TOSHIBA TMP88CS34/CP34

CMOS 8-Bit Microcontroller
TMP88CS34NG/FG, TMP88CP34NG/FG

The TMP88CS34/CP34 is the high speed and high performance 8-bit single chip microcomputers. This
MCU contain CPU core, ROM, RAM, input/output ports, four Multi-function timer/counters, serial bus
interface, on-screen display, PWM output, 8-bit AD converter, and remote control signal preprocessor on
chip.

Product No. ROM RAM Package OTP MCU
TMP88CS34NG/FG 64 K x 8-bit 15K x 8.bit P-SDIP42-600-1.78 | .\ ooncoincirG
TMP88CP34NG/FG 48 K x 8-hit P-QFP44-1414-0.80D

Features

@ 8-bit single chip microcomputer TLCS-870/X Series
@ Instruction execution time: 0.25 us (at 16 MHz)

€ 842 basic instructions
e  Multiplication and Division (8 bits x 8 bits, 16 bits x 8 bits, 16 bits/8 bits)
e Bit manipulations (Set/Clear/Complement/Move/Test/Exclusive or)
e 16-bit data and 20-bit data operations
e 1-byte jump/subroutine-call (Short relative jump/Vector call)

RESTRICTIONS ON PRODUCT USE

20070701-EN

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

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

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

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations.

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

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.
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TOSHIBA TMP88CS34CP34

@ 1/0 ports: Maximum 33 (High current output: 4)

@ 15 interrupt sources: External 6, Internal 10
e All sources have independent latches each, and nested interrupt control is available.
e Edge-selectable external interrupts with noise reject
e High-speed task switching by register bank changeover

€ ROM corrective function

¢ Two 16-bit timer/counters: TC1, TC2
e Timer, Event-counter, Pulse width measurement, External trigger timer, Window modes

@ Two 8-bit timer/counters: TC3, TC4
e Timer, Event counter, Capture (Pulse width/duty measurement) mode

@ Time base timer (Interrupt frequency: 0.95 Hz to 31250 Hz)

& Watchdog timer
e Interrupt source/reset output

@ Serial bus interface
e I2C bus, 8-bit SIO mode (Selectable two I/O channels)

@ On-screen display circuit
e Font ROM characters: Mono font 383 characters, color font 96 characters or mono font 447

characters, color font 64 characters

Characters display: 32 columns x 12 lines

Composition: 16 x 18 dots

Size of character: 4 kinds (line by line)

Color of character: 8 or 27 kinds (character by character)

Variable display position: Horizontal 256 steps, Vertical 625 steps

Fringing, Smoothing, Slant, Underline , Blinking function

@ Jitter elimination

@ DA conversion (Pulse Width Modulation) outputs
e 14/12-bit resolution (2 channels)
e 12-bit resolution (2 channels)

@ 8-bit successive approximate type AD converter with sample and hold
@ High current output: 1 pin (typ. 20 mA)
€ Remote control signal preprocessor

€ Two power saving operating modes
e STOP mode: Oscillation stops. Battery/Capacitor back-up. Port output hold/high-impedance.
e IDLE mode: CPU stops, and Peripherals operate using high-frequency clock. Release by
interrupts.

@ Operating voltage: 4.5 to 5.5 V at 16 MHz
€ Emulation POD: BM88CS34N0A-M15
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TOSHIBA TMP88CS34CP34
Pin Assignments
Package ——
P-SDIP42-600-1.78 P-SDIP42-600-1.78
VSS — Q0 1 \_/ 42 A<— VDD
(PWMO ) P40 <=0 2 41 <> P33 (TC4)
o (PWM1) P41 «<=>0QO 3 40 < P32
(PWM2 ) P42 <=0 4 39 f<— VWSS
(PWM3 ) P43 <=0 5 38 j<> P35 (SDAO)
P44 <=0 6 37 B<> P34 (SCLO)
P45 <O 7 36 B<> P31 (INT4/TC3)
P46 <=0 8 35 B<> P30 (INT3/RXIN)
P47 <0 9 34 B<> P20 (iNT5/STOP)
(TC2/INTO ) P50 <[ 10 33 j<> RESET
(SI1/sCL1) P51 <=0Q 11 32 B— XOuT
(SO1/SDA1) P52 <= 0O 12 31 A<— XIN
TMP88CS34NG (KWUO / SCK1/INT2/TC1/AINO) P53 <=0 13 30 < TEST
TMP88CP34NG (KWU1/AIN1) P54 <= 0O 14 29 A— 0OSC2
(KWU2 /AIN2) P55 <>0 15 28 <— OsC1__
TMP88PS3ANG (KWU3 /AIN3) P56 <> 16 27 < P71 (VD)
(KwuU4 /Y/BLIN/AIN4) P60 <= 0O 17 26 <> p70 (ﬁ)
(KwuUs /BIN/AINS) P61 <=0 18 25 @<= P67 (Y/BL)
(GIN) P62 <=0 19 24 <> P66 (B)
(RIN) P63 <=0 20 23 B<> P65 (G)
() P57 <> 21 22 <> P64 (R)
Package —
P-QFP44-1414-0.80D
P-QFP44-1414-0.80D
~ZT
M=
x |O
s & :
SIIwm
o= 5|2 B
LeZElheE a2
Tt dooln22>0n0 0y
RETRIERSHES3R
TMP88CS34FG
TMP88CP34FG iiiiiTllTli
DT 00000000
TMP88PS34FG HHHHHHHHHHH
N AN 00000~ OWI T M
MMM NNNNNN

(SDAO) P35<>CIT

w
X
3

2
N
N

[TT1<> P70 (HD )
[T 1<> P67 (Y/BL)
[TT1<> P66 (B)
[TT1<> P65 (G)
[TT1<> P64 (R)
N.C.

[TT 1< P57
[TT1<> P63 (RIN)
[TT1<> P62 (GIN)
[TT1<> P61 (BIN//AINS/ KWU5 )

8
9

P44 I 1
P45 «<—>[C11] 2
P46 <>CTM 3
P47 <—>CIT] 4
(TC2/INT0) P50 <> 5

(SI1/5CL1) P51 <>CIT] 6
(SO1/SDA1) P52 <> 7
(KWU2/AIN2) P55 <> 10
(KWU3/AIN3) P56 <> 11

(KWU1/AIN1) P54 <>C1M

(KWUO0/SCK1/INT2/TC1/AINO) P53 <>L11
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TOSHIBA

TMP88CS34CP34

Pin Functions (1/2)

Pin Name

I/O

Function

P20 (INT5 /STOP )

1/O (Input)

1-bit input/output port with latch.
When used as an input port, the
latch must be set to “1".

External interrupt input 5 or STOP
mode release signal input

P35 (SDAO0) 1/0O (Input/QOutput) 6-bit programmable input/output I°C bus serial data input/output 0
P34 (SCLO) I/0O (Input/Output) Pc:jr't-'(ljzacﬁl bit oi.thes::; ports can be I°C bus serial clock input/output 0
individually configured as an input or
P33 (TC4) /O (Input) an output under software control. - - - -
P32 /o During reset, all bits are configured V|deq signal input 1 or Composite
as inputs. When used as a serial bus sync input
interface input/output, the latch must External interrupt input 4 or
P31 (INT4/TC3) 1/0 (Input) be set to “1”. Timer/Counter input 3
P30 (INT3/RXIN) 0 (Input) External _|nterrupt input 3 or _Remote
control signal preprocessor input
P47 1/0 8-bit programmable input/output
P46 /0 port. Each bit of these ports can be
P25 /o individually configured as an input or
an output under software control.
P44 110 During reset, all bits are configured
P43 (PWM3) I/O (Output) as inputs. _ _
12-bit DA conversion (PWM) outputs
P42 (PWM2 ) I/O (Output)
P41 (PWM1) I/0 (Output) 14/12-bit DA conversion (PWM)
P40 (PWMO ) I/O (Output) outputs
P57 (1) I/O (Output) 8-bit programmable input/output Translucent signal output
P56 (KWU3 /AIN3) /0 (Input) port. Each bit of these ports can be
—— individually configured as an input or Key on wake-up inputs or AD
P55 (Kwu2 /AIN2) /O (Inpu) an output under software control. converter analog inputs
P54 (KWU1/AIN1) 1/0 (Input) During reset, all bits are configured
as inputs. When used as a serial bus Key on wake-up input or AD
P53 /0 interface input/output, the latch must converter analog input or
(KWUO0 /AINO/TC1 (Input/Input/Input be setto “1". Timer/counter input 1 or External
/INT2/ SCK1) /Input/Output) interrupt input 2 or SIO serial clock
input/output 1
1/0 I°C bus serial data Input/Output 1 or
P52 (SDA1/SO1) (Input/Output/Output) SIO serial data output 1
110 I°C bus serial data Input/Output 1 or
P51 (SCLL/SIT) (Input/Output/Input) SIO serial data input 1
J— lfe} i i
P50 (TC2/INT0 ) Tlmer/Cqunter input 2 or External
(Input/Input) interrupt input O
P67 (Y/BL) 1/0 (Output) 8-bit programmable input/output Y or BL output
P66 (B) 1/0 (Output) port. (P67 to 61: Tri-State, P60: High
current output) Each bit of these
P65 (G) /O (Output) ports can be individually configured RIG/B outputs
P64 (R) I/0 (Output) as an input or an output under
P63 (RIN) I/0 (Input) software control. During reset, all R input
P62 (GIN) /O (Input) bits are configured as inputs. When G input
used P64 to P67 as port, each bit of
the P6 port data selection register : :
P61 VO (Input) bit 7 to 4 in ORPGS b Key on wake-up input 5 or B input or
(KwU5 /BIN/AINS) P (1” to4in ) must be set to AD converter analog input 5
P63 to P61 output “0” after areset.
When these dual-function pins are -up i
P60 IO (Input) p Key on wake-up input 4 or Y/BL

(KWU4 /YBLIN/AIN4)

used as ports, be sure to set
ORP6S2 to “1”.

input or AD converter analog input 4
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TOSHIBA

TMP88CS34CP34

Pin Functions (2/2)

Pin Name I/O Function
o 2-bit programmable input/output
P71 (VD) /0 (Input) port. Each bit of these ports can be Vertical synchronous signal input
individually configured as an input or
an output under software control.
P70 (FD) I/O (Input) During reset, all bits are configured Horizontal synchronous signal input
as inputs.
XIN, XOUT Input, Output Resongtor connecting pins. For inputting external clock, XIN is used and
XOUT is opened.
RESET 1o Reset signal input or watchdog timer output/address-trap-reset
output/system-clock-rest output
TEST Input Test pin for out-going test. Be tied to low.
0SC1, 0sCc2 Input, Output Resonator connecting pins for on-screen display circuitry
VDD, VSS, VVSS Power Supply +5V, 0V (GND)
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TOSHIBA

TMP88CS34CP34

Block Diagram

Yo 1/0 Ports -

P64 to P67 P70, 71 P57
/A\ | N /A\
A
Display $ Character \I;\’/BGL B, Jitter VD —
OSC Connecting Memory ROM Ellmlrl1at|on = — |
Pins for On-Screen f? iL ( i —
Display fosc1 _ —
0SsCc2 On-screen display circuit
[
Power (vDD  ——> [Tics-870/x | [Data Memory —
Supply {vss ——> CPU core (RAM) ROM corrective circuit
VVSsS ]
Reset I/0 Test Pin II =
RESET rogram Counter
{TEST System Controller j Interrupt Controller |(—\ ]
~—>| Standby Controller :
Resonator — L] Time Base 16-bit 8-bit Program Memory
Connecting Pins Timing Generator Timer Timer Timer/Counter (ROm)
XIN High Clock —L TC1] TC2 TC3 ] TC4
{XOUT frequency | Generator Watchdog ~ N
Timer
L — LN

—

U

Inst. Decoder

U

U

DA Converter Key on Remote \| Serial Bus
(PWM) wake up - control signal| | 77< Interface Y/BLIN

L l } RIN

J GIN

BIN

I J
U \\// \\//
P20 P40 to P47 P50 to P56 P60 to P63 P30 to P35
- 1/0 Ports 4
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TOSHIBA TMP88CS34/CP34

Operational Description
1. CPU Core Functions

The CPU core consists of a CPU, a system clock controller, and an interrupt controller.
This section provides a description of the CPU core, the program memory, the data memory, the
external memory interface, and the reset circuit.

1.1 Memory Address Map

The TMP88CS34/CP34 memory consists of four blocks: ROM, RAM, SFR (Special Function
Register), and DBR (Data Buffer Register). They are all mapped to a 1-Mbyte address space.
Figure 1.1.1 shows the TMP88CS34/CP34 memory address map. There are 16 banks of the
general-purpose register. The register banks are also assigned to the RAM address space.

OOO(IJOH OOOIOOH
SFR ! !
| 0003FH | _ babytes oo03FH | _S4bves
00040H 00040H
: 128 bytes : 128 bytes
000BFH | = 000BFH |
RAM 000COH 000COH
| 1536 bytes | 1536 bytes
1 1
006BFH 006BFH . !
OOF80H | ' 0OFBOH | !
1 1
DBR [ ' 128 bytes ' 128 bytes
OOFFFH OOFFFH
| I | | I
1 1 1 1
04000H ' 04000H '
| |
1 1
1 1
] ]
] ]
' ' 48896 bytes
! 65280 bytes !
| |
] ]
] ]
13EFFH OFEFFH .
| ! |
ROM : Voo i
1 ] 1
. ] ] ! ! |
FFFOOH FFFOOH
: 64 bytes ! 64 bytes
FFF3FH | _____ yE o FFF3FH ______yt____
FFF40H FFF40H
FEE7EH | S4DYEes FFE7EH | O4PYVtes
FFF?OH """"" FFF8OH [~77 777777
! 128 bytes ' 128 bytes
FFFFFH FFFFFH
TMP88CS34 TMP88CP34
ROM: Read Only Memory includes
Program memory, Character data memory for OSD
RAM: Random Access Memory includes
Data memory, Stack, General-purpose register banks
SFR: Special Function Register includes
I/O ports, Peripheral hardware control registers, Peripheral hardware status registers
System control registers, Interrupt control registers, Program status word
DBR: Data Buffer Register includes
Control register for on-screen display (OSD)
Remote-control-receive control/status registers, ROM correction control registers
Test video signal control registers

Figure 1.1.1 Memory Address Map
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TOSHIBA TMP88CS34/CP34

1.2 Program Memory (ROM)
The TMP88CS34 contains a 64-Kbyte program memory (mask ROM) at addresses from
04000 to 13EFFH and FFF0O0 to FFFFFH.
The TMP88CP34 contains a 48-Kbyte program memory (mask ROM) at address from 04000
to OFEFFH and FFFO00 to FFFFFH.
Addresses FFFOO through FFFFFH in the program memory are also used for a particular
purpose.
1.3 Data Memory (RAM)
The TMP88CS34/CP34 has a 1.5-Kbyte data memory (Static RAM) address from 0040 to
06BFH.
The first 128 bytes (addresses 00040 through 000BFH) in the built-in RAM are also available
as general-purpose register banks.
The general-purpuse registers are mapped in the RAM; therefore, do not clear RAM at the
current bank addresses.
Example: Clears RAM to “O0H” except the bank 0 (TMP88CS34/CP34):
LD HL, 0048H ;  Sets start address to HL register pair
LD AH ;  Sets initial data (00H) to A register
LD BC, 0677H ; Sets number of byte to BC register pair
SRAMCLR: LD (HL+), A
DEC BC
JRS F, SRAMCLR
Note: The data memory contents become unstable when the power supply is turned on; therefore,
the data memory should be initialized by an initialization routine. Note that the
general-purpose registers are mapped in the RAM; therefore, do not clear RAM at the
current bank addresses.
1.4 System Clock Controller
The system clock controller consists of a clock generator, a timing generator, and a stand-by
controller.
Timing generator control register
e cock
v t
b generator . 00036H L
L+

1
1
1
1
. |
1
i l |:|I ! clock oscillator ! generator
1 1
1
1
1
1
1

High-frequency Timing Stand-by controller

M OOOSSIﬁ 00039'ﬁ

lock
System clocks | SYSCRL | | SYSCR2 |

Clock generator control

System control registers

Figure 1.4.1 System Clock Controller
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TOSHIBA TMP88CS34/CP34
1.4.1 Clock Generator

The clock generator generates the basic clock which provides the system clocks supplied
to the CPU core and peripheral hardware. It contains oscillation circuit: one for the
high-frequency clock.

The high-frequency (fc) clock can be easily obtained by connecting a resonator between
the XIN/XOUT pin, respectively. Clock input from an external oscillator is also possible. In
this case, external clock is applied to XIN pin with XOUT pin not connected.

F-——-—----—-- High-frequency clock ------------- .
| XIN XOuUT XIN XOuUT '
i o
| I] (open) 1
i (a) Crystal/Ceramic (b) External oscillator |
] resonator . E
Figure 1.4.2 Examples of Resonator Connection
Note: Accurate adjustment of the oscillation frequency:
Although hardware to externally and directly monitor the basic clock pulse is not
provided, the oscillation frequency can be adjusted by making the program to output
fixed frequency pulses to the port while disabling all interrupts and monitoring this pulse.
With a system requiring adjustment of the oscillation frequency, the adjusting program
must be created beforehand.
1.4.2 Timing Generator

The timing generator generates from the basic clock the various system clocks supplied
to the CPU core and peripheral hardware. The timing generator provides the following
functions:

1. Generation of main system clock
2. Generation of source clocks for time base timer
3. Generation of source clocks for watchdog timer
4. Generation of internal source clocks for timer/counters TC1 to TC4
5. Generation of warm-up clocks for releasing STOP mode
6. Generation of a clock for releasing reset output
(1) Configuration of Timing Generator

The timing generator consists of a 21-stage divider with a divided-by-3 prescaler, a main
system clock generator, and machine cycle counters.

During reset and at releasing STOP mode, the prescaler and the divider are cleared to “0”,
however, the prescaler is not cleared.

An input clock to the 7th stage of the divider depends on the operating mode.
A divided-by-256 of high-frequency clock (fc/28) is input to the 7th stage of the divider.
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TOSHIBA TMP88CS34/CP34

fm Machine cycle counters 7 Machine cycles
DVICK {>c —/—> States
Prescaler Divider Divider
High-frequency fc fc/28
clock ——9 |o 112|3([4]|5](6 71819[10[11|12]|13|14|15|16|17|18]|19|20[21
Reset circuit
®—> ) Stand-by
| controller
Timer/ >
Counters Watchdog
Timer
L———
Time Base
Timer
fc —]
FC80OUT
D1 MK8 MHz JITTA
D0 —

Figure 1.4.3 Configuration of Timing Generator

CGCR - --un- - . . - - .
(00030H) - 0" - “0" |DVICK| “0" - *0" - 0" - 0" - ‘0" - (Initial value: 0000 0000)

Selection of input clock to | 0: fc/4
DVICK the 1'st stage of the divider. | 1: fc/8 RIW
Note 1: fc: high-frequency clock [Hz] *: Don't care

Note 2: The all bits except DV1CK are cleared to “0".

Figure 1.4.4 Divider Control Register

FCBCR .= ---- e
(OOFEEH) ° - - - - : | D1 | Do | Readwrite (Initial value: 0000 0010)

D1 DO FC8OUT
1 0 1/2 fc
1/1 fc

Figure 1.4.5 FC8 Control Register
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TOSHIBA TMP88CS34/CP34

(2) Machine Cycle

Instruction execution and peripheral hardware operation are synchronized with the
main system clock. The minimum instruction execution unit is called a “machine cycle”.

There are a total of 15 different types of instructions for the TLCS-870/X Series: ranging
from 1-cycle instructions which require one machine cycle for execution to 15-cycle
instructions which require 15 machine cycles for execution.

A machine cycle consists of 4 states (SO to S3), and each state consists of one main system

clock.
: 1/fc !
Main System Clock
- | I I [N S I S S
! , |
Sae | so | s1 [ s2 | s3 | so | s1 | s2 | s3 |

Machine cycle ————>|

(0.25 ps at fc = 16 MHz)

Figure 1.4.6 Machine Cycle
1.4.3  Stand-by Controller

The stand-by controller starts and stops the switches the main system clock. These
modes are controlled by the system control registers (SYSCR1, SYSCR2).

Figure 1.4.7 shows the operating mode transition diagram and Figure 1.4.8 shows the
system control registers.

Single-clock mode
In the single-clock mode, the machine cycle time is 4/fc [s] (0.25 us at fc = 16 MHz).

1. NORMAL mode

In this mode, both the CPU core and on-chip peripherals operate using the
high-frequency clock.

2. IDLE mode

In this mode, the internal oscillation circuit remains active. The CPU and the
watchdog timer are halted; however, on-chip peripherals remain active (operate using
the high-frequency clock). IDLE mode is started by setting IDLE bit in the system
control register 2 (SYSCR2), and IDLE mode is released to NORMAL mode by an
interrupt request from on-chip peripherals or external interrupt inputs. When IMF
(interrupt master enable flag) is “1” (interrupt enable), the execution will resume upon
acceptance of the interrupt, and the operation will return to normal after the interrupt
service is completed. When IMF is “0” (interrupt disable), the execution will resume
with the instruction which follows IDLE mode start instruction.

3. STOP mode

In this mode, the internal oscillation circuit is turned off, causing all system
operations to be halted.

The internal status immediately prior to the halt is held with the lowest power
consumption during this mode.

STOP mode is started by setting STOP bit in the system control register 1 (SYSCR1),
and STOP mode is released by an input (either level-sensitive or edge-sensitive can be
programmably selected) to the STOP pin. After the warming-up period is completed,
the execution resumes with the next instruction which follows the STOP mode start
instruction.
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RESET

IDLE
mode

Reset release

Software

NORMAL
mode

Interrupt

(a) Single-clock mode

Software

STOP pin input

STOP
mode

Note: NORMAL mode is generically called NORMAL; STOP mode is called STOP; and IDLE mode is
called IDLE.

Frequenc _chi i
Operating Mode a Y CPU Core Qn Eh'pl Mallchme
High-frequency | Low-frequency Peripherals | Cycle Time

RESET Reset Reset

Turning on
NORMAL oscillation Turning off Operate Operate 4ffc [s]

Single-Clock | IDLE oscillation
: Halt

sTOP Turmng_ off Halt B

oscillation

Figure 1.4.7 Operating Mode Transition Diagram
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TOSHIBA TMP88CS34/CP34

System Control Register 1
SYSCR1 7 6 5 4 3 2 1 0
(0oozgH) | sTop [ RELM | 0 | 17 | WUT - : (initial value: 0000 00** )

0: CPU core and peripherals remain active
STOP STOP mode start 1: CPU core and peripherals are halted
(start STOP mode)

Edge-sensitive release (Rising Edge)
Level-sensitive release (“H” Level)

RELM Release method for STOP mode

Return to NORMAL mode R/W
DV1CK =0 DV1iCK =1
WUT Warming-up time at releasing 00 3 x 2%fc 3 x 2Yffc
STOP mode 01 2%fc 2"ffc
10 Reserved Reserved
11 Reserved Reserved

Note 1: Always set bit 5 in SYSCR1 to “0".

Note 2: When STOP mode is released with RESET pin input, a return is made to NORMAL mode regardless of the
RETM contents.

Note 3: fc: High-frequency clock [Hz]
*: Don't care

Note 4: Bits 1 and 0 in SYSCR1 are read in as undefined data when a read instruction is executed.

Note 5:  Always set bit 4 in SYSCR1 to “1” when STOP mode is started.

System Control Register 2
SYSCR2 7 6 5 4 3 2 1 0

©oozeH) [ v [ o0 | o0 | ibLE | : : - : (Initial value: 1000 *** )

0: CPU and watchdog timer remain active
IDLE IDLE mode start R/W

1: CPU and watchdog timer are stopped (start IDLE mode)

Note 1: *: Don't care
Note 2: Always set bit 7, 6 and 5 in SYSCR2 to “100".

Figure 1.4.8 System Control Registers
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TOSHIBA TMP88CS34/CP34

1.4.4

(1)

Operating Mode Control

STOP mode

STOP mode is controlled by the system control register 1 (SYSCR1) and the STOP pin
input. The STOP pin is also used both as a port P20 and an INT5 (external interrupt input
5) pin. STOP mode is started by setting STOP (bit 7in SYSCR1) to “1”. During STOP mode,
the following status is maintained.

1. Oscillations are turned off, and all internal operations are halted.

2. The data memory, registers and port output latches are all held in the status in effect
before STOP mode was entered.

3. The prescaler and the divider of the timing generator are cleared to “0”.
4. The program counter holds the address of the instruction following the instruction
which started the STOP mode.

STOP mode includes a level-sensitive release mode and an edge-sensitive release mode,
either of which can be selected with RELM (bit 6 in SYSCR1).

a. Level-sensitive release mode (RELM = 1)

In this mode, STOP mode is released by setting the STOP pin high. This mode is
used for capacitor back-up when the main power supply is cut off and long term battery
back-up.

When the STOP pin input is high, executing an instruction which starts the STOP
mode will not place in STOP mode but instead will immediately start the release

sequence (warm-up). Thus, to start STOP mode in the level-sensitive release mode, it is
necessary for the program to first confirm that the STOP pin input is low. The

following method can be used for confirmation:
Using an external interrupt input INT5 (INT5 is a falling edge-sensitive input).

Example: Starting STOP mode with an INT5 interrupt.

PINT5: TEST (P2).0 ; To reject noise, the STOP mode does not
JRS F, SINT5 start if port P20 is at high
LD (SYSCR1), 01010000B ;  Sets up the level-sensitive release mode.
SET (SYSCR1).7 ; Starts STOP mode

LDW (L), 1110011101010111B ; ILi2, 11,75, 3 < 0 (Clears interrupt latches)
SINT5: RETI

1
STOP pin \ 7ILVIH \
XOUT pin |_<
1

N
PurpureN

| |
NORMAL STOP : Warm-up——«—— NORMAL
. operation .
operation \ operation
Confirm by program that the STOP mode is released by the hardware.

STOP pin input is low and Always released if the STOP
start STOP mode. pin input is high.

Note 1: After warming up is started, when STOP pin input is changed “L” level, STOP mode is not placed.

Note 2: When changing to the level-sensitive release mode from the edge-sensitive release mode, the release
mode is not switched until a rising edge of the STOP pin input is detected.

Figure 1.4.9 Level-sensitive Release Mode
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b. Edge-sensitive release mode (RELM = 0)

In this mode, STOP mode is released by a rising edge of the STOP pin input. This is
used in applications where a relatively short program is executed repeatedly at
periodic intervals. This periodic signal (for example, a clock from a low-power
consumption oscillator) is input to the STOP pin.

In the edge-sensitive release mode, STOP mode is started even when the STOP pin

input is high.

Example: Starting STOP mode from NORMAL mode
LD (SYSCR1), 10010000B ; Starts after specified to the edge-sensitive mode

XOUT pin

T 1

. ! v

STOP pin : \ ( Zl H \ (
| )
1

\

) !
(( !

(
T
1)) /(
Al )

] T 7/
NORMAL STOP e ! ! STOP __

operation ; operation '\ warm-up TN oRMAL /( operation
i

STOP mode started oberation
by the program. STOP mode is released by the hardware at the rising
edge of STOP pin input.

Figure 1.4.10 Edge-sensitive Release Mode

STOP mode is released by the following sequence:

1. When returning to NORMAL, clock oscillator is turned on.

2. A warming-up period is inserted to allow oscillation time to stabilize. During warm-up,
all internal operations remain halted. Two different warming-up times can be selected
with WUT (bits 2 and 3 in SYSCR1) as determined by the resonator characteristics.

3. When the warming-up time has elapsed, normal operation resumes with the
instruction following the STOP mode start instruction (e.g. [SET (SYSCR1). 7]). The
start is made after the divider of the timing generator is cleared to “0”.

Table 1.4.1 Warming-up Time Example

Warming-up Time [ms]
WUT Return to NORMAL mode
DV1ICK=0 DV1ICK=1
00 3 x 2"%fc (12.29) 3 x 2Yffc (24.58)
01 2"%fc (4.10) 2Yffc (8.20)
10 Reserved (-) Reserved (-)
11 Reserved (-) Reserved (-)

Note: The warming-up time is obtained by dividing the basic clock by the divider: therefore,
the warming-up time may include a certain amount of error if there is any fluctuation
of the oscillation frequency when STOP mode is released. Thus, the warming-up
time must be considered an approximate value.
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Figure 1.4.11 STOP Mode Start/Release
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STOP mode can also be released by setting the RESET pin low, which immediately

performs the normal reset operation.

Note: When STOP mode is released with a low hold voltage, the following cautions must be

observed.

The power supply voltage must be at the operating voltage level before releasing STOP
mode. The RESET pin input must also be high, rising together with the power supply
voltage. In this case, if an external time constant circuit has been connected, the RESET

pin input voltage will increase at a slower rate than the power supply voltage. At this time,
there is a danger that a reset may occur if input voltage level of the RESET pin drops
below the non-inverting high-level input voltage (hysteresis input).

(2) IDLE mode

IDLE mode is controlled by the system control register 2 and maskable interrupts. The

following status is maintained during IDLE mode.

1.

Operation of the CPU and watchdog timer is halted. On-chip peripherals continue to
operate.

The data memory, CPU registers and port output latches are all held in the status in
effect before IDLE mode was entered.

The program counter holds the address of the instruction following the instruction

which started IDLE mode.

Example: Starting IDLE mode.
SET (SYSCR2).4 ; IDLE « 1

Y

Starting IDLE mode
by instruction

CPU, WDT are halted

Reset input Reset

No (high)

Interrupt request

Normal
release mode

No

Yes (Interrupt release mode)

Interrupt processing

)

Execution of the
instruction which follows
the IDLE mode start
instruction

S

Figure 1.4.12 IDLE Mode
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IDLE mode includes a normal release mode and an interrupt release mode. Selection is

made with the interrupt master enable flag (IMF). Releasing the IDLE mode returns from
IDLE to NORMAL.

a.

Normal release mode (IMF = “0”)

IDLE mode is released by any interrupt source enabled by the individual interrupt
enable flag (EF) or an external interrupt 0 (INTO pin) request. Execution resumes with
the instruction following the IDLE mode start instruction (e.g. [SET (SYSCR2).4]).
Normally, IL (Interrupt Latch) of interrupt source to release IDLE mode must be
cleared by load instructions.

Interrupt release mode (IMF = “1”)

IDLE mode is released and interrupt processing is started by any interrupt source
enabled with the individual interrupt enable flag (EF) or an external interrupt 0 (INTO
pin) request. After the interrupt is processed, the execution resumes from the
instruction following the instruction which started IDLE mode.

Note: When a watchdog timer interrupt is generated immediately before the IDLE mode is

started, the watchdog timer interrupt will be processed but IDLE mode will not be
started.
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IDLE mode can also be released by setting the RESET pin low, which immediately
performs the reset operation. After reset, the TMP88CS34/CP34 is placed in NORMAL
mode.
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1.5 Interrupt Controller

The TMP88CS34/CP34 has a total of 16 interrupt sources; 6 externals and 10 internals.
Multiple interrupts with priorities are also possible. Two of the internal sources are pseudo
non-maskable interrupts; the remainder are all maskable interrupts.

Interrupt sources are provided with interrupt latches (IL), which hold interrupt requests, and
independent vectors. The interrupt latch is set to “1” by the generation of its interrupt request
which requests the CPU to accept its interrupts. Interrupts are enabled or disabled by software
using the interrupt master enable flag IMF) and interrupt enable flag (EF). If more than one
interrupts are generated simulaneously, interrupts are accepted in order which is dominated by
hardware. However, there are no prioritized interrupt factors among non-maskable interrupts.

Table 1.5.1 Interrupt Sources
Interrupt source Enable condition Interrupt | Vector table Priority
latch address
:En;?erpr?e:II (Reset) Non-Maskable - FFFFCH High 0
Internal INTSW (Software interrupt) - FFFF8H 1
- - Pseudo non-maskable
Internal INTWDT  (Watchdog timer interrupt) ILy FFFF4H 2
External | INTO (External interrupt 0) IMF-EF3=1, INTOEN=1 IL3 FFFFOH 3
Internal INTTC1 (16-bit TC1 interrupt) IMF-EF4 =1 ILg FFFECH 4
External [ INTKWU (Key-On-Wake-Up) IMF-EF5=1 ILs FFFE8H 5
Internal INTTBT  (Time base timer interrupt) IMF-EFg =1 ILg FFFE4H 6
External | INT2 (External interrupt 2) IMF-EF7=1 IL7 FFFEOH 7
Internal INTTC3 (8-bit TC3 interrupt) IMF-EFg =1 ILg FFFDCH 8
Internal INTTSBI  (SBl interrupt) IMF-EFg =1 ILg FFFD8H 9
Internal INTTC4 (8-bit TC4 interrupt) IMF-EF10=1 IL10 FFFD4H 10
External | INT3 (External interrupt 3) IMF-EF11 =1 IL11 FFFDOH 11
External | INT4 (External interrupt 4) IMF-EF12=1 IL12 FFFCCH 12
Internal INTADC  (AD Converter interrupt) IMF-EF13=1 IL13 FFFC8H 13
Internal INTTC2 (16-bit TC2 interrupt) IMF-EF14=1 IL14 FFFC4H 14
External | INT5 (External interrupt 5) IMF-EF15=1 IL15 FFFCOH 15
Internal INTOSD (OSD interrupt) IMF-EF16=1 IL16 FFFBCH 16
Reserved IMF-EF17 =1 IL17 FFFBSH 17
Reserved IMF-EF1g =1 IL1g FFFB4H 18
Reserved IMF-EF19=1 IL19 FFFBOH 19
Reserved IMF-EFog=1 ILoo FFFACH 20
Reserved IMF-EFp1 =1 ILo1 FFFASH 21
Reserved IMF-EFgp =1 ILoo FFFA4H 22
Reserved IMF-EFpg =1 ILo3 FFFAOH 23
Reserved IMF-EFp4 =1 ILoa FFFOCH 24
Reserved IMF-EFg =1 ILos FFF98H 25
Reserved IMF-EFg =1 ILog FFF94H 26
Reserved IMF-EF97 =1 ILy7 FFF90H 27
Reserved IMF-EFog =1 ILog FFF8CH 28
Reserved IMF-EFo9 =1 IL2g FFF88H 29
Reserved IMF-EF3g = 1 IL3g FFF84H 30
Reserved IMF-EF31 =1 IL31 FFF80H Low 31
Note : Before you change each enable flag (EF) and/or each interrupt latch (IL), be sure to clear the

interrupt master enable flag (IMF) to “0” (to disable interrupts).
1. After a DI instruction is executed.
2. When an interrupt is accepted, IMF is autamatically cleared to “0”".
However, to enable nested interrupts change EF and/or IL before setting IMF to “1” (to enable
interrupts).
If the individual enable flags (EF) and interrupts (IL) are set under conditions other than the above,
proper operation cannot be guararteed.
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Interrupt latches (IL) that hold the interrupt requests are provided for interrupt sources.
Each interrupt vector is independent.

The interrupt latch is set to “1” when an interrupt request is generated, and requests the
CPU to accept the interrupt. The acceptance of maskable interrupts can be selectively enabled
and disabled by program using the interrupt master enable flag IMF) and the individual
interrupt enable flags (EF). When two or more interrupts are generated simultaneously, the
interrupt is accepted in the highest priority order as determined by the hardware. Figure 1.5.1
shows the interrupt controller.

(1) Interrupt Latches (IL31 to IL2)

Interrupt latches are provided for each source, except for a software interrupt. The latch
is set to “1” when an interrupt request is generated, and requests the CPU to accept the
interrupt. The latch is cleared to “0” just after the interrupt is accepted. All interrupt
latches are initialized to “0” during reset.

The interrupt latches are assigned to addresses 0003CH, 0003DH, 0002EH and 0002FH
in the SFR. Except for ILe, each latch can be cleared to “0” individually by an instruction;
however, the read-modify-write instruction such as bit manipulation or operation
instructions cannot be used. When interrupt occurred during order execution, the reason is
because interrupt request is cleared. Thus, interrupt requests can be canceled and
initialized by the program. Note that request the interrupt latches cannot be set to “1” by
an instruction. For example, it may be that each latch is cleared even if an interrupt
request is generated during instruction exection.

The contents of interrupt latches can be read out by an instruction. Therefore, testing
interrupt request by software is possible.

Example 1: Clears interrupt latches

DI ; Disable interrupt

LDW (ILL), 1110100000111111B ; ILi12, IL1o to ILg « O
Example 2: Reads interrupt latches

LD WA, (ILL) ;. W<« ILH, A« ILL
Example 3: Tests an interrupt latch

TEST (ILL). 7 ; ifIL7 = 1 then jump

JR F, SSET

(2) Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts,
except for the pseudo non-maskable interrupts (software and watchdog timer interrupts).
Pseudo non-maskable interrupts are accepted regardless of the contents of the EIR;
however, the pseudo non-maskable interrupt cannot be nested more than once at the same
time.

The EIR consists of an interrupt master enable flag IMF) and the individual interrupt
enable flags (EF). These registers are assigned to addresses 0003AH, 0003BH, 0002CH and
0002DH in the SFR, and can be read and written by an instruction (including
read-modify-write instruction such as bit manipulation instructions).

Note: Do not use the read-modify-write instruction for the EIRL (address 0003AH) during
pseudo non-maskable interrupt service task. If the read-modify-write instruction is used,
the IMF is not set to “1” after RETN.
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Interrupt Master enable Flag (IMF)

The interrupt master enable flag (IMF) enables and disables the acceptance of all
maskable interrupts. Clearing this flag to “0” disables the acceptance of all maskable
interrupts. Setting to “1” enables the acceptance of interrupts.

When an interrupt is accepted, this flag is cleared to “0” to temporarily disable the
acceptance of other maskable interrupts. After execution of the interrupt service
program, this flag is set to “1” by the maskable interrupt return instruction [RETI] to
again enable the acceptance of interrupts. If an interrupt request has already been
occurred, interrupt service starts immediately after execution of the [RETI]
instruction.

Pseudo non-maskable interrupts are returned by the [RETNI] instruction. In this
case, the IMF is set to “1” only when pseudo non-maskable interrupt service is started
with interrupt acceptance enabled (IMF = 1). Note that the IMF remains “0” when
cleared by the interrupt service program.

The IMF is assigned to bit 0 at address 0003AH in the SFR, and can be read and
written by an instruction. The IMF is normally set and cleared by the [EI] and [DI]
instructions, and the IMF is initialized to “0” during reset.

Individual interrupt Enable Flags (EF16 to EF3)

These flags enable and disable the acceptance of individual maskable interrupts,
except for an external interrupt 0. Setting the corresponding bit of an individual
interrupt enable flag to “1” enables acceptance of an interrupt, setting the bit to “0”
disables acceptance.

Example 1: Sets EF for individual interrupt enable, and sets IMF to “1”.
DI ;  Disable interrupt
LD (EIRE), 00000001B ; EF16« 1
LDW (EIRL), 1110100010100001B EF15 to EF13, EF11, EF7, EF5, IMF « 1

Example 2: Sets an individual interrupt enable flag to “1”.
SET (EIRH). 4 i EF12¢1
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Interrupt Latches (IL)

IL 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(0002E, | ILgg ' ILgo ' ILpg ' ILpg ' ILp7 ' ILpe ' ILps ' ILpg | ILp3 ' ILpp ' lLpg ' Lo ! ILgg ' ILgg ! ILg7 ' IL16 |
0002FH)

ILp (0002FH) ILg (0002EH)
(Initial value: 00000000 00000000)

IL
(0003C, [ IL1s ! ILga Dllgg b ilgp 'lgg bilgg !} lg ! ilg | Iy ' llg | ILs } g ! lLg ) ILp ! INF |
0003DH) A\

IL (0003DH) ILg (0003CH)
(Initial value: 00000000  000000**)

Interrupt Enable Registers (EIR)

EIR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

égggZDCH') | EF31 !} EF30 | EFo0 | EFg | EFo7 | EFpe | EFps | EFpa | EFpa | EFgp | EFg1 | EFpo | EF19 | EF1g | EF17 | EFa |
A~

EIRp (0002DH) EIRE (0002CH)
(Initial value: 00000000 00000000)

ER ——— -
(0003A | EF15 ! EF14 | EF13 ! EF1p | EF1q \EF10 ! EFg | EFg | EF7 ! EFg | EFs | EF4 ! EF3 | | IMF

0003BH) EIRp (0003BH) EIR, (0003AH)
(Initial value: 00000000 00000**0)
Note 1: Do not clear IL with read-modify-write instructions such as bit operations.
Note 2: Do not set IMF to “1” during non-maskable interrupt service program.
Note 3: Bits 1 and 0in IL| are read in as undefined data when a read instruction is executed.
Note 4: *: Don't care
Note 5: Do not clear IL» to “0” by an instruction.
Note 6: At TMP88CS34/CP34, IL17 to IL31 and IF17 to IF31 are not used.
Note 7: After IMF is cleared, modify EF and IL.

Figure 1.5.2 Interrupt Latches (IL) and Interrupt Enable Registers (EIR)

1.5.1 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is
cleared to “0” by a reset or an instruction. Interrupt acceptance sequence requires 12
machine cycles (3 ps at fc = 16 MHz in the NORMAL mode) after the completion of the
current instruction execution. The interrupt service task terminates upon execution of an
interrupt return instruction [RETI] (for maskable interrupts) or [RETNI] (for pseudo
non-maskable interrupts). Figure 1.5.3 shows the timing chart of interrupt acceptance
processing.

(1) Interrupt acceptance

Interrupt acceptance processing is as follows.

1. The interrupt master enable flag (IMF) is cleared to “0” to temporarily disable the
acceptance of any following maskable interrupts. When a non-maskable interrupt is
accepted, the acceptance of any following interrupts is temporarily disabled.

2. The interrupt latch (IL) for the interrupt source accepted is cleared to “0”.

3. The contents of the program counter (PC) and the program status word (PSW) are
saved (pushed) on the stack in sequence of PSWH, PSWL, PCE, PCH, PCL. The stack
pointer (SP) is decremented five times.

4. The entry address of the interrupt service program is read from the vector table, and
set to the program counter.
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5. The RBS control code is read from the vector table. The lower 4-bit of this code 1is added
to the RBS.

6. The instruction stored at the entry address of the interrupt service program is
executed.

Example: Correspondence between vector table address for INTTBT and the entry address
of the interrupt service program.

Vector table address Entry address
—~__ —~__
FFFE4H 43H CD243H _l
FFFE5H D2H Vector |::> CD244H Interrupt
----------------- service
FFFE6H | OCH | Ch2asH | ] program
FFFE7H 06H RBS CD246H
————————— control ' F--=----3
L ' L

A maskable interrupt is not accepted until the IMF is set to “1” even if the maskable
interrupt higher than the level of current servicing interrupt is occurred.

When nested interrupt service is necessary, the IMF is set to “1” in the interrupt service
program. In this case, acceptable interrupt sources are selectively enabled by the individual
interrupt enable flags.

Note: Do not use the read-modify-write instruction for the EIRL (address 0003AH) during
pseudo non-maskable interrupt service task.
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. Interrupt service task
1-machine cycle -

—1 I I I I I I I I I I I I I | I I
INTS A1

INTTBT ( A1

/[
IL15

ILe

[

Execution X Instruction X Interrupt acceptance ><Instructi0n><

Address
bus

e X XaX_art X a (b Xb+2Xp+2Xp+3)
sP n - Xn=2Xn -3¢ -9 n-5

RBS i Xk:i+(FFFE7H). 3-0

INF - X

a a+1l FFFEAXFFFESXFFFEEXFFFETX N XN —1Xn-2Xn-3Xn-4X b Xb+1Xb +2

(a) Interrupt acceptance

Interrupt service task

IMF |S

Execution X RETI Instruction X

podress X e Ko X=X =3¢ -2Xn X _n X2 Xa+ D)

PC c+2 (e XX+ 2)
sP n-5 o4 —3Xn - 2Xn - 1) n

RBS k X i

INF X

(b) Return from interrupt instruction

Notel: a:return address, b: entry address, c: address which the RETI instruction is stored
Note2: The maximum response time from when an IL is set until an interrupt acceptance processing starts is 62/fc

[s] with interrupt enabled.

Figure 1.5.3 Timing Chart of Interrupt Acceptance and Interrupt Return Instruction
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(2) Saving/Restoring general-purpose registers

During interrupt acceptance processing, the program counter (PC) and the program
status word (PSW) are automatically saved on the stack, but not the accumulator and other
registers. These registers are saved by the program if necessary. Also, when nesting
multiple interrupt services, it is necessary to avoid using the same data memory area for
saving registers.

The following method is used to save/restore the general-purpose registers.

1. General-purpose register save/restore by automatic register bank changeover

The general-purpose registers can be saved at high-speed by switching to a register
bank that is not in use. Normally, the bank 0 is used for the main task and the banks 1
to 15 are assigned to interrupt service tasks. To increase the efficiency of data memory
utilization, the same bank is assigned for interrupt sources which are not nested.

The switched bank is automatically restored by executing an interrupt return
instruction [RETI] or [RETNI]. Therefore, it is not necessary for a program to save the
RBS.

Example: Register bank changeover

PINTxx: : interrupt processing :

RETI
VINTxx: DP PINTxx
DB 1 ;0 RBS«RBS+1

2. General-purpose register save/restore by register bank changeover

The general-purpose registers can be saved at high-speed by switching to a register
bank that is not in use. Normally, the bank 0 is used for the main tank and the banks 1
to 15 are assigned to interrupt service tasks.

