Rotary output (are also used as TPG0O output.)
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Table 2.2.1 Pin Names and Function (5/5)

Pin name Numper le} Functions
of pins
PB2/ 1 le} Port PB2: I/O Port
SO1/811 I/O (schmitt) |SIO1 send data 1 and receive data 1 (Internally connected)
Open Drain [push/pull or open drain output selectable
PB3/ 1 I{e] Port PB3: I/0 Port
SCK1 11O SIO1 transfer clock input/output 1
(schmitt)
Open Drain |push/pull or open drain output selectable
PB4/ 1 l{e} Port PB4: I/O Port
SDA1 10 [°CBUS SDA line 1
(schmitt)
Open Drain |push/pull or open drain output selectable
PB5/ 1 110 Port PB5: I/0O Port
SCLA1 l{e} [’CBUS SCL line 1
(schmitt)
Open Drain [push/pull or open drain output selectable
DVCC1,2,3 3 Power supply pins All of these pins should be connected to power|
source.
DGND1, DGND2 (ADGND), |3 GND pins (0 V) All of these pins should be connected to GND (0 V)
DGND3 line.
DGND?2 are also used as ADGND for A/D converter.
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3. Operation
This section describes the functions and basic operational blocks of TMP93C071 devices.
See the “7. Points of Concern and Restrictions” for the using notice and restrictions for each block.

3.1 CPU
TMP93C071 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 TMP93C071 that are not described in the previous
section.

3.1.1 Reset

To reset the TMP93C071, the RESET input must be kept at O for at least 10 system clocks. (1 us at 20
MHz) within the operating voltage range and with a stable oscillation.

When reset is accepted, the CPU sets as follows:

» Program Counter (PC) according to Reset Vector that is stored FFFFOOH to FFFFO2H.
PC (7 to 0) < stored data in location FFFFOOH
PC (15 to 8) < stored data in location FFFFO1H
PC (23 to 16) < stored data in location FFFFO2H

+ Stack pointer (XSP) for system mode to 100H.

IFF2 to 0 bits of status register to 111. (Sets mask register to interrupt level 7.)

MAX bit of status registerto 1. (Sets to maximum mode)

» 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 1/0s, ports, and other pins is as follows

+ Initializes built-in I/O registers as per specifications.
+ 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.
Figure 3.1.1 show the reset timing chart of TMP93CO071.
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3.1.2 AM8/T6 pin

@ With fixed 16-bit data bus, external 16-bit data bus or 8-bit data bus is selectable
Set this pin to “L".
The external data bus width is set by the chip select/wait control register which is described in section
3.6.3.
It is necessary to set the program memory to be accessed to 16-bit data bus after reset.

@ With fixed external 8-bit data bus
Set this pin to “H”.
The values of bit 4 <BOBUS>, <B1BUS> and <B2BUS> in the chip select/wait control register described in
section 3.6.3 are invalid. The external 8-bit data bus is fixed.
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Figure 3.1.1 TMP93C071 Reset Timing Chat
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3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP93C071.

000000H N
ntemal I/0
(144 byte)
Direct
0000920H Area (n)
Internal RAM
8 Kbyte l
000100H
002090H
64 Kbyte Area (nn)
External Area 2
16-Mbyte Area
(r32)
(-r32)
(r32+)
(r32 + d8/16)
(r32 +r8/16)

(nnn)

FFFFOOH

Interrupt Vector Table Area
(256 byte)
FFFFFFH
Internal Area

Figure 3.2.1  Memory map
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3.3 Dual Clock, Standby Function
Dual Clock, Stand by Control Circuits consist of (1) System clock Controller, 2 Timing clock Generator for
I/0 Block, 3 Real Time Clock Generator and 4 Standby Controller.

The Oscillator operating mode is classified to (a) Single Clock mode (only X1, X2 pin), and (b) Dual Clock
mode (X1, X2, XT1, XT2 pin).

Figure 3.3.1 shows a transition figure.
Figure 3.3.3 shows I/O registers.

Reset

Release Reset

y

NORMAL mode

Instruction

Figure 3.3.2 shows the block diagram.
Table 3.3.1 shows the internal operation and system clock.

interrupt ™
(fc/2) «

RUN mode |nstruction
(Stops only CPU)

interrupt

IDLE2 mode |gnstruction |

(Stops CPU and A/D) internpt

y/

IDLE1 mode

(Operates only Tnterrupt

(a) Single Clock mode transition figure

Reset

RUN mode )
(Stops only CPU) Instruction Release Reset
interrup! Y
IDLE2 mode N NORMAL mode
(Stops CPU and A/D) interrupt (fc/2) ‘
Instruction Instruction
7}
IDLE1 mode
(Operates only oscillator) Interrupt
Instruction interrupt
RUN mOde Instruction
(Stops only CPU)
interrup! y
IDLE2 mode letnstction 1 o) \A mode Instruction
(Stops CPU and A/D) internupt_,, (fs/2)
y/
IDLE1 mode
(Operates only oscillator) - merruet

(b) Dual Clock mode transition figure

Figure 3.3 1

Transition Figure

STOP mode
(Stops all circuits)

STOP mode
(Stops all circuits)
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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 fgpy. The devided

clock of fppy is called system clock fgyg, and the 1 cycle of fgyg is called 1 state.

Table 3.3.1 Internal operation and system clock

Operating Oscillator CPU internal /0 |System clock
Mode High Low fsvs
Frequency (fc) | Frequency (fs)
RESET reset reset
NORMAL operate operate
Single [RUN oscillation stop fcls
Clock |IDLE2 stop stop only A/D
IDLE1 stop
STOP stop stop
RESET oscillation stop reset reset fc/o
NORMAL progamable operate operate
Dual |SLOW programable oscillation fs/y
Clock |RUN Oscillator being used as system programable
IDLE2 clock: oscillation stop stop only A/D| (fc/,, fs/,)
IDLE1 Other oscillator: programmable stop
STOP stop stop

The TMP93C071 has not a clock gear circuit.
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Figure 3.3.2 Block Diagram of Dual Clock, Standby circuits
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SYSCRO 7 6 5 4 3 2 1 0
(006EH) bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF
Read/Write R/W
After reset 1 0 1 0 0 0
Function High Low High Low select clock iWarm-Up
Frequency iFrequency iFrequency iFrequency after Timer
oscillator (fc):oscillator (fs):oscillator (fc) ioscillator (fc) ireleased 0 write:
0: stop 0: stop after after STOP mode ; don't care
1: oscillation i1: oscillation ireleased released 0: fc 1 write:
STOP mode iSTOP mode i1:fs start timer
0: stop 0: stop 0 read: end
1: oscillation {1: oscillation warm-up
1 read: not
end warm-
up
SYSCR1 7 6 5 4 3 2 1 0
(006FH) bit Symbol SYSCK
Read/Write (R/W) R/W (RIW)
After reset (0) 0 (0) (0) (0)
Function Always set select Always set to “0”
to "0” system
clock
0: fc
1: fs
SYSCR2 7 6 5 4 3 2 1 0
(006CH) bit Symbol RTCCK RTCST RTCIS1 RTCISO
Read/Write (R/W) (R/W) RW R/W R/W
After reset (0) (0) 0 0 0
Function RTC clock RTC count :Interval time control of
source select :0: Stop & RTC interrupt
0:fs (32kHz) | Counter (00: fsys/2'7 or fs/2'®
1:fc (20 MHz): Clear (6.55 ms) (1s)
1: Start 01: fgys /28 or f8/21®
(131 ms) (2s)
10: foys 121 or fs/2'¢
(328 ms) (0.8s)
11: Reserved
[Hz]
SYSCR3 7 6 5 4 3 2 1 0
(006DH) bit Symbol CLKEN
Read/Write | (setto“1”) : (setto"1”) : (setto“1”) : (setto“1”) : (setto“0") : (setto“0") R/W
After reset 1 1 1 1 0 0 0
Function 0: Disable
1: Enable
WDMOD 7 6 5 4 3 2 1 0
(005CH) bit Symbol WDTE WDTP1 WDTPOQ WARM HALTM HALTMO RESCR DRVE
Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function WDT WDT Detection Time Warm-Up HALTmode 0: Don’t Pin status
control Timer care controlling
0: disable  }00: 2'%/fgys 0: 2"y 1: Connects iSTOP mode
1:enable  {01: 2'7/fgyg frequency i00: RUN mode WDT 0: /0 off
10: 2'%fgyg inputted 01: STOP mode output to i1: Remains
11: 22'fsys 1:2'% 10: IDLE1 mode RESET the state
frequency i11:IDLE2 mode pin before
inputted internally HALT

Note1: SYSCR1 <bit 6-4> and SYSCRO <bit 1-0> area read as “1”.

Note2: Writing “0” to SYSCR1 <SYSCK> enables the high-frequency oscillator regardless of the value of SYSCRO <XEN>.
Additionally, writing “1” to <SYSCK> register enables the low-frequency oscillator regardless of the value of SYSCRO
<XTEN>.

Note3: Set “1” to SYSCR3<CLKEN?> for stabilizing the operation current in slow mode and stop mode.

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.

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 10 MHz by resetting the case of 20 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 PB0, PB1 function. Therefore the case of single clock mode, the XT1,

XT2 pins can be used as I/O port pins.

It contains two

Low Frequency Clock

X1 X2 X1 X2 XT1 XT2 XT1 XT2
{open)
D A 74HCUO4 D
(a) Crystal/Ceramic (b) External Oscillator (a) Crystal (b) External Oscillator
resonator resonator

Figure 3.3.4 Examples of Resonator Connection

Note: Note on using the low frequency oscillation circuit.
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 <PBO0OC, PB1C> = “11”, PB <PB0, PB1> = “00”
(connecting with oscillators) PBCR <PB0OC, PB1C> = “11", PB <PBO, PB1> = “10”
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(1) Switching from NORMAL to SLOW 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.

watchdog timer must be disabled.

So, when it is used as a warm-up timer, the

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

Warm-up Time Change to NORMAL Change to SLOW
WDMOD<WARM>
0 (2"/frequency) 0.8192 (ms) 500 (ms)
1 (2'%/frequency) 3.2768 (ms) 2000 (ms)

at fc = 20 MHz,
fs= 32.768 kHz
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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);} Disables Watchdog Timer.
LD (WDCR),B1H;

SET 4, (WDMOD); Sets Warm-up Time to 2'%/s.
SET 6, (SYSCRO); Enables Low Frequency (fs).
SET 2, (SYSCRO); Clears and stars Warm-up Timer.

WUP: BIT 2, (SYSCRO);
JR NZ,WUP;
SET 3, (SYSCR1); Changes fgys from Frequency Oscillation.
RES 7, (SYSCRO); Disables High Frequency Oscillation.
SET 7, (WDMOD); Enables Watchdog Timer.

} Detects End of Warm-up Timer.

<XEN> H\\

X1, Xepins \VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA\AVAVAVAVAVAVAVAVS:
<XTEN> j/'
XT1, XT2pins e e dVAVAVAVAVAVAVAVAVAVAV/AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVI
Warm-up Timer Counts up by fsys /Counts upbyfs  \\
End of Warm-up Timer
<8YSCK> fc J } fs
System Clockfsvs — \\ANNNNNNNANNANNNT \/{7{/ [VAN [\ \ S\
Enables ' CIeats and Starts (;Lages fsvs Disa:;Ies
Low Frequency Warm-up Timer v fromfctofs  High frequency

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
SYSCR1
WDCR

WDMOD

WUP:

<XEN>

X1, X2 pins
<XTEN>

XT1, XT2 pins

Warm-up Timer

EQU
EQU
EQU
EQU
RES
LD
RES
SET
SET
BIT
JR
RES
RES
SET

End of Warm-up Timer

<SYSCK>

System Clock fsys

006EH
006FH
005DH
005CH

7, (WDMOD);
(WDCR),B1H;
4, (WDMOD); Sets Warm-up Time to 2'4fc.

7, (SYSCRO0); Enables High Frequency (fc).

2, (SYSCRO); Clears and stars Warm-up Timer.
2, (SYSCRO);
NZ, WUP;

3, (SYSCR1); Changes fgyg from fs to fc.

6, (SYSCRO); Disables Low Frequency Oscillation.
7, (WDMOD); Enables Watchdog Timer.

} Disables Watchdog Timer.

}Detects End of Warm-up Timer.

\

/\/\/\/\/\/\/\/\/\/\/\;g}\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/

.

1

JAVAVAL ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Counts up by fsvs /Counts upby fc  \}_

fs fc

S

\

L A VTV ?7”\ \VAVAVAVAVAVAVAVAVAVAVAV
Enables Clears and Starts Chages fsys
High Frequency Warm-up Timer v from fs to fc v

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
The time base counter consists of a 20-bit up-counter counted by a basic clock divided-by 2 (fc/2 or fs/2),
16-bit data register and control register.
Figure 3.3.5 Shows the structure of the time-base counter (TBC).

TBCMOD<INTTBCO00>
TBCMOD<INTTBCO1>
TBC1‘2 5 1 1"2 1;3 14 15 16 17 18 19 20 2 I TBCMOD<TBCOE>

Select

Select

(Flag)
TBCMOD<TBC1E>

&

T— TBCMOD<INTTBC10>
TBCMOD<INTTBC11>

fcorfs —» +2

20-bit Time Base Timer

{} {} «— TBCDR1+RD (TBC20-13), TBCDRO:RD (TBC12-5)
Internal Data Bus

Figure 3.3.5 Shows the structure of the time-base counter (TBC).
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Time Base Counter.Control Register

TBCMOD 7 6 5 4 3 2 1 0
(0023H) |TBC1E | TBCOE| INT | INT INT INT |(Reset Value  **00 0000)
TBC11 | TBC10 | TBCO1 | TBCOO
00: INTTBC Interrupt Disable
TBCIE (NTTBC Interrupt 01: INTTBCO Interrupt Enable
Enable / Disable 10: INTTBC1 Interrupt Enable
TBCOE 11: INTTBCO / INTTBC1 Interrupt Enable
00: TBC12 RAW
INTTBC11 | |NTTBC1 Interrupt 01: TBC14
Source Clock Selection 10: TBC16
INTTBC10 11: TBC18
00: TBC11
INTTBCO1 | \NTTBCO Interrupt 01: TBC13
Source Clock Selection 10; TBC15
INTTBCOO 11: TBC17

Time Base Counter Data register 0

TBCDRO 7 6 5 4 3 2 1 0
(0024H) [TBC12]TBC11]TBC10[ TBCY | TBC8 | TBC7 | TBC6 | TBCS |(Reset Value 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 |(Reset Value 0000 0000) Read-only

Time Base Counter Interrupt Request Flag Register

TBCIF 7 6 5 4 3 2 1 0
(0026H) [ TBCAF [ TBCOF | :
0 (W): Clear
TBCIE INTTBC1 Interrupt Request Flag 1 (W): (Inhibit)

0 (R): No interrupt request
1 (R): Interrupt request
0 (W): Clear R/W
TBCOF INTTBCO Interrupt Request Flag 1 (W): (Inhibit)
0(
1¢

No interrupt request
Interrupt request

R):
R):
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@® Operation

The time-base counter outputs (TBC1 to TBC20) are used as clock source or timing data for
Timer/Counter, Capture (CAPO/CAP1/CAP2), timing pulse generator (TPG), and other peripheral 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 TBCDR1.

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 control register TBCMOD
<INTTBC11, INTTBC10, INTTBCO1, and INTTBCO00>. 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 INTTBCQ 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 (f = fc)

TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 TBC9 TBC10
Interval Time
Is] ! 2%f 2% 24 25/f 25/ 27f 28/f 2% 2'%f 2'f
at 20 MHz
lus] 0.2 0.4 0.8 1.6 3.2 6.4 12.8 25.6 51.2 102.4

TBC11 TBC12 | TBC13 | TBC14 | TBC15 | TBC16 TBC7 TBC18 | TBC19 | TBC20
2'%f 23 2% 25/ 216 27 218 2'%f 2204 22f

204.8 409.6 819.2 1638.4 | 3276.8 6553.6 | 13107.2 | 26214.4 | 52428.8 | 104857.6
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3.3.3 Real Time Counter (RTC)
The TMP93C071 has the real time counter (RTC) which generates a periodic interrupt request. The RTC

is controlled by System Control Register2 (SYSCR2).

The RTC is a 17bit binary counter and its clock source is selected either low frequency clock (fs) or system
clock (fsys/2). To start/stop the counter is controlled by <RTCST>.

The period of interrupt request INTRTC is selected from 3 types by setting <RTCIS1, RTCIS0>.

Table 3.3.4 shows the period of interrupt request INTRTC.

SYSCR2 7 6 5 4 3 2 1 0
(006CH) bit Symbol RTCCK RTCST RTCIS1 RTCISO
Read/Write (R/W) (R/W) R/W R/W R/W
After reset (0) (0) 0 0 0
Function RTC clock {RTC count iInterval time control of
source 0: Stop & iRTC interrupt
select Counter $00: fgys/2'6 or fs/21°
0: fs(32KHz){ Clear (1sec)
1 fgys/2 1: Start 01: f5ys/2"7 or fs/2'®
(0.5sec)
11: Inhibit
[Hz]

Table 3.3.4 INTRTC Interrupt Interval

<RTCCK> <RTCIS> |INTRTC interrupt
interval
0 00 1s
(fs = 32.768 kHz) 01 2s
10 05s
1 00 6.55 ms
feys = fc/2 01 13.1 ms
fc=20 MHZ) 10 3.28 ms
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3.3.4 Standby Controller
(1) Halt mode

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

WDMOD 7 6 5 4 3 2 1 0
(005CH)  |bit Symbol WDTE WDTP1 WDTPO WARM HALTM HALTMO RESCR DRVE
Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function Watchdog Watchdog timer Warm-Up Halt mode selection Runaway STOP mode
timer detect time selection Timer detection pin control
0: disable 0:2'Y 00: RUN mode internal reset i 1: drive pins
1: enable 00: 2'%/fgys frequency (01: STOP mode control in STOP
01: 27 /fgys inputted  i10: IDLE1 mode 1: Executes mode
10: 2'%f5ys 1: 2% 11: IDLE2 mode internal
11: 22V ffgys frequency reset by
selection runaway
detection
J
1
L Pin state control in STOP mode
0 /O off
1 _|Retains the state befor halt

—> Halt mode setting
00 |RUN mode (only CPU stop)
01 |STOP mode (all circuits stop)
10 [IDLE1 mode (only oscillator operating)
11 |IDLE2 mode (partial I/O operating)
—> Warm-up time selection at returning
from the stop mode (see table 3.3 5)

0 [2'4 select clock frequency

1 [2'% select clock frequency

Figure 3.3.6 Watchdog timer mode register

The features of RUN, IDLE2, IDLE1 and STOP modes are as follows.
@® RUN: Only the CPU halts; power consumption remains unchanged.

@ IDLEZ2: The built-in oscillator and the specified I/O operates.
The Power Consumption is redced to 1/2 than that during NORMAL operation.

® 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.

@ STOP: All internal circuits including the built-in oscillator stop. This greatly reduces power consumption.
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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. | Seetable 3.3.8
8bit Timer(TCO)
16-bit Timer (TC 1,2,3.4,5)
Dual Clock
Watchdog Timer
Interrupt controller Operat
Chip select / Wait counter
SIO 0,1
12CBUS
UART
8-bit PWM
14-bit PWM
Timing Pulse Generator (TPG 0,1)
Color Rotary
VISS / VASS
CSYNC
PV /PH
Capture input (RMTIN)
Capture 0
Remote Control Input (RMTIN)
Time Base Counter (TBC)
A/D Converter
Read Time Counter (RTC) ]

D

Stop

(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 to 0> and the halt
modes. The details for releasing the HALT status are shown in Table 3.3.6.

* 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”.
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* 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.)

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 IDEL2 IDEL1 STOP RUN IDEL2 IDEL1 STOP
INTWD ® % x x — — — —
INTO, 1 ® ® ® o1 0 o o O*1
Halt | Interrupt INTCAPO, 1 ® ® « « y « « .
releasing INTTTGO, 1 ® ® % x % % v x
source INT12CB, INT12DMA ® ® % % % < % %
INTTBC ®© ® X X P x X X
INTSIOO, 1 ® ® x % X % % %
INTRX, INTTX ® ® x x % % x %
INTVA ® ® X X x % X X
INT2, 3,4 ® [©] X X X X x X
INTTO-5 [0] ® X x x x x x
INTAD ® ® x x X x x X
INTRTC [O) [0] X X X X x X
Reset Input ® ® ® ® ® ® ®

@: After releasing the halt mode, CPU starts interrupt processing (RESET initializes 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 “77.

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

Note: When releasing the halt mode is executed by INTO or 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 incorrectly
started.
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(Example releasing “RUN” mode)
INTO interrupt releases HALT state when the RUN mode is on.

Address
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),00H ; Sets HALT mode to ‘RUN’
820EH HALT ; halts CPU
INTO AN\ > INTO Interrupt routine
RETI

820FH LD

Whe
LA

-

o

altis released by reset; the states (including those-of the-internal RAM ore -halt state was

g

entered can be maintained. However, if the HALT instruction is executed within the internal RAM, the
contents of the RAM way not be maintained. In this case, we recommend releasing the halt state using INTO.

(3) Operation

@® 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.
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Figure 3.3.7 Timing Chart for Releasing the HALT State by Interrupt in RUN/IDLE2 modes

@ IDLE2 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 IDLE2 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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@ 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.

S AVAVAVAVAV AV AVAVAVAVAVAVAV AV A
Internal CLK X X X__ R / \
AOto23 X Next (L’ Next + 2
| R
DOto 15 Datp> S atp>
ﬁ __\ (&) \ —'
"WR 5
INTO, 1
(level) o/
INTO, 1
(rising edge) & f
« IDEL1 mode »

Figure 3.3.8 Timing Chart of HALT Released by Interrupts in IDLE1 Mode
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@ STOP mode

The STOP mode is selected to stop all internal circuits including the internal oscillator.
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).
system clock output starts after warm-up time required to attain stable oscillation.
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.

set using WDMOD<WARM>.

When the STOP mode is released, the
The warm-up time can be

Warm-up
time:
S A AV AW AN A/ R VNV AW AW A AN A/ AW/
S—
Internal CLK X X X e w% / \
Aoto23 Y Next ity { Nelxt+2
— g
DOto 15 <Datg> -ty aty>
BT\ s ST\ ——
"WR N 5
INTO, 1 Ry
(level) &
Internal INT N ‘*’\
Y
STOP
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 0.8192 3.2768 fc = 20 MHz
fs 500 2000 fs = 32.768 kHz
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How to calculate the warm-up time

WDMOD<WARM> = “0”: Clock operation frequency after the 2'/STOP mode
WDMOD<WARM> = “1”: Clock operation frequency after the 2'*/STOP mode

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.
(Setting Example)

The STOP mode is entered when the low frequency (fs) operates, and after that high frequency operates
after releasing by INTO.

Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH
8FFDH LD (SYSCR1), 08H ; 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 7‘ > Clears and Starts
Warm-up Timer
(High Frequency)
end
INTO Interrupt Routine
RETI

9006H LD

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
TMP93CO071F
Pin Name 11O WDMOD WDMOD
<DRVE> = “0” <DRVE> = “1”

DO to D15 /0 Hz Hz
A16 to A19 Output Hz Output
A20 to A23/P24 to P27
A0 to A15 Output Hz Output
RD Output Hz “H” Level Output
X1 Input — —
X2 Output “H” Level Output “H” Level Output
PBO/PB1 11O —/Hz —/ Output
XT1 Input — —
XT2 Output “H” Level Output “H” Level Output
P40 to P47/AIN3 to AIN10 Input — —
P50 to P52, P55 to P57, P60 to P67, Input — —
P70 to P77, P80 to P87, Output Hz Output
P90 to P97, PAQ to PAS5, PB2 to PB5,
PCO to PC4
PWMO, 1 Output Hz Output
P53/INT1, P54/INTO Input Input Input

OQutput Hz OQutput
AM8/16 Input Input Input
EA Input “L” Level fixed “L” Level fixed
RESET Input Input Input
ADREF Input | (Open status is available) | (Open status is available)

—: Inputs is not accepted.

Input: Input gate in operation. Fix input voltage level to 0 or 1 so that the input pin stays constant.

Output: Output state
Hz: High Impedance
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3.4 Interrupts
TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop <IFF2 to 0> and the built-in interrupt
controller.
Altogether the TMP93C071 has the following 34 interrupt sources;

Internal interrupts .......... 29
» Software interrupts: 8
(lllegal instruction execution is included: 1)
« Interrupts from built-in 1/Os: 21
External instructions ........ 5
* External pins (INTO, INT1, INT2 to INT4)

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 interrupt 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 sent with the value in the CPU interrupt mask register (IFF2 to
0). If the value is greater than that the CPU interrupt mask register, the interrupt is accepted. The value in
the CPU interrupt mask register (IFF2 to 0) can be changed using the El instruction (Executing El n changes
the contents of <IFF2 to 0> to n). For example, programming El 3 enables acceptance of maskable interrupts
with a priority of 3 or greater, and non-maskable interrupts which are set in the interrupt controller. The DI
instruction (<IFF2 to 0> = 7) operates in the same way as the El 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
El instruction becomes effective immediately after execution (With the TLCS-90, the El 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 1/0s at high speed.
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General-purpose
interrupt processing

(Interrupt Processing )

Read Interrupt vector V.
Clear interrupt request
F/F.

Start vector YES

match of Vector V and
Micro V
B NO

PUSH PC

PUSH SR

SR<IFF2 to 0>< Accepted
interrupt
level + 1

INTNEST<INTNEST + 1

Data transfer by
Micro DMA

COUNT € COUNT-1 | Micro DMA

YES

L | PC €« (FFFFOOH + V) |

7

Interrupt processing
program

RETI Instruction

POP SR
POP PC
NTNEST < INTNEST-

processing
COUNT =0
NO

C End )

Figure 3.4.1 Interrupt Processing Flowchart
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3.4.1 General-Purpose Interrupt Processing

(D

@)
@)

4)
(5)

When accepting an interrupt, the CPU operates as follows:

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.

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

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.

The CPU increments the INTNEST (Interrupt Nesting Counter).

The CPU jumps to address stored at FFFFOOH + interrupt vector, then starts the interrupt processing
routine.

The following diagram shows all the above processing state number,

Bus Width of Stack Area | Bus Width of Interrupt Vector Area | Interrupt processing state number
8 bit 8 bit 35
16 bit 31
16 bit 8 bit 29
16 bit 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 and the status registers 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 CPU mask register <IFF2 to 0>. The CPU 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 accepted now interrupt during the CPU is 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.
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Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable interrupts are disabled.
The following (1) to (5) show a flowchart of interrupt processing.

(1) Maskable interrupt

(main) (INTTO interrupt routine)

El1

—|_ IFF&2
IN%I'TO J‘|_
)
N

(level 1)
v

| @  RETI

® \w_
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
(INTTO interrupt routine) (INTT1 interrupt routine)

(main)
IFFG)V‘

EI3
—|_ (FF&4
<£|D ® RETI © RETI
! |FF€N’ IFF<4
During processing the interrupts of level 3, the IFF is set to 4.

When an interrupt with a level higher then level 4 is generated,
the CPU accepts the interrupt processing to nest.

@ INTTO

|N¢1'ro J‘|_ (livel

(level 3)

(5) Interrupt sampling timing
. (INTTO interrupt routine)
(main)

EI3

—l_ INTTO

@

(Ievel
IN*I'O '_\ b_‘

(level 3)

@ RETI &51
i N

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

(maln) (INTWD interrupt routine)

DI
—|_ (FF€7

i
INTWD f ®

(level 7)
v

| @ RETI

® &I_
IFF&7

¥

Dl instruction is executed 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) (SWI 3 routine)

@
X e
S_\A|LL3 1 ®
® @ RETI
The CPU accepts the software interrupt request during DI

status(IFF=7) because of the level 7. The IFF not changed by
the software interrupts.

(example)___(underline) : Instruction
@, : Execution flow
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The address FFFFOOH to FFFFFFH (256 byte) of the TMP93C071 are assigned for interrupt vector area.

Table 3.4.1 TMP93C071 Interrupt Table

Vector Address | High-speed Input
Default Type Interrupt source . refer to | micro DMA Level/
o value “V
priority vector | start vector Edge
1 non- Reset, or SWIO instruction 0000H FFFFOOH —
2 maskable [SWI1 instruction 0004H FFFFO4H —
3 INTUNDEF: illegal instruction, or SWI2 0008H FFFFO8H —
4 SWI3 instruction 000CH FFFFOCH —
5 SWI4 instruction 0010H FFFF10H —
6 SWIS instruction 0014H FFFF14H —
7 SWI6 instruction 0018H FFFF18H —
8 SWI7 instruction 001CH FFFF1CH —
9 (Reserved: NMI) 0020H FFFF20H — Edge
10 INTWD: watchdog timer 0024H FFFF24H 09H Edge
11 maskable |INTO pin: External interrupt input 0 0028H FFFF28H 0AH Edge/Level
12 INTCAP1: Capture 1 interrupt 002CH FFFF2CH OBH Level
13 INTCAPQ: Capture 0 interrupt 0030H FFFF30H OCH Level
14 INTTPGO: Timing Pulse GeneratorQ interrupt 0034H FFFF34H ODH Edge (note)
15 INTTPG1: Timing Pulse Generator1 interrupt 0038H FFFF38H OEH Edge
16 INTI2DMA: [2CBUS micro DMA Activation Interrupt  |003CH FFFF3CH OFH Edge
17 INTI2CB: I12CBUS interrupt 0040H FFFF40H 10H Edge
18 INTTBC: Time Base Timer interrupt 0044H FFFF44H 11H Edge
19 INTSIOO: Serial I/O 0 interrupt 0048H FFFF48H 12H Level
20 INTSIO1: Serial I/O 1 interrupt 004CH FFFF4CH 13H Level
21 INTRX: UART receive interrupt 0050H FFFF50H 14H Level
22 INTTX: UART transmit interrupt 0054H FFFF54H 15H Edge
23 INTVA: VISS/VASS detection 0058H FFFF58H 16H Edge
24 INT1 pin: External interrupt input 1 005CH FFFF5CH 17H Edge/Level
25 INT2 pin: External interrupt input 2 0060H FFFF60H 18H Edge
26 INT3 pin: External interrupt input 3 0064H FFFF64H 19H Edge
27 INT4 pin: External interrupt input 4 0068H FFFF68H 1AH Edge
28 INTTO: 8-bit Timer TCO 006CH FFFF6CH 1BH Edge
29 INTT1: 16-bit Timer TC1 0070H FFFF70H 1CH Edge
30 INTT2: 16-bit Timer TC2 0074H FFFF74H 1DH Edge
31 INTT3: 16-bit Timer TC3 0078H FFFF78H 1EH Edge
32 INTT4: 16-bit Timer TC4 007CH FFFF7CH 1FH Edge
33 INTTS5: 16-bit Timer TC5 0080H FFFF80H 20H Edge
34 INTAD: A/D conversion completion 0084H FFFF84H 21H Level
35 INTRTC: Real Time Counter 0088H FFFF88H 22H Edge
— (Reserved) 008CH FFFF8CH 23H
to to to to to
— (Reserved) 00FCH FFFFFCH 3FH

Note: The INTTPGO signal is generated as a level signal (FIFO empty) or as an edge signal (TPGO03 output),
but the interrupt controller receives the INTTPGO only as an edge signal. 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 routine. Therefore, in this case, the
INTTPGO request flag has to be cleared before executing RETI instruction.
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Setting to Reset / Interrupt Vector
@® Reset Vector

FFFFOOH| PC (7 to 0)
FFFFO1H| PC (15 to 8)
FFFFO2H| PC (23 to 16)
FFFFO3H XX

The vector base addresses are depended on the products.

Type No. | Vector base PC setting sequence after reset
address

Notes

TMP93C071| FFFFOOH | PC (7to0) < address FFFFOOH
PC (15 to 8) < address FFFFO1H
PC (2310 16) & address FFFFO2H

P27 to P24 / A23 to A20 are used as
address bus: A23 to A20 after reset.

@ Interrupt Vector (except Reset Vector)
Address refer to vector| PC (7 to 0)

+0

+1| PC (15 t0 8)

+2|PC (23 to 16)

+3 XX XX: don’t care
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(Setting Example)

Sets the Reset Vector: FFOOO0H, INTWD Vector: FFOABCH, INTAD Vector: FE3456H.

ORG
DL

ORG
DL

ORG
DL

ORG
LD

ORG
LD

ORG
LD

FFFFOOH
FFO000H; Reset = FFO000H

FFFF24H
FF9ABCH; INTWD = FF9ABCH

FFFF84H
FE3456H; INTAD = FE3456H

FFO000H

A B Note:

: ORG, DL are Assembler Directives.
FF9ABCH ORG: control location counter

B,C [DL: defines long word (32-bits) data

FE3456H
C,A
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3.4.2 Micro DMA

In addition to the conventional interrupt processing, the TLCS-900 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.

The TLCS-900 can process at very high speed because it has transfer parameters in dedicated registers in
the CPU. Since those dedicated registers are assigned as CPU control registers, they can only be
accessed by the LDC instruction.

(1) Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the Micro DMA start vector
value. 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.

32-bit control registers are used for setting transfer source / destination addresses. However, the TLCS-
900 has only 24 address pins for output. A 16 Mbyte space is available for the Micro DMA.

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 1/0O and memory and between 1/0Os. 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 the interrupts of
the same channel restarts the transfer counter from 65536. If necessary, reset the transfer counter.

Interrupt sources processed by Micro DMA processing 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 (Condition: 16
bit Bus width for 16 MByte, 0 waits).
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(2) Register configuration (CPU control register)

Channel 0
DMASO Transfer source address register 0 .
DMADO Transfer destination address register 0 | (Use only lower 24 bits.)
| DMACO Transfer counter register 0
DMAMO [Transfer mode register 0 (1 to 65536)
Channel 1
DMAS1 Transfer source address register 1
DMAD1 Transfer destination address register 1
| DMAC1 Transfer counter register 1
| DMAM1 [Transfer mode register 1
Channel 2
DMAS?2 Transfer source address register 2
DMAD2 Transfer destination address register 2
| DMAC2 Transfer counter register 2
| DMAM2 [Transfer mode register 2
Channel 3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination address register 3
| DMAC3 Transfer counter register 3
| DMAM3 [Transfer mode register 3
8 bit—]
16 bit —>|
32 bit >

These Control Register can not be set only “LDC cr, r" instruction.

Example:
LD XWA, 100H
LDC DMASO, XWA
LD XWA, 50H
LDC DMADO, XWA
LD WA, 40H
LDC DMACO, WA
LD A, 05H
LDC DMAMO, A
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(3) Transfer mode register details

(DMAMO to 3)
0 0 0 O Mode Note: When setting values for this
register, set the upper 4 bits to 0
e 1 execution time
| (Min) at 20 MHz
i v— Z: 0 = byte transfer, 1 = word transfer i

0 0 O 2Z |Transfer destination address INC mode for 1/0 to memory 16 states
(DMADnN + ) < (DMASN)
DMACn<DMACNH -1 (1.6 us)
if DMACn = 0 then INT.

0 0 1 Z |Transfer destination address DEC mode for 1/0O to memory 16 states
(DMADnN - ) < (DMASN)
DMACn<DMACN -1 (1.6 us)
if DMACn = 0 then INT.

0 1 0 Z |Transfer source address INC mode for memory to I/O 16 states
(DMADnN) < (DMASH +)
DMACn<DMACH -1 (1.6 us)
if DMACn = 0 then INT.

0 1 1 Z |Transfer source address DEC mode for I/O to memory 16 states
(DMADnN + ) €< (DMASN)
DMACn<DMACH -1 (1.6 ps)
if DMACn = 0 then INT.

1 0 0 Z |Fixed address mode I/O to 11O 16 states
(DMADnN) < (DMASH)
DMACn<DMACH -1 (1.6 ps)
if DMACn = 0 then INT.

1 0 1 1 |Counter mode for interrupt counter 11 states
(DMADnN + ) < (DMASnR)
DMACn<DMACNH -1 (1.1 ps)
if DMACn = 0 then INT.

(1 states = 100 ns at 20 MHz, High frequency mode)
Note1: n: corresponds to micro DMA channels 0 to 3.
DMADN + / DMASN +: Post-increment (Increments register value after transfer.)
DMADN - / DMASn -: Post-decrement (Decrement register value after transfer.)
Note2: Execution time: When setting source address/destination address area to 16-bit bus, 0 WAIT.
Clock condition: fc = 20 MHz
Note3: 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 (2) is a block diagram of the interrupt circuits. The left half of the diagram shows the interrupt
controller; the right half includes the CPU interrupt request signal circuit and the HALT release signal circuit.

Each interrupt channel (total of 26 channels) in the interrupt controller has an interrupt request flip-flop, and
interrupt priority setting register. The interrupt controller also has registers for storing the Micro DMA start
vector. The interrupt request fip-flop is used to latch interrupt requests from peripheral devices. The flip-
flop is cleared to 0 at reset, when the CPU reads the interrupt channel vector after the acceptance of
interrupt, or when the CPU executes an instruction that clears the interrupt of that channel (writes 0 in the
clear bit of the interrupt priority setting register).

For example, to clear the INTO interrupt request, set the register after the DI instruction as follows.

INTOCP1 & ---- 0 ---B

The status of the interrupt request flip-flop is detected by reading the clear bit. Detects whether there is
an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority setting register (eg, INTOCP1,
INTCPOTGO, etc.) provided for each interrupt source. Interrupt levels to be set are from 1to 6. Writing 0
or 7 as the interrupt priority disables the corresponding interrupt request. The priority of the non-maskable
interrupt (watchdog timer, etc.) is fixed to 7.  If interrupt requests with the same interrupt level are generated
simultaneously, interrupts are accepted in accordance with the default priority (the smaller the vector value,
the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among the simultaneous
interrupts and its vector address to the CPU. The CPU compares the priority value <IFF2 to 0> set in the
Status Register by the interrupt request signal with the priority value sent; if the latter is higher, the interrupt
is accepted. Then the CPU sets a value higher than the priority value by 1 in the CPU SR<IFF2 to 0>.
Interrupt requests where the priority value equals or is higher than the set value are accepted simultaneously
during the previous interrupt routine. When interrupt processing is completed (after execution of the RETI
instruction) , the CPU restores the priority value saved in the stack before the interrupt was generated to the
CPU SR<IFF2 to 0>.

The interrupt controller also has four registers used to store the Micro DMA start vector. These are I/O
registers; unlike other Micro DMA registers (DMAS, DMAD, DMAM, and DMAC). Writing the start vector of
the interrupt source for the Micro DMA processing (see Table 3.4.1), enables the corresponding interrupt to
be processed by Micro DMA processing. The values must be set in the Micro DMA parameter registers (eg,
DMAS and DMAD) prior to the Micro DMA processing.
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Figure 3.4.2 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting register (1/2)

(Prohibit read-modify-write)

syMBOL | Name [Address| 7 6 5 4 3 2 | 1 ] o
INTOCPA1 INTO/ | 0070H INTCAP1 INTO L¢— Interrupt source
CAP1 ICAP1C | ICAP1M2 [ ICAP1M1 | ICAP1MO 10C 10M2 10M1 IOMQ  J«— bit Symbol
Interrupt [Prohibit RW W w W R/IW W W W [€— ReadMWiite
Setting |RMW 0 0 0 0 0 0 0 0 €« After reset
INTCPOTGO | CAPO/ | 0071H INTTPGO INTCAPO
TPGO ITPGOC | ITPGOM2 [ ITPGOM1 [ ITPGOMO | ICAPOC | ICAPOM2 | ICAPOM1 | ICAPOMO
Interrupt |Prohibit R/W W w w R/W W W W
Setting |[RMW 0 0 0 0 0 0 0 0
INTTGIDMA | TPG1/ | 0072H INTI2DMA INTTPG1
12DMA 1I12DMAC |[lI2DMAM (II2DMAM [II2DMAM | ITPG1C [ITPGIM2|ITPGIM1 | ITPG1MO
2 1 0
Interrupt |Prohibit R/W W W W R/W W W
Setting |RMW 0 0 0 0 0 0 0 0
INTI2CTBC | 12CBUS/ | 0073H INTTBC INTI2CB
TBC ITBCC | ITBCM2 [ ITBCM1 | ITBCMO | 112CC I12CM2 | 112CM1 | 112CMO
Interrupt |Prohibit R/W W W W R/W W W w
Setting |RMW 0 0 0 0 0 0 0 0
INTSIOSI SI00/ | 0074H INTSIO1 INTSIO0
SI01 ISIO1C | ISIO1M2 | ISIO1M1 [ ISIO1MO | ISIOOC | ISIOOM2 | ISIOOM1 | ISIOOMO
Interrupt |Prohibit R/W W W W R/W W W W
Setting |RMW 0 0 0 0 0 0 0 0
INTRXTX RX/ 0075H INTTX INTRX
TX ITXC ITXM2 ITXM1 ITXMO IRXC IRXM2 IRXM1 IRXMO
Interrupt |Prohibit R/W W W 4 R/W W W W
Setting |[RMW 0 0 0 0 0 0 0 0
INTVA1 VA/ 0076H INT1 INTVA
INT1 11C 11M2 11M1 11MO IVAC IVAM2 IVAM1 IVAMO
Interrupt |Prohibit R/W W W 4 R/W W W w
Setting |RMW 0 0 0 0 0 0 0 0
INT23 INT2/ | 0077H INT3 INT2
INT3 13C 13M2 13M1 13M0 12C 12M2 12M1 12M0
Interrupt |Prohibit R/W W w w R/IW W W W
Setting |[RMW 0 0 0 0 0 0 0 0
INTATO INT4/ | 0078H INTTO INT4
Timer0 ITOC ITOM2 ITOM1 ITOMO 14C 14M2 14M1 14M0
Interrupt |Prohibit R/W W w w R/IW W W W
Setting |[RMW 0 0 0 0 0 0 0 0
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Interrupt priority setting register (2/2)
(Prohibit read-modify-write)

SYMBOL | Name |Address| 7 | 6 5 4 3 | 2 | 0
INTT1T2 | Timer1/ | 0079H INTT2 INTT1 4nterrupt source
Timer2 IT2C IT2M2 IT2M1 1IT2MO IT1C IT1M2 IT1IM1 ITIMO | «4—bit Symbol
Interrupt |Prohibit R/W w W wW R/W W W W 4—ReadWrite
Setting [RMW 0 0 0 0 0 0 0 0 4—After reset
INTT3T4 | Timer3/ | 007AH INTT4 INTT3
Timer4 IT4C 1IT4M2 IT4M1 1IT4MO IT3C IT3M2 IT3M1 IT3MO
Interrupt |Prohibit R/W w \\ wW R/W W W 4
Setting [RMW 0 0 0 0 0 0 0 0
INTT5AD | Timer5/ | 007BH INTAD INTT5
AD IADCC IADM2 IADM1 IADMO IADC IADM2 IADM1 IADMO
Interrupt |Prohibit R/W w \\ wW R/W W W W
Setting [RMW 0 0 0 0 0 0 0 0
INTRTCR 0080H (Always set to 0) INTRTC
RTC (setto 0) | (setto 0) | (setto 0) | (setto 0) | IRTCMA [ IRTCM2 | IRTCM1 | IRTCMO
Interrupt |Prohibit | (R/W) (R/W) (W) (W) RIW W w W
Setting [RMW (0) (0) (0) (0) 0 0 0 0
L I Il ] |
Py | I
— ¢
L 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, INTSIOO, INTSIO1, INTRX and INTAD are not
cleared by writing 0 to IxxC because 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.
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(2) External interrupt control
Interrupt Input Mode Control Register 1

7 ' & ' 5 v 4 v 3 v 2 1A 0

bit Symbol — ' — ' — ' J4E ! BE ' 12E ! ME ! I0E
1IMCO ' ' ' (INT4) ' (INT3) ' (INT2) ' (INT1) ' (INTO)
(005EH) Read/Write : : : W

After reset : : ' 0 ' 0 ' 0 ' 0 ' 0

Function : : | External interrupt input enable/disable

' ' \ 0: Disable 1: Enable
Prohibit read-modify-write
Interrupt Input Mode Control Register 1
7 1+ 6 1 5 1 4 1 3 a1 2 1 1 1 0

IMC1 [ bitSymbol | MEG ! I3EG ! I26G ! MEG ! I10EG ! — 'INTTPGOE!INTTPGO
(005FH) ' ' ' ' ' ' S

Read/Write W ' RW ' RW

After reset 0 0 0 0 0 ' 0 L0

Function  [INT4 edge |INT3 edge |INT2 edge |INT1 'INTO INTTPGO |INTTPGO

linterrupt  jinterrupt
' TPGO3  |selection
1edge |
1selection  |0:FIFO
| \ empty
|0: Rising inter-
rupt

11: Falling
' 1: FIFO
empty/

TPGO3
inter-

selection |selection |selection |edgeflevel ,edgeflevel

: : iselection |selection

0:Rising ,0:Rising 0:Rising | ,
1: Falling }1:Falling ,1:Falling |0: Rising ]0: Rising
] ] 1 ]

, edge , edge

11: Level  |1: Level
1 1

rupt

Prohibit read-modify-write

Note1: The INTO and INT1 pins can also be used for standby release as described later. When these pins
are not used for standby release, setting IIMCO<I1IE, IOIE> to 00 maintain the port function during
standby mode.

Note2: When the active edge is changed by the IIMC1<I4EG, I3EG, I2EG, MEG, IOEG>, they must be
changed after disabling interrupt.

Execution example:

LD (INTOCP1) , XXXX0000B; Disable the INTO interrupt, Clear the INTO interrupt request flag.
LD (IIMC0) , XXXXXXX0B; Disable the INTO input

LD (IIMC1) , XXXX1XXXB; Change the active edge to Level from Rising edge.

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

Note3: The minimum pulse width for the active edge is 4/fc [s] (200 ns at fc = 20 MHz).
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Setting of External Interrupt Pin Functions

Interrupt Shared pin Mode Setting method
INTO P54 v Rising edge IIMC1<I0EG> = 0, IIMCO<IQIE> =1
T T Level IIMC1<IOEG> = 1, IIMCO<IOIE> = 1
INT1 P53 S Rising edge IIMC1<IMEG> = 0, IIMCO<IMIE> = 1
JT Level IIMC1<I1EG> =1, IIMCO<I1IE> =1
INT2 P52 7 Rising edge IIMC1<I2EG> = 0, IIMCO<I2IE> =1
N\ Falling edge IIMC1<I2EG> = 1, IIMCO<I2IE> = 1
INT3 P51 S Rising edge IIMC1<I3EG> = 0, IIMCO<I3IE> =1
N\ Falling edge IIMC1<I3EG> =1, IIMCO<I3IE> =1
INT4 P50 S Rising edge IIMC1<I4EG> = 0, IIMCO<I4IE> =1
N Falling edge IIMC1<I4EG> = 1, IMCO<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, the interrupt from the channel whose value matched is processed in Micro DMA mode.
If the interrupt vector matches more than one channel, the channel with the lower channel number has a

higher priority.

