TOSHIBA TMP47C1237/1637

CMOS 4-Bit Microcontroller
TMP47C1237N, TMP47C1637N

The TMP47C1237/1637 are based on the TLCS-470A series. The TMP47C1237/1637 have on-screen display
circuit (OSD) to display characters and marks which indicate channel or time on TV screen, AD converter
(Comparator) input, DA converter outputsuch as TV.

Part No. ROM RAM Package OTP

IMPA7CIZSTN_ 1 1228BXBDIL 1 515w arbit P-SDIP42-600-1.78 | TMP47P1637VN
TMP47C1637N_| 16384 x 8-bit

Features
@ 4-bit single chip microcomputer
@®Instruction execution time: 1.3 us (at 6 MHz), 244 us (at 32.8 kHz)

4105 basicinstructions
#Subroutine nesting: 15 levels max. P-SDIP42-600-1.78
@6 interrupt sources (External: 2, Internal: 4)
All sources have independent latches each, and multiple
interrupt control is available
#1/0 port (32 pins)
e Input 3 ports 7 pins
e |/O 7 ports 25 pins
®Two 12-bit Timer/ Counters
&®Interval Timer
®Watchdog Timer
@ Serial Interface with 8-bit buffer
€0n Screen Display circuit

¢ Character patterns: 128 Characters mgz;g:g;:
Charactgr§dlsplayed: 20 columns x4 lines TMP47P1637VN
Composition: 14 x 18 dots (80 Characters)

7 x 9 dots (48 Characters)

e Size of character: 3 kinds (line by line)

e Colorof character: 7 kinds (character by character)

e Variable display position: Horizontal/Vertical 128 steps

e Fringing, Smoothing function

000707EBA1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled
Quality and Reliability Assurance / Handling Precautions.

@ TOSHIBA is continually working to improve the quality and 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 complfy 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..

@ 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.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

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

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

@ The information contained herein is subject to change without notice.
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TOSHIBA TMP47C1237/1637

@ DA converter (Pulse width modulation) outputs

e 14-bitresolution 1 channel

e 7-bitresolution 7channels
@4-bit AD converter (Comparator) input (4 Channels)
@ Horizontal synchronous signal is detected by timer / counter
@ Pulse output (Clock for PLL IC)
®Remote control pulse detector
@®High current outputs: LED direct drive (typ. 20 mA x 4 bits)
& Dual-clock operation