Example: Register bank changeover
PINTxx: LD RBS,n

" interrupt processing :

RETI 5 Restores bank and Returns
VINTxx: DP PINTxx ; Interrupt service routine entry address
DB 0
Main task Main task

Switch to bank n by

Acceptance  Interrupt LD, RBS and n Acceptance  Interrupt
Bank m of interrupt service task /“instruction m of interrupt service task

- Switch to bank Saving
. witch to bank n ;
n - registers
l Time automatically g

m (I""; Restore to bank m ]
nterrupt return automatically by Restoring
[RETI//[RETN] Prlnlulluiulniin registers
Interrupt return
(a) Saving/Restoring by register bank changeover (b) Saving/Restoring using push/pop or data transfer instructions

Figure 1.5.4 Saving/Restoring General-purpose Registers
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3. General-purpose registers save/restore using push and pop instructions

To save only a specific register, and when the same interrupt source occurs more
than once, the general-purpose registers can be saved/restored using the push/pop

Instructions.

Example: Register save/restore using push and pop instructions

PINTxx: PUSH WA 5 Save WA register pair
. interrupt processing -
POP WA 5 Restore WA register pair
RETI 5 Return
Address (example)
___________________________________ 0023AH
] N Y 0023B
s,—| 1 | w | se—| ] 0023C
P __] |__Pa PG [ _____] ooz
__PCn ] | __PCH___ _JPCw L] 0023E
PCe PCe PCEe 0023F
Cesw | | PSW_ Cesw, | | ] 00240
__Pswy__] | PSWy__ _Pswy_ | ospo—[ ] ooomt
At acceptance At execution |:> At execution At execution of an
of an interrupt of a push of a pop interrupt return
instruction instruction instruction

4. General-purpose registers save/restore using data transfer instructions

Data transfer instruction can be used to save only a specific general-purpose register

during processing of single interrupt.

Example: Saving/restoring a register using data transfer instructions

LD (GSAVA),A
- interrupt processing :
LD A (GSAVA) ;
RETI

Save A register

Restore A register
5 Return
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(3) Interrupt return
The interrupt return instructions [RETIJ/[RETN] perform the following operations.
[RETI] Maskable interrupt return [RETN] Non-maskable interrupt return
1. The contents of the program counter and the 1. The contents of the program counter and program
program status word are restored from the stack. status word are restored from the stack.
2. The stack pointer is incremented 5 times. 2. The stack pointer is incremented 5 times.
3. The interrupt master enable flag is set to “1". 3. The interrupt master enable flag is set to “1” only

4. The interrupt nesting counter is decremented, and 4. The interrupt nesting counter is decremented, and
the interrupt nesting flag is changed. the interrupt nesting flag is changed.

when a non-maskable interrupt is accepted in
interrupt enable status. However, the interrupt
master enable flag remains at “0” when so clear by
an interrupt service program.

152

153

Interrupt requests are sampled during the final cycle of the instruction being executed.
Thus, the next interrupt can be accepted immediately after the interrupt return instruction
is executed.

Note: When the interrupt processing time is longer than the interrupt request generation time,
the interrupt service task is performed but not the main task.

Software Interrupt (INTSW)

Executing the [SWI] instruction generates a software interrupt and immediately starts
interrupt processing (INTSW is highest prioritized interrupt). However, if processing of a
non-maskable interrupt is already underway, executing the SWI instruction will not
generate a software interrupt but will result in the same operation as the [NOP]
instruction.

Use the [SWI] instruction only for detection of the address error or for debugging.

1. Address error detection

FFH is read if for some cause such as noise the CPU attempts to fetch an instruction
from a non-existent memory address. Code FFH is the SWI instruction, so a software
interrupt is generated and an address error is detected. The address error detection
range can be further expanded by writing FFH to unused areas of the program memory.
Address-trap reset is generated in case that an instruction is fetched from RAM, SFR
or DBR areas.

2. Debugging

Debugging efficiency can be increased by placing the SWI instruction at the software
break point setting address.

External Interrupts

The TMP88CS34/CP34 each have five external interrupt inputs (INTO, INT2, INTS,
INT4, and INT5). Three of these are equipped with digital noise rejection circuits (pulse
inputs of less than a certain time are eliminated as noise). Edge selection is also possible
with INT2, INT3 and INT4.

The INTO /P50 pin can be configured as either an external interrupt input pin or an

input/output port, and is configured as an input port during reset.

Edge selection, noise rejection control except INT3 pin input and INTO /P50 pin function
selection are performed by the external interrupt control register (EINTCR). Edge selecting
and noise rejection control for INT3 pin input are preformed by the Remote control signal
preprocessor control registers. (refer to the section of the Remote control signal
preprocessor.) When INTOEN = 0, the IL3 will not be set even if the falling edge of INTO
pin input is detected.
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Table 1.5.1 External Interrupts

. Secondar . - : L
Source Pin . Y Enable conditions Edge Digital noise rejection
function pin
Any pulse shorter than 2/fc
[s] is regarded as noise and
INTO INTO P50/TC2 IMF=1,INTOEN=1,EF3=1 Falling edge removed. Pulses not shorter
than 7/fc [s] are definitely
regarded as signals.
P53/TC1/ _ Pulse_s c_>f less than 7_/fc [s]
scKa Falling edge are eliminated as noise.
INT2 INT2 IMF-EF7=1 or Pulses equal to or more than
/AINO/ .
Rising edge 25/fc [s] are regarded as
KWUO0 :
signals.
Falling edge,
INT3 INT3 P30/RXIN IMF-EFq1 = 1 Rlsmg ed_ge_z or Refer to the section of the
Falling/Rising Remote control preprocessor
edge
. Pulses of less than 7/fc [s]
Falling edge are eliminated as noise
INT4 INT4 P31/TC3 IMF-EF12=1 or :
Rising edge Pulses of 25/fc [s] or more
are considered to be signals.
Any pulse shorter than 2/fc
[s] is regarded as noise and
INT5 INTS P20/ STOP IMF-EF15=1 Falling edge removed. Pulse not shorter
than 7/fc [s] are definitely
regarded as signals.

Note 1: The noise rejection function is also affected for timer/counter input (TC1 pin).

Note 2: If a noiseless signal is input to the external interrupt pin in the NORMAL or IDLE mode, the maximum
time from the edge of input signal until the IL is set is as follows:
(1) INT2, INT4 pin 31/fc [s]
(2) INT3 pin Refer to the section of the Remote control preprocessor.

Note 3: If a dual-function pin is used as an output port, changing data or switching between input and output
generates a pseudo interrupt request signal. To ignore this signal, it is necessary to reset the interrupt
enable flag.

Note 4: If INTOEN = “0", detecting the falling edge of the INTO pin input does not set the interrupt latch IL3.
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EINTCR 7 6 5 4 3 2 1 0
(00037H) "L T TOINTO | INT4 | INT2 [ oy 1 _ "
- _0_ ] en | - | es | - | & | _(i B i_ o _! (Initial value: 00*0 *00*)
. ) . 0: P50 input/output port
INTOEN | P50/INTO pin configuration . .
1: INTO pin (Port P50 should be set to an input mode) Write
INT4ES 0: Rising edge only
INT4 and INT2 edge select
INT2ES 9 1: Falling edge

Note 1: fc: High-frequency clock [Hz], *: Don't care

Note 2:
Note 3:

Note 4:

Edge detection during switching edge selection is invalid.

Do not change EINTCR only when IMF = 1. After changing EINTCR, interrupt latches of external interrupt

inputs must be cleared to “0” using load instruction.

In order to change of external interrupt input by rewriting the contents of INT2ES and INT4ES during
NORMAL mode, clear interrupt latches of external interrupt inputs (INT2 and INT4) after 8 machine cycles

from the time of rewriting.

Note 5:

Example:

In order to change an edge of timer counter input by rewritng the contents of INT2ES during NORMAL
mode, rewrite the contents after timer counter is stopped (TC*s = 0) , that is, interrupt disable state.

Then, clear a interrupt latch of external interrupt input (INT2) after 8 machine cycles from the time of

rewriting to change to interrupt enable state. Finally, start timer counter.

When changing TC1 pin inputs edge in external trigger timer mode from rising edge falling edge.

LD (TC1CR), 01001000B ; TC1S « 00 (stops TC1)
DI ; IMF <« 0 (disables interrupt service)
LD (EINTCR), 00000100B ; INT2ES « 1 (change edge selection)

~ F  NoP

8-machine to
cycles NOP

LD (ILL), 01111111B ; IL7 « O (clears interrupt latch)
El ; IMF « 1 (enables interrupt service)
LD (TC1CR), 01111000B ; TC1S « 11 (starts TC1)

Figure 1.5.5 External Interrupt Control Register
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1.6 Reset Circuit

The TMP88CS34/CP34 has four types of reset generation procedures: an external reset input,
an address trap reset output, a watchdog timer reset output and a system clock reset output.
Table 1.6.1 shows on-chip hardware initialization by reset action.

The malfunction reset output circuit such as watchdog timer reset, address trap reset and
system clock reset is not initialized when power is turned on. The RESET pin can output level
“L” at the maximum 24/fc [s] (1.5 ps at 16 MHz) when power is turned on.

Table 1.6.1 Initializing Internal Status by Reset Action

On-chip hardware Initial value On-chip hardware Initial value
Program counter (PC) (FFFFEH to FFFFCH)
Stack pointer (SP) not initialized Prescaler and Divider of timing 0
General-purpose registers not initialized generator
(W,A,B,C,D,E,H, L)
Register bank selector (RBS) 0 )
Watchdog timer Enable

Jump status flag JF) 1
Zero flag (ZF) Not initialized
Carry flag (CF) Not initialized
Half carry fla HF Not initialized

- ALY (HF) — Output latches of I/O ports R_efe_r 10 1/0 port
Sign flag (SF) Not initialized circuitry
Overflow flag (VF) Not initialized
Interrupt master enable flag (IMF) 0
Interrupt individual enable flags 0 Refer t h of

(EF) Control registers eterto each o
control register
Interrupt latches (IL) 0
- - RAM Not initialized

1.6.1 External Reset Input

The RESET pin contains a Schmitt trigger (hysteresis) with an internal pull-up resistor.

When the RESET pin is held at “L” level for at least 3 machine cycles (12/fc [s]) with the
power supply voltage within the operating voltage range and oscillation stable, a reset is
applied and the internal state is initialized.

When the RESET pin input goes high, the reset operation is released and the program
execution starts at the vector address stored at addresses FFFFCH to FFFFEH.

VDD
o

<
s
-

RESET D—()—&—) Reset input

Watchdog timer reset |
P Malfunction
< reset output I Address trap reset |
. . circuit
Sink open drain \_FI—{ System clock reset |

Figure 1.6.1 Reset Circuit
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1.6.2 Address-Trap-Reset
If the CPU should start looping for some cause such as noise and an attempt be made to
fetch an instruction from the on-chip RAM, DBR or the SFR area, address-trap-reset will
be generated. Then, the RESET pin output will go low. The reset time is about 8/fc to 24/fc
[s] (0.5 to 1.5 ps at 16 MHz).
Instruction ) JP a (Reset reIeaseX Instruction at address
execution .

RESET output

N

N

Address-trap is occurred
R el sl T
(“L" output) (High-2)

B e o

8/fc to 24/fc [s] 4/fc 20/fc [s]
to
12/fc [s] (No wait)

ote 1: Letter “a” represents an address in the built-in RAM, SFR, or DBR area.
If the ROM corrective function is enabled, no address trap occurs in a RAM area of 002C0H to 06BFH.
If the ROM corrective function is disabled, an address trap occurs in the following area:
00000H < a < OOFFFH
If the ROM corrective function is enabled, an address trap occurs in the following area:
00000H < a < 002BFH or 006COH < a < 00FFFH

ote 2: During reset release, reset vector “r" is read out, and an instruction at address “r" is fetched and decoded.

1.6.3

1.6.4

Figure 1.6.2 Address-Trap-Reset

Watchdog Timer Reset

Refer to Section “2.4 Watchdog Timer”.

System-Clock-Reset

Clearing bits 7 in SYSCR2 to “0”, system clock stops and causes the microcomputer to
deadlock. This can be prevented by automatically generating a reset signal whenever bits 7,
6 and 5 in SYSCR2 = 000 is detected to continue the oscillation. The RESET pin output
goes low from high-impedance. The reset time is about 8/fc to 24/fc [s] (0.5 to 1.5 us at 16
MHz).
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1.7 ROM Corrective Function

The ROM corrective function can patch the part (s) of on-chip ROM with some bugs.

The ROM corrective function have two modes. One is to replaced the instruction on a certain
address in the ROM with the jump instruction to branch into the RAM area where the patched
codes (Program Jump Mode). The other is to replace a byte or a word (2 or 3 bytes) length data
in the ROM with the patched data (Data Replacement Mode). Four independent location can be
patched.

Note 1: When use ROM corrective circuit, it is necessary to contain a program which operates to load
patched program and/or replacement data from external memory into an internal data RAM
in an initial routine.

Note 2: The address of an instruction for IDLE mode cannot be specificated as start address of
corrective area.

Note 3: The BM88CS34N0A-M15 does not support the ROM corrective circuit. Use the TMP88PS34
to debug a program of this circuit.

Example:

ROM corrective circuit

ROMCDR | | ROMCDR

Serial
Bus
Interface

e Correction mode
e Correction code
e Patch program

RAM
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1.7.1  Configuration

Address Bus Data Bus 2l < : ¢ : e

Zlz z =z

Match 2] IEHERE
— Signal - —— oo
| Address Compare Circuit |—>| Instruction Fetch Control Circuit |<— ! !
PN PN PN PN N
23 T T
_ to | to | o 1
Register 6 ! !
Selection 5 ! |
. . 1 1
Circuit 4 | |
3 -
2 Lo
1 Lo
0 L N~ NS N7 N~ Vo
\5 the lower | the middle | the upper the lower | the middle | the upper | |
| |
Compare Address Register Data Register ! !
7T Tt T T |
1 1

. . CM| CM, CM, CM

Corrective Mode Signal ol 1'2'3
1 1

Write Data Count | 11

Register Write Signal l
ROMCDR WDC CM3-0
T I L111 [
ROM Corrective Write Data ROM Corrective
Data Register Count Register Control Register

Figure 1.7.1 ROM Corrective Circuit
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1.7.2 Control

The ROM corrective function is controlled by ROM corrective control register ROMCCR)
and ROM corrective data register ROMCDR).

ROM Corrective Control Register
ROMCCR __7 ___ 6 5 4 3 2 1 0
(QOFEOH)- - - - - - - - | cm3 | cm2 [ cmi | cMo |  (nitial value: **** 0000)
Corrective mode setting
|0 Jeaws T
CcM2 Corrective mode setting
| _|BANK) 0: Program jump mode RIW
oML Corrective mode setting 1: Data replacement mode
L JBANKL)
Corrective mode setting
CMo (BANKO)
ROM Corrective Status Register
ROMCSR __7 6 5 4 3 2 1 0
(OOFEIH): - - - - - | . _ wbc | , | (nitial value: **+0 0000)
. . . . Read
WDC Write data counter Counting the number of the byte written in ROMCDR only
ROM Corrective Data Register
ROMCDR 7 6 5 4 3 2 1 0
(OOFE2H) | ; ; ; | | | i | (nitial value: 0000 0000)
ROMC | ROM Corrective data register Vc\)/rrlllt;

Figure 1.7.2 ROM Corrective Control Register, Status Register and ROM Corrective Data Register

(1) Enable and disable

The ROM corrective function is disabled after releasing reset. It is enabled after setting
the data for one bank into ROMCDR. And the address-trap-reset is not generated when
fetching an instruction from the RAM area except the address 02COH to 06 BFH.

After the ROM corrective function is enabled, it is neccesary to reset the micro controller
in order to disable it.

(2) Data replacement mode

The ROM corrective function has the program jump mode and the data replacement
mode.

By setting CMx (x: 0 to 3) in ROMCCR, the data replacement mode is selected.
(3) The ROM corrective data register writing

The ROM corrective data register has four banks corresponding to four independent
locations to patch. The write data counter (WDC) points each bank set. (Figure 1.7.2)
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BANK 0

BANK 1

BANK 2

BANK 3

ROM Corrective Data Register
ROMCDR

(00FE2H) | ROMC7 |[RoMC6 | Romcs | Romca | romes | Romcz [romc | Romco|  (initial value: 0000 0000)

Il

The value of WDC after writing a data to ROMCDR
00?00 (Initial value)

The lower start address of the corrective area (8 bits)

00001 <—

The middle start address of the corrective area (8 bits)

OOEIO

The upper start address of the corrective area (4 bits)

00011

The lower 8 bit of the jump address/replacement data

The middle 8 bit of the jump address/replacement data

003.00
00101

The upper 4 bit of the jump address/replacement data

003.10

The lower start address of the corrective area (8 bits)

00111

The middle start address of the corrective area (8 bits)

01000

The upper start address of the corrective area (4 bits)

01001

The lower 8 bit of the jump address/replacement data

01310

The middle 8 bit of the jump address/replacement data

01011

The upper 4 bit of the jump address/replacement data

01100

The lower start address of the corrective area (8 bits)

013.01

The middle start address of the corrective area (8 bits)

01110

The upper start address of the corrective area (4 bits)

The lower 8 bit of the jump address/replacement data

013.11

The middle 8 bit of the jump address/replacement data

10900
10001

The upper 4 bit of the jump address/replacement data

10310

The lower start address of the corrective area (8 bits)

10011

The middle start address of the corrective area (8 bits)

10100

The upper start address of the corrective area (4 bits)

103.01

The lower 8 bit of the jump address/replacement data

103.10

The middle 8 bit of the jump address/replacement data

10111

The upper 4 bit of the jump address/replacement data

00000 ——

Note 1:
Note 2:

corrective area, the lower (8 bhits), the middle (8 bits) and the upper (4 bits) of the jump address/the

replacement data.

WDC value equals to the number of the byte stored in ROMCDR.
ROMCDR is set in order of the lower (8 bits), the middle (8 bits) and the upper (4 bits) start address of the

Figure 1.7.3 Banks and WDC Value of the Program Corrective Data Register

Whenever ROMCDR is written, WDC is incremented to indicate what data is writen via

ROMCDR. During reset, WDC 1is intialized to “0”.

(1) The lower start address of the corrective area (8 bits)

(2) The middle start address of the corrective area (8 bits)

(3) The upper start address of the corrective area (4 bits)

(4) The lower jump address/replacement data (8 bits)
(5) The middle jump address/replacement data (8 bits)

(6) The upper jump address (4 bits)/replacement data

Note 1: Corrective addresses must have over five addresses each other.

Note 2: The address of an instruction for IDLE mode cannot be specificated as start address of

corrective area.
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1.7.3

(1

Functions

The ROM corrective function can correct maximum four ROM areas with their
corresponding four banks of ROM corrective registers. Either program jump mode or data
replacement mode is selected for each bank by CMO to CM3 respectively.

Program jump mode

In the program jump mode, the system executes a jump instruction when the program
execution reaches the instruction at the corrective ROM address, skips from the instruction
which would have been executed, and executes an instruction at a preset jump address.

Clearing ROMCCR CMx (x: 0 to 3) to “0” puts the system in the program jump mode. Use
ROMCDR to set the corrective ROM address and jump address.

When the start address of an erroneous program is a corrective ROM address, and that of
the patch program is a jump address, the bug in the erroneous program can be fixed. Note

that the patch program should end with a jump instruction, which causes a return to the
built-in ROM.

Note: For program jump mode, the address to be corrected must be the start address of the
instruction.

Example 1: Setting the Program Correction Circuit with the Initial Routine

Using the initial routine program, which is executed right after reset, set the
program correction circuit's register and stores the patch program into the built-in
RAM as follows.

1. Read the flag, which indicates whether to use the program correction circuit, from
the external memory.

If that circuit is not used, perform normal initial processing.
If it is used, clear CMx to O to establish the program jump mode.

Read the corrective ROM address and jump address from the external memory.

A

Set the corrective ROM address and jump address, which were read in step 4., in
ROMCDR.

Read the number of bytes for the patch program from the external memory.

o

7. Read the program with a number of bytes, equal to the byte count read in step 6.,
from the external memory, and store that program into the built-in RAM.

8. Repeat steps 4. through 7. as many times as there are required banks.

Example 2: There is bugs on the locations from 0C020H to 0C085H

The corrective address, the jump vector, the program patch codes and other
information to patch the ROM with the bugs must be read out from any of memory
storage that holds them during initial program routine. CMn = 0 specifies the program
jump mode. Subsequently, the patch program codes are loaded into RAM (00400H to
004EFH). The start address (0C020H) of the ROM necessary to patch is written to the
corrective ROM address registers, and the start address (00400H) of the RAM area to
patch is loaded onto the jump address registers. When the instruction at 0C020H is
fetched, the instruction to jump into 00400H is unconditionally executed instead of the
instruction at 0CO20H, and the subsequent patch program codes are executed. The
jump instruction at the end of the patch program codes returns to the ROM at 0CO86H.
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Note:

(2

00000H

SFR
0003FH -
00040H

00400H

Patch
program
006BFH

RN JP 0CO086H | OO4EFH

004F0OH

00F80H

DBR
00FFFH

04000H Return

0C085H

/

FFFFFH

Corrective address must be assigned to 1st byte of instruction codes on the program jump
mode.

Data replacement mode

In the data replacement mode, the system replaces reference data stored in the ROM
area with the new instead of correcting the data reference instruction when that reference
data is changed.

The program jump mode reduces the complexity of correcting the processing routine.
However, when this mode is used, if there is a need to replace only the fixed data in ROM,
the instruction to reference this ROM data should be corrected. Thus, a large amount of
ROM is required for the patch program. To avoid this, the system has the data replacement
mode. With this mode, three consecutive bytes of data can be replaced for each bank. (For
an instruction which accesses only one byte, only the first byte can be replaced. For an
instruction which accesses only two bytes, the two consecutive bytes can be replaced.)
Setting ROMCCR CMx (x: 0 to 3) to “1” puts the system in the data replacement mode.
Specify the start address of ROM data to be replaced as the corrective ROM address. Then,
specify the new three-byte data as the patch data.

Note: For data replacement mode, the corrective address should be the address of fixed data

(including a vector). (The operation code and operand cannot be changed.)

Example 1: Setting the Program Correction Circuit with the Initial Routine

Using the initial routine program, which is executed right after reset, set the
program correction circuit's register as follows.

1. Read the flag, which indicates whether to use the program correction circuit, from
the external memory.

If that circuit is not used, perform normal initial processing.
3. Ifitis used, set CMx to “1” to establish the data replacement mode.

Read the address of the data to be replaced and the patch data from the external
memory.

5. Set the address and patch data, which were read in step 4., in ROMCDR.

Repeat steps 4. and 5. as many times as there are required banks.
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PobNPE

Example 2: Replacing data 55H at 0C020H with 33H

Using the initial routine program, which is executed right after reset, read the start
address of the data to be replaced and the patch data from the external memory. Set
CMx (x: 0 to 3) to “1” to change the correction mode to the data replacement mode.
Specify the start address (0C020H) of the data to be replaced as the corrective ROM
address. Then, specify the new three-byte data (33H for 0C020H, CCH for 0C021H,
and C3H for 0C022H) as the patch data.

00000H
SFR
0003FH
00040H
RAM
006BFH
00F80H
DBR
00FFFH
04000H
ROM
0CO020H 33H
0C021H AAH l——CCH replacement data
0C022H A5H l——3CH
FFFFFH

At HL = 0C020H, Executing LD A, (HL) loads 33H in A. (Data replacement)

At HL = 0C021H, Executing LD A, (HL) loads AAH in A. (No data replacement)

At HL = 0C020H, Executing LD WA, (HL) loads CC33H in WA. (Data replacement)
At HL = 0C020H, Executing LD IX, (HL) loads CCC33H in IX. (Data replacement)

Note 1: Corrective address must be assigned to constant data area on the data
replacement mode. (Ope-code and Ope-rand cannot be replaced by ROM
correction circuit.)

Note 2: Instructions which includes “(HL +)” or “(— HL) " operation cannot be replaced by
ROM corrective circuit on the data replacement mode.
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2.

On-

Chip Peripheral Functions

2.1 Special Function Registers (SFR) and Data Buffer Registers (DBR)

The TLCS-870/X series uses the memory mapped I/0 system and all peripheral control and
data transfers are performed through the special function registers (SFR) and data buffer
registers (DBR).

The SFR are mapped to addresses 00000H to 0003FH, and DBR are mapped to address
00F80H to O0FFFH.

Figure 2.1.1 shows the list of the TMP88CS34/CP34 SFRs and-DBRs.

Address Read Write Address Read Write
ooooOH | Reseved 00020H| SBISRA (SBl status A) | SBICRA (SBI control register A)
oooor | Reseved 00021 | __ SBIDBR (SBI Data buffe)
ocooo2 [ P2pot 00022 | - |PcAR(°CBusaddress)
ooo03 | P3port o ____ 00023 |SBISRB (SBistatusB) | SBICRB (SBI control register B)
oooo4 | P4port 00024 | - ORDMAL (OSDcontrol)
oooos | P5port 00025 | - ORDMAH (OSD control)
oooo6 | Péport 00026 |RCSR(TC3status) | RCCR (TC3control)
oooor | ____________ P7port 00027 | _______ _PMPXCR(Portcontro)
00008 T ____ _|PSCR1(PSportliOcontroll) oooz8 | - PWMCRIA (PWM control1A)
00009 T _____|PiCR(P7portiiOcontrol) 00029 N L PWMCR1B (PWM control1B)
ooooA | Reserved 0002A | - PWMDBR1 (PWMDBR1)
ooooB | ____________ Reserved ooo2B | - ] P3CR1 (P31/O control)
0oooC P4CR (P4 port 1/O control) 0002C EIRE .

———————————————————————————————————————————————— (Interrupt enable register) — — —
ooooo0 ( - |F P6CR (P6 port I/O control) o2z = EBRD
0000E | ADCCRA (AD converter control A) ____ _ _ _ _ 0002E e (Interrupt latch) - — — — — _ _ _
0000F ADCCRB (AD converter control B) 0002F ILD
00010 | _____ TCIDRAL | o cditor 14) — — — —— - — 00030 | ________ CGCR(@ividercomo) _________
00011 | ______ TCIORAH___ ________ 00031 | ______ ADCDRIL(ADconversionresu) ______ _
00012 TCIDRBL _. ) - 00032 ADCDR?2 (AD conversion result)

—————— (Timer register 1B) - —j= = = = = = = = = = = = — — — — F—— =
00013 TCibRBH | - 00033 | ___________F Reserved
oooi4 | TCICR(TClcontroh) 00034 | - WDTCR1 _ (Watch-dog timer)_
00015 | - [tcecr(iczcomto) 00035 | -~ woTcre ‘ool /7
00016 e e e — _TEZPBL_ ~(Timer register 2) - - 00036 | _________ IBIER_(IBTI_T‘E (_:OE"_OQ _________
00017 - |rceoRH ooo37 | - EINTCR (External interrupt control)
00018 | ________TCSDRA(Timerregister3s) ________ 00038 |  SYSCRL g cemcontrol)
00019 TC3DRB (Timer register38) [ - ooo39 |  syscRz
0001A TC3CR (TC3 control) 0003A EIRL .

________________________________________________ (Interrupt enable register) — — —
0001B o ______|rcapr (rimerregister4) oo ~ERH_
0001C o ________ ,TC,:4,CB (,T94,C9n,[r9|) ,,,,,, 0003C l - - - _ _ _ _ _ I,LE ,,,,, (Interrupt latch) - — — — —
oooad | ORDSN (OSDcontrol) o3| ~_wHw
0001E e o _OBC;R_AI: (_O§[Zc_on_tr9|) ___________ 0003E L o e e e — ES_V\LL_ - _(Program status word) _____
0001F ORCRAH (OSD control) 0003F PSWH

(a) Special function registers

Note 1:
Note 2:
Note 3:

—: Cannot be accessed.

Do not access reserved areas by the program.

Write-only registers and interrupt latches cannot use the read-modify-write instructions (bit manipulation

instructions such as SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).

Note 4:
Address 0003EH must be GPSW/GFLAG.

When defining address 0003FH with assembler symbols, use GRBS.

Figure 2.1.1 (a) SFR
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Address Read Write
OOF8OH | ORDON (OSD Control)

8IH| - " losDControlRegister

AN - 0sD Cor:tn_al}zs;gi_st_er ___________ ,’_::,’
B9H PBIBE(_Oﬁ,D_D_isEIEy_Counter) T (_)R_’II;C_(BS_D_Ir:te_rrapzc_o;tr_ol)_ _______
___________ 7777777 7 |osp control Register
CEH | . o ______losbcomoregsier " _
CPH | Reseved
DOH IDLEINV (Key-on Wake-up Status) | | [DEE:c:R ZKEVZO?‘ \_N;k;-l_Jp_C_or;tr;I) ______
oiH | _ Reseved

o _Resewed "
EOH | ROMCCR (ROM Corrective Co;tr_ol)_ _____________
ELH |ROWCC (Data Register Coun) - _ | "~ SRR
E2H | — _________ |RoMCcDR (RoM Corrective Dat) -~
E3H (o Reseved
EaH | T T T T JECR (Jitter Elimination Control)
E5H |JESR Qitter Elimination Status) | -
B6H | TResewed
ErR} Reserved
E8H ~ RXCRL(Remote Control Receive Control)
E9H RXCR2 (Remote Control Rece]vg (30;11;0;) 777777777777
EAH |RXCTR (Remote Control Receive Counten) | T
EBH RXDBR £R_erpote Con_tn;I }_?e_c;iv_e B;ta_) ______________ ST
ECH _R)_(S_R_(Fie[ngte: C:oatrz)l:R_ec;i\_/e_S;at_us_) ______________ ST
EOH| Reseved 7
EEH | — | Fcscr (Frequency Division Circuit Control)
EFH [ Reseved 7
FOH SCCRA (Baud Rate Control A)_ __________________ ST
FLH |SCCRB (Baud Rate ConolB) ~ __  _ |SCSR (Baud Rate Staws)
L I Reserv;d 77777777777777777777

~ Reseved o~
FEH | — | PSELCR (Ports and 5 Output Status Control) _
FFH - DGINE (Input Cor?tr?)l)_ ___________

(b) Data buffer register

Note 1: Do not access reserved areas by the program.
Note 2: —: Cannot be accessed.
Note 3: Write-only registers cannot use the read-modify-write instructions (bit manipulation instructions such as

SET, CLR, etc. and logical operation instructions such as AND, OR, etc.).

Figure 2.1.1 (b) DBR
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2.2 1/O Ports
The TMP88CS34/CP34 has 6 parallel input/output ports (33 pins) as follows:

Primary Function Secondary Functions

Port P2 1-bit 1/O port External interrupt input, and STOP mode release signal input

Port P3 6-bit 1/0 port External interrupt input, remote control signal input, data slicer analog
input, timer/counter input, serial bus interface input/output

Port P4 8-bit 1/0 port Pulse width modulation output

Port P5 8-bit 1/0 port External interrupt input, timer/counter input, key-on wake-up input,
serial bus interface input/output, analog input and | output from OSD
circuitry.

Port P6 8-bit 1/0 port R, G, B and Y/BL output from OSD circuitry, R.G.B and Y/BL input,
analog input, and key-on wake-up input

Port P7 2-bit 1/0O port Horizontal synchronous pulse input and vertical synchronous pulse
input to OSD circuitry

Each output port contains a latch, which holds the output data. All input ports do not have
latches, so the external input data should either be held externally until read or reading should
be performed several times before processing. Figure 2.2.1 shows input/output timing
examples.

External data is read from an I/O port in the S1 state of the read cycle during execution of the
read instruction. This timing can not be recognized from outside, so that transient input such as
chattering must be processed by the program. Output data changes in the S2 state of the write
cycle during execution of the instruction which writes to an I/O port.

| Fetch cycle | Fetch cycle | Read cycle
I 1 1 1

Instruction - - - - Sop S1 S2 Sz Sp S1 Sz S3 Sp S1 S2 S3
execution Ex:LD A, (x) |
cycle R | | | | | | | | | | | _———

Input strobe . | |

Data input X X

(@) Input timing

Fetchcycle | Fetchcycle
f T T

Instruction - - - So S1 S2 S3 Sop S1 S2 Sz Sop S1 Sz S3
execution Ex:LD (x), A
cycle ---- e -

Write cycle

Output latch - ==
pulse

1
1
Data output  _ — _ X R
(b) Output timing

NOTE: The positions of the read and write cycles may vary, dispending on the instruction.

Figure 2.2.1 Input/Output Timing (Example)
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When reading an I/0 port except programmable I/O ports, whether the pin input data or the
output latch contents are read depends on the instructions, as shown below:

(1) Instructions that read the output latch contents
1. XCHr, (src)
SET/CLR/CPL (src).b
SET/CLR/CPL (pp).g
LD (src).b, CF
LD (pp).b, CF
ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), n
(src) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (sre), (HL)

N ok N

(2) Instructions that read the pin input data
1. Instructions other than the above (1)

2. (HL) side of ADD/ADDC/SUB/SUBB/AND/OR/XOR (src), (HL)

2.2.1  Port P2 (P20)

Port P2 is a 1bit input/output port. It is also used as an external interrupt input, and a
STOP mode release signal input. When used as an input port, or a secondary function pin,
the output latch should be set to “1”. During reset, the output latch is initialized to “1”.

It is recommended that pin P20 should be used as an external interrupt input, a STOP
mode release signal input, or an input port. If used as an output port, the interrupt latch is
set on the falling edge of the P20 output pulse.

When a read instruction for port P2 is executed, bits 7 to 1 in P2 are read in as undefined

data.
SET/CLR/CPL/others
Output latch
Data input D QI—e 'I>—o——|:| P20 (INT5 / STOP )
Data ?nput »_é}
Control input
sToP —{ »——-
OUTEN
.. .6 5 4 3 2 1 0
P2 . . . . . . . P20
(00002H) - Z I I I : I INT5 (Initial value; **** ***1)
L _l___l___lstoP
Note: *: Don'’t care

Figure 2.2.2 Port P2
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Port P3 (P35 to P30)

Port P3 is an 6-bit input/output port which can be configured as an input or an output in
one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port P3 input/output control register 1 (P3CR1). Port P3 is configured as an input if
its corresponding P3CR1 bit is cleared to “0”, and as an output if its corresponding P3CR1
bit is set to “1”. During reset, P3CR1 is initialized to “0”, which configures port P3 as an
input. The P3 output latches are also initialized to “1”. Data is written into the output latch
regardless of the P3CR1 contents. Therefore initial output data should be written into the
output latch before setting P3CR1.

Port P3 is also used as an external interrupt input, Remote-control signal input a
timer/counter input, and serial bus interface input/output. When used as a secondary
function input pin except I2C bus interface input/output, the input pins should be set to the
input mode. When used as a secondary function output pin except I2C bus interface
input/output, the output pins should be set to the output mode and beforehand the output
latch should be set to “1”. When P34 and P35 are used as I2C bus interface input/output,
P3CR2 bits should be set to the sink open drain mode, the output latches should be set to
“1”, and the output pins should be set to the output mode.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed,
the contents of output latch setting input mode may be changed by executing bit
manipulation instructions.

Example 1: Outputs an immediate data 5AH to port P3
LD (P3), 5AH ; P3<« 5AH

Example 2: Inverts the output of the lower 4 bits (P33 to P30) in port P3 L
XOR (P3), 00001111B ;P33 to P30 « P33 to P30
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STOP ° STOP -
OUTEN j:)) ;T:Di OUTENQZDO 1 |:
P3jCR1 P3jCR1
Data input (_“ 2 Py

Control input (*1) <«—

Data input 4

4

Control input «—
P3iCR2

Data output

Data output —>| D Q l N >——o—1]

Output latch P3i Output latch P3j
Control output VIN (*2)
(a) P35to P34 (b) P33 to P30
A 6 5 4 3 2 1 0
P3 - - - P35 ! P34 ! P33 ! P32 ! P31l ! P30
(00003H) - Z - SDAO ! SCLO ' TC4 ! ' INT4 ' INT3 (Initial value: **11 1111)
o - | | | 1 TC3 1 RXIN
P3CR1 __7___ ___6__ 5 4 3 2 1 0
(oo2BH) - - - P35CR1 ! P34CR1 ' P33CR1 ! P32CR1 ' P31CR1 ! P30CR1 | (Initial value: **00 0000)
0: Input mode i
P3CRL | 1/O Control for P3 P write
1: Output mode only
PSELCR 7 6 5 4 - 2 1 0o
(OFFEH) - "0 - "0" |P35CR2 1 P34CR2 0" -P52CR2-P51CR2- “0" - (Initial value: 0*00 *00%*)
0: Sink open drain i
P3CR2 | 1/0 Control for P3 e op write
1: Tri-state only

(*1) only P33, P31, P30
(*2) only P33, P32
Note 1: *:Don'tcare,i=5t04,j=31t00
Note 2: P3CRL1 cannot used the read-modify-write instructions.
(Bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)
Note 3: Clear bit 7, 6, 3 and 0 to “0” in PSELCR.

Figure 2.2.3 Port P3 and P3CR
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2.2.3

Port P4 (P47 to P40)

Port P4 is an 8-bit input/output port which can be configured as an input or an output in
one-bit unit under software control. Input/Output mode is specified by the corresponding
bit in the port P4 input/output control register (P4CR). Port P4 is configured as an input if
its corresponding P4CR bit is cleared to “0”, and as an output if its corresponding P4CR bit
is set to “1”. During reset, P4CR 1is initialized to “0”, which configures port P4 as an input.
The P4 output latches are also initialized to “1”. Data is written into the output latch
regardless of the P4CR contents. Therefore initial output data should be written into the
output latch before setting P4CR.

Port P4 is also used as a pulse width modulation (PWM) output. When used as a PWM
output pin, the output pins should be set to the output mode and beforehand the output
latch should be set to “1”.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed,
the contents of output latch setting input mode may be changed by executing bit
manipulation instructions.

P4
(00004H)

PACR

(0000CH) | P47CR | P46CR | P45CR | P44CR | P43CR | P42CR | P41CR | P40CR | (Initial value: 0000 0000)

STOP a
OUTEN j:) |:
P4iCR
Data input <—1:<(

Data output
Output latch P4i

PWM]

P43
PWM3

P42
PWM2

P41
PWM1

P47 P46 P45 P44 P40

PWMO

(Initial value: 1111 1111)

7 6 5 4 3 2 1 0

0: Input mode Write

PACR 1/0O Control for port P4
1: Output mode only

Note1: i=7t0o0
Note 2: j=3to0
Note 3: P4CR cannot be used with the read-modify-write instructions.

(Bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

Figure 2.2.4 Ports P4 and PACR
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Port P5 (P57 to P50)

Port P5 is an 8-bit input/output port which can be configured as an input or an output in
one-bit unit under software control. Input/output mode is specified by the corresponding bit
in the port P5 input/output control register 1 (P5CR1). Port P5 is configured as an input if
its corresponding P5CR1 bit is cleared to “0”, and as an output if its corresponding P5CR1
bit is set to “1”. During reset, P5CR1 is initialized to “0”, which configures port P5 as an
input. The P5 output latches are also initialized to “1”. Data is written into the output latch
regardless of the P5CR1 contents. Therefore initial output data should be written into the
output latch before setting P5CR1.

Port P5 is also used as is also used as AD converter analog input, external interrupt
input, timer/counter input, serial bus interface input/output, and an on screen display
(OSD) output (I signal). When used as a secondary function input pin except 12C bus
interface input/output, the input pins should be set to the input mode. When used as a
secondary function output pin except I2C bus interface input/output, the output pins should
be set to the output mode and beforehand the output latch should be set to “1”. When P52
and P51 are used as 12C bus interface input/output, P5CR2 bits should be set to the sink
open drain mode, the output latches should be set to “1”, and the output pins should be set
to the output mode. When P57 is used as an OSD output pin, the output pin should be set to
the output mode and beforehand the port 6 data selection register (PIDS) should be clear to
“0”. When used as port P5, the port 6 data selection register (PIDS) should be set to “1”.

Note: Input mode port is read the state of input pin. When input/output mode is used mixed,
the contents of output latch setting input mode may be changed by executing bit
manipulation instructions.
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STOP
OUTEN

P5iCR1

—d >

Data input <—¢

Data output
P5i

Output latch

PIDS |

DGINEX
Analog input
AINDS
SAIN
STOP
OUTEN
P5kCR1

Data input

J * g
Control input <—4I

Data output

—]
Output latch

Control output
(c) P53

STOP
OUTEN

P5mCR1

j:) .
D——
H_Tg“

Control input «—

Data input

Data output

Output latch P5m

Control output

k
Control output

DGINEX
Analog input
AINDS
SAIN
STOP
OUTEN
P5jCR1

Data input

Data output

]

>—4n
Output latch PS5

(b) P56 to P54

S—
‘

STOP
OUTEN

P5ICR1
Data input <—¢
Control input <—J

P5ICR2

Data output
Output latch

P5I

(d) P52 to P51

(e) P50
7 6 5 4 3 2 1 0
P5 P57 1+ P56 1 P55 1+ P54 1 P53 1 P52 1 P51 1 P50
(00005H) I 1 AIN3 |, AIN2 | AIN1 | INT2 , SO1 , SL1 | INTO
I : : 1 TC1  SDA1 : SCL1 | TC2 (Initial value: 1111 1111)
1 1 1 I SCK1 1 1 1
] ] ] ] ] ] ]
| | | i AINO | |
P5CR1 7 6 5 4 3 2 1 0

(00008H) | P57CR1 | P5S6CR1 | P55CR1 | P54CR1 | P53CR1 ; P52CR1 } P51CR1 ; PSOCR1 |

(Initial value: 0000 0000)

0: Input mode i
PSCR1 | 1/0 Control for P5 P Write
1: Output mode only
PSELCR 7 6 ! 5 4 3 2 1 o0
(OOFFEH) - - _Q _____ _0_ . _P_3§(_3F_€2_ __F_’3_4_C_R_2_' _ _“_Oi _ P52CR2 : P51CR2| ! (Initial value: 0*00 *00%*)
0: Sink open drain i
PSCR2 | 1/0 Control for P5 nkop Write
1: Tri-state only

Figure 2.2.5 Ports P5 (1/2)
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OrRPGS 7 6 5 4 3 o2 1 o
(OOFBAH) - P67S - P66S - P65S - P64S - PIDS - YBLCS - _MPXS - (Initial value: 0000 0000)
PIDS Selection of the output data | 0: The OSD output (1) Write
for port P57 1: Port P57 output latch only
DGINE 7.6 5 4 3 2 1 0
(OOFFFH) - - - - - DGINE5 - DGINE4 | DGINE3 1 DGINE2 1 DGINEL  DGINEO | (Initial value: **11 1111)
DGINEO 0: P53 port input/TC1 input/S10 input/INT2 input disable
1: P53 port input/TC1 Input/S10 input/INT2 input enable
0: P54 port input disable
DGINE1 . . )
Inbut control register 1: P54 port input enable Write
DGINE2 put control registe 0: P55 port input disable only
1: P55 port input enable
DGINE3 0: P56 port input disable
1: P56 port input enable
Note 1: *:Don'tcare,i=7,j=6t04,k=3,I=2t01,m=0
Note 2: P5CR1 cannot be used with the read-modify-write instructions.
(Bit manipulation instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)
Note 3: Clear bit 7, 6 and 3 to “0” in PSELCR.
Figure 2.2.6 Ports P5 (2/2)
2.25 Port P6 (P67 to P60)

Port P6 is an 8-bit input/output port which can be configured as an input or an output in
one-bit unit under software control. Input/output mode is selected by the corresponding bit
in the port P6 input/output control register (P6CR). Port P6 is configured as an input if its
corresponding P6CR bit is cleared to “0”, and as an output if its corresponding P6CR bit is
set to “1” and P6nS bit is set to “1”. P63 to P60 are sink open drain ports. During reset,
P6CR is initialized to “0”, which configures port P6 as an input. The P6 output latches are
also initialized to “1”.

Data is written into the output latch regardless of the P6CR contents. Therefore initial
output data should be written into the output latch before setting P6CR.

Port P6 is used as an on screen display (OSD) output (R, G, B, and Y/BL signal)/input
(RIN, GIN BIN, Y/BLIN signal), a test video signal output and AD converter analog input.
When used as a secondary function input, the input pins should be set to the input mode.
When used as an OSD output pin, the output pins should be set to the output mode and
beforehand the port P6 data selection register (P67S to P64S) should be clear to “0”. When
used as port P6, the signal control register (P67 to P64) should be set to “1”.

Notel: Input mode port is read the state of input pin. When input/output mode is used mixed,
the contents of output latch setting input mode may be changed by executing bit
manipulation instructions.