Micro DMAO Start Vector
DMAQV 7 6 5 4 3 2 1 0
(007CH) bit Symbol DMAOV5 | DMAOV 4 | DMAOV3 i DMAOV2 i DMAOV1 i DMAOVO
Prohibit Read/Write W
read- After reset 0 0 0 0 0 0
modify-
write Function Micro DMA channel 0 processed by matching bits 3 to 8 of the interrupt vector.

Micro DMA1 Start Vector
DMA1V 7 6 5 4 3 2 1 0
(007DH) bit Symbol DMA1V5 : DMA1V 4 | DMA1V3 i DMA1V2 i DMA1V1 i DMA1VO
Prohibit Read/Write W
read- After reset 0 0 0 0 0 0
modify-
write Function Micro DMA channel 1 processed by matching bits 3 to 8 of the interrupt vector.

Micro DMA2 Start Vector
DMA2V 7 6 5 4 3 2 1 0
(007EH) bit Symbol DMA2V5 i DMA2V 4 ;| DMA2V3 i DMA2V2 i DMA2V1 i DMA2VO
Prohibit Read/Write W
read- After reset 0 0 0 0 0 0
modify-
write Function Micro DMA channel 2 processed by matching bits 3 to 8 of the interrupt vector.

Micro DMA3 Start Vector
DMA3V 7 6 5 4 3 2 1 0
(007FH) bit Symbol DMA3V5 | DMA3V 4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
Prohibit Read/Write w
read- After reset 0 0 0 0 0 0
modify-
write Function Micro DMA channel 3 processed by matching bits 3 to 8 of the interrupt vector.
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(4) Notes

The instruction execution unit and the bus interface unit of this CPU operate independently of each other.
Therefore, if the instruction used to clear an interrupt request flag of an interrupt is fetched before the
interrupt is generated, it is possible that the CPU might execute the fetched instruction to clear the interrupt
request flag while reading the interrupt vector after accepting the interrupt.  If so, the CPU would read the
default vector FFFF28H and start the interrupt processing from the address FFFF28H.

To avoid this, make sure that the instruction used to clear the interrupt request flag comes after the DI
instruction.

Execute the POP SR instruction, which modifies the IFF value, during DI.
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3.5 Functions of ports

The TMP93CO071 has 57 bits for I/O ports, 8 bits for Input ports and 4 bits for Output ports. These port pins
have 1/O functions for the built-in CPU and internal I/Os as well as general-purpose I/O port functions. Table
3.5 lists the function of each port pin. Resetting makes the pins listed below function as general-purpose 11O
ports.

I/O pins programmable for input or output are set to input ports including PBO/XT1, PB1/XT2. To set port
pins for built-in functions, a program is required.

Table 3.5.1 Functions of ports

Direction / . e
Port Name | Pin Name | Pin No. | Direction Output Mode Output Mode Pin nafme f‘?r built-in
A : unction
setting unit
Port2 |P24 to P27 4 Qutput Push-Pull (fixed) A20 to A23
Port4 |P40 to P47 8 Input — (fixed) AINS to AIN10
Port5 |P50 1 /O Push-Pull Bit INT4/TI3
P51 1 1[e] Push-Pull Bit INT3/TI2
P52 1 110 Push-Pull Bit INT2/TI1
P53 1 110 Push-Pull Bit INT1
P54 1 110 Push-Pull Bit INTO
P55 1 110 Push-Pull Bit TI5/AINO
P56 1 11O Push-Pull Bit TI4/AIN1
P57 1 /O Push-Pull Bit TIO/AIN2
Porté |P60 1 e} Push-Pull/Open-Drain Bit PWM4/ CS0
P61 1 110 Push-Pull/Open-Drain Bit PWMS5/CSH1
P62 1 110 Push-Pull/Open-Drain Bit PWM6/CS2
P63 to P67 5 I[®] Push-Pull/Open-Drain Bit PWM7 to PWM11
Port7 |P70 1 110 Push-Pull/Open-Drain Bit TXD
P71 1 110 Push-Pull Bit RXD
P72 1 lle} Push-Pull Bit CTS
P73 1 /O Push-Pull/Open-Drain Bit SDAO
P74 1 110 Push-Pull/Open-Drain Bit SCLO
P75 1 110 Push-Pull/Open-Drain Bit SO0
P76 1 110 Push-Pull Bit SIo
P77 1 I[e] Push-Pull/Open-Drain Bit SCKO0
Port8 |P80 1 /O Push-Pull Bit CTLIN
P81 1 /1O Push-Pull Bit DFGIN
P82 1 /O Push-Pull Bit RMTIN
P83 1 /O Push-Pull Bit EXT
P84 1 10] Push-Pull Bit DPGIN
P85 1 /1O Push-Pull Bit CFGIN
P86 1 1[e] Push-Pull Bit CSYNCIN
P87 1 110 Push-Pull Bit COMPIN
Port9 |P90 1 110 Push-Pull/Open-Drain Bit TPG12
P91 to P94 4 110 Push-Pull/Open-Drain Bit TPGO1 to TPG04
P95 1 110 Push-Pull/Open-Drain Bit TPG13
P96 1 110 Push-Pull/Open-Drain Bit TPG10
P97 1 /10 Push-Pull/Open-Drain Bit TPG11
Port A |PAO 1 110 Push-Pull Bit PV-PH
PA1 1 /1O Push-Pull Bit HA(TPGO5)
PA2 1 110 Push-Pull Bit CR(TPG00)
PA3 1 11O Push-Pull/Open-Drain Bit PWM2
PA4 1 /O Push-Pull/Open-Drain Bit WR
PA5 1 110 Push-Pull/Open-Drain Bit PWM3/HWR
PortB |PBO 1 110 Open-Drain Bit XT1
PB1 1 110 Open-Drain Bit XT2
PB2 1 110 Push-Pull/Open-Drain Bit SO1/SI1
PB3 1 110 Push-Pull/Open-Drain Bit SCK1
PB4 1 110 Push-Pull/Open-Drain Bit SDA1
PB5 1 /10 Push-Pull/Open-Drain Bit SCL1
Port C |PCOto PC4 5 /1O Push-Pull Bit AIN11 to AIN15
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3.5.1  Port 2 (P24 to P27)
Port 2 is an 4-bit general-purpose Output port. In addition to functioning as a general-purpose Output port,
Port 2 also shares functions as an address bus (A20 to A23) output. All bits of the output latch P2 and
function register P2FC are set to "1" by reset, and then Port 2 works as the address bus (A20 to A23) output.
Switching of the general-purpose output port function and the address bus output function can be done on bit
basis by function register P2FC.

Reset

S
Function control
(on bit bases)

E P2FC write
o ¥
> S
g Output latch A0S
é 1 Selector )| P24/A20
P2 write I P27/A23
i
A20-A23—
. .
}I
P2 read
Figure 3.5.1 Port 2 (P24 to P27)
Port 2 Register
7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
P2 bit Symbol| P27 | P26 | P25 | P24 | | |
(0008H) |Readwrite RIW
After reset (Output latch register is set to 1) | 1 (Always set to 1)
Port 2 Function register
7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
bit Symbol| P27F 1 P26F | P25F | P24F | | | |
P2FC Read/Write w
(0009H) After reset 1 : 1 (Alway set to 1)
Function [0: PORT 1: ADDRESS BUS (A23 to A20), —

Prohibit read-modify-write

Figure 3.5.2 Registers for Port 2
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3.5.2 Port 4 (P40 to P47)
Port 4 is an 8-bit input port, also used as an analog input pin (AIN3 to AIN10) for the internal A/D converter.

< € P40 - P47/
" }I AIN3 - AIN10
a
@ P4 read
[
k=
©
£
L
= Conversion AD Channel
< <l<7 result [ converter [l selector fe—
£ register
A/D read
Figure 3.5.3 Port4
Port, SRegister
7 4 6 1 5 1 4 . 3 1 2 1 1 . 0
P4 bitSymbol | P47 | P46 | P45 | P44 | P43 | P42 | P41 | P40
(000AH) | Read/Write R
After reset Input mode

Figure 3.5.4 Register for Port 4

Note: The input channel selection of A/D converter is set by A/D converter mode register ADMOD.
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3.5.3 Port 5(P50 to P57)
Port 5 is an 8-bit general-purpose /0O port. I/O can be set on bit basis using the control register P5CR. All

bits of the output latch P5 are set to 1 by reset, and all bits of P5CR are cleared to 0. Therefore, Port 5
becomes the input mode port. Port 5 also shares functions as an external interrupt input pin (INTO to INT4),
an external input pin for timer counter (TIO to TI5) and an analog input pin (AINO to AIN2) for A/D converter.

In the output mode (P5CR<bit> = 1), the output latch data are read from the P5 register.
In the input mode (P5CR<bit> = 0), the pin data are read from P5 register.

Note:  TIO, Tl4 and TI5 are permitted to input when these inputs are selected by the timer counter control
registers; TCR10 TCCR54. When P55/TI5/AINO, P56/TI4/AIN1 and P57/TIO/AIN2 are used as an
analog input (AINO, AIN1 and AIN2), TI5, Tl4 and TI0 for timer counter must be disabled by

TCCR54 and TCCR10. (Select another clock source for timer counter.)

Reset

R
Direction control

(on bit bases)

I

!

P5CR write

Internal data bus

S

Output latch

!

P5 write

i

A

S B

A

Selector

Interrupt <—C

IIMCO<I2IE>
[IMCO<IZIE>
[IMCO<I4IE>

N
P5 read

T, TI2, TI3 «

A l¢

N\

Edge selector

I\
T

IIMC1<I2EG>
IIMC1<I3EG>
IMC1<I4EG>

A\

Figure 3.5.5 Port,T (P50, P51, P52)

P52/INT2/TI1
P51/INT3/TI2
PS0/INT4/TI3
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Internal data bus

Internal data bus

Reset

i

R
Direction control

(on bit bases)

T

P5CR write

v
S

P54/INTO

Output latch

T

P5 write

—Y

P53/INT1

A

S B

.
h

P5 read

Selector

A

Edge selector

Interrupt <—<_

ST

=

IIMCO<IOIE>
IMCO<IIE>

Reset

y

R

A 4

Direction control

IIMC1<I0EG>
IMC1<I1EG>

(on bit bases)

P5CR write
v
S

P56/TI4/AIN1

Output latch

T

P5 write

.

Y

P55/TI5/AINO
P57/TI0/AIN2

A 4

S B

A

Selector

N)

P5 read

A

A

\4_4.

TI4, T15, TIO <

v
to A/D Input

Figure 3.5.6 Port 5 (P53, P54, P56, P57)
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Port 5 Register

7 ' 6 ' 5 ' 4 X 3 X 2 X 1 X 0
P5 bit Symbol P57 | P56 | P55 | P54 : P53 : P52 : P51 : P50
(000BH)| Read/Write R/W
After reset 1 : 1 : 1 i 1 i 1 : 1 i 1 i 1
Port 5 Control Register
7 , 6 , 5 . 4 , 3 , 2 ., 1 5 0
P5CR bit Symbol P57C i P56C i P55C i P54C : P53C : P52C : P51C : P50C
(000CH Read/Write : : : VIV : : :
After reset o * o0 +* o0 * o0 * O ' O ' O ' 0
Function 0: Input mode 1: Output mode

Prohibit read-modify-write

Figure 3.5.7 Registers for Port 5
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3.54 Port6 (P60 to P67)
Port 6 is an 8-bit general-purpoe I/0O port. I/0 can be set on bit basis using the control register P6CR.

In the output mode, switching of the push-pull-output mode and the open-drain-output mode can be done

on bit basis by open drain output control register ODCRO.

Port 6 becames the input mode by reset.

(1) PB0/PWM4/CSO0, P61/PWM5/CS1, P62/PWM6E/CS2

P60, P61 and P62 also share functions as an 8-bit PWM output (PWM4 to PWM6) and a chip select

output.

Switching of the output port function and the PWM output function can be done by the function register

P6FC.

In addition, switching of the chip select output function and the function selected by P6FC can be done by
chip select/wait control register bits BOCS<CSOEN>, BICS<CS1EN> and B2CS<CS2EN>.

In the output mode (P6CR<bit> = 1), the output data selected by BOCS<CSOEN> to B2CS<CS2EN> are
read from the P6 register.

In the input mode P6CR<bit> = 0), the pin data are read from P6 register.

Reset

Y

R

Direction control
(on bit bases)

P6CR write

“ﬁ

Y

R

Function control

PWM4-6——>(B

i
CS0-2——

Y

S B¢
L Selector
X |
P6 read Al€

a - BOCS<CSOEN>
ﬁ (on bit bases) B1CS<CS1EN>
& . B2CS<CS2EN> push-pull/
2 PBFC write (CSIWAIT) open drain
| — ODCRO <POD60>
2 S Y |
= > Qutputlatch ™A S A S <POD62>
] _
T Selector Selector J“\ PB0/PWMA4/CSO
56 write L~ P61/PWM5/CS1
P62/PWM6E/CS2

Figure 3.5.8 Port 6 (P60, P61, P62)
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(2) PB3/PWM7,P64/PWM8,PE5/PWMI,P66/PWM10,PE7/PWM11
P63 to P67 also share functions as an 8-bit PWM output (PWM7 to PWM11).
Switching of the output port function and the PWM output function can be done by the function register
P6FC.
In the output mode (P6CR<bit> = 1), the output latch data are read from the P6 register.
In the input mode (P6CR<bit> = 0), the pin data are read from P6 register.

Reset
R
» Direction control
(on bit bases)
P6CR write
———
R
o Function control
2 (on bit bases)
o ) h-pull/
© . push-pu
% P6FC write open drain
g S" ODCRO0 <POD63>
= Output latch A S <F|>OD67>
f Selector Y [ |Peapwm7
P6 write l/ |
B P67/PWM11
PWM7 to PWM11
 —
S B[
< L Selector
N
P6 read A |«
Figure 3.5.9 Port 6 (P63, P64, P65, P66, P67)
Port 6 Register
7 . 6 1 5 . 4 . 3 . 2 4. 1 . 0
P6 bitSymbol | P67 ' P66 ' P65 ' PB4 ' PB3 ' P62 ' P81 ' P60
(O00EH)| Read/Write R/W
After reset 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1
Port 6 Control Register
7 + 6 . 5 | 4 . 3 4, 2 . 1 . 0
P6CR | pit Symbol | PB7C ' P66C ' P65C ' P64C ! PB3C ! PB2C ' P61C ' P6OC
(0010H)| Read/wvrite w
After reset 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0 ' 0
Function 0: Input mode 1: Qutput mode

Prohibit read-modify-write
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Port 6 Function Register
7 ' 8 ' 5 ' 4 ' 3 ! 2 ! 1 ! 0
1 1 1 ] ] 1 1
PeEC | bitSymbol | P67F 1+ Pe6F 1 PBS5F 1 PGAF 1 PB3F 1+  P62F 1 PBIF 1 PBOF
(0012H) | Read/Write w
1 1 1 ] ] 1 1
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function |0: PORT67,0: PORT66,0: PORT65 ,0: PORT64 ,0: PORT63, B2CS , BICS , BOCS
1 1 1 ] ] — 1 — 1 —_
1: PWM11 11 :PWM10 11: PWM9 11: PWM8 11: Pwh7 1 <CS2EN>=0,<CS1EN>=0,<CSOEN>=0
| | : ' 10: PORT62 0: PORT61 ,0: PORT60
| | : | 11:PWM6  11:PWM5  11: PWM4
Prohibit read-modify-write
Open Drain Output Control Register 0
7 ' e ' 5 ' 4 ' 3 ' 2 ' 4 ' g
ODCRO| bit Symbol | POD67 | PODE6 « POD65 | PODB4 1 POD63 1 POD62 1 POD61 1 PODSO
(0014H)| Read/Write W
1 1 1 1 1 1 1
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function 0: Push-Pull 1: Open Drain
Prohibit read-modify-write
Chip select/Wait Control Register 0
7 ' 6 ' 5 ' 4 ' 3 ' 2 ' { o
Bocs | Dt Symbol . CSOEN . BOBUS : BOW1 : BOWO : BOC1 1 BOCO
Read/Wiit w0 ooy w ! W
(0068H) [———— : : : : :
After reset 1 0 1 1 0 1 0 1 0
Function '0: Portg0 ! 'BUS Width 'Wait Control 100: 2090H to 3FFFFFH
| [PWM4 iControl  100: 0 WAIT 101: 400000H to 7FFFFF
1 PGFC ] ] 1 1
A ' 10: 16-bit  101: 1 WAIT 110: 800000H to BFFFFF
: <P60F>) : : : :
. ' | Bus 110: 1 WAIT 111: COO00OH to FFFFFF
1 ] ] . 1 A 1
:1: CSo : :1.8-b|t :112WA|T :
I : , Bus I I
Prohibit read-modify-write
Chip select/Wait Control Register 1
7 1 6 1 5 a1 4 1 3 1 2 1 1 .0
bit Symbol ' CS1EN ! ' BIBUS ' BIW1 ' BIWO ' BIC1 ' BICO
B1CS j [ 1 1 1 |
Read/Write 1 W ' ' W 1 w 1 w
(0069H) - v v - -
After reset ' 0 : : 0 ' 0 ' 0
Function 10: Porte? | \BUS Width 1Wait Control 100: 2090H to 3FFFFFH
1 ] ] 1 1
v [PWMs 'Control  '00: 0 WAIT 101: 400000H to 7FFFFF
P6FC
' : [0: 16-bit  101: 1 WAIT 110: 800000H to BFFFFF
1 <PB1F>) , ] I 1
! ! ' Bus 110: 1 WAIT 111: CO0000H to FFFFFF
1. Cs1 11:8-bit  11: 2 WAIT :
I ' ! Bus I |

Prohibit read-modify-write
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B2CS
(0070H)

Chip select/Wait Control Register 2

7 6 Vo5 4 s 2 ) 1 ! 0
1 ] ] 1 1 1 1
bit Symbol 1 CS2EN 1 B2BUS 1+ B2W1 1 B2wO 1 B2C1 1 B2CO
Read/Wirite ' w : : w ' w ' w
1 ] ] 1 1
After reset ! 0 ! ! 0 ! 0 ! 0
Function 10: Port62 | 'BUS Width ;Wait Control 100: 2090H to 3FFFFFH
1 ] ] 1 1
. [PWM6 iControl 100 0 WAIT 101: 400000H to 7FFFFF
1 (P6FC ] ] 1 1
! ! '0: 16-bit  '01: 1 WAIT '10: 800000H to BFFFFF
| <PO2F>) ! ! ! !
i ' 1 Bus 110: 1 WAIT 111: COD00O0H to FFFFFF
1 ] ] 1 1
. cs2 ! '1: 8-bit '11: 2 WAIT !
1 1 1 1 1
| 1 , Bus | 1
Prohibit read-modify-write
Figure 3.5.10 Registers for Port 6
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3.55 Port7 (P70to P77)
Port 7 is an 8-bit general-purpoe I/0O port. I/0 can be set on bit basis using the control register P7CR.
Port 7 also shares functions as a I°C-bus I/F (I’CBUS), a synchronous-SIO (SIO0) and an asynchronous

serial I/F (UART) . Port 7 becames the input mode by reset.
(1) P73/SDAO0, P74/SCLO

P73 and P74 are also used for a SDA bus line 0 (SDAD) and a SCL bus line 0 (SCLO) of the I>°CBUS block.

Switching of the general-purpose I/O port function and the I’CBUS function can be done by the function
register P7FC. In the output mode, switching of the push-pull-output mode and the open-drain-output mode
can be done on bit basis by open drain output control register ODCR1. When these pin are used for the
12CBUS function, firstly, set P7FC<P73F> and <P74F> to 1, secondly, set ODCR1<POD73> and <POD74>
to 1, finally, set P7TCR<P73> and <P74C> to 1.

By Read data selection register bits PRDSEL<PR73> and <PR74>, the data read from P7 register can be
chosen one of which the output data selected by P7FC or the pin data.

Reset

R
Direction control
(on bit bases)

h 4

T
P7CR write
. ;
R
Function control
3 (on bit bases)
0
M
© . push-pull/
° P7FC write open drain
g ¥ ODCR1 <POD73>
2 S <POD74>
£ Output latch A S
Selector :P ._| |P73/SDAO
P7Twrite P74/SCLO

B
SDAQOOUT, SCLOOUT—|_|°>RDSEL<PR73>

(from I*CBUS) <Pf<74>
S B¢
< <k Selector
3 y
P7 read A« \QI

SDAOIN, SCLOIN <
(to ’CBUS)

Figure 3.5.11 Port 7 (P73, P74)
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(2) P70/TXD, P75/SO0, P77/SCKO
P70, P75 and P77 are also used as a transmission data output (TXD) for the UART block, a transmission
data output (SOQ) for the SIO0 block and a transfer clock input/output (SCKO) for the SIO0 block.
Switching of the general-purpose I/O port function and the UART/SIOO0 function can be done by the
function register P7FC. In the output mode, switching of the push-pull-output mode and the open-drain-
output mode can be done on bit basis by open drain output control register ODCR1.
By Read data selection register PRDSEL, the data read from P7 register can be chosen one of which the
output data selected by P7FC or the pin data.

Reset

R

Direction control
(on bit bases)

P7CR write

———
¥

Internal data bus

R
Function control
(on bit bases)

)

P7FC write

N 7

S
Output latch

)

P7 write

B
S00, SCKOOUT, TXD—I_F:RDSEL <PR75>

(from SIO0, UART)

‘—<]<— Selector
i

P7 read

SCKOIN <

<PR77>
¥y <PR70>

S B¢

A le

push-pull/
open drain
ODCR1 <POD75>
<PQOD77>
A S <POD70>
A P75/SO0
Selector I/ PT7ISCKO

P70/TXD

(to SI00)

<

Figure 3.56.12 Port 7 (P70, P75, P77)
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(3) P71/RXD, P72/CTS, P76/SI0

P71, P72 and P76 are also used as a reception data input (RXD) and a CTS input for the UART block and
a reception data input(SI0) for the SIO0 block.

In the output mode (P7CR<bit> = 1), the output latch data are read from the P7 register.

In the input mode (P7CR<bit> = 0), the pin data are read from P7 register.

Reset
R
Direction control
(on bit bases)
i)
P7CR write
. 7
) s N P76/SI10
3 Output latch | P71/RXD
s T P72/CTS
o P7 write
(4]
£
..qc_’. v
= S B
| Selector
<
P7 read A fe \QI‘
S10, RXD*
CTS
(to SI00, UART)
Figure 3.5.13 Port7 (P71, P72, P76)
Port 7 Register
7 ' 6 ' 5 ' 4 ' 3 ' 2 ' 1 1 g
P7 bit Symbol | P77 1 P76 1 P75 1 P74 1 P73 1 P72 1 P71 1 P70
(00OFH) Readrite RIW
After reset 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
Port 7 Control Register
7 ' 6 ' 5 ' 4 ' 3 ' 2 ' 4 ' 9
P7CR | pitsymbol | P77C « P76C « P75C « P74C 1 P73C 1 P72C 1 PTIC 1 P70C
(0011H)) Readmwrite w
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Function 0: Input mode 1: Qutput mode

Prohibit read-modify-write
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ODCR1
(0015H)

PRDSEI
(O00DH)

TMP93C071
Port 7 Function Register
7 ' ' 5 : 4 ' 3 o2 1 0
bit Symbol | P77F | | P75F 1 P74F 1 PI3F | ' P70F
Read/Write W ! W ' : LW
After reset 0 : : 0 ! 0 : 0 : : : 0
Function |0: PORT77, 10: PORT75,0: PORT74,0: PORT73, : 10: PORT70
1:SCKO 1 11:500  11:SCLO 11:SDAO 1 | 11: TXD
Prohibit read-modify-write
Open Drain Output Control Register 1
7 L5 1 4 1 3 1 2 1 1 1 o0
bit Symbol | POD77 | | POD75 |, POD74 |, POD73 | ' i POD70
Read/Write W | | W | : \ w
After reset 0 ' vy 0, 0, 0 \ 0
Function 0: E:ﬁ‘h' i E 0: Push-Pull E i EO: Push-
' , 1: Open-Drain X ' i Pull
" 821?:- E E E E 51: Open-
! ! ! ! ! Drain
Prohibit read-modify-write
. . Port Rlead Datla Selecti?n Regislter .
7 ! 5 ' 4 0 3 o2 v 1 v 0
bit Symbol | PR77 | . PR75 | PR74 . PR73 . | | PR70
Read/Write w ' ' W ' ' ' w
After reset 0 : : 0 : 0 : 0 : : : 0
Function [0: Pin i i 0: Pin value E E EO: Pin
Value | I 1: Output Value I I | value
1: Output i i E E E1: Output
Value | ' X X | Value

Prohibit read-modify-write

Figure 3.5.14 Registers for Port 7
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3.56 Port 8 (P80 to P87)

Port 8 is an 8-bit general-purpose 1/0O port. I/O can be set on bit basis using the control register PSCR. All
bits of the output latch P8 are set to "1" by reset, and all bits of PSCR are cleared to "0". Therefore, Port 8
becames the input mode port. Port 8 also shares functions as a capture input pin (CTLIN, DFGIN, RMTIN,
EXT, DPGIN, CFGIN, CSYNCIN) and a comparator signal input pin (COMPIN) for controlling an output of
Head Amp Switch/Color Rotary.

In the output mode (PSCR<bit> = 1), the output latch data are read from the P8 register.

In the input mode (P8CR<bit> = 0), the pin data are read from P8 register.

Reset
y
R
Direction control
(on bit bases)
P8CR write
¥
S
0 »  Qutput latch ;i >—<>—i P8O/CTLIN
3 P P81/DFGIN
% T P82/RMTIN
. P83/EXT
o P8 writ
E wrte P84/DPGIN
5 P85/CFGIN
= > . P86/CSYNC IN
S B P87/COMPIN
< {IL Selector
P8 read A le \/gll
CTLIN (to CAPIN)
DFGIN (to CAPIN) <
RMTIN (to CAPIN)
EXT (to CAPIN)
DPGIN (to CAPIN)
CFGIN (to CAPIN)
CSYNC IN (to CAPIN)
COMPIN (to HA/CR)
Figure 3.5.15 Port 8 (P80 to P87)
Port 8 Register
7 . 6 , 5 . 4 . 3 ., 2 , 1 , 0
P8 bit Symbol | P87 : P86 : P85 : P84 : P83 : P82 : P81 : P80
(0016H) Read/Write RW
After reset 1 ! 1 ! 1 ! 1 ! 1 ! 1 ! 1 ! 1
Port 8 Control Register
7 . 6 . 5 . 4 . 3 . 2 . 1 , 0
P8CR | bit symbol | P87C ' P86C ' P85C ' P84C ' P83C ' P82C ' P8IC ' P8OC
(O018H) | e admvrite W
Afterreset| 0 ' o0 ' 0 ' ©0 ' 0 ' 0 ' 0 ' 0
Function 0:Input mode 1:Output mode

Prohibit read-modify-write

Figure 3.5.16 Registers for Port 8
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3.5.7 Port 9 (P90 to P97)
Port 9 is an 8-bit general-purpoe I/0O port. I/0 can be set on bit basis using the control register P9CR.
In the output mode, switching of the push-pull-output mode and the open-drain-output mode can be done
on bit
basis by open drain output control register ODCR2.
Port 9 becames the input mode by reset.

(1) P9OO/TPG12, P91/TPGO1 to P94/TPG04, P95/TPG13

P90 and P95 are also used as output pins of TPG12 and TPG13 for the timing pulse generator 1 (TPG1)

block. P91 to P94 are also used as output pins of TPGO01 to TPGO04 for the timing pulse generator 0
(TPGO) block.Switching of the output port function and the TPG output function can be done by the function
register POFC.

In the output mode (POCR<bit> = 1), the output latch data are read from the P9 register.

In the input mode (PSCR<bit> = 0), the pin data are read from P9 register.
Reset

9

R
Direction control
(on bit bases)

POCR write
' 1
R
Function control
(on bit bases)

T . push-pull/
POFC write open drain

[ — Sl ODCR2 <PQOD90>
|
Output latch » A S <POD95>

M POO/TPG12
P91/TPGO1

Internal data bus

1 Selector
P9 write

B |
| > PO4/TPG04
TPGO1 to TPGO4 PO5/TPG13
TPG12, TPG13

(from TPGO/TPG1) ¥
S B

~

< L Selector
X |

P9 read A le

Figure 3.5.17 Port 9 (P90 to P95)

(2) P98/TPG10, P97/TPG11

P96 and P97 are also used as output pins of TPG10 and TPG11 for the timing pulse generator 1{TPG1)
block. Switching of the output port function and the TPG output function can be done by the function
register POFC.

In the output mode (P9CR<bit> = 1), the output latch data are read from the P9 register.

In the input mode (P9CR<bit> = 0), the pin data are read from P9 register.

In addition to output from P96, the TPG10 also controls 3-state-output of P97. When POCR<P97C> is set
to 0, P97 is an output mode at TPG10 = 1, and is a high-impedance (Hz) output mode at TPG10 = 0.
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Reset

R

Direction control
(on bit bases)

T

P9CR write
ﬂ—y

R

Function control

A

(on bit bases)

POFC write
—

S

Internal data bus

Qutput latch

)

P9 write

TPG10
(from TPG1)

™

A S

push-pull/
open drain
ODCR2 <POD9%6>

Selector

R
S B

Selector

) .
N

P9 read
Reset

R
Direction control

DPQB/TPG1O

A

(on bit bases)

T
PICR write
¢ Y

R
Function control
(on bit bases)

—— TPG10 (from TPG1)

POFC write
I —}

S
Output latch

Internal data bus

T

P9 write

TPG11
(from TPG1)

) .

=

A S

Y

Selector

R —
S B

Selector

N

P9 read

push-pull/
open drain
ODCR2 <POD97>

,_DP97/TPG11

A »i
Figure 3.5.18 Port 9 (P96, P97)

93C071-71


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071
Port 9 Register
PY 7 6 |, 5 . 4 , 3 1 2 1 1 5 0
T T T ; ; ; ;
(0017H)| DitSymbol | P97 ' P96 1 P95 1 P94 : P93 ' P92 1 P9l 1 P90
Read/Write R/W
After reset 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
Port 9 Control Register
7 , 6 , 5 | 4 1 3 ., 2 ., 1 ., o0
PICR | 1t symbol | P97C | PO96C | PO5C | P94C 1 P93C 1 P92C 1| P9IC 1 P9OC
(0019H) | Readmwvrite w
After reset 0 : 0 : 0 : 0 : 0 : 0 ; 0 : 0
Function 0: Input mode 1: Output mode
Prohibit read-modify-write
Port 9 Function Register
7 |, 6 , 5 . 4 )V 3 4 2 | 1 )
POFC | bit Symbol | P97F 1+ P@6F 1 P95F 1 P94F 1 P93F 1 P92F 1 POIF 1 POOF
(001AH)| Read/Write W
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Function |0: PORT97,0: PORT96,0: PORT95,0: PORT94 ,0: PORT93,0: PORT92,0: PORT91,0 :PORT90
1:TPG11 11: TPG10 11: TPG13 11: TPGO4 11: TPGO3 11: TPGO2 11: TPGO1 11: TPG12
Prohibit read-modify-write
Open Drain Output control Register 2
(001BH) bit Symbol | POD97 ' POD96 ! PODY5 ' POD94 ! PODY3 ' POD92 ! POD91 ' PODS0
Read/Write w
After reset 0 : 0 : 0 : 0 : 0 : 0 : 0 : 0
Function 0: Push-Pull 1: Open Drain

Prohibit read-modify-write

Figure 3.5.19 Registers for Port 9
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3.5.8 Port A (PAQ to PAS5)

Port A is an 6-bit general-purpoe I/O port. /0 can be set on bit basis using the control register PACR.

Port A also shares functions as a Pseudo-Vsync/Pseudo-Hsync output (PV-PH), Head Amp Switch/Color
Rotary output (HA (TPGO05), CR (TPGO00)) by TPGO block, a 14-bit PWM output (PWM2), an 8-bit PWM
output (PWM3) and write strobe output for external memory (WR, HWR). Port A becames the input mode
by reset.

(1) PAO/PV-PH

PAO is also used as a Pseudo-Vsync/Pseudo-Hsync output (PV-PH). Switching of the output port function
and the PV-PH output function can be done by the function register PAFC.

In the output mode (PACR<bit> = 1), the output latch data are read from the PA register.

In the input mode (PACR<bit> = 0), the pin data are read from PA register.

(from PV/PH)
PV/PH-2
Reset —|—> B

Selector

R
Direction control A S
(on bit bases) 1

PACR write
‘ l

; J
Function control
(on bit bases)
T
PAFC write
E—
S
Qutput latch A S

Internal data bus

1 Selector >
PA write

T
PV/PH-1

(from PV/PH)

I |PAO/PV—PH

\AL

—
S B

A

. .

Selector
} |

A

PA read A

Figure 3.5.20 Port A (PAO)
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(2) PA1/HA (TPGO5), PA2/CR (TPG0O0)

PA1 and PA2 are also used as Head Amp Switch output (HA (TPGO05)) and Color Rotary output
(CR (TPGO00)).

Switching of the output port function and the output of the HA (TPG05) and CR (TPGO00) can be done by
the function register PAFC.

In the output mode (PACR<bit> = 1), the output latch data are read from the PA register.

In the input mode (PACR<bit> = 0), the pin data are read from PA register.

Reset

R
Direction control
(on bit bases)

PACR write
‘ 1
R
Function control
(on bit bases)

PAFC write
S

S
Output latch A S

4
Selector IS, | |PA1/HA (TPGOS)
! > PA2/CR (TPGOO)

PA write

e
HA (TPGO5), CR (TPGO0O)

Internal data bus

N —
S B¢
< L Selector
kA
PA read A €

Figure 3.5.21 Port A (PA1, PA2)
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(3) PA3/PWM2, PA4/WR

PA3 and PA4 are also used as 14-bit PWM output (PWM2) and write strobe for lower byte of external
memory (WR ). Switching of the output port function and the output of the PWM and WR can be done by
the function register PAFC. In the output mode, switching of the push-pull-output mode and the open-drain-
output mode can be done on bit basis by open drain output control register ODCR3.

In the output mode (PACR<bit> = 1), the output latch data are read from the PA register.

In the input mode (PACR<bit> = 0), the pin data are read from PA register.

Reset

y

R
Direction control
(on bit bases)

PACR write
0—*

R
Function control

(7]
3 (on bit bases)
[
o PAFC write push-gull/
® open drain
5 s; ODCR3 <PODA3>
= Output latch A S <PODA4>
&
1 Selector S| Sem— L
PA write PA4/WR
B
PWM2, WR
—
s B
< L Selector
N
PA read A

Figure 3.5.22 Port A (PA3, PA4)

93C071-75


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

(4) PA5/PWM3/HWR

PA5 is also used as 8-bit PWM output (PWM3) or write strobe for higher byte of external memory (HWR).

Switching of the output port function and the PWM output can be done by the function register bit
PAFC<PA5F0>.

In addition, Switching of the HWR output and the output selected by PAFC<PA5F0> can be done by the
function register bit PAFC<PA5F 1>. In the output mode, switching of the push-pull-output mode and the
open-drain-output mode can be done on bit basis by open drain output control register bit ODCR3<PODA5>.

In the output mode (PACR<bit> = 1), the output data selected by PAFC is read from the PA register.

In the input mode (PACR<bit> = 0), the pin data is read from PA register.

Reset

R
Direction control
(on bit bases)

A4

PACR write
‘ 1
R PAFC<PAS5F0>
Function control
(on bit bases)

A

_ ush-pull/
PAFC write PAFC<PA5F 1> gpen grain

S‘ l ODCR3 <PODA5>
\ 4
Outputlatch 1 A S A S

& -
¥ Selector Selector h >—|:| PA5/PWM3/HWR

PA write

PWM3——| B J B

HWR — |

Internal data bus

A,

S B

A

.
N

PA read A

Selector

A

Figure 3.56.23 Port A (PA5)
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Port A Register
oA , 6 . 5 . 4 3 . 2 4 1 . 0
1 1 1 1 1 1 1
(001CHy_bit Symbol ' 1 PA5 1« PA4 1 PA3 1 PA2 1 PA1 1 PAO
Read/Write X X RW
1 1 1 1 1 1 1
After reset ! ! 1 ! 1 ! 1 ! 1 ! 1 ! 1
Port A Control Register
PACR V6 . 5 . 4 3 , 2 ., 1 , 0
1 1 1 1 1 1 1
(QO1EH) bit Symbol ' 1 PASC ' PA4C 1 PA3C ' PA2C ' PAIC ' PAOC
Read/Write X X W
[ [ [ [ [ [ [
After reset ! ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function : : 0: Input mode 1: OQutput mode
Prohibit read-modify-write
Open Drain Output Control Register 3
. 6 . 5 | 4 4§ 3 , 2 1 ., 0
ODCR3 T T T T T T T
bit Symbol ' ' ' PWMOD1 ' PWMODO ' PODA5 | PODA4 ' PODA3
(0021H) 1 1 1 1 1 1 1
' ' I (PWM1) | (PWMO) | (PortA5) | (PortAd) | (PortA3)
1 1 1 1
Read/Write 1 1 1 W 1 wW
After reset ' ' ' 0 ' 0 V0 . 0 ., o0
[] [] [] 1
Function ! ! :PWMO,1 Open drain :PonA Open drain output
' ' joutput control 1control
I I 10: Push-Pull 10: Push-Pull
1 1 1 1
' ' 11: Open Drain 11: Open drain
: : : :
Prohibit read-modify-write
Port A Function Register
L6 4 B . A4 . 3 2 1 Y
PAFC T T T T T T T
bit Symbol ' PAS5F1 ' PASFO ' PA4F ' PA3F ' PA2F ' PAIF ' PAOF
(006BH)| Readmvrite I w
T T T T T T T
After reset ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function 10: PORTAS5 10: PORTA5 10: PORTA4 10; PORTA3 10; PORTA2 10: PORTA1 10; PORTAO
CopwMs =L . - 1.
: (<PA5FO>):1.PWM3 ;. WR ':PWM2 '1:CR "1: HA "1: PV/PH
- AWR 1 I ' i (TPGOO) | (TPGO5) ,

Prohibit read-modify-write

Figure 3.5.24 Registers for Port A
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359 Port B(PBO to PB5)

Port B is an 6-bit general-purpoe /O port. /O can be set on bit basis using the control register PBCR.

Port B also shares functions as a low-frequency oscillator connecting pin (XT1, XT2), a
transmission/reception data input/output pin (S01/SI1) and a transfer clock input/output pin (SCK1) for the
synchronous SIO1 block, SDA bus line 1 (SDA1) and SCL bus line 1 (SCL1) for FCBUS block. Port B
becames the input mode by reset.

(1) PBO/XT1, PB1/XT2
PBO and PB1are also used as a low-frequency oscillator connecting pin (XT1, XT2). In the output mode,
these pin are an open drain output. In the output mode (PBCR<bit> = 1), the output latch data are read from
the PB register. In the input mode (PBCR<bit> = 0), the pin data is read from PB register.
Connecting with resonators for a low-frequency oscillator pin is necessary to set PBCR<PB0C, PB1C> to
"11" and PB<PBO, PB1> to 00.

Reset

R SYSCRO<XTEN>
Direction control

(on bit bases)

PBCR write

S open drain
Output latch P
utpu | I |PBO/XT1

)

PB write

S B

< }4— Selector
0
PB read Ale S Z
| S p

R [e]
Direction control
(on bit bases)

)

PBCR write
. 7

S open drain
Output latch 1 . D PB1/XT2
T I

PB write Slow Clock

Internal data bus

S B

(—Q‘*- Selector
1

PB read Ale

Figure 3.5.25 Port B (PBO, PB1)
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(2) PB2/SO1/SI1, PB3/SCK1

PB2 and PB3 are also used as an transmission/reception data input/output pin (SO1/SI1) and a transfer
clock input/output pin (SCK1) for the synchronous SIO1 block. Switching of the output port function and the
S101 function can be done by the function register PBFC. In the output mode, switching of the push-pull-
output mode and the open-drain-output mode can be done on bit basis by open drain output control register
bit ODCR4<PODB2, PODB3>.

By ODCR4<PRB2, PRB3>, the data read from PB register can be chosen one of which the output data
selected by PBFC or the pin data.

Reset

R
Direction control
(on bit bases)

PBCR write
Y~
R
Function control

£ (on bit bases)
e
g PBFC write push-pull/
> — open drain
£ s ODCR4 <PODB2>
3 PODB
2 Output latch A S <PODB3>
\,
Selector ;I\ >_| |PB2/SO1/SI1
Pl;rwrite PB3/SCK1
s
S01, SCK10UT ODCR4<PRB2>
(from SIO1) <PRB3>
S B¢
< l Selector
} |
PB read Al€ \Q‘
SCK1IN, SI1IN «
(to SI01)

Figure 3.5.26 Port B (PB2, PB3)
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(3) PB4/SDA1, PB5/SCL1

PB4 and PB5 are also used for a SDA bus line 1 (SDA1) and a SCL bus line 1 (SCL1) of the I2CBUS
block.

Switching of the general-purpose I/O port function and the I°CBUS function can be done by the function
register PBFC. In the output mode, switching of the push-pull-output mode and the open-drain-output mode
can be done on bit basis by open drain output control register bit ODCR4<PODB4,PODB5>. When these pin
are used for the IXCBUS function, firstly, set PBFC<PB4F> and <PB5F> to 1, secondly, set
ODCR4<PODB4> and <PODB5> to 1, finally, set PBCR<PB4C> and <PB5C> to 1.

By ODCR4<PRB4, PRB5>, the data read from PB register can be chosen one of which the output data
selected by PBFC or the pin data.

Reset

R
Direction control
(on bit bases)

PBCR write
1I—+
R
Function control
(on bit bases)

. push-pull/
PBFC write open drain
¥ ODCR4 <PODB4>

S <PODB5>
Qutput latch A S

A
¥ Selector N PB4/SDA1
PB write PBS/SCL1

Internal data bus

Y

B
SDA10OUT, SCL1OUT—|_C))DCR4<PRB4>
(from I’CBUS) <P¢RB5>

S B

A

Selector

)
PB read Al€ \Q‘

SDA1IN, SCL1IN <
(to 'CBUS)

Figure 3.5.27 Port B (PB4, PB5)
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Port B Register

7 6 | 5 | 4 . 3 . 2 1 1 0
PB bit Symbol i | PB5 | PB4 1 PB3 1 PB2 i PBI 1 PBO
(OO1DH)} 2o agmrite X X RIW ' RIW
After reset : : 1 : 1 : 1 : 1 : 1 : 1
I I ! (SYSCRO<XTEN> = 0)
Port 8 Control Register
7 1 6 1 5 1 4 1 3 1 2 1 {1 1 0
PBCR | pit symbol : ' PB5C | PBAC | PB3C | PB2C | PBIC | PBOC
OOFH)| Readmrite ; ; W : W
After reset \ . 0 , 0 , 0 , 0 , 0 , 0
Function : : 0: Input mode 1: Output mode
Prohibit read-modify-write
Port B Function Register
7 1 6 1 5 1 4 i 3 i 2 1 1 1 0
PBFC | bit Symbol ' \ PB5F |, PB4F , PB3F |, PB2F '
(0020H) | Read/write | : w ; ;
After reset ' ' 0 , 0 ' 0 ' 0 , ,
Function E Eo: PORTB5 Eo: PORTB4 Eo: PORTB3 Eo: PORTB2 E E
' 11:SCL1 11:SDA1  ;1:SCK1  |1: SO1/SI1 | ,
Prohibit read-modify-write
Open Drain Output Control Register 4
7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
ODCR4 | bit Symbol | PRBS i PRB4 | PRB3 i PRB2 1 PODBS | PODB4 1 PODB3 | PODB2
(0022H) (PortB5) ! (PortB4) ! (PortB3) ! (PortB2) ! (PortB5) ! (PortB4) ! (PortB3) ! (PortB2)
Read/Write W | W
After reset 0 | 0 | 0 | 0 i 0 i 0 i 0 i 0
Function |Port B Input data selection :Port B Open drain output control
0: Pin Value EO: Push-Pull
1: Output Value 11: Open Drain

Prohibit read-modify-write

Figure 3.5.28 Registers for Port B
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3.5.10 Port C (PCO to PC4)
Port C is an 5-bit general-purpoe I/O port. I/O can be set on bit basis using the control register PCCR. All

bits of the output latch PC are set to 1 by reset, and all bits of PCCR are cleared to 0. Therefore, Port ¢
becames the input mode port. Port C also shares functions as an analog input pin (AIN11 to AIN15) for A/D
converter.
In the output mode (PCCR<bit> = 1), the output latch data are read from the PC register.
In the input mode (PCCR<bit> = 0), the pin data are read from PC register.

PC
(0087H)

PCCR
(0088H)

Function

0: Input mode

1

: Output mode

Reset
R
Direction control
(on bit bases)
PCCR write
I
2] S >
E: Output latch 1
(]
5 T
o PC write
(0]
£
L N
= s B
< L Selector
T'
PC read Al«
A
to A/D Input
Figure 3.5.29 Port C (PCO to PC4)
Port C Register
7 ' 6 ' 5 ' 4 ' 3 ' 2 ' 1 ' 0
bit Symbol | | i\ PC4 1 PC3 1 PC2 1 PC1 1 PCO
Read/Write ' RIW
After reset : 1 : 1 : 1 : 1 : 1
Port C Control Register
7 ' 6 ' 5 ' 4 .3 ' 2 ' 1 ' 0
bit Symbol | I | PC4C 1 PC3C 1 PC2C 1 PCIC 1 PCOC
Read/Write ' w
After reset : 0 : 0 : 0 1 0 : 0

Prohibit read-modify-write

Figure 3.5.30 Registers for Port C

D PCO-PC4/

AIN11-AIN15
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3.6 Chip select / Wait Controller, AM8 / 16 pin

TMP93C071 has a built-in controller used to control chip select (CS0 to CS2), wait and data bus size (8
or 16 bits) for any of the three block address areas.
And AM8/ 16 pin selects external data bus width for TMP93C071.