Note2: P63 to P61 output “0” after a reset. When these dual-function pins are used as ports, be
sure to set ORP6S2 to “1”

Example: Sets the lower 4 bits (P63 to P60) in port P6 to the output mode, and the other bit
to the input mode.
LD (P6CR),0FH ; P6CR « 00001111B
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Data input % Data input

Data output

STOP . STOP
OUTEN > 1 OUTEN > 1
P6ICR » P6CR 2

1,
~ ]

RIN, GIN

A Y

Output latch P6i Data output~>| D Q * N
R, G, B, Y/BL B S Po|
T Output latch
P6iS
(a) P67 to P64 (b) P63 to P62
DGINEx
Analog input
AINDS
SAIN
STOP
OUTEN
P6kCR ,Z/I
Data input p
p AN
BIN, Y/BLIN
Data 0utput—>| D Q l II>—0—|:|
Output latch Pek
(c) P61 to P60
7 6 5 4 3 2 1 0
P6 P67 1+ P66 1 P65 1 P64 1 P63 1+ P62 1+ P61 1 P60
(00006H) YBL , B , G , R , RN | GIN | BIN , YBLN (Initial value: 1111 1111)
! ! ! ! ! ' AIN5 ' AIN4
P6CR 7 6 5 4 3 2 1 0
(OO00DH) | P67CR ' P66CR ' P65CR ! P64CR ' P63CR ' P62CR ' P61CR ! P60CR | (Initial value: 0000 0000)
0: Input mode Write
P6CR 1/0 Control for port P6 1: Output mode only
ORP6S 7 6 5 4 3 2 1 0o
(OOFBAH) | P67S | P66S ! P65S ! P64S | PIDS - YBLCS - =~ MBXS - (Initial value: 0000 0000)
i 0: The OSD output (R, G, B, Y/BL i
P67S to PBas | Selection of the output data : put ( ) Write
for port P6i 1: Port P6i output latch only
DGINE 7 6 5 4 3 2 1 o
(OFFFH) - - - - | DGINES ' DGINE4 DGINE3 - DGINE2 - DGINE1 - DGINEQO - (Initial value: **11 1111)
0: P60 port input/YIN/BLIN disable
DGINE4 . .
. 1: P60 port input/YIN/BLIN enable Write
Input Control register : -
DGINES 0: P61 port input/BIN disable only
1: P61 port input/BIN enable
ORP6S2 7 6 | 5 4 3 2 1 o
(OOFALH) - - - - - - - _ |Fixed at 1'Fixed at 1!Fixed at 1| - ! (Initial value: **** 000%)
Be sure to fix these bits to “1”, using the initial routine. V(\)/rr]'ltye
Note 1: *:Don'tcare,i=7t04,j=11t00
Note 2: P6CR and ORP6S cannot be used with the read-modify-write instructions. (Bit manipulations such as SET,
CLR, etc. and logical operation such as AND, OR, etc.)
Note3: P63 to P61 output “0” after a reset. When these dual-function pins are used as port, be sure to set ORP6S2
to “17.
Figure 2.2.7 Ports P6, P6CR, and P67S to P64S
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2.2.6 Port P7 (P71 to P70)

Port P7 is a 2bit input/output port, and is also used as a vertical synchronous signal (VD)
input and a horizontal synchronous signal (HD) input for the on screen display (OSD)
circuitry.

The output latches, are initialized to “1” during reset. When used as an input port or a
secondary function pin, the output latch should be set to “1”.

When a read instruction for port P7 is executed, bits 7 to 2 in P7 are read in as undefined
data.

STOP -
OUTEN j:)
P7iCR T
Data input < T
HD, VD
Data outpute| D Q l ™ _
Output latch P7i
. 6__ S 4 3 ____ 2__ 1 0
P : Pll | FZO (Initial value: **** **17)
(oooo7H) - - - e e VD 1+ HD
P7CR 777777777776 777777 5 4 3 % o 1 0
(oooooH) - - - - P71CR | P70CR | (Initial value: **** **QQ)
0: Input mode Write
P7CR 1/0 Control for P7 1: Output mode only
Note 1: i=1to0, *: Don't care

Figure 2.2.8 Ports P7
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2.3 Time Base Timer (TBT)

The time base timer generates time base for key scanning, dynamic displaying, etc. It also
provides a time base timer interrupt INTTBT). The time base timer is controlled by a control
register (TBTCR) shown in Figure 2.3.1.

An INTTBT is generated on the first rising edge of source clock (the divider output of the
timing generator) after the time base timer has been enabled. The divider is not cleared by the
program; therefore, only the first interrupt may be generated ahead of the set interrupt period.

The interrupt frequency (TBTCK) must be selected with the time base timer disabled (When
the time base timer is changed from enabling to disabling, the interrupt frequency can’t be
changed.)

Both frequency selection and enabling can be performed simultaneously.

Example: Sets the time base timer frequency to fc/216 [Hz] and enables an INTTBT interrupt.
LD (TBTCR) , 00000010B ; TBTCK="010"
LD (TBTCR) , 00001010B ;  TBTEN="1"
SET (EIRL). 6

MPX INTTBT
f/2”, fe/2** >— nterrupt
o2 {022 S| request
fc/2'°, fc/2t" >—c
f6/2, 1c/2!* >—|p | Source clock | Rising Source clock | | | I
fc/2®, fe/2 >—E dedge . . '
12 13 etector T |
o : : =
c/2™, fc N
fc/2°, fel2'® >— ; b ' :
c/2”, fcl2 H !
INTTBT ' ”_
' i
' ! Interrupt '
Enable TBT period
Time Base Timer Control Register
(a) Configuration (b) Time Base Timer Interrupt

Figure 2.3.1 Time Base Timer
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TBTCR 7 6 5 4 3 2 1 0
©oozeH) | o0 | - | - | o [71BTEN] TBTCK | | (Initial value: 0%*0 0***)
Time base timer 0: Disable
TBTEN enable/disable 1: Enable
NORMAL, IDLE mode
DVICK =0 DVICK =1
000 fc/2”® [Hz] fc/2* [Hz]
001 fc/2* fc/2% Wfllte
on
Time base timer interrupt 010 fc/2' fe/2" Y
TBTCK 14 15
frequency select 011 fc/2 fc/2
100 fc/2™ fc/2™
101 fc/2™? fc/2®®
110 fc/2™ fc/2?
111 fc/2° fc/2'°

Note 1: fc: High-frequency clock [Hz], *: Don’t care
Note 2: TBTCR is a write-only register and must not be used with any of read-modify-write instructions.
Note 3: Set bit 7 and 4 in TBTCR to “0".

Figure 2.3.2 Time Base Timer and Divider Output Control Register

Table 2.3.1 Time Base Timer Interrupt Frequency (Example: at fc = 16MHZz)

Time Base Timer Interrupt Frequency [Hz]
TBTCK NORMAL, IDLE mode
DV1ICK =0 DV1CK =1
000 1.90 0.95
001 7.62 3.81
010 244.14 122.07
011 976.56 488.28
100 1953.12 976.56
101 3906.25 1953.12
110 7812.50 3906.25
111 31250 15625
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2.4  Watchdog Timer (WDT)

The watchdog timer is a fail-safe system to rapidly detect the CPU malfunctions such as
endless looping caused by noise or the like, or deadlock and resume the CPU to the normal

state.

The watchdog timer signal for detecting malfunction can be selected either a reset output or a
pseudo non-maskable interrupt request. However, selection is possible only once after reset. At
first the reset output is selected.

When the watchdog timer is not being used for malfunction detection, it can be used as a
timer to generate an interrupt at fixed intervals.

24.1

Watchdog Timer Configuration

WDT output

Reset release signal from T.G.

R

Reset output

—{ s o —|>—D RESET
;j} Interrupt request

INTWDT

WDTOUT

MPX
fc/2%, fe/2* —A Binary Counters
21 22 Clock
fc/219, fc/220 —>B Overflow
fc/2™, fc/2 —>{C 1 2
fc/2¥, fc/2’®® —>ID S Clear
—]
2
e
Internal reset @
Q
S R
WDTT WDTEN Writing Writing
S disable code clear code
Controller

00034 00035
WDTCRL WDTCR2

Watchdog timer control registers

MPX: Multiplexer

242

Figure 2.4.1 Watchdog Timer Configuration

Watchdog Timer Control

Figure 2.4.2 shows the watchdog timer control registers (WDTCR1, WDTCR2). The

watchdog timer is automatically enabled after reset.

(1) Malfunction detection methods using the watchdog timer

The CPU malfunction is detected at follows.

1. Setting the detection time, selecting output, and clearing the binary counter.

2. Repeatedly clearing the binary counter within the setting detection time.

Note:

The watchdog timer consists of an internal divider and two-stage binary counter.
Writing the clear code (4EH) clears the binary counter, but not the internal divider.
The minimum overflow time for the binary counter might be three quarters of the
WDTCR1 (WDTT) time setting depending on when the clear code (4EH) is written
into the WDTCR2 register. So, write the clear code on a cycle which is shorter than

that minimum overflow time.
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If the CPU malfunctions such as endless looping or deadlock occur for any cause, the
watchdog timer output will become active at the rising of an overflow from the binary
counters unless the binary counters are cleared. At this time, when WDTOUT =1 a reset is
generated, which drivers the RESET pin low to reset the internal hardware and the
external circuit. When WDTOUT = 0, a watchdog timer interrupt INTWDT) is generated.

The watchdog timer temporarily stops counting in STOP mode including warm-up or
IDLE mode, and automatically restarts (continues counting) when the STOP/IDLE mode is
released.
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Example: Sets the watchdog timer detection time to 22V/fc [s] and resets the CPU malfunction.

LD (WDTCR2), 4EH ; Clears the binary counters
LD (WDTCR1), 00001101B ; WDTT « 10, WDTOUT « 1
[ LD (WDTCR2), 4EH ; Clears the binary counters
. . 1
Within 3/4 of WDT ! (always clear immediately before
detection time E and after changing WDTT)
1
|
. 1
- LD (WDTCR2), 4EH ; Clears the binary counters
]
Within 3/4 of WDT !
1
detection time !
1
_ LD (WDTCR2), 4EH ;  Clears the binary counters
|
Watchdog Timer Register 1
WDTCR1 ____7_ _____ 6_ _____ 5_ _____ 4 v 3 2 1 0
(ooozaH) . ... | wDTEN | WDTT |wDTOUT|  (initial value: **** 1001)
hdog i 0: Disable (It is necessary to write the disable code to
WDTEN Watc og timer WDTCR?2)
enable/disable
1: Enable
NORMAL mode
DV1ICK=0 DV1CK=1 ]
WDTT | Watchdog timer 00 2% Ifc 2%c V(Y:Ite
detection time [s] 01 28f¢c 2%45¢ y
10 2%fc 2%ffc
11 2"/fc 2%Ifc
i o
WDTOUT Watchdog timer 0: Interrupt request
output select 1: Reset output
Note 1: WDTOUT cannot be set to “1” by program after clearing WDTOUT to “0".
Note 2: fc: High-frequency clock [Hz], *: Don't care
Note 3: WDTCRL1 is a write-only register and must not be used with any of read-modify-write instructions.
Note 4: The watchdog timer must be disabled or the counter must be cleared immediately before entering to the
STOP mode. When the counter is cleared, the counter must be cleared again immediately after releasing
the STOP mode.
Note 5: Just right before disabling the watchdog timer, disable the acceptance of interrupts (DI) and clear the

watchdog timer.
If the watchdog timer is disabled under conditions other than the above, the proper operation cannot be
guaranteed.

Watchdog Timer Register 2

WDTCR2
(00035H)

7 6 5 4 3 2 1 0
! ' ' ' ' ! , (Initial valug; *#*x )

Watchdog ti | 4EH: Watchdog timer binary counter clear (clear code) Write
WDTCR2 ate 9 “m?r contro B1H: Watchdog timer disable (disable code)

code write register ) only

Others: Invalid
Note 1: The disable code is invalid unless written when WDTEN = 0.
Note 2:  *: Don'’t care
Note 3: The binary counter of the watchdog timer must not be cleared by the interrupt task.
Note 4: Clears the binary counter does not clear the source clock.
It is recommended that the time to clear is set to 3/4 of the detecting time.

Note 5: The watchdog timer counter must be disabled by writing the disable code (B1H) to WDRCR2 after writing

WDTCR2 to. “4EH".

Figure 2.4.2 Watchdog Timer Control Registers
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(2) Watchdog timer enable

The watchdog timer is enabled by setting WDTEN (bit 3 in WDTCR1) to “1”. WDTEN is
initialized to “1” during reset, so the watchdog timer operates immediately after reset is
released.

Example: Disables watchdog timer

LDW (WDTCR1), 00001000B i WDTEN « 1

(3) Watchdog timer disable

To disable the watchdog timer, clear the interrupt mask enable flag (IMF) to “0” and
write the clear code (AEH) into WDTCR2. Then, clear WDTEN (bit 3 in WDTCR1) to “0”.

When WDTEN is “0”, the watchdog timer is disabled by writing the disable code (B1H)
into WDTCRZ2. If WDTEN is cleared to “0” after the disable code has been written into
WDTCR2, the watchdog timer is not disabled. While it is disabled, its binary counter is
cleared.

Example:
DI ;
LD (WDTCR2), 4EH ;
LDW (WDTCR1), B101H ;
EI ;

Disables interrupt acceptance.
Clears the watchdog timer.
Disables the watchdog timer.
Enables interrupt acceptance.

Table 2.4.1 Watchdog Timer Detection Time (Example: fc = 16 MHz)
Watchdog timer detection time [s]
NORMAL mode

WDTT

24.3

244

DV1CK =0

DV1CK =1

00
01
10
11

2.097
524.288 m
131.072 m
32.768 m

4.194
1.048
262.1m
65.5m

Watchdog Timer Interrupt (INTWDT)

This i1s a pseudo non-maskable interrupt which can be accepted regardless of the
contents of the EIR. If a watchdog timer interrupt or a software interrupt is already
accepted, however, the new watchdog timer interrupt waits until the previous interrupt
processing is completed (the end of the [RETN] instruction execution).

The stack pointer (SP) should be initialized before using the watchdog timer output as an
interrupt source with WDTOUT.

Example: Watchdog timer interrupt setting up
LD SP, 023FH ;
LD (WDTCR1), 00001000B ;

Sets the stack pointer
WDTOUT « 0

Watchdog Timer Reset

If the watchdog timer output becomes active, a reset is generated, which drivers the
RESET pin (sink open drain input/output with pull-up) low to reset the internal hardware.

The reset output time is about 8/fc to 24/fc [s] (0.5 to 1.5 us at fc = 16.0 MHz).

Note: If there is any fluctuation in the oscillation frequency at the start of clock oscillation, the

reset time includes error. Thus, regard the reset time as an approximate value.
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, 2%fc [s]

L 2Ykc i
Clock L] o L L | werr=ne
Binary counter EX 2 I)@( 0 X 1 X 2 X 3 IX 0

Overflow

INTWDT interrupt

WDT reset output T_ (High-2) |(“L" output)

Writes 4EH to WDTCR2

Figure 2.4.3 Watchdog Timer Interrupt/Reset
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16-Bit Timer/Counterl (TC1A)

2.5

Configuration

251
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Be sure to set the function of input/output pins correctly. For details, see the section on I/O port control registers.

Note:

Figure 2.5.1 Timer/Counter 1
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2.5.2 Control

The timer/counter 1 is controlled by a timer/counter 1 control register (TC1CR) and two
16-bit timer registers (TC1DRA and TC1DRB).

TC1DRA 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(00010, 00011H) | . . TCIDRAH (00011H) . | . . TCIDRAL (00010H) ]
TC1DRB Read/Write
(00012, 00013H) | . , TCIDRBH (00013H) | . | . , TCI1DRBL (00012H) . |
Read only
7 6 5 4 3 2 1 0
TC1CR ACPAPY Read/Write
“0” | MCAP1 TC1S TC1CK TC1iM "
(00014H) METT1 . . . (Initial value: 0000 0000)
00: Timer/external trigger timer/event counter mode
TCIM | TC1 operating mode select 23 \livllrs(jeovv\\/ligzr?ﬁeasurement mode
11: Reserved
NORMAL, IDLE mode
DV7CK =0, DVCK =00
DVICK=0 DV1ICK =1
TC1CK | TC1 source clock select [Hz] | 00 fc/2™ fs/2"
01 fc/2’ fc/2®
10 fc/2® fc/2*
11 External clock (TC1 pin input) RIW
Timer | Extend| Event| window| Pulse| PPG
00: Stop and counter clear o o o o o o
TC1S TC1 start control 01: Command start o X X X X X
10: External trigger start at the rising edge x o o o o o
11: External trigger start at the falling edge x °) ¢ °) °) °)
ACAP1 | Auto capture control 0: Auto-capture disable 1: Auto-capture enable
MCAP1 qu:)lzg \év(;?]ttrrlorlneasurement 0: Double edge capture 1: Single edge capture
METT1 Eq);tg;n:(lj;rtlrgogl]er timer 0: Trigger start 1: Trigger start and stop

Note 1: fc: High-frequency clock [Hz]

Note 2: The timer register consists of two shift registers. A value set in the timer register is put in effect at the rising
edge of the first source clock pulse that occurs after the upper data (TC1DRAH) are written. Therefore, the
lower byte must be written before the upper byte (it is recommended that a 16-bit access instruction be
used in writing). Writing only the lower data (TC1DRAL) does not put the setting of the timer register in
effect.

Note 3: Set the mode, source clock PPG control and timer F/F control when TC1 stops (TC1S = 00).

Note 4: Auto-capture can be used in only timer, event counter, and window modes.

Note 5: Values to be loaded to timer registers must satisfy the following condition.

TC1DRA > TC1DRB, TC1IDRA> 1

Note 6: Always write “0” to TFF1 except PPG output mode.

Note 7: On entering STOP mode, the TC1 start control (TC1S) is cleared to “00” automatically. So, the timer stops.
Once the STOP mode has been released, to start using the timer counter, set TC1S again.

Note 8: In the Auto-capture function, when the capture value is read after stop and clear counter or Auto-capture
disable is executed by the TC1 start control (TC1S), the correct capture value might not be able to be
read.When using Auto-capture function, set capture to enable.

Note 9: Since the up-counter value is captured into TC1DRB by the source clock of up-counter after setting
TC1CR<ACAP1>to “1". Therefore, to read the captured value, wait at least one cycle of the internal source
clock before reading TC1DRB for the first time.

Figure 2.5.2 Timer Registers and TC1 Control Register
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2.5.3  Function
Timer/counter 1 has five operating modes: timer, external trigger timer, event counter,
window, pulse width measurement.
(1) Timer mode

In this mode, counting up is performed using the internal clock. The contents of TC1DRA
are compared with the contents of up-counter. If a match is found, an INTTC1 interrupt is
generated, and the counter is cleared to “0”. Counting up resumes after the counter is
cleared. The current contents of up-counter can be transferred to TC1DRB by setting
ACAP1 (bit 6 in TC1CR) to “1” (software capture function). (Auto-capture function)

Table 2.5.1 Source Clock (internal clock) for Timer/Counter 1 (Example: at fc = 16.0 MHz)

NORMAL, IDLE mode
TC1CK DVICK =0 DV1CK=1
. Maximum time . Maximum time
Resolution [us] setting [s] Resolution [us] setting [s]
00 128.0 8.39 256.0 16.78
01 8.0 0.524 16.0 1.049
10 0.5 32.77m 1.0 65.54 m

Example 1: Sets the timer mode with source clock fc/21! [Hz] and generates an interrupt 1
later (at fc = 16 MHz)

LDW (TC1DRA), 1E84H 5 Sets the timer register
(1s+2Wfc=1E84H)

DI

SET (EIRL). 4 ; Enable INTTC1

EI

LD (TC1CR), 00000000B i Selects the source clock and mode

LD (TC1CR), 00010000B ;  Starts TC1

Example 2: Auto-capture

LD (TC1CR), 01010000B ; ACAP1 « 1 (Capture)
; Wait at least one cycle of the
internal source clock
LD WA, (TC1DRB) ;  Reads the capture value
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Count start

Source clock I|I:lI|||Illlll“llllllllllllll||||||||
1

|
Up-counter 0 (L X2 X3 X4) (XXX 2 X 2 X 3 X 4 X5 X6 X7)

TC1DRA 2 X n b

INTTCI interrupt ! Match detect W Counter clear

(a) Timer mode

Source clock [ S S B

P B e I e B e I
Up-counter Xm-2Xm-1X m Xm+1 X m+2 : X n-1 X n Xn+1 X
| Capture | Capture

TC1DRB ? le—lx m X m+1 X m+2 ><:2::>< n-1 X n Xn+1)<:
ACAP1 I

(b) Auto-capture

Figure 2.5.3 Timer Mode Timing Chart

(2) External trigger timer mode

In this mode, counting up is started by an external trigger. This trigger is the edge of the
TC1 pin input. Either the rising or falling edge can be selected with TC1S. Source clock is
an internal clock. The contents of TC1DRA is compared with the contents of up-counter. If a
match is found, an INTTC1 interrupt is generated, and the counter is cleared to “0” and
halted. The counter is restarted by the selected edge of the TC1 pin input.

When METT1 (bit 6 in TC1CR) is “1”, inputting the edge to the reverse direction of the
trigger edge to start counting clears the counter, and the counter is stopped. Inputting a
constant pulse width can generate interrupts. When METT1 is “0”, the reverse directive
edge input is ignored. The TC1 pin input edge before a match detection is also ignored.

The TC1 pin input has the noise rejection; therefore, pulses of 7/fc [s] or less are rejected
as noise. A pulse width of 13/fc [s] or more is required for edge detection in NORMAL or
IDLE mode.

Example 1: Detects rising edge in TC1 pin input and generates an interrupt 100 us later.
(at fc = 16.0 MHz, DV1CK = 1)

LDW  (TC1DRA), 0064H ;100 ps = 24/fc = 64H

DI

SET (EIRL). 4 ; INTTCI1 interrupt enable

EI

LD (TC1CR), 00001000B i Selects the source clock and mode

LD (TC1CR), 00101000B i TC1 external trigger start, METT1 =0

Example 2: Generates an interrupt, inputting “L” level pulse (pulse width: 4 ms or more) to
the TC1 pin. (at fc = 16.0 MHz, DV1CK = 1)

LDW (TC1DRA), 00FAH ;4 ms + 28/fc = FAH

DI

SET (EIRL). 4 ; INTTCI1 interrupt enable

EI

LD (TC1CR), 00000100B i Selects the source clock and mode

LD (TC1CR), 01110100B ; TC1 external trigger start, METT1 =1
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TC1DRA

TC1 pin input TC1S =10
—T T at the rising edge
Internal clock (Il'l'll|||||||||||I|I|I|I|
1 1 1 1
XX DD D@q T XDEEC
TC1DRA Match detect Counter clear

INTTCL1 interrupt

TC1 pin input

Internal clock

Up-counter :)@@@(:2 @@ aaa @0

INTTCL1 interrupt

Count start Count start

()l

.

(a) Trigger start (METT1 =0)

TC1S=10
at the rising edge

L

Count start

_T

Count clear Count start

J_T

{C
))

{(
))

Match detect LI—I)

(b) Trigger start and Stop (METT1 =1)

Counter clear

Note: m<n

3

Figure 2.5.4 External Trigger Timer Mode Timing Chart

Event counter mode

In this mode, events are counted at the edge of the TC1 pin input and bit 4 or 5 in TC1CR.
Either the rising or falling edge can be selected with the external trigger. The contents of
TC1DRA are compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared.

Match detect is executed on other edge of count-up. A match can not be detected and
INTTC1 is not generated when the pulse is still in same state.

Setting ACAP1 to “1” transfers the current contents of up-counter to TC1DRB
(Auto-capture function).

Count start
b
ini \ | — TC1S=10

TCL pin input _U:—l—l—l—r I—rr u_l 1 I_l - a&the falling

! I ( 1 1 | | edge
Up-counter 0 X :" X n-1 X:n XoX 1 X 2

¥ )
TC1DRA 2 X n o
INTTC1 interrupt | Match detect W Counter clear

Figure 2.5.5 Event Counter Mode Timing Chart
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Table 2.5.2 Input Pulse Width for Timer/Counter 1
Minimum pulse width [s]
NORMAL/IDLE

“H” width 2%fc
“L” width 2%fc

(4) Window mode

Counting up is performed on the rising edge of the pulse that is the logical AND-ed
product of the TC1 pin input (window pulse) and an internal clock. The contents of
TC1DRA are compared with the contents of up-counter. If a match is found, an INTTC1
interrupt is generated, and the counter is cleared. Positive or negative logic for the TC1 pin
input can be selected with bit4 or 5 in TC1CR.

It is necessary that the maximum applied frequency be such that the counter value can
be analyzed by the program. That is; the frequency must be considerably slower than the
selected internal clock.

Count start Count stop Count start

Command start

TC1 pin input

: : : 1

Internal clock |Ill:lll'll'l'll|I:||||||:||||||||||
1 1 | 1
1 N 1

\ 1 1 1
Up-counter ©0 X1X2X3XaX 5 (8 X7XoX 1 X 2 X_3)
1

TC1DRA 2 X 7 q

INTTC1linterrupt Match detect W Counter clear

(a) Positive logic (at TC1S = 10)

Command start Count start Count stop Count start

TC1 pin input

Internal clock |I|E||I|I|EI|I|I|I|I|I;||||||;||||||
oII)(1I)(2I)(3I)(4IXTIXI 6 I)@(s oXoX 1

1
Up-counter !
:
TC1DRA 2 X 9 b |
. | Counter
INTTCL1 interrupt ! Match detect clear

(b) Negative logic (at TC1S = 11)

Figure 2.5.6 Window Mode Timing Chart

(5) Pulse width measurement mode

In this mode, counting is started by the external trigger (set to external trigger start by
TC1CR). The trigger can be selected either the rising or falling edge of the TC1 pin input.
The source clock is used an internal clock. On the next falling (rising) edge, the counter
contents are transferred to TC1DRB and an INTTC1 interrupt is generated. The counter is
cleared when the single edge capture mode is set. When double edge capture is set, the
counter continues and, at the next rising (falling) edge, the counter contents are again
transferred to TC1DRB. If a falling (rising) edge capture value is required, it is necessary to
read out TC1DRB contents until a rising (falling) edge is detected. Falling or rising edge is
selected with the external trigger TC1S (bit4 or 5 in TC1CR), and single edge or double
edge is selected with MCAP1 (bit 6 in TC1CR).
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Note 1:Be sure to read the captured value from TC1DRB before the next trigger edge is
detected. If fail to read it, it becomes undefined. It is recommended that a 16-bit access
instruction be used to read from TC1DRB.

Note 2: If either the falling or rising edge is used in capturing values, the counter stops at “1”
after a value has been captured until the next edge is detected. So, the value captured
next will become “1” larger than the value captured right after capturing starts.

Note 3: In the Pulse width measurement mode, the capture value of the first time after the timer
starts might not be a correct value. Thus, execute the dummy read once.

Example: Duty measurement (resolution fc/27 [Hz] DV1CK = 0)
CLR (NTTC1SW).0 ; INTTC1 service switch initial setting:
Clears Bit 0 of INTTC1SW. This bit is
inverted by CPL instruction before
INTTC1 is generated.

LD (TC1CR), 00000110B 5 Sets the TC1 mode and source clock
DI
SET (EIRL). 4 ; Enables INTTC1
EI
LD (TC1CR), 00100110B ; Starts TC1 with an external trigger
: at MCAP1=0
PINTTC1: CPL (INTTC1SW). 0 ; Complements INTTC1 service switch
JRS  F, SINTTC1
LD WA, (TC1DRBL) i Reads TC1DRB

(“H” level pulse width)
Lower address in TC1DRBL:

TC1DRB
LD (HPULSE), WA
RETI
SINTTC1: LD WA, (TC1DRBL) ; Reads TC1DRB (Period)
LD (WIDTH), WA
RETI ; Duty calculation
VINTTC1: DW PINTTC1 ; Sets INTTC1
E WIDTH |
E HPULSE E
TC1 pin I | |
INTTC1 |-| |-|
INTTC1SW | I—
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Figure 2.5.7 Pulse Width Measurement Mode Timing Chart
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2.6  16-Bit Timer/Counter 2 (TC2A)
2.6.1  Configuration
bort TC2S
Window
Clear
fc/2” or fc/2? >—>1A :
fe/2" or fe/2" >—(B Timer/ 16-bit up-counter
fc/2® or fe/2° »—| ¢ event counter
fc/2° or fe/2* s p ¥ clock
cMP !NTTCZ
interrupt
S
3 TC2S
TC2CK —
TC2CR 16-bit timer register 2 MPX: Multiplexer

Note:

TC2 control register

CMP: Comparator

Propagation of control input/output requires the correct I/O port setting. For details, see the section on I/O
ports.

Figure 2.6.1 Timer/Counter 2 (TC2)
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2.6.2 Control
The timer/counter 2 is controlled by a timer/counter 2 control register (TC2CR) and a
16-bit timer register 2 (TC2DR). Reset does not affect TC2DR.
TC2DR 15 14 13 12 11 10 9 8 . 6 5 4 3 1 0
(00016, | . TC2DRH, (00017H) . | . TC2DRL (00016H) .
00017H) Read/Write
TC2CR A 65 4 3 2 1 o
(00015H) - |mcas|  gceek | [Tcawm| (initial value: **00 00*0)
TC2M TC2 0: Timer/event counter mode
operating mode select 1: Window mode
NORMAL1/2, IDLE1/2 mode
DV1CK =0 DV1CK=1
000 fc/2” fc/2*
001 fc/2* fc/2™
1 fc/2° fc/2° -
Tcock | €2 010 cf of Write
source clock select [Hz] 011 fc/2° fc/2* only
100 Reserved Reserved
101 Reserved Reserved
110 Reserved
111 External clock (TC2 pin input)
TC2 0: Stop and counter clear
Te2s start control 1: Start

Note 1:
Note 2:

(TC2DRH) is written. After writing to the upper byte, any match during 1 machine cycle (instruction

execution cycle) is ignored.

Note 3:
Note 4:

TC2DR > 1
Note 5:
Note 6:

released for re

starting timer counter.

fc: High-frequency clock [Hz], *: Don’t care

Set the mode and source clock when the TC2 stops (TC2S = 0).

Writing to the lower byte of timer register 2 (TC2DRL), the comparison is inhibited until the upper byte

Values to be loaded to timer register must satisfy the following condition.

TC2CR are write-only registers and must not be used with any of the read-modify-write instructions.
When STOP mode is started, timer counter is stopped and cleared. Set TC2S to “1” after STOP mode is

Figure 2.6.2 Timer Register 2 and TC2 Control Register
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2.6.3

(1)

Function

The timer/counter 2 has three operating modes: timer, event counter and window modes.

Timer mode

In this mode, the internal clock is used for counting up. The contents of TC2DR are
compared with the contents of up-counter. If a match is found, a timer/counter 2 interrupt
(INTTC2) is generated, and the counter is cleared. Counting up is resumed after the

counter 1s cleared.

Table 2.6.1 Source Clock (internal clock) for Timer/Counter 2 (at fc = 16.0 MHz)

NORMAL, IDLE mode
TC2CK DV1CK =0 DV1CK =1
. Maximum . Maximum
Resolution . . Resolution . .
time settlng time settlng
000 524.3 [ms] 9.54 [h] 1.05 [s] 19.1 [h]
001 512.0 [us] 33.6 [s] 1.02 [ms] 1.12 [min]
010 16.0 [us] 1.05 [s] 32.0 [us] 2.09 [s]
011 0.5 [us] 32.8 [ms] 1.0 [us] 65.5 [ms]
100 Reserved Reserved Reserved Reserved
101 Reserved Reserved Reserved Reserved

Example: Sets the source clock fc/24 [Hz] and generates an interrupt event 25 ms
(at fc = 16 MHz, DVICK = 1)

LDW (TC2DR), 61A8H ;  Sets TC2DR (25 ms + 2¢/fc = 61A8H)
DI

SET (EIRH).6 ; Enable INTTC2 interrupt

EI

LD (TC2CR), 00001100B ; Selects TC2 source clock

LD (TC2CR), 00101100B ;  Starts TC2

Source clock

Up-Counter

Timer register

INTTC2 interrupt

Count start

Match detect Counter clear

n (0]

Figure 2.6.3 Timer Mode Timing Chart
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(2) Event counter mode

In this mode, events are counted on the rising edge of the TC2 pin input. The contents of
TC2DR are compared with the contents of the up-counter. If a match is found, an INTTC2
interrupt is generated, and the counter is cleared. The minimum pulse width to the TC2 pin

is shown in Table 2.6.2. Two or more machine cycles are required for both the “H” and “L”
levels of the pulse width. Match detect is executed on the falling edge of the TC2 pin. A
match can not be detected and INTTC2 is not generated when the pulse is still in a falling

state.

Example: Sets the event counter mode and generates an INTTCZ2 interrupt 640 counts

later.
LDW (TC2DR), 640 ;
DI
SET (EIRH). 6 ;
El

LD (TC2CR), 00011100B ;
LD (TC2CR), 00111100B ;

Sets TC2DR

Enables INTTC2 interrupt

Selects TC2 source clock

Starts TC2

Table 2.6.2 Timer/Counter 2 External Clock Source

Minimum pulse width [S]

NORMAL, IDLE mode

“H” width 2%fc

“L” width 2%fc

Count start

Up-counter

Match detect

TC2 pin input :l'll | l | 'l" l |I|I||
1

B €5 G €3 S 05 0 0 &5 &5 ©

Counter clear

Timer register >< n

q

[

Figure 2.6.4 Event Counter Mode Timing Chart
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(3) Window mode

In this mode, counting up performed on the rising edge of an internal clock during TC2
external pin input (window pulse) is “H” level. The contents of TC2DR are compared with
the contents of up-counter. If a match found, an INTTCZ2 interrupt is generated, and the
up-counter 1s cleared.

The maximum applied frequency (TC2 input) must be considerably slower than the
selected internal clock.

Example: Generates an interrupt, inputting “H” level pulse width of 120 ms or more.
(at fc = 16.0 MHz, DV1CK = 1)

LDW (TC2DR), 0075H i Sets TC2DR (120 ms + 214/fc = 0075H)
DI

SET (EIRH). 6 ; Enables INTTC2 interrupt

EI

LD (TC2CR), 00000101B ; Selects TC2 source clock

LD (TC2CR), 00100101B ; Starts TC2

TC2 pin input | I l
! - !
\ !
mematciock L L L LU UL LU
| ! !
\ 1
Up-counter 0 0-3X__n-2  Xn-XnXoX 1 X2X3)
)

TC2DR X n

. Match detect Counter clear
INTTC2 interrupt H'|

Figure 2.6.5 Window Mode Timing Chart
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2.7 8-Bit Timer/Counter3 (TC3B)
2.7.1  Configuration
Risin
Edge 9
detector TC3S INTTC3
. interrupt
TC3ES Falling A P
ear
TC3 pin Y
A
YH®
B
—>H
fc/2™ or fc/2™ >—>{A
fc/2" or fc/2® >—>{B
fc/2™ or fc/2'? >—>IC Source clock ) Overflow
£c/2% or fe/2M > D Y 8-bit up-counter TC3S
fc/2® or fc/2'® >—>{E | | Comparator
fc/2® or fc/2®  >—>|F
fc/2” orfcl2®  >—>{G Match detect Y
: [
S
3f4 - Capture Capture ®
TC3DRB | | TC3DRA |<—CEL«
TC3CK
ACAP 8-bit timer register
TC3S |_| {}
TC3M
TC3CR
TC3 control register
Note: Propagation of control input/output requires the correct I/O port setting. For details, see the section on I/O
pots.

Figure 2.7.1 Timer/Counter 3 (TC3)
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2.7.2 Control
The timer/counter 3 is controlled by a timer/counter 3 control register (TC3CR) and two
8-bit timer registers (TC3DRA and TC3DRB) and port multiplex control register
(PMPXCR).
TC3DRA 7 6 5 4 3 2 1 0
(oigH) | : : : : : : : | Read/Write (Initial value: 1111 1111)
TC3DRB ,
(0019H) i i i i i i | Read only (Initial value: 1111 1111)
TC3CR 7 6 5 4 3 2 1 0
(001AH) | [acap| [Tcas|  Tesk [Tcam| (initial value: *0*0 0000)
TC3 0: Timer/event counter
TC3Mm operating mode set 1: Capture
NORMAL, IDLE mode
DV1CK =0 DV1CK =1
000 fc/2' fcr2*
001 fc/2” fc/2"
11 12
TC3cK TC3 010 fc/2 fcl2 ‘
source clock select [Hz] 011 fc/2t° fe/2tt Write
100 fc/2° /22 only
101 fc/2° fc/2°
110 fc/2’ fc/2°
111 External clock (TC3 pin input)
TC3 0: Stop and clear
TC3S start control 1: Start
0: -
ACAP Auto-capture control 1: Auto-capture enable
Note 1: fc: High-frequency clock [Hz], *: Don’t care

Note 2:
Note 3:

Note 4:
Note 5:
Note 6:

Note 7:

6 5 4 3 2 1 0

Set the mode and the source clock when the TC3 stops (TC3S = 0).

Values to be loaded to timer register 3A must satisfy the following condition.

TC3DRA > 0 (in the timer and event counter mode)

Auto-capture can be used only in the timer and event counter mode.

Before setting TC3DRA or switching the operating mode, stop the TC3 (TC3S = 0).

When STOP mode is started, timer counter is stopped and TC3 start control (TC3S) is cleared to “0”
automatically. Set TC3S to “1” after STOP mode is released for restarting timer counter.

TC3CR, TCESCR is a write-only register and must not be used with any of read-modify-write instructions.

PMPXCR 7

(0027H) ‘7gi;gHisA7”)””_7777“77;7T§47E§ (Initial value: 00** **00)
TC3ES | TC3input control 0: Normal Write
1: Invert only

Note 8: Always write “0” to bit 7 in PMPXCR.

Figure 2.7.2 Timer Register 3 and TC3 Control Register
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2.7.3

(1

Function

The timer/counter 3 has three operating modes: timer, event counter, and capture mode.
When it is used in the capture mode, the noise rejection time of TC3 pin input can be set
by remote control receive control register.

Timer mode

In this mode, the internal clock is used for counting up. The contents of TC3DRA are
compared with the contents of up-counter. If a match is found, a timer/counter 3 interrupt
(INTTC3) is generated, and the up-counter is cleared. The current contents of up-counter
are loaded into TC3DRB by setting ACAP (bit6 in TC3CR) to “1” (Auto-capture function).

The contents of up-counter can be easily confirmed by executing the read instruction (RD
instruction) of TC3DRB. Loading the contents of up-counter is not synchronized with
counting up. The contents of over flow (FFH) and 00H can not be loaded correctly. It is
necessary to consider the count cycle.

Clock N S N S

Counter X rFE X FF X0 X 01 X
TC3DRB X FE X FFoo X o1

Table 2.7.1 Source Clock (internal clock) for Timer/Counter 3 (Example: at fc = 16.0 MHz)

NORMAL, IDLE mode
TC3CK DVICK =0 DVICK =1
. Maximum setting . Maximum setting
Resolution [us] time [ms] Resolution [us] time [ms]
000 512 130.6 1024 261.1
001 256 65.3 512 130.6
010 128 32.6 256 65.3
011 64 16.3 128 32.6
100 32 8.2 64 16.3
101 16 4.1 32 8.2
110 8 2.0 16 4.1
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Source clock

Up-counter

Timer register B

INTTCS interrupt

Count start

JUUyuyyyyuyuyyL

HalyNalaigialy)

2 X_n

¢ |

Match detect Counter clear

Timer register B ? Xm—lX m Xm+1 Xm+2>< & anlx n Xn+1 X

(a) Timer Mode

NN S [ [ v s
Xm72Xm71X m Xm+1Xm+2 D(n*1X n Xn+1X

Capture (« Capture

(b) Auto-capture

Figure 2.7.3 Timer Mode Timing Chart

(2) Event counter mode

In this mode, the TC3 pin input pulses are used for counting up Either the rising on
falling edge can be selected with TC3ES (bit 0 in PMPXCR). The contents of TC3DRA are
compared with the contents of the up-counter. If a match is found, an INTTC3 interrupt is
generated and the counter is cleared. Match detect is executed on the falling edge of the
TC3 pin. A match can not be detected, and INTTC3 is not generated when the pulse is still
in a falling state.

The maximum applied frequency is shown in Table 2.7.2. Two or more machine cycles are
required for both the high and low levels of the pulse width.

The current contents of up-counter are loaded into TC3DRB by setting ACAP (bit 6 in
TC3CR) to “1” (Auto-capture funcion).

The contents of up-counter can be easily confirmed by executing the read instruction (RD
instruction) of TC3DRB. Loading the contents of up-counter is not synchronized with
counting up. The contents of over flow (FFH) and 00H can not be loaded correctly. It is
necessary to consider the count cycle.

Example: Generates an interrupt every 0.5 s, inputting 50 Hz pulses to the TC3 pin.

LD (TC3CR), 00001110B ; Sets TC3 mode and source clock
LD (TC3DRA), 19H ;0 0.5s+1/50=25=19H
LD (TC3CR), 00011100B ;  Starts TC3

Table 2.7.2 Source Clock (External Clock) for Timer/Counter

Minimum applied frequency [Hz]

NORMAL, IDLE Mode

"H" width 2%Ifc
"L" width 2%Ifc
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Count start

TC3 pin input il'l'l' |_ ll"ll'l'll

| | 1 | | 1 1
Up-counter D €5 GFD €3 SIS ) 0 © &1 & €
1
1
U

Match detect Counter clear

Timer register >< n o)

I
I
INTTC3 interrupt ' &n)

Figure 2.7.4 Event Counter Mode Timing Chart

(3) Capture mode

In this mode, the pulse width, period and duty of the TC3 pin input are measured in this
mode, which can be used in decoding the remote control signals or distinguishing AC 50/60
Hz, etc. The TC3 pin input can have its polarity changed between normal and inverse by
using the TC3ES Register.

a. If TC3ES =“0" (non-inverting input)

Once command operation has started, the counter free-runs on an internal source
clock.

When the falling edge of the TC3 pin input is detected, the counter value is loaded
into TC3DRB. When the rising edge is detected, the counter value is loaded into
TC3DRA, and the counter is cleared, generating an INTTC3 interrupt.

If the rising edge is detected right after command operation has started, no capture
to TC3DRB and an INTTCS3 interrupt occurs only on capture to TC3DRA. If a read
instruction is executed for TC3DRB, the value that exists at the end of the previous
capture (immediately after a reset, “FF”) is read.

b. If TC3ES =“1” (inverse input)
Once command operation has started, the counter free-runs on an internal clock.

When the rising edge of the TC3 pin input is detected, the counter value is loaded
into TC3DRB. When the falling edge is detected, the counter value is loaded into
TC3DRA, and the counter is cleared, generating an INTTC3 interrupt.

If the falling edge is detected right after command operation has started, the counter
value is not captured into TC3DRB and an INTTC3 interrupt occurs only on capture to
TC3DRA. If a read instruction is executed for TC3DRB, the value that exists at end of
the previous capture (immediately after a reset, “FF”) is read.

The minimum acceptable input pulse width is equal to the length of one source clock
period selected by TC3CR <TC3CK>.

Table 2.7.3 TC3INV-Based Capture Input Edges

TC3ES Capture into TC3DRB Capture into TC3DRA | INTTC3 interrupt
“0” 1 ..
(non-inverting input) Falling edge Rising edge
(inverti:g input) Rising edge Falling edge

Note: Capture of the TC3 pin input requires at least 1 cycle of the selected source clock.
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Figure 2.7.5 Capture Mode Timing Chart
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The edge of TC3 pin input is detected in the remote control receive circuit with noize
rejection. The remote control receive circuit is controlled by the remote control receive
control register (RCCR). The romote control receive status register (RCSR) can monitor the
porality selection and noize rejection circuit.

Rising
TC3IN Polarity Noise reject circuit Edge detector —>\ Capture
select (5-bit up-down counter) _,) control
MPX Falling
fc/2® or fc/2° A
TC3 B 'Y
Source clock S
RCSCK >
RPOLS RCNC RCNF RCOVF |RNCM
RCCR/RCSR

MPX: Multiplexer

Remote control receive control/status register

Figure 2.7.6 Remote Control Receiving Circuit
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RCCR
(00026H) | RCEN | RPOLS [ RCsCK | , . RCNC | , | (initial value: 0001 1111)
Noise reject time select i
RCNC J (Source clock) x (RCNC — 1) [s] write
02H < RCNC < 1FH only
NORMAL, IDLE mode
Noise reject circuit DV1CK =0 DV1ICK=1
RCSCK 5 5
Source clock select 0 2%lfc 2’lfc
R/W
1 TC3CK  Note 2
Remote control signal polarity | O: Positive
RPOLS )
select 1: Negative
Remote control receive circuit | O: Disable Write
RCEN . I
operation control 1: Enable only
Note 1: Set RPOLS and RCSCK when the timer/counter stops (TC3S = 0)
Note 2: Source clock of timer/counter 3
Note 3: fc: High-frequency clock [Hz], *: Don't care
Note 4: RCCR includes a write-only register and must not be used with any of read-modify-write instructions.
Note 5: Values to be loaded to RCNC must satisfy the following condition. 02 < RCNC < 1F
RCSR . _
(00026H) | RCNF | RPOLS [RCSCK|RCOVF[RNCM | - - - (Initial value: 0000 0***)
Remote control signal monitor | 0: Low level
RNCM . . ;
after noise rejecter 1: High level Read
Noise reject circuit Overflow 0: Signal and definition by overwriting the noise reject time only
RCOVF q RCNC
ad 1: Overflow
NORMAL, IDLE mode
Noise reject circuit DV1ICK=0 DVICK=1
RCSCK Source clock select 0 2%/ 2°If
(¢ c
R/W
1 TC3CK  Note 2
Remote control signal polarity | 0: Positive
RPOLS .
select 1. Negative
RCNF Remote control signal monitor | 0: Without noise Read
after noise rejecter 1: With noise only
Note 1: Reading out the register RCSR resets RCNF and RCOVF.
Note 2: Source clock of timer/counter 3
Note 3: When a 5-bit up-down counter counts down to “0” after counting up, the RCNF defines to be noise.
Note 4: fc: High-frequency clock [Hz], *: Don't care

Figure 2.7.7 Remote Control Receive Control Register and Remote Control Receive Status Register

Table 2.7.4 Combination between The Polarity and The Edge Selection

RPOLS TC3 pin input pulse Measurement
(Interrupt occurrence is shown as allow.)
A A
0
N P
1
Y Y
Note: When TC3CK is used in RCSCK, do not select an external clock to the TC3CK.
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2.8  8-Bit Timer/Counter 4 (TC4)
2.8.1 Configuration
TC4S
fc/2' or fc/2'0 A

fc/2” or fc/2°—>(B

fc/2° or c/2°>—1C | Source Clear

fc/2® or fe/2*>—>{D | clock dO(;/teelgltow

Y 8-bit up-counter ﬁ)ﬁ
TC\?ES
f AS Comparator
TC4 pin vl Match
S : detect
B
34
TC4CK
TC4S | TC4M
INTTC4
2 } interrupt
request signal
| TC4CR | | TC4DR |
Timer/Counter 4 Control Register  8-bit Timer Register 4
Note: Set the input/output control correctly for the substitutive input/output pins. For details, see the description of
the input/output port control register.