3.6.1  AMS8 /16 pin

@ With fixed external 16-bit data bus and external 16-bit data bus or 8-bit data bus is selectable

Set this pin to “L".

The external data bus width is set by the chip select / wait control register which is described in section
3.6.3.

It is necessary to set the program memory to be accessed to 16-bit data bus after reset.

@ With fixed external 8-bit data bus

Set this pin to “H".

The values of bit 4: <BOBUS>, <B1BUS>, and <B2BUS>, in the chip select / wait control register described
in section 3.6.2 are invalid. The external 8-bit data bus is fixed.

3.6.2 Address/ Data bus pins

DO to 7, D8 to 15, Port 2/A20 to 23, A16 to 19, A8 to 15 and A0 to 7 function as address / data bus for
connecting the external memories and so on.

@ | @
Products TMP93C071F
Number of max24 (to 16 MB) max24 (to 16 MB)
address bus
pins
Number of 8 16
data bus
pins
Number of 8 16
multiplexed
pins
Mode| EA VIL
pins
AMS8/ VIH VIL
16
Timing chart| A23 to 0 A23 10 0
Cs \___/ | Cs
D7 to 0 D15to 0
RD ______/ RD
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3.6.3 Chip select / Wait Control Registers
Figure 3.6.1 shows control registers.
One block address areas are controlled by 1-byte Chip select / WAIT control registers (BOCS, B1CS,
B2CS).

(1) Selection bit for CS output

The control register bit 6: <CSOEN>, <CS1EN> and <CS2EN> are used for the chip select output (CSO to
CS2) from port terminals. When these bits are setto 1, the CSO to CS2 are output. When these bits are
set to 0, functions of the P60 / PWM4, P61 / PWM5 and P62 / PWM6 are selected. When these terminals are
used as CSO to CS2, the port function must be set to the output mode. These port terminals become the
input port mode after reset. Therefore, the external pull-up or pull-down resister is necessary for initialization
corresponding to usage.

(2) Data bus size select

Bit 4 (<BOBUS>, <B1BUS>, <B2BUS>) of the control register is used to specify data bus size. Setting this
bit to 0 accesses the memory in 16-bit data bus mode; setting it to 1 accesses the memory in 8-bit data bus
mode.

Changing data bus size depending on the access address is called dynamic bus sizing. Table 3.6.1) shows
the details of the bus operation.

This bit is changed by the state of AM8 /16 pin.

(3) Wait control

Control register bits 3 and 2 (<BOW1, 0>, <B1W1, 0>, <B2W1, 0>) are used to specify the number of waits.
These bits execute the following operation by setting.

“11" A 2-state wait is inserted.

“01" A 1-state wait is inserted.

“10" A 1-state wait is inserted.

“00" The bus cycle is completed without a wait (0 WAIT).

These bits are cleared to “00” (0 WAIT mode) by reset.
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(4) Address area specification

Control register bits 1 and 0 (<BOC1, 0>, <B1C1, 0>, <B2C1, 0>) are used to specify the target address
area. Setting these bits to 00 enables settings as follows:

* BOCS setting enabled when 2090H to 3FFFFFH is accessed.
¢ B1CS setting enabled when 2090H to 3FFFFFH is accessed.
¢ B2CS setting enabled when 2090H to 3FFFFFH is accessed.

Setting bits to 01 enables setting for each block when 400000H to 7FFFFFH is accessed. Setting bits to
10 enables them 800000H to BFFFFFH is accessed. Setting bits to 11 enables them when CO0000H to
FFFFFFH is accessed.

When the CSWAIT controller (CS0 to CS2) is used, do not set the same area with other CSs.
The channel of a smaller number must be set another area than the selected CS regardless of
enable/disable (whichever B*CS<CS*EN> is 1 or 0).
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BOCS
(0068H)

BICS
(0069H)

B2CS
(0070H)

Chip select/Wait Control Register 0

7 1 6 4+ 5 1 4 a1 3 1 2 1 1 1 0
bit Symbol ' CSOEN ' ' BOBUS ' BOW1 ' BOWO ' BOC1 ' BOCO
Read/Write : W : : W : W | w
After reset : 0 : : 0 : 0 : 0
Function EO: Port60 E EBUS width EWait control Eoo: 2090H to 3FFFFFH
v PWMA 'control  '00: 0 WAIT '01: 400000H to 7FFFFF
i (;iz(;)i EO:16-bit EO1:1WAIT 510: 800000H to BFFFFF
! : ' Bus 10: 1 WAIT 111: CO0000H to FFFFFF
1:CcS0 1:8-bit  V11:2WAIT |
. ' ' ' |
1 ' 1 Bus ' 1
Prohibit read-modify-write
Chip select/Wait Control Register 1
7 : 6 : 5 : 4 : 3 : 2 : 1 Lo
bit Symbol | CSIEN 1 . BIBUS + BIW1 1 BIWO 1 BIC1 1 BICO
Read/Write ' W : : W wW ' w
After reset : 0 : : 0 : 0 : 0
Function 10: Porté1 | 1BUS width ;Wait control 100: 2090H to 3FFFFFH
i g‘é"F'\("f E Econtrol EOO:OWAIT iO1:4000OOHto7FFFFF
i <P61F>)E 50:16-bit EO1:1WAIT 510: 800000H to BFFFFF
| : i Bus 110: 1 WAIT 111: CO0000H to FFFFFF
51:031 E E1:8-bit E11:2WAIT E
i : i\ Bus | i
Prohibit read-modify-write
Chip select/Wait Control Register 2
7 1 6 1 65 4 4 4 3 4 2 1 1 1 0
bit Symbol i CS2EN y B2BUS | B2W1 , B2WO , B2C1 |, B2CO
Read/Write : W : : W : W : W
After reset ' 0 : : 0 : 0 ' 0
Function 501 Port62 E EBUS width EWait control EOO: 2090H to 3FFFFFH
v /PWME 'control  '00: 0 WAIT '01: 400000H to 7FFFFF
E iiiii)i EO:16-bit EO1:1WAIT 510: 800000H to BFFFFF
! ! ' Bus '10: 1 WAIT '11: CO0000H to FFFFFF
51:032 E E1:8-bit E11:2WAIT E
! ! ! Bus ! !
Prohibit read-modify-write
Figure 3.6.1 Chip select\Wait Control Registers
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Table 3.6.1 Dynamic bus sizing
Operand data | Operand start | Memory data | CPU address CPU data
size address size

D15to D8 D7 to DO

8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number)

16 bits 2n+0 XXXXX b7 to b0

2n+1 8 bits 2n+1 XXXXX b7 to b0
(odd number)

16 bits 2n + 1 b7 to b0 XXXXX

16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0

(even number) 2n+1 XXXXX b15 to b8

16 bits 2n+0 b15 to b8 b7 to b0

2n+1 8 bits 2n+1 XXXXX b7 to b0

(odd number) 2n+2 XXXXX b15 to b8

16 bits 2n +1 b7 to b0 XXXXX

2n+2 XXXXX b15 to b8

32 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0

(even number) 2n+1 XXXXX b15 to b8

2n+2 XXXXX b23 to b16

2n+3 XXXXX b31 to b24

16 bits 2n+0 b15 to b8 b7 to b0

2n+2 b31 to b24 b23 to b16

2n+1 8 bits 2n +1 XXXXX b7 to b0

(odd number) 2n+2 XXXXX b15 to b8

2n+3 XXXXX b23 to b16

2n+4 XXXXX b31 to b24

16 bits 2n +1 b7 to b0 XXXXX

2n+2 b23 to b16 b15 to b8

2n+4 XXXXX b31 to b24

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

An image of the actual Chip select / Wait control is shown below. The address area can be specified only
one of the whole external memory area divided into four parts.

000000H
2090H |
400000H — g . 0> - 00
g00000H | —<B2C1, 0> = 0f
co0000H |—~B2C1, 0> =10
<B2C1, 0> = 11
FFFFFFH

Note 1: Access priority is highest for built-in I/O, then built-in memory, and lowest for the chip select / wait
controller.

Note 2: External areas other than BOCS to B2CS are accessed in 0 wait mode. When the AM8/16 pin is
set to “L", the data bus width is fixed to 16-bit. When the AM8/16 pin is set to “H", it is fixed to 8-bit.
When using the chip select/wait controller, do not specify the same address area more than once.
(The bit 4 to 2 of the BOCS to B2CS must be the same setting respectively when the same address
area is specified.)
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3.7 Timer Counter
3.7.1  8-bit Timer Counter 0 (TCO)
TCO is an 8-bit timer counter. The TCO is counted by a source clock selected by the Timer
Counter Control Register10 (TCCR10). The TCO is composed of an 8-bit Up-counter, Timer register
(TREGDO), and 8-bit Comparator.

(1) Block diagram

Internal Data Bus

TREGO-RD
TRUN<TORUN> ¥ Reset
PCTLA (from Capture Logic)—] RD
Selector 8-bit Counter R TCCR1O<TOCL3,_L
TBCB (6.4 usi—> TCCR10<CLBCO>
TBC10 (102.4 psy—
Tt <L
TCCR10<TOCLK1, 0>
match
8-bit Comparator INTTO
Overflow Time 20 MHz TRUN<TORUN>
TBC6: 1.6 ms
TBC10:26.2 ms 8-bit Timer Registers [«— TREGO-WR

L

Internal Data Bus
Figure 3.7.1 composition of the timer counter 0

® Up-counter

The Up-counter is an 8-bit binary counter. The Up-counter counts the input clock specified with <TOCLK1,
0> of the Timer Counter Control Register 10 (TCCR10). The input clock of the TCO can be selected from
TBC6 (27/fc), TBC10 (2''/fc) of the Time Base Counter (TBC), TIO (P57) of an external input and PCTLA from
the Capture Input controller (CAPIN). The Up-counter can be controlled the start and stop of counting by the
Timer start control register (TRUN).

The value of the Up-counter is cleared by reset and the timer counter stops at the same
time. TCCR10<CLBCO> can set the clear enable/disable of the Up-counter by the match output of the
comparator. When TCCR10<TOCL> is set to "1", the Up-counter is compulsorily cleared.

@ Timer register (TREGO)

The Timer Register (TREGO) is an 8-bit register for setting the interval time.

When a value of the timer register matches to the value of Up-counter, the match signal is output from the
comparator. If the value of the timer register is set to "O0H", the match signal is output at the time of the up-
counter overflow. When a new value is set to the timer register, the new value is forwarded to the comparator
at once. Reading the timer register can read the value of the 8-bit up-counter in real time. (The value of the
interval time is not read.)

Because the timer register is not initialized by the reset operation (The value of the timer register becomes
an unknown value), attention is necessary.
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® Comparator

The 8-bit comparator compares a value of the up-counter and a value of the timer register.

When the value of the timer register matches to the value of the Up-counter, the interrupt request (INTTO)
is occurred. TCCR10<CLBCO> can set the clear enable/disable of the up-counter by the match output of the
comparator.

(2) Control Register

Timer start control register

7 1 6 5 i 4 i 3 4 2 4 1 0
TRUN bit Symbol ' ! TSRUN | T4RUN | T3RUN | T2RUN ;| T1RUN | TORUN
Read/Write ! ! RW
(0027H) [ After reset 1 1 0 1 0 1 0 1 0 1 0 1 0
Function X X 0: Stop 1: Start
Timer Counter Control register10
7 ! 6 ! 5 ! 4 3 ! 2 ! 1 ! 0
TCCR10 | bit Symbol | CLBC1 « T1CL .+ T1CLK1 v+ T1CLKO | CLBCO + TOCL 1 TOCLK1 1+ TOCLKO
(00zsH) |ReadWrite | RW P RW RIW ., RW , RW | RIW
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function [TC1 1'TC1 timer/ 1TC1 source clock 1TCO 1'TCO timer/ 1TCO source clock
timer/  ,counter  |selection timer/  jcounter  |selection
counter clear ' icounter iclear !
match | ,00: TH ymatch 100: PCTLA
clear 10:— :01: TBC2 :clear 10— ! (from CAPIN)
enable 1: Clear ,10: TBC4 enable  1: Clear 01: TIO
1(One-shot) :11:TBCG ! 1(One-shot) :10: TBC6
0: Disable, ' 10: Disable, 11: TBC10
1: Enable ! ! '1: Enable ! !
Timer Register 0
7 1 6 1 5 1 4 l 3 l 2 l 1 ] 0
TREGO | bit Symbol [ TC/TRO7 | TC/TR06 | TC/TRO5 | TC/TRO4 ; TC/TRO3 ; TC/TR02 ; TC/TRO1 ; TC/TROO
Read/Write R/IW
(0029H) After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function W: Wrriting TREGO register R: Reading TCO counter

Figure 3.7.2 Registers for TCO
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(3) Operation explanation

® Generating interrupts at a constant cycle.

First of all, TCO is stopped. The input clock and the cycle are set to TCCR10 and TREGO
respectively. Next, the TCO interrupt(INTTO) is enabled. The TCO is counted at the end.

Example: When the TCO interrupt of each 32 us is generated with fc = 20 MHz, Set each register in the
following order.

MSB LSB
TRUN  ——————— 0 The count of the TCO is stopped.
TCCR10 —----1*10 The source clock is set to TBC6 (6.4 us).
TREGO 00000101 32 us + 6.4 us = 05 H is set to the timer register.
INT4TO Onnn—-—--—-— INTTO interrupt is enabled with Level "nnn".
TRUN  ——————— 1 The count of the TCO is started.
(Note) *:.don'tcare —: no change

Table 3.7.1 Interrupt Interval for the TCO

Interrupt Interval (fc = 20 MHz) Resolution Input Clock
6.4us to 1.638ms 6.4 us TBC6 (27/fc)
102.4us to 26.214ms 102.4 us TBC10 (2"/c)

@ Using the TCO as an event counter

It is a mode to which the count up is done with rising edge of TI0 (P57)input. The INTTO interrupt request is
occurred when the value of the counter matches to the value of the TREGO.

The maximum input frequency is fc/2* [Hz] (1.25 MHz at fc = 20 MHz). The minimum input pulse width is
2%ffc [s] (400 ns at fc = 20 MHz) at both H levels and L levels.

® Using the TCO for counting of the Play-Back-Control signal (CTL)

It is a mode to which the count up is done with rising edge of the PCTLA. The PCTLA is the CTL signal
switched polarity with the capture input controller, and the CTL signal is input ted from CTLIN (P80) pin. The
INTTO interrupt request is occurred when the value of the counter matches to the value of the TREGO. The
maximum input frequency is fc/2* [Hz] (1.25 MHz at fc = 20 MHz).

The minimum input pulse width is 2%fc [s] (400 ns at fc = 20 MHz) at both H levels and L levels.

3.7.2 16-bit Timer counter 1, 2, 3, 4, 5 (TC1, TC2, TC3, TC4, TC5)

The TC1 to TC5 are the 16-bit timer counter which count with the source clock selected by the Timer
counter control register (TCCR10, TCCR32, TCCR54). The TC1 to TC5 are composed of the 16-bit up-
counter, the timer register (TREG1L/TREG1H, TREG2L/TREG2H, TREG3L/TREG3H, TREG4L/TREG4H,
TREGS5L/TREG5H), and the 16-bit comparator. The basic composition of these timer counter are all the
same except for the input clock source, and the basic operation are similar to the TCO operation with 16-bit.
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(1) Block diagram

INT2_7\_ 1

Internal Data Bus

TRUN<T1RUN>

TRE¢G1 H+RD, TREG1L-RD

Reset

-

TBC2(0.4 us)—>!

TBC4 (1.6 us)—>| Selector

TBC6 (6.4 usy—>

RD

16-bit Counter

R

T

TCCR10<T1CLK1, 0>

Overflow Time 20 MHz
TBC2: 26.2 ms

TBC4: 104.8 ms
TBC6: 419 ms

&

16-bit Comparator

match

il

16-bit Timer Register ¢

AT

Internal Data Bus

Figure 3.7.3 Composition of the Timer Counter 1

Internal Data Bus

INT3J_ 1

TRUN<T2RUN>

TI2
TBC2 (0.4 usy—>
TBC4 (1.6 us)—>|

TBC6 (6.4 us)—>»
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UK

TCCR32<T2CLK1, 0>

Overflow Time 20 MHz
TBC2: 26.2 ms

TBC4: 104.8 ms
TBC6: 419 ms

il
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REG2H-RD, TREG2L-RD

16-bit Counter

&

16-bit Comparator

il
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TRUN<T1RUN>

[€<— TREG1H-WR, TREG1L-WR

Tcer10<TiCL> I L
TCCR10<CLBC1>

¥ Reset
RD
R TCCR32<T2cL> [ L
TCCR32<CLBC2>
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INTT2
TRUN<T2RUN>
«— TREG2H-WR, TREG2L-WR

AT

Internal Data Bus

Figure 3.7.4 Composition of the Timer Counter 2
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_ Internal Data Bus
mmatf X TREG3H+RD, TREG3L+-RD
TRUN<T3RUN> v Reset
TI3 RD
TBC2 (0.4 us)y—> 16-bit Counter R TCCR32<T3CL>_[ L
TBC4 (1.6 us)—>] Selector TCCR32<CLBC3>
TBCS (6.4 us)—>}
+ 1
TCCR32<T3CLK1, 0>
match
16-bit Comparator INTT3
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TBC2: 26.2 ms
TBC4: 104.8 ms 16-bit Timer Register  [«— TREG3H-WR, TREG3L-WR
TBCS6: 419 ms
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Figure 3.7.5 Composition of the Timer Counter 3
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TI4
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TCCR54<T4CLK1, 0>

Overflow Time 20 MHz
TBC4: 104.8 ms
TBC6: 419 ms

Internal Data Bus
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16-bit Counter R

|
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TCCR54<T4cL>_| L
TCCR54<CLBC4>
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INTT4

il

TRUN<T4RUN>
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[€— TREG4H-WR, TREG4L+WR

T

Internal Data Bus

Figure 3.7.6

Composition of the Timer Counter 4
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Internal Data Bus

TREG5H-RD, TREG5L+RD
TRUN<T5RUN> ¥ Reset

T|5u—@>—> RD
CSYNCA(from V-sepa.)}—>, 16-bit Counter R TCCR54<T5CL>_[ L
TBC4 (1.6 us)—»{ Selector

TBCH (6.4 us)—>| TCCR54<CLBC5>
Pt
TCCR54<T5CLK1, 0> match
16-bit Comparator INTTS
Overflow Time 20 MHz ﬁ r TRUN<T5RUN>
TBC4: 104.8 ms
TBC6: 419 ms 16-bit Timer Register 2 [«— TREG5H-WR, TREG5L-WR

AT

Interal Data Bus

Figure 3.7.7 Composition of the Timer Counter 5

(2) Timer Counter 1(TC1)

TC1 is the 16-bit timer counter. The TC1 is counted by the source clock selected by <T1CLK1,0> of the
Timer counter control register10(TCCR10). The input clock of the TC1 can be selected from TBC2 (2%/fc),
TBC4 (2%fc), TBC6 (27/fc) of the Time Base Counter (TBC), TI1 (P52) of an external input. The up-counter
can be controlled the start and stop of counting by the Timer start control register (TRUN). The value of the
up-counter is cleared by reset and the timer counter stops at the same time. TCCR10<CLBC1> can set the
clear enable/disable of the Up-counter by the match output of the comparator. When TCCR10<T1CL> is set
to "1", the Up-counter is compulsorily cleared. The timer register are the 8-bit*2byte registers (TREG1L,
TREG1H) for setting the value of the interval time. Set the value in order of TREG1L - TREG1H.When the
value of the timer register matches to the value of the Up-counter, the match signal is output from the
comparator, and the interrupt request (INTT1) is occurred. If the value of the timer register is set to 0000H,
the match signal is output at the time of the up-counter overflow. When a new value is set to the timer
register, the new value is forwarded to the comparator at once. Reading the timer register in order of
TREG1L - TREG1H can read the value of the 16-bit up-counter in real time. (The value of the interval time
is not read.)

Because the timer register is not initialized by the reset operation (The value of the timer register becomes
an unknown value), attention is necessary.

Timer Start Control Register

7 . 6 . 5 . 4 ., 3 | 2 1 0
TRUN | 2 Symbol ! " T5RUN ' T4RUN ' T3RUN ' T2RUN | TIRUN | TORUN
Read/Write ! ! R/W
(0027H) | After reset ) 0 . 0 . 0 .« 0 .« 0 . 0
Function : : 0: Stop 1: Start
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Timer Counter Control Register 10

7 6 T 5 1 4 3 2 T 1 10
bit Symbol | CLBC1 |  TICL | T1CLK1 ; TICLKO | CLBCO | TOCL | TOCLK1 | TOCLKO
TCCR10| Read/Write | RW ' RW ! R/W ' RW ' RW ! RIW
(0028H) After reset 0 [ 0 1 0 1 0 1 0 | 0
Function |TC1 \TC1 timer/ ,TC1 source clock ,TCO JTCO timer/ ,TCO source clock
timer/ :counter :selection :timer/ :counter :selection
counter clear \ counter clear \
match : :00: TH :match : :00: PCTLA
clear 100 — 101: TBC2 iclear 10— 1 (from CAPIN)
enable :1: Clear :10: TBC4 :enable :1: Clear :01: TIO
1(One-shot) 111: TBCG 1 1(One-shot) 110: TBC6
0: Disable! ' '0: Disable! '11: TBC10
1: Enable ' 11: Enable )

Timer Register 1L

7 ' 6 ' 5 4 v 3 1 2 v 1 1 0
TREG1L [ bit Symbol | TC/TR17 1 TC/TR16 1 TC/TR15: TC/TR14, TC/TR13, TC/TR12, TC/TR11, TC/TR10
Read/Write R/W
(002AH) After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function W: Writing TREGI1L register R: Reading TC1L counter
Timer Register 1H
7 + 6 1 5 1 4 v 3 1 2 1+ 1 1 0
TREG1H |_bit Symbol [TC/TR1F \ TC/TR1E  TC/TRID. TC/TR1C TC/TR1B  TC/TR1A TC/TR19 , TC/TR18
Read/Write R/W
(002BH) [“After reset 0 ' 0 ' 0 T 0 T o0 T o0 T 0 T o
Function W: Writing TREG1H register R: Reading TC1H counter

Note: Setting and reading in order of TREG1L->TREG1H are necessary.
Figure 3.7.8 Registers for TC1

(3) Timer Counter 2 (TC2)

TC2 is the 16-bit timer counter. The TC2 is counted by the source clock selected by <T2CLK1,0> of the
Timer counter control register32(TCCR32).The input clock of the TC2 can be selected from TBC2 (2%/c),
TBC4 (2%/fc), TBC6 (27/f¢) of the Time Base Counter (TBC), TI2 (P51) of an external input. The up-counter
can be controlled the start and stop of counting by the Timer start control register (TRUN). The value of the
up-counter is cleared by reset and the timer counter stops at the same time. TCCR10<CLBC2> can set the
clear enable/disable of the Up-counter by the match output of the comparator. When TCCR32<T2CL> is set
to 1, the Up-counter is compulsorily cleared. The timer register are the 8-bit*2 byte registers (TREG2L,
TREG2H) for setting the value of the interval time. Set the value in order of TREG2L &> TREG2H. When the
value of the timer register matches to the value of the Up-counter, the match signal is output from the
comparator, and the interrupt request (INTT2) is occurred. If the value of the timer register is set to 0000H,
the match signal is output at the time of the up-counter overflow. When a new value is set to the timer
register, the new value is forwarded to the comparator at once. Reading the timer register in order of
TREG2L - TREG2H can read the value of the 16-bit up-counter in real time. (The value of the interval time
is not read.)

Because the timer register is not initialized by the reset operation (The value of the timer register becomes
an unknown value), attention is necessary.
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Timer start control Register

7 1 6 1 5 1 4 ) 3 2 1 | 0
TRUN | bit Symbol : ; TSRUN | TARUN | T3RUN | T2RUN | TIRUN | TORUN
Read/Write ! ! RW
(0027H) After reset ! ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function : : 0: Stop 1: Start
Timer Counter Control Register 32
7 | 6 1 5 1 4 3 1 2 1 1 1 0
TCCRaz [Pt Symbol | CLBC3 . T3CL |, T3CLK1; T3CLKO | CLBC2 ; T2CL , T2CLK1 , T2CLKO
Read/Write | RW ' RwW ! RW RW ! RW ! RW
(002CH) | After reset 0 1 0 1 0 1 0 1 0 1 0
Function |[TC3 \TC3 timer/ TC3 source clock ,TC2 \TC2 timer/ ,TC2 source clock
timer/ :counter :selection :timer/ icounter :selection
counter (clear 1 wcounter clear 1
match ' 100: TI3 ymatch , ,00: TI2
clear 10— 101: TBC2 iClear 10— 101: TBC2
enable |1:Clear  |10: TBC4 jenable  [1: Clear  |10: TBC4
1(One-shot) 111: TBC6 1 1(One-shot) 111: TBC6
0: Disable, , 10: Disable, X
1: Enable ' 11: Enable l
Timer Register 2L
7 L 6 f 5 ' 4 ' 3 ! 2 I 1 ! 0
TREG2L| bit Symbol | TC/TR27 1 TC/TR26 1 TC/TR251 TC/TR24 1 TC/TR231 TC/TR22 1+ TC/TR21 1 TC/TR20
(002EH) Read/Write R/W
After reset o ! o !' o ' o ' o ' o " o ! 0
Function W: Writing TREG2L register R: Reading TC2L counter
Timer Register 2H
7 ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
TREGZH ["pit Symbol | TC/TR2F 1 TC/TR2E 1 TG/TR2D 1 TC/TR2C 1 TC/TR2B 1 TC/TR2A 1 TC/TR29 ' TC/TR28
(002FH) | Read/Write RIW
After reset o ! o ' o ' o ' o ' o 'Y o ' 90
Function W: Writing TREG2H register R: Reading TC2H counter

Note: Setting and reading in order of TREG2L—>TREG2H are necessary.

Figure 3.7.9 Registers for TC2
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(4) Timer Counter 3 (TC3)

TC3 is the 16-bit timer counter. The TC3 is counted by the source clock selected by <T3CLK1, 0> of the
Timer counter be register32 (TCCR32). The input clock of the TC3 can be selected from TBC2 (2°/fc), TBC4
(2%/c), TBC6 (27/fc) of the Time Base Counter (TBC), TI3 (P50) of an external input. The up-counter can be
controlled the start and stop of counting by the Timer start control register (TRUN).The value of the up-
counter is cleared by reset and the timer counter stops at the same time. TCCR32<CLBC3> can set the clear
enable/disable of the Up-counter by the match output of the comparator. When TCCR32<T3CL> is set to 1,
the Up-counter is compulsorily cleared. The timer register are the 8-bit*2byte registers (TREG3L, TREG3H)
for setting the value of the interval time. Set the value in order of TREG3L - TREG3H. When the value of
the timer register matches to the value of the Up-counter, the match signal is output from the comparator,
and the interrupt request (INTT3) is occurred. If the value of the timer register is set to 0000H, the match
signal is output at the time of the up-counter overflow. When a new value is set to the timer register, the new
value is forwarded to the comparator at once. Reading the timer register in order of TREG3L - TREG3H
can read the value of the 16-bit up-counter in real time. (The value of the interval time is not read.)

Because the timer register is not initialized by the reset operation (The value of the timer register becomes
an unknown value), attention is necessary.

Timer Start Control Register

7 . 6 . 5 . 4 3 2 1 1 . o
TRUN bit Symbol ! ! TSRUN ! T4RUN | T3RUN | T2RUN ! T1RUN ' TORUN
(0027H) Read/Write ' ' i i R/W i i
After reset | | 0 | 0 | 0 1 0 1 0 1 0
function ! ! 0: Stop 1: Start
Timer Counter Control Register 32
7 6 . 5, 4 3, 2 L1 0
TCCR32 | bit Symbol | CLBC3 ' T3CL ' T3CLK1 ' T3CLKO ] CLBC2 ' T2CL ' T2CLK{1 ' T2CLKO
(002CH) Read/Write R/W 1 R/W : R/W : R/W : R/W ! R/IW
After reset 0 . 0 . 0 | 0 | 0 ) 0
Function [TC3 I TC3 timer/ | TC3 source clock | TC2 "TC2 timer/ | TC2 source clock
timer/ icounter 1selection itimer/ counter 1selection
counter clear , icounter |clear X
match 1 100: TI3 imatch ' 100: T2
clear 10:— 101: TBC2 Iclear 10— 101: TBC2
enable 11: Clear 110: TBC4 ienable  11: Clear 110: TBC4
1(One-shot) ;11: TBCB : 1(One-shoty ,11: TBC6
0: Disable! ' 10: Disable! !
1: Enable | : 1: Enable | '
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Timer Register 3L
7 | 6 | 5 | 4 ' 3 I 2 I 1 I 0
TREGSL [ bit Symbol | TC/TR37 , TC/TR36 ; TC/TR35, TC/TR34, TC/TR33 , TC/TR32 , TC/TR31, TC/TR30
(0030H) Read/Write R/W
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function W: Writing TREGS3L register R: Reading TC3L counter
Timer Register 3H
7 | 6 | 5 | 4 1 3 1 2 1 1 1 0
TREG3H|[ it Symbol | TC/TR3F | TC/TR3E , TC/TR3D, TC/TR3C, TC/TR3B, TC/TR3A | TC/TR39 | TC/TR38
(0031H) | Read/Write R/W
After reset 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
Function W: Writing TREG3H register R: Reading TC3H counter

Note: Setting and reading in order of TREG3L - TREG3H are necessary.
Figure 3.7.10 Registers for TC3

(5) Timer Counter 4 (TC4)

TC4 is the 16-bit timer counter. The TC4 is counted by the source clock selected by <T4CLK1, 0> of the
Timer counter control register54(TCCR54).The input clock of the TC4 can be selected from TBC4 (2°/fc),
TBC6 (27/fc) of the Time Base Counter (TBC), Tl4 (P56) of an external input, CFGTM from the capture input
controller (CAPIN). The up-counter can be controlled the start and stop of counting by the Timer start control
register (TRUN). The value of the up-counter is cleared by reset and the timer counter stops at the same
time. TCCR54<CLBC4> can set the clear enable/disable of the Up-counter by the match output of the
comparator. When TCCR54<T4CL> is set to 1, the Up-counter is compulsorily cleared. The timer register are
the 8-bit*2 byte registers (TREG4L, TREG4H) for setting the value of the interval time. Set the value in order
of TREG4L > TREG4H. When the value of the timer register matches to the value of the Up-counter, the
match signal is output from the comparator, and the interrupt request (INTT4) is occurred. If the value of the
timer register is set to 0000H, the match signal is output at the time of the up-counter overflow. When a new
value is set to the timer register, the new value is forwarded to the comparator at once. Reading the timer
register in order of TREG4L - TREG4H can read the value of the 16-bit up-counter in real time. (The value
of the interval time is not read.) Because the timer register is not initialized by the reset operation (The value
of the timer register becomes an unknown value), attention is necessary.

Timer Start Control Register

7 ! 6 ! 5 4 3 ' 2 ' 1 ' 0
TRUN bit Symbol ] '+ TSRUN | T4RUN | T3RUN ' T2RUN + T1IRUN 1 TORUN
(0027H) | Read/Write i i R/W
After reset ' 0 , 0 | 0 , 0 ! 0 | o0
Function ! ! 0: Stop 1. Start
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Timer Counter Control Register 54

7 1 6 ' 5 ' 4 3 ' 2 | 1 | 0
TCCR54( bit Symbol | CLBC5 |  T5CL |, T5CLK1 ,; T5CLKO | CLBC4 ; T4CL | T4CLK1 ; TACLKO
(002DH) Read/Write RW ! RW ! R/W ' RW ! RW ! R/W
After reset 0 ! 0 ' 0 ' 0 ' 0 ! 0
Function |TC5 \TC5 timer/ ,TC5 source clock ,TC4 \TC4 timer/ ,TC4 source clock
timer/ :counter :selection :timer/ :counter :selection
counter (clear ' wcounter clear 1
match ! 100: TI5 ‘match | 100: Tl4
clear 10 — 101: CSYNCA iClear 10 — 101: CFGTM
enable |1:Clear | (fromV-sepa) |enable !1:Clear | (from CAPIN)
1(One-shot) 110: TBC4 ' 1(One-shot) 110: TBC4
0: Disable, 111: TBC6 10: Disable, 111: TBC6
1: Enable 1 1 11: Enable 1
Timer Register 4L
7 ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
TREGAL [ bit Symbol | TC/TR47 | TC/TR46 1 TC/TR45 1 TC/TR44 1 TC/TR43 | TC/TR42 1 TC/TR41 1 TC/TR40
(0033H) Read/Write R/W
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function W: Writing TREGA4L register R: Reading TC4L counter
Timer Register 4H
7 ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
TREG4H | bit Symbol | TC/TR4F 1 TC/TR4E 1 TC/TR4D 1 TC/TR4C 1 TC/TR4B 1 TC/TR4A 1 TC/TR49 1 TC/TR48
Read/Write R/W
(O033H) Fafterreset | 0 ' o0 ' o0 ' ©0 ' 0 ' 0 ' 0 ' 0
Function W: Writing TREG4H register R: Reading TC4H counter

Note: Setting and reading in order of TREG4L - TREG4H are necessary.
Figure 3.7.11 Registers for TC4

(6) Timer Counter 5 (TC5)

TC5 is the 16-bit timer counter. The TC5 is counted by the source clock selected by <T5CLK1, 0> of the
Timer counter control register54 (TCCR54). The input clock of the TC5 can be selected from TBC4 (2°/fc),
TBC6 (27/fc) of the Time Base Counter (TBC), TI5 (P55) of an external input, CSYNCA from the composit-
sync-separation (CSYNC). The up-counter can be controlled the start and stop of counting by the Timer start
control register (TRUN). The value of the up-counter is cleared by reset and the timer counter stops at the
same time. TCCR54<CLBC5> can set the clear enable/disable of the Up-counter by the match output of the
comparator. When TCCR54<T5CL> is set to 1, the Up-counter is compulsorily cleared. The timer register are
the 8-bit*2 byte registers (TREGS5L, TREGS5H) for setting the value of the interval time. Set the value in order
of TREG5L - TREG5H. When the value of the timer register matches to the value of the Up-counter, the
match signal is output from the comparator, and the interrupt request (INTT5) is occurred. If the value of the
timer register is set to 0000H, the match signal is output at the time of the up-counter overflow. When a new
value is set to the timer register, the new value is forwarded to the comparator at once. Reading the timer
register in order of TREG5L - TREG5H can read the value of the 16-bit up-counter in real time. (The value
of the interval time is not read.) Because the timer register is not initialized by the reset operation (The value
of the timer register becomes an unknown value), attention is necessary.
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TRUN
(0027H)

TCCRS54
(002DH)

TREGS5L
(0034H)

TREGSH
(0035H)

Timer Control Register

7 1 6 5 4 ) 3 ) 2 ) 1 | 0
bit Symbol ; T5RUN | TARUN | T3RUN ;| T2RUN | T1RUN | TORUN
Read/Write ! ! RW
After reset ! ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function : : 0: Stop 1: Start
Timer Counter Control Register 54
7 1 6 1 5 | 4 3 | 2 \ 1 \ 0
bit Symbol | CLBC5 ;  T5CL , T5CLK1 ; T5CLKO | CLBC4 ; T4CL | T4CLK1 | T4CLKO
Read/Write RW ! RW ! R/W ' RwW ! RW ! R/W
After reset 0 ! 0 ' 0 ' 0 ' 0 ! 0
Function |[TC5 \TC5 timer/ TC5 source clock ,TC4 \TC4 timer/ ,TC4 source clock
timer/ :counter :selection :timer/ icounter :selection
counter (clear 1 wcounter clear 1
match ' 100: TI5 ymatch , ,00: TI4
clear 10— 101: CSYNCA iClear 10— 101: CFGTM
enable |1:Clear | (fromV-sepa) |enable !1:Clear | (from CAPIN)
1(One-shot) 110: TBC4 1 1(One-shot) 110: TBC4
0: Disable, 111: TBC6 10: Disable, 111: TBC6
1: Enable ' 11: Enable l
Timer Register 5L
7 ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
bit Symbol | TC/TR57 1 TC/TR56 1 TC/TR55 1 TC/TR54 1 TC/TR53 1 TC/TR52 1 TC/TR51 1 TC/TR50
Read/Write R/W
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function W: Writing TREGSL register R: Reading TC5L counter
Timer Register 5H
7 ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
bit Symbol | TC/TR5F  TC/TRSE 1 TC/TR5D 1 TC/TR5C 1 TC/TR5B 1 TC/TR5A 1 TC/TR59 1 TC/TR58
Read/Write R/W
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function W: Writing TREGS5H register R: Reading TC5L counter

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

Figure 3.7.12 Registers for TC5
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(7) Operation explanation
The follows explains a setting method with using an example of the TC1.
<Generating interrupts at a constant cycle >
First of all, TC1 is stopped. The input clock and the cycle are set to TCCR10 and TREG1L/
TREG1H respectively. Next, the TC1 interrupt(INTT1) is enabled. The TC1 is counted at the end.

Example: When the TC1 interrupt of each 64 ms is generated with fc = 20 MHz, Set each register in the

TRUN
TCCR10
TREG1L
TREG1H
INTT1T2
TRUN

(Note)*: don't care —: no change
Table3.7.2 Interrupt Interval for the TC1 to TC5

following order.

______ 1-
1*11———-
00010000
00100111
———-- 0nnn
______ 1-—

LSB
The count of the TC1 is stopped.
The source clock is set to TBC6 (6.4 us).

64 ms + 6.4 us = 2710 H is set to the timer register.

INTT1 interrupt is enabled with Level "nnn"
The count of the TC1 is started.

Interrupt Interval (at fc = 20 MHz) Resolution Input Clock
0.4us to 26.214 ms 0.4 us TBC2 (2%fc)
1.6us to 104.856 ms 1.6 us TBC4  (2%fc)
64us to 419.424ms 6.4 us TBC6  (2'/fc)

- The T to TI5, CSYNCA, CFGTM are counted up with the rising edge of each input.

- The maximum input frequency is fc/2* [Hz] (1.25 MHz at fc = 20 MHz). The minimum input pulse width is
2%/fc [s] (400 ns at fc = 20 MHz) at both H levels and L levels.

93C071-101


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

3.8 CAPTURE CIRCUIT
The capture circuit latches the time data of the time base counter (TBC) and the captures input status
(Trigger input signal). The data of TBC can be latched by the trigger input signal and the interrupt request is
generated to CPU. By using the capture circuit, the time can be measured in high resolution for servo control.
The capture circuit consists of the capture 0 (CAPOQ) with eight (8) level of 24-bit FIFO (first-in first-out) as
buffer, the capture 1 (CAP1) and the capture 2 (CAP2) with single level of 17-bit FIFO as buffers.

3.8.1  Capture Input Control Circuit (CAPIN)
Capture input control circuit (CAPIN) controls the trigger input signals of the three channels of capture
circuits (CAPQO, CAP1 and CAP2), and comprises the capture 0 input control circuit, capture 1 input control
circuit and capture 2 input control circuit.

CAPINCR3<CTLPO> CAPINCR3<CTLEG> VIVACR2<MSK1>
J— 11~1/64 I—)
—Do—> F I Selector |
CTLIN , Selector Selector 6-bit Programmable Divider
(from P80) L
f—\- CAPINCRO<CAPQ3E>
PCTLA CAPINCR1<PCPR5-0>
(to VISS/VASS, TCO)
Wl
Il
DPGIN Selector
{from P84) —\_
>
CAPINCRO<CAPO5E>
CAPINCR3<DPGEG>
VSYNC f I
(from CSYNC)
In CAPINCRO<CAPO2E>
RMTU f
(from RMTIN)
In CAPINCRO<CAPOOE> L >CTL
RMTD f DPG
(from RMTIN) VS
RMTU
n CAPINCRO<CAPO1E> RMTD
Ext O— e EXT
(from P83) (to Capture0)

CAPINCRO<CAPO4E>

(a) Capture 0 (CAPO) input control circuit
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11~1/8
n

DFGIN -3 Selector—>{ 3-bit Pro Divider \ DFG

(from P81) {} I—l / (to Capture1)

CAPINCRO<CAP1E>

CAPINCR3<DFGEG> CAPINCR2<DPCP2-0>
(b) Capture 1 (CAP1) input control circuit

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

1/1~1/64

12 I
CFGIN Selector Selector Selector —»{ 6-bit Prograrnmable Divider
(from P35) m

CFGT CAPINCR1<PCPR5-0>
(to TC4) VIVACR2<MSKO0>
I_) L]
Selector: CFG
4-bit Mask Counter (to Capture2)
TBCO (51.2 us) —>{TBC9"8 (409.6 us)

CAPINCRO<CAP2E>

Error Detect
n Q CAPINCR2<CFGMCP>
CAPCR<CFGCL> —>R

Figure 3.8.1 Capture input control circuit

(c) Capture 2 (CAP2) input control circuit

(1) Capture 0 (CAPO) Input Control
® 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
CAPINCRO<CAPOQOE>.

@ 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 Capture input control register 0
CAPINCRO<CAPO1E>.

® Sync. separation input (VSYNC)

This is the vertical Synchronizing signal (VSYNC) separated from Composite Sync signal by Sync signal
sparator (CSYNC).
Enabling this trigger input to capture 0 (CAPO) controlled by CAPINCRO <CAPO2E>.
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@ Control signal input (CTLIN)

This is the input pin for the control pulse signal (CTL) which formed into a square wave with the external
CTL amplifier circuit. The polarity of the external input (CTLIN) can be selected by the 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 the capture input control register 3 (CAPINCR3) <CTLEG>. The
detected edge signal can be divided by a 6-bit programmable frequency divider. The frequency division ratio
can be set by the capture input control register 1 (CAPINCR1) <PCPR5-0>. The frequency division ratios
can be set from <PCPR5-0> = 00H (1/1 frequency division) to <PCPR5-0> = 3FH (1/64 frequency division).
Selection of whether edge signal is divided or bypassed is carried out by the VISS/VASS control register 2
(VIVACR2) <MSK1>.

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

® EXT Input (EXT)

This is the input pin for the rising edge signal from EXT terminal.
Enabling the trigger input to capture 0 (CAPO) is controlled by CAPINCRO <CAP04E>.

® Drum PG input (DPGIN)

The external Drum PG signal is inputted to this pin. Detection of the rising edge or falling edge of the
Drum PG signal is carried out by CAPINCR3 <DPGEG>.
Enabling the trigger input to capture 0 (CAPQ) is controlled by CAPINCRO <CAPO5E>.

(2) Capture 1 (CAP 1) Input Control

The trigger of capture 1 (CAP1) is the external Drum FG signal (DFGIN). Detection of the rising edge or
falling edge of the DFG signal from terminal P81 (DFGIN) is carried out by CAPINCR3 <DFGEG>. The
detected edge signal can be divided by a 3-bit programmable frequency divider. The frequency division ratio
can be set by <DPCP2-0> of capture input control register 2 (CAPINCR?2). The frequency division ratios can
be set from <DPCP2-0> = OH (1/1 frequency division) to <DPCP2-0> = 7H (1/8 frequency division).
Enabling the trigger input to capture 1 (CAP1) is controlled by <CAP1E> of capture input control register 0
(CAPINCRO).
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(3) Capture 2 (CAP2) Input Control

The trigger of capture 2 (CAP2) is the external capstan FG signal (CFGIN). The polarity of the external
input (CFGIN) can be selected by CAPINCR3 <CFGPO>. The input signal can be divided 1/1 or 1/2 by
using <CFGWPR> of capture input control register 3 (CAPINCR3). Either the rising edge or both the rising
and falling edges of the CFGIN signal can be selected by CAPINCR3<CFGEG>. The detected signal can
be divided by a 6-bit programmable frequency divider. The frequency division ratio can be set by <PCPR5-
0> of CAPINCR1 in common with the capturing for CTL. The divided CFGIN signal can be masked during
an interval of TBC4 (2'%fc) x 8 [s] by a 4-bit mask counter. CFGIN signal during the mask interval are not
inputted to CAP2, but CFG flag (CAPINCR2 <CFGMCP>) is setto 1. The CFG flag can be reset to “0” by
<CFGCL> of capture control register (CAPCR). The selection between subjecting the CFGIN signal to
mask processing or by passing it can be selected by <MSKO0> of VISS/VASS control register 2 (VIVACR2).

Enabling the trigger input to capture 2 (CAP2) is controlled by <CAP2E> of capture input control register O
(CAPINCRO). The CFGTM signal is the pulse signal which output at the rising edge and falling edge of the
CAPIN signal. The CFGTM is counted up by the 16-bit timer counter 4 (TC4).

Figure 3.5.2 shows the timing chart for capture 2 input control.