Figure 2.8.1 Timer/Counter 4 (TC4)
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2.8.2 Control

The timer/counter 4 is controlled by a timer/counter 4 control register (TC4CR) and an
8-bit timer register 4 (TC4DR).

TC4DR 7 6 5 4 3 2 1 0
(0001BH) | ' ' ' ' ' ' ' | Write only (Initial value: 1111 1111)
TC4CR 7 6 5 4 3 2 1 0
(0001CH) : : | Tcas | | TC4CK | TC4M | write only (Initial value: **00 0000)

00: Timer/event counter mode
01: Reserved

TC4S TC4 start control
10: Reserved

11: Reserved

NORMAL, IDLE mode
DV1CK =0 DV1CK=1
000 fc/2 fs/2" -
001 fc/2’ fs/2° -
TCacK TC4 source clock select [Hz] 010 fc/2® fs/2° - RIW

(Note 4) 011 fc/2® fs/2* -

100 Reserved Reserved -

101 Reserved Reserved -

110 Reserved Reserved -

111 External clock (TC4 pin input)

00: Timer/event counter mode

. 01: Reserved
TC4M TC4 operating mode select
10: Reserved

11: Reserved

Note 1: fc: High-frequency clock [Hz], *; Don’t care

Note 2: Values to be loaded to the timer register must satisfy the following condition. 1 < TC4DR < 255

Note 3: When the TC4 is started (TC4S =0 — 1) or disabled (TC4S =1 — 0) or while the TC4 is operating (TC4S =
1 — 1), do not write to TC4M and TC4CK in TCACR. If these registers are selected/changed during these
operations, counting up is not performed properly.

Note 4: When STOP mode is started, timer counter is stopped and cleared. Set TC4S to “1” after STOP mode is
released for restarting timer counter.

Note 5:  Undefined values are read from bits 6 and 7 of TC4CR.

Note 6: Do not change TC4DR while the TC4 is operating.

PMPXCR 7. 6 5 4 3 ... 2. 1 _0__
(00027H) - __O_ o _Cl-|_S_ M TC4ES (TC3ES); (Initial value: 00** **00)
0: Rising edge Write

TC4ES TC4 edge select

1: Falling edge only

Note 1: TC4CR, TC4DR and PMPXCR are write only register and must not be used with any of the
read-modify-write instructions such as SET, CLR, etc.

Figure 2.8.2 Timer Register 4 and TC4 Control Register
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2.8.3

(1)

Function

The timer/counter 4 has two operating modes: timer, event counter mode.

Timer mode

In this mode, the internal clock is used for counting up. The contents of TC4DR are
compared with the contents of up-counter. If a match is found, an INTTC4 interrupt is
generated and the up-counter is cleared to “0”. Counting up resumes after the up-counter is

cleared.

Table 2.8.1 Source Clock (internal clock) for Timer/Counter 4 (Example: at fc = 16.0 MHz)

NORMAL, IDLE mode
TCACK DVICK =0 DVICK =1
. Maximum setting . Maximum setting
Resolution [us] time [ms] Resolution [us] time [ms]
000 128.0 32.6 256.0 65.3
001 8.0 2.0 16.0 4.1
010 2.0 0.510 4.0 1.0
100 0.5 0.128 1.0 0.255
(2) Event counter mode

Note:

In this mode, the TC4 pin input (external clock) pulse is used for counting up. Either the
rising or falling edge can be selected with TC4ES (bit 1 PMPXCR). The contents of TC4DR
are compared with the contents of the up-counter. If a match is found, an INTTC4 interrupt
is generated and the counter is cleared. The maximum applied frequency is shown Table
2.8.2. Two or more machine cycles are required for both the high and low level of the pulse
width.

The event counter mode can only be used in NORMAL or IDLE mode.

Table 2.8.2 Timer/Counter 4 External Clock Source

Minimum input pulse width [s]
NORMAL1, IDLE1 mode
2%fc
2%Ifc

“H” width
“L” width
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2.9

Serial Bus Interface (SBI-ver. D)

The TMP88CS34/CP34 has a 1-channel serial bus interface which employs a
clocked-synchronous 8-bit serial bus interface and an I2C bus (a bus system by Philips). The
serial bus interface pins are selectively used as either channel O or channel 1.

The serial interface is connected to external devices through P35 (SDA0)/P52 (SDA1) and P34
(SCL0)/P51 (SCL1) in the I2C bus mode; and through P53 (SCK1), P52 (SO1) and P51 (SI1) in
the clocked-synchronous 8-bit SIO mode.

The serial bus interface pins are also used for the P3/P5 port. When used for serial bus
interface pins, set the P3/P5 output latches of these pins to “1”. When not used as serial bus
interface pins, the P3/P5 port is used as a normal I/O port.

Note 1: When P3 and P5 is used as serial bus interface pins, P35, P34, P51 and P50 should be set
as a sink open drain output by clearing PSELCR to “0".

Note 2: The I°C of TMP88CS34/CP34 can be used only in the Standard mode of I°C. The Fast mode
and the High Speed mode can not be used.

2.9.1 Configuration

— > INTSBI Interrupt Request

SCL
Vo sck (O ps3
(scK)
SIO
Clock Input/ — P52
Control npu (SDA1/S01)
Output —J P51
T Control SCL1/sI1
e Gk ! e
ource Cloc Wi
—1 Generator | Divider
fcld 1 SIO SO
Transfer Data Control
7°C bus Control (A 5 S
Clock Circuit
- Sync. l
CN0|S:9I N 7\ ) — P35
ancefier Control Shift I°C bus (SDA0)
Register Data Noise —1 P34
Control [ canceller SDA (SCLO)
4\
i i
NZ |
SBICRB/
SBISR 12CAR SBIDBR SBICRA
SBI Control Register B/ I°C bus SBI data SBI Control Register A

SBI Status Register Address Register  Buffer Register

Figure 2.9.1 Serial Bus Interface (SBI)
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29.2

2.9.3

Control

The following registers are used for control the serial bus interface and monitor the

operation status.

Serial bus interface control register A (SBICRA)
Serial bus interface control register B (SBICRB)
Serial bus interface data buffer register (SBIDBR)
I2C bus address register (I2CAR)

Serial bus interface status register A (SBISRA)
Serial bus interface status register B (SBISRB)
Serial clock source control register (SCCRB)
Serial clock control status register (SCSR)

The above registers differ depending on a mode to be used. Refer to Section “2.9.7 I12C bus
mode control” and “2.9.9 Clocked-synchronous 8-bit SIO mode control”.

Serial Clock Source Control

A serial bus interface circuit can reduce the power consumption by stopping a serial clock

generater.

SCCRB

(0OFF1H) }

7

Serial Clock Source Control Register

0: Do not generate source clock

Serial clock source control
1: Generate source clock

Write
only

Note: When SCRQ and SCEN are “1”, SCEN cannot be cleared to “0”. When SCRQ is “0”, SCEN is cleared to “0".

Serial Clock Control Status Register

SCSR i 6 _ .5 4 _ 8 ___2 __r _ 0
(0OFF1H) SCRQ| - - - e - (Initial value: 0*** *x*x)
. 0: No source clock request from serial bus interface Read
SCRQ Serial clock source request . )
1: Source clock request from serial bus interface only
SCRQ |‘\ |V\
I |
Source clock | :
[ T I Clock generation % T
“1" — SCEN Write data except ~ Write data “0" - SCEN
“00” to SBIM “00” to SBIM
Figure 2.9.2 Serial Clock Source
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2.9.4  Channel Select
A serial bus interface circuit can select I/O pin when a serial bus interface is used for 12C
bus mode.
Port Switching register
PMPXCR __7 ___ 6 5 A _ .8 _ .2 __ 1. ___°0__
(00027H) o CHsS ( - - l(T(;‘}E,S,)k(TQ%E,S) (Initial value: 00** **00)
CHS I°C bus Channel Select 0: Channel 0 RIW
1: Channel 1
Note 1. When SIO mode, don’t use channel 0. Therefore, set to “1” in PMPXCR at SIO mode.
Note 2:  Always write “0” to bit 7 in PMPXCR.
Note 3: *: Don'’t care
Figure 2.9.3 Channel Select
2.9.5 Software Reset
A serial bus interface circuit has a software reset function, when a serial bus interface
circuit is locked by an external noise, etc.
To occur software reset, write “01”, “10” into the SWRST (bit 1, 0 in SBICRB). During
software reset, the SWRMON (bit 0 in SBISRA) is clear to “0”.
2.9.6 The Data Format in The I1°C bus Mode

The data format when using the TMP88CS34/CP34 in the I2C bus mode are shown in as
below.

(a) Addressing format

8 bits 1 1 to 8 bits 1 1 to 8 bits 1
T T TTTIRrlA A A
S| Slave address |/|C Data C Data C|P
WK K K
1 1 or more
(b) Addressing format (with restart)
[—— 8 bits 1 1 to 8 bits 1 8 bits 1 1to 8 bits —>{1
F'T T TTTIRr[A A T 1T TTTIRr[A A
S| Slave address |/ |C Data C|S| Slave address |[/|C Data C|P
w|K K w|K K
1 1 or more 1 1 or more —
(c) Free data format
[—— 8 bhits 1 1 to 8 bits 1 1to 8 bits —>{1
T 1T T TTT A A A
S Data C Data C Data C|P
K K K
1 1 or more

Notes:  S: Start condition
R/ W : Direction bit
ACK: Acknowledge bit

P: Stop condition

Figure 2.9.4 Data Format in I°C Bus Mode
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2.9.7 1°C Bus Mode Control

The following registers are used to control the serial bus interface (SBI) and monitor the
operation status in the I2C bus mode.

Serial Bus Interface Control Register A

SBICRA 7 6 5 4 _ _§ . 2 1 0
(00020H) | ~ BC | ack | |  SCK | (Initial value: 0000 *000)
ACK =0 ACK=1
BC | Number of . Number of .
Clock Bits Clock Bits
000 8 8 9 8
) 001 1 1 1 Writ
BC Number of transferred bits 010 2 2 3 2 O:I ©
011 3 3 4 3 y
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
ACK Master mode Slave mode
Not generate a clock Not count a clock pulse for
Acknowledgement mode 0 pulse for an an acknowledgement
ACK o g acknowledgement. 9 ) R/W
specification
Generate a clock
Count a clock pulse for an
1 pulse for an
acknowledgement.
acknowledgement.
DVICK =0 DVICK =1
000: Reserved (Note 3) 000: Reserved (Note 3)
001: Reserved (Note 3) 001: Reserved (Note 3)
ScK Serial clock selection 81? Rggeévke'j (Note 3) 812 ggg EEZ Write
. : . z : . z
(At fc = 16 MHz, Output on SCL pin) 100: 30.7 kHz 100- 15.4 kHz only
101: 15.5kHz 101: 7.7 kHz
110: 7.8 kHz 110: 3.9 kHz
111 :Reserved 111 :Reserved

Note 1: Set the BC to “000” before switching to 8-bit SIO bus mode.

Note 2: SBICRA cannot be used with any of read-modify-write instructions such as bit manipulation, etc.

Note 3: This 12C bus circuit does not support the Fast mode. It supports the Standard mode only. Although
the 12C bus circuit itself allows the setting of a baud rate over 100 kbps, the compliance with the 12C
specification is not guaranteed in that case.

Serial Bus Interface Data Buffer Register

SBIDBR 7 6 5 4 3 2 1 0
(00021H) |

| (Initial value: **** **xx)  R/\W

Note 1: For writing transmitted data, start from the MSB (bit 7).

Note 2: The data which was written into SBIDBR cannot be read, since a write data buffer and a read buffer are
independent in SBIDBR. Therefore, SBIDBR cannot be used with any of read-modify-write instructions
such as bit manipulation, etc.

I°C bus Address Register

7 6 5 4 3 2 1 0
12CAR Slave address ALS
(00022H) | SA6 | SA5 | SA4 | SA3 | SA2 | SAl |, SAO0 (Initial value: 0000 0000)
SA Slave address selection .
— — Write
Address recognition mode 0: Slave address recognition
ALS - - only
specification 1: Non slave address recognition

Note 1: I2CAR is write-only register and cannot be used with any of read-modify-write instruction such as bit
manipulation, etc.

Note 2: Do not set I2CAR to “00H" to avoid the incorrect response of acknowledgment in slave mode. If “O0H” is set
to I2CAR as the Slave Address and received “01H” in slave mode, the device might transmit the
acknowledgement incorrectly.

Figure 2.9.5 Serial Bus Interface Control Register A, Serial Bus Interface Data Buffer Register
and 1°C Bus Address Register In The I°C Bus Mode
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Serial Bus Interface Control Register B

occurred.

Serial Bus Interface Status Register A

SBICRB 7 6 5 4 3 2 1 0
©0023H) | MsT | TRX | BB | PIN | SBIM [SWRSTLSWRSTO| (Initial value: 0001 0000)
. 0: Slave
MST Master/Slave selection .
1: Master
. . . 0: Receiver
TRX Transmitter/Receiver selection ) )
1: Transmitter
BB Start/St neration 0: Generate a stop condition when MST, TRX and PIN are “1".
a Op generatio 1: Generate a start condition when MST, TRX and PIN are “1".
PIN c Lint i . 1 0: - Write
ancetinterrupt service reques 1: Cancel interrupt service request only
00: Port mode (Serial bus interface output disable)
Serial bus interface operating | 01: Clocked synchronous 8-bit SIO mode
SBIM . 2
mode selection 10: 1°C bus mode
11: Reserved
SWRST1 . ) o T
SWRSTO Software reset start bit Software reset starts by first writing “10” and next writing “01".
Note 1: Switch a mode to port after confirming that the bus is free.
Note 2:  Switch a mode to 1°C bus mode or clock synchronous 8-bit SIO mode after confirming that the port is
high-level.
Note 3: SBICRB has write-only register and must not be used with any of read-modify-write instructions such as bit
manipulation, etc.

Note 4: When the SWRST (bit 1, 0 in SBICRB) is written to “01”, “10”, software reset (four machine cycles) is

This time, control the serial bus interface and monitor the operation status registers except the SBIM (bit 3,
2 in SBICRB) and the CHS (bit 6 in PMPXCR) are reseted.
Control the serial bus interface and monitor the operation status registers are SBICRA, SBICRB, SBIDBR,
I2CAR, SBISRA, SBISRB, SCCRA and SCSR.

A S . S 3 .. 2__.__ 1 __©
SBISRA - SWR . T
(OOOZOH) - e é(j:ﬁ 777777777777777777 MON (Inltlal value' l)
0: During software reset
SWRMON | Software reset monitor g Read
1: — (Initial) only
Note 1: *: Don'’t care
Serial Bus Interface Status Register B
©0023H) | msT | TRx | BB | PIN | AL | Aas | Apo | LrB | (Initial value: 0001 0000)
MST Master/Slave selection status | 0: Slave
monitor 1. Master
TRX Transmitter/Receiver selection | 0: Receiver
status monitor 1: Transmitter
) 0: Bus free
BB Bus status monitor
1: Bus busy
PIN Interrupt service requests 0: Requesting interrupt service
status monitor 1: Releasing interrupt service request Read
AL Arbitration lost detection 0: only
monitor 1: Arbitration lost detected
AAS Slave address match detection | 0: Not detect slave address match or “GENERAL CALL”
monitor 1: Detect slave address match or “GENERAL CALL”"
ADO “GENERAL CALL" detection 0: Not detect “"GENERAL CALL”
monitor 1. Detect “"GENERAL CALL"
) ) ) 0: Last receive bit is “0”
LRB Last Received bit monitor . .
1: Last receive bit is “1”
Figure 2.9.6 Serial Bus Interface Control Register B and Serial Bus Interface
Status Register A/B in the I°C Bus Mode
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(1) Acknowledgement mode specification

Acknowledgement mode (ACK = “1”)

To set the device as an acknowledgement mode, the ACK (bit4 in SBICRA) should be
set to “1”. When a serial bus interface circuit is a master mode, an additional clock
pulse is generated for an acknowledge signal. In a slave mode, a clock is counted for the
acknowledge signal.

In the master transmitter mode, the SDA pin is released in order to receive an
acknowledge signal from the receiver during additional clock pulse cycle. In the master
receiver mode, the SDA pin is set to low level generation an acknowledge signal during
additional clock pulse cycle.

In a slave mode, when a received slave address matches to a slave address which is
set to the I2CAR or when a “GENERAL CALL” is received, the SDA pin is set to low
level generating an acknowledge signal. After the matching of slave address or the
detection of “GENERAL CALL”, in the transmitter the SDA pin is released in order to
receive an acknowledge signal from the receiver during additional clock pulse cycle. In
a receiver, the SDA pin is set to low level generation an acknowledge signal during
additional clock pulse cycle after the matching of slave address or the detection of
“GENERAL CALL”.

The Table 2.9.1 shows the SCL and SDA pins status in acknowledgement mode.

Table 2.9.1 SCL and SDA Pins Status in Acknowledgement Mode

Mode Pin Transmitter Receiver
SCL An additional clock pulse is generated.
Master Released in order to receive | Set to low level generating an
SDA . .
and acknowledge signal. acknowledge signal.
SCL A clock is counted for the acknowledge signal.
When slave address .
Set to low level generating an
matches or a general - .
Slave . acknowledge signal.
SDA call is detected
After matching of slave Released in order to receive Set to low level generating an
address or general call an acknowledge signal. acknowledge signal.

b. Non-acknowledgement mode (ACK = “0”)

To set the device as a non-acknowledgement mode, the ACK should be cleared to “0”.

In the master mode, a clock pulse for an acknowledge signal is not generated. In the

slave mode, a clock for a acknowledge signal is not counted.
(2) Number of transfer bits

The BC (bits 7 to 5 in SBICRA) is used to select a number of bits for next transmitting
and receiving data.

Since the BC is cleared to “000” as a start condition, a slave address and direction bit

transmissions are always executed in 8 bits. Other than these, the BC retains a specified

value.
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(3) Serial clock

a. Clock source
The SCK (bits 2 to 0 in SBICRA) is used to select a maximum transfer frequency
output from the SCL pin in the master mode. Set a communication baud rate that
meets the I12C bus specification, such as the shortest pulse width of tLOW, based
on the equations shown below.
Four or more machine cycles are required for both high and low levels of pulse width
in the external clock which is input from SCL pin.

Note: Since the I12C of TMP88CS34/CP34 can not be used as the Fast mode and the High
Speed mode, do not set SCK as the frequency that is over 100 kHz.

tHIGH tLow 1/fscl

SCK n

tLow = 2n/fC (bltS 2to0inthe SB|CRA) DV1CK =0 DVICK =1
000 4 5

t = 2"/fc + 8lfc

HIGH " 001 5 6

fscl = 1/(tLow + tHIGH) 010 6 7
011 7 8
100 8 9

Note: fc: High-frequency clock 101 9 10

110 10 11

L L

[ —]

1 1 1
"tSCKL'tSCKH'
Note: tcyc = 4/fc (in NORMAL mode, IDLE mode)

tsckL » tsckH > 4 teyc

Figure 2.9.7 Clock Source

b. Clock synchronization

In the I2C bus mode, in order to drive a bus with a wired AND, a master device which
pulls down a clock pulse to low will, in the first place, invalidate a clock pulse of
another master device which generates a high-level clock pulse.

The serial bus interface circuit has a clock synchronization function. This function
ensures normal transfer even if there are two or more masters on the same bus.

The example explains clock synchronization procedures when two masters
simultaneously exist on a bus.

1 1
1 1
SCL pin (Master 1) \ /iwait i\Count start )\
1 1
1
1

SCL pin (Master 2) Count reset //' ) ( Count reset

/7 N\

SCL (Bus)

© -
o -4----

Figure 2.9.8 Clock Synchronization

As Master 1 pulls down the SCL pin to the low level at point “a”, the SCL line of the
bus becomes the low level. After detecting this situation, Master 2 resets counting a
clock pulse in the high level and sets the SCL pin to the low level.

Master 1 finishes counting a clock pulse in the low level at point “b” and sets the SCL
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(4)

(5)

(6)

pin to the high level. Since Master 2 holds the SCL line of the bus at the low level,
Master 1 waits for counting a clock pulse in the high level. After Master 2 sets a clock
pulse to the high level at point “c” and detects the SCL line of the bus at the high level,
Master 1 starts counting a clock pulse in the high level. Then, the master, which has
finished the counting a clock pulse in the high level, pulls down the SCL pin to the low
level.

The clock pulse on the bus is deteminded by the master device with the shortest
high-level period and the master device with the longest low-level period from among
those master devices connected to the bus.

Slave address and address recognition mode specification

When the serial bus interface circuit is used with an addressing format to recognize the
slave address, clear the ALS (bit 0 in I2CAR) to “0”, and set the SA (bits 7 to 1 in I2CAR) to
the slave address.

When the serial bus interfac circuit is used with a free data format not to recognize the
slave address, set the ALS to “1”. With a free data format, the slave address and the
direction bit are not recognized, and they are processed as data from immediately after
start condition.

Master/slave selection

To set a master device, the MST (bit 7 in SBICRB) should be set to “1”. To set a slave
device, the MST should be cleared to “0”.

When a stop condition on the bus or an arbitration lost is detected, the MST is cleared to
“0” by the hardware.

Transmitter/receiver selection

To set the device as a transmitter, the TRX (bit 6 in SBICRB) should be set to “1”. To set
the device as a receiver, the TRX should be cleared to “0”. When data with an addressing
format is transferred in the slave mode, the TRX is set to “1” by a hardware if the direction
bit (R/ W) sent from the master device is “1”, and is cleared to “0” by a hardware if the bit is
“0. In the master mode, after an acknowledge signal is returned from the slave device, the
TRX is cleared to “0” by a hardware if a transmitted direction bit is “1”, and is set to “1” by a
hardware if it is “0”. When an acknowledge signal is not returned, the current condition is
maintained.

When a stop condition on the bus or an arbitration lost is detected, the TRX is cleared to
“0” by the hardware. The following table show TRX changing conditions in each mode and
TRX value after changing.

Mode Direction Bit Conditions TRX after Changing
Slave ‘0" A received slave address is the “0”
mode 1 same value set to I2CAR wqn
g aq
Master ACK signal is returned
mode 1 “Q”

When a serial bus interface circuit operates in the free data format, a slave address and a
direction bit are not recognized. They are handled as data just after generating a start
condition. The TRX is not changed by a hardware.
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(7) Start/Stop condition generation

When the BB (bit 5 in SBICRB) is “0”, a slave address and a direction bit which are set to
the SBIDBR are output on a bus after generating a start condition by writing “1” to the
MST, TRX, BB and PIN. It is necessary to set transmitted data to the SBIDBR and set “1”
to ACK beforehand.

r---
1
1

SCL pin 1 2 3 4 5 6 7 8 9 .
I
1

SDA pin ! / a6 X A5 X A2 X A3 X A2 X A1 X A0 X RrRw /
| IR
Start l slave address and the direction bit IAcknowIedge
condition signal

Figure 2.9.9 Start Condition Generation and Slave Address Generation

When the BB is “1”, sequence of generating a stop condition is started by writeng “1” to
the MST, TRX and PIN, and “0” to the BB. Do not modify the contents of MST, TRX, BB
and PIN until a stop condition is generated on a bus.

SCL pin [ T
SDA pin - 5 v/ T

Stop condition

Figure 2.9.10 Stop Condition Generation

When a stop condition is generated and the SCL line on a bus is pulled-down to low level
by another device, a stop condition is generated after releasing the SCL line.

The bus condition can be indicated by reading the contents of the BB (bit 5 in SBISRB).
The BB is set to “1” when a start condition on a bus is detected and is cleared to “0” when a
stop condition is detected.

(8) Interrupt service request and cancel

When a serial bus interface circuit is in the master mode and transferring a number of
clocks set by the BC and the ACK is complete, a serial bus interface interrupt request
(INTSBI) is generated.

In the slave mode, the conditions of generating INTSBI are follows:

e At the end of acknowledge signal when the received slave address matches to the value
set by the I2CAR

e At the end of acknowledge signal when a “GENERAL CALL” is received

e At the end of transferring or receiving after matching of slave address or receiving of
“GENRAL CALL”

When a serial bus interface interrupt request occurs, the PIN (bit 4 in SBISR) is cleared
to “0”. During the time that the PIN is “0”, the SCL pin is pulled-down to low level.

Either writing data to SBIDBR or reading data from the SBIDBR sets the PIN to “1”.
The time from the PIN being set to “1” until the SCL pin is released takes tLOW.

Although the PIN (bit 4 in SBICRB) can be set to “1” by the program, the PIN can not be
cleared to “0” by the program.

Note: If the arbitration lost occurs, when the slave address does not match, the PIN is not
cleared to “0” even thought INTSBI is generated.
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(9) Serial bus interface operating mode selection

The SBIM (bit 3 and 2 in SBICRB) is used to specify a serial bus interface operation
mode.

Set the SBIM to “10” in order to change a operation mode to I2C bus mode. Before
changing operation mode, confirm serial bus interface pins in a high level. And switch a
mode to port after confirming that a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on a bus in the I2C bus mode,
a bus arbitration procedure is implemented in order to guarantee the contents of
transferred data.

Data on the SDA line is used for bus arbitration of the I12C bus.

The following shows an example of a bus arbitration procedure when two master devices
exist simultaneously on a bus. Master 1 and Master 2 output the same data until point “ a”.
After Master 1 outputs “1” and Master 2, “0”, the SDA line of a bus is wired AND and the
SDA line is pulled-down to the low level by Master 2. When the SCL line of a bus is
pulled-up at point “b”, the slave device reads data on the SDA line, that is data in Master 2.

Data transmitted from Master 1 becomes invalid. The state in Master 1 is called
“arbitration lost”. A master device which loses arbitration releases the SDA pin and the
SCL 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.

1
scL (Bus) ANV VA A A A A
|
SDA pin (Master 1) _\_/—\—/_:
1~ SDA pin becomes “1” after losing arbitration.
SDA pin (Master 2) \ / \ / \ /
SDA (Bus) \ / \

/S

® —4---e]-=-=---
O -d4-=----]--=--

Figure 2.9.11 Arbitration Lost
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The serial bus interface circuit compares levels of a SDA line of a bus with its those SDA
pin at the rising edge of the SCL line. If the levels are unmatched, arbitration is lost and

the AL (bit 3 in SBISRB) is set to “1”.

When the AL is set to “1”7, the MST and TRX are cleared to “0” and the mode is switched

to a slave receiver mode.

The AL is cleared to “0” by writing or reading data to or from the SBIDBR or writing data

to the SBICRB.

Master
A

. \ 7\ 7 _\ 7\ 7_\ Y 7\
SCLpln_/T\_/;\_/3\__/4\__/5\__/6\__/7\__/8\__/9\
Master<

(

SCL pin 1 2 3 4 5 6 7 8 9

sDApin  \ D7A X D6A X D5A X D4A X D3A X D2A X D1A X DOA /

\ D7A’ X D6A’ X D5A’ - ---

> Stop clock output

SDA pin D7B A _D6B I Releasing SDA pin and SCL pin to high level as |

sing arbitration.

AL [

)

(

TRX |

Accessed to

2

SBIDBR or SBICRB

INTSBI

Figure 2.9.12 Example of when a Serial Bus Interface Circuit is a Master B

(11) Slave address match detection monitor

In the slave mode, the AAS (bit 2 in SBISR) is set to “1” when the received data is
“GENERAL CALL” or the received data matches the slave address setting by I2CAR with

an address recognition mode (ALS = 0).

When a serial bus interface circuit operates in the free data format (ALS = 1), the AAS is

set to “1” after receiving the first 1-word of data.

The AAS is cleared to “0” by writing data to the SBIDBR or reading data from the

SBIDBR.

(12) GENERAL CALL detection monitor

The ADO (bit 1 in SBISR) is set to “1” when all 8-bit received data is “0” immediately after
a start condition in a slave mode. The ADO is cleared to “0” when a start or stop condition is

detected on a bus.

(13) Last received bit monitor

The SDA value stored at the rising edge of the SCL is set to the LRB (bit0 in SBISRB). In
the acknowledge mode, immediately after an INTSBI interrupt request is generated, an

acknowledge signal is read by reading the contents of the LRB.
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29.8
1)

(2

Data Transfer of 1°C Bus

Device initialization

For initialization of device, set the ACK in SBICRA to “1” and the BC to “000”. Specify the
data length to 8 bits to count clocks for an acknowledge signal. Set a transfer frequency to
the SCK in SBICRA.

Next, set the slave address to the SA in I2CAR and clear the ALS to “0” to set an
addressing format.

After confirming that the serial bus interface pin is high-level, for specifying the default
setting to a slave receiver mode, clear “0” to the MST, TRX and BB in SBICRB, set “1” to the
PIN, “10” to the SBIM, and “00” to bits SWRST1 and SWRSTO.

Note: The initialization of a serial bus interface circuit must be complete within the time from all
devices which are connected to a bus have initialized to and device does not generate a
start condition. If not, the data can not be received correctly because the other device
starts transferring before an end of the initialization of a serial bus interface circuit.

Start condition and slave address generation
Confirm a bus free status (when BB = 0).

Set the ACK to “1” and specify a slave address and a direction bit to be transmitted to the
SBIDBR.

By writing “1” to the MST, TRX, BB and PIN, the start condition is generated on a bus
and then, the slave address and the direction bit which are set to the SBIDBR are output.
An INTSBI interrupt request occurs at the 9th falling edge of a SCL clock cycle, and the
PIN is cleared to “0”. The SCL pin is pulled-down to the low level while the PIN is “0”.
When an interrupt request occurs the TRX changes by the hardware according to the
direction bits only when an acknowledge signal is returned from the slave device.

Note 1: Do not write a slave address to be output to the SBIDBR while data is transferred. If data
is written to the SBIDBR, data to been outputting may be destroyed.

Note 2: The bus free must be confirmed by software within 98.0 us (the shortest transmitting
time according to the I°C bus standard) after setting of the slave address to be output.
Only when the bus free is confirmed, set “1” to the MST, TRX, BB, and PIN doesn't finish
within 98.0 us, the other masters may start the transferring and the slave address data
written in SBIDBR may be broken.

1
SCL pin ! 1 2 3 4 5 6 7 8 9 .

SDA pin

i./A6XA5XA4XA3XA2XAlXAOXR/WX ;7
N\ N

Oy J Acknowledge
Start condition A o . signal from a
Slave address + direction bit slave device

PIN

INTSBI
interrupt
request

.

T

Figure 2.9.13 Start Condition Generation and Slave Address Transfer
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(3) 1-word data transfer

Check the MST by the INTSBI interrupt process after an 1-word data transfer is
completed, and determine whether the mode is a master or slave.

a. When the MST is “1” (Master mode)

Check the TRX and determine whether the mode is a transmitter or receiver.

1. When the TRX is “1” (Transmitter mode)

Test the LRB. When the LRB i1s “1”, a receiver does not request data. Implement the
process to generate a stop condition (described later) and terminate data transfer.

When the LRB is “0”, the receiver requests next data. When the next transmitted
data is other than 8 bits, set the BC, set the ACK to “1”, and write the transmitted data
to the SBIDBR. After writing the data, the PIN becomes “1”, a serial clock pulse is
generated for transferring a next 1-word of data from the SCL pin, and then the 1-word
data is transmitted. After the data is transmitted, and an INTSBI interrupt request
occurs. The PIN become “0” and the SCL pin is set to low level. If the data to be
transferred is more than one word in length, repeat the procedure from the LRB test
above.

— Write to SBIDBR

SCLpin _ | 1 2 3 4 5 6 7 8 9

SDA pin D7 X D6 X D5 X D4 X D3 X D2 X DL X DO A  / )
5\_Acknowledge

signal from a
PIN J | receiver

INTSBI interrupt _ rl_ -

request

Figure 2.9.14 Example of when BC = “000", ACK =“1"

2. When the TRX is “0” (Receiver mode)

When the next transmitted data is other than of 8 bits, set the BC again. Set the
ACK to “1” and read the received data from the SBIDBR (reading data is undefined
immediately after a slave address is sent). After the data is read, the PIN becomes “1”.
A serial bus interface circuit outputs a serial clock pulse to the SCL to transfer next
1-word of data and sets the SDA pin to “0” at the acknowledge signal timing.

An INTSBI interrupt request occurs and the PIN becomes “0”. Then a serial bus
interface circuit outputs a clock pulse for 1-word of data transfer and the acknowledge
signal each time that received data is read from the SBIDBR.

Read to SBIDBR

SCL pin __

soapn _ T D7 W D6 W D5 W D4 W D3 W D2 W DI W D0_X _x WNew b7
Acknowledge
signal to a

PIN _ J @smitter

INTSBI interrupt | |

Figure 2.9.15 Example of when BC = “000", ACK =“1"
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To make the transmitter terminate transmit, clear the ACK to “0” before reading
data which is 1-word before the last data to be received. A serial bus interface circuit
does not generate a clock pulse for the acknowledge signal by clearing ACK. In the
interrupt routine of end of transmission, when the BC is set to “001” and read the data,
PIN is set to “1” and generates a clock pulse for a 1-bit data transfer. In this case, since
the master device is a receiver, the SDA line on a bus keeps the high-level. The
transmitter receives the high-level signal as an ACK signal. The receiver indicates to
the transmitter that data transfer is complete.

After 1-bit data is received and an interrupt request has occurred, generates the stop
condition to terminate data transter.

SDApin | D7_ A D6 A D5 A D4 A D3_A D2 A DL A DO/ A _
""""""""""""""""""" Acknowledge signal

sent to a transmitter

PIN L L.
INTSB! interrupt <ﬂ . <|_| ' <|—|_ -

request '
T_uon 5 ACK T—“OOl” — BC

Read SBIDBR Read SBIDBR

Figure 2.9.16 Termination of Data Transfer in Master Receiver Mode

b. When the MST is “0” (Slave mode)

In the slave mode, a serial bus interface circuit operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, the conditions of generating INTSBI are follows:
e  When the received slave address matches to the value set by the I2CAR
e  When a “GENERAL CALL” is received

e At the end of transferring or receiving after matching of slave address or receiving of
“GENERAL CALL”

A serial bus interface circuit changes to a slave mode if arbitration is lost in the master
mode. And an INTSBI interrupt request occurs when word data transfer terminates after
losing arbitration. The behavior of INTSBI and PIN after losing arbitration are shown in
Table 2.9.2.

Table 2.9.2 The Behavior of INTSBI and PIN after Losing Arbitration

When the arbitration occurs during transmission When the arbitration occurs during transmission
of slave address as a master of data as a master transmit mode

INTSBI INTSIB is generated at the terminatin of word data.

PIN When the slave address matches the value set by PIN keeps “1".

12CAR, the PIN is cleared to “0” by generating of
INTSBI. When the slave address doesn’t match
the value set by 12CAR, the PIN keeps “1".

Check the AL (bit 3 in the SBISR), the TRX (bit 6 in the SBISR), the AAS (bit 2 in the
SBISR), and the ADO (bit 1 in the SBISR) and implements processes according to
conditions listed in Table 2.9.3.
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Table 2.9.3 Operation in the Slave Mode
TRX AL AAS | ADO Conditions Process

1 1 1 0 A serial bus interface circuit loses arbitration Set the number of bits in 1 word to the BC
when transmitting a slave address. And and write transmitted data to the SBIDBR.
receives a slave address of which the value
of the direction bit sent from another master
is “1".

0 1 0 In the slave receiver mode, a serial bus
interface circuit receives a slave address of
which the value of the direction bit sent from
the master is “1”.

0 0 In the slave transmitter mode, 1-word data is Test the LRB. If the LRB is set to “1”, set the
transmitted. PIN to “1” since the receiver does not
request next data. Then, clear the TRX to “0”
release the bus. If the LRB is set to “0”, set
the number of bits in 1-word to the BC and
write transmitted data to the SBIDBR since
the receiver requests next data.

0 1 1 1/0 A serial bus interface circuit loses arbitration Read the SBIDBR for setting the PIN to “1”
when transmitting a slave address. And (reading dummy data) or write “1” to the PIN.
receives a slave address of which the value
of the direction bit sent from another master
is “0” or receives a "GENERAL CALL".

0 0 A serial bus interface circuit loses arbitration A serial bus interface circuit is changed to
when transmitting a slave address or data. slave mode. To clear AL to “0”, read the
And terminates transferring word data. SBIDBR or write the data to SBIDBR.

0 1 1/0 In the slave receiver mode, a serial bus Read the SBIDBR for setting the PIN to “1”
interface circuit receives a slave address of (reading dummy data) or write “1” to the PIN.
which the value of the direction bit sent from
the master is “0” or receives “GENERAL
CALL".

0 1/0 In the slave receiver mode, a serial bus Set the number of bits in 1-word to the BC
interface circuit terminates receiving of and read received data from the SBIDBR.
1-word data.

Note: In the slave mode, if the slave address set in I2CAR is “00000000B”, the TRX changes to “1” by receiving the
start byte data “00000001B".

(4) Stop condition generation

When the BB is “1”, a sequence of generating a stop condition is started by setting “1” to
the MST, TRX, and PIN, and clear “0” to the BB. Do not modify the contents of the MST,
TRX, BB, PIN until a stop condition is generated on a bus.

When a SCL line on a bus is pulled-down by other devices, a serial bus interface circuit

generates a stop condition after they release a SCL line.

“1” - MST
“1” > TRX

‘0" — BB
“1” - PIN

SCL pin

SDA pin

PIN

BB (Read)

_

Stop condition
v

Figure 2.9.17 Stop Condition Generation
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(5) Restart

Restart is used to change the direction of data transfer between a master device and a
slave device during transferring data. The following explains how to restart a serial bus
interface circuit.

Clear “0” to the MST, TRX and BB and set “1” to the PIN. The SDA pin retains the
high-level and the SCL pin is released. Since a stop condition is not generated on a bus, a
bus is assumed to be in a busy state from other devices. Test the BB until it becomes “0” to
check that the SCL pin a serial bus interface circuit is released. Test the LRB until it
becomes “1” to check that the SCL line on a bus is not pulled-down to the low-level by other
devices. After confirming that a bus stays in a free state, generate a start condition with
procedure (2).

In order to meet setup time when restarting, take at least 4.7 us of waiting time by
software from the time of restarting to confirm that a bus is free until the time to generate a
start condition.

Note: When restarting after receiving in master receiver mode, because the divice doesn'’t
send an acknowledgement as a last data, the level of SCL line can not be conrirmied by
reading LRB. Therefore, confirm the status of SCL line by reading P5PRD register.

‘0" - MST “1" —» MST
“0" > TRX “1" > TRX
“0” - BB “1” - BB
“1" - PIN “1" - PIN
|(_ 4.7 ps (Min) /— Start condition
SCL (Bus) /T \ / /
\ S
! o 1
SCL (pin) / \ / ) i ) !
1
\ ! !
! 1
SDA (pin) ) / ( i (\ !
1

LRB | ; \i

BB |

PIN | I

Figure 2.9.18 Timing Diagram when Restarting
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2.9.9 Clocked-synchronous 8-Bit SIO Mode Control

The following registers are used to control the serial bus interface (SBI) and monitor the
operation in the clocked-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register A

SBICRA 7 6 5 4 3 2 1 0
(00020H) | sios [SIOINH|  siom N _ SCK_| | (Initial value: 0000 *000)
SIOS Indicate transfer start/stop 0: Stop
1: Start
SIOINH | Continue/abort transfer 0: Continue transfer )
1: Abort transfer (automatically cleared after abort)

00: 8-bit transmit mode

01: reserved

10: 8-bit transmit/receive mode
11: 8-bit receive mode

SIOM Transfer mode select

DV1CK =0 DViCK =1 Write
000: 1000.0 kHz 000:  500.0 kHz only
001: 500.0 kHz 001: 250.0 kHz
. . 010: 250.0 kHz 010: 125.0 kHz
Serial clock selection _ lo11: 1250 kHz 011:  62.5 kHz
SCK (At fc = 16 MHz, Output on SCK ’ ' ’ '
pin) 100:  62.5kHz 100: 31.2kHz
101:  31.2kHz 101: 15.6 kHz
110:  15.6 kHz 110: 7.8 kHz
111: External clock (Input 111: External clock (Input
from SCK pin) from SCK pin)

Note 1: fc: High-frequency clock [Hz], *: Don't care

Note 2: Clear the SIOS to “0” and set the SIOINH to “1” when setting the transfer mode and serial clock.

Note 3: SBICRA is write-only register and cannot be used with any of read-modify-write instructions such as bit
manipulation, etc.

Serial Bus Interface Data Register

SBIDBR 7 6 5 4 3 2 1 0
(00021H) |

. . . . . . . | (nitial value: *#xx *xxx)  RAW
Notel : The data which was written into SBIDBR cannot be read, since a write buffer and a read buffer are
independent in SBIDBR. Therefore, SBIDBR cannot be used with any of read-modify-write instructions
such as bit manipulation, etc.
Note 2: *: Don'’t care

Serial Bus Interface Control Register B

SBICRB 7 6 5 4 3 2 1 0
(00023H) - 0’ - 0" - *0" - *1" |  SBIM __|swRsTi|swrsTo (Initial value: **** 0000)
00: Port mode (serial bus interface output disable)
SBIM Serial bus interface operation 01: SIO mode
mode selection 10: I°C bus mode Write
11: reserved only
2%§2$3 Software reset start bit Software reset starts by first writing “10” and next writing “01”

Note 1: *: Don't care

Note 2: Switch a mode to port after data transfer is complete.

Note 3: Switch a mode to I°C bus mode or clock synchronous 8-bit SIO mode after confirming that the port is
high-level.

Note 4: SBICRB is a write-only register and cannot be used with any of read-modify-write instructions such as bit
manipulation, etc.

Note 5:  Clear bit 7 to 5 in SBICRB to “0”, and set bit 4 to “1”.

Note 6: When the SWRST (bit 1, 0 in SBICRB) is written to “01”, “10”, software reset is occurred.
This time, control the serial bus interface and monitor the operation status registers except the SBIM (bit 3,
2 in SBICRB) and the CHS (bit 6 in PMPXCR) are reseted.
Control the serial bus interface and monitor the operation status registers are SBICRA, SBICRB, SBIDBR,
I2CAR, SBISRA, SBISRB, SCCRA, SCCRB and SCSR.

Figure 2.9.19 Control Register/Data Buffer Register/Status Register in SIO Mode (1)
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Serial Bus Interface Status Register A

SBISRA ___7______6_____?_____:1 _____ 1} _____ g _____ :I:__ 0
00020H
( ) I\S/I\gﬁ (Initial value: **** ***1)
0: During software reset
SWRMON | Software reset monitor g Read
1: — (Initial) only
Serial Bus Interface Status Register B
SBISRB 7 6 5 4 3 2 1 0
(OOOZSH) 3 _“_11 o _1 _____ u_ln_ e }_ SIOF SEF uln ‘:- uln E
SIOF Serial transfer operating status | 0: Transfer terminated
monitor 1: Transfer in process Read
. ) . 0: Shift operation terminated only
SEF Shift operating status monitor . .
1: Shift operation in process
Note: Set bit 7 to 4, bit 1 and bit 0 in SBISRB to “1".

Figure 2.9.20 Control Register/Data Buffer Register/Status Register in SIO Mode (2)

(1) Serial clock
a. Clock source
The SCK (bits 2 to 0 in SBICRA) is used to select the following functions.

1. Internal clock

In an internal clock mode, any of seven frequencies can be selected. The serial clock
is output to the outside on the SCK pin. The SCK pin becomes a high-level when data
transfer starts. When writing (in the transmit mode) or reading (in the receive mode)
data cannot follow the serial clock rate, an automatic-wait function is executed to stop
the serial clock automatically and hold the next shift operation until reading or writing
1s complete.

Automatic-wait function

I<—>|

DOOOODE

Write transmitted data:X a

SCK pin output

SO pin output

Figure 2.9.21 Automatic Wait Function

2. External (SCK = “111")
An external clock supplied to the SCK pin is used as the serial clock. In order to
ensure shift operation, a pulse width of at least 4-machine cycles is required for both

high and low levels in the serial clock. The maximum data transfer frequency is 500
KHz (fc = 16.0 MHz).

SC_Kpin——lr J._lr J_“—l J_l J_

1 1
tsckL tsckH
tsckL, tsckH > 4 teyc

Note: tcyc = 4/fc (in NORMAL mode, IDLE mode)

Figure 2.9.22 The Maximum Data Transfer Frequency in The External Clock Input
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b. Shift edge

The leading edge is used to transmit data, and the trailing edge is used to receive data.

1. Leading edge
Data is shifted on the leading edge of the serial clock (at a falling edge of the SCK
pin input/output).

2. Trailing edge

Data is shifted on the trailing edge of the serial clock (at a rising edge of the SCK pin
input/output).

SCK pin
SO pin

Shift register

SCK pin

Sl pin

Shift register 3210%*** X43210%** X543210** X6543210* X76543210

(b) Trailing edge *: Don't care

Figure 2.9.23 Shift Edge
(2) Transfer mode

The SIOM (bits 5 and 4 in SBICRA) is used to select a transmit, receive, or
transmit/receive mode.

a. 8-bit transmit mode
Set a control register to a transmit mode and write transmit data to the SBIDBR.

After the transmit data is written, set the SIOS to “1” to start data transfer. The
transmitted data is transferred from the SBIDBR to the shift register and output to the
SO pin in synchronous with the serial clock, starting from the least significant bit
(LSB). When the transmit data is transferred to the shift register, the SBIDBR
becomes empty. The INTSBI (buffer empty) interrupt request is generated to request
new data.

When the internal clock is used, the serial clock will stop and automatic-wait
function will be initiated if new data is not loaded to the data buffer register after the
specified 8-bit data is transmitted. When transmit new data is written, automatic-wait
function is canceled.

When the external clock is used, data should be written to the SBIDBR before new
data is shifted.

The SO pin is “1” from the time transmission starts until the first data bit is sent.
When SIOF becomes “0”, the shift register is cleared. So, output of an undefined value
is not prevented at the start of the next transmission.

The transfer speed is determined by the maximum delay time between the time
when an interrupt request is generated and the time when data is written to the
SBIDBR by the interrupt service program.
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Transmitting data is ended by cleaning the SIOS to “0” by the buffer empty interrupt
service program or setting the SIOINH to “1”. When the SIOS is cleared, the
transmitted mode ends when all data is output. In order to confirm if data is surely
transmitted by the program, set the SIOF (bit 3 in the SBISRB) to be sensed. The SIOF
1s cleared to “0” when transmitting is complete. When the SIOINH is set, transmitting
data stops. The SIOF turns “0”.

When the external clock is used, it is also necessary to clear the SIOS to “0” before
new data is shifted; otherwise, dummy data is transmitted and operation ends.

SIOS

SIOF

SEF

SCK pin (output)

SO pin

INTSBI interrupt
request

SBIDBR

SIOS

SIOF

SEF

SCK pin (input)

SO pin

INTSBI interrupt
request

SBIDBR

Clear SIOS

\
a X b
=

Write transmitted data

(a) Internal clock

Clear SIOS

Write transmitted data

(b) External clock

Figure 2.9.24 Transfer Mode
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Example: Program to stop transmitting data. (When external clock is used)

STEST1: TEST (SBISRB).SEF ; If SEF = 1 then loop
JRS F, STEST1

STEST2: TEST (P5) .3 ; If SCK =0 then loop
JRS T, STEST2
LD (SBICRA) , 00000111B ; SIOS« 0

SCK pin |

SIOF

SO pin Bit6 X Bit 7

>

tsopH = Min 3.5/fc [s] (In normal mode, IDLE mode)

Figure 2.9.25 Transmitted Data Hold Time at End of Transmit

8-bit receive mode

Set a control register to a receive mode and the SIOS to “1” for switching to a receive
mode.

Data is received from the SI pin to the shift register in synchronous with the serial clock,
starting from the least significant bit (LSB). When the 8-bit data is received, the data is
transferred from the shift register to the SBIDBR. The INTSBI (buffer full) interrupt
request 1s generated to request of reading the received data. The data is read from the
SBIDBR by the interrupt service program.

When the external clock is used, since shift operation is synchronized with the clock
pulse provided externally, the received data should be read from SBIDBR before next serial
clock is input. If the received data is not read, further data to be received is canceled.

When the internal clock is used, the automatic wait function is executed until received
data is read from SBIDBR.

The maximum transfer speed when the external clock is used is determined by the delay
time between the time when an interrupt request is generated and the time when received
data is read.

Received data disappears if this data is not completely read before reception of the next
data terminates. In this case, the next data received is read.

Receiving data i1s ended by clearing the SIOS to “0” by the buffer full interrupt service
program or setting the SIOINH to “1”. When the SIOS is cleared, received data is
transferred to the SBIDBR in complete blocks. The received mode ends when the transfer is
complete. In order to confirm if data is surely received by the program, set the SIOF (bit 3
in SBIDBR) to be sensed. The SIOF is cleared to “0” when receiving is complete. After
confirming that receiving has ended, the last data is read. When the SIOINH is set,
receiving data stops. The SIOF turns “0” (the received data becomes invalid, therefore no
need to read it).

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, receiving data is concluded by clearing the SIOS to “0”,
read the last data, and then switch the mode.
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}¢———— Clear SI0S ———— |

SIOS

SIOF

SEF
SCK pin (output)
Sl pin

INTSBI interrupt
request

SBIDBR

Read received data Read received data

Figure 2.9.26 Receive Mode (Example: Internal clock)
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8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIDBR. After the
data is written, set the SIOS to “1” to start transmitting/receiving. When transmitting, the
data is output from the SO pin on the leading edges in synchronous with the serial clock,
starting from the least significant bit (LSB). When receiving, the data is input to the SI pin
on the trailing edges of the serial clock. 8-bit data is transferred from the shift register to
the SBIDBR, and the INTSBI interrupt request occurs. The interrupt service program
reads the received data from the data buffer register and writes data to be transmitted. The
SBIDBR is used for both transmitting and receiving. Transmitted data should always be
written after received data is read.

When the internal clock is used, automatic-wait function is initiated until received data
is read and next data is written.

When the external clock is used, since the shift operation is synchronized with the
external clock, received data is read and transmitted data is written before new shift
operation is executed. The maximum transfer speed when the external clock is used is
determined by the delay time between the time when an interrupt request is generated and
the time when received data is read and transmitted data is written.

When transmission starts, a value which is the same as the last bit of previously
transmitted data is output from the time SIOF is set to “1” until the falling edge of SCK

occurs.

Transmitting/receiving data is ended by cleaning the SIOS to “0” by the INTSBI
interrupt service program or setting the SIONH to “1”. When the SIOS is cleared, received
data is transferred to the SBIDBR in complete blocks. The transmit/receive mode ends
when the transfer is complete. In order to confirm if data is surely transmitted/received by
the program, set the SIOF (bit 3 in SBISRB) to be sensed. The SIOF becomes “0” after
transmitting/receiving is complete. When the SIONH is set, transmitting/receiving data
stops. The SIOF turns “0”.

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the
mode needs to be switched, conclude transmitting/receiving data by clearing the SIOS
to “0”, read the last data, and then switch the transfer mode.

SIOS

SIOF

SEF

SCK pin
(output)

SO pin

Sl pin

request

SBIDBR

INTSBI interrupt

——— Clear SI0S ———— |

/’L —

Write transmitted Read received Write transmitted Read received
data (a) data (c) data (b) data (d)

Figure 2.9.27 Transmit/Receive Mode (Example: Internal clock)
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SCK pin
SIOF

SO pin

o

i L

1 !
Bit 6)( Bit 7 in last transmitted word :/

1
1
1

tsopH = Min 4/fc [s] (In normal mode, idle mode)

Figure 2.9.28 Transmitted Data Hold Time at End of Transmit/Receive
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2.10 Remote Control Signal Preprocessor/External Interrupt 3 Input Pin

The remote control signal waveform can be determined by inputting the remote control signal
waveform from which the carrier wave was eliminated by the receive circuit to P30
(INTS/RXIN) pin. When the remote control signal preprocessor/external interrupt 3 pin is also
used as the P30 port, set the P30 port output latch to “1”. When it is not used as the remote
control signal preprocessor/external interrupt 3 input pin, it can be used for normal port.

2.10.1 Configuration

fe/2t S————
fc/2'® >——
fc/2®
fo/2! >———
LI — Receive bit
]tggs counter :> Receive bit counter value monitor (RBCTM)
fc/2? >_l |
|_ Selector
RNC
Polarity . Interrupt INT3
INT3/RXIN [ Noise canceller to
select RNCM select Interrupt
0 INT request
EINT
Measurement
s width select 8-bit up- — Remote control receive
elector | counter counter register (RXCTR)
T_< fc/2° 4T Match detect
fc/2® Shift register
—— fc/2" SRM
12
2// 3;/ 2// ———< fc/2 U
21 4l Remote control receive
RPOLS RCCK RMM 1 |regl creca data buffer register
(RXDBR)
RXCR1 RXCR2
Remote control receive Remote control receive
control register 1 control register 2

Figure 2.10.1 Remote Control Signal Preprocessor

2.10.2 Remote Control Signal Preprocessor Control

When the remote control signal preprocessor is used, operating states are controlled and
monitored by the following registers. Interrupt requests also use the remote control signal
preprocessor/external interrupt 3 input pin.

Remote control receive control register 1 (RXCR1)
Remote control receive control register 2 (RXCR2)
Remote control receive counter register (RXCTR)
Remote control receive data buffer register (RXDBR)

Remote control receive status register (RXSR)

When this pin is used for the external interrupt 3 input, set EINT in RXCR1 to other
than “11”.
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Remote control receive control register 1

RXCR1 7 6 5 4 3 2 1 0
(ooFesH) | Rcck  |RpoLs| EINT | _ RNC | (Initial value: 0000 0000)
00: fc/2° (Hz)
-bit up- 01: fc/2°
RCCK 8-bit up-counter source clock N
select 10: fc/2
11: fc/2*?
i i 0: Positive
RPOLS Remote control signal polarity /
select 1: Negative

00: Rising edge
01: Falling edge (at RPOLS =0)
10: Rising/Falling edge
11: 8-hit receive end

001: 2%fc x 7 - 1/fc (s)

010: 2%fc x 7 - 1/fc

011: 2%fc x 7 - 1/fc

Noise canceler noise 100: 2'/fc x 7 - 1/fc

eliminating time select 101: 2%fc x 7 — 1/fc

110: 2"%c x 7 - 1/fc

111: 2%fc x 7 - 1/fc

000: Noise canceler disable

EINT Interrupt source select
R/W

RNC

Note 1: fc: High-frequency clock [Hz]
Note 2: After reset, RPOLS do not change the set value in the receiving remote control signal. For setting interrupt

edge and measurement data, use EINT and RMM.

Remote control receive control register 2
RXCR2 7 6 5 4 3 2 1 0
(OOFEQH) | CREGA | | Rcs [RMCEN] RMM | (Initial value: 0000 0000)

Match detect time (Tth) = 16 x CREGA/RCCK [s]

Setting of detect time for CREGA =0H to FH
CREGA | match with 8-bit up-counter Example: CREGA = 2H, RCCK = fc/2° [Hz], at fc = 16 MHz,
upper 4 bits DV1CK=0
Tth = 128 [us]
. 0: Stop and counter clear
RCS 8-bit up-counter start control
1: Start R/W
i 0: Disable
RMCEN Remote control signal _ I
preprocesser Enable/Disable 1: Enable
00:
RMM Meas_urement mode select 01: Refer to Table 2.10.1
(invalid when EINT = “10") 10:
11:

Note 1: fc: High-frequency clock [Hz]

Note 2: When an interrupt source is set for rising/falling edge, low and high widths are forcibly measured
separately.

Note 3: Set CREGA (OH to FH) before EINT sets to 8-bit receive end.

Figure 2.10.2 Remote Control Receive Control Register 1, 2
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Remote control receive counter register

RXCTR 7 6 5 4 3 2 1 0 Read Only
(OOFEAH) | (Initial value: 0000 0000)

Remote control receive data buffer register

RXDBR 7 6 5 4 3 2 1 0 Read Only
(OOFEBH) | | (Initial value: 0000 0000)

Remote control receive status register

RXSR 7 6 5 4 _ _§ . 2 1 0 Read Only
(OOFECH) | . RBCTM . | | ovrr | srm | RneM | (Initial value: 0000 *000)
RBCTM Recglve bit counter value
monitor
. 0: No overflow
OVFF | 8-bit up-counter overflow flag
1: Overflow Read
SRM Data buffer register input 0: Upper 4 bits of 8-bit up-counter < CREGA only
monitor 1: Upper 4 bits of 8-bit up-counter > CREGA

Remote control signal monitor
RNCM | after passing through noise
canceler

Note 1: *: Don'’t care

Figure 2.10.3 Remote Control Receive Counter Register, Data Buffer Register, Status Register
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Table 2.10.1 Combination of Interrupt Source and Measurement Mode

RPOLS EINT RMM Interrupt source Measurement mode
00 l_l l_l
00 10 1] T T
11 |‘:’| |:|
01 ]
0 01 10 1 [ 1 e }—
11 |:’| |‘:’|
10 - (I e
00 f——f—]
11 Receive end
10 T e I
00 e
00 10 [ ] [ ]
11 —’|_|‘—’|_|‘—
01 ’_| ﬁ
1 01 10 T_| T_|
11 — = =
10 - (! fF—t—f—
00 Il —F—
11 Receive end
10
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2.10.3 Noise Elimination Time Setting

2.104

(1)

The remote control receive circuit has a noise canceler. By setting RNC in RXCR1, input
signals shorter than the fixed time can be eliminated as noise.

Table 2.10.2 Noise Elimination Time Setting (fc = 16 MHz)

RNC Minimum signal pulse width Maximum noise width to be eliminated

000 - -

001 (2° + 5)lfc (2.31 ps) (2 x 7 - 1)lfc (1.69 us)

010 (2° + 5)lfc (16.31 ps) (2° x 7 - 1)lfc (13.88 ps)

011 (2° + 5)/fc (32.31 ps) (2° x 7 - 1)ifc (27.88 ps)

100 (2*° + 5)/fc (64.31 ps) (2" x 7 - 1)ifc (55.88 ps)

101 (2" + 5)lfc (128.3 ps) (2° x 7 - 1)lfc (111.9 ps)

110 (2" + 5)lfc (512.3 ps) (2" x 7 - 1)/fc (447.9 ps)

111 (2" + 5)lfc (1.024 ms) (2" x 7 - 1)/fc (895.9 ps)

Operation

Interrupts at rising, falling, or rising/falling edge, and measurement modes

First set EINT and RMM. Next, set RCS to “1”; the 8-bit up-counter is counted up by the
internal clock. After measurement, the 8-bit up-counter value is saved in RXCTR. Then,
the 8-bit up-counter is cleared, an INT3 request is generated, and the 8-bit up-counter
resumes counting.

If the 8-bit up-counter overflows (FFH) before measurement is completed, an INT3
request is generated and the overflow flag (OVFF) is set to “1”. Then, the 8-bit up-counter is
cleared. An overflow can be detected by reading OVFF by the interrupt processing. To
restart the 8-bit up-counter, set RCS to “1”.

Setting RCS to “1” zero-clears OVFF.
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(a) High and low width measurement
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INT3 request
8-bit

up-counter value
RXCTR

Figure 2.10.6 Rising/Falling Edge Interrupt Timing Chart
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(2) 8-bit receive end interrupts and measurement modes

By determining one-cycle remote control signal as one-bit data set to “0” or one-pulse
width remote control signal as one-bit data set to “1”, an INT3 request is generated after
8-bit data is received. When “0” is determined, this means the upper four bits in the 8-bit
up-counter have not reached the CREGA value. When “1” is determined, this means the
upper four bits in the 8-bit up-counter have reached or exceeded the CREGA value. The
8-bit up-counter value is saved in RXCTR after one bit is determined. The determined data
is saved, bit by bit, in RXDBR at the rising edge of the remote control signal (when RPOLS
= 1, falling edge). The number of bits saved in RXDBR is counted by the receive bit counter
and saved in RBCTM. RBCTM is set to “0001B” at the rising edge of the input (when
RPOLS = 1, falling edge) after the INT3 request is generated.

~
-~

RNCM I
RCCK |

8-bit up-counter _>\ ?D( FE XFr\ g /G

value
Set to “1” by command

~_
-

RCS CLNJD
OVFF ()() ‘f |
. 5 A\ /
Receive bit n-1 X n N
counter value* 1§

<

—_—_L ~_
q—

RBCTM* n-1Xn_ |/
\\

cl

INT3 request ()()

Note: *: Valid only when 8 bits are received.

Figure 2.10.7 Overflow Interrupt Timing Chart
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Table 2.10.3 Count Clock for Remote Control Preprocessor Circuit (at fc = 16 MHz)

Count clock (RCCK) Resolution [us] Maximum setting time [ms]
00 4 1.024
01 16 4.096
10 64 16.38
11 256 65.53
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2.11 8-Bit AD Converter (ADC)

The TMP88CS34/CP34 has a 8-bit successive approximation type AD converter.

Figure 2.11.1 shows the circuit configuration of the AD converter.

The AD converter includes control registers ADCCRA and ADCCRB, conversion result
registers ADCDR1 and ADCDR2, a DA converter, a sample hold circuit, a comparator, and
sequential transducer circuit.

To use P5 and P6 as analog inputs, clear the output latch for P5 and P6 to “0”. Also, clear the
input/output control registers (P5CR1 and P6CR) to “0”. P63 to P61 output “0” after a reset.

When these dual-function pins are used as ports, be sure to set ORP6S2 to “1”.

2.11.1 Configuration

VDD [O—] DA converter ——] VSS
. . Sample hold Reference
Analog input multiplexer circuit ] voltage
ANO O——— A Y °
ANlL O———B ADS i 8
S Analog
comparator
AIN4 E 3 Successive approximate circuit
u SSIV X1 Ircul
O———1F SAIN )
AINS s Shift clock
EN
AINDS Control circuit INTADC
EN
6 2 3
AD8TRG 0 EOCF ADBF
External ADRS| |AMD ACK
trigger signal
P5CR, P6CR ADCCRA ADCCRB ADCDR1, ADCDR2
P5, P6 port input/output control register AD converter control register AD conversion result register

Figure 2.11.1 AD Converter (ADC)

2.11.2 Control Register
The following register are used foe AD converter.
e AD converter control register 1 (ADCCRA)
e AD converter control register 2 (ADCCRB)
e AD conversion result register (ADCDR1/ADCDR2)
(1) AD converter control register 1 (ADCCRA)
ADCCRA control AD conversion start, AD operation mode select, analog input control
and analog input channel select.
(2) AD converter control register 2 (ADCCRB)
ADCCRB control AD conversion time select.
(3) AD conversion result register (ADCDR1)
AD conversion result is stored after end of conversion.

(4) AD conversion result register (ADCDR2)

For monitoring status of conversion.
Figure 2.11.2 and Figure 2.11.3 show AD converter control register.
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AD Converter Control Register 1

ADCCRA 7 6 5 4 3 2 1 0

(0000EH) | ADRS | AMD [anDs | 0 | _ SAIN | (Initial value: 0001 0000)

The ADRS bit is automatically cleared after starting AD conversion.
During AD conversion, setting ADRS to “1” initializes the ADRS bit

ADRS | AD conversion start and resets conversion.
0 -
1: AD conversion restart
00: STOP mode
) 01: Software start mode
AMD AD Operating mode select 10 Trigger start mode
11: reserved
. 0:  Analog input enable RIW
AINDS | Analog input control 1. Analog input disable
000: Selects AINO
001: Selects AIN1
010: Selects AIN2
. 011: Selects AIN3
SAIN Analog input channel select 100- Selects AINA
101: Selects AIN5
110: -
111: -

Note 1: Select analog input when AD converter stops.

Note 2:  When the analog input is all use disabling, the AINDS should be set to “1”".

Note 3: During conversion, do not perform output instruction to maintain a precision for all of the pins.

And port near to analog input, do not input intense signaling of change.

Note 4: The ADRS is automatically cleared to “0” after starting conversion.

Note 5:  Always set bit 3 in ADCCRA to “0”.

Note 6: Do not set ADRS (bit 7 in ADCCRA) to “1” during AD conversion. Re-set it after confirming with EOCF (bit 5
in ADCDR?2) that the conversion is completed or after generating an interrupt signal (INTADC) (by the
interrupt processing routine or the like).

Note 7  In the trigger mode, the system does not accept the second and subsequent triggers after accepting the first
trigger for starting AD conversion. To restart AD conversion by a trigger, set AMD (bits 6 and 5in ADCCRA)
to “00” and then put the system in trigger start mode again (with AMD = “10").

Note 8: When the system enters STOP mode, AD converter control register 1 (ADCCRA) is initialized.

AD Converter Control Register 2

Re-set this register after the system reenters NORMAL mode.

ADCCRB 7 6 5 4 3 2 1 0
(QO0OFH) © _____: i M0 L ACK_, o0 (nital valve: *+0* 000"
ACK Conyersion DV1CK=0 DV1CK=1
time |fc = 16 MHZ|fc = 8 MHz|fc = 16 MHZ|fc = 8 MHz
000
001 Reserved
010
ACK AD conversion time select 011 | 156/ic [s] — 195 — 39 R/W
100 | 312/fc[s] 195 39.0 39 78
101 | 624/fc[s] 39.0 78.0 78 156
110 | 1248/fc [s] 78.0 - 156 -
111 Reserved
Note 1: Do not use setting except the above list.
Note 2: Set conversion time by analog reference voltage (Vpp) as follows.
Vpp =4.51t05.5V (15.6 p or more)
Note 3: Always set bit 0 and bit 5 in ADCCRB to “0” and set bit 4 in ADCCRB to “1”".
Note 4: When a read instruction for ADCCRB, bit 6 to 7 in ADCCRB read in as undefined data.
Note 5: fc: High-frequency clock [Hz]
Note 6: When the system enters STOP mode, AD converter control register 2 (ADCCRA) is initialized.

Re-set this register after the system reenters NORMAL mode.

Figure 2.11.2 AD Converter Control Register
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AD Conversion Result Register

ADCDR1 7 6 5 4 3 2 1 0
(00031H) | AD07 | ADO6 | ADO5 | AD04 | AD03 | AD02 | ADO1 | ADOO | (Initial value: 0000 0000)
ADCDR2 7 6 5 4 _ _§ _____ g _____ :I: _____ Q .
(ooo32H) - - - - | EOCF | ADBF | - - - - - - — - (Initial value: **00 ****)
EOCF | AD conversion end flag 0: Under converspn or Before conversion
1: End of conversion Read
. i i onl
ADBF | AD conversion busy flag 0: Dur!ng stop of AD conversion 4
1. During AD conversion

Note 1: The EOCF is cleared to “0” when reading the ADCDRL1.
Therefore, the AD conversion result should be read to ADCDR1 more first than ADCDR2.

Note 2: ADBEF is set to “1” by starting AD conversion and cleared to “0” by end of AD conversion. Additionally,
ADBF is cleared to “0” by setting AMD = “00" in ADCCR?2 or entering to the STOP mode.

Note 3: If the pin is used as an analog input pin, reset the DGINE register to “0” to disable all inputs other than

analog inputs.

Figure 2.11.3 AD Converter Result Register

2.11.3 AD Converter Operation

The high side of an analog reference voltage is applied to VDD, and the low side is
applied to VSS pin. Dividing a reference voltage between VDD and VSS to the voltage
corresponding to a bit by a rudder resistance and comparing it with the analog input
voltage converts the AD.

Table 2.11.1 AD Converter Operation mode

Mode Function
AD converter disable mode AD converter stop mode. This mode is always used to change
modes.
Software start mode Single AD conversion of 1 channel which specifies input.
Trigger start mode Single AD conversion of 1 channel which specifies input
(AD8TRG) from Key-On-Wake-Up circuit as a trigger.

2.11.4 Interrupt

Interrupt request signal occur at the timing when the EOCF bit is set to “1”.

88CS34-123 2007-09-12



TOSHIBA TMP88CS34/CP34

2.11.

5 AD Converter Operation Modes

When the MCU places in the STOP mode during the AD conversion, the conversion is
stopped and the ADCDR2 content becomes indefinite. After returning from the STOP mode,
the EOCF and INTADC does not occur. Therefore, the AD conversion must be restarted
after returning from the STOP mode.

Iy [
1 1 ] ]

ADCDR2 x Invalid )Ir Result )k InvalidX Invalid ):(Result
) ] 1 )
1 1

EOCF _l I |—| I '7

Processing —0O—C O0—O0 o

— — | — -
1

Read Start Read Start Start

Figure 2.11.4 AD Conversion Timing Chart

(1) AD conversion in STOP mode

When the AD converter stop mode is specified during AD conversion, the AD conversion
is stopped immediately. The AD conversion is not implemented, so the undefined value is
not written to the AD conversion result register. The AD conversion start commands which
occur 1s the AD converter stop mode are ignored.

This mode is automatically selected by reset.

This mode is used to change the AD converter operation mode.

(2) Single mode
When the AMD (bit 6, 5 to in ADCCRA) set to “01”, the AD conversion signal mode.

This mode does AD conversion of single channel, and conversion result is stored in
ADCDRI1. The EOCF (bit 5 in ADCDR?2) is set to “1” at end of one conversion, and an
intcrrupt request signal occurs. The EOCEF is cleared to “0” by reading the AD conversion
registers.

But when the AD conversion is restarted before the ADCDR is read, the EOCF is cleared
to “0” and the last AD conversion result is maintained till next conversion end.

Do not set ADRS (bit 7 in ADCCRA) during AD conversion. Again set it after confirming
with EOCF (bit 5 in ADCDR2) that the conversion is completed or after generating an
interrupt signal (INTADC) (by the interrupt processing routine or the like).

ADS | |
1
1
ADCDR2 ! Invalid X AD conversion result
: 1
EOCF H |
N |
H L
ADBF | |
1 1
1 1

Conversion time
(Reference to ADCCRB register)

Start Read

Figure 2.11.5 Single Mode
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Example: The AD conversion starts after 19.5 us (at fc = 16 MHz) and AIN4 pin are selected

as the conversion time and the analog input channel. Confirming the EOCF, the
converted value 1s read out, and the 8 bits data is stored to address 009EH in
RAM. The operation mode is a signal mode.

; AIN SELECT

3

2.11.6

LD (P5), 00000000B

LD (P5CR1), 00000000B

LD (P6), 00000000B

LD (P6CR), 00000000B

LD (ADCCRA), 00100100B Selects AIN4, Selects the software start
mode

LD (ADCCRB), 00011000B Selects the conversion time and the

operation mode.

; AD CONVERT START

SET (ADCCRA) . 7 ; ADRS=1
SLOOP: TEST (ADCCR2) . 5 ; EOCF=17?

JRS T, SLOOP

s RESULT DATA READ

LD (9EH), (ADCDR1)

Trigger start mode
The AD conversion of a specified single channel is executed when input (ADSTRG) from
Key-On-Wake-Up circuit is set as trigger, the conversion result is stored in the ADCDRI1.
The EOCF (bit 5 in ADCDR2) is set to “1” at end of one conversion, and an interrupt
request signal occurs.

It needs to be set the STOP mode by bit 5 to 6 in ADCCRA before the AD conversion is
executed again.

Analog Input Voltage and AD Conversion Result

The analog input voltage is corresponded to the 8-bit digital value converted by the AD as
shown in Figure 2.11.6.

result

AD Conversion

FFHT

FEH- -

FDH

I
)

03H-+

02H-—T 7

O1H-

z ] ] ] ( 1 ] 1 1
I I I » T I I T

253 254 255 256
Analog input voltage

Vbp - Vss
256

Figure 2.11.6 Analog Input Voltage and AD Conversion Result (typ.)
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2117

2.11.8
(1

(2)

(€))

STOP Modes during AD Conversion

When standby mode (STOP mode) is entered forcibly during AD conversion, the AD
convert operation is suspended and the AD converter is initialized. (ADCCRA and
ADCCRB are initialized to initial value.) Also, the conversion result is indeterminate.
(Conversion results up to the previous operation are cleared, so be sure to read the
conversion results before entering standby mode.) When restored from standby mode, AD
conversion is not automatically restarted, so it is necessary to restart AD conversion after
setting ADCCRA and ADCCRB. Note that since the analog reference voltage is
automatically disconnected, there is no possibility of current flowing into the analog
reference voltage.

Notice of AD converter

Analog input voltage range

Voltage range of analog input (AINO to AIN5) must be forced from Vss to Vpp. If input
voltage of which out of range is forced to analog input pin, AD conversion result to unknown.
Also, this cause other analog input pin unstable.

I/0 port with analog input

Analog input pins (AINO to AIN5) are also I/O port. During AD conversion using any
analog input pin, don’t operate other I/O port with analog input. Because, AD accuracy
would be worse. Also, other electrically swinging port without analog input may cause noise
to near analog input pin.

Reduce to noise
Figure 2.11.7 is shown as internal equivalent circuit of analog input pin.

Increasing output impedance of analog input supply, cause noise or other non-good
condition.

Therefore, output impedance of analog input supply must be less than 5kQ.

And we recommend to connect capacitance to analog input pin.

Internal resistance Analog converter

R =5 kQ (typ.)
Internal Capacitance
C =22 pF (typ.) l

DA converter

AINX

Analog input

supply impedance J’
5 kQ (max.)

Figure 2.11.7 Analog Input Equivalent Circuit and Analog Input Pin
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2.12 Key-On-Wake-Up

In this MCU the IDLE mode is also released by Low active port inputs. The low input voltage

is regulated higher than the other normal ports. Therefore the ports can be enabled by analog

input level.

2.12.1 Configuration
PORT P53
O—e AINO
AD Converter
KWUO VIL < VDD x 0.65

{>C AD8TRG

Kwu1 PORT P54 AINL
Kwu2 PORT P55 {>c Noise
AIN2 reject
{>c —) circuit
KWU3 | PORT P56 )
AIN3
{>c INTKWU

KWU4 | PORT P60

AIN4

KWU5 PORT P61

Y

D—
D—

AINS _,l—\l_/

1 |

INTAD| - IDLE5S|IDLE4|IDLE3|IDLE2|IDLE1|IDLEO « * IDLES|IDLE4|IDLE3|IDLE2|IDLE1|IDLEO
EN EN EN EN EN EN EN IN IN IN IN IN IN
IDLECR (OOFDOH) IDLEIN (OOFDOH)

2.12.2

Figure 2.12.1 Key-On-Wake-Up Control Circuit

Control

P53 to P56 and P60, P61 ports can be controlled by IDLE control register (IDLECR).

It can be configured as enable/disable in one-bit unit. When those pins are used by IDLE
mode release, those pins must be set input mode (P5CR1, P5, P6CR, P6, ADCCRA).

IDLE mode is controlled by system control register 2 (SYSCR2) and maskable interrupts.
After the individual enable flag (EF5) is set to “1”, the IDLE mode must starts. When
enabled port input generates INTKWU interrupt, the IDLE mode is released. Low level
input voltage in those ports is regulated to less than VDD x 0.65 (V).

IDLE port monitorring register (IDLEIN) can be used to check state of ports.

INTADEN can enable to generate ADS8TRG, which is used as trigger of AD converter
trigger start mode.

Noise reject circuit eliminate noise, which is less than 24 ps period.
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IDLE control register

IDLECR 7 6 5 4 3 2 1 0
(OOFDOH) INTAD . IDLE5 | IDLE4 | IDLE3 | IDLE2 | IDLE1 | IDLEO (Initial value: 000 0000)
EN EN EN EN EN EN EN
. [— 0: Disable
INTADEN [ Generation of ADS8TRG
1: Enable
_ 0: Disable
IDLESEN | Release IDLE mode by Kwu5s
1: Enable
_ 0: Disable
IDLE4EN | Release IDLE mode by Kwu4
1: Enable
_ 0: Disable i
IDLE3EN | Release IDLE mode by KWU3 Write
1: Enable only
___ 0: Disable
IDLE2EN | Release IDLE mode by Kwu2
1: Enable
__ 0: Disable
IDLEL1EN | Release IDLE mode by Kwu1l
1: Enable
__ 0: Disable
IDLEOEN | Release IDLE mode by Kwuo
1: Enable
Note :  *: Don't care
IDLE port monitorring register
IDLEIN 7 6 5 4 3 2 1 0
(OOFDOH) . . IDLE5 | IDLE4 | IDLE3 | IDLE2 | IDLE1 | IDLEO (Initial value: **00 0000)
IN IN IN IN IN IN
JE— 0: “0” detect
IDLESIN | Input level of KwuU5
1: “1” detect
— 0: “0” detect
IDLE4IN | Input level of Kwu4
1: “1” detect
N 0: “0" detect
IDLE3IN Input level of KwU3
1: “1” detect Read
___ 0: “0" detect only
IDLE2IN [ Input level of Kwu2
1: “1” detect
[ 0: “0" detect
IDLELIN | Input level of Kwu1
1: “1" detect
[ 0: “0" detect
IDLEOIN | Input level of KwuUO0
1: “1" detect
Note :  *: Don't care
Figure 2.12.2 Key-On-Wake-Up Control Register
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2.13 Pulse Width Modulation Circuit Output
The TMP88CS34/CP34 has four 12-bit resolution PWM output channels including two 14-bit

resolution selectable.

DA converter output can easily be obtained by connecting an external low-pass filter. PWM
outputs are multiplexed with general purpose I/O ports as; P40 (PWMO0) to P43 (PWM3). PWM

output is negative logic. When these ports are used PWM outputs, the corresponding bits of P4,

P5 output latches and input/output control latches should be set to “1”.

In STOP mode, PWM output pin keeps high-level. When operation mode is changed from
STOP mode to NORMAL mode, PWM control register PWMCR1A, PWMCR1B) are initialized.

2.13.1 Configuration

12-Bit Resolution PWM output

Internal counter (2)

Internal counter (1)

PWMO P

lock
|14|13|1|z|1|1|w| o[ 7[e[s[4[a]2 [T}k

PWM Control Register 1B PWM Control Register 1A

[ [
[ [
A A T A ST
3 L 1 1 1
Additional pulse J o ’ S | : |
generate circuit Compare circuit R ! ! !
ALL “0” 1 1 1
13| T T|T T T 8 ’ T T T T I.I/TI T 0 : : :
| PWM Data Latch | | PWM Data Latch | i i i
1 1 1
= T ﬁ 0 ! T T T T T T |0 ] : : :
TransferIBuff]er (tr?e upiper) | Tlranslfer IBuffler (tlhe leelr) | ' ' '
1 1 1
T 1T ! ! !
| I 1 1 1
7 | 0 | | |
T T T T T 1 ' | '
| PWMDBR1 | | | |
| | |
! 1 1
[0 o T T [ 1o
T T T T T T T T
|PWMCRlB| | PWMCR1A |

Figure 2.13.1 PWM Output Circuit
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2.13.2 PWM Output Wave Form

(1) PWMO to PWM1 Outputs

PWMO and PWM1 output can be selected 12-bit or 14-bit resolution PWM outputs.

12-bit Resolution PWM Output

When these are used as 12-bit PWM output, one period is Tm = 21%/fc [s] (When
DV1CK = 0) and Tm = 214/fc [s] (When DV1CK = 1) and sub-period is Ts = Tw/16.

The lower 8-bit of the PWM data latch controls the low level pulse width with a cycle
of Ts. The lower 8-bit of the PWM data latch is n (n = 1 to 255), the low level pulse
width with a cycle becomes n x to [s] (to= 2/fc [s] when DV1CK = 0, to= 4/fc [s] when
DVICK =1).

The upper 4-bit of the PWM data latch controls a position to output the additional
pulses. When the upper 4-bit of the PWM data latch is m, the additional pulses are
generated in each of m periods out of 16 periods contained in a TM period.

The relationship between the 4-bit data and the position of TS period where the
additional pulses are generated is shown in Table 2.13.1.

Table 2.13.1 The addition pulse (12 bit mode)

Bit position of the lower 4 bits of PWMDRxH Relative position of Tg in Ty period where the additional

Bit 11 Bit 10 Bit 9 Bit 8 pulse is generated. (Number of Tg ()) is listed)

a)

0 0 No additional pulse

b)

8

c)

4,12

d)

2,6,10, 14

e)

r|lO|O|O|O
o|lr|O|O|O
o|lo|r|O
o|lo|o|r

1,3,57,9,11, 13,15

Note 1:
Note 2:

The bit positions of a) to e) can be combined.
If the low order eight bits for the PWM data latch are set to “FFH", be sure to set the high order four bits for
this latch to “O0H".

14-bit Resolution PWM Output

When these are used as 14-bit PWM output, one period is Tm = 215/fc [s] (When
DVI1CK = 0) and Tm = 216/fc [s] (When DV1CK = 1) and sub-period is Ts = Tm/64.

The lower 8-bit of the PWM data latch controls the low level pulse width with a cycle
of Ts. The lower 8-bit of the PWM data latch is n (n = 1 to 255), the low level pulse
width with a cycle becomes n x to [s] (to= 2/fc [s] when DV1CK = 0, to= 4/fc [s] when
DVICK=1).

The upper 6-bit of the PWM data latch controls a position to output the additional
pulses. When the upper 6-bit of the PWM data latch is m, the additional pulses are
generated in each of m periods out of 64 periods contained in a TM period.

The relationship between the 6-bit data and the position of TS period where the
additional pulses are generated is shown in Table 2.13.2.

Table 2.13.2 The addition pulse (14 bit mode)

Bit position of the lower 6 bits of PWMDRxH Relative position of Tg in Ty period where the additional

Bit13 | Bit12 | Bit 11 | Bit10 | Bit9 Bit 8 pulse is generated. (Number of Tg ()) is listed)

0 0 No additional pulse

32

16, 48

8, 24, 40, 56

4,12, 20, 28, 36, 44, 52, 60

2,6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62

Rr|O|O|O|O|O|O
o|r|O|O|O|O|O
o|Oo|r|O|O|O|O
o|Oo|Oo|r|O|O|O
o|Oo|Oo|Oo|r|O
oO|Oo|Oo|Oo|O|F

1,3,5,7,9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33,
35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63

Note 1:
Note 2:

The bit positions of a) to g) can be combined.
If the low order eight bits for the PWM data latch are set to “FFH", be sure to set the high order six bits for
this latch to “O0H".
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(20 PWM2 to PWM3 Outputs

PWM2 and PWM3 output are 12-bit resolution PWM outputs.
One period is TM = 213/fc [s] (When DV1CK = 0) and Tm = 2!¥/fc [s] (When DV1CK = 1)

and sub-period is Ts = TMm/16.

The lower 8-bit of the PWM data latch controls the low level pulse width with a cycle

of Ts. The lower 8-bit of the PWM data latch is n (n = 1 to 255), the low level pulse width
with a cycle becomes n x to [s] (to = 2/fc [s] when DV1CK = 0, to = 4/fc [s] when DV1CK =

1).
The upper 4-bit of the PWM data latch controls a position to output the additional

pulses. When the upper 4-bit of the PWM data latch is m, the additional pulses are
generated in each of m periods out of 16 periods contained in a TM period.

additional pulses are generated is shown in Table 2.13.1.

The relationship between the 4-bit data and the position of Ts period where the

PWMO
to
PWM1

PWM2
to
PWM3

Note 1:
Note 2:

14-bit resolution PWM mode: the additional pulse Ts (1) and Ts (63)

Tu=64Ts
Ts (0) Ts (1) Ts (63)
t t
“hato —f| 2 —f| 2
Pulse width =n x tg Pulse width = (n + 1) tg
12-bit resolution PWM mode: the additional pulse Ts (1) and Ts (15)
Ts (0) Ts (1) Ts (15)
t t
“hato —f| 2 —f| 2
Pulse width =n x tg Pulse width = (n + 1) tg
If the pulse width is set to “00H", PWM will not operate. Its output will remain high.
If the pulse width is set to “FFH", settings for additional pulses cannot be made. Be sure to set the pulse
width to “00H".

Figure 2.13.2 PWM Output Wave Form
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2.13.3 Control

PWM output is controlled by PWM Control Register (PWMCR1A, PWMCR1B) and PWM

Data Buffer Register PWMDBRI1).

PWM Control Register 1A

7 6 5 4 3 2 1 0
PWMCRLA I ABORTL1|START3|START2|START1|STARTO RESOLUTION (Initial value: 000 0000)
(00028H) 7 1 0
ABORTL Abort PWM operation of 0: Operation
channel 3t0 0 1: PWM Abort (PWM outputs are fixed to a high-level.)
0: Stop PWM3
START3 Start channel 3 I
1. Start PWM3
0: Stop PWM2
START2 Start channel 2 _
1. Start PWM2
0: Stop PWM1 Write
START1 Start channel 1 _ onl
1: Start PWML y
0: Stop PWMO
STARTO Start channel 0 _
1. Start PWMO
) 0: 14-bit resolution
RESOLUTIONL | Select channel 1 resolution . .
1. 12-bit resolution
) 0: 14-bit resolution
RESOLUTION2 | Select channel 0 resolution . .
1. 12-bit resolution

Note 1: *: Don't care

Note 2  After set the ABORTL1 to “1”, the ABORTL1 is cleared to “0” automatically.

Note 3: PWMCRI1A is write-only register and cannot be used with any of the read-modify-write instructions such
as SET, CLR, etc.

PWM Control Register 1B

7 6 5 4 3 2 1 0
PWMCRIB | v T o o PWMCHS1 (Initial value: **** *000)
' : : ' : PWMHL
(ooo2oH4) . . L L |
00: Channel 0
Select the PWM data latch of | 01: Channel 1
PWMCHS1 12-bit PWM channels 10: Channel 2 Write
11: Channel 3 only
PWMHL Select upper or lower data 0: Lower 8-bit
transfer buffer (PWMDBR1) 1: Upper 4-bit or 6-bit

Note 1: *: Don'’t care
Note 2: PWMCR1B is write-only register and cannot be used with any of the read-modify-write instructions such
as SET, CLR, etc.

PWM Data Buffer Register 1

7 6 5 4 3 2 1 0

PWMDBR1 Write only
(0002AH) (Initial value: 0000 0000)

Note 1: PWMDBR1 is write-only register and cannot be used with any of the read-modify-write instructions such
as SET, CLR, etc.
Note 2:  When operation mode is changed from STOP mode to NORMAL mode, PWMCR1A, PWMCRI1B are

initialized.

Figure 2.13.3 PWM Control Register 1A/1B and PWM Data Buffer Register 1

88CS34-132 2007-09-12



TOSHIBA TMP88CS34/CP34

Binary Counter Control Register

A 6 5 A ... S s 2 s 1] 0.,
CGCR : : ST (Initial value: 0000 0000)
(00030H) ‘o - 0" DV1CK ‘o - f0r - 0 - 0 : 0 -
Select of input clock to 0: fc/4
DVICK 116t divider 1 foi8 RIW

Note 1: *: Don't care
Note 2: The all bits except DV1CK are cleared to “0".

Figure 2.13.4 DIVIDER Control Register

(1) Internal Counter
The internal counter of PWM outputs is a free running counter. The all bits of counter are
set to “1” and are not counted up at one of the following conditions.
1. During reset
2. The operation mode is changed to STOP mode.
3. Setting ABORT1 to “1”.
4. The STARTS to 0 are “0” in 12-bit PWM outputs.
5

The lower 8-bit of PWM data latch in 12-bit PWM outputs is “O0H”. The PWM data
latch in 7-bit PWM outputs is “O00H”.

(2) Outputs control and Programming of PWM data

The PWM outputs are fixed to a high-level immediately when the ABORT1 is set to “1”.
The PWM outputs starts the operation when the STARTx (x: 0 to 3) is set to “1”.

The data from the transfer buffer to a PWM data latch is transferred when the all bits of
internal counter are set to “1”. Therefore, the data is transferred to a PWM data latch
immediately when the internal counter is initialized. And the data is transferred to a PWM
data latch at the beginning of the next cycle when all bits of the internal counter are not set
to “1”.

The sequence of writing the output data to PWM data latches is shown as follows;

1. PWMO to PWM1
a. Write the channel number of PWM data latch to PWMCHS1 (bit 2 and 1 in
PWMCRI1B) and clear PWMHL (bit 0 in PWMCR1B) to “0”.
b. Write the lower 8-bit PWM output data to PWMDBRI1.
c.  Write the channel number of PWM data latch to PWMCHS1 and set PWMHL to
“17,
d. Write the upper 4-bit or 6-bit PWM output data to PWMDBRI1.

e. Select the resolution of PWM output to RESOLUTIONx (x: 0, 1) (bit 0 and 1 in
PWMCRI1A) and set STARTx (x: 0, 1) (bit 2 and 3 in PWMCR1B) to “1”.

Note: PWM output data must be write to PWMDBRL in the order of the lower 8-bit PWM
output data, the upper 4-bit (or 6-bit) PWM output data. If the upper 4-bit (or 6-bit)
PWM output data is write to PWMDBR1, the lower 8-bit PWM output data is not
changed (Except when lower 8-bit PWM output data is “O0H".).
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2. PWM2 to PWM3

a. Write the channel number of PWM data latch to PWMCHS1 and clear PWMHL to
“0”.

b. Write the lower 8-bit PWM output data to PWMDBRI1.

c. Write the channel number of PWM data latch to PWMCHS1 and set PWMHL to
“1”,

d. Write the upper 4-bit PWM output data to PWMDBRI1.

e. Set STARTx (x: 2, 3) to “1”.