Capstan FG input |_| |_| |_| |_|

(CFGIN) l l l
4-bit counter m@@@@@ @@@@ m@@@@@ H @@@@ A H

Mask F/F
| I -

CFG(to CAP2) [ [ [

CFG flag [

Figure3.8.2 Capture 2 Input Control Timing Chart (VIVACR2<MSKO0> = Q)
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(4) Capture Input Control Register
Capture Input Control Register 0

CAPINCRO 7 _, 6 L+ &5 . 4 ., 8 , 2 ., 1 I+ 0O
(0046H) bit Symbol | CAP2E 1 CAP1E 1 CAPOSE 1 CAPO4E 1 CAPO3E 1 CAPO2E 1 CAPO1E 1 CAPOOE
(CFG) ' (DFG) ! (DPG) ' (EXT) ' (CTL) ' (VS) ! (RMTD) ' (RMTU)

Read/Write R/W
After reset 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
Function Capture 0, 1/2 input source enable/disable control
0: Disable 1: Enable

Capture Input Control Register 1

7 : 6 5 1+ 4 . 3 4 2 4 1 . 0
CAPINCR1 [ bit Symbol | PCTLCK1 !  PCTLCKO PCPR5 ! PCPR4 ! PCPR3 ! PCPR2 ! PCPR1 ! PCPRO
(0047H)  ['Read/Write RIW ' RIW
After reset 0 | 0 0 l 0 | 0 1 0 l 0 1 0

Function |CTL duty measure clock select
(VIVACR2<PCTLCKS> = 0)

6-bit programmable divider control
Dividing rate selection for CTLIN (from P80) and CFGIN

(from P85).
00: TBC3 01: TBC5 1000000: 1/1
1
10: TBC7 11: TBC10 1000001: 1/2 - 111111:1/64

Capture Input Control Register 2
5 4 3 2

CAPINCR2 7 6 : . — 1 . 0
(0048H) bit Symbol ! RMTST | RMTPO ! RMTBP | CFGMCP ! DPCP2 ! DPCP1 ! DPCPO
Read/Write ' RW ! RW ' RW ! R ! R/W
After reset | 0 | 0 ' 0 | 0 ' 0 | 0 ' 0
Function IRMTIN  1RMTIN iNoise  1CFG 13-bit programmable divider
:startlstop :input :canceller/ :status flag :control
:control :polarity :correction: :Dividing rate selection for
| 1selection icireuit | :DFGIN
. | :control | :(from P81)
0: Stop & 0: Positive 1 | '
| counter 1 (+) 10: Active 10: Normal 1000: 1/1
: clear :1: Negative :1: Bypass:1: Error :001: 1/2 -111:1/8
A:Start 1 () ' | :
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CAPINCR3
(0049H)

VIVACR2
(0055H)

Capture Input Control Register 3

7 6 1 5 1 4 ' 3 1 2 ' 1 ' 0
bit Symbol CTLPO ;| CFGPO , DPGEG , DFGEG ; CFGWPR, CFGEG , CTLEG
Read/Write . RW ' RW ! RW ! RW ! Rw ! R/W ! R/W
After reset ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Function 'CTLinput !CFGinput 'Edge  'Edge  'Dividing 'Edge 'Edge
:polarity :polarity :selection :selection :rate :selection :selection
:selection :selection :for DPG :for DFG :selection :for CFG :for CTLIN
! ! :input :input :for CFG :input :input
:0: Positive :O: Positive ! ' :inpul ' '
1(+) 1(+) ! ' ! 10: Both rising '0: Rising
51: Negativei1: Negativeio: Rising EO: Rising EO: 171 E and falling 51: Both rising
V() 19 11: Falling '1: Falling '1: 1/2 '1: Rising ' and falling
VISS/VASS Control Register 2
7 ' 6 5 1 4 3 v 2 1 1 0
bit Symbol PCTLPO | PCTLCKS MSK1 | MSK0o | vISS3 | VISS2 | VISS1 | VISSO
Read/Write R/W ! R/W ' RwW ! RW ! R/W
After reset 0 ' 0 ! 0 ! 0 ‘0 v 0 v 0 0
Function |cTL signal ECTL duty iDividing imasking : VISS compare data
polarity :measuring clock :control for :control for '
selection :selection :CTLIN :CFG input ' These 4-bit data are compared with
' :input :0: Mask ' higher 4 bit of the 6-bit CTL counter
0: Positive :0: Selected ! :1: Bypass '
(+)(when duty ' by CAPINCR1 :0: Divide ! '
is less than ' <PCTLCK1, 2> :1: Bypass ! '
50%, 1 1 1 1
VIVACR1 51 . Automatic i i E
<CTLDTY>is ' selection ! ! '
setto 1) ' ! ! '
: | | :
1: Negative ' ! ! '
(-)(when duty ' ! ! '
is less than ' ! ! '
50%, : | | :
VIVACR1 ' ! ! '
<CTLDTY>is ' ! ! !
setto 0) : : : :
1 1 1 1
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Capture Control Register
CAPCR r_ 6 . S5 4 : 3 2 ! 0
(0052H) bit Symbol | CAP2T , CAP1T , CAPCL , VISFRS , VASFRS , TPRSO0 CFGCL CAFRS
(CFG) ' (DFG) ! ! ! !
Read/Write R 1 R 1 R/W  (Always 0 at reading)
After reset 0 . 0 0 : 0 : 0 : 0 : 0 I
Function (cAp2  |CAP1  |CAP1/ [VISS detect VASS detect ;TPGO FIFO \CFGflag ,Capture0
trigger :trigger :CAP2 :flag clear :ﬂag clear :counter :clear :FIFO
input linput |status clear | : iclear & ' 1counter/
status : status : : : : INTTPGO : :status
: :0: — :0: — :O: — :disable :O: — :clear
0: :0: :1: Clear :1: Clear :1: Clear :O: — :1: Clear :
No ' No :(One-shot) :(One-shot) :(One-shot) 11: Clear & :(One-shot) 10: —
trigger  trigger | ' : V' Inhibit | 11: Clear
input : input : : : :(One-shot) : :(One-
1: Trigger : 1: Trigger : : : : : :shot)
input | input | i i i i i

Figure 3.8.3 Registers for CAPIN
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3.8.2 Capture 0 (CAPO)

TBC3-20 (0.8 [s~1 04.9 ms)

RMT |V |EX

( from CAPIN)
RMT CT DPG

X XNXN

TMP93C071

24 bit x 8*FIFO Buffer

(18-bit Timing Data)

(6-bit Trigger Flag)

CAPOL<CAPQODO-7> CAPOM<CAPOD8-15> CAPOH<CAPOD16, 17>

(1) Description of Operation
® Capture

The trigger signals for capture 0 are the six signals that are outputted from the capture 0 input control
circuit: RMTU, RMTD, VS, CTL, EXT and DPG signals. The CAPO latches 18 bits of timing data (Output from
Time Base Counter;: TBC3 to TBC20) and 6 bits of trigger data in 3 bytes of Capture Data Register (Memory
address 004BH to 004DH). It latches a total of 24 bits data.

The 24 bits of latched data can be obtained by reading the data from memory addresses 004BH, 004CH

and 004DH in this order.

CAPOH<CAPOT0-5>

Figure 3.8.4 Structure of Capture 0

Note y reading data from memc dress 004DH, tl
ensure-that this data-is reac
Note2 : CAPOM and CAPOH need d in the continu
need-to-be read by word o n, or CAPFST, (6]
ng-word operati
ex1) LDB --reg.(CAPOL)
LDW reg. (CAPOM) CAPOM/CAPOH w
ex2) LDL --reg. (CAPFST PFST/CAPOL/C g-word peration
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@ FIFO Status Register

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

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

@ Capture Reset

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

a. The FIFO address counter is addressed to the first stage of the 8-stage FIFO buffer.

b. The FIFO status register (CAPFST) is initialized to O0H.

@ INTCAPQ Interruption

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

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

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

® Data Processing

The upper 6 bits of the 24 bits of data latched by the FIFO buffer are the status data for the trigger signal.
The data of the bit that corresponds to the trigger input signal is set to 1, so by reading out this data the input
signal can be identified.

Store the latched data in RAM, and by subtracting the data previously stored in the RAM from the data
latched by the next trigger signal, highly precise time measurement can be carried out. Detection precision is
400ns when operating at 20 MHz, and quantum error is extremely small.
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(2) Control Register

CAPFST
(004AH)

CAPOL
(004BH)

CAPOM
(004CH)

CAPOH
(004DH)

Capture 0 FIFO Status Register

7 | 6 | 5 | 4 \ 3 \ 2 \ 1 \ 0
bit Symbol | CAPF7 | CAPF6 , CAPF5 |, CAPF4 |, CAPF3 , CAPF2 | CAPF1 , CAPF0
(FIFO8) ' (FIFO7) ' (FIFO6) ' (FIFO5) ' (FIFO4) ' (FIFQ3) 1 (FIFO2) ' (FIFO1)
Read/Write Read-only
After reset 0O | 0 | o T o0 T 0 | 0o [ o 1 o0
Function Capture0 FIFO status 0: Empty, 1: Capture data stored
Capture 0 data register-low order
7 ' 6 ' 5 ' 4 ' 3 ' 2 'V 14 ' 0
bit Symbol | CAPOD7 1 CAPOD6 ' CAPOD5 + CAPOD4 + CAPOD3 ' CAPOD2 ' CAPOD1 ' CAPODO
(TBC10) , (TBC9) , (TBC8) ; (TBC7) | (TBCH) , (TBC5) , (TBC4) , (TBC3)
Read/Write Read-only
After reset * 1 * 1 * 1 * 1 * 1 * 1 * 1 *

* . unknown after reset

Capture 0 data register-middle order

7 . 6 , 5 , 4 3 , 2 4, 1 , 0

bit Symbol

CAPOD15!CAPOD14' CAPOD13! CAPOD12!CAPOD11'CAPOD10' CAPODS ' CAPODS
(TBC18) 1 (TBC17) 1 (TBC16) 1 (TBC15) 1 (TBC14) 1 (TBC13) 1 (TBC12) 1 (TBC11)

Read/Write

Read-only

After reset

e

* : unknown after reset

Capture 0 data register-high order

7 1 6 1 5 1 4 ] 3 ] 2 ] 1 ] 0

bit Symbol | CAPOT5 | CAPOT4 | CAPOT3 | CAPOT2 | CAPOT1 | CAPOTO |CAPOD17,CAPOD16

(DPG) 1 (EXT) 1 (CTL) ' (VS) ' (RMTD) ' (RMTU) ! (TBC20) | (TBC19)

ReadWrite | | Read-only i___Read-only
After reset * L x kL % x| kL x L %
Function \Capture0 higher

Trigger input status

0: No trigger input

1: Trigger input

1data

*. unknown after reset
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Capture Control Register
7 | 6 | 5 1 4 ' 3 1 2 ! 1 0
CAPCR [ bit Symbol | CAP2T | CAP1T | CAPCL ; VISFRS | VASFRS |, TPRSO , CFGCL CAFRS
(0052H) (CFG) ' (DFG) ! ' ! ' '
Read/Write R 1 R 1 R/W  (Always 0 at reading)
After reset o , 0 0 : 0 : 0 : : 0 : 0
Function (cAp2  |CAP1  |CAP1/ [VISS detect VASS detect ;TPGO FIFO \CFGflag ,Capture0
trigger :trigger :CAP2 :flag clear :ﬂag clear :counter :clear :FIFO
input linput |status clear | : iclear & ' 1counter/
status :status : : :0: — : INTTPGO : :status
: :0: — :0: — :1: Clear :disable :O: — :clear
0: No :0: No :1: Clear :1: Clear : (One-shot) :O: — :1: Clear :
trigger ' trigger ' (One—shot): (One-shot) : 11:Clear & | (One—shot):O:—
input | input | : ' ¢ Inhibit 11: Clear
1: Trigger:1: Trigger: ' ' ' (One-shot) , ' (One-shot)
input | _input . : : i ; :

Figure 3.8.5 Registers for Capture 0
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3.8.3 Capture 1/Capture 2 (CAP1/CAP2)

APCR<CAPCL> IL
TBC1-16 (0.2 ys to 6.5 ms) DFG (from CAPIN)
{} CAP1H-RD
RO ol tul
S

D
16-bit Timing Data Buffer ®<—G_

CAP1L<CAP1D0-7>  CAP1H<CAP1D8-15> CAPCR<CAP1T>

:D—> INTCAP1

CAP2L<CAP2D0-7> CAP2H<CAP2D8-15> CAPCR<CAP2T>

Q
16-bit Timing Data Buffer o <—G_ )
QL ful

TBC1-16 (0.2 ps to 6.5 ms) CFG (from CAPIN) CAPCR<CAPCL>JL

CAP2H-RD

Figure 3.8.6 Structure of Capture 1/Capture 2
(1) Operation

® Capture

The trigger input signals are DFG and CFG signals for capture 1 and capture 2 respectively.

The output values of time base counters (TBC1-TBC16) are latched onto the 2 bytes of capture data
register (capture 1 has memory addresses 004EH and 004FH, while capture 2 has memory addresses
0050H and 0051H) using the edge of the trigger input signal.

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

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

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

@ Capture Reset

In capture 1 and 2, trigger input signal <CAP1T> and <CAP2T> can be cleared by writing 1 to <CAPCL> of
CAPCR.
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@ INTCAP1 Interruption

When latch operations are carried out by the edge of a DFG signal or CFG signal, an INTCAP1 interruption
request is generated.

INTCAP1 interruption is common to both capture 1 and capture 2, so please read out <CAP1T> and
<CAP2T>, and discriminate between them before carrying out processing.

INTCAP1 interruption requests are released by reading out either CAP1H or CAP2H and clearing
<CAP1T> <CAP2T> to 0, or by writing <CAPCL> of CAPCR to 1.

(2) Control Register
Capture 1 data register-low order
CAPIL 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
(004EH) | bit Symbol [ CAP1D7 ; CAP1D6 ; CAP1D5 | CAP1D4 , CAP1D3 | CAP1D2; CAP1D1; CAP1D0
(TBC8) ' (TBC7) ' (TBC6) ' (TBC5) ' (TBC4) ' (TBC3) ' (TBC2) ' (TBC1)
Read/Write : : : Readl-only

After reset « 0 * 4 % % . x % % %
*. unknown after reset

Capture 1 data register-high order

CAP1H 7 _, 6 , 5 , 4 , 3 | 2 , 1 , 0

(004FH) | bit Symbol [CAP1D15/CAP1D14/CAP1D13/CAP1D12,CAP1D11,CAP1D10, CAP1D9 | CAP1D8
(TBC16) 1 (TBC15) 1 (TBC14) 1 (TBC13) 1 (TBC12) \ (TBC11) 1 (TBC10) 1 (TBCY)

Read/Write Read-only

After reset * ! * ! * ! * ! * ! * ! * ! *

*: unknown after reset

Capture Control Register

CAPCR 7 6 | 5 4 | 3 | 2 | 1 ' 0
(0052H) | bit Symbol | CAP2T CAP1T |, CAPCL VISFRS | VASFRS |, TPRSO , CFGCL , CAFRS
(CFG) (DFG) 1 | \ .
Read/Write R " R ] R/W _(Always 0 at reading)
After reset 0 : 0 ' 0 : 0 ' 0 ' 0 ' 0 : 0
Function |cap2 CAP1 \CAP1/CAP2,VISS detect |VASS detect |TPGO FIFO |CFGflag ,Capture0
trigger input;trigger input;status clear ,flag clear  flag clear  counter 1clear \FIFO
status Istatus ' , ' iclear & ' icounter/
, 10— , 10— INTTPGO | istatus
0: No 10: No 11: Clear  |0:— 11: Clear 1disable 10:— iclear
trigger , trigger ,(One-shot) ,1: Clear 1(One-shot)  ,0: — 11: Clear |
input T input ' 1(One-shot) | 11: Clear & |(One-shot) ;0: —
1: Trigger }1: Trigger | , ' | Inhibit | 11: Clear
input  , input | , ' 1(One-shot) | 1(One-shot)

Figure 3.8.7 Registers for Capture 1
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Capture 2 data register-low order
CAP2L ‘. 6 . S5 . 4 3 . 2 . 1 0
(0050H) | bit Symbol [ CAP2D7 | CAP2D6 | CAP2D5 ; CAP2D4 | CAP2D3 | CAP2D2 , CAP2DT , CAP2D0
(TBC8) ' (TBC7) ' (TBC6) ' (TBCS5) ' (TBC4) ' (TBC3) ! (TBC2) ' (TBC1)
Read/Write Read-only
After reset ® . *x 0 k% % ., x . %k . %
*. unknown after reset
Capture 2 data register-high order
7 ' 6 ' 5 v 4 v 3 v 2 1 4 10
CAPZH I i Symbol [CAP2D151CAP2D141CAP2D131CAP2D12:CAP2D111CAP2D10: CAP2D9 1 CAP2DS
(0051H) (TBC16) ' (TBC15) ' (TBC14) ' (TBC13) ' (TBC12) ' (TBC11) ' (TBC10) ' (TBCH)
Read/Write Read-only
After reset * 1 * 1 * 1 * 1 * 1 * 1 * 1 *
*; unknown after reset
Capture Control Register
7 6 5 4 ' 3 ' 2 ' 1 ' 0
CAPCR | bit Symbol [ CAP2T CAP1T CAPCL VISFRS ' VASFRS ' TPRSC ' CFGCL ' CAFRS
(0052H) i (CFG) (DFG) ‘ ' . '
Read/Write R L R ) R/W (Always 0 at reading)
After reset 0 ' 0 ! 0 ' 0 ! 0 ! 0 ! 0 ' 0
Function [cap2 'CAP1 ICAP1/CAP2!VISS detect 'VASS detect 'TPGO FIFO 'CFGflag !Capture0
trigger input:trigger input:status clear :ﬂag clear :ﬂag clear :counter :clear :FIFO
status :status : : : :clear & : :counter/
' :O: — ' :0: — :IN‘I‘I’PGO ' :status
0: No :0: No :1: Clear :0: — :1: Clear :disable :0: — :clear
trigger ' trigger :(One-shot) :1: Clear :(One-shot) :0: — :1: Clear '
input ' input ' :(One—shot) ' :1: Clear & :(One—shot) :0:—
1: Trigger :1:Trigger ' ! ' ! Inhibit ' :1:Clear
input ! _input ! ! ! '(One-shot) ! '(One-shot)

Figure 3.8.8 Registers for Capture 2
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3.9 Remote control signal input circuit (RMTIN)
The remote control signal input circuit (RMTIN) is a circuit which detects the rising and falling edge of the
remote control signal element by removing the noise element which the received remote control signal
includes. The detected rising signal (RMTU) and falling signal (RMTD) are input to the capture 0(CAPO)

through the capture input circuit (CAPIN). The information on the remote control signal can be obtained by
measuring those pulse widths with capture 0.

(1) Block diagram

The remote control signal input circuit consists of the H level noise canceller and the L level noise
canceller, and each noise canceller is composed by 4-bit up-counter, the comparison/the match detection

circuits.

RESET:
CAPINCRL;_LZ>
<RMTST>

CAPINCR2<RMTPO>

!

4-bit Counter

TBCS (25.6 pis)

D (L Level noise canceller)
RMTIN CK -
T8C4 (16 ps) ——— o—>
RMTCR<RMTDO-3>
TBC8 (25.6 ps) ® Q
s
‘ (H Level noise canceller)
a
RMTCR<RMTD4-7>
CAPINCR2<RMTBP> TBCS (25.6 ps)
I
RMTU (to Capture 0)
Sdlector F n
> | 5 _>RMTD (to Capture 0)
Figure 3.9.1 Composition of the remote control signal input circuit (RMTIN)
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(2) Control register

Remote Control Signal Input Control Register

7 i 6 1 5 i 4 i 3 i 2 1 1 ] 0
RMTCR it Symbol | RMTD7 | RMTD6 | RMTD5 | RMTD4 | RMTD3 | RMTD2 | RMTD1 | RMTDO
(0053H) T'Readiwvrite RIW ! RIW
0 [ 0 | 0 | 0 1 0 1 0 ' 0 1 0
H level noise canceller width (TBC8: 25.6 us) L level noise canceller width(TBCS: 25.6 ys)
Setting of comparative value of 4-bit counter  'Setting of comparative value of 4-bit counter
Capture Input Control Register 2
7 6 15 . 4 3 1 2 1 1 i 0
CAPINCR2[ it Symbol RMTST | RMTPO | RMTBP | CFGMCP | DPCP2 | DPCP1 | DPCPO
(0048H)  I'Readiwvrite " RW ' RW ' RW ' R RIW
After reset 1 0 1 0 1 0 ' 0 1 0 1 1
Function ERMTIN ERMTIN iNoise ECFG i3-bit programmable divider
istart/stop 1input icanceller/ status flag 1control
icontrol ipolarity icorrection E iDividing rate selection for
[ 1selection  1circuit ' {DFGIN
: : icontrol 1 \(from P81)
EO: Stop & EO: Positive E E E
1 counter  (+) 10: Active 10: Normal 1000: 1/1
E clear 51: Negative 51: Bypass 51: Error 5001: 1/2 -111:1/8
1:Start 1 (9) 1 ' 1

Figure 3.9.2 Register for RMTIN

(3) Operation of the remote control signal input circuit
The remote control signal input circuit begins operating by setting < RMTST > of the capture input control
register 2 (CAPINCR2) to 1.
Setting the noise removal width (RMTCR<RMTD7-RMTDO0>) and the input polarity (CAPINCR2<RMTPO>)
before beginning of the operation is necessary.

@ Control of remote control signal input

The polarity of the remote control signal input from the RMTIN (P82) pin can be switched by < RMTPO > of
the capture input control register 2 (CAPINCR2).

The remote control signal is input to the noise canceller circuit after being sampled by the falling edge of
TBC4 of the time base counter (TBC) output (1.6 us at fc = 20 MHz).

The operation when assuming <RMTPO>= 0 (positive polarity) is explained at the following.

@ Operation of the noise canceller

The noise canceller removes the pulse of less than width set with RMTCR<RMTD7-RMTD4> and
<RMTD3-RMTDO> as the noise.

As for the L level noise canceller, the 4-bit counter is counted up by TBC8 of the TBC output (It is 25.6 us
at 20 MHz) while the remote control signal is on the L level. Moreover, the 4-bit counter is cleared for the
period at the H level. When the count value matches to the value of

RMTCR<RMTD3-RMTDO>, the L level noise canceller regards this state as the falling edge of the remote
control signal and resets the flip-flop.

As for the H level noise canceller, the 4-bit counter is counted up by TBC8 of the TBC output (It is 25.6 us
at 20 MHz) while the remote control signal is on the H level. Moreover, the 4-bit counter is cleared for the
period at the L level. When the count value matches to the value of RMTCR<RMTD7-RMTD4>, the H level
noise canceller regards this state as the rising edge of the remote control signal and sets the flip-flop.

® Measurement of the pulse width for the remote control signal

The flip-flop output obtained from the L level noise canceller and the H level noise canceller is a signal
which the noise is removed from the input remote control signal.
As for this flip-flop output, the rising edge is assumed to be RMTU signal, the falling edge is assumed to be
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RMTD signal, and the RMTU and RMTD signals are input to the capture 0 (CAPQ) through the capture input
control circuit (CAPIN).

The pulse width of the remote control signal can be calculated by the operation of the RMTU time data and
the RMTD time data.

When the RMTCR<RMTD7-RMTD4> or <RMTD3-RMTDO0> is set to OH, the noise removal operation is not
done. Moreover, the noise canceller can be bypassed by setting CAPINCR2<RMTBP > to 1.

@CAPINCR2<RMTPO> =0

(Low pulse)
4—bitCounter| || |||| |||| Hlll || ||| |||||||| ||||

Match RMTCR<RMTD3-0> P rl_

(High pulse )
4-bit Counter (T LT T « | [T
Match  RMTCRRMTD7-4> f———F] M

¥ .“\r

RS-F/F L
RMTU [

)
RMTD |_|

Figure 3.9.3 Timing chart of the remote control signal input circuit
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3.10 TIMING PULSE GENERATOR (TPG)
In order to generate the various timing pulses necessary for VTR system control, the TMP93C071 has a
timing pulse generator (TPGO) with 22-bit 8-stage FIFO buffer and a 20-bit timing pulse generator (TPG1).
The TPGO and TPG1 can output the timing pulse synchronized with the time base counter (TBC). Their
resolution for both TPGO0 and TPG1 is 400 ns (when operating at 20 MHz).

3.10.1 Timing Pulse Generator 0 (TPGO)

(1) Configuration

The TPGQ, as shown in Figure 3.10.1, 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-7> TPGOH<TPGODS-F>  TPGODR<TPGD00-05>
TPGODR-WR
full
FIFO TPGOCR<TPFULO>
22 bit x 8*FIFO buffer TPGOCR-RD TPGOCR<TPF02, 01, 00>
Controller o (FIFO Counter Status)
(16-bit Timing data ) (6-bit Output data ) empty TPGOCR<TPEMPO>

J Reset
R »—G£ CAPCR<TPRSO> _[
_Gt TPGOCR<FEMPIE>

TPGODR-EWR
(16-bit Comparator) match A
INTTPGO
TBC3-TBC18 (0.8 s - 26.21 ms) Output Data Buffer Fy
IIMC1<INTTPGOS>

Polarity
[

IIMC1<INTTPGOE>

N | RGO (CR)

?ﬁ TPGO1 (AFF) [ PO1/TPGO1
g—) TPGO2 (PHitest picture) —e——{1 P92/TPG02
k—1»—» TPGO3 (DFF) 1 Po3/TPGO3
K—» TPG04 (PVitest picture) {1 Po4rTPGO4
N e (HA)

v
to CR PH PV HA
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(2) Operation
® 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 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 TPGOO0 to TPGO5.

@ 16-bit comparator

When the set data of the TPGOL and TPGOH matches the value of TBC3 to TBC18, the comparator
outputs the match signal. The value of TPGODR is transferred to output data buffer and the 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 TPGO5 outputs are changed. When resetting, this buffer is cleared to 0 and
TPGO00 to TPGO5 outputs become 0.

@ FIFO control circuit

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

The current number of retained data can be verified by reading out the FIFO status flags <TPF02, TPFO1,
TPF00> of the TPGO control register (TPGOCR). In case that the value of the FIFO status flag is 000, the
FIFO empty flag <TPEMPO> is set to 1 when retained data is nothing and the FIFO full flag <TPFULO> is set
to 1 when retained data are 8 words. And, writing data to the FIFO buffer is disabled while the <TPFULO> is
set to 1. The contents of the FIFO status flags is varied each time the match signal is outputted from the
comparator. The contents of the FIFO status flags is cleared to 000 by resetting. In addition, the FIFO
address can be cleared by writing 1 to <TPRSO0> of the capture control register (CAPCR).
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® Timing pulse generator 0 interrupt (INTTPGO)

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

In addition, INTTPGO (TPGO03) interrupt request can be generated synchronized with the rising edge or
falling edge of TPGO3. Either rising or falling edge of TPGO3 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 <INTTPGO0S>.

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

(3) Control Register

TPGO Control Register

. [:FIFO 11 FIFO  1011: 3 word

7 .6 5 . 4 . 3 . 2 . 1 . 0
I)Féggﬁ? bit symbol ! FEMPIE ' TPFULO | TPEMPO | TPFO2 | TPFOT_| TPFOO
Read/Write ' W R ' R ' i R i
After reset 0 | | 0 | 0 \ 1 \ 0 \ 0 \ 0
Function [Always | INTTPGOTPGO  1TPGO 1 TPGO FIFO status flag
setto0 FIFO  (FIFOfull \FIFO 1 (Stored data)

: :empty :flag :empty :OOO:Empty or Full

: :interrupt : : :001: 1 word

: lenable 10:—  10:—  1010: 2 word

: 1

: 0:— il | empty 1100: 4 word

: i1: Enable | : 1101: 5 word

| | | | 1110: 6 word

: : : | 1111: 7 word

TPGO lower timing data register

TPGOL 7 . 6 , 5 . 4 , 3 , 2 , 1 ., 0

(0037H) | bit Symbol | TPGOD7 | TPGOD6 | TPGODS5 | TPGOD4 |} TPGOD3 | TPGOD2 |} TPGOD1 | TPGODO

(TBC10) « (TBCY) « (TBC8) « (TBC7) 1 (TBCH) 1 (TBC5) » (TBC4) » (TBC3)

Read/Write Wirite-only
1

After reset * ! * ' * ! * ! * ! * : * : *

1
*. unknown after reset
TPGO higher timing data register
TPGOH 7 | 6 | 5 | 4 | 3 1 2 1 1 \ 0
(0038H) | bit Symbol | TPGODF , TPGODE , TPGODD , TPGODC , TPGODB , TPGODA , TPGOD9 , TPGOD8

(TBC18) ' (TBC17) ' (TBC16) ! (TBC15) ! (TBC14) ! (TBC13) ! (TBC12) ' (TBC11)

Read/Write Write-only
After reset ® k& & ok k &, %
*. unknown after reset
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TPGO output data register
TPGODR . 7 : 6 5 : 4 : 3 : 2 : 1 : 0
(0039H) bit Symbol h TPGDO5 | TPGD04 , TPGDO03 , TPGDO02 , TPGD01 , TPGDOO
' (TPGOS) ' (TPGO4) ' (TPGO3) ! (TPGO2) ! (TPGO1) ' (TPGOD)
Read/Write Wirite-only
After reset X Cox % kT &, x ., %
*. unknown after reset
Capture control register
7 ' 6 ' 5 ' 4 ' 3 2 1 ' 0
CAPCR [4itSymbol | CAP2T 1 CAPIT 1 CAPCL 1+ VISFRS 1 VASFRS TPRSO CFGCL 1 CAFRS
(0052H) (CFG) | (DFG) | : : :
Read/Write R ! R ! R/W  (Always “0” at reading)
After reset 0 ' 0 1 0 ' 0 1 0 1 0 1 0 1 0
Function [cap2 ICAP1 \CAP1/ IVISS detect 1VASS detect 1ITPGO FIFO \CFGflag  1Capture0
trigger input:trigger input:CAP2 :ﬂag clear :flag clear :counter :clear :FIFO
status :status :status clear : | :clear & : :counter/
: | : 10:— INTTPGO 1 istatus
0: No 10: No 10:— 10— 11:Clear disable  10:— iclear
trigger : trigger :1: Clear :1: Clear :(One—shot) :0: — :1: Clear :
input : input :(One-shot) :(One-shot) | ": Clear & :(One-shot) 10—
1: Trigger :1: Trigger : : | | Inhibit | :1: Clear
input ' input . ' | :(One-shot) . :(One-shot)
Interrupt input mode control register 1
IMCA . 7 . 6 . 5 . 4 3 4, 2 | 1 4+ o
bit Symbol I4EG ! IBEG | I12EG | HEG | I0EG | INTTPGO | INTTPGOS
(00SFH) | | | I I E .
Read/Write W I . _RW | RW
After reset 0 ! 0 ! 0 ! 0 ! 0 ! ! 0 ! 0
Funcion fjNT4  NT3  UNT2  !INT1 !INTO ! INTTPGO INTTPGO
edge 1edge 1edge 1edge/leve edgefleve | jinterrupt jinterrupt
selection |selection |selection |l selection| selection| . TPGO3  selection
| | | ) ) jedge |
0: Rising ,0: Rising |0: Rising ,0: Rising ,0: Rising | ;selection |0: FIFO
1: Falling |1: Falling |1: Falling | edge | edge X \ empty
' ' i1:Level |1:Level | 10: Rising | interrupt
' ' ' ' ' 11: Falling |1: FIFO
| | | I I I | empty/
| | | ) ) ) ) TPGO3
' : : , , , 1 interrupt

Prohibit read-modilfy-write

Figure 3.10.2 Registers for TPGO
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(4) Output of timing pulse generator 0
® TPGOO

TPGOO controls the color rotary output (CR).
(Refer to 3.13 Head Amplifier (HA) /Color Rotary (CR) Control Circuit.)

@ TPGO1
TPGO1 can be used as AFF (audio head switching) signal.
® TPGO02

TPGO2 controls the pseudo synchronizing signal output (PV).
(Refer to 3.15 Pseudo Synchronizing Signal Output Circuit.)

@ TPGO3
TPGO3 can be used as DFF (cylinder head switching) signal.
® TPGO04

TPGO04 controls the pseudo synchronizing signal output (PV).
(Refer to 3.15 Pseudo Synchronizing Signal Output Circuit.

® TPGO5

TPGO05 controls the head amp (HA) output.
(Refer to 3.13 Head Amplifier (HA) /Color Rotary (CR) Control Circuit.)
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3.10.2 Timing Pulse Generator (TPG1)

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

TPG1L<TPG1D0-7> TPG1H<TPG1D8-F> TPG1DR<TPGD10-3>

20 bit Data Register
(16 bit Timing Data) (4 bit Output Data)
16 bit Comparator match ® » INTTPG1
Output Buffer
TBC3-TBC18 (0.8 ps-26.21 ms )

TPG10 (CTL output control) _$_D P96/TPG10
TPG11 (RECCTL) ——P>—P97/TPG11
> TPG12 OP90/TPG12
TPG13 {1P95/TPG13

(2) Operation
@® 20-bit data register
This is a 20-bit data register which is composed of 16-bit timing data and 4-bit output data. Set to the lower
timing data register (TPG1L), higher timing data register (TPG1H), and the output data register (TPGODR).
4-bit output data is transferred to the output data buffer when 16-bit timing data matches the value of TBC3
to TBC18. And they become the TPG10 to TPG13.
@ 16-bit comparator
When the set data of the TPG1L and TPG1H matches the value of TBC3 to TBC18, the comparator
outputs the match signal. The value of the TPG1DR is transferred to output data buffer and INTTPG1
interrupt request is generated by the match signal.
® Output data buffer
The data set in the output data register (TPG1DR) is latched by the match signal from the 16-bit
comparator, and TPGOO to TPGO5 are outputted. When resetting, this buffer is cleared to 0 and TPG10 to
TPG13 output become 0.
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(3) Control register

TPG1 lower timing data register

TMP93C071

TPGAL 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
(003AH) | bit Symbol [ TPG1D7 | TPG1D6 | TPGID5; TPG1D4, TPG1D3 , TPG1D2, TPGID1 , TPG1DO
(TBC10) ' (TBCY) ' (TBC8) ' (TBC7) ' (TBC6) ' (TBC5) ' (TBC4) ' (TBC3)
Read/Write Write-only
After reset 0O | 0 | o T o0 T 0 | 0 [ o 1 o0
TPG1 higher timing data register
7 ' 6 ' 5 1 4 v 3 1 3 v 4 1 9
TPG1H [ bit Symbol | TPG1DF « TPG1DE 1 TPG1DD ' TPG1DC 1 TPG1DB 1 TPG1DA 1 TPG1D9 1+ TPG1D8
(003BH) (TBC18) | (TBC17) ; (TBC16) | (TBC15) | (TBC14) | (TBC13) | (TBC12) | (TBC11)
Read/Write Wirite-only
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
TPG1 output data register
TPG1DR 7 . 6 . 5 . 4 3 1 2 . 1 . 0
(003CH) | bit Symbol ! ! ! TPGD13 | TPGD12 | TPGD11 ! TPGD10
' ' ' (TPG13) 1 (TPG12) 1 (TPG11) 1 (TPG10)
Read/Write ' ' ' . Write-only
After reset ! ! ! ! 0 ! 0 ! 0 ! 0

Figure 3.10.3 Registers for TPG1

(4) Output of timing pulse generator 1
® TPG10
TPG10 controls the recording amplifier (external IC) for CTL signal.
@ TPG11
TPG11 controls the recording amplifier (external IC) for CTL signal.
® TPG12
TPG12 can be output from TPG12 (P90) pin.
@ TPG13
TPG13 can be output from TPG13 (P95) pin.
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3.1 Pulse Width Modulation output(PWM)

TMP93C071F has the pulse width modulation output with 14-bit resolution of 3 channels (PWMO0, PWMH1,
PWM2) and with 8-bit resolution of 9 channels (PWM3-PWM11).

It is possible to use it to apply the DC motor control for the drum and capstan, the tuner control (voltage
synthesize method) , and the volume control, etc. by turning on the low-pass filter outside.

3.11.1 8-bit PWM (PWM3-PWM11)
PWM3 to PWM11 are the 8-bit PWM output of 9 channels. These are controlled by the PWM control
register (PWMCR) and the PWM data buffer register (PWMDBR).

(1) Block diagram

Internal Data Bus

PWMDBR-WR — lL

PWMCR-WR J [ T T 1 ] I T 1
WM Con rol / Status Reglster > PWM Data Buffer Register
71615143 ]12]1]0 7165 4|3]2]1]0
W <PWMEOT> <PWMDLS3-0>
\ 4

Reset Decoder | | I I I | I

PWMnN Data Latch
(Channel Select) 716l5(4(3121110

\ 4

match F/FF 19

R
Comparator ]
PWM3-11

ALL1 W’t
1 §> JALLO

TBC8-TBC1 (39.1 KHz @20 MHz)

Figure 3.11.1  8-bit PWWM output (PWM3 to PWM11)

(2) Control of PWM output
PWM3 to PWM11 are the pulse output with 8-bit resolution and the one cycle time is
Tu= 2%(fc/2) s (25.6 us/39.06 kHz at 20 MHz operation). When the value of the 8-bit PWM data latch is n,
the H level pulse width becomes n x t0 (t0 = 1/(fc/2)) [s].
The PWM control register (PWMCR) and the PWM data buffer register (PWMDBR) are shared with all
channels.
The data set in PWMDBR is transferred to the data latch of the channel selected by PWMCR.

Moreover, It can be known the state of the PWM data transfer from the data buffer register to the data latch
by reading PWMCR<PWMEOT >.
Tm

€ P

nxt0 |

PWMS3 to
PWM11

Figure 3.11.2 Wave form of the 8-bit PWM output
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PWM data buffer register

PWMDBR 7 : 6 ' 5 : 4 ' 3 : 2 Vo1 0
(0044H) T 0 T T T T T
bit Symbol | PWMDBR7 ' PWMDBRS6 ' PWMDBRS5 ' PWMDBR4 1 PWMDBRS3 ' PWMDBR2 'PWMDBR1! PWMDBRO
Read/Write Write-only
After reset & : * : * : * : * : * : * : *
* : unknown after reset
PWM control register
PWMCR 7 6 5 4 3 : 2 : 1 : 0
(0045H) , i i
bit Symbol | PWMEOT PWMDLS3 , PWMDLS2 , PWMDLS1 , PWMDLS0
Read/Write R ! Write-only
After reset 0 : 0 ' : :

1
Function |End flag of :PWM channel select and data transfer

1
1
!
1
|
PWMdata | 1The PWMDBR data is stored to the selected
transfer | \PWM channel after setting this channel code.
E EThis code must be set when <PWMEOT> =0
0:Endof | X
transfer 1 10000: PWM3  0100; PWM7  1000: PWM11
1: Under E 50001: PWM4  0101: PWMB
transfer | 10010: PWM5  0110: PWM9
1
1

10011: PWM8 0111 PWM10

Figure 3.11.3 Registers for the 8-bit PWM

(3) Writing of the PWM output data
The PWM output is controlled by writing the output data in the data latch.
The output data is written by using PWMCR<PWMDLS3-0>, <PWMEOT> and PWMDBR according to the
following procedure.

It is confirmed that it is PWMCR<PWMEOT> = Q.

The output data is written in PWMDBR.

By writing the channel code to PWMCR<PWMDLS3-0>, the data transfer demand is generated at the
same time as selecting the channel, and PWMCR<PWMEOT> becomes 1.

4. The output data is transferred to the selected channel according to the timing that (TBC8 to TBCO) of the
time base counter (TBC) becomes FFH, and PWMCR<PWMEOT> is cleared to 0 at the same time. When
PWMCR<PWMEOT > becomes 0, the next data can be written.

Sl

Note: Please rewrite PWMDBR at PWMCR<PWMEQOT> = 0.
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3.11.2 14-bit PWM (PWMO to PWM2)

The 14-bit PWM are controlled by the data register (PWMODRL/PWMODRH, PWM1DRL/PWM1DRH,
PWM2DRL/PWM2DRH) and the PWM start register (PWMRUN).

(1)Block diagram

Internal Data Bus

| m— 1
[6.4,83,2, 1,0 [5.4.3 2 T O[7 s}
i#‘

[ Lower Data Latch |<—| [ | UpperDatalatch ° |<—l
JL T T T 1 T T T Q S ‘_@Reset
Additional Bit Scrambler € L |Corr|1pare:tor - R(WRHWR
Tec|recfrecirBcliBClrac]  [TBYTBATBCTBCITBCITBC|TBITE
8 |7 |6 p B B [2 |1 r

AllO
9 o |11 12 (3 [14 TBC1-TBC8

TBCO9-TBC14

PWMnDRL-WR
PWMnDRH-WR

maich

?PWMRUN<PWM2RUN, 1RUN, ORUN>

Q y
L s;pwwo 1,2

Figure 3.11.4 14-bit PWM output (PWMO to PWM2)

y
R

(2) Control of PWM output

The PWMO to PWMZ2 output are the pulse output with 14-bit resolution and the one cycle time is
Tu=2"(fc/2) s (1.638 ms at 20 MHz operation).

The carrier frequency is Tg= T,,/64 [s] (25.6 us/39.06 kHz at 20 MHz operation).

The data register to set the pulse width is composed of 14-bit (PWMODRL/PWMODRH (PWMO),
PWM1DRL/PWM1DRH (PWM1), and PWM2DRL/PWM2DRH (PWM2)) respectively.

It is necessary to write the data in the data register in order of the lower-data register (PWMODRL,

PWM1DRL, PWM2DRL) - the higher-data register (PWMODRH, PWM1DRH, PWM2DRH).

The data changes when the following Tg cycle is begun after writing in the higher-data register.

When the value of the upper data latch is “n” and the value of the lower-data latch is “m”, the carrier pulse
width is “n x t0 (t0=1/(fc/2))[s]’, the additional pulse with “t0 (t0=1/(fc/2))[s]” is added at the “m” points of the
carrier pulses which output for the one T,, cycle. Therefore, the width of the carrier pulse with the additional
pulse becomes “(n+1) x t0[s]". (When the value of 14-bit data register is increased by “k”, the total pulse
width is increased by “(k x t0)” for the one T,, cycle.)

The PWMO to PWM2 begins outputting by setting PWMRUN<PWMORUN, PWM1RUN, PWM2RUN > to 1.

Ts () 9 Ts(1) ~ M=84Ts Ts(63)
n xto
[ e———>
PWMO to
PWM2
Width=n xt0 Width=(n+1) x t0
—> {0€«—

Figure 3.11.5 Wave form of the 14-bit PWM output
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PWM start register
PWMRUN 7 . 6 , 5 4 | 3 2 1 Lo
(OO3DH) . [] 1 1 1 [ 1
bit Symbol ' ' ' ' PWM2RUN ' PWM1RUN 1 PWMORUN
Read/Write : ' ' ' ' RIW
1 1 1 1 1 1 1
After reset ! ! ! ! ! 0 ! 0 ! 0
Function : ' ' ' ' 0: Stop 1: Start
PWMO lower data register
PWMODRL 7 1 6 1 5 1 4 1 3 a2 4 q Lo
(003EH) " i i i i i i
bit Symbol | PWMOD7 ; PWMOD6 , PWMOD5 , PWMOD4 ; PWMOD3 , PWMOD2 , PWMOD1 , PWMODO
Read/Write Write-only
After reset * : * ' * \ * \ * : * : * ; *
*: unknown after reset
PWMO higher data register
PWMODRH 7.6 5 1 4 4 3 4 2 41 4 o0
(003FH) 7 T T 7 7 T
bit Symbol ' PWMODD ' PWMODC ' PWMODB ' PWMODA ' PWMOD9 ' PWMODS
Read/Write : | Write-only
After reset : : * : * : * : * : * : *
*: unknown after reset
PWM1 lower data register
PWM1DRL 7 4+ 6 1 5 4 4 1 3 a9 o 1 S
(0040H) : : : : : : :
bit Symbol | PWM1D7 © PWM1D6 , PWMID5 , PWM1D4 , PWMID3 , PWMID2 , PWMID1 \ PWM1DO
Read/Write Write-only
After reset * ' * | * | * | * | * | * | *
*: unknown after reset
PWM1 higher data register
PWM1DRH 7 ' 6 5 | 4 | 3 : 2 : 1 )
(0041H) T T T T T T
bit Symbol ! PWM1DD ' PWM1DC ! PWMIDB ' PWMIDA ' PWMID9 ' PWM1D8
Read/Write ' I Write-only
After reset ! : * X * : * ! * : * : *

*: unknown after reset
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PWM?2 lower data register
(00aztt) T 6 . 5 o 4 . 3, 2 . 1, 0
bit Symbol | PWM2D7 + PWM2D6 ' PWM2D5 1 PWM2D4 1 PWM2D3 1 PWM2D2 1 PWM2D1 1 PWM2DO
Read/Write Write-only
After reset * : * | * | % | * | * | * | *
*: unknown after reset
PWM2 higher data register
sy
bit Symbol , PWM2DD , PWM2DC , PWM2DB |, PWM2DA , PWM2D9 , PWM2D8
Read/Write : ! Write-only
After reset : ' * \ * \ * : * : * : *
*: unknown after reset
Open drain control register 3
ODCR3 7, 6 5 4 3 2 : 1 \ 0
(0021H) bit Symbol E i PWMOD1 i PWMODO | PODAS5 E PODA4 i PODA3
! ' (PWM1) | (PWMO) (PortA5) | (PortA4) | (PortA3)
Read/Write : | ! Write-only ! Write-only
After reset , ' ' 0 ' 0 ' 0 ' 0 ' 0
Function E i EPWMO, 1 Open drain EPortA Open drain control
, ' ycontrol .
: : : : 0: Push-pull 1: Open drain
: | :0: Push-pull :
E E 51: Open drain E

Figure 3.11.6 Registers for 14-bit PWM
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3.12VISS / VASS DETECTOR (VIVA)

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

3.12.1 Configuration

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

| L3 VIVACR2<PCTLCKS>
Selector J Selector
TBC3 (0.8 us ) > T A CAPINCR1<PCTLCKO>
TBC5 (3.2 us ) —{ Selector CAPINCR1<PCTLCK1>
TBC7(128ps) > Auto Clock Controller
TBC10 (102.4 pus)  —>|
VIVACR2<PCTLPO>
CTL Duty Detector —\_)SSO% D_“_) VIVACR1<CTLDTY>
PCTLA
(from Capture Input)
cK 6-bit Counter Rl<d

1L CAPCR<VISFRS>

Upperapt] | Y188 | ol VIVACR1<VISSFL>
VISS Det ©

VIVACR2<VIi&E’>> ——J > INTVA

VASS Header Det  [«®

Il CAPCR<VASFRS>

LD 16-bit Shift Register Qf—> VIVACR1<VASSFL>

R

Internal Data Bus
VASSDR<VASS0-7>VASSDR<VASS8-15>

Figure 3.12.1  VISS/VASS detector
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3.12.2 Control Registers

VISS/VASS control register 1
7 6 15 14 13 2 1110
2{)'(\)/51‘;(':_51 bit Symbol ! ! ! ! CTLDTY ! VISSFL ' VASSFL
Read/Write : : : : : R : R . R
After reset ' ' , ' \ 0 | 0 ; 0
Function |Always set tol : : : ICTL signal VISS IVASS
0 | : : : :duty detector idetect flag |detect flag
| ' ' ' imonitor flag | |
| : : : | 10:— 10:—
| : : : 10: CTL duty 11: VISS 11: VASS
: : : : : greater 1+ detected | detected
| I I I i than 50% 1 I
| I I I W(VIVACR2 |
| : : : 1<PCTLPO> =i |
| : : : 10) | :
| : : : | | :
| : : : 1: CTL duty 1 I
| : : : | lessthan | |
: : : : | 50% : I
| : : : (VIVACR2 | I
| I I I 1<PCTLPO> =, |
: ' ' ' 10) : :
VISS/VASS control register 2
VIVACR2 7 8 5 1 4 3 1 2 1+ 4 1 g9
(0055H) [ it symbol | PcTLPO ' pcTLcks | Msk1 ' msko VISS3 ' VISS2 ' VISS1 ' VISSO
ReadWrite | RW | RW 1 RW | RW . RIW
After reset 0 : 0 : 0 | 0 : 0 : 0 : 0 : 0
Function (CTL signal |CTLduty | Dividing 1masking ' VISS compare data
polarity imeasuring ,control for  control for |
selection cock ICTLIN \CFGinput | These 4-bit data are compared with
 iselection tinput 10: Mask 1 higher 4 bit of the 6-bit CTL counter
0: Positive | ' :1: Bypass '
*) (v.vhen :0: Selected :0: Divide : |
duty is less | by :1_ Bypass ' '
than 80%. | capINGR1! : :
VIVACRY ! o L ! !
<CTLDTY>; 1.2 . ' '
is setto 1) | ' ' '
1 Negative 51: Automatic E E E
'(_) (?Nhen ! selection ' ' '
1 1 1 1
duty is less | X ' '
than 50%, | ' ' '
VIVACRA1 : : : :
<CTLDTY>: : : :
is setto 0) ! ! ! !
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Capture input control register 1

CAPINCR1 7, 8 5 : 4 : 3 I 2 I 1 : 0
(0047H) | bit symbol | PCTLCK1 1+ PCTLCKO | PCPRS  PCPR4 1 PCPR3 + PCPR2 1 PCPR1 1 PCPRO
Read/Write RW ' RW
After reset o + 0 1 0 1 0 1 0 1 0 1 0 1 o
Function |CTL duty measure clocki 6-bit programmable divider control
select :Dividing rate selection for
(VIVACR2<PCTLCKS> ECTLIN (from P80) and CFGIN (from P85).
=0) :
1000000 1/1
00: TBC3 01: TBCS 5000001: 1/2 —111111: 1/64
10: TBC7 11: TBC10 |
Capture control register
CAPCR 7 1+ 6 1 5 4 1 3 2 . 1 1 0
(0052H) | bt symbol | CAPZT ! CAPIT ' CAPCL | VISFRS ! VASFRS | TPRSO ! CFGCL ! CAFRS
(CFG) | (DFG) | ; ; :
Read/Write R E R ! R/W  (Always 0 at reading)
After reset 0 ‘ 0 | 0 | 0 | 0 : 0 : 0 | 0
Function |CAP2 ECAP1 ECAP1/ EVISS detect EVASS detectETPGO FIFO ECFG flag iCaptureO
trigger input |trigger input |CAP2 iflag clear  |flag clear  |counter \clear \FIFO
status Istatus istatus clear | | iclear & | \counter/
E i i EO: —_ EINTTPGO E istatus
0: No trigger ;0: No trigger |0: — 10— 11:Clear  disable 0 — iclear
input ' input 11: Clear 11: Clear :(One-shot) 10— 11: Clear |
1: Trigger E1:Trigger E(One-shot) E(One-shot) E E1:Clear & E(One-shot) EO: —
input 1 input ' ' ' y Inhibit | 11: Clear
: | | | :(One—shot) | :(One—shot)
VASS data register
VASSDR 7 ' 6 ' 5 ' 4 ' 3 1 g 1 Lo
(00S6H) 1t symbol | VASS7 | VASS6 | VASS5S | VASS4 | VASS3 . VASS2 | VASS! | VASSO
VASS15 ' VASS14 ' VASS13 ' VASS12 ' VASS11 ' VASS10 ' VASS9 ' VASS8
Read/Write Read-only
Aterreset | % 1 k1 k0 w0 &0 & k1 x
Function Twice reading from VASSDR
The First is lower 8-bit, the second is higher 8-bit

*: unknown after reset
Figure 3.12.2 Registers for VISS/VASS
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3.12.3 Control of the CTL duty discrimination circuit
(1) Control of CTL duty discrimination

The CTL signal which is inputted from CTLIN pin is inputted, as a PCTLA signal, to VISS/VASS detector
(VIVA) via the Capture input control circuit (CAPIN). The CTL duty discrimination circuit judges by threshold:;
the threshold has half the time of PCTLA signal term. If duty of the PCTLA signal = 50%, the CTL duty
discrimination circuit outputs 0. And if its duty < 50%, it outputs 1. This output can be read as <CTLDTY> of
the VISS/VASS control register 1 (VIVACR1). And, the polarity of output can be inverted by using
<PCTLPO> of the VISS/VASS control register 2 (VIVACR2).

(2) Control of Clock switching

The Clock source, which is to measure CTL signal term, is selected by software or by hardware. If its clock
source is selected by software, it is required to set <PCTLCKO> and <PCTLCK1> in Capture Input Control
Register 1 (CAPINCR1) to connect adequate TBC while <PCTLCKS> in VIVACR2 is 0. On the other hand,
TBC is selected automatically while <PCTLCKS> is 1.

The following table indicates the relation between the term of CTL and its clock source.

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

<PCTCK1> Clock source for CTL duty discrimination (at | Term of CTL signal
<PCTLCKO0> fc = 20 MHz)
00 TBC3 ( 0.8 ps) 1221 to 25000 Hz
01 TBC5 ( 3.2 ps) 305 to 6250 Hz
10 TBC7 ( 12.8 us) 76 to 1562 Hz
11 TBC10 (102.4 us) 9 to  195Hz
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3.12.4 Control of VISS detection

VISS detection circuit consists of 6-bit up counter counts PCTLA signal, comparator for detecting VISS
index code, and R/S flip-flop (VISS flag).

Since CTL duty discriminating output is “L" active reset input for 6-bit counter, 6-bit counter is held on count
operation while CTL duty discriminating output is “H” (in case that <PCTLPO> = 0). The upper 4bits in 6-bit
counter are compared with value of VISS detection circuit which is a 4-bit comparator. The data on the
comparator is set by <VISS3> to <VISS0> of VISS/VASS Control Register 2 (VIVACR?2). VISS signal is
outputted when the upper 4bits in 6-bit counter and the data on <VISS3> to <VISS0> are matched; the
matching sets the VISS flag and requests INTVA interrupt. The state of VISS flag can be read out by
<VISSFL> of VISS/VASS Control Register 1 (VIVACR1), and the VISS flag can be cleared by using
<VISFRS> of the Capture control register (CAPCR). Table 3.7 2 shows relation between the value of
<VISS3> to <VISS0> and count value of the PCTLA signal.

In order to detect VISS, set VIVACR2 <PCTLPO> to 0 when tape operates forward and set VIVACR2
<PCTLPO> to 1 when it operates reversely.

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 O don’t use
0 0 0 1 4

0 0 1 0O 8

0O 0 1 1 12

0 1 0 O 16

0O 1 0 1 20

0 1 1 0 24

0o 1 1 1 28

1 0 0 O 32

1 0 0 1 36

1 0 1 0O 40

1 0 1 1 44

1 1 0 O 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 detection circuit

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

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

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

VASS address code generates INTVA interrupt 4 times by one set because address code has 4 headers.
But the 4th code data becomes dummy. And, when the INTVA interrupt is generated, it is required to read
address code before the next address code is started to latch. The 16-bit address code can be got by
reading VASS data register (VASSDR) twice; the first read data is lower 8-bit (<VASS7> to <VASSO0>) of the
address code and the second read data is higher 8-bit (<VASS15> to <VASS8>). In addition, if data is written
to VASSDR (dummy write), the VASSDR gets ready for reading lower 8-bit.

In order to detect VASS, set VIVACR2 <PCTLPO> to 0 when the tape operates forward and set
VIVACR2<PCTLPO> to 1 when the tape operates reversely. Notice that the LSB and MSB of address code
are reversed each other in case the tape operates reversely.
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3.13 Head Amp Switch/Color Rotary control circuit (HA/CR)

TMP93C071 has the head amp switch (HA)/color rotary (CR) control output circuit. The HA output/the CR

output are controlled by TPG00 and TPGO5 of the timing pulse generator 0 (TPGO), and the COMPIN (P87)
pin input value. The input enable and disable of the COMPIN can be controlled by CSYNCR<COMPS >.

P87/COMPIN D |¢

)

L/

CSYNCR<COMPS>

Figure 3.13.1

TPGOO

TPGOS :)D—D

HA/CR control circuit

CSYNC control register

PA2/CR(TPG00)

PA1/HA(TPGO5)

CSYNCR 7 6 . 5 | 4 ; 3 o2 1 . 0
(0057H) - 0 1 0 0 1 0
bit Symbol COMPS 1 1+ CSYNCPO «+  SEPMOD 1 CSYNBP 1 HSEN 1+ MASK
Read/Write RW | , O RW RIW TORW RIW T RW
After reset 0o | 0 0 o0 0 L0
Function |COMPIN | , 1CSYNC input ;7-bit counter ~ |CSYNC  |Pseudo-Hsync ,Vsync mask
input control : ' :signal polarity:up/down :bypass :generation to  icontrol
1 1 1 1 1 1 1
' ' :selection 1count selection :control :PV/PH :0: —
0: Disable | : ' 1(duty) : ' 11: Release
(TPGOO/ ' 10: Positive  10: up/down = 1/110: V-sep. 10z Non- | masking
1 1 1 1 1 1 1
TPGO05 ' ! :1: Negative :1: up/down = 1/2 :1: Bypass ' synchronized :(One-shot)
Outputy | , ' , , i with Csync |
: : | : : : input :
1 1 1 1 1 1 1
1: Enable ' ! ! ! ! :1: synchronize !
| : | : : . with Csync |
1 1 1 1 1 1 . 1
1 ' 1 ' ' v input '

Figure 3.13.2 Registers for HA/CR
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3.14 SYNC SIGNAL SEPARATOR (CSYNC)

The Sync Signal Separator separates the Vertical Synchronizing Signal (V.SYNC) and Horizontal
Synchronizing Signal (H.SYNC) from composite synchronizing signal (C.SYNC signal).

3.14.1 Configuration

The Sync Signal Separator consists of H/VV Separator and H.Pulse Generator.
A configuration of the Sync Signal Separator is shown in Figure 3.14.1.

CSYNCR<CSYNCPO>
CSYNC IN Ji
a S le—CSYNCR<MASK>
Selector ud R
41 Selector —> VS (to Capture0)
. V-sync
{to TC5) V/H Separation L
CSYNCA Up p (7-bit Up/Down Counter )
TBC1 (0.2 ps) oow?] ser LK

TBC2 (0.4 us) —> H-sync CSYNCR<CSYNBP>
CSYN@ SEPMOD>

TPG02 PH Generator
CSYNCR<HSEN> __l—D_’
PVCR<PHMIX>

TPGO4 ]

PV Generator

4D PV/IPH

mt

PVCR<PVSEL2-0>

Figure 3. 14.1 Configuration of Sync Signal Separator
(1) H/V Separator

The H/V separator separates H.SYNC and V.SYNC signals from the C.SYNC inputted from CSYNCIN pin.
A separated V.SYNC signal is transferred to Capture 0 (CAPO: VS) via the Capture input control circuit
(CAPIN). And it is used for reference signal in the servo processing routine.

A separated H.SYNC signal is inputted to the H.Pulse generator.

(2) H.Pulse Generator

The H.Pulse generator generates serrated-pulse (HP signal), synchronizing with H.SYNC signal from
C.SYNC, in pseudo-V.SYNC signal.

The HP signal is transferred to the Pseudo-sync signal output circuit (PV/PH), and it is superimposed to the
pseudo-V.SYNC signal as serrated-pulse.

(Refer to 3.15 Pseudo-sync signal output circuit.)
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3.14.2 Control Registers
CSYNC control register

CSYNCR 7L 6 ! 5 4 . s 2 . 1 o
(0057H) | pit symbol | COMPS 1 : CSYNCPO i SEPMOD 1+ CSYNBP i HSEN 1 MASK
Read/Write RW X . RW RIW . RW | RIW . RwW
After reset 0 | | | 0 | 0 | 0 | 0 | 0
Function |COMPIN | ' ICSYNC input|7-bit counter ~ |CSYNC iPseudo-Hsync  |Vsync mask
input control | | :signal :up/down :bypass :generation \control
i i ipolarity icount selection Econtrol ito PV/PH EO: -
0: Disable | ' iselection  |(duty) , ' 11 Release
(TPGOO/ 1 | : 10: up/down = 1/1:0: V-sep.  10: Non- ' masking
TPGO05 i i EO: Positive 51: up/down = 1/251: Bypass i synchronized E(One-shot)
Output) | ' 11: Negative | , i with Csync
| | : | ' : input '
! ! i ! 1 i 1
1: Enable ' ' ' ' : :1: Synchronize :
| | | | I i with Csync |
| | i | : i input :

Figure 3.14.2 Registers for CSYNC
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3.14.3 H/V Separator

The H/V Separator Separates the Vertical Synchronizing Signal (V.SYNC) and Horizontal Synchronizing
Signal (H.SYNC) from Composite Synchronizing Signal inputted from CSYNC pin.
The H/V Separator consists of 7-bit up/down counter and pattern detector (compare / match circuit).

7-bit up/down counter counts TBC1 (2%fc) or TBC2 (2°/fc) output from the Time Base Counter. And its
direction for counting is controlled by input polarity of CSYNCIN pin; CSYNCA = 1 is for up count and
CSYNCA = 0 is for down count. The source clock for up count is only TBC1 (0.2 ps: fc = 20 MHz). The
source clock for down count is selected either TB1 or TBC2 (0.4 us: fc = 20 MHz) by CSYNCR <SEPMOD>.
The input polarity of CSYNCIN pin (CSYNCA signal) is selected by setting <SYNCPO> in CSYNCR and it
controls the direction for counting 7-bit counter. In case that CSYNCA is 1, counter stops when counter
output becomes all 1. And in case that CSYNCA is 0, counter stops when counter output becomes all 0.
CSYNCA is counted up by the 16-bit timer counter 5 (TC5). When CSYNCR <CSYNBP> is set to 1,
CSYNCA instead of V-SYNC is inputted to capture 0 (CAPO).

(1) V.SYNC separation

If pattern detector (compare/match circuit) detects “114 (72H)” (TBC1 term: 200 [ns] at fc = 20 [MHZz].
Therefore, threshold rate is 200 [ns] x 114 = 22.8 [us]), it outputs the V.SYNC signal. V'S signal is inputted to
capture 0 (CAPO) at the same time. V.SYNC resets flip-flop for masking. Flip-flop for masking are reset once,
the following V.SYNC signals are not accepted until masking is released. Setting flip-flop (to release
masking) is executed on <MASK> of CSYNC control register (CSYNCR). Timing chart of V.SYNC separation
is show in Figure 3.14.3.

| 64 us 32us —ﬁ ‘H— 32us —>‘

onondbre e [ [THESITTL

threshold N -

(22.8 us) , o~
TBC1 TBS 2.,

overflow (25.2 us)

@fc = 20 MHz

7-bit Counter /... . A A A A V4
Vs L—l CSYNCR<SEPMOD> = 1
—| (mask)

Figure 3.14.3 Timing Chart for V.SYNC separation
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(2) H.SYNC separation

If pattern detector detects “15 (FH)” (TBC1 term: 200 [ns] at fc = 20 [MHz]. Therefore, threshold rate is 200
[ns] x 15 = 3.0 [us]), it outputs the H.SYNC signal. In case that CSYNCA signal is 0, H.SYNC signal is reset
when 7-bit counter becomes all 0. H.SYNC (3.0 ps) signal, which are separated by H/V Separator, is
transferred to H.Pulse generator.

3.14.4 H.PULSE Generator

H.SYNC Generator generates serrated pulse in V.SYNC signal. This generated pulse (HP signal) is
transferred to Pseudo-sync signal output circuit (PV/PH), and it can be mixed to pseudo-V.SYNC signal.
Configuration of the H.Pulse generator is shown in Figure 3.14.(4).

TBC1 (from TBC) >

H.SYNC
CK o
TPGO2 (from TPGO) . 8-bit binary counter
CSYNCR <HSEN> |
R Pattern detector —— HP (to PV/PH)

Figure 3.14.4 H.Pulse Generator

H.Pulse Generator generates serrated pulse (HP signal) to mix with pseudo-V.SYNC. The timing to mix
pseudo-V.SYNC with HP signal is controlled by TPGO02 from the Timing pulse generator 0 (TPGO0) (Refer to
section 3.15 Pseudo-sync signal output circuit). By setting <HSEN> in CSYNC control register (CSYNCR) to
1, HP signal can be synchronized with the H.SYNC signal, outputted from H/V Separator, during TPGO02 is
“L”. In case that <HSEN> is 0, HP signal is not synchronized with C.SYNC signal input. Wave form of the HP

signal output is shown in Figure 3.14.5.

N b))
«

[(§

——> |«—— 45ps

64 us fc =20 MHz

Figure 3.14.5 Wave form of HP signal output
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3.15 Pseudo-sync Signal Output Circuit (PV/PH)

The TMP93C071 has a function to output a pseudo-sync signal (PV) in place of the playback sync signal
during special effect reproduction. The PV output is controlled by the timing pulse generator 0 (TPGO)'s
TPGO02 and TPGO04 outputs and the PV control register (PVCR).

3.15.1 Circuit Configuration

The pseudo-sync signal output circuit consists of a sync signal mixing circuit 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.

3.15.2 Control Register

PV/PH control register

PVCR 7 ' 8 ' 5 ' 4 3 ) 2 'y N
(0058H) 't symbol : | | PHMIX | PVSEL2 1 PVSEL1 1 PVSELO
Read/Write : ' ! ! RIW ! RAW
After reset : : : : 0 : 0 : 0 : 0
Function : ' ' 1PH mixing ]PV/PH output format control
: : : : I
1 1 1 1 1
' | | 10: OFF 1
) 1 1 1 ]
: I I 11:ON I

Figure 3.15.1 Registers for PV/PH
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3.15.3 Control of Pseudo-sync Signal Output

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

The vertical sync signal (V.SYNC) is patterned by the TPGO which is output from TPG04. The TPG02
output is used to set a period at which time the serration (serrated pulse) of V.SYNC is inserted. The
serration (HP signal) is generated by the H pulse generator of the sync signal separation circuit (CSYNC).
The HP signal is inserted into V.SYNC by setting the PVCR register PHMIX bit to 1.

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

<PVSEL2t0o0> |TPGO2— ___©—// 1.

2 1 0 |TPGO4_______1 L (<PHMIX> =1)
Vee
0 0 O | | | | |—|: Hz Output
HP
[E—— Vss
HP

o | o | - A
N

S I T

ol o

HP

A R —|H\P 1
. ]

1T [ —

Figure 3.15.2 Pseudo-Vsync output format
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3.16 Serial Channels (S100 / SI01)

The TMP93C071 has two built-in 8-bit synchronous serial channels. Serial channel 0 (SIO0) is connected
to an external circuit via P77 (SCKO0), P75 (SO0), P76 (Sl0), and serial channel 1 (SI01) is connected to an
external circuit via PB3 (SCK1), PB2 (SO1/SI1). Serial channel 0 and 1 are identical circuits, configured
independently.

S101 is limited for some function, because both transmit data output (SO1) and receive data input (SI1) are
shared with PB2 pin.

3.16.1 Configuration

Internal Data Bus

SCOBUF-WR —>|WR Transmit Buffer |

SCOMOD<S0MOD1,0>

P76/S10 P75/S00
I:{ [;> IN 8-bit Shift Register ouT D
i allo
i SCOMOD<FFOSI>
l‘ | I (Busy Flag)
SCOMOD<SIFTO> 7] Q 3 @ ——>INTSIO0
3-bit Counter f R
. b
P77/SCKO T FIF Q
S R
I:l(—> Edge Selector] |
SCOMOD<SIO0E> v Reset
‘ Receive Buffer RD SCOBUF-RD SCOMOD<SORES>
SCOMOD<SCK0S>
TBC3(0.8us) |
Selector

TBCE(6.4ps) |

Internal Data Bus

SCOMOD<CLKOSI>
(a) Configuration of Serial Channel 1 (S100)
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Internal Data Bus
SC1BUF-WR _,|WR Transmit Buffer |
SC1MOD<S1MOD1, 0>
St to SI1 Input
ode Cil.
PB2/SO1/SI1
IN 8-bit Shift Register ouT D
@ allo
I SC1MOD<FF1SI>
¢ | J_l_ (Busy Flag)
SCIMOD<SIFT1> ] Q | S Q INTSIO
3-bit Counter f R
R b
PB3/SCK1 T FFQ
8 R
Edge Selector
SC1MOD<SIO1E> v eset
Receive Buffer RD| SC1BUF-RD C1MOD<S1RES>
—N
SC1MOD<SCK18>
TBC3 (0.8 ps)—~>|
Selector
TBC6 (6.4 ps)—>| \ /
Internal Data Bus
SC1MOD<CLK1SI>

(b) Configuration of Serial Channel 1 (S101)

Figure 3.16.1 Configuration of Serial Channel 0 (S101)
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3.16.2 Control Registers

The serial channels are controlled by two (2) control registers SCOMOD, SC1MOD and two (2) buffer

registers SCOBUF, SC1BUF.

SI00 control register

SCOMOD 7 1 6 1 5 1 4 1 3 1 2 1 4 1 g

(0080H) | pit Ssymbol | FFOSI | SORES | SOMOD1 | SOMODO | SIFTO | CLKOSI | SCKOS . SIOOE
Read/Write R : RIW : R/W : RW : RIW : RIW : RIW
After reset 1 | 0 | 0 | 0 | 0 | 0 | 0 : 0

Function [Transfer ESeriaI transfer:T ransfer mode select EShift edge ilnternal clock ESeriaI clock ESeriaI transfer
monitor flag  fterminate | 1select rate select  |source ienable/
| 00: Transmit mode : : iselect disable
0: Under EO: — 501: Receive mode EO: Leading EO: TBC3 | E
transferring,1: Terminate |10: — | (Falling) | (0.8ps) 0:Internal  |0: Disable
1: Stop 1 11: Transmitireceive mode 11: Trailing W: TBC7 | clock 1: Enable
i i E (Rising) i (6.4 ps) 51: External i
: : : : | oclock |
SI00 buffer register

SCOBUF ' ' ' ' ' ' :

(0061H) . 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0
bit Symbol TRBO7 |, TRB0O6 |, TRB0O5 |, TRB04 , TRB03 , TRB02 , TRBO1 , TRBOO
Read/Write R/W
After reset * ' * ' * ' * ' * ' * ' * , *
*: unknown after reset

S101 control register SIO1

SC1MOD 7 | 6 | 5 | 4 : 3 | 2 | 1 ; 0

(0062H) = | | | | | | .
bit Symbol FF1SI , S1RES , S1MOD1 , S1MODO |, SIFT1 | CLKISI , SCK1S , SIOIE
Read/Write R : RW : RIW : RIW : RIW : RIW : RW
After reset 1 | 0 | 0 | 0 : 0 : 0 | 0 ' 0

Function [Transfer ESeriaI transfen:Transfer mode select EShift edge ilnternal clock ESeriaI clock ESeriaI transfer
monitor flag  terminate 'select rate select  source ienable/
| 00: Transmit mode | : select disable
0: Under EO: —_ 501: Receive mode EO: Leading EO: TBC3 i i
transferring|1: Terminate |10: — , (Falling) | (0.8ps) 0:Internal  |0: Disable
1: Stop | 11: Transmitireceive mode 11: Trailing  11: TBC7 | clock 1: Enable
E E E (Rising) E (6.4 us) 51: External E
! ! ! ! | clock !

(Note): The SIO1 can not be used as the transmit/receive mode because the transmit line and receive line

of the SIO1 are connected to the common pin (PB2).

SIO1 buffer register

SC1BUF 7 4« 6 . 5 . 4 . 3 . 2 1 P00
(0063H) bit Symbol TRB17 : TRB16 : TRB15 : TRB14 : TRB13 : TRB12 : TRB11 : TRB10
Read/Write R/W
After reset * : * : * : * : * : * : * : *

*: unknown after reset

Figure 3.16.2 Registers for SIO0/SIO1
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3.16.3 Operation

(1) Serial Clock

® Clock Source Selection

The clock of SIO can be selected from either external clock or internal clock by setting <SCK0S> bit in
SCOMOD register (<SCK1S> bit in SC1MOD register for channel 1).

a. Internal clock
The clock rate can be selected from either TBC3 (2%/fc) or TBC6 (27/fc) by setting SCOMOD <CLKO0SI>
(SC1MOD <CLK18SI> for channel 1). Table 3.16.1 shows the maximum transfer rate using the internal
clock. The serial clock outputs from SCKO (SCK1 for channel 1).
The serial clock automatically stops after the end of one-frame serial operation, and waits for the next
serial operation. The serial clock holds high-level are not transferred.

Table 3.16.1 The Maximum Transfer Rate by Internal Clock

Internal Clock Maximum Transfer Rate
(at fc = 16 MHz)

TBC3 (2*/fc) 1.25 Mbps

TBC6 (27/fc) 156.25 kbps

b. External clock

The clock input to the SCKO (SCK1 for channel 1) pin is used as the serial clock. To make certain of the
shift operation, set SCOMOD <CLKO0SI> (SC1MOD <CLK1SI> for channel 1) to 0. Using certain shift
operation, it is necessary to set more than 8/fc at both high-level and low-level of the serial clock width. When
SCOMOD <SIO0E> (SC1MOD <SIO1E> for channel 1) are set to 0 under transferring and ending the
transfer, it is necessary to set more than 16/fc at both high-level and low-level of the serial clock width.

— 1 1 |
pin Input

< P

tscL  tscH

tscL, tsch 2 8/fc [8]

Figure 3.16.3 External Clock Input
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@ Shift Edge Selection

The leading or trailing edge shift can be selected by setting <SIFT0> bit in SCOMOD register (<SIFT1> bit
in SC1MOD register for channel 1).

a. Leading edge

The serial data are shifted on the leading edge of the serial clock (falling edge of SCKO or SCK1 pin
input/output).
b. Trailing edge
The serial data are shifted on the trailing edge of the serial clock (rising edge of SCKO or SCK1 pin
input/output).

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

SCK pin 1 | :|: :: : | : | |
SO pin bto X b1 X brz X b3 X bitd X bits X b6 X b7
Shift register 76543210 X 7654321 X 765432 X 76543 X 7654 X 765 X 76 X 7

(a) Leading edge

SCK pin | f | f f f f f f f

Sl pin \ G0 X b X b2 X b3 X btd X b5 X b6 X b7

Shift register e greanen X 100 Y2100 Y 3210 K 43210t Y 543210+ Y 6543210* X 76543210
(b) Trailing edge Note: *; don’t care

Figure 3.16.4 Shift Edge
(2) Serial Operation

Three transfer mode such as transmit, receive and simultaneous transmit-receive modes for serial channel
0 and 1 are selected by SCOMOD <SOMOD1, 0> (SC1MOD <S1MOD1, 0 for channel 1). After reset,
SCOMOD <SO0MOD1, 0> and SC1MOD <SOMOD1, 0> are cleared to 0, and transmit mode is selected. S101
can not be used as simultaneous transmit-receive mode, because both transmit data output (SO1) and
receive data input (SI1) are shared with PB2 pin. The following explains the operation in each transfer mode.
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@ Transmit mode

After setting transmit mode to the control register, the first transmit data is written into buffer registers
SCOBUF or SC1BUF (address 0061H or 0063H in memory). (When transmit mode is not set, transmit data
can not be written into the buffer registers.) Setting SCOMOD<SIO0E> or SC1MOD<SIO1E> to 1 starts
transmit operation. As the transmit starts, the transmit data area synchronized with the leading edge of the
serial clock (falling edge shift), and sequentially output from the SO pin of the LSB side. At the same time,
the transmit data area transferred from the buffer registers to the shift registers. Since the buffer registers are
empty, the buffer empty interrupt (INTSIOO0 or INTSIO1) is generated to request new data. When the next
transmit data is written into the buffer register in the interrupt service program, the interrupt request signal is
cleared.

Note: After the serial transfer enable/disable register SCOCR<SCOQOE> or SC1CR<SIO1E> are-set to 1,

undefined data are output from SO pin till the first falling edge of the serial clock.

(Internal clock mode)

In the internal clock mode, When all data are transmitted and no subsequent data is set in the register, the
serial clock output stops and a wait begins.
Figure 3.16.5 (a) shows the timing chart of internal clock operation in transmit mode (with wait).

(External clock mode)

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

Figure 3.16.5 (b) shows the timing chart of external clock operation in transmit mode.

To end the transmit operation, set SCOMOD <SIO0E> or SC1MOD <SIO1E> to 0 instead of writing the
next transmit data into the buffer register in the interrupt service program. When <SIO0E> or <SIO1E> are
cleared to 0, the transmit operation stops at the end of transmitting a data which is shifted out currently. The
transmit operation also stops at once by setting SCOMOD <SORES> or SC1MOD <S1RES> to 1, and
<SORES> or <S1RES> are automatically cleared to 0.

The end of transmit operation can be confirmed by reading out the serial transfer monitor flag
SCOMOD<FFO0SI> or SC1MOD<FF1SI>. (When the transmit operation is finished, the serial transfer monitor
flag is setto 1.)

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

¢ @ (c

/ P)) )]

(C ¢
<SIO0E> ) )
<SCOBUF> X

SCKO pin
out put
SO0 pin
output

<FFOSI>

Writing the next transmit data D’
lclears interrupt request flag.

INTSIOO0 T |_T

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

<SIO0E>
<SCOBUF> ¥ D X D X D

SCKaO pin
input
SO0 pin
output

<FFOSI>

INTSIOO0 T |_|

(b) External clock operation in transmit mode

Figure 3.16.5 Serial channel Timing Chart in Transmit mode
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@ Receive Mode

After setting the control register to receive mode, setting SCOMOD <SIO0E> or SC1MOD <SIO1E> to 1
makes receive possible. The shift data is synchronized with the serial clock and fetched from the Sl pin.
When 8-bit data is fetched, it is transferred from the shift register to the buffer register, and buffer-full
interrupt INTSIOO or INTSIO1 is generated to request a read of receive data. The receive data are read from
the buffer register in the interrupt service program. The interrupt request signal is cleared when they are
read.

(Internal clock mode)

In the internal clock mode, if the previous receive data has not been read from the buffer register after the
next data is fetched, the serial clock stops and waits until the previous data is read.

Figure 3.16.6 (a) shows the timing chart of internal clock operation in receive mode (leading edge shift with
wait).

Figure 3.16.7 (a) shows the timing chart of internal clock operation in receive mode (trailing edge shift with
wait).

(External clock mode)

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

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

Figure 3.16.6 (b) shows the timing chart of external clock operation in receive mode (leading edge shift).

Figure 3.16.7 (b) shows the timing chart of external clock operation in receive mode (trailing edge shift).
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In the receive mode, either leading edge shift or trailing edge shift can be selected. When the leading edge
is used for shifting, because data is fetched at the leading edge of the serial clock, the first shift data must
already be input to the Sl pin when the initial serial clock pulses are applied at transfer start.

To end the receive operation, set the serial transfer enable/disable register (SCOMOD) <SIO0E> or
(SC1MOD) <SIO1E> to 0. When the serial transfer enable/disable register <SIO0E> or <SIO1E> are cleared
to 0, the receive operation ends after 8 bits of receive data are fetched. Don’t read the buffer register after
clearing the serial transfer enable/disable register.

Setting the serial transfer enable/disable register (SCOMOD) <SORES> or (SC1MOD) <S1RES> are set to
1 stops the serial transfer at once and <SIO0E> or <SIO1E> are cleared to 0.

Note : If the transfer mode is switched, the contents of the buffer registers can not be kept. If necessary to
switch the transfer mode; the transfer mode should-be switched after clearing the transfer

.

enable/disable register <é D0E> or <SIO1E> to 0 and reading out the last bit of the receive data.

The end of receive can be confirmed by reading serial transfer monitor flags SCOMOD <FFO0SI> or
SC1MOD <FF1SI>.
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[ )

.

—

< >
SIO0E A Reads serial transfer monitor flag “0”,and
disables by software.

<FFOSI>

SCKO pin
output

-
[

SI0 pin
output
Sampling
Timing

(
INTSIO0 T ) E}i
X ng

(C
<SCOBUF> X D al
J)
<SCOBUF> kdﬂ
Read Reads SCOBUF data “D” in the first frame. /7
(a) Intemal clock operation in receive mode (with leading edge and wait)
<SIO0E> |
<FFOSI> / li
SCKO pin
input o .......
SI0 pin
input -@»m em (D7 X Do X DX D' X D7
Sampling T ) 1 T 1 T tot T )
iming

INTSIO0

(( {(
<SCOBUF> XD )N~ D j} X©

J J)
<SCOBUF>
Read

Reads SCOBUF data “D” in the first frame. /Y

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

Figure 3.16.6 Serial channel Timing chart in Receive mode (Leading edge)
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<SIO0E>
SCKO pin
output

SI0 pin
input
Sampling
Timing

<FFOSI>

INTSIOO0

<SCOBUF> XD 7 XD

JJ
<SCOBUF>

Read
Reads SCOBUF data ‘D" in the first frame. —7

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

(4
<SIO0E> )

SCKO pin
ma | ML LR

SI0 pin
input

Sampling
Timing

<FFOSI>

INTSIO0

(C
<SCOBUF> X D w XD
J

<SCOBUF>
Read

Reads SCOBUF data “D” in the first frame. .~

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

Figure 3.16.7 Serial channel Timing chart in Receive mode (Trailing edge)
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® Simultaneous Transmit / Receive Mode

The first transmit data are written into the buffer register SCOBUF (SC1BUF for channel 1) after the
simultaneous transmit-receive mode is set to the control register. Then, setting the serial channel control
register SCOMOD <SIOOE> or SC1MOD <SIO1E> to 1 enables transmitting or receiving data. The transmit
data area output from the SO pin at the leading edge of the serial clock. The receive data area fetched from
the Sl pin at the trailing edge of the serial clock.

When the 8-bit receive data are fetched, the data are transferred from the shift register to the buffer
register, and the interrupt request (INTSIOO or INTSIO1) is generated to request receive data read. In the
interrupt service program, the received data are read out from the buffer register and the next transmit data
are written into the buffer register.

|5
A
2

SIO0E>-or SC1MOD <SIO1E> is set to

J

ndefined data are output from SO pin till the first falling edge of serial clock. SIO1 can not be used as

Note: After the serial transfer enable/disable register SCOMOL
U

multaneous transmit /-receive mode.

(Internal clock mode)

In the internal clock mode, a wait begins until the receive data are read and the next transmit data are
written into the buffer register. Figure 3.16.8 (a) shows the timing chart of internal clock operation is
simultaneous transmit / receive mode.

(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 pulses. The
maximum transfer rate of the external clock operation is determined by the maximum delay time from
interrupt request generation to receive data read and transmit data write.

Figure 3.16.8 (b) shows the timing chart of external clock operation in simultaneous transmit/receive mode.

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

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

When the serial transfer enable/disable register<SIO0E> or <SIO1E> is cleared to 0, the simultaneous
transmit-receive operation ends after the 8 bits of receive data are fetched. Don’t read the buffer register
after clearing the serial transfer enable/disable register.

In the simultaneous transmit-receive mode, the serial transfer operation ends just after setting <SORES> or
<S1RES> to 1, and the serial transfer enable/disable register <SIO0E> or <SIO1E> is cleared to 0.
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The end of simultaneous transmit-receive can be confirmed by reading the serial transfer monitor
flags<FFOSI> or <FF1SI> in program.

Wirites the next transmit data “DO"™ to buffer register.

<SIO0E> |

<sCoBUF> X DO

™ ™
™™ ™
2. L
L%\ ™
]
[w)
Q
L " Y s
™™ ™
O
Q

<SCOBUF>
Read

SCKO pin
output
SO0 pin
output
SI0 pin
input
Sampling Timing

<FFOSI>

INTSIOO0

<SIO0E> |
X

<SCOBUF>

DO X X_Dpo ;; X or
)

<SCOBUF>
Read

SCKO input

SO0 pin
output

SI0 pin
input

Sampling Timing T T T T 'T‘ T T T T T T
<FFOSI> ] [ 1 «
INTSIO0 T—I (¢

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

Figure 3.16.8 Serial channel Timing chart in Simultaneous Transmit / Receive mode
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3.17 Serial Channel (UART)

TMP93C071 has an asynchronous serial I/F (UART).
The UART has the following operation modes.

Mode 1: 7-bit data
« UART mode <E Mode 2: 8-bit data
(channel 0) Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for making the master
controller start slave controllers in serial link (multi-controller system).
Figure 3.17.1 shows the data format (for one frame) in each mode.

* Mode 1 (7-bit UART mode)

When bit 8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

Figure 3.17.1 Data Formats

The UART has a buffer register for transmitting and receiving operations, in order to temporarily store
transmitted or received data, so that transmitting and receiving operations can be done independently (full
duplex).

The receiving data register is of a double buffer structure to prevent the occurrence of overrun error and
provides one frame of margin before CPU reads the received data. The receiving data register stores the
already received data while the buffer register receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by software), it is
possible to halt data send until the CPU finishes reading receive data every time a frame is received.
(Handshake function)
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A check function is added not to start the receiving operation by error start bits due to noise. The channel
starts receiving data only when the start bit is detected to be normal at least twice in three samplings.

When the transmission buffer becomes empty and requests the CPU to send the next transmission data,
or when data is stored in the receiving data register and the CPU is requested to read the data, INTTX or
INTRX interrupt occurs. Besides, if an overrun error, parity error, or framing error occurs during receiving
operation, flag SC2CR <OERR, PERR, FERR> will be set.

The UART includes a special baud rate generator, which can set any baud rate by dividing the frequency
of 4 clocks (TBC1, TBC2, TBC3, and TBC4) from the time base counter (TBC). In addition, the UART can
be operated by using the timeout output of the timer counter 0 (TCO).

3.17.1 Control Registers

The UART is controlled by 3 control registers SC2CR, SC2MOD and BR2CR. Transmitted and received
data are stored in register SC2BUF.
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SC2MO
(0064H)

7 i 6

bit Symbol

TB8 . CTSE

RXE |

SM1___|

SMO

T sCi__ | sco

Read/Write

After reset

Undefined 0

0 i

0 | 0 | 0

i 0 1 0

Function

[Transfer data :Hand shake
Bit 8 :Function
|
:Ozﬁ
i disable
:1:&
: enable

:Receiving
:Function
:0: Receive
disable
1: Receive
enable

Wake up
:Function
1

0: disable
:1: enable

:Serial transmission
:mode

00: inhibit

01: 7-bit UART
10: 8-bit UART

51 1: 9-bit UART

Serial transmission clock
(UART)

00: TCO Trigger

01: baud rate generator
10: Internal clock fc/2
11: inhibit

]

l—> Serial transmission clock (For UART mode)

19-bit length

Wake up Function
(Don't care in the modes other than 9-bit UART)

Disable

Enable

* Receiving Function

Receive Disable

Receive Enable

Hand

shake function (CTS Pin) enable

1

Y
=
o
=1
[
3
[
o,
[=}
=]
o
)
)
o
=
z
[o¢]

9-bit UART mode

Stores received data bit 8

Figure 3.17.2 Serial Mode Control Register (SC2MOD)

93C071-159


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071
SC2CR 7 i 6 i 5 i 4 ! 3 ! 2 i 1 ] 0
(0065H) bit Symbol RB8 i EVEN | PE i, OERR | PERR | FERR | - : -
Read/Write R [ RIW [ R (cleared to Zero when read) [ RW
After reset | Undefined 0 1 0 1 0 1 0 1 0 1 0 ' 0
Function |Received  iParity Parity : 1: error Always set to 00.
data Bit 8 10: Odd addiion 1 |
11: Even 0: Disable 1 |
| :1: Enable : |
1 1 [—==-=-===-=-- | e T
! ! 1 Overrun 1+ Parity ] Framing
| 1 | 1 | I 1
> E;arzgjnegrri:rg;gag } Cleared to Zero
—> Overrun error flag when read. (Note 1)
—> Enable parity addition
_ 0_ |Prohibition (disable) _ __ ___
1 |Permission (enable)
—— > Addition / check of even parity
_0_ |Oddparity ___________
1 |Even parity
> Receiving data bit 8
8-bit UART mode (parity)_ _ _ _|Stores transmission parity bit _
9-bit UART mode Stores transmission data bit 8

Note1: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.17.3 Serial Control Register (SC2CR)
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BR2CR 7 . 6 : 5 : 2 : 3 . 2 . 1 . 0
(0066H) | BitSymbol — T ——_ | BROCK1 | BROCKO | BROS3 | BR0S2 | BROS1 | BROSO
Read/Write RW | ! RIW
After reset 0 1 1 0 1 0 1 0 1 0 1 0 | 0
Function (Note) 1 100: TBC1 (0.2 ps) : Setting of the Divided frequency
Always 1 100: TBC2 (0.4 ps) :
Write 0 1 110: TBG3 (0.8 pis) :
: 100: TBC4 (1.6 pis) '
| 1

|—> Setting of the divided frequency of baud rate generator
0000116 divisions _ ___ __ _____
0001 (1 division (not divided)

to [to

1111]15 divisions

—> Selecting the input clock of baud rate generator

11 Internal clock (1.6us)

Note: Bit 6 of BR2CR is read as 1.
Figure 3.17.4 Serial Channel Control (BR2CR)

SC2BUF 7 | 6 . 5 . 4 . 3 | 2 | 1 : 0

(0067H) | Pit Symbol RB7 ' RB6__' RB5 ' RB4 ' RB3 ' RB2 ' RB1_ ' RBO
. TB7 1 TB6 ' TBS ' TB4 ' TB3 1 TB2 1 TB1 1 TBO

Prohibit |"Read/Write R(Receiving) / W(Transmission)

read.- After reset Undefined

modify-

write

Figure 3.17.5 Serial Transmission / Receiving Buffer Registers (SC2BUF)
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3.17.2 Configuration
Figure 3.17 (6) shows the block diagram of the serial channel 0.
- Serial Clock Generator
BR2CR<BROCK1, 0.> TOOTRG (Timer0 Comparator Output)
‘L J’ BR2CR<BR0S3-0.> L
TBC1 (0.2 us) —| SIOCLK
TBC2 (0.4 pus) —>{Selector Divider] Selector
TBC3 (0.8 us) —>|
TBC4 (1.6 us) —H> |
! -e(Baud-Rate-Generator) T
12 (0.1 ps ) SC2MOD<SCA1, 0>
INTRX INTTX
y t 1
SC2MOD<WU>
Rx Counter —>| Interrupt Ctl. Tx Counter
(UART: +16) (UART:+16)
RXDCLK 0 TXDCLK | t
SC2MOD<RXE>_»| Rx Controller /) N Tx Controller 72/ CTS
\ %
T T SC2CR<PE, EVEN> T T SC2MOD<CTSE>

SC2MOD<SM1, 0>

Parity Ct.
P71/RXD[]—e—>[ " Rx Buffer 1 (Shift Register) |
[RB8  RxBuffer 2 (SC2BUF) | [ ErorFiag |
SC2CR<OERR, PERR, FERR>
SC2CR<RB8>

!

SC2MOD<SM1, 0>
(bit length)

[TB8

TX Buffer (SC2BUF)

—[P7OTXD

SC2CR<TH8

Internal Data Bus

Figure 3.17.6 Block Diagram of the UART

93C071-162


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

® Baud Rate Generator

Baud rate generator comprises a circuit that generates transmission and receiving clocks to determine the
transfer rate of the UART.

The input clock to the baud rate generator, TBC1, TBC2, TBC3, or TBC4 is generated by the time base
counter (TBC). One of these input clocks is selected by the baud rate generator control register
BR2CR<BROCK1, 0>.

The baud rate generator includes a 4-bit frequency divider, which divides frequency by 1 to 16 values to
determine the transfer rate.

How to calculate a transfer rate when the baud rate generator is used is explained below.

Input clock of baud rate generator

Baud rate = +16

Frequency divisor of baud rate generator

Accordingly, when source clock fc is 12.288 MHz, input clock is TBC3 (fc/16), and frequency divisor is 5,
the transfer rate in UART becomes as follows:

Baud rate = fc/16 _ =16

5
=12.288x10%:+16+5+16=9600 (bps)
The maximum baud rate of this baud rate generator is 312.5 kbps (fc = 20 MHz).

Table 3.17.1 shows an example of the transfer rate.
Also with 8-bit timer 0 (TCO), the UART can get a transfer rate.

Table 3.17.1 Selection of UART Transfer Rate (1) (When Baud Rate Generator is used.)

Unit (Kbps)
fc[MHz] Input clock TBCA1 TBC2 TBC3 TBC4
Divider (4/fc) (8/fc) (16/fc) (32/fc)
12.288000 5 38.400 19.200 9.600 4.800
10 19.200 9.600 4.800 2.400
19.660800 2 153.600 76.800 38.400 19.200
4 76.800 38.400 19.200 9.600
8 38.400 19.200 9.600 4.800
16 19.200 9.600 4.800 2.400
20.000000 2 156.250 78.125 39.063 19.531
4 78.125 39.063 19.531 9.766
8 39.063 19.531 9.766 4.883
16 19.531 9.766 4.883 2.441
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@ Serial Clock Generation Circuit

This circuit generates the basic clock for transmitting and receiving data.

According to the setting of SC2MOD <SC1, 0>, the above baud rate generator clock, internal clock fc/2
(max 625 kbps at fc = 20 MHz), or the match detect signal from timer 0, will be selected to generate the basic
clock SIOCLK.

® Receiving Counter

The receiving counter is a 4-bit binary counter and counts up by SIOCLK clock. 16 pulses of SIOCLK are
used for receiving 1 bit of data, and the data bit is sampled three times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

For example, if the sampled data bit is 1, 0 and 1 at 7th, 8th and 9th clock respectively, the received data is
evaluated as 1. The sampled data 0, 0 and 1 is evaluated that the received data is 0.

@ Receiving Control

The receiving control has a circuit for detecting the start bit by the rule of majority. When two or more “0”
are detected during 3 samples, it is recognized as start bit and the receiving operation is started.
Data being received are also evaluated by the rule of majority.

® Receiving Buffer

To prevent overrun error, the receiving buffer has a double buffer structure.