1) Data transfer timing and STOP/ABORT timing (X: 0 to 3)

| T | ™ |
) 1 1
1 1 1
o Ts _Ts |
S TTTTTTTT T = ‘v T T T T T TS -:
PWMXx N e [ |
- k—mxty —! N xtg e— ' '
! ' 1 ' 1
! Writing PWMDBR1 ! !
) (data m to n) ) |
| | |
1 1 1
1S : :
S I R N ) !
1 LTt T Tt 1 1
| . | |
1 1 1
I STARTXx=0 ' I
| or |
! The lower 8-bit of PWM data latch = 00H !
| | |
| Ts | ! |
[} 1 —_—— r ]
PWMx |_| n ! :
] \ ]
! ! t ; !
| ABORT1=1 | !
! or X !
X STOP mode : X
] \ ]
2) Restart timing when operatilng for 1ch or more . .
| ™ | ™ |
| | i
————————————————————————— ]
PWMO | I \ | I \ :
. TEEETEEEEEs . T TETTEEETsEEEsET T 1
___ ' fmmmmmmmemaaa- :
PWML ! ? | N !
' Restarting PWM1 | Restarts after one cycle. '
) ) )
1 1 1
3) Restart timing after all chanlnels stop
1

1 1
| ™ | ™ |
1 1

, Start command
1
1

Figure 2.13.5 Wave form of PWMO to PWM3

Note: PWM output data must be write to PWMDBR1 in the order of the lower 8-bit PWM output data, the
upper 4-bit (or 6-bit) PWM output data. If the upper 4-bit (or 6-bit) PWM output data is write to
PWMDBR1, the lower 8-bit PWM output data is not changed (Except when lower 8-bit PWM output
data is “O0H".).
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Example: At fc = 16 MHz, DVICK =0

PWMO pin outputs a 14-bit resolution PWM wave form with a low-level of 32 pus width and
no additional pulse.

PWM1 pin outputs a 12-bit resolution PWM wave form with a low-level of 16 pus width and
no additional pulse.

LD

LD
LD
LD
LD
LD
LD
LD
LD
LD

(CGCR), 00H

(PWMCR1B),00H
(PWMDBR1),80H
(PWMCR1B),01H
(PWMDBR1),00H
(PWMCR1B),02H
(PWMDBR1),40H
(PWMCR1B),03H
(PWMDBR1),01H
(PWMCR1A),0DH

’

; DV1ICK=0

Select the lower 8-bit of PWMO output data latch
32 us + 4/fc = 80H

Select the upper 6-bit of PWMO output data latch
No additional pulse = 00H

Select the lower 8-bit of PWMO output data latch
16 us + 4/fc = 40H

Select the upper 4-bit of PWMO output data latch
Additional pulse (Ts (8) = 01H

Start PWMO and PWM1,

PWMO : 14-bit resolution, PWM1 : 12-bit resolution
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2.14 On-Screen Display (OSD) Circuit

The TMP88CS34/CP34 features a built-in on-screen display circuit used to display characters
and symbols on the TV screen. There are 383 characters of mono font and 96 characters of color
font (447 characters of mono font and 64 characters of color font) and any characters can be
displayed in an area of 32 columns x 12 lines (include 2 columns for solid space). With an OSD
interrupt, additional lines can be displayed.

OSD circuit functions are as follows :

(1) Number of character fonts ' mono font 383 and color font 96
mono font 447 and color font 64

(2) Number of display characters : 384 (32 columns x 12 lines).
(3) Composition of character : horizontal 16 x vertical 18 dots
(4) Character sizes : 3 kinds for large, middle and small characters

(Selectable line by line)

(5) Character ornamentation function

Fringing function : mono font
Smoothing function ! mono font
Slant function (Italics) ' mono font
Blinking function
Underline

(6) Solid space

(7) Area plane function : 2 planes

(8) Full-raster blanking function
(9) Display colors

Character colors : 8 or 27 colors (selectable character by character)
Fringe color : 8 or 27 colors (selectable page by page)
Background color  : 8 or 27 colors (selectable page by page)
Area plane color : 8 or 27 colors (selectable each of 2 planes)
Raster color : 8 or 27 colors (selectable page by page)
(10) Display position 1 256 horizontal steps and 625 vertical steps for code plane

512 horizontal steps and 625 vertical steps for Area plane
(11) Window function 1 625 vertical steps
(12) Half transparency output function
(13) 27 colors display function
(14) Color palette
(15) PAL100/NTSC120 display

Note: The function of the OSD circuit don’'t meet the requirements of on-screen display functions
of closed caption decoders based on FCC standards.
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The TMP88CS34/CP34 outputs OSD through 3 planes; code, area, and raster. 3 planes
function independently. In addition, they are displayed simultaneously. There is the priority
among these 3 planes, so they are displayed on a screen according to the priority.

These 3 planes have the priority such as

Code > Area > Raster.

1. Code plane
OSD character is displayed on the code plane.

The code plane consists of 32 characters x 1 row and a total of 12 planes. The 12 planes
have the priority such as code 1 > code 2 >---> code 11 > code 12.

On the code plane, characters of 16 x 18 dots is displayed. These fonts are called
characters, and read from character ROM and display memory through the character code
on the display memory.

2. Area plane
The area on a screen is displayed on the area plane.

The area plane can display 2 square areas of any size by specifying coordinates. The 2
planes have the priority such as area plane 1 > area plane 2.
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2.14.1 OSD Configuration
Shown below is the block diagram of the OSD circuit.
TLCS-870/X CPU Clock 1 XIN
ROM.: 64 Kbytes generator XOUT
RAM: 1.5 Kbytes >
T Oscillator ] OSC1
Interrupt control for OSD =[] 0sC2
OSD interrupt circuit |
- - - - """ -"-"-"-"-"-"-"=-"-"-"=-"-"-"-""|"""°""""“"”*"*¥"°”"°¥°°¥"¥°"°¥°"°" =" =" ""9T" """ °~" " =" " =¥ ‘"°"~°¥‘"¥'°"¥ "' =T/ "/ O~O--=-=-===== A
1 1
1 1
! LC oscillation | ] !
| control !
: >—>| OSD control :
— ! _ |Horizontal position !
P70 (WD) - i L | ;
Jitter |} l — | '
L : Y/BL !
elimina-|! Horizontal position Display RAM ) > Y/BL '
tion i decoder 1 32 X6l|§bx tlei, bits Display | B Output To the i
circuit | y output 1= signal —>B lower row | |
X Vertical position control selecter| , A) !
= D ] ]
P71(VvD) ' counter R >R '
' Caracter ROM '
! ; e 384 x 16 x 18 bits !
| Verticalpostion LI L6 16 « 18 x 3 bits :
' 24 Kbyte (mono) '
| + 18Kbyte |
1 rTT T T T TS ss s
1 1
1 1
! | —'—)DI P57 (1)
] ]
: Y/BL Output timing \ 0 P67 (Y/BL)
A B Intermediate-value enable signal | synchronization =[] P66 (B)
! circuit !
E G—> Col(girrgjliltette Data signal —E—>|:| P65 (G)
! R —>| —10 P64 (R)
1 1
L e OSDcontrol =====-====--=-------—-------- 4
Figure 2.14.1 OSC Block Diamgram
2.14.2 Monochrome and Color Fonts

The TMP88CS34 can display both monochrome and color fonts.
The monochrome font is intended for monochromic display. Each character in the font

consists of 18 vertical x 16 horizontal dots. For the color font, each display dot in each

character can be specified separately for R (red), G (green), and B (blue). Each character

consists of 18 vertical x 16 horizontal dots.

The monochrome and color fonts can be mixed on one display row.
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2.14.3 Character ROM and Display Memory

(1) Character ROM

The character ROM incorporates 383 different monochrome font character data items
and 96 different color font character data items (447 different monochrome font character
data items and 64 different color font character data items). Users can define font data.

Each monochrome character ROM data item consists of 16 x 18 dots. Each monochrome
font dot corresponds to one character ROM bit. A value of “1” represents a display state,
and a value of “0” represents a non-display state.

Each color font character ROM data item consists of 16 x 18 dots for red, 16 x 18 dots for
green, and 16 x 18 dots for blue. Each color font dot corresponds to three character ROM
bits (with each bit corresponding to red, green, or blue).

The character ROM start address for each character code is calculated as listed in Table
2.14.1.

Table 2.14.1 Number of Character Patterns and Character Codes

Number of usable character patterns

Usable character codes Register for switching number of

fonts, ROMACH
Monochrome font Color font Monochrome font Color font (bit 4 in ORDON)
96 1to 17FH 180H to 1DFH 0
1to 17FH,
64 1COH to 1FEH 180H to 1BFH 1

Table 2.14.2 Monochrome/Color Font Character ROM Start Address

ROMACH

Character ROM start address

Monochrome font (CRA = 1 to 17FH)
Character ROM start address = CRA x 40H + 20000H

Color font (CRA = 180H to 1DFH)
Character ROM start address for red = CRA x 40H + 26000H
Character ROM start address for green = CRA x 40H + 27800H
Character ROM start address for blue = CRA x 40H + 29000H

Monochrome font
Character ROM start address = CRA x 40H + 20000H (CRA =1 to 17FH)
Character ROM start address = CRA x 40H + 27000H (CRA = 1COH to 1DFH)
Character ROM start address = CRA x 40H + 28C0O0H (CRA = 1EOQH to 1EFH)
Character ROM start address = CRA x 40H + 2A400H (CRA = 1FOH to 1FFH)
Color font (CRA=180H to 1BFH)
Character ROM start address for red = CRA x 40H + 26000H
Character ROM start address for green = CRA x 40H + 27800H
Character ROM start address for blue = CRA x 40H + 29000H

Figure 2.14.2 (a) shows an example of configuring a character font (character code 001H)
as well as monochrome font ROM addresses and the related data. Figure 2.14.2 (b) shows a
character ROM dump list for this character font (character code 001H).

Figure 2.14.3 (a) shows an example of configuring a character font (character code 180H)
as well as color font ROM addresses and the related data. Figure 2.14.4 (b) shows a
character ROM dump list for this character font.
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Note 1: A data cannot be read from character ROM by software.

Note 2: When ordering a mask, load the data to character ROM at addresses 20000H to 2A7FFH.
And the data in unused are of character ROM are must be specified to FFH.

Note 3: Do not use character code 000H

Address| Data Bit Bit Address| Data
(Hex) |(HeX)| 7654321076543 210 [ (Hex) |(Hex)
20040 | 3F I 20060 | CO
20041 | 7F 20061 | EO
20042 | EO 20062 | 70
20043 | C0 20063 | 30
20044 |00 20064 | 30
20045 |00 20065 | 70
20046 | 00 20066 | EO
20047 | 01 720067 | CO
20048 | 03 20068 | 80
20049 | 07 20069 | 00
2004A | OE 2006A | 00
2004B ] 1C 2006B | 00
2004C | 38 2006C | 00
2004D | 70 2006D | 00
2004E | FF 2006E | FO
2004F | FF 2006F | FO
20050 | 00 20070 | 00
20051 | 00 | [T T T T T 11111 20071 | 00

(Character code 001H)
(a) Character font configuration of mono font

20000/ 00 00 OO OO OO OO O OO OO0 OO OO0 OO0 OO OO0 OO0 00
20010/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20020/ 00O 00 OO OO OO OO O OO OO OO OO OO OO OO OO0 00
20030/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20040/ 3F 7F EO CO 00 00 00 01 03 07 OE 1C 38 70 FF FF
20050/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
20060/ CO EO 70 30 30 70 EO CO 8 OO OO OO OO OO FO FO
20070/ 00 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF

(b) ROM dump list of mono font

Note: Shaded portions indicate unused data.

Figure 2.14.2 Character Font Configuration and ROM Dump List
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Address Address|
(Hex) 0 (Hex)
26000 0 26020
26001 0 26021
26002 [0] 26022
26003 [0] 26023
26004 [0] 26024
26005 [0] 26025
26006 [0] 26026
26007 [0] 26027
26008 0 26028
26009 0 26029
2600A 0 2602A
26008 0 0 2602B
2600C 0] 0 2602C
2600 0 0 2602D
2600 0 0 2602E
2600 0 [0] 2602F
26010 0 [0] 26030
26011 0 0 26031

(Character code 180H)
G data

Address| Data Bit Data | Address|
(Hex) |(Hex)[ 7 6 5432 10[76543210 [(Hex)| (Hex
27800 | 00 | [0]0]0 oJoJoloJoJoJoJoJofoo] [—00 | 27820
27801 | OF | [0]0]0 1[afafafafs ofofo] [Fo 27821
27802 | 1F | [0]0[0O 1 i i N 0[o] [[F8_| 27822
27803 | 38 |[0]0 0/o[o0[0[0 0[0] [1C | 27823
27804 | 30 | [0]O o[oJo[ofo[0[0]0 0[0] [[0C | 27824
27805 | 30 | [0]0 o[o[o[ofo[o[a[o 0[0] [[0C | 27825
27806 | 30 | [0]0 ololo[ofofo[o]o]olo[ofo] [~00 | 27826
27807 | 30 | [0]O ololo[ofofo[oofololofo] [~00 | 27827
27808 | 30 | [0]0 o[o[o[ofo[o[a]0 0[0] [C00 | 27828
27809 | 30 | [0]0 [o] (01 {01 (0] (o] ' 1 € 0[0] [7C | 27829
2780A 130 | [0]0 [o1 [0 (&1 (o1 [ % i 0[0] [7C | 2782A
27808 |30 | [0]0 o[o[o[ofo[o[0]0 0[0] [[0C [ 27828
2780C | 30 | [0]0 o[o[o[ofo[o[a[o 0[0] [[0C | 2782C
2780 30| [9]0 o[o[o[ofo[o[a[0 0[0] [[0C | 2782D
2780 38 | [0]0 0[o[o][0[0 0[0] [1C | 2782E
2780F | 1F | [0]0]0 1[afafafafs ofofo] ["F8 | 2782F
27810 | oF | [ofo[o]ojalzfalzlala[afa]o[o[o[0] [_FO | 27830
27811 | 00 _] [0]ofofofo[o[o[o[olofofofofofol0] [00 | 27831

(Character code 180H)
B data

Address| Data Bit Bit Data | Address|
(Hex) [(He)| 76543210(76543210 |Hex)| (Hex)
29000 | 00 | [o]oJoJolololofololo]ofolofololo] [—00 | 25020
29001 | 3F | [0]0 alafaTafa[aTa]ololofofo] [CE0 | 29021
29002 | 3F | [0]0 alafafafafafaa[oloofo] [CFo 29022
29003 | 30 | [0]0 olololofofolo]1 olo] [(L 29023
29004 | 30 | [0]0 olololofofololo 0l0] [0C T 29024
29005 | 30 | [0]0 ololofofofo]o 0[0] [0C T 29025
29006 | 30 | [0]0 olololofo]o]o 0l0] [(1C T 29026
29007 | 3F | [0]0 alafafafafala ololo] ["Fo 29027
29008 | 3F | [0]0 afafafafafafa 0[0| [(F8 | 29028
29009 | 30 | [0]0 ololoJofo]o]o 0l0] [C1C T 29029
2900A 130 | [0]0 olololofofololo 0[0] [C0OC | 2902A
2900B 130 | [0]0 olololofofololo 0[0] [0C 29028
2900C | 30 | [0]0 olololofofololo 0[0] [0C [ 2902C
2900D | 30 | [0]0 ololofofofo]o 0[0] [C0C [ 2902
2900E |30 | [0]0 olololofo]o]o 0l0] [C1C [ 2902
2900F | 3F | [0]0 alafafafafala olofo| [CF8 12902
29010 | 3F | [0]0 alafafafafafa]a[olofofo] [FO 29030
29011 | 00 ] [ofofofofo[o[olo[olofofofofofolo] [C00 | 29031

(Character code 180H)

Synthesized data used for
color font display
123456 78910111213141516

oJoJoJoJoloJoJo]oJo]o]o[o]o
5[5 0

=) =) (=] (=]

NN

AEEEREE
IEEERE
N

N

Iﬂ
oo

(=) (=) (=] (@] 123 (%)) ol =] (=] =] )N]

AR EEENNAENEEEE

ANRERERENNNEG

F=) %) (%) (=) =) P TS S [ T ) =) (=) =)

[O|W[W|OS |

lolololololololololololololololololo

& F IS NNEN
[O|WEIS SO0

1) IS ) (78] 75 %) (%) /78 %)

=) =] =] =] o) =] =] =] =] =] =) =]

4
0

ofo]

(Character code 180H)

~No g~ WNREO

PR RRPOOOCODT

PrrRrOORROO®

PORrRORPOROD

Color

Transparent or black
Blue

Green

Cyan

Red

Magenta

Yellow

White

(a) Example of configuring a color font character pattern (CRA = 180H)

Note 1: Specifying primary color outputs by color palette specification causes the ROM-specified color to be displayed.

Figure 2.14.3 (1/2)
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26000/ 00 3F 3F 30 30 30 30 30 3F 3F 37 33 31 30 30 30
26010/ 30 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
26020/ 00 FO F8 1C OC OC OC 1C F8 FO 00 8 CO EO 70 38
26030/ 1C 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF

27800/ 00 OF 1F 38 30 30 30 30 30 30 30 30 30 30 38 1F
27810/ OF 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
27820/ 00 FO F8 1C 0C ocC 00 00 00 7C 7C O0C oO0C o0C 1C F8
27830/ FO 00 FF FF FF FF  FF FF FF FF FF FF FF FF FF FF

29000/ 00 3F 3F 30 30 30 30 3F 3F 30 30 30 30 30 30 3F
29010/ 3F 00 FF FF FF FF  FF FF FF FF FF FF FF FF FF FF
29020/ 00 EO FO 18 0OC o0oC 1C FO F8 1C 0oC oO0C o0C oC 1C F8
29030/ FO 00 FF FF FF FF  FF FF FF FF FF FF FF FF FF FF

(b) Color font ROM dump list (CRA = 180H)

Note: Shading indicates data in unused areas.

Figure 2.14.4 (2/2)
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(2) Display memory

Each character of the 384 characters displayed in 32 columns x 12 lines consists of 16 bits

in the display memory. Five data items are written to the display memory: character code,

color data, blinking specification, underline enable, and slant enable.

There are two modes for writing display data to the display memory. One mode is used

for writing all display data (character code, color data, blinking specification, underline

enable, and slant enable) simultaneously. The other mode is used for changing either

character codes or the remaining data items (color data, blinking specification, underline

enable, and slant enable). How to write display data to the display memory is described in
section 2.14.6.7 (1).

Note:

The display memory is in an unknown state at reset.

Display memory configuration

Character code specification register (9 bits) ........... CRAS to CRAO
Color data specification register (4 bits) ................... IDT/RDT/GDT/BDT
Blinking specification register (1 bit)...........c............ BLF

Underline enable register (1 bit) .........cccocoevevererenenne. EUL

Slant enable register (1 bit) ........cocvevveieiiiiiieenennne SLNT

Flag (1 bit) for specifying whether to
turn on or off the character-specific background..... ECBKD

e IfFECHDSN=0

SLNT

EU

BLF IECBKD RDT I GDT I BDT I CRA8 I CRA7 I CRA6 I CRAS I CRA4 I CRA3 I CRA2 I CRA1 I CRAO

Character color Character code specification register
Flag for specifying whether to turn on or off the character-specific background
Blmkmg specification register

Underline enable register

Slant enable register

e |fECHDSN=1

RBDT

GBDT

BLF IECBKD RDT I GDT I BDT CRA8 I CRA7 I CRA6 I CRAS5 I CRA4 I CRA3 I CRA2 I CRA1 I CRAO

Character color Character code
Flag for specifying whether to turn on or off the character-specific background
Bllnklng specification flag

Character-specific background color of red

Character-specific background color of green

Figure 2.14.5 Display Memory Bit Configuration

LineC°|umn 1(2]|3|4|5]|6|7]8|9|10f11]|12|13|14]15|16]17|18]|19[20]|21|22]|23(24]|25]|26 27|28 [29]|30(31]32
1 000|001 [002|003[004]|005{006|007 008|009 |00A[00B |00C[00D|00E[00F|010{011 [012]|013[014]|015[016]|017[018|019[01A01B|01C|01D|01E|01F
2 020]021[022|023[024|025[026]|027]028|029|02A[02B |02C[02D]02E[02F| 030{031 032|033 034|035 036|037 038 | 039 |03A|03B|03C|03D|03E | 03F
3 040
4 060 L — —

5 080

6 0AO

7 oco

8 0EO

9 100 ~

10 120

11 140 e

12 160 17F
Note: Numerals in the table indicate (hexadecimal) addresses in the display memory.

Figure 2.14.6 Display Memory Address Configuration
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(3) Color palette

The color palette can contain eight colors out of 27 colors and the display colors are

specified by the color palette registers (ORCPTO0-7). The color palette registers (ORCPTO0-7)
are assigned by the RGB setting register for each display mode (character, background,

fringe,area, raster).

RGB setting register values and their corresponding color palette registers

RGB = 000b - ORCPTO
RGB =010b - ORCPT2
RGB = 100b - ORCPT4
RGB =110b - ORCPT6

RGB =001b —» ORCPT1
RGB =011b - ORCPT3
RGB =101b - ORCPT5
RGB =111b - ORCPT7

Configuration of the color palette registers

e Setting the display colors

Register |, git7 | Bite | sits | sita [ stz | stz [ sitz | sito
Name ress R G 5
Color palette composition register 0
CPT1MD1: OSD color select register
ORCPTO | 00FC6 | CPTIMD1 |0 (fixed) | CPTOR1 | CPTORO [CPTOG1 |CPTOGO | CPTOB1 | CPTOBO |(x =1, 2)
CPT1MD1 = 0: 8—color mode
CPT1MD1 = 1: 27—color mode
ORCPT1 | OOFC7 - - CPT1R1 |CPT1RO |CPT1G1 |CPT1GO |CPT1B1 | CPT1BO |Color palette composition register 1
ORCPT2 | OOFC8 - - CPT2R1 |CPT2R0 |CPT2G1 |CPT2G0 |CPT2B1 | CPT2B0 |Color palette composition register 2
ORCPT3 | OOFC9 - - CPT3R1 |CPT3R0O |CPT3G1 |CPT3G0 | CPT3B1 | CPT3BO [Color palette composition register 3
ORCPT4 | 00FCA - - | cPT4R1 |CPT4R0 |CPT4G1 |CPT4GO | CPT4B1 | CPT4BO |Color palette composition register 4
ORCPT5 | OOFCB - - CPT5R1 |CPT5R0 |CPT5G1 |CPT5G0 | CPT5B1 | CPT5BO [Color palette composition register 5
ORCPT6 | 0OFCC - - CPT6R1 | CPT6R0O |CPT6G1 |CPT6GO |CPT6B1 | CPT6BO |Color palette composition register 6
ORCPT7 | 0OFCD - - CPT7R1 |CPT7R0 |CPT7G1 |CPT7G0 |CPT7B1 | CPT7BO |Color palette composition register 7
e  Color palette setting and output colors
27-color mode (CPT1MD1 = 1) 3-value output
n=0to 7 x=R x=G x=B
CPTnx1/CPTnx0 = 1/1 Bright red  Bright green Bright blue
CPTnx1/CPTnx0 = 1/0 or 0/1 Dark red Dark green  Dark blue
CPTnx1/CPTnx0 = 0/0 No output  No output No output
8-color mode (CPT1MD1 = 0) 2-value output
n=0to 7 x=R x=G x=B
CPTnx1/CPTnx0 = 1/1 Bright red  Bright green Bright blue
CPTnx1/CPTnx0 = 1/0 or 0/1 Bright red  Bright green Bright blue
CPTnx1/CPTnx0 = 0/0 No output  No output No output

The color palette registers are assigned by setting RGB data for each display mode.

The display colors are then specified in the color palette registers.

Setting the character color to bright red and the background color to dark blue for

the code plane.

Setting character color: After setting the character code, set ORDSN (RDT = 0, GDT = 1, BDT = 0). (Assign a

Setting background color: Set background setting register ORBK (OFA5h) (RBDT = 0, GBDT = 0, BBDT = 1).

color palette reqister.)

RGB-010b corresponds to color palette register ORCPT2.
To set the character color to bright red, set ORCPT2=00110000b. (Set the display color

in color palette register.)

(Assign a color palette register.)

RGB = 001b corresponds to color palette register ORCPT1.
To set the background color to dark blue, set ORCPT1 = 00000001b. (Set the display
color in color palette reqister.)
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(4) Color font

For the color font, the display color (R, G, B) can be specified on a dot-by-dot basis. The
size of the color font is 18 dots long by 16 dots wide, which is the same as the size of the

normal font (mono font). A dot of the color font is comprised of three bits. Font data is

combination of three bits (R, G, B) and they are arranged in the order of R (upper), G

(middle), B (lower). The color palette registers are assigned by combining these three bits of
data.

==k
Ll (=] S
=] =]le]

ololo] =

=] =)
=)=}

=) =] (o] =) =] =) =] =] =]

(=] =] (=] o o (=) (=] (=] (o] (=]

olo]o]o]c

ololololololololololololololelololo]
lolololololololololololololololololo] »

=
o
[o]o]o]oloo]o]o]olololo]o]ololololo] v

olololololololololololololololololol o

=] o (=] (=) (=) (o] o] o] (o) (=] =] =] =] =] = = =] 5
= o (=] (=) (=] (o] o] (o] (o] (o] o] (o] o] o] o =] =
(=] o o (=] (=] (=) (o] 7 5 (o] (@) (@) (@) =) =] 55 =] [0
=] o o (=] (=) (w) (o] L o (=] (o] (=] (o] (@] o] o - =]l

BEE
=]

=] =) =] =) =] o) =] o] =] o) =] =) =] =) =] =] =] =] -]

) =] o] =] o] o] o] o] o] o] -] o] -] =] -] =] -] =] b2

010 olo

R data (Upper)

G data (Middle)

NMLKJ

HGFEDC

B

18

17
16
15
14
13
12
11
10

0 ofo]o

ofo

BEN
=) =] =] =]

=) =] =] =]

BEEE

al
N

—lolololo
~l=lolol=

5l

nf—

&

0
0
0

=) N NN

K} [7%) [2%) (%) (%) /28] 3

0] 78] ) (%) ) )

lclelelelelelelelelelelelelelelololo] »

OOIOOOOOOOOOOOOOOOOO

PNWAOO~N®

=] &) =) (=] (=) =]
=] &% =]=] 1010100 &l
=R E NN

~

oI5 3
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[0]
[0]
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ata (Lower)

Figure 2.14.7

Assignment of the color palette registers for the color font

RGB data

RGB = 000b 0
RGB=001b1
RGB=010b2
RGB=011b 3
RGB =100b 4
RGB=101b5
RGB=110b 6
RGB=111b 7

Color palette register

ORCPTO
ORCPT1
ORCPT2
ORCPT3
ORCPT4
ORCPT5
ORCPT6
ORCPT7
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The following shows how the color font shown on the preceding page is displayed by

setting the color palette registers.

(9]

1LLL

PONMLKJ I HGFETDC B A ColorPalette Setting Output Color

186101010101010101010101010191919}9}5rcpT0=00000000b Black
12 8 8 g ? ; ; ; ; ; ; ; 3 g 8 8 8 ORCPT1 = 00000011b Blue
slolol= = 2Tolololo o T 7= TsoTo ORCPT2 = 00001100b Green

ORCPT3 =00110000b Red
1410jof7|7|JO0]JOjojojofOofO]1]7]|]6]0]O

ORCPT4 =00001111b Cyan
13|ofof[7]|7]|o|ofofo]o]ofof1[7]6]0]0O
wloTol7 7 Tolololololo 2512 T01l0 ORCPT5 =00111100b Yellow
w|ofof7]7z)alafafa]a]a|afs]4a]4a]o0]o0 8§g§1§iggﬂggﬂg \I\I/Iv:;\]genta
1w|ofof[7]|7]|5]|5[5|5]5]|5|5[5[5]0]0]0 - ite
910|0|7|7|4[4]4]4)4]6|6|7[3[3]0]0
gloJo|7]|7flo]a]4a]4a]o]2]2]2]3]3]0]0|whenbackground=OFF, dotsin which is written are
7|o]o]|7]|qd]o]o]4]4]4]o|o|o]|3]|3]|0]o0|displayedin black.
6 [oJof[7[f]oJofol4af4a]afo]o[3]3][0]0]when background = ON, dots in which is written
5((0]0|7 IZ 0/0]0f0)4]4[4]10[3]3]0]|0 |shownoOSD display.
4fofof7|frf2]ofofofofafaf7[3[3][0]0|However,if area-plane data and raste data exist in
310]0(5y7[3])3[3])3[3)3]7]7]7(0]0]0 |the background of the display these colors are
2|ojo|s5]s5[3[3]|3|3[3[3]|3|7[4][4]0]0 |displayed.
1]o0jofogojojojojofofofojOojO]JO]JO]oO

OSD output waveform when display line 9

]

L1

I

L
L

* Background = ON
* Background = OFF

Figure 2.14.8
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Note: Do not use the color font in the first character display position. The color font can be used in the
second and subsequent character display positions. If you want to use a color font character in the
first character display position as counted from the left side of the TV screen, display a transparent
character in the first character display position, and use the color font in the second character
display position. Prepare a monochrome font character with no dot as a transparent character. It is
recommended that character code CRA = 0x20H be prepared as a transparent character.

Example of display
First character display position: Transparent character.
Second character display position: Color font

First character display position Second character display position

Transparent character Color font
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(5) Dark color setting function

The dark color setting function is intended to control OSD intermediate-value outputs,
using High, High-Z, and Low outputs. Setting CPT1MD1 (bit 7 in ORCP1) to “1” enables
this function.

Producing 3-value outputs requires installing an external circuit.

R1

: , R2 Cc2
Microcontroller's
RGB outputs r O ToveDIC

-]

Note: The resistor and capacitor values used in the external circuit vary depending on the voltage potential you

R3

want to generate. Please make adjustments for yourself.

Figure 2.14.9 Example of an External Circuit for Creating Colors between Primary Colors
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(6)

Switching the OSD ROM area

When the TMP88CS34 is initialized, it is configured for 383 characters of mono font and
96 characters of color font. By setting ROMACH (bit 5 of ORDON) to 1, this configuration
can be changed to 447 characters of mono font and 64 characters of color font, as shown

below.
In character colde order
ROMACH =0 ROMACH =1
MCU Mode EPROM Mode MCU Mode EPROM Mode
CRA Address Address CRA Address Address
000H 20000H 05800H 000H 20000H 05800H
Mono font data Mono font data
17FH 384 characters | 25FFFH 0B7FFH 17FH 384 characters | 25FFFH OB7FFH
180H 26000H 0B800H 180H Color font 26000H 0B800OH
Color font R data 26FFFH OC7FFH
R data 64 Color font | 27800H 0DOOOH
277FFH OCFFFH characters G data 287FFH ODFFFH
o6 27800H 0DOOOH Color font | 29000H OE800H
characters Color font 1BFH B data 29FFFH OE7FFH
G data 1COH Mono font data | 27000H 0C800H
28FFFH OE7FFH 1DFH 82 characters | 577ppH OCFFFH
29000H OE800H 1EOH Mono font data | 28C00H OE400H
Color font 1EFH 16 characters | >gFFrH OE7FFH
B data 1FOH Mono font data | 2A400H OFCOOH
16 characters
1DFH 2A7FFH OFFFFH 1FFH 2A7FFH OFFFFH
In ROM address order
ROMACH =0 ROMACH =1
MCU Mode EPROM Mode MCU Mode EPROM Mode
CRA Address Address CRA Address Address
O00H 20000H 05800H 000H 20000H 05800H
Mono font data Mono font data
17FH 384 characters | 25FFFH 0B7FFH 17FH 384 characters | 25FFFH OB7FFH
180H 26000H 0B800OH 180H Color font R datal 26000H 0B800OH
Color font 1BFH 64 characters/3| rFFH OC7FFH
R data 1COH Mono font data | 27000H 0C800H
277FFH OCFFFH 1DFH 32 characters | 277FFH OCFFFH
9 27800H 0DO00OH 180H Color font G datal 27800H 0DO0OH
characters| |  Color font 1BFH 64 characters/3| 2g7FFH ODFFFH
G data 1EOH Mono font data | 28C00H OE400H
28FFFH OE7FFH 1EFH 16 characters | ogrppy OE7FEH
29000H OE800H 180H Color font B datal 29000H OE800H
Color font 1BFH 64 characters/3| ooFFFH OF7FFH
B data 1FOH Mono font data | 2A400H OFCOOH
16 characters
1DFH 2A7FFH OFFFFH 1FFH 2A7FFH OFFFFH
Note: Do not CRA code 000H at 88Cx34.

Figure 2.14.10
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2.14.4

2.14.5

OSD Circuit Control

The OSD circuit performs control functions using the OSD control registers which reside
in addreses 0001DH to 0001FH and 00024H to 00025H in the special function registers
(SFR), and in addresses 00FS80H to O0OFCEH in the data buffer register (DBR). Section
2.14.6.8 shows the OSD control registers. The OSD control registers are used to set display
start position, display character designs (that is, fringing, smoothing, color data, character
size, and etc.), display memory addresses, and character codes.

Setting the display on-off control bit, DON, (bit 0 in ORDON) to “1” enables display
(starts display). Setting DON to “0” disables display (halts display).

OSD Control Register Write

There is a list of the OSD control registers on pages 199 to 201.

When data is written into a shaded register, the data is transferred to the OSD circuit,
and then the data becomes valid. After data is written into an unshaded register, the data
is transferred to the OSD circuit, and then the data becomes valid.

To transfer the contents of a control register to the OSD circuit, use data transfer request
register RGWR (bit 2 in ORDON).

Setting “1” in the RGWR register outputs the transfer request signal to the OSD circuit.
Three instruction cycles later, transfer of the written data to the OSD circuit starts. While
the data is being transferred, data transfer status monitoring flag RGWR (bit 2 in ORDON)
is “1”. When this transfer is completed, the flag is cleared to “0”.

Written data transfer register (1 bit) --- RGWR (Bit 2 in ORDON)
“0” - Initialized state

«1” ** Transfers written data to OSD circuit.
(After transfer, RGWR is reset to 0.)

Note: Don’t write “0” to RGWR.
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(1) RGWR system

OSD circuit

1

8 LE ——< Transfer pulse by RGWR = 1

i

Register specified by RGWR

Figure 2.14.11 RGWR System

(2) Transfer timing
1. No display area

When having set RGWR to “1” during no display area, the timing OSD register
can be transferred is at the falling edge of HD signal.

HD L L]
RGWR Register |

Set RGWR Register to “1” Clear RGWR

Data Transfer Pulse

Transfer the contents of OSD registers
into OSD circuit

Figure 2.14.12 Data Transfer Timing in No Display Area

2. Display area (including any lines specified as display off by character size)

When having set RGWR to “1” during display area, the timing OSD register can
be transferred is at the falling edge of HD signal when the display line has been
finished.

(
o L L] |

(
Display Line | n |

RGWR Register [
Set RGWR Register to “1” Clear RGWR

{
)

hany

Data Transfer Pulse

=

(
! Transfer the contents of OSD registers
into OSD circuit

Figure 2.14.13 Data Transfer Timing in Display Area

88CS34-151 2007-09-12



TOSHIBA TMP88CS34/CP34

2.14.6 OSD Function

2.14.6.1 Signal Control (Port I/O)
(1) P6 port output select function

This function is used to select whether the contents of port P57, P67 to P64 will
be output or I, R, G, B, Y/BL signals of the OSD circuit will be output on pins P57,
P67 to P64.

P57 port output select registers (1 bits): PIDS (bit 3 in ORP6S)

PIDS=0

PIDS=1

P57

Port

P67 to P64 port output select registers (4 bits): P67S, P66S, P65S, P648S, (bit 7 to

4 in ORP6S)
P6nsS =0 P6NnS =1
P64 R
P6S © Port
P66 B
P67 Y/BL

Note: Be sure to write “OEH” to the ORP6S2 register (OXOFA1H).

(2) OSD pin output polarity control function

This function is used to select the polarity of the OSD outputs for RGB, I and
Y/BL.

Output polarity control register (4 bits) --- BLIV, YIV, RGBIV, IIV (bit 3 to 0 in
ORIV)

“0” .-+ Active high
“1” -+ Active low

(3) OSD pin input polarity control
Input polarity control
Input polarity control register of RIN/GIN/BIN/Y/BLIN (2 bits)

For Y/BLIN -+ YBLII (Bit 5 in ORIV)

For RIN, GIN, and BIN -+ RGBII (Bit 4 in ORIV)
Input polarity control

RGBII

“0” .-+ Active high

“1” --- Active low

Input polarity control register of HD/VD (2 bits)

For VD - VDPOL (Bit 7 in ORIV)

For HD --- HDPOL (Bit 6 in ORIV)
Input polarity control

VDPOL, HDPOL

“0” -+ Not invert input signal

“1” .- Invert input signal

Note: Todirect P64 (R), P65 (G), and P66 (B) to produce three-value outputs (High,
High-Z, and Low), be sure to write “0” to the output polarity control register (4
bits).
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Input waveform to P70, P71 %ﬁgiﬁitﬁg S‘l,lv?;t\ilrégf]oflpnl; the
P71 (VD) L] ) L] VDPOL =0
P70 (AD ) —\_[_S(' L L HDPOL =0
P71 (VD) [] ()() [ ] VDPOL = 1
P70 (AD ) —\_[_V’ L L HDPOL = 0
P71 (VD) L] 3 L] VDPOL =0
P70 (7D ] () M M HDPOL = 1
P71 (VD) [ ] ( [] VDPOL = 1
P70 (D) [ ] (, [ ] [ ] HDPOL = 1

(
]

Figure 2.14.14 VD /HD input and VDPOL/HDPOL

(4) Y/BL signal select function
This function is used to select either Y or BL signal output from the Y/BL pin.

Y/BL signal select register (1 bit) --- YBLCS (bit 7 in ORP6S)

“0” -+ Y signal output
“1” -+ BLsignal output

Y signal -+ Output in all OSD areas (Logical OR for R, G, B,

Character data, Fringing data, area data, etc.)
BL signal --- ‘When EXBL is “0™:

Output in all display character areas
When EXBL is “1”:
Output in the whole page

(5) 1 signal function select

When PIDS (bit 3 in ORP6S) is set to “0”, Port 57 (I pin) can be used as Half
Transparency/Half Tone through an extra circuit.

The I-pin output is made high only for the area planes. If you want to make the
I-pin output high for area plane 1, set PISEL1 (bit 3 in the ORACL register) to “1”.
If you want to make the I-pin output high for area plane 2, set PISEL2 (bit 7 in the
ORACL register) to “1”.

(6) R, G, B, Y/BL Internal/external signal select.

Selects either R, G, B, and Y/BL signals from the internal OSD circuit, or RIN,
GIN, BIN, and Y/BLIN signals from external input.

R, G, B, Y/BL signal select registers (2 bits) --- MPXS1/MPXS0
(Bits 1 and 0 in ORP6S)

“00” -+ Simultaneous output (Signal from the OSD circuit has
higher priority.)

“01” -+ Output of signal from internal OSD circuit

“10” -+ Output of signal from external input

“11” -+ Simultaneous output (External input signal has higher
priority.)
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2.14.6.2 OSD data output format control

(1) Scan mode

The double scan mode is used to handle non-interlaced scanning TV. When
double scan mode is enabled, the vertical display counter increases every 2 scan
lines and a vertical size of a dot is double. This function is enabled by setting

VDSMD (bit 7 in ORETC) in the OSD control register to “1”.

Scan mode select register (1 bit) -+ VDSMD (bit 7 in ORETC)

“0” -+ Normal mode
“1” -+ Double scan mode

Note 1: The data written to those control register is transferred to the OSD circuit and
become valid when the data is written.

Note 2: When OSD circuit is used on an interlace scanning TV, a jitter elimination
circuit must be enabled and set AFLD to “1” in JECR.

Table 2.14.3 The Difference of 2 types of Scan Mode

Normal mode Double scan mode
Specification Unit of.\(ertlcal display One scanning line Two scanning lines
start position
1 dot height - Normal mode height x 2
— 1 | | | —
_ _|T __________ e e e — ] —
e e ] !
. - — P
| i)

Normal mode

Interlace scanning Non-interlace scanning

Double scan mode Normal mode Double scan mode

Figure 2.14.15 Scan Mode
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2.14.6.3 Display Position Control

(1) Code display position setting

1. Horizontal display start position
The horizontal display start position can be set in 256 steps by writing to OSD

control registers HS17 to HS10 (bit 7 to 0 in ORHS1). The value is in common with
all lines.

Specification unit: 2 Tosc
Specification steps: 256
Specification horizontal display start position: Line 1 to 12: HS17 to HS10
(ORHS1)
HS1 = (HS17 to HS10) H x 2Tosc + 22Tosc (Linel to 12)

Note 1: Tosc; One cycle of OSD oscillation.

Note 2: The data written to these control registers is transmitted to OSD circuit by
setting RGWR (bit 2 in ORDON) to “1”.

2. Vertical display start position

The vertical display start position can be specified for each display line using
625 steps by writing to VSn9 to VSn0 (in ORVSn (n; 1 to 12)).
Specification unit: 1 scan line
Specification steps: 512
Specification vertical display start position:
Linel: VS19 to VS10 (ORVS 1)
Line2: VS29 to VS20 (ORVS 2)

Linel2: VS129 to VS120 (ORVS 12)
Line n: VSn = (VSn9 to VSn0) H x 1THD (n; 1 to 12)

Note 1: Typ; One cycle of HD signal.

Note 2: The data written to these control registers is transmitted to OSD circuit by setting RGWR
(bit 2 in ORDON) to “1”.

Note 3: If display lines are overlapped each other, previous display line is enabled and next line is disabled.
If vertical display start positions of two or more lines are set on same value, high priority line is
enabled. Lines of OSD (VS1 to VS12) are fixed priority levels as follows:

VS1>VS2>VS3 >+ >VS12
Set the vertical display start position not to overlap display lines.

VS5 (display on, small character)

VS2 (display canceled, middle character) ———f = = = = = = = = = = = o o o e e e e 1

VS3 (display on, small character)

____________________________________________

Occasion of overlapping

Note 4: The line which is displayed off is managed as a small size character line.

Note 5: Transfer the contents of vertical display start position registers into OSD circuit before the position of
the scanning line coincides with their own vertical display start position.
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(2) Area display position setting
The planes have the priority such as Code plane > Area plane 1 > Area plane 2 >
Raster plane.

1. Horizontal display start position

The horizontal display start position can be set in 512 steps by writing to OSD
control registers AHSn8 to AHSnO (bit 8 to 0 in ORAHSn). And also display stop
position is correspond to AHEnS to AHEnNO (bit 8 to 0 in ORAHEN). (n; 1 to 2)

Horizontal display start position
AHSn = (AHSn8 to AHSnO)H x 2T0sc
Horizontal display end position

AHEn = (AHEnS8 to AHEnO)H x 2ToscC

Note 1: Tosc: One cycle of OSD oscillation.

Note 2:If the horizontal display start position for characters is the same as that for
areas, the two positions are not displayed at the same time. The horizontal
display start position for characters is displayed 16 Tosc (corresponding to a
register value of 8) later than that for areas.
2. Vertical display start position

The vertical display start position can be set in 625 steps by writing to OSD
control registers AVSn9to AVSnO (bit 9 to 0 ORAVSn). And also display stop
position is correspond to AVEn9 to AVEnO (bit 9 to 0 in ORAVEn). (n; 1 to 2)

Vertical display start position
AVSn = (AVSn9 to AVSn0)H x THD
Vertical display end position

AVEn = (AVEn9 to AVEnO)H x THD

Note: Tpp: One cycle of HD signal.

| I HD
S S VSLVsS2_ __AVSI AVEL .. AVS2 AVEZ .
1
L ™
5 |
1
HS1
E‘——>| 1]2[|d4][5]6]7][8]]dror1]12]13]14]15]1617[18[19]2021]22]23]24]25]26]27/d8l29ld031]82]  Cade plane 1
]
[
i [1]2]3]4]5]6]7][8]]|drofa[121314]15]16]17]18]19]0f21]2223]24]25]26]27/d8l2gld0ls1s2]  code plane 2
1
! AHS1 Area plane 1
VD [ AHE1
i Area plane 2
1
e /
]
HS1 | Isq1{2]3]4]5]6]7]8]|dr0f1112]13]14[15]16[17]18]19]20]21]22]23]24]25]26[27]28]29]40[31[32]sH Ce plane 9
1 I ]
252 sq1]2]3]4]5]6]7]8]910j11]12l13]14]15]161718l19]20[21]22]23]24l25]26]27]2829|d0]31]32S] Cdde plane 19
]
i Az 1s92]2[3]4]5]6[7]8]9]ror1]12]13]14]15]16]17[18]10]20]21[22]2324]25[26]27[28]29|d0]31[32]sS Code plane 11
i s91(2]3]4]s]6]7]8]9]iof11]12l13]14]15l16]17[18}19]20f21]22]23]24l25]26]27]28]29ld0[31]32lS] Cdde plane 12
)

Figure 2.14.16 TV Scan Image
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2.14.6.4 Character Ornamentation Control

(1) Character sizes

Character size can be selected line by line from 4 sizes. And display on/off also
can be set line by line. Small, middle, large and double height character size and
display on/off can be set with OSD control registers CSn (n = 1 to 12, ORCS4,
ORCS8, ORCS12) in the OSD control registers.