Received data are stored one bit by one bit in the receiving buffer 1 (shift register type). When 7 bits or 8
bits of data is stored in the receiving buffer 1, the stored data are transferred to the receiving buffer 2
(SC2BUF), generating an interrupt INTRX. The CPU reads only receiving buffer 2 (SC2BUF). Even before
the CPU reads the receiving buffer 2 (SC2BUF), the received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SC2BUF) is read before all bits of the next data are received by the
receiving buffer 1, an overrun error occurs. If an overrun error occurs, the contents of the receiving buffer 1
will be lost, although the contents of the receiving buffer 2 and SC2CR<RB8> is still preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 9-bit UART mode are stored
in SC2CR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is enabled by setting
SC2MOD<WU> to 1, and interrupt INTRX occurs only when SC2CR<RB8> is set to 1.
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® Transmission Counter

Transmission counter is a 4-bit binary counter and counts by SIOCLK clock, generating TxDCLK every 16
clock pulses.

SIOCLK

TXDCLK R &
c B B

Figure 3.17.7 Generation of transmission Clock

15 16::1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 :1 2

@ Transmission Controller
When transmission data are written in the transmission buffer sent from the CPU, transmission starts at the
rising edge of the next TxDCLK, generating a transmission shift clock TxDSFT.

Handshake Function

The serial channels use the CTS pin to transmit data in units of frames, thus preventing an overrun error.
Use SC2ZMOD<CTSE> to enable or disable the handshake function.

When CTS goes high, data transmission is halted after the completion of the current transmission and is
not restarted until CTS returns to low. An INTTX interrupt is generated to request the CPU for the next
data to transmit. When the CPU write the data to the transmit buffer, processing enters standby mode.

An RTS pin is not provided, but a handshake function can easily be configured if the receiver sets any
port assigned to the RTS function to high (in the receive interrupt routine) after data receive, and requests
the transmitter to temporarily halt transmission.

93C071 93C071
TxD RxD
CTS RTS (any port)
Sender Receiver

Figure 3.17.8 Handshake Function
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N
—

Timing to write J_I—SS
transmission buffer

CTS Send is suspendedI \ S
rom Otod.
13 14 15 16 1 2 3 14 15 16 1 2 3
siook  —g¢c TLTLTL TLTT T Tl TU T JL T JT JT

TxDCLK g 5 |—| SS |_|

TxD

—

(o
[N

\Stan bit c <Bit 0
)

Note1: If the CTS signal rises during transmission, the next data is not sent after the completion of the
current transmission.

Note2: Transmission starts at the first TXxDCLK clock fall after the CTS signal falls.

Figure 3.17.9 Timing of CTS (Clear to send)

Transmission Buffer
Transmission buffer (SC2BUF) shifts out and sends the transmission data written from the CPU. When all
bits are shifted out, the transmission buffer becomes empty and generates INTTX interrupt.

@ Parity Control Circuit

When serial channel control register SC2CR<PE>is set to 1, it is possible to transmit and receive data with
parity. However, parity can be added only in 7-bit UART or 8-bit UART mode. With SC2CR <EVEN> register,
even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data written in the transmission buffer
SC2BUF, and data are transmitted after being stored in SC2BUF<TB7> when in 7-bit UART mode, while in
SC2MOD <TB8> when in 8-bit UART mode. <PE> and <EVEN> must be set before transmission data are
written in the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added after the data are transferred in
the receiving buffer 2 (SC2BUF), and then compared with SC2BUF<RB7> when in 7-bit UART mode and
with SC2MOD<RB8> when in 8-bit UART mode. If they are not equal, a parity error occurs, and
SC2CR<PERR> flag is set.
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@ Error Flag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer 1 while valid data are stored in receiving buffer 2
(SC2BUF), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SC2BUF) is compared with the parity bit
received from RxD pin. If they are not equal, a parity error occurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the majority is “0”, a framing
error occurs.

@ Generating Timing

Receiving
Mode 9 bit 8 bit + parity 8 bit, 7 bit + parity, 7 bit
(Note) (Note)
Interrupt timing Center of last bit Center of last bit Center of stop bit
(Bit 8) (parity bit)
Framing error timing |Center of stop bi Center-of stop bit Center of stop bit
Parity error timing — Center of last bit Center of stop bit
(parity bit)
Overrun error timing  |Center of last bit Center of last bit Center of stop bit
(Bit 8) (parity bit)

Note: In 9-bit and 8-bit + parity modes, interrupts coincide with the ninth bit pulse.
Thus, When servicing the interrupt, it is necessary to wait for a 1-bit period (to allow
the stop bit to be transferred) to allow checking for a framing error.

Transmitting
Mode 9 bit 8 bit + parity 8 bit, 7 bit + parity, 7 bit
Interrupt timing Just before last bit is |Just before last bit is |Just before last bit is
transmitted. transmitted. transmitted.
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3.17.3 Operational Description
(1) Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SC2ZMOD <SM1,0> to “01".

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled or disabled by serial
channel control register SC2CR<PE>, and even parity or odd parity is selected by SC2CR <EVEN> when
<PE> is set to “1” (enable).

Setting example: When transmitting data with the following format, the control registers should be set as
described below.

e
start 1 2 4 5 parity/ Stop

«—— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz)

7 6 5§ 4 3 2 1 0

P7FC € - X - - - X X 1 .
P7CR ¢ _ - _ _ _ Ty Select P70 as the TxD pin.
SC2MOD &« X 0 - X 0 1t 0 1 Set7-bitUART mode.
SC2CR € X 1 1 X X X 0 0 Addaneven parity.
BR2CR &« 0 X 1 1 1 0 1 0 Settransfer rate at 2400 bps.
INTRXTX <« 0 1 0 0 - - - - EnableINTTX interrupt and set interrupt level 4.
SC2BUF € x o« x o« = x x x Setdata for transmission.

Note : X; don’tcare  —; no change

(2) Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SC2ZMOD<SM1,0> to “10”. In this mode, parity bit can be
added, the addition of a parity bit is enabled or disabled by SC2CR<PE>, and even parity or odd parity is
selected by SC2CR<EVEN> when <PE> is set to “1” (enable).

Setting example: When receiving data with the following format, the control register should be set as
described below.

<«—— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)
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Main setting
_ 7 6 5 4 3 2 10
P7CR &« - - - - - - 0 - SelectP71 (RxD) as the input pin.
SC2MOD <« - 0 1 X 1 0 0 1 Enablerecevingin 8-bit UART mode.
SC2CR &< X 0 1 X X X 0 0 Addanodd parity.
BR2CR &€ 0 X 1 0 0 1 0 1 Settransferrate at 9600 bps.
LINTRXTX &« - - - - 0 1 0 0 EnableINTRX interrupt and set interrupt level 4.
Interrupt processing
[Acc € SC2CR AND 00011100
if Acc 0 then ERROR Check for error.
LAcc € SC2BUF Read the received data.
Note: X; don't care —; no change

(3) Mode 3 (9-bit UART Mode)

9-bit UART mode can be specified by setting SC2MOD<SM1,0> to 11. In this mode, parity bit cannot be
added.

For transmission, the MSB (9th bit) is written in SC2MOD <TB8>, while in receiving it is stored in
SC2CR<RB8>. For writing and reading the buffer, the MSB is read or written first then SC2BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting SC2MOD<WU> to 1.
The interrupt INTRX occurs only when<RB8> = 1.

TxD RxD TxD RxD TxD RxD D RxD

Master Slave 1 Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode with ODCR1.

Figure 3.17.10 Serial Link Using Wake-Up Function
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@ Select the 9-bit UART mode for the master and slave controllers.
@ Set SC2MOD<WU> bit of each slave controller to “1” to enable data receiving.

® The master controller transmits one-frame data including the 8-bit select code for the slave controllers.
The MSB (bit 8)<TB8> is set to 1.

startfoofl 1+ {2 N s ha 5 Ko h7) o Yo
) _—

Select code of slave controller 1”

@ Each slave controller receives the above frame, and clears WU bit to “0” if the above select code matches
its own select code.

® The master controller transmits data to the specified slave controller whose SC2MOD<WU> bit is cleared
to “0”. The MSB (bit 8)<TB8> is cleared to 0.

star o)1 {2 3 X & N5 o X7 \ero/sop

data 0

® The other slave controllers (with the <WU> bit remaining at “1” ) ignore the receiving data because their
MSBs (bit 8 or <RB8>) are set to 0 to disable the interrupt INTRX.

The slave controllers (<WU> = 0) can transmit data to the master controller, and it is possible to indicate
the end of data receiving to the master controller by this transmission.
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Setting example: To link two slave controllers serially with the master controller, and use the internal clock
fc/2 as the transfer clock.

TxD RxD XD RxD TxD RxD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

»  Setting the master controller
Main

[ P7FC
P7CR

: :} Select P70 as TxD pin and P71 as RxD pin.
INTRXTX € 01 0 0 0 1

e

e

1 Enable INTTX and set the interrupt level 4.

Enable INTTX and set the interrupt level 5.
1 0 1 0 1 1 1 0 Setfc/2asthe transmission clock in 9-bit UART mode.
0O 0 0 0 0 0 0O 1 Setthe select code for slave controller 1.

1

1

1

1

1

1
[=N =33

SC2MOD
| SC2BUF

INTTX interrupt

[ scamop < 0 - Sets TB8 to 0.
SC2BUF €« * x x x x x % * Getdata for transmission.
» setting the slave controller 2
Main
[ ODCR1 « - X - - = X X 1
P7FC &« - X - - - X X 1 Select P71 as RxD pin and P70 as TxD pin (open drain output).
P7CR &« - - - - = - 01
INTRXTX &« 0 1 0 1 0 1 1 0 EnableINTRXandINTTX.
| SC2MOD < 0 0 1 1 1 1 1 0 Set<WuU>to1inthe 9-bit UART transmission mode with transfer clock fc/2.
INTRX interrupt
[ Acc € SC2BUF
if Acc = Select code
| ThenSC2MOD¢& - - - 0 - - - - Clear<WU>to0.
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3.18 Serial Bus Interface (I2CBUS)
The TMP93C071 has a 1-channel I°C bus I/F (1I2CBUS).

12CBUS operates as a multi-master, and controls two bus I/F (P73/SDAQ, P74/SCL0) and (PB4/SDAT1,
PB5/SCL1)). At the master mode, the I’CBUS can transfer many byte data continuously with the micro DMA.

3.18.1 Configuration

INTI2DMA micro DMA activation Interrupt €«——

INTI“CB 12CBUS Interrupt €————
P73/
SCL | spao
- O
Interrupt/Status micro DMA p74/
71 Interrupt
| DBR RD/WR pulse | Control | [Shannell SEYO
- Clock Syncle, Transfer ’Y Control .y
| Noise + Control |
> > L \ SDA1
Chancellor Control [q| Circuit '
el z
Shit [
fo/d — !
Divider ;
Regls;ter j<{ Data Control | |Noise R ) soa —(J
Chancellor
Reset for 12C 3 LY T
hd

| ! CHS
(12ccrs ) flzccrarsR) [ 12car | ( 2CDBR ] (12ccr1 ) PMAEN L»@

Figure 3.18.1 Serial Bus Interface (FCBUS)
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3.18.2 Serial Bus Interface (I’CBUS) Control

The following registers are used for control and operation status monitoring when using the serial bus
interface (I’CBUS).

+ I2CBUS control register 1 (I2CCR1)

+ I>’CBUS control register 2 (I2CCR2)
I’CBUS control register 3 (I2CCR3)
I’CBUS control register 4 (I2CCR4)
I’CBUS data buffer register (I2CDBR)
I’C bus address register (I2CAR)
I’CBUS status register (I2CSR)

Refer to Section 3.18.4 1°Cbus Mode Control.

3.18.3 The Data Formats in the I’°CBus

The data formats when using the TMP93C071 in the I?Cbus are shown below.

(a) Addressing format
le—— 8 bits 1 1 to 8 bits 1 j&—— 110 8 bits——] 1
L RIA A A
S| Slaveaddress [1|C Data c Data Clp
W[ K K K
< 1 »i 1 or more- >
(b) Addressing format (With restart)
l«——— 8 bits ———> 1 [«—— 110 8 bits ———| 1 je——— 8hits —> 1 l«——1108 bits —>{ 1
117 T T [RIA A L L RIA A
S| Slaveaddress | /1|C Data Cls| Slaveaddress |/]|C Data Clp
WK K W|K K
< 1 1 or more <« 1 > 1 or more ————|
(c) Free data format
le—— 8 bits » 1 fe 1 to 8 bits > 1 € 1 to 8 bits ——»| 1
T T T T 1T 1T A A A
S Data c Data c Data Clp
K K K
1 1 or more >

(Notes) S: Start condition
R/W : Direction bit

ACK :  Acknowlege bit

P : Stop condition

Figure 3.18.2 Data format in the I?*CBus Mode
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3.18.4 I>CBus Control
12CBUS Control Register 1
7 : 6 . 5 . 4 : 3 ' 2 ' 1 ' 0
12CCR1
Read/Write W ! R/W ! R/W ! i
After reset 0 1 0 1 0 1 0 1 1 — 1 — 1 —
Function  |Number of transferred bits (Note) 1Acknowledge 'Channel
Prohibit :mode :selection
feagjf 'specification 10: Channel 0
modify-
write | : (SDAG,
! ' SCLO)
: :1: Channel 1
: : (SDA1,
' ' SCL1)

Generate clock pulse for acknowledge signal

Number of transferred bits

<BC2 to 0>

<ACK>=0

<ACK>=1

Number Bits
of Clock

Number
of Clock

Bits

000
001
010
011
100
101
110
111

8

~NO A WN =
NOoO A WN =

9

O~NONBEOWON

~NO A WN =@

Figure 3.18.3 Register for ’CBus
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I’CBUS Control Register 2
7 l 6 ' 5 ' 4 ' 3 l 2 l 1 ) 0
12CCR2
(0084H) | bit Symbol MST |, TRX | BB : PIN , SBIM1I | SBIMO | — , —
Read/Write W(RMNteT) ! w ! !
After reset 0 1 0 ' 0 ' 1 ' 0 1 0 1 0 1 0
Function  Master / Transmitter |Start / stop :Cancel :Serial bus interface Always set to “00”
Prohibit slave / receiver generation :INTI2CB :operating mode selection
read- selection selection request 1(Note 2)
modify- : :
write
SBI operating mode selection
00_{Port mode (12CBUS output disable)  _______ |
01 |(Reserved)  _____________________]
10 _|FCbusmode _ ___________________
11 |(Reserved)
—> Cancel INTI2CB request
0 |[—
"1 [Cancel interrupt service request " "]
> Start / stop generation
_0 _|Generate the stop condition _ __ _________|
Generate the start condition

v

Transmitter / receiver selection

Receiver

Transmitter

Note 1: This register functions as the I12CSR by reading.

Note 2: Switch a mode to the port mode after confirming that the bus is free.
Switch a mode to the I°C bus mode after confirming that input signals via port are high level.

N

Master / slave selection

Figure 3.18.4 Register for ’CBus
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I2CBUS Status Register
12CSR 7 | 6 ' 5 ' 4 ' 3 | 2 | 1 | 0
(0084H) | bit Symbol MST | TRX |, BB | PIN | AL | AAS | ADO | LRB
Read/Write R
After reset 0 1 0 ' 0 ' 1 ' 0 1 0 1 0 ) 0
Function |Mmaster / Transmitter / [I°C bus HINTI2CB \Arbitration Slave “GENERAL [Last received
] ]
Prohibit slave receiver status irequest ilost detection |address CALL” bit monitor
] ]
read.- selection selection monitor istatus imonitor match detection
vTr?tiIfy- status status :monitor ' detection monitor
] ]
monitor monitor ' ' monitor
Last received bit monitor R
_0 _|tastreceived bit*0"__ _______________|]
Last received bit “1”
“GENERAL CALL” detection monitor
0 |—
"1 |"GENERAL CALL"detected _~~~ " "7 7 77
—> Slave address match detection monitor
0 |—
"1 "[Slave address match or “GENERAL CALL” ~ |
detected
—> Arbitration lost detection monitor
0 |—
"1 "[Arbitration lostdetected ~~~ "~~~ """
—> INTI2CB request status
_Q _|Interrupt service requested_ _ _ _ _________|
Interrupt service canceled
I—————— > [|2C bus status monitor
0 _[Busfree ___ _ __ _________________]
Bus busy
> Transmitter / receiver selection status monitor
_Q _[Receiver | __ _ ___ o __.__]
Transmitter

A\ 4

Master / slave selection status monitor

Note: Bits 7 to 2 of this register function as the 12CCR2 by writing.

Figure 3.18.5 Register for ’CBus
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I?CBUS control register 3

12CCR3 |- ‘. 6 . 5 . 4 . 8 . 2 L 0
(0085H) bit Symb.ol DMAEN : Dv4 \ DV3 \ Dv2 \ DV1 | DVO — SWRST
Read/Write R/W h \ h R/W
After reset 0 ! 0 ! 0 ! 0 ! 4] ! 4] ! * 0
Function [micro DMA  'Setting N-divider for generating transfer clock source. PCBUS
transfer 100000: (Reserved) 10000: 74.6 (n = 16) Software
mode is 100001: (Reserved) 10001: 70.4 (n=17) Reset
enabled 100010: 454.5 n=2) 10010: 66.7 (n = 18)

100011:3333(n=3)  10011: 63.3 (n=19)

0: Disable  100100: 263.2(n=4)  10100: 60.2 (n = 20)

1:Enable  100101: 217.4(n=5)  10101: 57.5 (n = 21)
100110: 185.2(n=6)  10110: 54.9 (n = 22)
100111: 1613 (n=7)  10111: 52.6 (n = 23)
101000: 1429 (n=8)  11000: 50.5 (n = 24)
101001: 1282 (n=9)  11001: 48.5 (n = 25)
101010: 1163 (n=10)  11010: 46.7 (n = 26)
101011: 106.4 (n=11)  11011: 45.0 (n = 27)
101100: 98.0(n=12)  11100: 43.5 (n = 28)
101101: 90.9 (n=13)  11101: 42.0 (n = 29)
101110: 84.7 (n=14)  11110: 40.7 (n = 30)
101111: 79.4 (n=15)  11111: 30.4 (n = 31)
1(kHz) @20 MHz

—> |2CBUS Software Reset

Initialize I?CBUS block (After initialize P°CBUS, SWRST is
automatically cleared to 0.)

Figure 3.18.6

93C071-177


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071
I?CBUS control register 4
12CCR4 7 : 6_ : 5 : 4 : 3 : 2 : 1 : 0
(0086H) | bit Symbol RSTR ! T/R ! DMAEND ' RCONT ! C3 ! C2 ! C1 ! (o)
Read/Write i ! R/W ! R ! R/W ! R/W
After reset i 0 ' 0 ' 0 ' 0 i 0 i i 0
Function |Continuous imicro DMA imicro DMA  1Acknowl- : Setting the number of transfer byte
transfer transfer itransfer end :edge output 10000: 16 byte 1000: 8 byte
command at  Transmit/ :flag icontrol for  ,0001: 1 byte 1001: 9 byte
micro-DMA  |Receive | ithe last byte ,0010: 2 byte 1010: 10 byte
transfer imode ' onmicro  ,0011: 3 byte 1011: 11 byte
mode. 1selection. : iDMA receive 10100: 4 byte 1100: 12 byte
| : imode 10101: 5 byte 1101: 13 byte
| ' ' 10110: 6 byte 1110: 14 byte
| : : 10111: 7 byte 1111: 15 byte
| : : :(slave address + R/ W) is not contained.
| ' ' i The value of (C3-0) is decreased by each micro DMA
| : : itransfer (I2CDBR access).
| ' ' i This value must be set after (slave address + R/ W) has
| ' ' ibeen set to I2CDBR.
| : : :
| | | |
| : : :
|—> Acknowledge output control for the last byte on micro DMA receive mode.
Acknowledge output for the last byte: "High” (the others: "Low”)
" 1" |Acknowiedge output for the Tast byte: "Low” (receiving is continued.)
Set to “1” if the reception is continued after the reception for the number of
(C3 to CO) is finished.
——> micro DMA transfer end flag

Transfer end

(set condition)

Transmit: I2°CBUS has transmitted the last data.
Receive: micro DMA has read a data after I°CBUS has received the last

data.

(reset condition)
Reset, Start/Stop command have been executed.
RSTR command has been executed.

» micro DMA transfer Transmit/Receive mode selection.

0 |Receive

1 |Transmit

» Continuous transfer command at micro DMA transfer mode.
(This command is available while DMAEND = 1.)

0 —
Restart micro DMA transfer for (C3-0) set at a time.
{note)T/R bit must be set a previous value.

Figure 3.18.7
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Serial Bus Interface Data Buffer Register

7 l 6 ' 5 ' 4 ' 3 l 2 l 1 ) 0
I2CDBR . T T T T T T T
(00g2H) | DtSymbol | DB7 | DB6 | DB | DB4 | DBS | DB2 | DBI | DBO
Prohibit Read/Write R (receive) / W (send)
read- After reset Undefined
modify-
write Note:  When writing the send data, start from the MSB (bit7)
IC Bus Address Register
1 [ [ [ 1 1 ]
I2CAR | — 7 - 6| 5 , 4 . 3 . 2 . 1 ! 0
(0083H) | DLSymbol | SA7 1 SA6 SA5 1 SA4 +  SA8 1 SA2 1 SAT 1 ALS
Read/Write W
After reset 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0 ! 0
Prohibit | Function [sjave address Selection. 'Address
feagjf 'recognition
modify-
write Y mode
' specification

|—> Address recognition mode specification
_0 _|Save address recognition _ ____________|

Non slave address recognition

Figure 3.18.8 Registers for I°C Bus Mode
(1) Acknowledge mode specification

Set I2CCR1<ACK> to 1 for operation in the acknowledge mode. The TMP93C071 generates an additional
clock pulse for an acknowledge signal when operating in the master mode. In the transmitter mode during
the clock pulse cycle, the SDA pin is released in order to receive the acknowledge signal from the receiver.
In the receiver mode during the clock pulse cycle, the SDA pin is set to the low level in order to generate the
acknowledge signal.

Set <ACK> to 0 for operation in the non-acknowledge mode. The TMP93C071 does not generate a clock
pulse for the acknowledge signal when operating in the master mode.

(2) Number of transfer bits
I2CCR1<BC2 to 0> are used to select a humber of bits for transmitting and receiving data.

Since <BC2 to 0> are cleared to 000 as a start condition, a slave address and direction bit transmissions
are executed in 8 bits. Other than these, <BC2 to 0> retain a specified value.
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(3) Serial clock
® Clock source
12CCR3 <DV4 to 0> are used to select a maximum transfer frequency output on the SCL pin in the master

mode.

A 4

tLow = 8Nffc |2CC|3:30<0%V410> n v
reserve
tHigH = 8Nffc + 12/fc 00001 greserved;
fscl = 1/(tLow + tHiGH) 00010 2
- fc 00011 3
16N+12 :
11100 28
11101 29
11110 30
11111 3

Figure 3.18.9 Clock Souce

@ Clock synchronization

In the I°C bus mode, in order to wired-AND a bus, a master device which drives a clock line to low-level, in
the first place, invalidates a clock pulse of another master device which generates a high-level clock pulse.

The master device with a high-level clock pulse needs to detect the situation and implement the following
procedure.

The TMP93C071 has a clock synchronization function for normal data transfer even when more than one
master exists on a bus.

The example explains clock synchronization procedures when two masters simultaneously exist on a bus.

Wait counting high-level width of a clock pulse

» Start counting high-level width of a clock pulse
Internal SCL output (Master A) \ A\

Reset a counter of high-
evel width of a clock pul

Ve

\

Internal SCL output (Master B)

SCL line

Figure 3.18.10 Clock Synchronization
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As Master A drives the internal SCL output to the low level at point “a”, the SCL line of the bus becomes
the low level. After detecting this situation, Master B resets a counter of an own clock pulse and sets the
internal SCL output to the low level.

Master A finishes counting low-level width of an own clock pulse at point “b” and sets the SCL pin to the
high level. Since Master B holds the SCL line of the bus at the low level, Master A waits for counting high-
level width of an own clock pulse. After Master B sets the internal SCL output to the high level at point “c”
and Master A detects the SCL line of the bus at the high level and starts counting high-level of an own clock
pulse.

The clock pulse on the bus is determinded by the master device with the shortest high-level period and the
master device with the longest low-level width from among those master devices connected to the bus.

(4) Slave address and Address recognition mode specification

When the TMP93CO071 is used as a slave device, set the slave address (I2CAR <SA6 to 0>) and I2CAR
<ALS>. Set <ALS> to 0 for the address recognition mode.

(5) Master/slave selection

Set I2CCR2 <MST> to 1 for operating the TMP93C071 as a master device. <MST> is cleared to 0 by the
hardware after a stop condition on a bus is detected or arbitration is lost.

(6) Transmitter/receiver selection

Set I2CCR2 <TRX> to 1 for operating the TMP93C071 as a transmitter. Set <TRX> to 0 for operation as a
receiver. When data with an addressing format is transferred in the slave mode, when a slave address with
the same value that an I2CAR or the GENERAL CALL is received (all 8-bit data are 0 after the start
condition), <TRX> is set to 1 by the hardware if the direction bit (R/W ) sent from the master device is 1, and
is set to 0 by the hardware if the bit is 0. In the master mode, after the acknowledge signal is returned from
the slave device, <TRX> is set to 0 by the hardware if a transmitted direction bit is 1, and set to 1 by the
hardware if it is 0. When the acknowledge signal is not returned, the current condition is maintained.

<TRX> is cleared to 0 by the hardware after the stop condition on the I°C bus is detected or arbitration is
lost.
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(7) Start/Stop Condition generation

When 12CCR2 <BB> is 0, the start condition and 8-bit data are output by writing 1 to I2CCR2<MST, TRX,
BB, PIN>. It is necessary to set 1 to I2CCR1<ACK> beforehand.

SCL line 1 2 3 4 5 6 7 8 9

SDA liné /A6 X A5 X A4 X a3 X a2 X a1t X A0 XRW /

coﬁ;aﬂriton !4 slave address and the direction bit—>| gcgl;g?wledge

Figure 3.18.11 Start Condition Generation and Slave Address Generation

When I2CCR2 <BB> is 1, a sequence of generating the stop condition is started by writing 1 to <MST,
TRX, PIN> and 0 to <BB>. Do not modify the contents of <MST, TRX, BB, PIN> until the stop condition is
generated on a bus.

SCLlne —/
SDA line 1—

Stop condition

Figure 3.18.12 Stop Condition Generation

The bus condition can be indicated by reading the contents of <BB>. <BB> is set to 1 when the start
condition on a bus is detected, and is set to 0 when the stop condition is detected.

(8) Cancel interrupt service request

When the serial bus interrupt request (INTI2CB) occurs, I2CCR2 <PIN> is set to 0. During the time that
<PIN> is 0, the SCL pin is driven to the low level.

<PIN> is set to 0 when 1-word 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 t, ow.

In the address recognition mode (I2CAR <ALS> = 0), <PIN> in the slaver mode is set to 0 when the
received slave address is the same as the value set at the I2CAR or when the GENERAL CALL is received
(all 8-bit data are 0 after the start condition). Although 12CCR2 <PIN> can be set to 1 by the program, <PIN>
is not set to 0 when 0 is written.
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(9) Serial bus interface operation mode selection

I2CCR2 <SBIM1, 0> is used to specify the serial bus interface operation mode. Set <SBIM1, 0> to “10”
when used in the I°C bus mode after confirming that input signal via port is high level.
Switch a mode to port after making sure that a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus in the I°C bus mode, a bus
arbitration procedure is implemented in order to guarantee the contents of the transferred data.

A data on the SDA line is used for bus arbitration of the I1°C bus.

The following shows an example of a bus arbitration procedure when two master devices exist

@an

simultaneously on a bus. Master A and Master B output the same data until point “a”. After Master A outputs
“L” and Master B “H”, the SDA line of the bus is wire-AND and the SDA line is driven to the low level by
Master A. When the SCL line of the bus is pulled up at point “b”, the slave device reads data on the SDA line,
that is, data in Master A. A data transmitted from Master B becomes invalid. The state in Master B is called
“arbitration lost”. B master device which loses arbitration releases the SDA pin in order not to effect data
transmitted from other masters with arbitration. When more than one master sends the same data at the first

word, arbitration occurs continuously after the second word.

SCL (line) —\_/—\_/—\ /—\_/—\_/—\_/— .................
Internal SDA output \ / \ / \ /

(Master A)

Intemal SDA output _\_/—\_ k

(Master B) SDA pin becomes “1” after losing arbitration.

SDA (line) \ / \ S\ ) —

a b

Figure 3.18.13 Arbitration Lost

The TMP93C071 compares levels of the SDA line of the bus with those of the TMP93C071 internal SDA
output at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost and I2CSR <AL> is

setto 1.
When <AL> is set to 1, <MST, TRX> are set to 0, the mode is switched to the slave receiver mode, and the

TMP93C071 stops the clock pulse.
<AL> is set to 0 by writing/reading data to/from the I2CDBR or writing data to the I2CCR2.
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Internal
Master | SCL outpl
A Internal

Som cutout \D7AXDSR)D5A (D#AY D3 DZAXDTADOA — \DTAXDSAXDEAYDHA -

Clock pulse stopped

Intemmal /1\ /2\ /
Master | SCL outpl

B Internal
gDim:utput D7B ‘?/SDA pin to high level as losing arbitration.

<AL> |

[

Accessed to I2CDBR
or [2CCR2

Figure 3.18.14 Example of when TMP93C071 is a Master device
(11) Slave address match detection monitor

I2CSR <AAS> is set to 1 in the slave mode, in the address recognition mode (I2CAR <ALS> = 0) when
receiving the GENERAL CALL or the slave address with the same value that is set to the I2CAR. When
<ALS> is 1, <AAS> is set to 1 after receiving the first 1-word of data. <AAS> is set to 0 by writing/reading
data to/from a data buffer register.

(12) GENERAL CALL detection monitor

12CSR<ADO0> is set to 1 in the slave mode, when the GENERAL CALL is received (all 8-bit data are 0 after
the start condition). <ADO> is set to 0 when the start or stop condition is detected on a bus.

(13) 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 the INTI2CB interrupt request is generated, the acknowledge signal is read by
reading the contents of <LRB>.

(14) Software Reset Function

Software reset function is used to initialize the ?°CBUS which is rocked by external noise, etc. When
I2CCR3 <SWRST> is set to 1, the internal reset signal pulse is generated and inputted into the FCBUS
circuit.

All command registers and state registers are initialized to initial values. <SWRST> is automatically set to
0 after the ?°CBUS circuit is initialized.

93C071-184


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

(15) 12°CBUS Data Buffer Register (I2CDBR)

The 12CDBR register can read out the receiving data and write the sending data.

After the start condition generated in the master mode, set the slave address and the direction bit in this
register.

(16) I*)C BUS Address Register (I2CAR)

I2CAR<SAS6 to 0> sets the slave address when the TMP93C071 are operated as the slave devices.
Setting I2CAR<ALS> = 0, the slave address output from master device is recognized, and the data format is
changed to the addressing format. Setting I2CAR<ALS> = 1, the slave address is not recognized, and the
data format is changed to the free data format.

3.18.5 Data Transfer in I°C Bus
(1) Device Initialization

First, set I2CCR3 <DV4:0>, I2CCR1 <ACK, CHS>.

Set the slave address <SA6 to 0> and <ALS> to I2CAR (<ALS> = 0 when the addressing format).

Subsequently, set 0 to<MST, TRX, BB>; 1 to <PIN>; 10 to <SBIM1, 0>; and O to bits 0 and 1 in the
I2CCR2. The slave receiver mode is set.

(2) Start Condition and Slave Address Generation
@ In cace of the master mode

In case of the master mode, the start condition and the slave address are generated according to the
following procedures.

First, confirm a bus free status (when <BB>=0).

Set<ACK> to 1 and specify the slave address and the direction bit to be transmitted to the I2CDBR.

When <BB> is 0 and I2CCR2<MST, TRX, BB, PIN> is 1111, the start condition is generated.
Subsequently, nine clocks are output from the SCL pin. Eight clocks output the slave address which is set in
the I2CDBR and the direction bit. The SDA line is released at the ninth clock and the acknowledge signal is
received. The INTI2CB interrupt request occurs at the ninth falling edge of the SCL clock cycle, and <PIN> is
0. The SCL pin is driven to the low level while <PIN> is 0. When an interrupt request occurs, <TRX> changes
according to the direction bit only when an acknowledge signal is returned from the slave device.
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@ In case of the slave mode

In case of the slave mode, the start condition and the slave address are received.

After the start condition output from the master device is received, the slave address and the direction bit
are received until the eighth clock. When the GENERAL CALL or the same address as the slave address
set in I2CAR is received, the SDA line of the bus is set to the low level in the ninth clock, and the
acknowledge signal is output.

At the falling edge of the ninth clock, the INTI2CB interrupt request is generated and <PIN> is set to 0.
Operating the slave mode, the SCL line is set to the low level during <PIN>="0". Only when the
acknowledge signal is returned from the slave device, <TRX> is changed by the INTI2CB interrupt request
according to the receiving direction bit.

SCL pin 1 2 3 4 5 6 7 8 9
SDA pin / A6 X a5 X aa X A3 X A2 X a1 X A0 X RW / ACK 7
.......... N P
t Y T— Acknowledge
Start condition slave address + direction bit signal from a
slave device
<PIN>
INTI2CB C
interrupt |_|
request Output of Master
........................ Output of Slave

Figure 3.18.15 Start Condition Generation and Slave Address Transfer

(3) 1-word Data Transfer

Test <MST> by the INTI2CB interrupt process after a 1-word data transfer is completed, and determine
whether the mode is a master or slave.

® When <MST> is 1 (Master mode).

Test <TRX> and determine whether the mode is a transmitter or receiver.

When <TRX> is 1 (Transmitter mode)

Check I2CSR <LRB>. When <LRB> is 1, a receiver does not request data. Implement the process to
generate the stop condition (described later) and terminate data transfer.
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When <LRB> is 0, the receiver requests new data. When the next transmitted data is 8-bits, write it to the
I2CDBR. When the next transmitted data is other than 8 bits, set I2CCR <BC2 to 0>, set <ACK> to 1, and
write the transmitted data to the I2CDBR. After writing the data, <PIN> becomes 1, the serial clock pulse is
generated for transferring a new 1-word of data from the SCL pin, and then the 1-word data is transmitted.
After the data is transmitted, the INTI2CB interrupt request occurs. <PIN> becomes 0 and the SCL pin is set
to the low level. If the data to be transferred is more than one word in length, repeat the procedures from
<LRB> test mentioned above.

—— Write to I2CDBR

SCL pin 1 9 3 4 5 6 7 8 9
Y
SDA pin D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO / ACK 7
t Acknowledge
signal from a
PIN> receiver
INTI2CB C
interrupt |_|
request Output of Master
........................ Output of Slave

Figure 3.18.16 Example of when <BC2 to 0> = 000 <ACK> = 1 (Transmitter mode)
When <TRX> is 0 (Receiver mode)

When the next transmitted data is 8 bits, write the transmitted data to the I2CDBR. When the next
transmitted data is other than 8 bits, set 2CCR1<BC2 to 0> again. Set <ACK> to 1 and read the received
data from the I2CDBR to release the SCL line. (The read data is undefined immediately after the slave
address is set.) After the data is read, <PIN> becomes 1. The TMP93C071 outputs the serial clock pulse to
the SCL pin to transfer new 1-word of data and sets the SDA pin to 0, when the acknowledge signal is set to
low level at the final bit.

The INTI2CB interrupt request then occurs and <PIN> becomes 0. The SCL pin is set to the low level.

The TMP93CO071 outputs a clock pulse for 1-word of data transfer and the acknowledge signal each time that
received data is read from the 12CDBR.
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—— Read I2CDBR
SCL pin 1 5 3 4 5 [ 7 8 9
Y
SDA pin D7 D6 ¥ D5 D4 % D3 D2 % DA DO X ACK 3NextD7
L Acknowledge
signal to a
<PIN> transmitter
INTI2CB C
interrupt |_|
request Output of Master
....................... Output of Slave

Figure 3.18.17 Example of when <BC2 to 0> = 000, <ACK> = 1 (Receiver mode)

In order to terminate the transmitting data to the transmitter, set <ACK> to 0 before reading data which is 1
word before the last data to be received. The last data does not generate a clock pulse for the acknowledge
signal. After the data is transmitted and an interrupt request has occurred, set <BC2 to 0> to “001” and read
the data. The TMP93C071 generates a clock pulse for a 1-bit data transfer. Since the master device is a
receiver, the SDA line of the bus keeps the high level. The transmitter receives the high-level signal as the
ACK signal. The receiver indicates to the transmitter that data transfer is complete.

After 1-bit data is received and the interrupt request has occurred, the TMP93C071 generates the stop
condition and terminates data transfer.

SCL pin 1 2 3 4 5 6 7 8 1
SDA pin D7 D6 D5 D4 D3 D2 D1 Do
L Acknowledge
signal sent to
a transmitter
i | Hpa i
INTI2CB C C C
interrupt |_| |_| |_|
request M
0 > <ACK> 001 > <BC2 to 0>
Read 12CDBR Read 12CDBR
Output of Master
........................ Output of Slave

Figure 3.18.18 Termination of data transfer in master receiver mode

@ When < MST> is 0 (Slave mode)

In the slave mode, an INTI2CB interrupt request occurs at the following timings.

*  When receiving the slave address set in the 12CAR of the TMP93C071 or the GENERAL CALL.
*  When data transfer is complete after the slave address or the GENERAL CALL is received.
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In the master mode, the TMP93CQ071 operates in the slave mode if the arbitration lost is detected. The
INTI2CB interrupt request occurs when word data transfer terminates after losing arbitration. When the
INTI2CB interrupt request occurs, I2CCR2<PIN> is set to 0, and the SCL pin is driven to the low level.
Either reading/writing from/to the I2CDBR or setting<PIN> to 1 releases the SCL pin after taking t_ oy time.

In the slave mode, the TMP93C071 operates either in the normal slave mode or in the slave mode after
losing arbitration.

The TMP93C071 tests I2CSR<AL>, <TRX>, <AAS> and <AD0> and implements processes according to
the conditions listed in the next table.

Table 3.18.1 Operation in the Slave Mode
<TRX> | <AL> | <AAS> | <AD0O> Conditions Process

1 1 1 0 The TMP93C071 loss arbitration when|Set the number of bits in 1 word to
transmitting a slave address and <BC2 to 0> and write transmitted data
receives a slave address of which the [to the I2CDBR.
direction bit sent from the master is 1.

0 1 0 In the slave receiver mode, the

TMP93C071 receives a slave address

of which the direction bit sent from the

master is 1.

0 0 In the slave transmitter mode, 1-word [Check <LRB>. If <LRB> is set to 1,

data is transmitted. set <PIN> to 1 since the receiver does
not request next data. Then, clear
<TRX> to 0 release the bus. If <LRB>
is set to 0, set the number of bits in a
word to <BC2 to 0> and write
transmitted data to the I2CDBR since
the receiver requests next data.

0 1 1 1/0 [The TMP93C071 loses arbitration Read the 12CDBR for setting <PIN> to
when transmitting a slave address and|1 (reading dummy data) or write 1 to
receives a slave address or <PIN>.

GENERAL CALL of which the
direction bit sent from another master
is 0.

0 0 The TMP93C071 loses arbitration
when transmitting a slave address or
data and terminates transferring word
data.

0 1 1/0 [In the slave receiver mode, the
TMP93C071 receives a slave address
or GENERAL CALL of which the
direction bit sent from the master is 0.

0 1/0 |In the slave receiver mode, the Set the number of bits in a word to

TMP93C071 terminates receiving of 1-
word data.

<BC to 0> and read received data

from the [2CDBR.
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(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, PIN>, and 0 to <BB>. Do not modify the contents of <MST, TRX, BB, PIN> until the stop
condition is generated on the bus. When the SCL line of the bus is driven by other device, the TMP93C071
generates the stop condition at rising of SDA pin after the SCL line is released.

“1"> <MST>
“1"> <TRX>

‘0" > <BB> -
" > <PIN> } l/_ Stop condition
SCLpin . >

SbApin —\_ _/4\— ...............

<PIN> J
<BB>

Figure 3.18.19 Stop Condition Generation

(5) Restart

Restart is used to change the direction of data transfer between the master device and the slave device
during transferring data. The following explains how to restart when the TMP93C071 is in the master mode.
Specify 0 to I2CCR2 <MST, TRX, BB> and 1 to I2CCR2 <PIN> and release the bus. The SDA pin retains
the high level and the SCL pin is released. Since the stop condition is not generated on the bus, the other
devices acknowledges the bus to be in a busy state. Check I2CSR <BB> until it becomes “0” to confirm that
the SCL pin of the TMP93CO071 is released. Check I2CSR <LRB> until it becomes “1” to confirm that the SCL
line of the bus is not driven to the low level by other devices. After confirming that the bus stays in a free
state, generate the start condition with procedure 3.18.4 (7).

In order to meet setup time to restart, it is necessary to take the waiting time at least 4.7 ys from the time of
restarting to confirm that the bus is free until the time to generate the start condition, which is set by software.

“1" ><MST>

0’ > <MST> “1” ><TRX>

“0" ><TRX> “1" ><BB>

“0” ><BB> “1” ><PIN> ”

“1" S<PIN> /— Start condition
SCL (Bus) /\ /147 ps (Min.)»| /
SCL pin (TMP93CO71) /9 \ / J )
SDA pin ) / C \

¥

<LRB> / | \

<es> | |

<PIN> |

Figure 3.18.20 Timing diagram when restarting the TMP93C071
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3.18.6 Micro DMA transfer mode (Only for the master mode)

In addition to the transfer function to describe in 3.18.5,

the 12CBUS has the data transfer function with the micro DMA for the master mode.

(Hereafter, it is called the micro DMA transfer mode)

The 12CBUS becomes the micro DMA transfer mode by setting I2CCR3<DMAEN> to "1".

The micro DMA transfer mode is a mode which the I2CDBR access while data transfers from the start
condition to the stop condition is operated by using the micro DMA function that the CPU core builds it into.
The micro DMA transfer function can do a continuous transferring in two or more bytes without increasing the
CPU load.

(1) Function of the micro DMA transfer mode
The micro DMA transfer mode has the following functions.

- A continuous transferring once is 16 bytes or less. It is possible to continuously transfer them two or more
times every 16 bytes or less.

- Two Interrupt request sources (INTI2DMA, INTI2CB)
INTI2DMA: Interrupt request signal only for the micro DMA activation.
The INTI2DMA occurs when the I2CDBR access is necessary.
The reading and writing of the I2CDBR with the micro DMA is activated by the INTI2DMA.

INTI2CB: Interrupt request signal of the transfer end/transfer error.
The INTI2CB is occurred every end of transferring the number of bytes set by
I2CCR4<C3:0>.The INTI2CB is also occurred when the I*CBUS has detected the arbitration lost
or missing receiving of the acknowledge from the slaver-receiver(acknowledge error).

- Acknowledge output control for the master-receiver
The acknowledge output which instructs the transmit continuance and end to the slaver-transmitter is
controlled. The acknowledge output is controlled by the state of the I2CCR4<C3:0> and <RCONT>.

(2) Setting for the micro DMA

Initializing the micro DMA beforehand when the micro DMA transferring mode is used is necessary. /O to
memory/byte transfe": (for the master- receiver) or Memory to I/O/byte transfer:(for the master-transmitter)
are used as transfer mode. "I/O" is set to the I2CDBR address:(0082H). "Memory" is set to the memory
address which correspond to the transmission buffer or the reception buffer. The INTI2DMA interrupt is
enabled and the vector value "OFH" which corresponds to the INTI2ZDMA is set in micro DMA start vector
register (DMAOV-DMAZ3V) so that the micro DMA operates for the INTI2DMA interrupt request.
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Example 1): The master-transmitter with the micro DMA channel O
LD XWA, 100H;
LDC DMASO, XWA: transmission buffer = 100H
LD XWA, 82H
LDC DMADO, XWA,; I2CDBR address
LD WA, 0000H
LDC DMACO, WA; transfer counter=65536 times *1)
LD A, 04H
LDC DMAMO, A; "Memory to I/O" "byte transfer"
LD DMAOV, OFH; INTI2ZDMA vector value *2)
LD INTTG1DMA, 6xH; INTI2DMA interrupt enable (Level 6)

Example 2): The master-receiver with the micro DMA channel 1
LD XWA, 82H
LDC DMAS1, XWA; I2CDBR address
LD XWA, 200H;
LDC DMAD1, XWA, reception buffer=200H
LD WA, 0000H
LDC DMACI1, WA, transfer counter=65536 times *1)
LD A, OOH
LDC DMAMI1, A; "I/O to Memory" "byte transfer”
LD DMA1V, OFH; INTI2ZDMA vector value *2)
LD INTTG1DMA, 6xH; INTI2ZDMA interrupt enable (Level 6)

*1) The transfer counter value of the micro DMA is decreased every micro DMA transfer.

*2)

3

When this value becomes 0, the interrupt process branches out into the general-purpose interrupt process.
The micro DMA transfer mode of the 12CBUS does not use this transfer counter. Therefore, the micro DMA
transfer counter should be set regularly so that the general-purpose interrupt process is not occurred, or it
should be set that the general-purpose interrupt process can be normally ended.

The INTI2DMA is used for both transmitter and receiver.

When the transmission and the reception are processed with the different micro DMA channel such as
example 1) and 2), Please do not set the micro DMA start vector register corresponding to respectively at
the same time .

Only the micro DMA start vector register on the actual processing side has to be set.

On the other hand, the micro DMA start vector register on the other side has to be set to "O0H" and prohibit
from activation of the micro DMA.

Procedure of the master transmission

When the micro DMA transfer mode is used, the I2CCR1<ACK> must be set to 1, and the clock pulse for
the acknowledge is generated.

After initializing the 1°CBUS and the micro DMA, (slave address + R/'W = 0) is set in the I2CDBR.

When the I2CCR3<DMAEN?> is set to "1", The 12CBUS operates as the micro DMA transfer mode, and the

I2CCR4 can be set to any value. The I2CCR4<T/R > is set to 1, the micro DMA transfer mode is set to the
transmit mode, and the number of bytes of transferring data is set in the I2CCR4<C3 to 0> at the same time.

After checking bus free, Sending of the start condition and slave address begins by setting the start
command in the I2CCR2.

If the acknowledge from the slaver can be received, the transmit data of the first byte is transferred to the
12CDBR with the micro DMA by generating the INTI2DMA interrupt.

As for each byte following transferring, the micro DMA transfer is repeated by generating the INTI2DMA
interrupt whenever the acknowledge from the slaver is received.