Character sizes: 4 sizes (Small, middle, large and double height)
Character size and display on/off specification unit: Line
Character size select/display on/off register (2 bits x 12)

Line 1: CS1

Line 2: CS2

Line 12: CS12

Table 2.14.4 Character Size and Display On/Off Specifications (n=1to 12 and m=11to 12)

CSn CSn . DCSCn .
. . ) Character size ] L Display on/off
(high-order bit) | (low-order bit) (double-height specification)
1 1 Small-size character 0 On
1 0 Medium-size character 0 On
0 1 Large-size character 0 On
1 0 Double-height character 1 On
0 0 - 0 Off

Note 1: To display a double-height character, write “10” and “1", respectively, to CSn
(medium-size character specification) and DCSCm (double-height display
specification). If DCSCm and CSn are, respectively, “0” and “10”, medium-size
characters are displayed.

Note 2: If the character size specification (CSn) is “11” or “01”, no double-height character
can be displayed.

Note 3: Do not specify to modify double-height characters (such as fringing, smoothing,
and slanting) because such specifications hamper normal display.

Note 4: The display off line operates like the width of small character size line thought the
character is not displayed.

Note 5: The data written to these control registers is transmitted to OSD circuit by setting
RGWR (bit 2 in ORDON) to “1”".

Note 6: When OSD circuit is used on an interlace scanning TV, a jitter elimination circuit
must be enabled and set AFLD to “1” in JECR.

Note 7: When VDSMD and AFLD are “0”, only character of even display dot is displayed.
(refer to 2.16 a jitter elimination circuit)
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Table 2.14.5 Dot Size and Character Size

VDSMD =0
(normal mode)

VDSMD =1
(double-scan mode)

Dot size Character size Dot size Character size
EULAN =0 Small-size character 1Tosc x0.5THp 16Toscx 9THD 1Tosc x1THD 16Tosc x 18THp
(underline off) Medium-size character 2Tosc x1THD 32Tosc x18THD 2Tosc x2THD 32Tosc x36THD
Large-size character 4Tosc % 2THD 64Tosc x 36THD 4Tosc x4THD 64Tosc x 72THD
Double-height character 1Tosc x1THD 16Tosc x 18THD 1Tosc x2THD 16Tosc x36THD
EULAn=1 Small-size character 1Tosc x0.5THp 16Tosc x 12THD 1Tosc x1THD 16Tosc x24THD
(underline on) Medium-size character 2Tosc x 1THD 32Tosc x 24THD 2Tosc x2THD 32Tosc x48THD
Large-size character 4Tosc x 2THD 64Tosc x48THD 4Tosc x4THD 64Tosc x 72THD
Double-height character 1Tosc x1THD 16Tosc x 24THD 1Tosc x2THD 16Tosc x48THD
Note: Tosc = one OSD oscillation cycle. Typ = one HD signal cycle.
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Small

Middle Double height

Large

Figure 2.14.17 Character Size

(2) Smoothing function

The smoothing function is used to make characters look smooth. Enabling
smoothing displays 1/4 dot between two dots connecting corner to corner within a
character. Small size character and color font can not be enabled smoothing.
Smoothing is enabled by setting ESMZ (bit 4 in ORETC) in the OSD control

register to “1”.

Smoothing specification unit: Display page
Smoothing specification register (1 bit) --- ESMZ (bit 4 in ORETC)

“0” == Disable smoothing
“1” -+ Enable smoothing

Note 1: Data of the register is transferred to the OSD circuit and become valid
when the data is written.

Note 2: The smoothing function is invalid for the color font.

B dF oW

Before After Before After

Available form for Smoothing

Invalid form for Smoothing

Figure 2.14.18 Available Form and Invalid Form for Smoothing
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Original character Smoothing

Figure 2.14.19 Smoothing Example

(3) Fringing function

The fringing function is used to display a character with a fringe width is 1 dot
in a different color from that of the character. When a character is displayed with
the maximum of 18 vertical dots and 16 horizontal dots, the fringe exceeds right
and left of the character display area. No vertical fringing is displayed out of the
character display area. If there is an adjacent character that outer dot is active,
then this dot will overrule the fringe in the horizontal direction. Underlines are
not fringed.

Fringing is enabled for each line by setting EFR1 to EFR8 (OREFR8) and EFR9
to EFR12 (OREFR12) in the OSD control register to “1”.

A color for fringe is specified common to all lines using OSD control registers,
RFDT, GFDT, and BFDT (bit 2 to 0 in ORBK).

Fringing specification unit: Line
Fringing enable register (1 bit x 12) -~ EFRn (n; 1 to 8) (OREFRS), EFRn (n; 9
to 12) (OREFR12)
“0” -+ Disable fringing
“17 =+ Enable fringing
Fringe colors: 8 or 27
Fringe color specification unit: Display page
Fringe color register (3 bits) -~ RFDT, GFDT, BFDT (bit 2 to 0 in ORBK)

Note 1: The fringe of 1st column character does not exceed left, and the fringe of
32th character does not exceed right.

Note 2: Do not specify fringing for the color font.

Note 3: Do not specify fringing for characters for which double-height display is
specified.
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Table 2.14.6 Fringe Color

RFDT GFDT BFDT Figure color

Setting color of ORCPTO
Setting color of ORCPT1
Setting color of ORCPT2
Setting color of ORCPT3
Setting color of ORCPT4
Setting color of ORCPT5
Setting color of ORCPT6
Setting color of ORCPT7

RPlRPr|P|P|O|O|O|O
RP|IP|O|O|FR|P|O|O
RP|O|Rr|O|FR|O|FRL|O

—

Vertical indicate area
18 dots

Before Fringing After Fringing

Disable underline

Vertical indicate area
24 dots

Before Fringing After Fringing

Enable underline

a) Small character, Normal mode

Figure 2.14.20 (a) Fringing Example
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—

Vertical indicate area
18 dots

|(_

Before Fringing

After Fringing

Disable underline

Vertical indicate area
24 dots

Before Fringing After Fringing

Enable underline

b) Small character, Double scan mode

Figure 2.14.21 (b)) Fringing Example
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—

Vertical indicate area
18 dots

Before Fringing

After Fringing

Disable underline

Vertical indicate area
24 dots

Before Fringing After Fringing

Enable underline

c) Middle/Large character, Normal mode

Figure 2.14.22 ( ¢ ) Fringing Example
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o

Vertical indicate area
18 dots

Before Fringing

After Fringing

Disable underline

Vertical indicate area
24 dots

Before Fringing After Fringing

Enable underline

d) Middle/Large character, Double scan mode

Figure 2.14.23 (d) Fringing Example
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(4) Double-height display function
It is possible to display a character having the same horizontal size as for the
small-size character and the same vertical size as for the medium-size character.
This function can be realized by specifying medium-size character display for the
character size and setting up the double-height display setting register (ORDCSC).

Its specification unit is the row.

Double-height display enable unit: Row
Double-height display enable register (1 bit x 12): DCSCn (n = 1 to 12)

(ORDCSC register)
Character size specification: “10” is set in CSn (n = 1 to 12; ORCS4, ORCSS, and
ORCS12).
Small-size
character
Medium-size character Double-height
character

Figure 2.14.24 Double-Height Character Display

Note: Do not specify the fringing, smoothing, or slanting character modification
function for a row where double-height display is specified.
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(5) Displaying a Small-Size Character Consisting of 26 Vertical and 18 Horizontal

Dots

It is possible to display small-size characters at vertical intervals of 26 scanning
lines. This function is realized by specifying small-size character display and
setting up the 26-dot vertical display setting register ORCCD. This specification
can be made in line units.

26-dot vertical display enable unit: Row

26-dot vertical display enable register (1 bit x 12): CCDn (n = 1 to 12) (ORCCD
register)

Character size specification: “11” is set in CSn (n = 1 to 12; ORCS4, ORCSS, and
ORCS12).

Small-size character

26-dot vertical display

Figure 2.14.25 26-dot Vertical Display

(6) Background function

The background color is the color of all backgrounds including the background
of the character area (see Table 2.14.5). The background function is specified in
screen units by setting the EBKGD OSD control register (bit 7 in the ORRCL
register) to “1”. Using the ECBKD OSD control register (bit 3 in the ORDSN
register) can enable/disable the character-specific background color.

The background color is specified, using the RBDT, GBDT, and BBDT OSD
control registers (bits 6 to 4 in the ORBK register). Setting the ECHDSN OSD
control register (bit 3 in the ORDON register) to “1” specifies SLNT (bit 6 in the
ORDSN register) and EUL (bit 5 in the ORDSN register), respectively, as RBDT
and GBDT. A background color different from that of the screen can be set up as a
character-specific background.

Background color enable units: Screen and character

Background enable register (2 bits)
Screen unit: EBKGD (bit 7 in the ORRCL register)
Character unit: ECBKD (bit 3 in the ORDSN register)

Background color specification units: Screen and character

Background color specification register
If ECHDSN = 0: RBDT, GBDT, and BBDT (bits 6 to 4 in the ORBK register)
If ECHDSN = 1: RBDT, GBDT (bits 6 to 4 in the ORBK register),

SLNT (corresponding to RBDT), and EUL (corresponding
to GBDT)
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Table 2.14.7 Background Color Control

OSD control register

Display status

EBKGD ECBKD
0 0 No background is displayed.
0 1 No background is displayed.
1 0 No background is displayed.
1 1 A background is displayed.

Table 2.14.8 Character-Specific Background Color Setting Function

) Character-specific background color
Register Function setting (ECHDSN)
name
0
Slanting RBDT
SLNT < (background color of red)
Character —
e Underlining GBDT
modl_fl_catlpn EUL < (background color of green)
specification -
register BLF Blanking «—
Character-specific
ECBKE background enable <

Notel: When the ECHDSN is setto "1", the background color is specified by RBDT (red) and GBDT
(green) bits.In this case, ORCPT0,0RCPT2,0RCPT4 and ORCPT®6 are available for color
pallet.

Note 2: OSD output isn't done, and a video signal is indicated in the background area in case of
EBKGD=0, ECBKD=0 and EBKGD=1, ECBKD=0.A background area becomes transparent
in case of EBKGD=0 and ECBKD=1. That color is indicated when it is piled up and indicated
with the area plane. The background color specified in case of EBKGD=1 and ECBKD=1 is

indicated.
Table 2.14.9 Background Color
RBDT GBDT BBDT Background color
0 0 0 Setting color of ORCPTO
0 0 1 Setting color of ORCPT1
0 1 0 Setting color of ORCPT2
0 1 1 Setting color of ORCPT3
1 0 0 Setting color of ORCPT4
1 0 1 Setting color of ORCPT5
1 1 0 Setting color of ORCPT6
1 1 1 Setting color of ORCPT7
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Character color : Cyan
Background color : Yellow

Scanning line Scanning line
— - n —

Py

|

®

w

j

i

[os]
=
<

1) Disable Background 2) Enable Background

Figure 2.14.26 Background Function

Note: When the background function is enabled, the line enable the fringing function should not start with
a blank character. If it starts with a blank character, a fringe is displayed to the left of the blank
character.
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2.14.6.5 OSD Display Screen Control
(1) Display on/off

This function is used to display characters specified for on/off display.

Display on/off specification unit: Display page
Display on/off specification register (1 bit) --- DON (bit 0 in ORDON)

“0” -+- Disable display
“1” -+ Enable display

Note: Do not start STOP mode during display is enable.

(2) Window function

This function is used to set upper and lower limit of display page. Window upper
limit is specified by WVSH (ORWVSH). Window lower limit is specified by WVSL
(ORWVSL). This function is enabled by setting EWDW (bit 1 in ORDON ) in the
OSD control register to 1.

Window specification unit: Display page

Window function enable specification register (1 bit) --- EWDW (bit 1 in
ORDON)

“0” Disable window function
“1” Enable window function

Window upper limit specification register (10 bits) -~ WVSH9 to 0 (ORWVSH)
Window lower limit specification register (10 bits) --- WVSL9 to 0 (ORWVSL)
Window upper and lower limit position -
When VDSMD is “0” (Normal mode):
WVSH = (WVSH9 to WVSHO0) H x THD
WVSL = (WVSL9 to WVSLO0) H x THD
When VDSMD is “1” ( Double scan mode):
WVSH = (WVSH9 to WVSHO0) H x 2THD
WVSL = (WVSL9 to WVSL0) H x 2THD

Note 1: Typ; One cycle of HD signal
Note 2: WVSL > WVSH > “1”

Note 3: Modify the value of window upper and lower limit register and the value of
EWDW during VD signal is low.

Note 4: It is recommendable that the window function is always enabled (EWDW = “1")
and set WVSH to “01H”, WVSL to “1FEH".

Note 5: Characters and symbols at scanning line specified by WVSL are not displayed.
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Note:
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Raster color
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Window display: ON, Area plane display: ON, Background color display: ON, Raster plane display: ON

Figure 2.14.27 Display Example

WVSH

i-_ Dis
1

play off

Display

Figure 2.14.28 If WVSH is on a Code Plane
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(3) Full-raster blanking function

Full-raster blanking function is used to color the entire background for the
display area (TV screen). When using the full-raster blanking function, set
YBLCS (bit 2 in ORP6S) to “1”, output BL signal from Y/BL pin, because Y signal
cannot delete whole display page from video signal.

This function is specified for each display page by setting EXBL (bit 6 in
ORRCL) in the OSD register to “1”.

Full-raster blanking specification unit: Display page
Full-raster blanking enable register (1 bit) --- EXBL (bit 6 in ORRCL)

“0” -+- Disable full-raster blanking

“17 --- Enable full-raster blanking
Full-raster blanking color specification -+ RCLR, RCLG, RCLB
registers (3 bits) (bit 2 to 0 in ORRCL)

Table 2.14.10 Raster Plane Color

RCLR RCLG RCLB Raster plane color

Setting color or ORCPTO
Setting color or ORCPT1
Setting color or ORCPT2
Setting color or ORCPT3
Setting color or ORCPT4
Setting color or ORCPT5
Setting color or ORCPT6
Setting color or ORCPT7

[l Bl el ol f el fol Joi o)
RP|Rr|O|O|FR]|R]|]O|O
R|O|RP|O|FR,]|O]|FR|O
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(4) Area plane function

Area plane function is used to display square area to two points on a screen.

Two planes operate independently. They are displayed according to the priority
(area plane 1 > area plane 2).

See area plane display position setting in section 2.14.6.3 (2) how to set display
positions for each area.

Each area plane is set to ON or OFF by AON2 and AON1 (bit 5 and bit 4 in
ORRCL).

Area plane colors are set by ACLRx, ACLGx, ACLBx (bit 6 to bit 4 and bit 2 to
bit 0 in ORACL, x =1, 2).

Area plane colors: 8 or 27

Area plane specification unit: plane

Area plane color specification register (6 bit)
Area plane 1: ACLR1/ACLG1/ACLBL1 (bit 2 to 0 in ORACL)
Area plane 2: ACLR2/ACLG2/ACLB2 (bit 6 to 4 in ORACL)

Table 2.14.11 Area Plane Color

ACLRx | ACLGx | ACLBx Area plane color

0 0 0 Setting color of ORCPTO
Setting color of ORCPT1
Setting color of ORCPT2
Setting color of ORCPT3
Setting color of ORCPT4
Setting color of ORCPT5
Setting color of ORCPT6
Setting color of ORCPT7
x:1,2)

Rlr|r|r|o]lo]o
Rrlr|lo|lo]|r]|r]o
Rrlo|lr|o|r]o]lr

(5) I-pin function

The I-pin output becomes valid only for area planes. Resetting the PIDS OSD
control register (bit 3 in the ORP6S register) to “0” causes P57 to work for I-pin
output. If you want to produce an I-pin output for area plane 1, set the PISEL1
OSD control register (bit 3 in the ORACL register) to “1”. If you want to produce
an I-pin output for area plane 2, set the PISEL2 OSD control register (bit 7 in the
ORACL register) to “1”. The I-pin output depends on the display priority of the
area planes.
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(6) Examples of OSD outputs
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Figure 2.14.29 OSD Output Examples (a)

2007-09-12

88CS34-173



TMP88CS34/CP34

TOSHIBA

] [ 1 o9 ] [ 1 od

19 _ _ 14 14

] 1 av [ ] [ 1 av

ubly st g pue ‘9 'Y $10/09 Juoy jo Aue aieym ealy! !

vale Ae|dsip Ja10ereYD AT

1 1
a a — a
BT === = 3
g g g
\ \ v
Quol|eH T ealy Quol|eH T ealy T ealy
T=213SId T=213SsId 0=213sId
T=T173sld SUONIEH ¢ Bolv 0=T173sld ¢ Baly T=T173sId SUONIEH ¢ BalV
J91Sey J91Sey 191Sey
<(T ‘0 =SD79A ‘0 = 1g9x3) AejdsIp Jaisel-|IN4> <(T '0=S279A ‘0 = 1gx3) Ae|dsIp Jaisel-|IN4> <(T ‘0 =S0749A ‘0 = 19X3) Ae(dsip 1a)8RI-|IN4>
9 9|dwex3 e G 9|dwex3 e ¢ 9|dwex] e

2007-09-12

Figure 2.14.30 OSD Output Examples (b)
88CS34-174




TMP88CS34/CP34

TOSHIBA

[ — |

e

< moO

auoleH T ealy

T=2713SId
T=113SId SUOUIEH ¢ Balv

‘pake|dsip si ‘gz aue|d ease
uey) Jayres ‘T aueld eale ‘g pue g ‘T susaned u)

<T =SO149A ‘T=19X3>
6 o|dwex3 e

3 3 a3
‘a‘o ‘a‘o ‘a‘’s
‘a'v ‘a'v | ‘a'‘'v

Ubly si g pue ‘O ‘Y 1002 JUO JO Aue BIBUM BIIY >l |

eale Aejdsip Ja1oereyD —r—r >
q ! a

——— [ ——
—oE— a SEmE= a
d d
\4 A

auoyeH T ealy T ealY
0=¢13sId T=213SId

T=T113SId C Baly 0=T173SId auOl[eH ¢ ealy

‘pake|dsip si ‘g aue(d ease ‘pake|dsip siI ‘z aue|d eare uey)
uey) Jayiel ‘T aueld eale ‘g pue g ‘T sulaned u| Jayres ‘T aueld eale ‘g pue g ‘2 sajdwexa u|
<T=S2749A ‘T =19X3> <T =SO19A ‘T=19X3>

g o|dwex3 e J 9|dwex3 e

Figure 2.14.31 OSD Output Examples (c)
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Figure 2.14.32 OSD Output Examples (d)
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2.14.6.6 Interrupt Control
(1) Display line counter

The display line counter indicates number of display line (s) by OSD circuit on
the TV screen. The display line counter is a 4-bit counter which is initialized to “0”
by the falling edge of the VD signal and which increments when last scanning of
each display line is completed (falling edge of the HD signal). It is necessary to be
read out display line counter several times, because it does not synchronize CPU
clock.

Display line counter register (4 bits) --- DCTR (bit 3 to 0 in ORIRC)
“0000” --- No display line is completed.
“0001” --- 1st display line is completed.
“0010” --- 2nd display line is completed.
to to
“1111” --- 15th display line is completed.

o Display line
VD signal counter
1S
R —
o
1st Display Line Display on
- rin;j_liigp;lég Line i Display off
— R e ____.
N
|3rd Display Line | Display on
|4th Display Line with all blank characters | Display on
<
|10th Display Line | Display on
><
a
11th Display Line Display on
a
|12th Display Line | Display on
><
N
—
Note 1: The display line counter also increments when a line with all blank characters or a line with display off is
specified.
Note 2: When display lines are overlapped each other, previous display line is enabled and next line is disabled.
At this time, the display line counter does not increment for disabled line.

Figure 2.14.33 Display Line Counter
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(2) Interrupt generator circuit

An interrupt request is generated when a falling edge of VD signal or when line
counter (DCTR) is counted to the certain value specified by ISDC.

Interrupt source select register (1 bit): SVD (bit 4 in ORIRC)

“0” -+ Interrupt request generated when the display line counter (DCTR)
is counted to the certain value which is specified by ISDC.
“17 -+ Interrupt request is generated when a falling edge of VD signal.

Interrupt generation line specification register (4 bits) --- ISDC (bit 3 to 0 in ORIRC)

“0000” -+ Interrupt request generated when the display line counter is
cleared.

“0001” -+ Interrupt request generated at end points of the last scanning
line of the first display line

“0010” -+ Interrupt request generated at end points of the last scanning
line of the 2'nd display line

to
“11117 -+ Interrupt request generated at end points of the last scanning

line of the 15’th display line

2.14.6.7 Display Memory Access
(1) Display memory

The display memory is accessed for two purposes, one for writing data to the
display memory, and one for reading data from the display memory.

Display memory address specification registers --- DMAS8 to MDAO (ORDMA)

(9 bits)

Display memory data write registers
Character code write register (9 bits) -~ CRA8 to CRAO (ORCRA)
Character ornamentation data write -+ SLNT, EUL, BLF, RDT,
registers (6 bits) GDT, and BDT (ORDSN)
Character-specific background on/off -+ ECBKD (ORDSN register)

specification register (1 bit)
Display memory bank select register MBK (bit 1 in ORETC)

“0” -+ When writing either character code or character ornamentation data
“1” -+ When writing both character code and character ornamentation data

Note 1: These control registers have a characteristic that immediately when a value is
written to the register, the content of the register is transferred as valid data to the
OSD circuit/display memory.

Note 2: The data written to the display memory takes effect at the same time it is written. When
character code or character ornamentation data is written to the display memory while
it is displaying some character, the character may not be displayed correctly. When
writing data to the display memory, make sure no character is being displayed in the
memory location where you are going to write data.

Note 3: When writing data to or reading data from the display memory, do not use two-byte
transfer instructions such as “LDW(HL),mn LD rr, (pp).” Otherwise, erroneous data
may be written to the display memory or data may be written to an incorrect
address.

Note 4: Allow for at least two instruction cycles between a display memory address write
instruction and a data write or read instruction. Also, when continuous writing data
to or reading data from the display memory, allow for at least two instruction cycles
between one write or read instruction and the next. Otherwise, erroneous data may
be written to the display memory or data may be written to an incorrect address.

Note 5: When setting display memory addresses, always be sure to write all of 9 address
bits sequentially in order of DMA8 and DMA7 to DMAO.
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1. Normal mode

In normal mode, the display memory addresses are automatically incremented each time
data is read from or written to the memory. Because addresses are automatically incremented,
this mode may be used for reading from or writing data to multiple continuous addresses
simultaneously.

<Display memory write sequence in normal mode>

(a) When writing either character code or character ornamentation data
(1) Set MFYWR, MBK, and RDWRYV all to 0.

(2) Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

(3) Writing character code or character ornamentation data
e  Writing character code
Write the most significant bit of character code to CRAS8. Go on and write the 8
low-order bits of character code to CRA7 through CRAOQ. At this point in time, the 9
bits of character code written are transferred to the display memory, and DMAS to
DMAO are automatically incremented.
e  Writing character ornamentation data
Write character ornamentation data to SLNT, EUL, BLF, ECBKD, RDT, GDT,
and BDT. At this point in time, the character ornamentation data written are

transferred to the display memory, and DMA8 to DMAO are automatically
incremented.

(4) To write data (character code or character ornamentation data) to continuous
addresses, repeat step (3).

(b) When writing character code and character ornamentation data at a time
(1) Set MFYWR to 0, MBK to 1, and RDWRYV to 0.

(2) Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

(3) Write character ornamentation data to SLNT, EUL, BLF, ECBKD, RDT, GDT, and
BDT. At this point in time, the character ornamentation written are transferred to the
display memory.

(4) Write the most significant bit of character code to CRA8. Go on and write the 8
low-order bits of character code to CRA7 to CRAO. At this point in time, the 9 bits of
character code written and the character ornamentation data written in step (3) are
transferred to the display memory, and DMA8 to DMAO are automatically
incremented.

(5) To write data to continuous addresses, repeat steps (3) and (4).
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<Display memory read sequence in normal mode>

(a) When reading either character code or character ornamentation data

1
(2

(3

(4)

Set MFYWR to 0, MBK to 0, and RDWRYV to 1.

Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

Reading character code or character ornamentation data
e Reading character code
Read the most significant bit of character code to CRA8. Go on and read the 8
low-order bits of character code to CRA7 to CRAOQ. At this point in time, DMAS to
DMADQO are automatically incremented.
e Reading character ornamentation data
Read character ornamentation data SLNT, EUL, BLF, ECBKD, RDT, GDT, and
BDT. At this point in time, DMAS8 through DMAO are automatically incremented.

To read data (character code or character ornamentation data) from continuous
addresses, repeat step (3).

(b) When reading character code and character ornamentation data at a time

(1
@)

(3
(4)

(5)

Set MFYWR to 0, MBK to 1, and RDWRYV to 1.

Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

Read character ornamentation data SLNT, EUL, BLF, ECBKD, RDT, GDT, and BDT.

Read the most significant bit of character code to CRAS8. Read the 8 low-order bits of
character code to CRA7 to CRAO. At this point in time, DMA8 to DMAO are
automatically incremented.

To read data from continuous addresses, repeat steps (3) and (4).

2. Read-modify-write mode

When writing data in read-modify-write mode, the display memory addresses are

automatically incremented as in normal mode, but when reading data in this mode, the

memory addresses are not automatically incremented.

Therefore, immediately after executing a read from some display memory address, you can

execute a write to the same display memory address. After executing a write, the display

memory addresses are automatically incremented.

(a) Reading/writing either character code or character ornamentation data in

read-modify-write mode

Y]
(2

(3

Set MFYWR to 1 and MBK to 0, and RDWRYV to 1.

Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

Reading character code or character ornamentation data

e Reading character code

Read the most significant bit of character code to CRAS8. Read the 8 low-order
bits of character code to CRA7 to CRAO. DMAS to DMAO are not incremented.
e Reading character ornamentation data

Read character ornamentation data SLNT, EUL, BLF, ECBKD, RDT, GDT, and
BDT. DMAS to DMAO are not incremented.

88CS34-180 2007-09-12



TOSHIBA TMP88CS34/CP34

(4) Writing character code or character ornamentation data
e Set RDWRYV to “0”.
e  Writing character code

Write the most significant bit of character code to CRAS8. Go on and write the 8
low-order bits of character code to CRA7 to CRAO. At this point in time, the 9 bits of
character code written are transferred to the display memory, and DMAS to DMAO
are automatically incremented.

e  Writing character ornamentation data
Write character ornamentation data to SLNT, EUL, BLF, ECBKD, RDT, GDT,
and BDT. At this point in time, the character ornamentation data written are
transferred to the display memory, and DMA8 to DMAO are automatically

incremented.

(5) To continue executing read-modify-write operations, repeat steps (1) to (4). To
read/write data (character code or character ornamentation data). To continue
executing read modify-write mode from continuous addresses, repeat steps (3) and (4).

(b) Reading/writing both character code and character ornamentation data in
read-modify-write mode

(1) Set MFYWR to 1, MBK to 1 and RDWRYV to 1.

(2) Write the most significant address bit of the display memory to DMAS. Go on and write
the 8 low-order address bits of the display memory to DMA7 to DMAO.

(3) Read character ornamentation data SLNT, EUL, BLF, ECBKD, RDT, GDT, and BDT.
At this point in time, DMAS to DMAO are not incremented.

(4) Read the most significant bit of character code to CRAS. Read the 8 low-order bits of
character code to CRA7 to CRAO. At this point in time, DMAS8 to DMAO are not
incremented.

(5) Set RDWRYV to “0”.

(6) Write character ornamentation data to SLNT, EUL, BLF, ECBKD, RDT, GDT, and
BDT. At this point in time, the character ornamentation data written is transferred to
the display memory.

(7) Write the most significant bit of character code to CRA8. Go on and write the 8
low-order bits of character code to CRA7 to CRAO. At this point in time, the 9 bits of
character code written and the character ornamentation data written in step (6) are
transferred to the display memory, and DMA8 to DMAO are automatically
incremented.

(8) To continue executing read-modify-write operations, repeat steps (1) to (7). (To
read/write data to and from continuous addresses in read-modify-write mode, repeat
steps (3) to (7).)
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Table 2.14.12 Address Increment
RD(RDWRYV =1) WR(RDWRV=0)
Character Character

ornamentation Character code ornamentation Character code

MEYWR 0 MBK =0 INC INC INC INC

MBK =1 - INC - INC

MBK =0 - - INC INC

MFYWR = 1
MBK =1 - - - INC

INC: Automatic address increment at read or write.
—: No address change at data read or write.

Example: Setting a character code (020H) to the display memory (Address: 120H) and

setting a character ornamentation (001H) for character code 020H and display
memory address 120H.

1. MBK=0
; Set display memory address
LD (0x25), 0x01 ; ORDMA<DMAS>
LD (0x24), 0x20 ; ORDMA<DMAT7:0>
; Set character code
LD (0x1F), 0x00 ; ORCRA<CRAS>
LD (0x1E), 0x20 ; ORCRA<CRAT:0>
; Set display memory address again
LD (0x25), 0x01
LD (0x24), 0x20
; Set character ornamentation
LD (0x1D), 0X01 ; ORDSN<SLNT, ..... BDT>
2. MBK=1
; Set display memory address
LD (0x25), 0x01
LD (0x24), 0x20
; Set character ornamentation
LD (0x1D), 0X01
; Set character code
LD (0x1F), 0x00
LD (0x1E), 0x20

Note 1:

Note 2:

Note 3:

To write character data into the display memory, first write into register CRA8 and then
write into registers CRA7 to CRAO. When data is written into registers CRA7 to CRAO,
DMA is incremented. It is impossible to write into the display memory for CRA7 to CRAO
alone. If no data is written into register CRA8 while data is written into registers CRA7 to
CRAQO, the value previously written into register CRAS8 is written into the associated
display memory.

To read data from the display memory, first read from register CRA8, and then read from
registers CRA7 to CRAO. When data is read from registers CRA7 to CRAO, DMAS to
DMAQO is incremented.

There should be a time interval of at least two machine cycles between a DMA set
instruction and a data write/read instruction. There should be a time interval of at least
two machine cycles between a data write instruction and a data read instruction.
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(2) Characters
e If ROMACH (bit 5in ORDON) =0
Characters: 383 monochrome font characters and 96 color font characters

Character specification register (9 bits): CRAS8 to CRAO (bits 8 to 0 in the ORCRA
register)

Character codes: User-programmable in character ROM
Monochrome font codes “001H” to “17FH”
Color font codes “180H” to “1DFH”
e If ROMACH (bit 5in ORDON) =1
Characters: 447 monochrome font characters and 64 color font characters

Character specification register (9 bits): CRA8 to CRAO (bits 8 to 0 in the ORCRA
register)

Character codes: User-programmable in character ROM
Monochrome font codes “001H” to “17FH”, “1COH” to “1DFH”, “1FOH” to “1FFH”
Color font codes “180H” to “1BFH”

(3) Character color
Character colors: 8 or 27
Character color specification unit: Character
Character color specification register (3 bits): RDT/GDT/BDT (bit2 to 0 in ORDSN)

Table 2.14.13 Character Color

Py}
O
3
(@)
v}
3
vs]
O
3

Character color

Setting color of ORCPTO
Setting color of ORCPT1
Setting color of ORCPT2
Setting color of ORCPT3
Setting color of ORCPT4
Setting color of ORCPT5
Setting color of ORCPT6
Setting color of ORCPT7

[l Ll Bl Ll K=l ol Jo i ol
RPlIP]J]O|O ||, ]|O|O
Rl|O|RP|O|FR,|O|FRL|O

(4) Blinking function
Blinking function is used to blink display characters.
When BKMF is “1”, characters specified for blinking by BLF are not displayed. (If the
background color function is used, the background color is not disappeared.)

Blinking specification unit: Character

Blinking specification register (1 bit) --- BLF (bit 4 in ORDSN)

“0” -+ No blinking
“1” -+ Blinking

Blinking master specification register (1 bit) --- BKMF (bit 5 in ORETC)

“0” -+ Disable blinking
“1” -+ Enable blinking (Characters whose BLF are set to “1” are not displayed.)

Note: Regarding the extra dot of the left and/or right character by fringing function, it is not
enabled as blink.
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(5) Underline function

Underline function is used to add a line under a display character. The underline is same
color as that of character.

Underline specification unit: Character/Line

Underline enable register (Character unit) (1 bit) --- EUL (Bit 5 in ORDSN)

“0” -+ No underline
“1” -+ Underline

Underline enable register (Line unit) (1 bit x 12) ---EULAn (n: 1 to 8) (OREULAS),
EULAn (n: 9 to 12) (OREULA12)

Underline colors: 8 or 27

Underline color specification registers (3 bits) --- RDT, GDT, BDT (Bit 2 to 0 in ORDSN)
(refer to Table 2.15.10)

Note 1: To use the underline function, set both the underline enable register for underlining text in
characters and that for underlining text in lines. If the former register (EUL) only is set, an
underline is not displayed.

Note 2: A color font underline can be displayed in colors set up using RDT, GDT, and RDT.

16

18 Character display area

| T m

EUL=0 EUL=1

Figure 2.14.34 Underline
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(6) Solid space control

Solid space control is used to display one column of solid space to the left and right of 32
columns.

Solid space control is used to delete the Video signal in the areas where solid spaces are
located in the original display page, then add color (raster color) to them.

Solid space specification unit: line

Solid space specification register (24 bits)

For line 1 SOL11 and SOL10 (Bits 1 and 0 in ORSO1.4)
For line 2 SOL21 and SOL20 (Bits 3 and 2 in ORSOL4)
For line 12 SOL121 and SOL120 (Bits 7 and 6 in ORSOL12)

Solid space specification
The solid space control functions as follows:
SOLx1/SOLx0 (x =1 to 12)

“00” -+ No solid space display

“01” -+ Solid space display left for 32 columns

“10” -~ Solid space display right for 32 columns

“11” -+ Solid space display left and right for 32 columns

Solid space color specification registers (3 bits)

RBDT, GBDT, BBDT (Bits 2 to 0 in ORBK)
(Same color as that of background)

i 32 columns i

| |
S—i|||||||||||||||||||||||||||||||i‘—C>
Solid space Solid space
(Left \g—’lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/-l_/ Rioht

Figure 2.14.35 Solid Space
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(7) Slant function

Slant function is used to slant characters for italics.

Slant specification unit: Character

Slant enable register (1 bit) --- SLNT (Bit 6 in ORDSN)

“0” -+ No slant
“1” - Slant

Note 1: SLANT function is enabled each characters, and therefore, in case of using background
function, this color of the Background is enable as slant. Regarding the extra dots of the
left and/or right character by fringing function, it is not enabled as slant.

Note 2: When a character is slanted in an area, which overlaps with the character field, the
overlap is also slanted.

Note 3: If slanting a character causes part of the character to get into the character field to the
immediate right of the character, then this part is not displayed.

Note 4:R, G, B, and Y are all slanted. Thus, if the Y signal is selected, a video signal is displayed
above and to the left of the slant character. If the specified background color is black,
setting YBLCS to “1” prevents the upper-left video signal for a slant character from being
displayed.

Note 5: When a character is slanted, the dot data to the immediate left of the character is also
slanted.

Note 6: Do not specify slanting for the color font.

/ The same color as that of the dot on the left is displayed.

When an entire character field (including its When the character field on the right
background) contains dots: does not contain a dot:

Figure 2.14.36 Slant
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(8) Functions supporting PAL100/NTSC120

This LSI package supports the PAL (Phase Alternating Lines) 100 and NTSC (National
Television System Community) 120 broadcasting systems. Figure 2.14.35 schematically shows
the supported screen scanning method.

\A
\

\

[ ! TR ! TR

1st field 1

1st field 2

2nd field 1

2nd field 2

Figure 2.14.37 PAL100/NTSC120 Image Scanning Lines (Schematic Diagram)

PAL100 support enable unit: Screen
PAL100 support enable register (1 bit): EPAL100 (bit 5 in the ORDON register)
PAL100 screen display start enable register (1 bit): PALTRG (bit 0 in the ORSTRG register)

To support PAL100/NTSC120, follow this procedure.

(a) To use PAL100/NTSC120, set the EPAL100 OSD control register (bit 5 in the ORDON
register) to “17.

(b) Read the phase detection results, PDF0 to PDF2, of the horizontal sync signal (HD)
and the vertical sync signal (VD) (bits 6, 5, and 0 in the JESR jitter elimination status
register) each time a VD interrupt occurs.

() By reading the phase detection results PDF0 to PDF2, the phase of screen scanning is
determined according to the detected field (1st or 2nd field).

(d Write PALTRG (bit 0 in the ORSTRG register) during the second cycle of the 2nd field
(2nd field 2).

Once PALTRG has been written, it becomes possible to support PAL100/NTSC120 for OSD
display in the next field (1st field).

Note 1: Use software to determine the write timing for PALTRG.
Note 2: It is impossible to normally display the screen on the field of which PALTRG is written.

Note 3: To read the phase detection results PDFO to PDF2, write “1” to the JEEN jitter elimination
control register (bit 2 in the JECR register) to enable the jitter elimination circuit.
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2.14.6.8 OSD Control Registers
Can not access all OSD control registers in any of read-modify-write instructions

such as bit operation, etc.

ORHS1 7 6 5 4 3 2 1 0
(0oF81H) | Hs17 | Hs16 | HS15 | Hs14 | HS13 | HS12 | Hs11 | HS10 | (nitial value: 0000 0000)

Horizontal display start position specification Vc\>lrrxllt;
ORVS1 7 6 5 4 3 2 1 0
oors2H) | vsi17 | vsie | vsis | vsi4 | vsi3 | vsi2 | vsi1 | vsio (initial value: 0000 0000)
(QoF83H) © - - - - — - _ - _ - _ | vsi9 | vsi8 (Initial value: **** **00)
ORVS2
(0oF8aH) | vs27 | vs26 | vs2s | vs24 | vs23 | vs22 | vsai | vs2o (Initial value: 0000 0000)
(OOFgsH) : - - - - - _ - _ = _ |vs2 | vss8 (Initial value: **** **00)
ORVS3
(oorgeH) | vs37 | vs3e | vs3s | vsaa | vsss | vs32 | vs3i | vsao (Initial value: 0000 0000)
(QOF87H) : - : - = - = - - _ - _ | vs39 | vs3s (Initial value: **** **00)
ORVS4
(00F88H) | vs47 | vs46 | vs4s | vsaa | vsa3 | vsa2 | vs4l | vs4o (Initial value: 0000 0000)
(OOF89H) : - - . - - _ - _ © _ | vs49 | vs48 (Initial value: **** **00)
ORVS5
(0oF8AH) | vss7 | vsse | vsss | vssa | vsss | vss2 | vssi | vsso (Initial value: 0000 0000)
(0OF8BH) ¢ - © - < - - - - | VS59 | VS58 (Initial value: **** **0Q)
ORVSE
(OOF8CH) - vs67 | vsee | vses | vsea | vses | vse2 | vse1 | vseo (Initial value: 0000 0000)
(OOF8DH) © - © - & - = - - & - |vse9 | vse8 | (Initial value: **** **00)
ORVS7
(oorgeH) | vs77 | vs76 | vs7s [ vs7a | vs7s | vs72 | vs71 | vs7o (Initial value: 0000 0000)
(OOF8FH) = - = - = - : - © - - |vs79 | VS8 (Initial value: **** **00)
ORVSS8
(0oF90H) | vss7 | vsse | vsss | vses4 | vsss | vss2 | vssi | vsgo (Initial value: 0000 0000)
(OOF91H) : - = - = _— - _ - _ - _ | vsgy | vsss (Initial value: **** **00)
ORVS9
(0oF92H) | vs97 | vs9e | vsos | vsea | vses | vsoz | vsor | vseo (Initial value: 0000 0000)
QOF93H) © - - - - — - _ - _ - _ | vsg9 | vso8 (Initial value: **** **00)
ORVS10
(00F94H) | vs107 | vs106 | vs105 | vs104 | vs103 | vs102 | vsio1 | vsi00 (initial value: 0000 0000)
QOF95H) - - - - - - - - - — - _ |vsi109 | vsi08 (Initial value: **** **00)
ORVS11
(00F96H) | vs117 | vs116 | vs115 | vs114 | vs113 | vs112 | vsi11 | vsi10 (initial value: 0000 0000)
(ooFO?H) - - ¢ - ¢ - ¢ - - - - |VSll9 | VSli8 (Initial value: **** **QQ)
ORVS12
(0oF98H) | vs127 | vs126 | vs125 | vs124 | vsi123 | vs122 | vsi21 | vsi20 (initial value: 0000 0000)
(QOF9QH) : - = - = - = -  _ © _ |vs129|vsi28 (Initial valug: **** **00)
VSn8to 0 [ Vertical display start position for line n V(;I:Itye
(n:1to 12)

Note 1: If display lines are overlapped each other, previous display line is enabled and next line is disabled. Set
the vertical display start position not to overlap display lines.
Note 2: Transfer the contents of vertical display start position registers into OSD circuit before a position of the

scanning line coincides with their own vertical display start position.

88CS34-188 2007-09-12



TOSHIBA TMP88CS34/CP34
ORCS4 7 6 5 4 3 2 1 0
(OOF9AH) | Ccs4 | cs3 | cs2 | cs1 | (Initial value: 0000 0000)
ORCS8
(00F9BH) | cs8 | Ccs7 | CS6 | CS5 | (Initial value: 0000 0000)
ORCS12
OoFocH) |  cst2 |  csut | csio | Ccs9 | (Initial value: 0000 0000)
00: Display off
csn Character size and display 01: Large size Write
on/off for line n 10: Middle size only
11: Small size
(n: 1to 12)
OREULA8
(O0F9DH) | [ EuLAs | EULA7 [ EULAG | EULAS | EULA4 | EULAS | EULAZ | EULAL (Initial value: 0000 0000)
(OF9EH) * - - - - - - — |EULAL2|EULAL1|EULAL0| EULA9 (Initial value: **** 0000)
EULAN L_Jnderllne for display line for 0 D!splay off
line n 1. Display on
(n: 1to 12)
OREFRS 7 6 5 4 3 2 1 0
(QOFoFH) | EFrs | EFR7 | EFR6 | EFR5 | EFR4 | EFR3 | EFR2 | EFR1 (initial value: 0000 0000)
(OFAOH) - - - - - - - - | EFR12|EFR11 | EFR10 | EFR9 (Initial value: **** 0000)
Fringing enable specification 0: Disable fringing Write
EFRn : : s
register for line n 1: Enable fringing only
(n: 1to 12)
ORSLO4
©oFa2H) |  stoa [ sios | sto2 | sto1 | (initial value: 0000 0000)
ORSLO8
OoFA3H) | sto8 | stor | stoe | stos | (initial value: 0000 0000)
ORSLO12
OOFA4H) | stoi2 | stoir | stoo | so9 | (initial value: 0000 0000)
00: No solid space display
. . 01: Solid space display left Write
SLon Solid space for line n 10: Solid space display right only
11: Solid space display left and right
(n: 0 to 12)
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TMP88CS34/CP34

ORBK
(OOFA5H)

6 5 4

3 2

1 0

- | repT | FDT | BFDT | (nitial value: 0000 0000)

RBDT/
GBDT/
BBDT

Background color select

000:
001:
010:
011:
000:
101:
110:
111:

Setting color of ORCPTO
Setting color of ORCPT1
Setting color of ORCPT2
Setting color of ORCPT3
Setting color of ORCPT4
Setting color of ORCPT5
Setting color of ORCPT6
Setting color of ORCPT7

Write

RFDT/
GFDT/
BFDT

Fringing color select

000:
001:
010:
011:
000:
101:
110:
111:

Setting color of ORCPTO
Setting color of ORCPT1
Setting color of ORCPT2
Setting color of ORCPT3
Setting color of ORCPT4
Setting color of ORCPT5
Setting color of ORCPT6
Setting color of ORCPT7

only
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TOSHIBA

TMP88CS34/CP34

ORACL 7 6 5 4 3 2 1 0
(00FA6H) | PISEL2 | ACLR2 | ACLG2 | AcLB2 | PISEL1 | ACLR1 | ACLG1 | ACLB1 | (initial value: 0000 0000)
000: Setting color of ORCPTO
001: Setting color of ORCPT1
010: Setting color of ORCPT2
ACLR2/ 011: Setting color of ORCPT3
ACLG2/ | Area 2 plane color select )
ACLB2 000: Setting color of ORCPT4
101: Setting color of ORCPT5
110: Setting color of ORCPT6
111: Setting color of ORCPT7
000: Setting color of ORCPTO
001: Setting color of ORCPT1 Write
010: Setting color of ORCPT2 only
ACLRY/ 011: Setting color of ORCPT3
ACLG1/ | Area 1 plane color select )
ACLB1 000: Setting color of ORCPT4
101: Setting color of ORCPT5
110: Setting color of ORCPT6
111: Setting color of ORCPT7
PISEL2 0: Not assign half transparency for area 2 plane
1: Assign half transparency for area 2 plane
PISELL 0: Not assign half transparency for area 1 plane
1: Assign half transparency for area 1 plane
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TOSHIBA

TMP88CS34/CP34

ORIV 7 6 5 4 3 2 1 0
(ooreBH) |vopoL [HopoL| vBul | reBI | viv | BLV [RGBIV] 1v ] (initial value: 0000 0000)
VDPOL | VD input polarity select 0 Non-|n_vert |nput signal
1: Invert input signal
HDPOL | HD input polarity select O Non—lnyert |nput signal
1: Invert input signal
. . 0: Active high
YBLII Y/BLIN input polarity select 1- Active low
. . 0: Active high
RGBII RIN, GIN, BIN input polarity select 1: Active low Write
. 0: Active high only
YIV Y output polarity select 1- Active low
. 0: Active high
BLIV BL output polarity select 1: Active low
. 0: Active high
RGBIV | R, G, B output polarity select 1: Active low
. 0: Active high
v | output polarity select 1: Active low
ORDMA 7 6 5 4 3 2 1 0
(00024H) | DMA7 | DMA6 | DMA5 | DMA4 | DMA3 | DMA2 | DMAL | DMAO (Initial value: 0000 0000)
(oo25H4) - - - - - - - - - - - - - - | DMAS8 (Initial value: **** ***Q)
DMAN Display memory address Wwrite
only
(n: 0to 8)
Note: It is necessary to write all bits of display memory address, writhg DMA7 to DMAQO after

DMAZ8, when writing display address.