The value of the I2CCR4<C3 to 0> is decreased at the time of each transmit data writing in the 12CDBR.
When transferring the number of bytes set in I2CCR4<C3 to0> ends, the I2CCR4<DMAEND> is set to 1, and
the INTI2CB interrupt is occurred. (The INTIZDMA interrupt is not occurred.)

When transferring it continuously, the I2CCR4<RSTR> is set to 1 at the same time as setting the next
transferred number of bytes in I2CCR4<C3 to 0>.

The micro DMA transfer is restarted with the INTI2ZDMA interrupt by setting the I2CCR4<RSTR> to 1. At
this time, the I2CCR4<DMAEND?> is cleared to 0.

Setting the I2CCR4<RSTR> is effective when the I2CCR4<DMAEND> is on 1.

After transferring a setting byte ends, the I°CBUS transfer is ended with the stop condition by setting the
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stop command in the I2CCR2.

When the arbitration lost is detected or the acknowledge from the slaver cannot be received while
transferring the number of setting bytes from the slave address sending, the INTI2CB interrupt is occurred
instead of the INTI2DMA interrupt. The transfer end and transfer error are distinguished by reading
I2CSR<AL, LRB> and I2CCR4<DMAEND> in the INTI2CB interrupt routine.

When the transfer error is occurred, the micro DMA transfer mode is released by setting the
I2CCR3<DMAEN> to 0. When the I2CCR3<DMAEN> is set to 0, the I2CCR4 register is initialized. In case of
the acknowledge error, transferring is ended by generating the stop condition with the I2CCR2. In case of the
arbitration lost, the I’CBUS is operated as a slaver.

(4) Procedure of the master reception

When the micro DMA transfer mode is used, the I2CCR1<ACK> must be set to 1, and the clock pulse for
the acknowledge is generated.

After initializing the 12°CBUS and the micro DMA, (slave address + R/W = 1) is set in the I2CDBR.

When the I2CCR3<DMAENS> is set to 1, The FCBUS operates as the micro DMA transfer mode, and the

I2CCR4 can be set to any value. The I2CCR4<T/R > is set to 0, the micro DMA transfer mode is set to the
receive mode, and the number of bytes of transferring data is set in the I2CCR4<C3 to 0> at the same time.
At this time, when transferring is ended only by receiving the number of setting bytes, I2CCR4<RCONT> is
set to 0. When the reception is continued up to the next number of transferring bytes, I2CCR4<RCONT> is
setto 1.

After checking bus free, Sending of the start condition and slave address begins by setting the start
command in the I2CCR2.

If the acknowledge from the slaver can be received, the clock output restarts automatically and the first
byte data reception begins. At each byte reception end, the INTI2ZDMA interrupt is occurred, and the
reception data is taken out from the I2CDBR by the micro DMA.

The acknowledge is sent at each acknowledge timing from the 1st byte ahead of the final byte .

The output of the acknowledge is controlled by the condition of <RCONT> at the acknowledge timing of the
final byte. When the <RCONT> is set to 0, the acknowledge of the final byte is not sent and the slaver-
transmitter ends the transmission. When the <RCONT> is set to 1, the acknowledge of the final byte is sent
and the slaver-transmitter continues transmitting.

The value of the I2CCR4<C3 to 0> is decreased at the time of each reading the reception data from the
I2CDBR. When transferring the number of bytes set in I2CCR4<C3 to 0> ends, the I2CCR4<DMAEND> is
set to 1 and the INTI2CB interrupt is occurred. (The INTI2DMA interrupt is not occurred)

When transferring it continuously, the I2CCR4<RSTR> is set to "1" at the same time as setting the next
transferred number of bytes to the I2CCR4<C3 to 0>. The clock for the next byte is restarted by setting the
I2CCR4<RSTR> to 1. At each time the byte receive ends, the INTI2DMA interrupt is occurred and the micro
DMA transfer is restarted.

At this time, the I2CCR4<DMAEND> is cleared to 0. Setting the I2CCR4<RSTR> is effective when the
I2CCR4<DMAEND> is on 1.

After transferring a setting byte ends, transferring is ended with the stop condition by setting the stop
command in the 12CCR2.

When the arbitration lost is detected or the acknowledge from the slaver cannot be received while
transferring the slave address byte, the INTI2CB interrupt is occurred instead of the INTI2ZDMA interrupt. The
transfer end and transfer error are distinguished by reading I2CSR<AL, LRB> and I2CCR4<DMAEND> in the
INTI2CB interrupt routine.

When the transfer error is occurred, the micro DMA transfer mode is released by setting the
I2CCR3<DMAEN> to 0. When the I2CCR3<DMAEN> is set to 0, the I2CCR4 register is initialized. In case of
the acknowledge error, transferring is ended by generating the stop condition with the I2CCR2. In case of the
arbitration lost, the I’CBUS is operated as a slaver.

(5) Procedure of restart

The restart operation can be done for the micro DMA transfer mode as well as a usual master operation.
The procedure from the bus releasing to the restart is the same as 3.18.5 (5).
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I2CCR3<DMAEN> =1 _
I2CDBR = (Slv-adr.R/W =0

I2CCR2<MST> =1,
<TRX>=1, <BB> =1,

<PIN> =1

<C3 to CO>

I2CCR4<T/R>=1,

\

(Slave address + R/W)

(Status read)
I2CCR4<DMAEND> = 0
I2CSR<LRB> = 1

A 2CCR3<DMAEN> =0 |

~\X
N

[2CCR2<MST> =1,
N <TRX> = 1, <BB> = 0 |- StoP >
<PIN> = < —

\\ \4\—/7

SDA (AB) ¢ § _RW=0) / (o ACK)\

)

<C3to co>_/_\< 3) p | \ (clean)
) H

<DMAEND> c \
2] H

INTI2DMA c \
) iy
INTI2CB c Acknowledge error

)

Figure 3.18.6-3 Example for the Acknowledge error at micro DMA transfer mode

I2CCR3<DMAEN>=1__
I2CDBR = (Slv-adr.R/W = 0)

2CCR4<T/R> =1,

<CS to CO>

I2CCR2<MST> =1,
<TRX>=1,<BB>=1,
[<PIN>=1

(Status read)
12CCR4<DMAEND> = 0
I2CSR<AL> =1

/ Start

(Slave address + R/W)

~_/

A l2CCR3<DMAEN> =0 |

w\ X
SDA \

S (The other master transfer) )

(
)/

\ / (A6) 5

(RAN=1)

b
5

<C3to c0>_/_\< \ |
)J :
<DMAEND> Arbltratlor; {Lost
J)
INTI2DMA «
J) ‘
INTI2CB Arbitration Lost

(
J

()

Figure 3.18.6-4 Example for the Arbitration lost at micro DMA transfer mode
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Figure 3.18.6-5 Example for the Restart sequence with micro DMA
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3.18.7 Notes when I)CBUS is used

® When the I’°CBUS is used for the multi master, being end the initialization of the 12°CBUS including setting
the port function is necessary before another master begins transferring.

@ When the I2CBUS is used for the multi master, Please write the slave address byte after confirming bus
free. Moreover, after writing the slave address byte, please end reconfirming bus free and setting the start
command within one cycle at the minimum transferring cycle (start > slave address transmission > stop)
assumed doing on the bus.
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3.19 8-BIT A/D CONVERSION CIRCUIT (A/D)

The TMP93C071 has an 8-bit A/D conversion circuit of high precision, the successive comparison type
with 16-channels analog input. The 8-cannels (AIN3 to AIN10) of 16-channels analog input pin are also used

as general purpose input ports (P40 to P47). The others 8-channels (AINO to AIN2, AIN11 to AIN15) are also
used as I/O port (P55 to P57, PCO to PC4).

The A/D conversion ends in 9.5 ps (at 20 MHz) from the start of conversion.

Internal Data Bus

A/D MODE REGISTER ( ADMOD )
ADCH3-0 EOCF ADBF ADS
end busy start
YYVN A/D Controller INTAD
AIN15
AIN14
MUX
AINJS ADREG-RD
i s SH
> A/D Register
AINT  [H
AINO [
ADREF [} > D/A Converter 2
ADGND (DGND1)] > N

Figure 3.19.1-1  Configuration of 8-bit A/D Conversion Circuit
3.19.1 Operation of A/D Conversion Circuit

(1) AJ/D conversion reference voltage

The positive electrode of A/D conversion reference voltage connects to ADREF pin, and the negative
electrode of A/D conversion reference voltage connects to ADGND (DGND2) pin.

Apply positive of analog reference voltage to the ADREF pin and negative to the ADGND pin. The A/D
conversion is carried out by splitting reference voltage between ADREF pin and ADGND pin to bit divided by
256 by ladder resister and making a judgment by comparing it with analog input voltage.

(2) Analog input channels

One of the 16-channels analog input (AINO to AIN15) is selected by the A/D conversion control register
ADMOD<ADCH3-0>.

The analog input channel selection register ADMOD<ADCHS3 to 0> are initialized to “0, 0, 0” by reset
operation, then the AINO (P55) is selected. When these ports are not used as the analog input ports, these
ports can be used as general purpose input ports (Port 4, Port 5, Port C).

When these ports are used as the output port, output level must not be changed during A/D conversion.
(the A/D conversion value may be influenced.)

Note: When P55/TI5/AINO, P56/T14/AIN1 and P57/TIO/AIN2 are used as an analog input (AINO, AIN1 and

AIN2), TI5, Tl4 and TIO for timer counter must be disabled by TCCR54 and TCCR10. (Select another
source clock for timer counter.)
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(3) AJD conversion time

The result of A/D conversion is stored into the A/D conversion value register (ADREG) after the passage of
95 states from setting the A/D conversion start register ADMOD<ADS> to 1.

(4) Start A/D conversion start

A/D conversion is started by setting the A/D conversion control register ADMOD<ADS> to “1”. After A/D
conversion starts, the A/D conversion busy flag ADMOD<ADBF> is set to 1.

I v A
LI | =]

onversion is restarted whe DBF>-is 1,-A/D-conversion is-afraid stopped, af

D
-

firmin
LLLLA

(v]
=}

<ADBF> to 0.
(5) A/D conversion end

After A/D conversion ends, the A/D conversion end flag ADMOD<EOCF> which indicates the end of A/D
conversion is set to 1, and the interrupt request signal (INTAD) is generated, and the <ADBF> is cleared to 0.

(6) AJD conversion interruption (INTAD)

After A/D conversion ends, the interrupt request signal (INTAD) is generated, and the A/D circuit requests
CPU to interrupt. The interrupt request signal (INTAD) is cleared to “0” by reading out the ADREG in
program.

(7) Reading of A/D conversion values

The results of A/D conversion is put into the A/D conversion value register (ADREG).

The A/D conversion end flag ADCR<EOCF> is cleared to “0” by reading the ADREG.

The value of the ADREG is an undefined data if the ADREG is read during A/D conversion.
Figure 3.19 (2) shows the timing chart of A/D conversion operation.
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<ADS> 1 [

le— Conversion —>|

<EOCF>

<ADBF>

ADREG Undefined Cagnversion value Undefined

INTAD interruption
request
3 ‘D/

Interruption request
flag Y
Program 5 N p
o S A4 A4
Start Read out of Clearing of Start conversion
’ ADREG interruption
request flag

Figure 3.19.2 Shown in Timingchart of A/D Conversion Operation.
Note: Executing the HALT instruction during A/D conversion that conversion operation is forced stop, and

result in undefined ADREG value.
At the same time, A/D control register (ADMOD) is initialized to initial value.

3.19.2 Control Register

A/D converter control register

ADMOD 7 6 ' 5 ' 4 ' 3 i 2 i 1 i 0
(005AH) | it Symbol EOCF ' ADBF ' ADS ' ADCH3 ' ADCH2 ' ADCHi ' ADCHO
Read/Write [ R v R " RW_ ! RIW
After reset 1 1 0 ' 0 ' 0 ' 0 1 0 1 0 ) 0
Function [Always set to, o/p \AID \AID \Analog channel selection
1 :conversion :conversion :conversion :
flag ibusyflag  istart /status 10000: AINO 1010: AIN10
| : : 10001: AIN1  1011: AIN11
10: During or 10: free (stop) 10: — 10010; AIN2  1100: AIN12
| before  1: busy 11: AD 10011: AIN3  1101: AIN13
| converting 1 ' conversion 10100: AIN4 1110: AIN14
1: Finish 1 | start 10101: AIN5  1111: AIN15
: conversion : : :01 10: AIN6
| I I 10111 AIN7
: ' ' 11000: AIN8
| ' ' 11001: AINO
A/D conversion value register
ADREG 7 | 6 ' 5 ' 4 ' 3 | 2 | 1 | 0
(005BH) [bitsymbol | _ADR7 | ADR6 1 ADR5 1 ADR4 1 ADR3 1 ADRZ | ADR1_ | ADRO
Read/Write Read
After reset * ! * [ * [ * [ * 1 * 1 * 1 *

*: unknown after reset

Figure 3.19.3 Registers for A/D converter
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3.20 Watchdog Timer (Runaway Detecting Timer)

TMP93C071 contains a watchdog timer of Runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects that the CPU has
started to malfunction (runaway) due to causes such as noise. When the watchdog timer detects a
malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of the malfunction.

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.

3.20.1 Configuration

Figure 3.20.1 shows the block diagram of the watchdog timer (WDT).

O@ {] reseT
Internal Reset 4—@ WDMOD<RESCR>

I—)WDT INTERRUPT
Enable Reset

Q s
Interrupt Control DMOD<WDTE=>
SYSCRO<WUEF> R
T WDCR Disable Code Write (B1H)
WDMOD<WARM> —>| Selector | | Selector |<—WDMOD<WDTP1, 0>
21"I 21% 215T ZZUT 222T
Seleotor —>[:2 |
Selector |—» 22-bit Binary Counter
SYSCRO<WUEF>
fcifs Warming-Up Clock . Reset Reset
WDT/Warming-Up Clock L_WDGR Clear Code Wite (4EH)
SYSCRO<XTEN><RXTEN HALT Instruction (STOP, IDLE mode)
<, ><]| > |

wlr CcPU Watchdog/Warming up Time
XT2|:|<— Slow Warmingup:

osc fs Z:Q/fc: 0.8ms | 21'2Ifs: 0.5s

32 kHz fsys 2"ffc: 3.27ms | 2%/s: 2.0s
XT1 I:l ‘ ) lects >|] =2 Watchdog:

2% (2'%sys): 3.27 ms | 2'%s (2" Hsys): 28
\WDMOD 2"%c (2" fgys): 13 ms | 2"%s (2" Hgys): 8s
<HALTM1, 0> —> 1 2% (2'%fsys): 524 ms | 2%%fs (2"%Msys): 328
SYSCRO<XEN> <RXENS §¥§€§$Z§§3§§L 22fc (22 fgys): 210 ms | 2%2fs (22'figys): 128s
@fc = 20 MHz @fs = 32 kHz
X2 D‘_ Normal

osc | _fo |

X1 |:| 51(20 MH2)

Figure 3.20.1 Block Diagram of 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 fg,s/2'%, f5ys/2"7, foys/2'° and fgys/22! 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)
Lbw  (WDMOD), B100H ; 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.

{(

WDT Counter n X Over flow X i X 0
)
WDT Interrupt | | o
)
Clear code of write
WDT Clear o "{ |
(Soft ware) )J

Figure 3.20.2 Normal Mode

Over flow
WDT Counter n x \ C
p2)
WDT Interrupt | | c
P
Internal Reset c
)
8 to 20 states (0.8 to 2 ps at 20 MHz) i’

Figure 3.20.3 Reset Mode

For warm-up counter, 2'* and 2'® output of 22-stage binary counter can be selected using
WDMOD<WARM?> register.
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3.20.2 Control Registers
Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

(1) Watchdog Timer Mode Register (WDMOD)

@ 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 3.20.1.

@ 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.

® 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 O 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.
+ Disable control

By writing the disable code (B1H) in this WDCR register after clearing WDMOD<WDTE> to 0, the
watchdog timer can be disabled.

WDMOD c0----- XX Clear WDMOD <WDTE> to 0.
WDCR < 10110001 Write the disable code (B1H).

+ Enable control
Set WDMOD<WDTE>to 1.
» 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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WDMOD 7 l 6 ' 5 ' 4 ' 3 l 2 l 1 ) 0
(005CH) | bit Symbol WDTE | WDTP1 | WDTPO | WARM | HALTM1 | HALTMO | RESCR | DRVE
Read/Write R/W
After reset 1 1 0 [ 0 [ 0 [ 0 1 0 1 0 ) 0
Function [\wpT Select detecting time :Wann-up :Standby mode 1: Internally  [1: Drive the
control 00: 2'5/fgys itime : connects pin even
01: 217 feys ' 100: RUN mode WDTout | inSTOP
0: Disable  [10: 2'%fgys ' 101: STOP mode to the mode
1: Enable 11: 22 ffgys : 110: IDLE1 mode reset pin
' 111: IDLE2 mode
See Table 3.14.1 1 '
I " T
v
[3.3 Standby function]
Watchdog timer Enable / Disable control Watchdog timer out control
_0 _|Disable _____________ _0_|Dontcare ___________
1 |Enable Connects WDT out to a reset
Select the Warm-up time Y atfc=20 MHz, fs = 32.768 kHz
WDMOD<WARM> | Changing to NORMAL (fc) [ Changing to SLOW (fs)
0(2"/fc or fs) 0.8192 ms 500 ms
1(2"%/fc or fs) 3.2768 ms 2000 ms
Figure 3.20.4 Watchdog Timer Mode Register
7 ' 6 ' 5 ' 4 ' 3 ' 2 ' 1 ' 0
Y(\),(E)sCDRH) bit Symb.ol =
Read/Write W
After reset —
Function |B1H: WDT disable code
4EH: WDT clear code

|—> Disable/clear WDT

Disable code

Others

Don't care

Figure 3.20.5 Watchdog Timer Control Register

Table 3.20.1 Watchdog Timer Detecting Time
at fc = 20 MHz, fs = 32.768 kHz
System clock Watchdog Timer Detecting Time
selection WDMOD<WDTP1, 0>
<SYSCK> 00 01 10 11
1 (fs) 2.000s 8.000 s 32.000 s 128.000 s
0 (fc) 3.277 ms 13.107 ms 52.429 ms 209.715 ms
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3.20.3 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. In the RUN mode, the watchdog

timer is enabled.
However, the function can be disabled when entering the RUN, IDLE2 mode.

Example: ® Clear the binary counter
WDCR €01001110 Write clear code (4EH).
@ Set the watchdog timer detecting time to 2" / gy
WDMOD €101 ---XX
® Disable the watchdog timer.

WDMOD €<0-- - - - XX Clear WDTE to “0”.
WDCR <10110001 Write disable code (B1H).

@ Set IDLE1 mode.

WDMOD €0---10XX Disables WDT and sets IDLE1 mode.
WDCR €10110001
Executes HALT command Set the HALT mode

® Set the STOP mode (warming up time: 2 / fgys)

WDMOD €---101XX Set the STOP mode.
Executes HALT command. Execte HALT instruction. Set the HALT mode.
Note: X; Don't care -; ho change
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4. Electrical Characteristics(Preliminary)
4.1 Absolute Maximum Rating

Parameter Symbol Rating Unit
Power Supply Voltage Vee -0.5t06.5 \
Input Voltage VIN -0.5toVec + 0.5 V
(Including Open drain ports) VOUT -0.5to Vec + 0.5 \'
Output Current (Per 1 pin) I0L 3.2 mA
Qutput Current (Per 1 pin) IOH -3.2 mA
Output Current (total) zZIOL 120 mA
Output Current (total) >IOH -120 mA
Power Dissipation (Ta = 70°C) PD 600 mW
Soldering Temperature (10sec) TSOLDER 260 °C
Storage Temperature TSTG -65 to 150 °C
Operating Temperature TOPR -10t0 70 °C

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=-10to0 70°C

Parameter Symbol Condition Min Typ. Max Unit
Power Supply Vce fc=4to 20 MHz 45 5.5 \")
Voltage fs=30to34kHz | 27 ]

VIL Vecz4.5v | |1 08 |
DO-D15 ____[TTL)____| Vee<4SV _____| o] 06 __]
Input (P4, P8, P9, VIL1 -0.3 0.3 Vce
\L/?,thage PA, (CMOS)
PBO.1.PC | || e _]
RESET, VIL2 Vec=2.7t055V 0.25Vce | V
INTO-4, (Schmit)
P5, P7, P8,
PB25 ) ..l el ]
EA, VIL3 0.3
AM8/16 ____(Fixed) ) _____________] | )]
X1 VIL4 0.2 Vee
(Xtal)
VIH Vec=45V 22 4
DO-D15 ____ | (HTL) ___|Vec<45V | __: 20 | __
Input P4, PG, P9, VIH1 0.7 Vcc Vec + 0.3 V
Hian |PA, (CMOS)
%1PBO, 1, PC
RESET | VIH2 | Vec=27t055V | 075Vee |
INTO-4, (Schmit)
P5, P7, P8,
PB25 ). ____} | ..
EA, VIH3 Vec-0.3
amgtg () L
X1 VIH4 0.8 Vee
(Xtal)
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DC Characteristics 2/2

Ta=-10to 70°C

Parameter Symbol Condition Min Typ. Max Unit

Output IOL =1.6 mA
|Low Voltage VOL (Mec=2.71055V) 0.45 \
Output High IOH = -400 pA

Voltage VOH (Vee=27t055V) 2.4 \

IOH =-700 pA
VOH1 (Vcc=4.51t0 5.5V) 4.1

Input ILI
|Leakage Current 0.0 < Vin >z Vce 0.02 +5

Output ILO MA
Leakage Current 0.2 <Vin > Vce-0.2 0.05 10
[Power Down VIL2 = 0.2 Vce,

Voltage VSTOP |VIH2 = 0.8 Vce 2.0 6.0 v
RESET Vee=5V £ 10% 50 150
|Pull Up Resister RRST [Vec=3V10% 80 200 Q
[Pin Capacitance CIO osc = 1 MHz/100 mVpp 10 pF
Schmitt Width VTH 1.0 \Y
RESET, INT0-4,
|P5, P7, P8, PB2-5

Operating Current Vece=5V £ 10%

fc =20 MHz

(NORMAL) _____ [lec____|\ |l 28 | ___ 45
RUN__ || | 22 | __. 35 __ | mA
OLE2 | _______|\ L. 16 | ___ 25 _
IDLE1 3.5 8
Operating Current Vee=3V10%

(SLOW) fs = 32.768 kHz

I D (Typ:Vec=3.0V) | | ___ 40 | 70 _
RUN_ ||| 32 __ .. 45 ___| vA
OLE2 L.\ ... 27 __ ... 40 ___
IDLE1 17 30

STOP Vee=27t055V 0.2 10 MA

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.
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4.3 A/D Conversion Characteristics

Ta=-10t0 70°C,Vec =4.5t0 55V

Parameter Symbol Min Typ. Max Unit

Analog Reference Voltage Supply [ADREF Vee-1.5 Vce Vce \

ADGND Vss Vss Vss \

Analog Input Voltage Range VAIN ADGND — ADREF \'4
Analog Current for ADREF IREF — 1.0 1.5 mA
Error +3 LSB
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4.4 AC Electrical Characteristics(Preliminary)
(Separated Bus)

(1) Vec=5V+10% Ta=-101t070°C
Parameter Symbol Variable 20 MHz  |Unit

Min Max Min | Max
|osc .Period(= X) tOSC 50 250 50 ns
A0-23 Valid --> RD/WR Fall | tAC |1.0X-25 25 ns
RD/WR Rise --> A0-23 Hold | tCA |0.5X-25 0 ns
[A0-23 Valid --> D0-15 input tAD 3.5X-65 110| ns
RD fall --> DO — 15 input tRD 2.5X-60 65[ ns
RD Low width tRR ]2.5X -40 85 ns
RD rise --> DO — 15 Hold tHR 0 0 ns
WR Low Pulse Width tWW [2.5X — 40 85 ns
|Do-15 Valid —> WR Rise tDW [2.0X - 55 45 ns
WR Rise --> D0 — 15 Hold tWD  [0.5X - 15 10 ns
A0-23 Valid --> Port Input tAPH 2.5X — 120 5[ ns
[A0-23 Valid --> Port Hold tAPH2 [2.5X + 50 175 ns
WR Rise --> Port Valid tCP 200 200] ns

AC Test Condition:

Output Level: High =22V, Low = 0.8 V CL = 50pF
(D0-D15, A0-23, RD, WR, HWR, CS0-CS2: CL = 100pF)
Input Level: High =2.4V/Low = 0.45V: DO-D15
High = 0.8 Vcc / Low = 0.2 Vcc: (except DO-D15)

(2) Vece=3V10% Ta=-10to 70°C
Parameter Symbol Variable Unit
Min Max
JOSC.Period(= X) tOSC 29400 33300] ns
[AQ-23 Valid --> RD/WRFall tAC | 1.0X-50 ns
RD/WRRise --> A0 — 23 Hold| tCA | 0.5X-40 ns
AQ-23 Valid --> DO — 15 input tAD 3.5X-125| ns
RD fall —> DO — 15 input tRD 2.5X-115 ns
RD Low width tRR 2.5X — 40 ns
RD rise --> DO — 15 Hold tHR 0 ns
WR Low Pulse Width tww 2.5X - 40 ns
ID0 - 15 Valid --> WR Rise tDW [2.0X - 120 ns
WR Rise --> D0 — 15 Hold tWD | 0.5X-40 ns
IAQ — 23 Valid --> Port Input tAPH 2.5X-120| ns
IAQ — 23 Valid --> Port Hold tAPH2 | 2.5X + 50 ns
WR Rise --> Port Valid tCP 200] ns
AC Test Condition:

Output Level: High = 0.7 x Vcc, Low = 0.3 x Vcc CL = 50pF
Input Level: High = 0.9 x Vce, Low = 0.1 x Vee
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(1) Read / Write cycle timing chart [Separated Bus]

| tOSC
X1/XT1
—
A0-23 =\ L -
cs _>§¥ ;i<_
< tAD e« 1CA
B . tRR >if
RD < tAC / HR
tRD
D0-15 SN ES S EENSE NN NSNS E NN NSEESENNSEREENSENERENENSSESSNSNENONINENNENNENROOE DO-D15 |npu‘[ sasunn
< tAPH2
< tAPH —
POrt INPUL s+ ssnmssnsassannsnnsnssnsssnnssnsnssnssnsnsnnsnnsns PortInput  Pussesemrssssssnnnsennsasunnenn:
WE AWR tWW S| £
WR,HWR Z twD
tDW R
DO-15 d D0-D15 O
=15 |  ssmsssmssssEEEEEEEsEEEEEEEEEEmEEEEEEEEE <k — utput
tcP 5
Port Output ><:
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4.5 Serial Channel Timing Chart

(1) I’CBUS
 tLOW _,le  1ASCL

SCL

tLOW = 8N/fc
tHIGH =8N/fc + 12/fc + (1/2R)
fSCL = 1/(tLOW + tHIGH)

N = Value of I2CCR3<DV4 - 0>

(2) SI00,1
¥ tSCY
ASCH ) i
SCLK “NltSCL > 7
SO — X
< > |
Sl tSDO L —X»
tSSDI—<—><—>‘
tSHD

SIO AC Electrical Characteristics
(SCLK external input)

Ta=-10t0 70°C Vecc=5V +10%

Parameter Symbol Variable 20 MHz Unit
Min Max Min Max
SCLK cycle tSCY 25X (2*X) 1.6 (0.8) us
SCLK High pulse width tSCH | tSCY/2-50 750 (400) ns
(tSYC/2)
SCLK Low pulse width tSCL tSCY/2-50 750 (400) ns
(tSYC/2)
SCLK shift edge -> SO delay tSDO 6X + 50 350| ns
SCLK shift edge -> Sl setup tSSDI -X + 50 0 ns
SCLK shift edge -> Sl hold tSHDI 6X + 50 350 ns
note: These are value when SCxMOD<SIOxE> don't be disabled under transferring.
(SCLK internal output)
Parameter Symbol Variable 20 MHz Unit
Min Max Min Max
SCLK cycle tSCY 24X 2'X 0.8 6.4 us
SCLK High pulse width tSCH | tSCY/2-50| tSCY/2 350 3200| ns
SCLK Low pulse width tSCL tSCY/2-50| tSCY/2 350 3200| ns
SCLK shift edge -> SO delay tSDO X + 50 100| ns
SCLK shift edge -> Sl setup tSSDI X +50 100 ns
SCLK shift edge -> Sl hold tSHDI 0 0 ns
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5. Table of Special Function Registers
(SFR; Special Function Register)

The special function registers (SFRs) include the 1/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)
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Table 5. /O register address map

Address Name Address Name Address Name Address Name Address Name

000000H | (Reserved) 20H PBFC 40H PWM1DRL 60H SCOMOD 80H INTRTCR
1H (Reserved) 21H ODCR3 41H PWM1DRH 61H SCOBUF 81H 12CCR1
2H (Reserved) 22H ODCR4 42H PWM2DRL 62H SC1MOD 82H 12CDBR
3H (Reserved) 23H TBCMOD 43H PWM2DRH 63H SC1BUF 83H 12CAR
4H (Reserved) 24H TBCDRO 44H PWMDBR 64H SC2MOD 84H 12CCR2
5H (Reserved) 25H TBCDR1 45H PWMCR 65H SC2CR 85H 12CCR3
6H P2 26H TBCIF 46H CAPINCRO 66H BR2CR 86H 12CCR4
7H (Reserved) 27H TRUN 47H CAPINCR1 67H SC2BUF 87H PC
8H (Reserved) 28H TCCR10 48H CAPINCR2 68H BOCS 88H PCCR
9H P2FC 29H TREGO 49H CAPINCR3 69H B1CS 89H (Reserved)
AH P4 2AH TREGI1L 4AH CAPFST B6AH B2CS 8AH (Reserved)
BH P5 2BH TREG1H 4BH CAPOL 6BH PAFC 8BH (Reserved)
CH P5CR 2CH TCCR32 4CH CAPOM 6CH SYSCR2 8CH (Reserved)
DH PRDSEL 2DH TCCR54 4DH CAPOH 6DH SYSCR3 8DH (Reserved)
EH P6 2EH TREG2L 4EH CAP1L 6EH SYSCRO 8EH (Reserved)
FH P7 2FH TREG2H 4FH CAP1H 6FH SYSCR1 8FH (Reserved)
10H P6CR 30H TREG3L 50H CAP2L 70H INTOCP1
11H P7CR 31H TREG3H 51H CAP2H 71H INTCPOTGO
12H P6FC 32H TREGA4L 52H CAPCR 72H INTTG1DMA
13H P7FC 33H TREG4H 53H RMTCR 73H INTI2CTBC
14H ODCRO 34H TREG5L 54H VIVACR1 74H INTSIOSI
15H ODCR1 35H TREGS5H 55H VIVACR2 75H INTRXTX
16H P8 36H TPGOCR 56H VASSDR 76H INTVA1
17H P9 37H TPGOL 57H CSYNCR 77H INT23
18H P8CR 38H TPGOH 58H PVCR 78H INTATO
19H PI9CR 39H TPGODR 59H (Reserved) 79H INTT1T2
1AH POFC 3AH TPGI1L 5AH ADMOD 7AH INTT3T4
1BH ODCR2 3BH TPG1H 5BH ADREG 7BH INTT5AD
1CH PA 3CH TPG1DR 5CH WDMOD 7CH DMAOV
1DH PB 3DH PWMRUN 5DH WDCR 7DH DMA1V
1EH PACR 3EH PWMODRL 5EH 1IMCO 7EH DMA2V
1FH PBCR 3FH PWMODRH 5FH 1IMC1 7FH DMA3V
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System Control/RTC

SYMBOL| Name Address 7 6 5 4 3 2 1 0
SYSCRO | System |00006EH XEN XTEN RXEN RXTEN RSYSCK WUEF — —
Control RW R/W RW R/W R/W R/W
Register0 1 0 1 0 0 0
High Low High Low System \Warming up

lfrequency [frequency [frequency [frequency [clock after [timer
oscillator oscillator oscillator oscillator (fs)|releasing start/

(fc: 20 MHz) [(fs: 32 kHz) [(fc) after after STOP mode [status flag
released released
STOP mode [STOP mode (Write)
0: Don't
care
0: Stop 0: Stop 0: fc 1: Start
0: Stop 0: Stop 1: Oscillation |1: Oscillation| (Normal) timer
1: Oscillation |1: Oscillation 1: fs
(Slow) (Read)
0: End of
warming
up
1: Under
warming
up
SYSCR1 | System | 00006FH — — — SYSCK
control (set to 0) R/W (setto0) | (setto0) | (setto0)
Register1 0 0 0 0 0

system clock

0:fc
(Normal)
1:fs
(Slow)
SYSCR2 | System |00006CH — RTCCK RTCST RTCIS1 RTCISO —
Control (set to 0) (set to 0) R/W R/W R/W
Register2 0 0 0 0 0
RTC clock |RTC start  |Interval time control of
source select{control RTC interrupt
0: fs 0: Stop &  |00: fc/2'7 or fs/2'®
(32 kHz) Counter |®%ms (s
1:fc Clear 01: fc/2'® or fs/2'®
(20 MHz) |1: Start (134 ms) 29
10: fc/2'® or fs/2'4
(3.28 ms) 05s)
11: Reserved
[Hz]
SYSCR3 | System |00006DH CLKEN
Control (setto 1) (setto 1) (setto 1) (setto 1) (set to 0) (set to 0) R/W
Register2 1 1 1 1 0 0 0
0: Disable
1: Enable
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TOSHIBA TMP93C071
Watch DogTimer
SYMBOL Name Address 7 6 5 4 3 2 1 0
WDMOD (Watch Dog| 00005CH WDTE WDTP1 WDTPO WARM HALTM1 | HALTMO | RESCR DRVE
Timer R/W RIW R/W RIW R/W R/W
Mode 1 0 0 0 0 0
Register WDT WDT detection time Warming up|Standby mode 0:— 1:Drive the
control timer 1: Connect| pinin
00: 2'S/fsys source 00: RUN internally| STOP
0: Disable [01: 2"7/fsys clock 01: STOP WDTout | mode
1: Enable |10: 2'%fsys selection 10: IDLE1 to Reset
11: 2%'/fsys 11: IDLE2 pin
0: 2'%input
fsys = 1/fc or 1/fs frequency
1: 2'%input
frequency
Input
frequency
=fcorfs
WDCR |Watch Dog| 00005DH —
Timer W
Control —
Register B1H: WDT disable code 4EH: WDT clear code
Time Base Counter (TBC)
SYMBOL Name Address 7 6 5 4 3 2 1 0
TBCMOD |TBC Mode| 000023H TBC1E TBCOE |INTTBC11 [INTTBC10| INTTBCO1 [ INTTBCOO
Register (set to “0”) | (set to “0”) R/W R/W R/W
‘0" ‘0" 0 0 0
"Prohibit INTTBC interrupt TBC1 interrupt source |TBCO interrupt source
RMW" enable/disable clock selection clock selection
00: Disable 00: TBC12 00: TBC11
01: INTTBCO 01: TBC14 01: TBC13
10: INTTBC1 10: TBC16 10: TBC15
11: INTTBCO/1 11: TBC18 11: TBC17
TBCDRO |TBC Data| 000024H | TBCD7 TBCD6 TBCD5 TBCD4 TBCD3 TBCD2 TBCD1 TBCDO
(TBC12) | (TBC11) | (TBC10) (TBC9) (TBC8) (TBC7) (TBCS6) (TBCS)
Register0 R
0
TBCDR1 |TBC Data| 000025H | TBCD15 | TBCD14 | TBCD13 | TBCD12 | TBCD11 TBCD10 TBCD9 TBCD8
(TBC20) | (TBC19) | (TBC18) | (TBC17) | (TBC16) | (TBC15) | (TBC14) [ (TBC13)
Register1
0
TBCIF TBC 000026H TBC1F | TBCOF — — —
Interrupt (setto0) | (setto Q) R/W (set to 0)
Flag 0 0 0 0
Register ["Prohibit TBC1 TBCO
interrupt  |interrupt
request request
flag flag
0: (W)Clear|0: (W)
1:(R) Clear
RMW" Interrupt [1: (R)
request Interrupt
request
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TOSHIBA TMP93C071
Timer/Counter0, 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 TICLK1 | T1CLKO CLBCO TOCL TOCLK1 | TOCLKO
Counter R/W R/W RW RW RIW RIW
Control 0 0 0 0 0 0
Register10 TCA1 timer/ [TC1 timer/ | TC1 source clock TCO timer/ [TCO timer/ [TCO source clock
counter counter selection counter counter selection
match clear match clear
clear 00: T clear 00: PCTLA
enable 0: - 01: TBC2 enable 0: - (from CAPIN)
1: Clear 10: TBC4 1: Clear (01:TIO
0: Disable [(One-shot) [11: TBC6 0: Disable |(One-shot) [10: TBC6
1: Enable 1: Enable 11: TBC10
TREGO Timer/ 000029H | TC/TRO7 | TC/TR06 | TC/TR0O5 | TC/TR04 | TC/TR0O3 | TC/TR02 [ TC/TRO1 [ TC/TROO
Counter RIW
Register0 0
W: Writing TREGO register R: Reading TCO counter
TREGIL Timer/ | 00002AH | TC/TR17 | TC/TR16 | TC/TR15 | TC/TR14 | TC/TR13 | TC/TR12 | TC/TR11 | TC/TR10
Counter RIW
Register1L 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 RIW
Register1H 0
W: Wrriting TREG1H register R: Reading TC1H counter
Timer/Counter2,3
SYMBOL Name Address 7 6 5 4 3 2 1 0
TCCR32 Timer/ 00002CH | CLBC3 T3CL T3CLK1 | T3CLKO CLBC2 T2CL T2CLK1 | T2CLKO
Counter RW RW RW RW RIW RW
Control 0 0 0 0 0 0
Register32 TC3 timer/ |TC3 timer/ [TC3 source clock TC2 timer/ |TC2 timer/ [TC2 source clock
counter counter selection counter counter selection
match clear match clear
clear 00: TI3 clear 00: T2
enable 0. — 01: TBC2 enable 0. — 01: TBC2
1: Clear 10: TBC4 1: Clear 10: TBC4
0: Disable |(One-shot) |11: TBC6 0: Disable |(One-shot) |11: TBC6
1: Enable 1: Enable
TREG2L Timer/ 00002EH | TC/TR27 | TC/TR26 | TC/TR25 | TC/TR24 | TC/TR23 | TC/TR22 | TC/TR21 | TC/TR20
Counter RIW
Register2L 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 R/IW
Register2H 0
W: Writing TREG2H register R: Reading TC2H counter
TREG3L Timer/ 000030H | TC/TR37 | TC/TR36 | TC/TR35 | TC/TR34 | TC/TR33 | TC/TR32 | TC/TR31 | TC/TR30
Counter R/W
Register3L 0
W: Writing TREG3L register R: Reading TC3L counter
TREG3H Timer/ 000031H | TC/TR3F | TC/TR3E | TC/TR3D | TC/TR3C | TC/TR3B | TC/TR3A | TC/TR39 | TC/TR38
Counter RIW
Register3H 0
W: Writing TREG3H register R: Reading TC3H counter
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TOSHIBA TMP93C071
Timer/Counter4, 5
SYMBOL Name Address 7 6 5 4 3 2 1 0
TCCR54 Timer/ 00002DH | CLBCS T5CL T5CLK1 T5CLKO CLBC4 T4CL T4CLKA1 T4CLKO
Counter R/W R/W R/W R/W R/W R/W
Control 0 0 0 0 0 0
Register54 TC5 timer/ |TC5 timer/ |TC5 source clock TC4 timer/ |TC4 timer/ |TC4 source clock
counter counter selection counter counter selection
match clear match clear
clear 00: TI5 clear 00: Tl4
enable 0:— 01: CSYNCA enable 0. — 01: CFGTM
1: Clear (from V-sepa) 1: Clear (from CAPIN)
0: Disable [(One-shot) [10: TBC4 0: Disable |[(One-shot) [10: TBC4
1: Enable 11: TBC6 1: Enable 11: TBC6
TREGA4L Timer/ 000032H | TC/TR47 | TC/TR46 | TC/TR45 | TC/TR44 | TC/TR43 | TC/TR42 | TC/TR41 | TC/TR40
Counter R/W
Register4L 0
W: Writing TREGAL register R: Reading TC4L counter
TREG4H Timer/ 000033H | TC/TRAF | TC/TR4E | TC/TR4D | TC/TRAC | TC/TR4B | TC/TR4A | TC/TR49 | TC/TR48
Counter R/W
Register4H 0
W: Wrriting TREG4H register R: Reading TC4H counter
TREGSL Timer/ 000034H | TC/TR57 | TC/TR56 | TC/TR55 | TC/TR54 | TC/TR53 | TC/TR52 | TC/TR51 | TC/TR50
Counter R/W
Register5L 0
W: Writing TREGS5L register R: Reading TC5L counter
TREGS5H Timer/ 000035H | TC/TRSF | TC/TR5E | TC/TR5D | TC/TR5C | TC/TRSB | TC/TR5A | TC/TR59 | TC/TR58
Counter R/W
Register4dH 0
W: Writing TREG5H register R: Reading TC5H counter
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TOSHIBA TMP93C071

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 (set to 0) w R R R
Register 0 0 0 1 0
INTTPGO [TPGO TPGO TPGO FIFO status flag
FIFO FIFO full  [FIFO (Stored data)
empty flag empty 000: Empty or Full
interrupt 001: 1 word
enable 0:— 0. — 010: 2 word
1: FIFO full [1: FIFO 011: 3 word
0:— empty [100: 4 word
1: Enable 101: & word
110: 6 word
111: 7 word
TPGOL TPGO 000037H | TPGOD7 | TPGOD6 | TPGODS | TPGOD4 | TPGOD3 | TPGOD2 | TPGOD1 | TPGODO
Lower
Timing Write-only
Data —
Register
TPGOH TPGO 000038H | TPGODF | TPGODE | TPGODD | TPGODC | TPGODB | TPGODA | TPGOD9 | TPGOD8
Higher
Timing Write-only
Data —
Register
TPGODR TPGO 000039H - - TPGDO05 | TPGD04 | TPGDO3 | TPGDO2 | TPGDO1 | TPGDOO
Output
Data Write-only
Register —
CAPCR Capture | 000052H CAP2T CAP1T CAPCL VISFRS | VASFRS TPRSO CFGCL CAFRS
Control (CFG) (DFG)
Register R R R/W
0 0 0
CAP2 CAP1 CAP1/ VISS VASS TPGO CFGflag |Capture0
trigger trigger CAP2 detect flag|detect flag |FIFO clear FIFO
input status|input status|status clear|clear clear counter counter/
clear & status
0: 0: 0. — 0. — INTTPGO |0: — clear
No trigger | No trigger [1: Clear 0:— 1: Clear disable 1: Clear
input input (One-shot) |1: Clear (One-shot) [0: — (One-shot) |0: —
1: Trigger |1: Trigger (One-shot) 1: Clear & 1: Clear
input input Inhibit (One-shot)
(One-shot)
Timing Pulse Generator 1 (TPG1)
SYMBOL Name Address 7 6 5 4 3 2 1 0
TPGI1L TPG1 00003AH | TPG1D7 | TPG1D6 | TPG1D5 | TPG1D4 | TPG1D3 | TPG1D2 | TPG1D1 | TPG1DO
Lower
Timing W
Data 0
RegisteriL
TPG1H TPG1 00003BH | TPG1DF | TPG1DE | TPG1DD | TPG1DC | TPG1DB | TPG1DA | TPG1D9 | TPG1D8
Higher
Timing W
Data 0
Register1H
TPG1DR TPG1 00003CH — — — — TPGD13 | TPGD12 | TPGD11 | TPGD10
Output
Data W
Register 0
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TOSHIBA TMP93C071
14BIT PWM O, 1, 2
SYMBOL Name Address 7 6 5 4 3 2 1 0
PWMRUN PWM 00003DH — — — — — PWM2- PWM1- PWMO-
Start -RUN -RUN -RUN
Control R/W
Register 0
0: Stop 1: Run
PWMODRL | PWMO | 00003EH | PWMOD7 | PWMOD6 | PWMOD5 | PWMOD4 | PWMOD3 | PWMOD2 | PWMOD1 | PWMODO
lower Write-only
Data —
Register
PWMODRH| PWMO | 00003FH — — PWMODD | PWMODC | PWMODB | PWMODA | PWMOD9 | PWMOD8
Higher Write-only
Data —
Register
PWM1DRL | PWM1 000040H | PWM1D7 | PWM1D6 | PWM1D5 | PWM1D4 | PWMID3 | PWM1D2 | PWM1D1 | PWM1DO
Lower Write-only
Data —
Register
PWMIDRH| PWM1 000041H — — PWM1DD | PWM1DC | PWM1DB | PWM1DA | PWM1D9 | PWM1D8
Higher Write-only
Data —
Register
PWM2DRL | PWM2 | 000042H | PWM2D7 | PWM2D6 | PWM2D5 | PWM2D4 | PWM2D3 | PWM2D2 | PWM2D1 | PWM2DO
Lower Write-only
Data —
Register
PWM2DRH| PWM2 | 000043H — — PWM2DD | PWM2DC | PWM2DB | PWM2DA | PWM2D9 | PWM2D8
Higher Write-only
Data —
Register
8BIT PWM 3 - 11
SYMBOL Name Address 7 6 5 4 3 2 1 0
PWMDBR | 8bit PWM [ 000044H |PWMDBR7{PWMDBR6|PWMDBR5|PWMDBR4|PWMDBR3|PWMDBR2|PWMDBR1(PWMDBRO
Data Write-only
Buffer —
Register 8-bit PWM data buffer register
PWMCR | 8bit PWM | 000045H | PWMEOT — — — PWMDLS3 |PWMDLS2 | PWMDLS1 | PWMDLSO
Control R WRITE ONLY
Register 0 0
End flag PWM channel select and data transfer
of The PWMDBR data is stored to the selected
PWM data PWM channel after setting this channel code.
transfer This code must be set when <PWMEQT> =0
0: End of 0000: PWM3  0100: PWM7  1000: PWM11
transfer 0001: PWM4  0101: PWM8
1: Under 0010: PWM5  0110: PWM9
transfer 0011: PWM6 0111: PWM10
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TOSHIBA TMP93C071

Capture Control
SYMBOL Name Address 7 6 5 4 3 2 1 ,0
CAPINCRO | Capture | 000046H CAP2E CAP1E CAPOSE | CAPO4E | CAPO3E | CAPO2E | CAPO1E | CAPOOE
(CFG) (DFG) (DPG) (EXT) (CTL) (VS) (RMTD) (RMTU)
Input R/W
Control 0
Register0 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 measure 6-bit programmable divider control
clock select Dividing rate selection for CTLIN (from P80) and CFGIN (from P85).
(VIVACR2<PCTLCKS>
=0) 000000: 1/1
000001:1 /2 - 111111 1/64
00: TBC3 01: TBCS
10: TBC7 11. TBC10
CAPINCR2 | Capture | 000048H — RMTST RMTPO RMTBP | CFGMCP | DPCP2 DPCP1 DPCPO
Input R/IW R/IW R/W R R/IW
Control 0 0 0 0 0
Register2 RMTIN RMTIN Noise CFG status|3-bit programmable divider control
start/stop |input canceller/ [flag Dividing rate selection for DFGIN
control polarity correction (from P81)
selection  [circuit
control 000: 1/1
0: Stop & |0: Positive 001: 1/2--111:1/8
counter (+) 0: Active  |0: Normal
clear 1: Negative|1: Bypass |1: Error
1: Start (-)
CAPINCR3 | Capture | 000049H CTLPO CFGPO DPGEG DFGEG | CFGWPR [ CFGEG CTLEG
Input R/W R/W R/W R/W R/W R/W R/W
Control 0 0 0 0 0 0 0
Register3 CTLinput |CFGinput [Edge Edge Dividing Edge Edge
polarity polarity selection |selection [rate selection  |selection
selection |selection |for DPG for DFG selection  |for CFG for CTLIN
input input for CFG input input
input
0:Rising
0: Positive |0: Positive 0: Both 1: Both
(+) (+) rising rising
1: Negative |1: Negative |0: Rising  [0: Rising  [0: 1/1 and and
(-) (-) 1: Falling [1: Falling |1:1/2 falling falling
1: Rising
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TOSHIBA TMP93C071
Capture 0
SYMBOL Name Address 7 6 5 4 3 2 1 0
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 Dividing |masking VISS compare data
polarity measuring control for |control for
selection [clock selection |CTLIN CFG input These 4-bit data are compared with
input 0: Mask higher 4bit of the 6-bit CTL counter
0: Positive |0: Selected 1: Bypass
(+)(when| by 0: Divide
duty is CAPINCR1 |[1: Bypass
less than| <PCTLCK1,
50%, 2>
VIVACR1
<CTLDTY>|1: Automatic
issetto 1) [ selection
1: Negative
(-)(when
duty is
less than
50%,
VIVACR1
<CTLDTY>
is set to 0)
CAPFST | Capture0 | 00004AH | CAPF7 CAPF6& CAPF5 CAPF4 CAPF3 CAPF2 CAPF1 CAPFO
(FIFO8) (FIFO7) (FIFO6) | (FIFO5) | (FIFO4) | (FIFO3) | (FIFO2) | (FIFO1)
FIFO Read-only
Status 0
Register Capture0 FIFO status 0: Empty, 1: Capture data stored
CAPOL | Capture0 | 00004BH | CAPOD7 CAPOD6 CAPODS | CAPOD4 | CAPOD3 | CAPOD2 [ CAPOD1 | CAPODO
Lower Read-only
Data
Register —
CAPOM | Capture0 | 00004CH | CAPOD15 CAPOD14 | CAPOD13 [ CAPOD12| CAPOD11 | CAPOD10 | CAPOD9 | CAPODS
Middle Read-only
Data
Register —
CAPOH | Capture0 | 00004DH [ CAPOTS CAPOT4 CAPOT3 | CAPOT2 [ CAPOT1 | CAPQTO |CAPOD17| CAPOD16
Higher Read-only Read-only
Data
Register — —
Trigger input status Capture0 higher data
0: No trigger input 1: Trigger input
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TOSHIBA TMP93C071
Capture 1, 2
SYMBOL Name Address 7 6 5 4 3 2 1 0
CAP1L | Capture1 | 00004EH | CAP1D7 | CAP1D6 | CAP1D5 | CAP1D4 | CAP1D3 | CAP1D2 | CAP1D1 | CAP1DO
Lower Read-only
Data
Register —
CAP1H | Capture1 | 00004FH | CAP1D15 | CAP1D14 | CAP1D13 | CAP1D12 | CAP1D11 | CAP1D10 | CAP1D9 | CAP1D8
Higher Read-only
Data
Register —
CAP2L | Capture2 | 000050H | CAP2D7 | CAP2D6 | CAP2D5 | CAP2D4 | CAP2D3 | CAP2D2 | CAP2D1 | CAP2DO
Lower Read-only
Data
Register —
CAP2H | Capture2 | 000051H | CAP2D15 | CAP2D14 | CAP2D13 | CAP2D12 | CAP2D11 | CAP2D10 | CAP2D9 | CAP2D8
Higher Read-only
Data
Register —
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
Control R/W R/W
Register 0 0
H level Noise cancel width L level Noise cancel width
4-bit data (TBC8: 25.6 ps) 4-bit data (TBC8: 25.6 ps)
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TOSHIBA TMP93C071

VISS/VASS
SYMBOL Name Address 7 6 5 4 3 2 1 0
VIVACRA1 VISS/ 000054H — — — — CTLDTY | VISSFL | VASSFL
VASS (set to 0) R R R
Control 0 0 0 0
Register1 CTL signal [VISS detectVASS
duty flag detect flag
detector
monitor flag [0: — 0: —
1: VISS 1: VASS
0: CTL duty| detected | detected
greater
than 50%
(VIVACR2
<PCTLPO>
= O)
1: CTL duty
less than
50%
(VIVACR2
<PCTLPO>
= 0)
VASSDR |[VASS Data| 000056H | VASS7 VASS6 VASSS VASS4 VASS3 VASS2 VASS1 VASS0
Register VASS lower 8-bit data
VASS15 | VASS14 | VASS13 | VASS12 [ VASS11 | VASS10 | VASS9 | VASSS
VASS higher 8-bit data
Read-only
Twice reading from VASSDR
The First is lower 8-bit, the second is higher 8-bit

CSYNC, PV, CR/HA

SYMBOL Name Address 7 6 5 4 3 2 1 0
CSYNCR | CSYNC | 000057H | COMPS - - CSYNCPOQ| SEPMOD [ CSYNBP HSEN MASK
Control R/W R/W RW RW RW R/W
Register 0 0 0 0 0 0
COMPIN CSYNC 7-bit CSYNC  |Pseudo-Hsync [Vsync
input input signal [counter bypass generation to  |mask
control polarity up/down  [control PV/PH control
selection  [count 0: —
0: Disable selection  |0: VV-sep. |0: Non- 1: Release
(TPGO0/ 0: Positive [(duty) 1: Bypass | synchronized| masking
TPG05 1: Negative (0: up/down with Csync  [(One-shot)
Output) =11 input
1: up/down 1: synchronize
1: Enable =1/2 with Csync
input
PVCR |PV Control| 000058H — — — — PHMIX | PVSEL2 PVSEL1 PVSELO
Register R/W R/W
0 0
PH mixing |PV/PH output format control
0: OFF
1: ON
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TOSHIBA TMP93C071
8-bit A/D Converter
SYMBOL Name Address 7 6 5 4 3 2 1 0
ADMOD AD 00005AH EOCF ADBF ADS ADCH3 ADCH2 ADCH1 | ADCHO
Converter (setto 1) R R R/W R/W
Control 1 0 0 0 0
Register A/D AD AD Analog channel selection
conversion [conversion |conversion
flag busy flag start /status  |0000: AINO 1001: AIN9
0001: AIN1 1010: AIN10
0: During 0: free (stop) |0: — 0010: AIN2 1011: AIN11
or before [1: busy 1: AID 0011: AIN3 1100: AIN12
converting conversion |0100: AIN4 1101: AIN13
1: Finish start 0101: AIN5 1110: AIN14
conversion 0110: AIN6 1111: AIN15
0111: AIN7
1000: AIN8
ADREG AD 00005BH | ADR7 ADR6 ADRS5 ADR4 ADR3 ADR2 ADR1 ADRO
Converted Read-only
Data —
Register
SI0 0
SYMBOL| Name Address 7 6 5 4 3 2 1 0
SCOMOD | Serial I/0 | 000060H FFOSI SORES SOMOD1 | SOMODO SIFTO CLKOSI SCKO0S SIO0E
Channel 0 R R/IW R/W R/W R/W R/W R/W
Mode 1 0 0 0 0 0 0
Register Transfer Serial Transfer mode select |Shift edge |Internal Serial clock|Serial
monitor flag  |transfer select clock rate |source transfer
terminate 00: Transmit mode select select enable/
0: Under 01: Receive mode 0: Leading disable
transferring [0: — 10: — (Falling) |0: TBC3 0: Internal
1: Stop 1: Terminate [11: Transmit/receive |1: Trailing (0.8 ps) clock 0: Disable
mode (Rising) |1: TBC7 1: External |1: Enable
(6.4 ps) clock
SCOBUF | Serial I/O | 000061H TRBO7 TRB06 TRBO5 TRBO4 TRB03 TRB02 TRBO1 TRBOO
Channel 0 R/W
Buffer —
Register
SIO 1
SYMBOL| Name Address 7 6 5 4 3 2 1 0
SC1MOD | Serial I/0 | 000062H FF1SI S1RES S1MOD1 | SIMODO SIFT1 CLK1SI SCK1S SIO1E
Channel 1 R R/IW R/W R/W R/W R/W R/W
Mode 1 0 0 0 0 0 0
Register Transfer Transfer Transfer mode select |Shift edge |Internal Serial clock|Serial
monitor flag  |terminate select clock rate |source transfer
00: Transmit mode select select enable/
0: Under 0:— 01: Receive mode 0: Leading disable
transferring |1: Terminate (10: — (Falling) |0: TBC3 0: Internal
1: Stop 11: Transmit/receive |1: Trailing (0.8 ps) clock 0: Disable
mode (Rising) |1: TBC7 1: External |1: Enable
(6.4 us) clock
SC1BUF | Serial I/O | 000063H TRB17 TRB16 TRB15 TRB14 TRB13 TRB12 TRB11 TRB10
Channel 1 R/W
Buffer —
Register
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TOSHIBA TMP93C071

SI0 2 (UART)
SYMBOL Name Address 7 6 5 4 3 2 1 0
SC2MOD | Serial IO | 000064H TB8 CTSE RXE WU SM1 SMO SC1 SCO
Mode R/W R/W RW R/W R/W R/W
Control 0 0 0 0 0 0
Register2 Transmit  [Hand Receiver |Wake up [Serial transfer mode Serial transfer clock
data bit 8 [shake function function (VUART)
control 00: (Reserved)
0: CTS 0: Receive (0: Disable |01: 7-bit UART 00: Timer O trigger
disable disable (1: Enable |10: 8-bit UART 01: Baud rate generator
1: CTS 1: Receive 11: 9-bit UART 10: Internal clock: fc/2
enable enable 11: (Reserved)
SC2CR Serial 000065H RB8 EVEN PE OERR PERR | FERR — —
Control R R/IW R/IW R(cleared to Zero when read)
Register2 0 0 0 0 0
Received |Parity Parity Overrun Parity error{Framing
data bit 8 |check check error flag |flag error flag
mode
0: Odd 0: Disable [0:— 0:— 0. —
1: Even 1: Enable |1: Error 1:Error 1: Error
BR2CR |Baud Rate| 000066H — BROCK1 [ BROCKO BR0OS3 BR0S2 BROS1 BROSO
Generator (set to 0) R/W R/W
Control 0 0 0
Register Selecting the input Divider for baud rate generator
clock of baud rate
generator 0000: 1/16
0001: 1/1
00: TBC1 (0.2 ps) 0010to 1111: 1/2to 1/15
01: TBC2 (0.4 ps)
10: TBC3 (0.8 ps)
11; TBC4 (1.6 ps)
@fc = 20 MHz
SC2BUF | Serial | 000067H | TB7 TB6 TB5 | TB4 ™83 | TB2 | TB1 | TBO
Transmit/ W: (Transmit)
Receive RB7 RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO
Buffer2 |Prohibit R: (Receive)
RMW
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IFCBUS (1)
SYMBOL Name Address 7 6 5 4 3 2 1 0
12CCR1 I’°CBUS | 000081H BC2 BC1 BCO ACK CHS - - -
Control WRITE R/W R/W
Register1 0 [ 0 [ 0 0 0 [ [
Number of transferred bits Clock pulse |Channel
ACK=0 | ACK=1 generation |[selection
clocks bits | clock bits for acknow-
000: 8 8] 9 8 -ledge bit |0: Channel 0
001: 1 11 2 1 (SCLO,
010: 2 2] 3 2 0: Don't SDAD)
011: 3 3| 4 3
100: 4 4| 5 4 1: Generate(1: Channel1
101: 5 5| 6 5 (SCL1,
Prohibit 110: 6 6| 7 6 SDA1)
RMW 111: 7 7] 8 7
12CDBR [’CBUS | 000082H | 12DBR7 | 12DBR6 [ I2DBR5 12DBR4 12DBR3 12DBR2 | 12DBR1 | I12DBRO
Data RW
Buffer I I I I I I I
Register Note: Start from the MSB for transmit data
12CAR I’CBUS | 000083H SA6 | sA5 | sA4 | sAa3 | sA2 | sa1 | sAo ALS
Address Write-only W
Register 0 [ 0 [ 0 [ 0 [ 0 [ 0o ] 0 0
TMP93CO071 slave address selection Addressing
mode
specifi-
-cation
0: Slave
address
1: (free
data
format)
FCBUS (2)
SYMBOL [ Name | Address 7 6 5 4 3 2 1 0
[2CCR2 | IPCBUS | 000084H | MST TRX BB PIN SBIM1 SBIMO (setto “0") | (set to “0")
Control (Write) 0 0 0 1 0 0 * *
Register2 Master/ |Transmitter/|Start/stop |Cancel Serial bus interface
slave receiver condition interrupt operation mode selection
selection [selection  |generation [service
request 00: Port mode
0: Slave |0: Receiver [0: Stop 0:— (I*CBUS output disable)
1: Master [1: Transmit-| condition |1: Cancel 01: (Reserved)
ter 1: Start interrupt  |10: ’CBUS mode
Prohibit condition service 11: (Reserved)
RMW request
12CSR | IPCBUS | 000084H [ MST TRX BB PIN AL AAS ADO LRB
Status (Read) 0 0 0 1 0 0 * *
Register Status Status Status Interrupt Arbitration |Slave GENERAL |Last
monitor [monitor monitor service lost address CALL received
request status|detection |match detection bit monitor
0: Slave |0: Receiver [0: Bus free [monitor monitor detection monitor
1: Master [1: Transmit-|1: Bus busy monitor 0: Last
ter 0: Requested |0: — 0:— 0:— received
1: Arbitra- |1: Slave 1: GENERAL| bit0
1: Released tion lost address CALL 1: Last
detected | match or detected received
GENERAL bit 1
CALL
detected
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IFCBUS (3)
SYMBOL Name Address 7 6 5 4 3 2 0
12CCR3 I2°CBUS | 000085H | DMAEN DVv4 DV3 DV2 DV1 DVO SWRST
Control R/W W R/W
Register3 0 o | o | o | o » 0
micro DMA|Setting N-divider for generating transfer clock source. 12CBUS
transfer Software Reset
mode is  |00000: (Reserved) 10000: (N=16); 74.6
enabled |00001: (Reserved) 10001: (N=17); 70.4 0:.—
00010: (N = 2); 4545 10010: (N = 18); 66.7 (Initial state)
0: Disable |00011: (N =3); 333.3 10011: (N=19);63.3 1: Initialize
1: Enable |00100: (N = 4); 263.2 10100: (N = 20); 60.2 1’CBUS
00101: (N=5); 2174 10101: (N =21); 57.5 block
00110: (N=6); 185.2 10110: (N = 22); 54.9 (After
00111: (N=7); 161.3 10111: (N =23); 52.6 initialize
01000: (N = 8); 1429 11000: (N = 24); 50.5 I’CBUS,
01001: (N=9); 128.2 11001: (N = 25); 48.5 SWRST is
01010: (N = 10); 116.3  11010: (N = 26); 46.7 automatically
01011: (N=11); 106.4 11011: (N = 27); 45.0 cleared to 0.)
01100: (N=12); 98.0  11100: (N = 28); 43.5
01101: (N=13); 90.9  11101: (N = 29); 42.0
Prohibit 01110 :(N=14); 847  11110: (N = 30); 40.7
RMW 01111: (N = 15); 79.4

11111: (N = 31); 39.4 (kHz) @20 MHz
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IFCBUS (4)
SYMBOL Name Address 7 6 5 4 3 2 1 0
12CCR4 I’°CBUS | 000086H RSTR TR DMAEND RCONT C3 C2 C1 Cco
Control W R/W R R/W R/W
Register4 0 0 0 0 o | o 0
Continuous [micro DMA |micro DMA [Continuous Setting the number of transfer byte
transfer transfer transfer endjreceive mode |0000: 16 byte 1000: 8 byte
command at[Transmit/  [flag set at micro  [0001: 1 byte 1001: 9 byte
micro DMA |Receive DMA transfer [0010: 2 byte 1010: 10 byte
transfer mode 0.— mode 0011: 3 byte 1011: 11 byte
mode. selection.  [1: Transfer 0100: 4 byte 1100: 12 byte
[This end (receive). 0101: 5 byte 1101: 13 byte
command is|0: Receive If the receive |0110: 6 byte 1110: 14 byte
available  [1: Transmit | (set mode is set [0111: 7 byte 1111: 15 byte
while condition) [to “Receiving ((slave address + R/ W) is not contained.
DMAEND = over(C3-0) [The value of (C3-0) is decreased by each micro
1. [Transmit:  |byte”, set this DMA transfer (I2CDBR access).
I’CBUS bit at a time. [This value must be set after (slave address +
has R/ W ) has been set to 12CDBR.
0: — transmitted |0: Receive
1: Restart the last end mode
micro data. 1: Receive
DMA continuous
transfer Receive: mode
for (C3-0) micro DMA
setata has read a
time. data after
I’CBUS
(note) has
T/R bit received
must be set the last
a previous data.
value.
(reset
condition)
Reset,
Start/Stop
command
have been
executed.
RSTR
Prohibit command
RMW has been
executed.
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Interrupt priority setting register (1/2)

(Prohibit read-modify-write)

SYMBOL | Name |Address] 7 [ 6 | 5 | 4 3 | 2 | 4 0
INTOCP1 INTO/ 0070H INTCAP1 INTO
CAP1 ICAP1C | ICAP1M2 | ICAP1M1 | ICAP1MO 10C 10M2 10M1 10M0O
Interrupt ["Prohibit R/W W W W R/W W W W
Setting [RMW" 0 0 0 0 0 0 0 0
INTCPOTGO | CAPO/ | 0071H INTTPGO INTCAPO
TPGO ITPGOC | ITPGOM2 | ITPGOM1 | ITPGOMO | ICAPOC | ICAPOM2 | ICAPOM1 | ICAPOMO
Interrupt ["Prohibit R/W W W W R/W W W W
Setting [RMW" 0 0 0 0 0 0 0 0
INTTG1DMA | TPG1/ [ 0072H INTI2DMA INTTPG1
12DMA 112DMAC |lI2DMAM [lI2DMAM [lI2DMAM [ ITPG1C |ITPGIM2|ITPG1M1 | ITPG1MO
2 1 0
Interrupt ["Prohibit| R/W W W W R/W W wW
Setting |[RMW" 0 0 0 0 0 0 0 0
INTI2CTBC | 12CBUS/ | 0073H INTTBC INTI2CB
TBC ITBCC | ITBCM2 | ITBCM1 | ITBCMO 112CC 112CM2 112CM1 112CMO
Interrupt ["Prohibit| R/W W W W R/W w W w
Setting |RMW" 0 0 0 0 0 0 0 0
INTSIOSI SI100/ 0074H INTSIO1 INTSIOO
S101 ISIO1C | ISIOTM2 | ISIOTM1 | ISIOTMO | ISIO0C | ISIO0M2 | ISIOOMT1 | ISIO0MO
Interrupt ["Prohibit| R/W W W \\ R/W w W w
Setting |RMW" 0 0 0 0 0 0 0 0
INTRXTX RX/ 0075H INTTX INTRX
TX ITXC ITXM2 ITXM1 ITXMO IRXC IRXM2 IRXM1 IRXMO
Interrupt ["Prohibit] R/W W W w R/W W w W
Setting [RMW" 0 0 0 0 0 0 0 0
INTVA1 VA/ 0076H INT1 INTVA
INT1 11C 11M2 11M1 11MO IVAC IVAM2 IVAM1 IVAMO
Interrupt ["Prohibit| R/W W W W R/W W W W
Setting [RMW" 0 0 0 0 0 0 0 0
INT23 INT2/ 0077H INT3 INT2
INT3 13C 13M2 13M1 1I3M0 12C 12M2 12M1 12M0
Interrupt ["Prohibit R/W W W W R/W W W W
Setting [RMW" 0 0 0 0 0 0 0 0
INT4TO INT4/ 0078H INTTO INT4
Timer0 ITOC ITOM2 ITOM1 ITOMO 14C 14M2 14M1 14M0
Interrupt |"Prohibit R/IW W W W R/W W W W
Setting [RMW" 0 0 0 0 0 0 0 0
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Interrupt priority setting register (2/2)

(Prohibit read-modify-write

Indicates interrupt request.

don’t care

Note 1: Read-modify-write is prohibited.

Note 2: Note about clearing interrupt request flag.

SYMBOL | Name |Address] 7 | 6 5 | 4 3 | 2 | 1 0
INTT1T2 | Timer1/ | 0079H INTT2 INTTA1
Timer2 1IT2C 1T2M2 IT2M1 1T2MO IT1C IT1IM2 IT1M1 IT1MO
Interrupt |Prohibit R/W W W W R/W W W W
Setting [RMW 0 0 0 0 0 0 0 0
INTT3T4 | Timer3/ | 007AH INTT4 INTT3
Timer4 1IT4C 1T4M2 IT4AM1 1IT4AMO IT3C IT3M2 IT3M1 IT3MO
Interrupt |Prohibit R/W W W W R/W W W W
Setting [RMW 0 0 0 0 0 0 0 0
INTTSAD | Timer5/ | 007BH INTAD INTTS
AD IADCC IADM2 IADM1 IADMO IADC IADM2 IADM1 IADMO
Interrupt |Prohibit R/W W W W R/W W W W
Setting [RMW 0 0 0 0 0 0 0 0
INTRTCR 0080H (Always set to "0") INTRTC
RTC (setto 0) | (setto 0) | (setto 0) | (setto 0) | IRTCMA | IRTCM2 | IRTCM1 | IRTCMO
Interrupt |Prohibit | (R/W) (R/W) (W) (W) R/W W W W
Setting [RMW (0) (0) (0) (0) 0 0 0 0
M Il Il J
Py ] ]
— s
L IxXxM2 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.
xxC Function (Read) Function (Write)
—> 0 Indicates no interrupt request. Clears interrupt request flag.

The interrupt request flag of INTCAP1, INTCAPQ, INTSIOO, 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.

93C071-231


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

Micro DMA Start Vector

SYMBOL Name Address 7 6 5 4 3 2 1 0
DMAQOV micro 00007CH DMAOVS5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
DMAO W (Read-modify-write is not possible)
Start 0
Vector Set micro DMA start vector
DMA1V | micro | 00007DH DMA1V5 | DMA1v4 | DMA1V3 | DMATV2 | DMATVI | DMA1VO
DMA1 W (Read-modify-write is not possible)
Start 0
Vector Set micro DMA start vector
DMA2V | micro | 000O7EH DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2vO
DMA2 W (Read-modify-write is not possible)
Start 0
Vector Set micro DMA start vector
DMA3V | micro | 00007FH DMA3V5 | DMA3v4 | DMA3v3 | DMAsv2 | Dmasv1 | bmasvo
DMA3 W (Read-modify-write is not possible)
Start 0
Vector Set micro DMA start vector
Port2
SYMBOL Name Address 7 6 5 4 3 2 1 0
P2 PORT2 | 000006H P27 P26 P25 P24 - - - -
Register R/W
1 1 1 1 1
P2FC PORT2 | 000009H | P27F P26F | P25k | P2aF [ (setto“1”)| (setto“17) [ (setto“17) | (setto 17
Function W
Register 1
0: PORT 1: ADDRESS BUS (A23 to A20)
Port 4
SYMBOL Name Address 7 6 5 4 3 2 1 0
P4 Port4 00000AH P47 P46 P45 P44 P43 P42 P41 P40
Register R
Input mode

93C071-232


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071
Port 5
SYMBOL Name Address 7 6 5 4 3 2 1 0
P5 Port5 00000BH P57 P56 P55 P54 P53 P52 P51 P50
Register R/W
1
P5CR Port5 00000CH P57C P56C P55C P54C P53C P52C P51C P50C
Control W
Register 0
0:IN 1:0UT
1IMCO Interrupt | 00005EH — — — 14IE I3IE 12IE 1MIE 10IE
(INT4) (INT3) (INT2) (INT1) (INTO)
Input W
Mode
Control 0
Register0 External interrupt enable
0: Disable 1: Enable
1IMC1 Interrupt | 00005FH 14EG I13EG 12EG MEG I0EG — INTTPGOE [INTTPGOS
Input w R/W R/W
Mode
Control 0 0 0
Register1 INT4 edge [INT3 edge |INT2 edge |INT1 INTO INTTPGO [INTTPGO
selection [selection [selection |edge/level |edge/level interrupt  [interrupt
selection [selection TPG03 selection
0: Rising |0: Rising [0: Rising edge
1: Falling [1:Falling |1: Falling |0: Rising |0: Rising selection |0: FIFO
edge edge empty
1: Level 1: Level 0: Rising interrupt
1: Falling [1: FIFO
empty/
TPGO3
interrupt
Port 6
SYMBOL Name Address 7 6 5 4 3 2 1 0
P6 Port6 00000EH P67 P66 P65 P64 P63 P62 P61 P60
Register R/W
1
PBCR Port6 000010H P67C P66C P65C P64C P63C P62C P61C P60C
Mode W
Register 0
0:IN 1:0UT
P6FC Port6 000012H P67F P66F P65F P64F P63F P62F P61F P60F
Function
Register 0
0: Port67 |0: Port66 |0: Port65 [0: Port64 [0: Port63 (B2CS B1CS BOCS
1: PWM11 [1: PWM10 |1: PWM9 |1: PWM8 |1: PWM7 [<CS2EN> [<CS1EN> [<CSOEN>
=0 =0 =0
0: Port62 |0: Port61 |0: Port60
1: PWM6 [1: PWM5 [1: PWM4
ODCRO Open 000014H POD67 POD66 POD65 POD64 POD63 POD62 POD61 POD60
(P6ODCR) Drain W
Control 0
Register0 0: Push-pull 1: Open drain
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Port 7
SYMBOL Name Address 7 6 5 4 3 2 1 0
P7 Port7 00000FH P77 P76 P75 P74 P73 P72 P71 P70
Register R/W
1
P7CR Port7 000011H P77C P76C P75C P74C P73C P72C P71C P70C
Control W
Register 0
0:IN 1.0UT
P7FC Port6é 000013H P77F — P75F P74F P73F — — P70F
Function W W W
Register 0 0 0
0: Port77 0: Port75 |0: Port74 |O: Port73 0: Port70
1: SCKO 1: SO0 1. SCLO 1: SDAO 1: TXD
ODCR1 Open 000015H POD77 — POD75 POD74 POD73 — — POD70
Drain w w W
Control 0 0 0
Register1 0: Push- 0: Push-pull 0: Push-pull
pull 1: Open drain 1: Open-
1: Open- drain
drain
PRDSEL P7 00000DH PR77 — PR75 PR74 PR73 — — PR70
Register W W W
Read 0 0 0
Value
Selection 0: Pin 0: Pin value 0: Pin
value 1: Output value value
1: Output 1: Output
value value
Port 8
SYMBOL Name Address 7 6 5 4 3 2 1 0
P8 P8 000016H P87 P86 P85 P84 P83 P82 P81 P80
Register R/W
1
P8CR P8 000018H P87C P86C P85C P84C P83C P82C P81C P80C
Control W
Register 0
0: IN 1: OUT
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Port 9
SYMBOL Name Address 7 6 5 4 3 2 1 0
P9 P9 000017H P97 P96 P95 P94 P93 P92 P91 P90
Register R/W
1
P9CR P9 000019H P97C P96C P95C P94C P93C P92C P91C P90C
Control W
Register 0
0: IN 1: OUT
POFC P9 00001AH P97F P96F PO5F P94F P93F P92F P91F P9OF
Function W
Register 0
0: Port97 |0: Port96 |0: Port95 [0: Port94 |0: Port93 [0: Port92 |0: Port91 |0 :Port90
1: TPG11 [1: TPG10 |1: TPG13 |1: TPG0O4 |1: TPGO3 ([1: TPG02 [1: TPGO1 [1: TPG12
ODCR2 Open 00001BH | POD97 POD96 POD95 POD94 POD93 POD92 POD91 POD90
Drain W
Control 0
Register2 0: Push-pull 1. Open-drain
Port A
SYMBOL Name Address 7 6 5 4 3 2 1 0
PA PortA | 00001CH — — PAS PA4 PA3 PA2 PA1 PAO
Register R/W
1
PACR PortA 00001EH — — PA5SC PA4C PA3C PA2C PA1C PAOC
Control W
Register 0
0: IN 1: OUT
ODCR3 Open 000021H — — — PWMOD1 | PWMODO | PODA5 PODA4 PODA3
(PWM1) | (PWMO) | (PortA5) | (PortA4) | (PortA3)
Drain W W
Control 0 0
Register3 PWMO, 1 Open drain PortA  Open drain control
control
0: Push-pull  1: Open drain
0: Push-pull
1: Open drain
PAFC PortA 00006BH — PA5F1 PA5F0 PA4F PA3F PA2F PA1F PAOF
Function W \\ W W W W W
Register 0 0 0 0 0 0 0
0: PORTA5|0: PORTA5|0: PORTA4|0: PORTA3(0: PORTA2(0: PORTA1(0: PORTAO
/PWM3 |1: PWM3  |1: WR 1: PWM2 |1:CR 1: HA 1: PV/PH
<PA5F0> (TPGOO) | (TPGOS5)
1: HWR
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Port B
SYMBOL Name Address 7 6 5 4 3 2 1 0
PB PortB | 00001DH — — PB5 PB4 PB3 PB2 PB1 PBO
Register R/W R/W
1 1
(SYSCRO<XTEN> = 0)
PBCR PortB 00001FH — — PB5C PB4C PB3C PB2C PB1C PBOC
Control W W
Register 0 0
0: IN 1: OUT 0:IN 1: OUT
PBFC PortB 000020H — — PB5F PB4F PB3F PB2F — —
Function W w W W
Register 0 0 0 0
0: PORTBS (0: PortB4 [0: PORTB3 |0: PORTB2
1: SCL1 1. SDA1 |1: SCK1 1: SO1/SI1
ODCR4 000022H PRBS PRB4 PRB3 PRB2 PODBS PODB4 PODB3 PODB2
Open (PortB5) | (PortB4) | (PortB3) | (PortB2) | (Portb5) (PortB4) (PortB3) | (PortB2)
Drain W W
Control 0 0
Register4 PortB Read Value selection PortB Open drain control
0: Pin value 1: Output value 0: Push-pull 1: Open drain
Port C
SYMBOL Name Address 7 6 5 4 3 2 1 0
PC PC 000087H — — — PC4 PC3 PC2 PC1 PCO
Register R/W
1
PCCR PC 000088H — — — PC4C PC3C PC2C PC1C PCOC
Control i
Register 0
0: IN 1: OUT
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Chip select/wait control register
SYMBOL Name Address 6 5 4 3 2 1 0
BOCS Block0 | 000068H CSOEN — BOBUS BOW1 BOWO BOC1 BOCO
CS/WAIT w w w w
Control 0 0 0 0
Register 0: PORT60 BUS Width |Wait Control 00: 2090H to 3FFFFFH
/PWM4 Control 01: 400000H to 7FFFFFH
(P6FC 00: 0 Wait 10: 800000H to BFFFFFH
<P60F>) 0: 16-bit |01 1 Wait 11: CO0000H to FFFFFFH
bus 10: 1 Wait
1:CS0 1: 8-bit 11: 2 Wait
bus
B1CS Block1 | 000069H CS1EN — B1BUS B1W1 B1WO0 B1C1 [B1CO
CS/WAIT W W w w
Control 0 0 0 0
Register 0: PORT61 BUS Width |Wait Control 00: 2090H to 3FFFFFH
/PWM5 Control 01: 400000H to 7FFFFFH
(P6FC 00: 0 Wait 10: 800000H to BFFFFFH
<P61F>) 0:16-bit  |01: 1 Wait 11: COO00OH to FFFFFFH
bus 10: 1 Wait
1. ¢St 1: 8-bit 11: 2 Wait
bus
B2CS Block2 | 00006AH CS2EN — B2BUS B2wW1 B2W0 B2C1 [B2Co
CS/WAIT W W w w
Control 0 0 0 0
Register 0 :PORT62 BUS Width |Wait Control 00: 2090H to 3FFFFFH
/PWM6 Control 00: 0 Wait 01: 400000H to 7FFFFFH
(P6FC 01: 1 Wait 10: 800000H to BFFFFFH
<P62F>) 0: 16bit 10: 1 Wait 11: CO0000H to FFFFFFH
bus 11: 2 Wait
1: CS2 1: 8bit
bus
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6. Port Section Equivalent Circuit Diagram

- Reading the circuit diagram
Basically, the gate symbols written are 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.

- The input protection resistans ranges from several tens chms to several hundreds of ohms.

P24/A20 to P27/A23, A0 to A19, RD

Qutput Data
. jo—l P-ch
ﬁ Il:l Output

STOP D_I N-ch

P50/INT4/TI3 to P52/INT2/TI1, P71/RXD, P72/ CTS, P76/S10, P8O/CTLIN to P87/COMPIN

Vee

Output Data
Output Enable__, D_l N-ch
STOP—qg
" Vo
Input Data ¢ °<} > ﬂ'( w L]
Schmit

Input Enable
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P53/INT1 to P54/INTO

Output Data,
Output Enable___| D_l N-ch
STOP—q

Input Data ¢ °<} o@ W DI/O

Schmit

DO to D15, PAO/PV-PH to PA2/CR (TPGO0)

Output Data
Output Enable___| D_l N-ch
STOP—g

Input Data ¢ o<} Vo

Input Enable
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P40/AIN3 to P47/AIN10

Vce
Analog Input
Channel Selection {>° J_ P-ch
-Cl
Analog Inpute J: 1 D Input
I_\i'—Nl-Ch
Input Data< °<}
Input Enable
P55/TI5/AINO to P57/TI0/AIN2
Vce

Output Dtata
Output Enable___| D_l N-ch
STOP—q

Analog Input
Channel Selection {>°

Analog Input¢ J: 1 DVO
Ly ry

Input Data °<} w
SchmitZ}

Input Enable
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PCO/AIN11 to PC4/AIN15

Output Data,
Output Enable___ D_l N-ch
STOP—q

Analog Input
Channel Selection Do P-ch
-Cl
Analog Input¢ J: 1 DI/O
L'—+—'Jl\l-ch
Input Data °<} @
Input Enable

P60/PWM4/CS0 to P67/PWM11, P9O/TPG12 to P97/TPG11, PA3/PWM2 to PAS/PWM3/HWR

Vee
Open Drain Output Selection

Output Data.

Output Enable__{ D_l N-ch
STOP—g
M l{e}
Input Data o<} :( ( L]

Input Enable
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P70/TXD, P73/SDAOQ to P75/S0O0, P77/SCKO0, PB2/SO1/SI1 to PB5/SCL1

Open Drain Output Selection

Output Data

Output Enable___|
STOP—q

Input Data

PBO/XT1, PB1/XT2

Input Data

Output D

g

Vce

°<} Schmit "’
T

Input Enable
Clock
Input Enable vee
0OSC Circuit %
--------------------- [ PB1(XT2)
N-ch P-ch

Output Enable%j—li

Input Data .
Output Data

Qutput Enable
L

Input Enable :

w

=D iN-ch

o O
Low Frequency__¢

OSC Enable

% ] PBO(XT1)
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X1, X2
Vee
Clock
OSC Circuit N %
W *2
P-ch N-ch i
High Frequency > . I
OSC Enable E J_I
o M i Xt
RESET
Vce
Reset RESET
Schmit
WDTOUT
Reset
Enable
AMB8/16
Vce

Input Data ¢ °<} °<} AW i Dlnput

EA
Vce
Input Data ¢ :><} AW i 'I:l Input

93C071-243


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMP93C071

PWMO, PWM1
Vce
Open Drain Output Selection
? DOutput
PWMRUN—] D_I N-ch
STOP_—qg

ADREF, ADGND

Vee
DADREF
% IREF
 String Resistor
% DADGND

Note: IREF flows continuously at standby.
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7. Points of Concern and Restriction

(1) Notation

@ Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
e.g.) TRUN<TORUN> ... Bit TORUN of Register TRUN

@ Read, Modify and Write Instruction

An instruction in which the CPU executes following by one instruction.
1. CPU reads data of the memory.

2. CPU modifies the data.

3. 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

+ 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) TEST  #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)

@ fc, fs, fepns fovs, 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, GEAR?2 to 0> is called system clock
fepn, @and the clock frequency given by fp, divided by 2 is called fss. One cycle of fsy is called 1 state.
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(2) Care Points

® EAEA, AM8/ 16 pin
Fix these pins Vcc or Vss unless changing voltage.

@ Warmingup 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.

® 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, 1", “LDC r, cr” instructions can be used to access the control registers in the CPU (like
the transfer source address register (DMASn)).

® POP SR instruction
Execute the POP SR instruction during DI.

® Set “1” to SYSCR3<CLKEN?> for stabilizing the operation current in slow mode and stop mode.

93C071-246


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

	⸱传瑵楬敮愠摮䘠慥畴敲
	⸲倠湩䄠獳杩浮湥⁴湁⁤畆据楴湯�
	⸲‱楐⁮獁楳湧敭瑮
	⸲′楐⁮慎敭⁳湡⁤畆据楴湯�

	⸳传数慲楴湯
	⸳‱偃�
	⸳⸱‱敒敳�
	⸳⸱′䵁⼸†楰�

	⸳′敍潭祲䴠灡
	⸳″畄污䌠潬正‬瑓湡扤⁹畆据楴湯
	⸳⸳‱祓瑳浥䌠潬正䌠湯牴汯敬�
	⸳⸳′楔業杮䌠潬正䜠湥牥瑡牯
	⸳⸳″敒污吠浩⁥潃湵整⁲刨䍔�
	⸳⸳‴瑓湡扤⁹潃瑮潲汬牥

	⸳‴湉整牲灵獴
	⸳⸴‱敇敮慲⵬畐灲獯⁥湉整牲灵⁴牐捯獥楳杮
	⸳⸴′楍牣⁯䵄�
	⸳⸴″湉整牲灵⁴潃瑮潲汬牥

	⸳‵畆据楴湯⁳景瀠牯獴
	⸳⸵‱潐瑲㈠⠠㉐‴潴倠㜲�
	⸳⸵′潐瑲㐠⠠㑐‰潴倠㜴�
	⸳⸵″潐瑲㔠倨〵琠⁯㕐⤷
	⸳⸵‴潐瑲㘠⠠㙐‰潴倠㜶�
	⸳⸵‵潐瑲㜠⠠㝐‰潴倠㜷�
	⸳⸵‶潐瑲㠠倨〸琠⁯㡐⤷
	⸳⸵‷潐瑲㤠⠠㥐‰潴倠㜹�
	⸳⸵‸潐瑲䄠⠠䅐‰潴倠㕁�
	⸳⸵‹潐瑲䈠倨あ琠⁯䉐⤵
	⸳⸵〱倠牯⁴⁃倨ぃ琠⁯䍐⤴

	⸳‶桃灩猠汥捥⁴ 慗瑩䌠湯牴汯敬Ⱳ䄠㡍⼠瀠湩
	⸳⸶‱䵁‸ 㘱瀠湩
	⸳⸶′摁牤獥⁳ 慄慴戠獵瀠湩�
	⸳⸶″桃灩猠汥捥⁴ 慗瑩䌠湯牴汯删来獩整獲
	⸳⸶‴桃灩猠汥捥⁴ 慗瑩挠湯牴汯

	⸳‷楔敭⁲潃湵整�
	⸳⸷‱ⴸ楢⁴楔敭⁲潃湵整⁲‰吨ぃ�
	⸳⸷′㘱戭瑩吠浩牥挠畯瑮牥ㄠ‬ⰲ㌠‬ⰴ㔠⠠䍔ⰱ吠㉃‬䍔ⰳ吠㑃‬䍔⤵

	⸳‸䅃呐剕⁅䥃䍒䥕�
	⸳⸸‱慃瑰牵⁥湉異⁴潃瑮潲⁬楃捲極⁴䌨偁义�
	⸳⸸′慃瑰牵⁥‰䌨偁⤰
	⸳⸸″慃瑰牵⁥⼱慃瑰牵⁥′䌨偁⼱䅃㉐�

	⸳‹敒潭整挠湯牴汯猠杩慮⁬湩異⁴楣捲極⁴刨呍义�
	⸳〱吠浩湩⁧畐獬⁥敇敮慲潴⁲吨䝐�
	⸳〱ㄮ吠浩湩⁧畐獬⁥敇敮慲潴⁲‰吨䝐⤰
	⸳〱㈮吠浩湩⁧畐獬⁥敇敮慲潴⁲吨䝐⤱

	⸳ㄱ倠汵敳圠摩桴䴠摯汵瑡潩⁮畯灴瑵⠠坐⥍
	⸳ㄱㄮ㠠戭瑩倠䵗⠠坐㍍倭䵗ㄱ�
	⸳ㄱ㈮ㄠⴴ楢⁴坐⁍倨䵗‰潴倠䵗⤲

	⸳㈱嘠卉⁓ 䅖卓䐠呅䍅佔⁒嘨噉⥁
	⸳㈱ㄮ䌠湯楦畧慲楴湯
	⸳㈱㈮䌠湯牴汯删来獩整獲
	⸳㈱㌮䌠湯牴汯漠⁦桴⁥呃⁌畤祴搠獩牣浩湩瑡潩⁮楣捲極�
	⸳㈱㐮䌠湯牴汯漠⁦䥖卓搠瑥捥楴湯
	⸳㈱㔮䌠湯牴汯漠⁦䅖卓搠瑥捥楴湯挠物畣瑩

	⸳㌱䠠慥⁤流⁰睓瑩档䌯汯牯删瑯牡⁹潣瑮潲⁬楣捲極⁴䠨⽁剃�
	⸳㐱匠乙⁃楓湧污匠灥牡瑡牯⠠千乙⥃
	⸳㐱ㄮ䌠湯楦畧慲楴湯
	⸳㐱㈮䌠湯牴汯删来獩整獲
	⸳㐱㌮䠠嘯匠灥牡瑡牯
	⸳㐱㐮䠠倮䱕䕓䜠湥牥瑡牯

	⸳㔱倠敳摵ⵯ祳据匠杩慮⁬畏灴瑵䌠物畣瑩⠠噐倯⥈
	⸳㔱ㄮ䌠物畣瑩䌠湯楦畧慲楴湯
	⸳㔱㈮䌠湯牴汯删来獩整�
	⸳㔱㌮䌠湯牴汯漠⁦獐略潤猭湹⁣楓湧污传瑵異�

	⸳㘱匠牥慩⁬桃湡敮獬⠠䥓く⼠匠佉⤱
	⸳㘱ㄮ䌠湯楦畧慲楴湯
	⸳㘱㈮䌠湯牴汯删来獩整獲
	⸳㘱㌮传数慲楴湯

	⸳㜱匠牥慩⁬桃湡敮⁬唨剁⥔
	⸳㜱ㄮ䌠湯牴汯删来獩整獲
	⸳㜱㈮䌠湯楦畧慲楴湯
	⸳㜱㌮传数慲楴湯污䐠獥牣灩楴湯

	⸳㠱匠牥慩⁬畂⁳湉整晲捡⁥䤨䌲啂⥓
	⸳㠱ㄮ䌠湯楦畧慲楴湯
	⸳㠱㈮匠牥慩⁬畂⁳湉整晲捡⁥䤨䌲啂⥓䌠湯牴汯
	⸳㠱㌮吠敨䐠瑡⁡潆浲瑡⁳湩琠敨䤠䌲䈠獵
	⸳㠱㐮䤠䌲䈠獵䌠湯牴汯
	⸳㠱㔮䐠瑡⁡牔湡晳牥椠⁮㉉⁃畂�
	⸳㠱㘮䴠捩潲䐠䅍琠慲獮敦⁲潭敤⠠湏祬映牯琠敨洠獡整⁲潭敤�
	⸳㠱㜮丠瑯獥眠敨⁮㉉䉃单椠⁳獵摥

	⸳㤱㠠䈭呉䄠䐯䌠湯敶獲潩⁮楃捲極⁴䄨䐯�
	⸳㤱ㄮ传数慲楴湯漠⁦⽁⁄潃癮牥楳湯䌠物畣瑩
	⸳㤱㈮䌠湯牴汯删来獩整�

	⸳〲圠瑡档潤⁧楔敭⁲刨湵睡祡䐠瑥捥楴杮吠浩牥�
	⸳〲ㄮ䌠湯楦畧慲楴湯
	⸳〲㈮䌠湯牴汯删来獩整獲
	⸳〲㌮传数慲楴湯


	⸴䔠敬瑣楲慣⁬桃牡捡整楲瑳捩⡳牐汥浩湩牡⥹
	⸴‱扁潳畬整䴠硡浩浵删瑡湩�
	⸴′䍄䌠慨慲瑣牥獩楴獣
	⸴″⽁⁄潃癮牥楳湯䌠慨慲瑣牥獩楴獣
	⸴‴䍁䔠敬瑣楲慣⁬桃牡捡整楲瑳捩⡳牐汥浩湩牡⥹†匨灥牡瑡摥䈠獵�
	⸴‵敓楲污䌠慨湮汥吠浩湩⁧桃牡�

	⸵吠扡敬漠⁦灓捥慩⁬畆据楴湯删来獩整獲
	⸶倠牯⁴敓瑣潩⁮煅極慶敬瑮䌠物畣瑩䐠慩牧浡
	⸷倠楯瑮⁳景䌠湯散湲愠摮删獥牴捩楴湯