ORDSN 7 6 5 4 3 2 1 0
©oowbH) ; - [ SLNT | EuL | BLF |EcBKD| RDT | GDT | BDT | (Initial value: =+ )
SLNT Slant enable specification 0: Disable slant
register 1: Enable slant
EUL Underline enable specification 0: Disable underline
register 1: Enable underline
BLE Blinking enable specification 0: Disable blinking
register 1: Enable blinking
ECBKD Character-specific background 0: Disable backgournd color display
on/off specification 1: Enable backgournd color display Read/
000: Setting color of ORCPTO Write
001: Setting color of ORCPT1
010: Setting color of ORCPT2
RDT/ 011: Setting color of ORCPT3
GDT/ Character color select )
BDT 000: Setting color of ORCPT4
101: Setting color of ORCPT5
110: Setting color of ORCPT6
111: Setting color of ORCPT7
Note: To display a background color, write "1" to EBKGD (bit 7 in the ORRCL register) to enable

the background function enable register for the entire screen.
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TMP88CS34/CP34

ORCRA

(0001EH) | CRA7 | CRA6 ; CRA5 , CRA4 , CRA3 , CRA2 , CRAL ; CRAO

e S .~ | CRA8

(0001FH)

ORWVSH

(OOFBCH) | WVSH7 IWVSH6 l WVSH5 l WVSH4 IWVSH3 l WVSH2 IWVSHl IWVSHO

o= - 77777;77777;77777;77777; 77777 WVSH9 ' WVSH8

(OOFBDH)

ORWVSL
(OOFBEH)
(0OFBFH)

ORDON
(OOF80H)

7

6 5 4 3

2

1 0

(Initial value: **** ***xx)
(Initial value: **** *x*xx)

Character code

Read/
Write

Note: Write or read CRA7 to CRAO after write or read CRAS.

7

6 5 4 3

2

1 0

(n: 0to 8)

(Initial value: 0000 0000)
(Initial value; **** **QQ)

WVSLn Window upper limit position Vg:ltye
(n:0to 9)
7 6 5 4 3 2 1 0

|WVSL7 WVSL6 , WVSL5 ; WVSL4 , WVSL3 , WVSL2 ; WVSL1 , WVSLO

- - s e = = WVSL9|WVSL8

(Initial value: 0000 0000)
(Initial value: **** **QQ)

WVSLn Window lower limit position Vc\)/:lllt)le
(n:0to 9)
7 6 5 4 3 2 1 0
oo - EPAL100'ROMACH!ECHDSN! RGWR ' EWDW ! DON | (Initial value: **00 0000)
ificati 0: PAL100 mode disable
EPAL100 PAI'_100 mode specification
register PAL100 mode enable
383 monochrome font characters
ROMACH | Monochrome/color font area 96 color font characters
switching register 1. 447 monochrome font characters
64 color font characters
Characte_r-spe(:lflc baCkgrour_]d Character-specific background color setting off
ECHDSN | color setting on/off specification ch ific back d col ) Read/
register aracter-specific background color setting on Write
0:  (Initial setting)
RGWR Data transfer control OSD register | 1:  Written data is transferred to the OSD circuit
(cleared to "0" after the transfer).
EWDW Window enable specification 0:  Window specification off
register 1:  Window specification on
DON Display on/off specification 0: Display off
register 1. Display on
Note 1:*: Don't care

Note 2: All OSD control registers cannot use the read-modify-write instructions. (Bit manipulation
instructions such as SET, CLR, etc. and logical operation such as AND, OR, etc.)

88CS34-193

2007-09-12



TOSHIBA

TMP88CS34/CP34

ORRCL 7

6 5 4

2

1 0

(0oFA7H) |EBKGD| ExBL | AON2 | AON1 |

| RCLr [ ReLG | ReLB |

(Initial value: 0000 *000)

EBKGD Background function enable 0: No background function
specification register 1: Background function enable
EXBL Full-raster blanki.ng enable 0: No Full-raster blanking
specification register 1: Full-raster blanking
AON2 Area_Z_ pI:_;\ne display enable 0: No area 2 plane display
specification register 1: Area 2 plane display enable
AONL Area 1 ple_me display enable 0: No area 1 plane display
specification register 1: Area 1 plane display enable Write
000: Setting color of ORCPTO only
001: Setting color of ORCPT1
010: Setting color of ORCPT2
RCLR/ 011: Setting color of ORCPT3
RCLG/ [ Raster plane color select )
RCLB 000: Setting color of ORCPT4
101: Setting color of ORCPT5
110: Setting color of ORCPT6
111: Setting color of ORCPT7
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ORAHS1 7 6 5 4 3 2 1 0
(00FA8H) | AHS17 | AHS16 | AHS15 | AHS14 | AHS13 | AHS12 | AHS11 | AHS10 (Initial value: 0000 0000)
(0OFAOH) - - - - - - - - - - - - - - | AHS18 (Initial value: **** ***Q)
ORAHE1
(00FAAH) | AHE17 | AHE16 | AHE15 | AHE14 | AHE13 | AHE12 | AHE11 | AHE10 (initial value: 0000 0000)
(QOFABH) - - - - - - - — - _ - _ - _ |AHEI8 (Initial value: **=* *x+Q)
AHS1n Horizontal start point for area 1 plane Write
AHE1n Horizontal end point for area 1 plane only
(n: 0to 8)
ORAVS1
(00FACH) | Avs17 | Avsie | Avsis | Avsia | Avsi3 | Avsi2 | Avsii | Avsio (Initial value: 0000 0000)
(0OFADH) = - - - - - - - - - - - | AVS19 | AVS18 (Initial value: **** **00)
ORAVEL1
(OOFAEH) | AVE17 | AVE16 | AVE15 | AVE14 | AVE13 | AVE12 | AVELL | AVE10 (initial value: 0000 0000)
(QOFAFH) - - - - - - - — - _ - _ [AVE19 | AVE18 (Initial value: ***=* **00)
AVS1n Vertical start point for area 1 plane Write
AVE1n | Vertical end point for area 1 plane only
(n:0to 9)
ORAHS2
(00FBOH) | AHS27 | AHS26 | AHS25 | AHS24 | AHS23 | AHS22 | AHS21 | AHS20
QoFBIHY - - - - - D I T I Z__l__=__|AHSZ8
ORAHE2
(00FB2H) | AHE27 | AHE26 | AHE25 | AHE24 | AHE23 | AHE22 | AHE21 | AHE20 (Initial value: 0000 0000)
(QOFB3H) - - - - - — « — - — . _ . _ |AHE28 (Initial value: *** *x*Q)
AHS2n Horizontal start point for area 2 plane Write
AHE2n | Horizontal end point for area 2 plane only
(n: 0 to 8)
ORAVS2
(00FB4H) | Avs27 | Avs26 | Avs2s [ Avs2a | Avs2s | avs2z [ avs2a | Avs2o (initial value: 0000 0000)
(QOFBSH) - - - - - - - — - _ - _ [Avs29|Avs2g (Initial value: ***=* **00)
ORAVE2
(00FB6H) | AVE27 | AVE26 | AVE25 | AVE24 | AVE23 | AVE22 | AVE21 | AVE20 (initial value: 0000 0000)
(6orB7H) - - - - - - - - - - - = | AVE29 | AVE28 (Initial value: **** **QQ)
AVS2n Vertical start point for area 2 plane Write
AVE2n Vertical end point for area 2 plane only
(n:0to 9)
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TMP88CS34/CP34

ORP6S 7

6 5 4 3

2 1 0

(OOFBAH) |

pe7s | pess | Pess | peas | PiDs |veLcs |

(Initial value: 0000 0000)

P67S to
P64S

P6 port output select

0: R, G, B, Y/BL signal output
1: Port contents output

PIDS

| pin output select

0: | signal output
1: Port contents output

YBLCS

Y/BL signal select

0: Y signal output
1: BL signal output

MPXS

R, G, B, Y/BL signal select

00: Simultaneous output (Signal from the OSD circuit has
higher priority.)

01: Output of signal from internal OSD circuit

10: Output of signal from externally input

11: Simultaneous output (Externally input signal has higher

priority.)

Write
only

ORETC 7

6 5 4 3

2 1 0

(0oFB8H) |vDSMD|

0" | BkvF [ Esmz | 0’

[MFYWRr| mBK |[RDWRV| (initial value: 0000 0000)

VDSMD | Scan mode select 0: Normal mode
1: Double scan mode
L 0: Double blinking
BKMF | Blinking master 1 Enable blinking
Smoothing enable specification 0: Disable smoothing
ESMZ . .
register 1: Enable smoothing
MEYWR Display memory read mode 0: Normal mode Write
select 1: Read-modify-write-mode only
0: Access to either character code or character display
MBK Display memory bank options
switching 1: Access both character code and character display
option
Read/write mode select at 0: Data write mode for display memory
RDWRV )
normal mode 1: Data read mode for display memory
Note: Clear “0” to bit 6 and 3 in ORETC.
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TMP88CS34/CP34

ORIRC
(OOFBYH)

| (Initial value: ***0 0000)

Interrupt source select

0:
1

Interrupt request by ISDC value

Interrupt request at falling edge of VD signal

ISDC

Interrupt generation line select

When the line display of the ISDC value ends (with the

falling edge of HD signal)

while SVD = 0, interrupt request is generated.
0000: Request interrupt when display of low-order 4 bits

0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

"0000” of DCTR ends.

Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits
Low-order 4 bits

"0001” of DCTR
"0010” of DCTR
"0011” of DCTR
"0100” of DCTR
"0101” of DCTR
"0110” of DCTR
"0111” of DCTR
"1000” of DCTR
"1001” of DCTR
"1010” of DCTR
"1011” of DCTR
"1100” of DCTR
"1101" of DCTR
"1110” of DCTR
"1111" of DCTR

Write
only

ORRC
(OOFBYH) 1

DCTR

| (Initial value: **** 0000)

DCTR

Display line counter

0000:

0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

ends.

No line display or when the display of the 16th line

1st line display ends.
2nd line display ends.
3rd line display ends.
4th line display ends.
5th line display ends.
6th line display ends.
7th line display ends.
8th line display ends.
9th line display ends.

10th line display ends.
11th line display ends.
12th line display ends.
13th line display ends.
14th line display ends.
15th line display ends.

Read
only

Note:

The display line counter also increments when a line with all blank data or a line with

display off is specified.

If display lines are overlapped each other, previous display line is enabled and next line is

disabled. At this time, the display line counter also increments.

88CS34-197

2007-09-12



TOSHIBA TMP88CS34/CP34
ORDCSC 7 6 5 4 3 2 1 0
(0oFcaH) | Dcscs [ besc? [ pesce | pescs [ pesc4 | peses [pescz | pesct | (nitial value: 0000 0000)
(OFC5H) - - - - - - - - |DCSC12|CDSC11|{CDSC10|CDSCI | (Initial value: **** 0000)
n: Double-height specification for 0:Display a _ medlgm-smg _ character when medium-size _
character display is specified. Write
DCSCn rown . . . .
. 1:Display a double-height character when medium-size | only
n:1to12 . . o
character display is specified.
Note: To display double-height characters, write “10” to CSn (n = 1 to 12) in the ORCSm (m = 4, 8, 12) register,
specify the medium character size, and write “1” to DCSCn (n =1 to 12).
7 6 5 4 3 2 1 0
ORCPTO i y .
cerowor | 7€ | cproRr1|cpToR0|CPTOG1|CPTOGO| CPTOB1|CPTOBO (Initial value: 0000 0000)
(00FCBH) ato
ORCPT1 76 5 4 3 2 1 0
(OOFCTH) i - . - |CPT1R1|CPTIRO0|CPT1G1|CPT1G0|CPT1B1[CPT1BO| (Initial value: *+00 0000)
ORCPT2 7 6 5 4 3 2 1 0
(0oFcsH) 1+ - 1 - ]cpreri[cPT2ro[cPT2G1[CcPT2G0]CPT281[CPT28B0] (Initial value: *+00 0000)
ORCPT3 7 6 5 4 3 2 1 0
| B e B
(OOFCOH) + - 1 - |CPT3R1|CPT3R0|CPT3G1|CPT3G0|CPT3B1|CPT3BO| (Initial value: *+00 0000)
ORCPT4 L _7_ . _6_ _ 5 4 3 2 1 0
(0OFCAH) '~ 1 - |CPT4R1|CPT4R0|CPT4G1|CPT4G0|CPT4B1|CPT4B0| (Initial value: **00 0000)
ORCPT5 76 5 4 3 2 1 0
(OOFCBH) !~ ! - |CPT5R1|CPT5R0|CPT5G1|CPT5G0|CPT5B1|CPT5B0] (Initial value: *+00 0000)
ORCPT6 ___7______6__ 5 4 3 2 1 0
(OOFCCH) | - | - |cPTeR1|cPTeR0|CPT6G1|CPTEGO|CPT6BL|CPTERO] (Initial value: **00 0000)
ORCPT7 ___7______6__ 5 4 3 2 1 0
(OOFCDH) : - . - |cPT7R1|cPT7RO|CPT7G1|CPT7G0|CPT7B1[CPT7BO] (Initial value: **00 0000)
27-color mode .
0: 8-color mode
CPTOMD1 | specification . 97-col g Vg:lte
register 1: 27-color mode y
CPTOMD1 =0 CPTOMD1 =1
R luminance CRTxR1 =0, CRTXRO = 0: No output | CRTxR1 =0, CRTXRO = 0: No output
CPTxRO specification CRTxR1 =0, CRTXRO = 1: Lightred | CRTxR1 =0, CRTxRO = 1: Dark red
CPTxR1 : xR1=1, XR0 = 0: Light re: XR1=1, xR0 = 0: Dark re
rg ister CRTxR1 =1, CRTxRO0 = 0: Light red CRTxR1 =1, CRTxRO0 = 0: Dark red
9 CRTxR1 =1, CRTxRO = 1: Light red CRTxR1 =1, CRTxRO = 1: Light red
G luminance CRTxG1 =0, CRTxGO = 0: No output | CRTxG1 =0, CRTXGO = 0: No output
CPTxGO specification CRTxG1=0, CRTXGO = 1: Light green | CRTxG1 = 0, CRTxGO = 1: Dark green | Write
CPTxG1 p : CRTxG1 =1, CRTXGO =0: Light green | CRTxG1 = 1, CRTxGO = 0: Dark green | only
register
CRTxG1 =1, CRTxGO =1: Light green | CRTxG1 =1, CRTxGO = 1: Light green
B luminance CRTxB1 =0, CRTxBO = 0: No output | CRTxB1 =0, CRTxBO = 0: No output
CPTxBO specification CRTxB1 =0, CRTxBO = 1: Light blue [ CRTxB1 =0, CRTxBO = 1: Dark blue
CPTxB1 r:: ister CRTxB1 =1, CRTxBO = 0: Light blue [ CRTxB1 =1, CRTxBO = 0: Dark blue
9 CRTxB1 =1, CRTxBO = 1: Light blue | CRTxB1 =1, CRTxBO = 1: Light blue
ORSTRG1 7 6 5 4 3 2 1 0
(OFCEH) - - - - - - - - - - = - |PALTRG (Initial value: **** ***Q)
PAL100 mode : .
0: PAL trigger sto,
PALRG trigger start ) -gg P Vg:lte
register 1: PAL trigger start y
88CS34-198 2007-09-12




OSD Control Register List (1/3)
Register Register Register bit configuration )
Bit contents RW
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
When ECHDSN =0
SLNT = 1: Slant enable, 0: Slant disable
EUL = 1: Underline display on, 0: Underline display off
When ECHDSN =1
0001D ORDSN - SLNT EUL BLF ECBKD RDT GDT BDT SLNT: Background color red R/W
EUL: Background color green
BLF = 1: Blinking enable, 0: Blinking disable
ECBKD = 1:Character background color display
enable, Character background color display disable
0001E ORCRA CRA7 CRA6 CRAS5 CRA4 CRA3 CRA2 CRAL CRAO
CRAX: Character code (x: 0 to 8) RW
0001F - - - - - - - CRA8
00024 ORDMA DMA7 DMA6 DMAS5 DMA4 DMA3 DMA2 | DMA1 | DMAO ) )
DMAX: Display memory address setting (x: O to 8) W
00025 - - - - - - - DMA8
EPAL100 = 1: PAL100/NTSC120 select, 0: Other
ROMACH: Select font number (mono font/color font)
1: 447 mono font character/64 color font character,
0: 383 mono font character/96 color font character
ECHDSN = 1: Bit 6 and 5 in ORDSN is changed to
00F80 ORDON - - EPAL100 | ROMACH | ECHDSN | RGWR [ EWDW DON character background color, 0: Bit 6 and 5 in ORDSN | R/W
is character ornamentation
RGWR: Writing data transfer control bit
EWDW = 1: Window function enable, 0: Window
function disable
DON = 1: OSD display ON, 0: OSD display OFF
00F81 | ORHS1 | Hs17 | Hs16 | Hsi5 | Hsi4 Hs13 | Hs12 | Hs11 | Hs10 gesnlizgto HS10: Code horizontal display base position | -,
00F82 ORVS1 VS17 VS16 VS15 VS14 VS13 VS12 VS11 VS10 . i . X
VS19 to VS10: Code vertical display potision setting W
00F83 - - - - - - VS19 VS18
00F84 ORVS2 VS27 VS26 VS25 VS24 VS23 VS22 VS21 VS20
VS29 to VS20: Code vertical display potision setting W
00F85 - - - - - - VS29 VS28
00F86 ORVS3 VS37 VS36 VS35 VS34 VS33 VS32 VS31 VS30 i _ . )
VS39 to VS30: Code vertical display potision setting w
00F87 - - - - - - VS39 VS38
00F88 ORVS4 VSsa7 VS46 VS45 VS44 VS43 VS42 VS41 VS40
VS49 to VS40: Code vertical display potision setting W
00F89 - - - - - - VS49 VS48
O0F8A ORVS5 VS57 VS56 VS55 VS54 VS53 VS52 VS51 VS50
VS59 to VS50: Code vertical display potision setting W
00F8B - - - - - - VS59 VS58
00F8C ORVS6 VS67 VS66 VS65 VS64 VS63 VS62 VS61 VS60 i _ . )
VS69 to VS60: Code vertical display potision setting W
00F8D - - - - - - VS69 VS68
O00F8E ORVS7 VS77 VS76 VS75 VS74 VS73 VS72 VS71 VS70
VS79 to VS70: Code vertical display potision setting W
00F8F - - - - - - VS79 VS78
00F90 ORVS8 VS87 VS86 VS58 VS84 VS83 VS82 VS81 VS80
VS89 to VS80: Code vertical display potision setting W
00F91 - - - - - - VS89 VS88
00F92 ORVS9 VSs97 VS96 VS95 VS94 VS93 VS92 VS91 VS90 i _ . )
VS99 to VS90: Code vertical display potision setting w
00F93 - - - - - - VS99 VS98
00F94 ORVS10 VS107 VS106 VS105 VS104 VS103 VS102 | VS101 | VS100 X . - X
VS100 to VS109:Code vertical display potision setting | W
00F95 - - - - - - VS109 | VS108
00F96 ORVS11 VS117 VS116 VS115 VS114 VS113 VS112 | VS111 | VS100 X . . X
VS110 to VS119:Code vertical display potision setting | W
00F97 - - - - - - VS119 | VsS118
00F98 ORVS12 VS127 VS126 VS125 VS124 VS123 VS122 | VSi121 | VS120 ) i . )
VS120 to VS129:Code vertical display potision setting | W
00F99 - - - - - - VS129 | VS128
00F9A ORCs4 Cs4 CS3 CS2 Cs1 CSn: Character size (n: 1 to 12)
00F9B ORCS8 Cs8 Cs7 Csé CSs5 00: Display off 10: Middle size W
00F9C | ORCS12 cs12 cs11 cs10 cs9 01: Large size 11: Small size
00F9D OREULA8 | EULA8 | EULA7 | EULA6 EULAS5 EULA4 | EULA3 | EULA2 | EULAL , . ) ,
EULAN: Underline display setting for linen (n:0to 12) | W
00F9E |OREULA12 - - - - EULA12 |EULA11 |EULA10 | EULA9
00F9F OREFR8 EFR8 EFR7 EFR6 EFR5 EFR4 EFR3 EFR2 EFR1 o ) )
EFRn: Fringing setting for line n (n: 0 to 12) W
00FAO OREFR12 - - - - EFR12 EFR11 | EFR10 EFR9




TOSHIBA TMP88CS34/CP34

OSD Control Register List (2/3)

Register Register Register bit configuration .
Bit contents RW
Address | Name | git7 | msite | sts | mita | stz | stz | st1 | sito
00FA2 ORSOL4 SOL4 SOL3 SOL2 SOL1 SOLn: Solid space display setting for line n
(n; 0 to 12)
00FA3 ORSOL8 SOL8 SOL7 SOL6 SOL5 . . w
00: No solid space 10: Right
00FA4 | ORsoL12 soL12 soL11 SOL10 soL9 01 Left 11: Left and right
00FA5 ORBK - RBDT GBDT BBDT - RFDT GFDT BFDT RBDT, GBDT, BBDT: Background color setting W

ACLR2/ACLG2/ACLB2: Area 2 plane color
ACLR1/ACLG1/ACLBL1: Area 1 plane color
00FA6 ORACL PISEL2 ACLR2 ACLG2 ACLB2 PISEL1 ACLR1 | ACLG1 | ACLB1 w
PISEL2: Set half transparency for area 2 plane

PISEL1: Set half transparency for area 1 plane

EBKGD: Background function
EXBL: Full-rasterblanking
O00FA7 ORRCL EBKGD EXBL AON2 AON1 - RCLR RCLG RCLB AON2: Area 2 plane display w
AONL1: Area 1 plane display
RCLR/RCLG/RCLB:Raster plane color

O00FA8 ORAHS1 AHS17 AHS16 AHS15 AHS14 AHS13 AHS12 | AHS11 | AHS10 | AHS1x: Area 1 plane horizonatal start position W
00FA9 - - - - - - - AHS18 | (x: 0to 8)

00FAA ORAHEL AHE17 AHE16 AHE15 AHE14 AHE13 AHE12 | AHE11l | AHE10 | AHE1x: Area 1 plane horizonatal end position W
00FAB - - - - - - - AHE18 [ (x:0to 8)

00FAC ORAVS1 AVSLT AVS16 AVSI1S AVS14 AVS13 AVS1Z | AVSLL | AVSIO AVS1x: Area 1 plane vertical start position (x: 0 to 8) w
O0OFAD - - - - - - AVS19 AVS18

00FAE ORAVE1 AVELT AVELS AVELS AVELL AVELS AVELZ | AVELL | AVELO AVE1x: Area 1 plane vertical end position (x: O to 8) w
O0OFAF - - - - - - AVE19 AVE18

00FBO ORAHS2 AHS27 AHS26 AHS25 AHS24 AHS23 AHS22 | AHS21 | AHS20 | AHS2x: Area 2 plane horizonatal start position W
00FB1 - - - - - - - AHS28 | (x: 0to 8)

00FB2 ORAHE2 AHE27 AHE26 AHE25 AHE24 AHE23 AHE22 | AHE21 | AHE20 | AHE2x: Area 2 plane horizonatal end position W
00FB3 - - - - - - - AHE28 | (x:0to8)

00FB4 ORAVS?2 AVS27 | AVS26 | AVS25 AVS24 AVS23 AVS22 | AVS21 | AVS20 | AVS2x: Area 2 plane vertical start position W
00FB5 - - - - - - AVS29 | AvS28 | (x:0t08)

00FB6 ORAVE2 AVE27 | AVE26 | AVE25 AVE24 AVE23 AVE22 | AVE21 | AVE20 | AVE2x: Area 2 plane vertical end position w
00FB7 - - - - - - AVE29 | AVE28 | (x:0t08)

VDSMD: Scan mode select
BKMF: Blinking master

. o ESMZ: Smoothing

00FB8 ORETC VDSMD 0 BKMF ESMZ 0 MFYWR MBK RDWRV . w
MFYWR: Display memory read mode select

MBK: Display memory bank switching select

RDWRYV: Read/write mode select normal mode

SVD: Interrupt source select
00FB9 ORIRC - - - SVD ISDC w
ISDC: Interrupt generation line select
00FB9 ORIRC - - - - DCTR DCTR:Display line counter R
P6xS: P6 port output select (x:4 to 7)
PIDS: | pin output select

00FBA ORP6S P67S P66S P65S P64S PIDS YBLCS MPXS w
YBLCS: Y/BL signal select

MPXS: R, G, B, Y/BL signal select
HDPOL: VD input polarity select

HDPOL: HD input polarity select

YBLII: Y/BLIN input polarity select

RGBII: RIN, GIN, BIN input polarity select

00FBB ORIV VDPOL HDPOL YBLII RGBII YIV BLIV RGBIV [\ ) w
Y/V:'Y Output polarity select

BLIV: BL output polarity select
RGBIV: R, G, B output polarity select
1IV: | pin output polarity select

00FBC WVSH7 | WVSH6 | WVSH5 | WVSH4 | WVSH3 | WVSH2 | WVSH1 | WVSHO

ORWVSH WVSHXx: Window upper limit position (x: 0 to 9) w
00FBD - - - - - - WVSH9 | WVSH8
00FBE WVSL7 | WVSL6 | WVSL5 WVSL4 WVSL3 WVSL2 | WVSL1 | WVSLO . e o

ORWVSL WVSLx: Window lower limit position (x: O to 9) W
00FBF - - - - - - WVSL9 | WVSL8
00FC2 ORCCD Cccb8 Cccbh7 CCD6 CCD5 CCD4 CCD3 CCD2 CCD1 | cCDx: Horizontal 16 dot and vertical 26 dot display w
00FC3 _ _ _ _ ccD12 ccp1l | cep1o ccpy9 | atsmall size character (x: 0 to 12)
00FC4 DCSC8 | DCSC7 | DCSC6 DCSC5 DCSC4 | DCSC3 | bDCSC2 | DCsC1

ORDCSC DCSCx: Double height display (x: 0 to 12) w
00FC5 - - - - DCSC12 | DCSC11 | DCSC10[ DCSC9
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OSD Control Register List (3/3)

Register Register Register bit configuration .
Bit contents RW
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Color palette composition register 0
CPT1MD1: OSD color select register (x: 1, 2)
00FC6 ORCPTO [CPTOMD1 “0” CPTOR1 | CPTORO | CPTOG1 |CPTOGO [CPTOB1 | CPTOBO W
CPT1MD1 = 0: 27-color select mode
CPT1MD1 = 1: 8-color select mode
00FC7 ORCPT1 - - CPT1R1 | CPT1RO | CPT1G1 [CPT1GO |CPT1B1 | CPT1BO |Color palette composition register 1 w
00FC8 ORCPT2 - - CPT2R1 | CPT2RO | CPT2G1 [CPT2GO |CPT2B1 | CPT2BO |Color palette composition register 2 w
00FC9 ORCPT3 - - CPT3R1 | CPT3R0O | CPT3G1 |CPT3G0 [CPT3B1 | CPT3BO [Color palette composition register 3 w
00FCA ORCPT4 - - CPT4R1 | CPT4R0 | CPT4G1 |CPT4GO | CPT4B1 | CPT4BO |Color palette composition register 4 w
00FCB ORCPT5 - - CPT5R1 | CPT5R0 | CPT5G1 |CPT5GO0 | CPT5B1 | CPT5BO | Color palette composition register 5 W
00FCC ORCPT6 - - CPT6R1 | CPT6RO | CPT6G1 |CPT6GO |CPT6B1 | CPT6BO | Color palette composition register 6 W
00FCD ORCPT7 - - CPT7R1 | CPT7RO | CPT7G1 |CPT7GO0 |CPT7B1| CPT7BO |Color palette composition register 7 W
00FCE ORSTRG - - - - - - - PALTRG | PAL100/NTSC120 start trigger W

Note 1: Except the meshed registers are changed by RGWR.

Note 2: Only lower 2 bits of the register in address 00F80H are changed by RGWR (The register in address

00F80H must not be used with any of the read-modify-write instructions as SET, CLR, etc.).
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2.15 Jitter Elimination Circuit

The TMP88CS34/CP34 has a built-in jitter elimination circuit which maintains the vertical
stability of the OSD even when input of the vertical signal fluctuates.

And the field decision information for the OSD circuit is detected by using jitter elimination
circuit.

2.15.1 Configuration

Jitter removal status register

Phase detect signal PDF [2:0] |

| | JRMSR
Field_dec_ision Y I Previous field
circuit B decision signal
4 s

HD (P70) VD (P71) :B_‘
|t .
A

HD / VD i> Delay value > Interr:al tﬁ ?iglnal 5 VD
o o output control —> -
Edge detect circuit setting circuit pcircuit v (To OSD circuit)

VDSEL

VD signal delay value
measuring circuit

T AFLD JEEN
fc/2

JECR

Jitter elimination control register

Figure 2.15.1 Jitter Elimination Circuit
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2.15.2 Control

Jitter elimination circuit is controlled by the jitter elimination control register (JECR).

Jitter elimination control register

JECR 7 6 5 4 3 2 _1 ________ 0_
(OOFE4H) - - - - - — |vDSEL| AFLD [ JEEN | *0" : “0" : (initial value: ***0 0000)
VDSEL | VD select 0: vbfompP7L
1: vD from jitter elimination circuit
L . 0: Automatic field decision disabled Write
AFLD Automatic field decision 1: Automatic field decision enabled only
JEEN Jitter elimination enable specification 0 J!tter el!m!nat!on disabled
1: Jitter elimination enabled

Note 1: Clear the AFLD to “0” to disable jitter elimination circuit.

Note 2:  Always clear “0” to bit 1 and 0 of JECR.

Note 3: Clear “0” to AFLD and VDSEL if there is no phase shift in the vertical and horizontal sync. signals every
other time, such as with non-interlaced TV.

Note 4: *: Don't care

Note 5: Setting JEEN to “0”, OSD display is only 2nd field.

Note 6: Setting AFLD to “0”, OSD display is only 2nd field.

Jitter elimination status register
JESR 7 6 5 4 3 2 1 0

oFesH) [ FDsF [ POFL [POFO | - - - T - T _ (Initial value: 0#x* i)

0: A position of a scanning line exists in the field
which has a second display dot of character on
an interlace TV screen.

1: A position of a scanning line exists in the field
which has a first display dot of character on an
interlace TV screen.

000: Phase 0 Read

001: Phase 1 only

010: Phase 2

011: Phase 3

100: Phase 4

101: Phase 5

110: Phase 6

111: Phase 7

Note 1: FDSF is different from the 1st and the 2nd field. It is a unique field decided for OSD display.

FDSF Field detect status flag

PDF2, 1, 0 | Phase detect flag between HD and VD

Note 2:  *: Don't care

|| N

SRR S S R R

Phase 7 | PhaseO | Phasel | Phase2 | Phase3 | Phase4 | Phase5 | Phase6 | Phase7 | Phase0 |

Note 3: 5

Figure 2.15.2 Jitter Elimination Control Register and Jitter Elimination Status Register

2.15.3 Jitter Elimination Mode

The jitter elimination circuit is to identify the phase of the falling edges of the external
VD signal and HD signal. When VD signal is falling within HD signal falling +/-1/4HD,
the jitter is automatically eliminated and internal VD signal is set to the stable location.

This function is enabled by setting JEEN (bit2 in JECR) in the jitter elimination control
register to “1”.
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2.15.4 Auto Field Line Decision

The internal vertical and horizontal sync. signals corrected by the jitter elimination
circuit generate the field line decision signals used in the OSD.

The OSD display in normal mode

Type A) When the OSD circuit is used on the TV system which has a phase shift in the
vertical and horizontal sync. Signals every other filed such as the interlace
TV, enable jitter elimination circuit and set “1” to AFLD and VDSEL. At this
time, the field lines which have first and second display dot of character are
displayed.

Type B) When the OSD circuit is used on the TV system which has no phase shift in
the vertical and horizontal sync. Signals every other filed such as the
non-interlace TV, enable jitter elimination circuit and clear “0” to AFLD and
VDSEL. At this time, the field line which has a second display dot of
character is only displayed.

The OSD display in double scan mode

Type C) Disable jitter elimination circuit and clear “0” to AFLD and VDSEL. At this
time, the field lines which have first and second display dot of character are
displayed.

g e e o I (1) The field line which has a
Ft4--- first display dot of character

(2) The field line whichhasa (7. ___ | —t
second display dot of -+F
character [ 77771 -

s
----1 i i CI-L-

Scanning system Register Display
Type A VDSEL=1, AFLD=1 (1) and (2)
Type B VDSEL =0, AFLD =0 )
Type C VDSEL =0, AFLD =0 (1) and (2)

Figure 2.15.3 Relation with Field Line and VDSEL, AFLD
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Input/Output Circuit

(1) Control pins

The input/output circuitries of the TMP88CS34/CP34 control pins are shown below.

Control Pin 110 Input/Output Circuitry Remarks
| Resonator connecting pins
Osc. enable _):D—o—> fc (high-frequency)
XIN VDD Rf 1 VDD Rf=1.2 MQ (typ.)
I/0 Z Ro
XOouT ! Ro =0.5 kQ (typ.)
q
O O
XIN XOUuT
VDD Sink open drain output
Hysteresis input
R RIN Pull-up register
RESET 110 _trap-
Address trap-reset —ﬂ_\_\ Rin = 220 MQ (typ.)
Watchdog-timer-reset |
System-clock-reset e R=1kQ (typ.)
VDD Hysteresis input
R =1kQ (typ.)
STOP /INT5 Input —{1
P20 —|>0—< |
(P20) 2R
P20/ STOP /INT5 é]‘
Pull-down register
VDD
R RiN=70kQ (typ.)
TEST Input R=1kQ (typ.)
RIN
Osc. enable Pin for connecting a resonator
_)iD—‘_) fc for on-screen display
osc1 VDD Rf Rf = 1.2 MQ (typ.)
110
osc2 9 Ro = 0.5 kQ (typ.)
O
0OscC1
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(2) Input/Output ports
Port 1/0 Input/Output Circuitry Remarks
. i VDD Sink open Qrain output
Initial *High-Z Hysteresis input
P20 110 > . = R=1kQ (typ.)
R
N
P30 Initial “High-Z" VDD Tri-state 1/0
iti igh- I
to —01:)4 Hysteresis input
P33
P50, 110 = R=1kQ (typ.)
P57 Disable )—a.i)o" 2R
P70, A
P71 <
Initial “High-Z" VDD Tri-state 1/0 or Open drain
Open drain > 0 —1%:)_' output programmable
P34, output enable Hysteresis input
P35, /o —11
P51, L = ,
P52 Disable )——<>:):>H =R R=1ka(yp)
<
Initial “High-Z VDD Tri-state 1/0
nitial “High-zZ” »1:)_'
P40 R =1kQ (typ.)
to I/0
P47 Disable )—0——):>_| 2R
!
~
Initial “High-Z" VDD Tri-state 1/0
— Hysteresis input
’j}" Key-on wake-up input
[—D (ViL4=0.65 x Vpp)
P53 <
i 3R
to 1o Disable >—“’:ﬁ);I>H R=1kQ (typ.)
P56 \“] Ra =5KkQ (typ.)
. @ Ca=22pF (typ.)
R
Ca l A
L Key-on <
Wake-up
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Port 1/0 Input/Output Circuitry Remarks
VDD Sink open drain input/output
High-current output
Initial “High-Z” O loL =20 mA (typ.)
Disab@" 3R R=1kQ (typ.)
P60 110 P Ra =5 kQ (typ.)
~ O Ca =22 pF (typ)
CAi K Ra Key-on wake-up input
ey-on
Wakg_up <—<]‘ (ViLa=0.65 x Vpp)
Initial “High-Z" VDD Tri-state input/output
—4»1:)
O R =1KkQ (typ.)
Ra =5kQ (typ.)
A= .
Disable y— &) 2R Ca=22pF (typ.)
P61 I/0 /I
~ Key-on wake-up input
—I—@—o (VL4 =0.65 x VDD)
Ra
Ca
/I Key-on
Wake-up <
VDD i- i
Initial “High-Z" —"@4 Tri-state input/output
P62 R=1kQ (typ.)
to 110
P67 Disable )—0—_):>H 2R
pd
~
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Electrical Characteristics
Absolute maximum ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vbp - -0.3t06.5
Input Voltage VIN - -0.3t0 Vpp +0.3 \
Output Voltage VouT1 - -0.3to Vpp +0.3
louT1 Ports P2, P3, P4, P5, P61 to P67, P7 3.2
Output Current (Per 1 pin)
louT?2 Ports P60 30
mA
T louT1 Ports P2, P3, P4, P5, P64 to P67, P7 30
Output Current (Total)
Y louTt2 Ports P60 30
Power Dissipation [Topr = 70 °C] PD - 400 mw
Soldering Temperature (time) Tsld - 260 (10s)
Storage Temperature Tstg - -551t0 125 °C
Operating Temperature Topr - -30to 70

Note:

The absolute maximum ratings are rated values which must not be exceeded during operation,

even for an instant. Any one of the ratings must not be exceeded. If any absolute maximum rating is
exceeded, a device may break down or its performance may be degraded, causing it to catch fire or
explode resulting in injury to the user. Thus, when designing products which include this device,
ensure that no absolute maximum rating value will ever be exceeded.

Recommended operating conditions

(Vss=0V, Topr=-30to 70 °C)

Parameter Symbol Pins Conditions Min Max Unit
fc =16 MHz |NORMAL mode
Supply Voltage VbD fc=16 MHz [IDLE mode 45 5.5
STOP mode
ViH1 Except hysteresis input Vpp x 0.70
Input High Voltage ViH2 Hysteresis input Vpp=4.5t0 5.5V Vpp x 0.75 Vbbb \Y
VIH3 Key-on Wake-up input Vpp x 0.90
VL1 Except hysteresis input Vop = 4.5 0 5.5V Vpp x 0.30
Input Low Voltage VL2 Hysteresis input 0 Vpp x 0.25
VL3 Key-on Wake-up input |Vpp=4.5t0 5.5V Vpp x 0.65
fc XIN, XOUT Vpp=4.5t05.5V 8.0 16.0
Clock Frequency fc =8 MHz 8.0 12.0 MHz
fosc Internal clock Vpp =4.51t0 5.5V
fc =16 MHz 16.0 24.0

Note 1: The recommended operating conditions for a device are operating conditions under which it can be
guaranteed that the device will operate as specified. If the device is used under operating conditions
other than the recommended operating conditions (supply voltage, operating temperature range,
specified AC/DC values etc.), malfunction may occur. Thus, when designing products which include
this device, ensure that the recommended operating conditions for the device are always adhered

to.

Note 2: Clock frequency fc: Supply voltage range is specified in NORMAL mode and IDLE mode.

Note 3: Smaller value is alternatively specified as the maximum value.
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DC Characteristics (Vss =0V, Topr=-30 to 70 °C)
Parameter Symbol Pins Conditions Min Typ. Max Unit
Hysteresis voltage VHs Hysteresis inputs - 0.9 - \%
NG TEST Vpp=5.5V,V|N=5.5V/0V - - +2
lIN2 Open drain ports Vpp=5.5V,V|N=55V/I0V - - +2
Input current HA
IIN3 Tri-state ports Vpp=5.5V,V|N=55V/0V - - +2
lINg RESET, STOP Vpp=5.5V,V|N=55V/I0V - - +2
Input resistance RiN2 RESET Vpp=55V,V|N=0V 100 220 450 kQ
Output leakage ILo1 Sink open drain ports Vpp=55V,Vouyr=55V - - 2 A
W
current ILo2 Tri-state ports Vpp =5.5V, VouT =5.5 VIO V - - +2
Output high voltage VoH2 Tri-state ports Vpp=4.5V, loq=-0.7 mA 4.1 - -
Except XOUT and B B v
Output low voltage VoL ports P60 Vpp=4.5V, loL=1.6 mA - - 0.4
Output low current loLs Port P60 Vpp=45V,loL=1.0V - 20 -
Supply current in B
NORMAL mode Vpp=55V 25 30 mA
fc =16 MHz (Note3)
Supply current in _ ViN=5.3V/0.2V
IDLE mode 'pD - 20 %
Supply current in Vpp=5.5V
STOP mode VIN=5.3V/0.2V 0.5 10 KA

Note 1: Typical values show those at Topr =25 °C, Vpp=5V.
Note 2: Input Current Ijy3; The current through resistor is not included.

Note 3: Supply Current Ipp; The current (Typ. 0.5 mA) through ladder resistors of ADC is included in
NORMAL mode and IDLE mode.

AD Conversion Characteristics ‘ (Vss=0V, Vpp= 4.5V t05.5V, Topr=-30 to 70 °C)
Parameter Symbol Conditions Min Typ. Max Unit
VAREF supplied from Vpp pin. - Vbp -
Analog reference voltage
Vass supplied from Vss pin. - 0 -
Y,
Analog reference voltage range AVAREF =Vpp - Vss - Vbp -
Analog input voltage VaIN Vss - Vpp
Nonlinearity error - - +1
Zero point error - - +2
Vpp=5.0V LSB
Full scale error - - +2
Total error - - +3

Note: The total error means all error except quanting error.
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AC characteristics

(Vss=0V, Vpp=4.5Vt0 5.5V, Topr=-30 to 70 °C)

Parameter Symbol Conditions Min Typ. Max Unit
) ) In NORMAL mode
Machine cycle time tey 0.5 - 1.0 us
In IDLE mode
High level clock pulse width twcH For external clock operation
) 31.25 - - ns
Low level clock pulse width twcL (XIN input), fc = 16 MHz

Recommended oscillating conditions

(Vss =0V, Vpp =45V t0 5.5 V, Topr =-30 to 70 °C)

High-frequency Oscillation

iNati Recommended Constant
Parameter Oscillator I(:)rzm”aetrls:n Recommended Oscillator
quency C1 Cy
High-frequency | ceramic resonator 8 MHz Murata CSA 8.00MTZ 30 pF 30 pF
oscillation
16 MHz Murata CSA 16.00MXZ040 5pF 5pF
XIN XOUT
Cy ;Cz

Note 1: To keep reliable operation, shield the device electrically with the metal plate on its package mold
surface against the high electric field, for example, by CRT (Cathode Ray Tube) .

Note 2: The product numbers and specifications of the resonators by Murata Manufacturing Co., Ltd. are
subject to change. For up-to-date information, please refer to the following URL;

http://www.murata.co.jp/search/index.html
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Recommended oscillating conditions (Vss =0V, Vpp =4.5V to 5.5V, Topr = -30 to 70 °C)
Oscillation Recommended parameter value
[tem Resonator
Frequency L (uH) C1 (pF) C2 (pF)
8 MHz 33 5to 30 10
12 MHz 15 5to 30 10
Oscillation for OSD LC resonator 16 MHz 10 5to 30 10
20 MHz 6.8 5t0 25 10
24 MHz 4.7 5t0 25 10
OSC1 0SC2
L
C1 C2

i

Oscillation for OSD

The frequency generated in L.C oscillation can be obtained using the following equations.
foel -GG
2myLC™  C1+Ce

C1 1is not fixed at a constant value. It can be changed to tune into the desired frequency.

Note 1: Toshiba's OSD circuit determines a horizontal display start position by counting clock pulses
generated in LC oscillation. For this reason, the OSD circuit may fail to detect clock pulses normally,
resulting in the horizontal start position becoming unstable, at the beginning of oscillation, if the
oscillation amplitude is low.

Changing L and C, from the values recommended for a specific frequency may hamper a stable
OSD display.

If the LC oscillation frequency is the same as a high-frequency clock value, the oscillation of the
high-frequency oscillator may cause the LC oscillation frequency to fluctuate, thus making OSD
displays flicker.

When determining these parameters, please check the oscillation frequency and the stability of
oscillation on your TV sets.

Also check the determined parameters on your final products, because the optimum parameter
values may vary from one product to another.

Note 2: When using the LSI package in a strong electric field, such as near a CRT, electrically shield the
package so that its normal operation can be maintained.
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Notice of ROM Entry

When you make a ROM data entry for TMP88CS34/CP34,
Please transfer one file including program area, vector table area and OSD font area.

The ROM area must be transferred is as follows.

TMP88CS34 TMP88CP34
4000H 4000H
Program area Program area
FEFFH
13EFFH
20000H 20000H
OSD font area OSD font area
2A7TFFH 2A7FFH
FFFOOH FFFOOH
Vector table Vector table
area area
FFFFFH FFFFFH
Flow of ROM data entry
After evaluation finished
Program and vector table OSD font
Program
vector table Two files are merged into one file.
OSD font

l

ROM data entry
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Package

P-SDIP42-600-1.78
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P-QFP44-1414-0.80D
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