High-speed / low-power consumption operating mode

@ Hold function: Battery / Capacitor back-up
®Real Time Emulator: BM47C1638N0A
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TOSHIBA TMP47C1237/1637
Pin Assignment (Top View)
P-SDIP42-600-1.78
R40 (PWMO) =[] 1 \/ 42 [1 =— VDD
R41 (PWMT) <[] 2 41 [1 => R92 (SCK)
R42 (PWM2) <> [] 3 40 [1 => R91(SO)
R43 (PWM3) <> [ 4 39 [~ R90(SI)
R50 (PWM4) <> [ 5 38 [1 <> R83(T1)
R51 (PWMS5) <> [ 6 37 [1 == R82(INT1)
R52 (PWM6) =[] 7 36 [l = R81(T2)
R53 (PWM7) <> [| 8 35 [1 <> R80(INT2)
R70 (PULSE) ->[]9 34 [1 <— HOLD (KEO)
R71 (WTO) =[] 10 33 [] «— RESET
R72 (XTIN) =[] 11 32 I— XouT
R73 (XTOUT) =[] 12 31 [] =— XIN
KOO (CINO) —=[] 13 30 [1 =— TEST
KO1(CINT) — [} 14 29 [1— 0sc2
K02 (CIN2) —[] 15 28 [1 =— 0OsC1
KO3 (CIN3) —[] 16 27 [1 -<— VD (KC1)
R60 =[] 17 26 [1 <=— HD (KCO0)
R61 <[] 18 25 1— Y (BL)
R62 =[] 19 24 ]—B
R63 <> [] 20 23 [l = G(RA1)
Vvss —= [] 21 22 [] => R(RA0)
Block Diagram
Horizontal synchronous  Vertical synchronous BackFcn"(C)ﬂsnﬂgES:LEiu:pg'ntrol RGBOU;‘%;Z%I)O port)
signal input  signalinput 9 signal out u% G (RAT)
_ (nputport)  (Input port) 9 Y(BL)p B
HD (KCO) VD, (KC1) e A
vDD T :
PowerSuppIy{ vss o P nl:\):r‘r)wlggy jchgéa“slterﬂ
?c:r:hecting {Ogg ; > Display on screen circuit | pT8
pin for display [ 1T
on screen
[ Aacc | [OmBT HR ] s|ls
e | "% ([l E
1] 1 Program Memory
STACK _[spw ]| 3| 3 (ROM)
Hold input ~ HOLD Trar [ 1e2 | oc Data table
(Sense input)  (KEO) Hold control R EIF |
Resetinput  RESET > System control [ Interrupt control |
Test pin TEST > * * *
System Clock control - —
Timing Generator —»| Interval timer |'1I'i2mbeIE/C0unter 8-bit Serial Interface | E
i (2CH) Decoder
ngh-frf.qucv{iltl)\lUT_: High-freq | clock
connectin: .
pin ¢ 2| Low-freq | Generator i\Natchdog Tlmerlj ')pRr:?r%ccerJ ] [ g@VCMO)n;ﬁ;tpzrt
8 ) 8 ) 8 2-btAD
[Ré | [Re | [R9 ] [R4] converter
erator = =
S - ~ - ~ - ~ -
sgg%ﬁ\})ﬂ) R63 R83(T1)  R92(SCK) R53(PWM7) R43 (PWM3) K03 (CIN3)
ALV, t R82 (INT1) R91 (SO t
R71 (WTO) Rg() R81 gTZ) ) R90 ESD) R50 (%W) R40 (PWMO) K00 (gINO)
R70 (PULSE) R80 (INT2) 1/Oport ~ i
110 . \Iﬁvx{—ﬁgq O_|§_C connetctir}(g pin 1/0 port IfO port  (Serial port) 10 port Input port
or chdog Timer o i
P Pulse outgut upy (rr:tcelprﬂl;;mput (DA converter output) (AD input)
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TOSHIBA TMP47C1237/1637

Pin Function

Pin Name Input/ Output Functions
K03 (CIN3) " . .
to KOO (CINO) Input (Input) 4-bitinput port. AD conversion (Comparator) input
'?:3Rt(1ﬁv(¥>“\;lv3l\)m) 4-bit I/0 port with latch. 7-bit DA converter (PWM) output
I/0 (Output) When used as input port or DA .
R40 (PWMO) converter outputs pins, the latch must 14-bit DA converter (PWM) output
7 Hqw .
J?OS?éE(_’ISV(\/PNIW_'\)M) I/0 (Output) be setto “1”. 7-bit DA converter (PWM) output
4-bit 1/0 port with latch.

R63 to R60 10 When used as input port, the latch must be setto "1”.

R73 (XTOUT) I/0 (Output) _ )
............................................................ 4-bit 1/0 port with latch. Resonator connecting pin (Low frequency)
REA LIS vo(neut) . When used as input port watchdog |

R71 (WTO) output pin, or pulse output pin, the Watchdog timer output
............................. |/O(Ou‘tput) Iatch mustbesetto "‘I"-

R70 (PULSE) Pulse output (Clock for PLL IC)

R83(T1) 4-bit 1/O port with latch. Timer / Counter 1 external input

R82 (INTT) When used as input port, external External interrupt 1 input
............................. |/O(|nput) interrupt input pin' or timer/ COUnter
R8I external input pin, the latch must be set | Timer/ Counter 2 externalinput

R80 (INT2) to 1" External interrupt 2 or REMO-CON input

R92 (SCK) 10 (1/0) ) . Serial clock I/0
............................................................ 3-bit I/O port with latch.
R91(SO) .................... IIO(OUtPUt) ...... When used as input port or serial port, Senaldataoutput ........................................

R90 (S) /0 (Input) the latch must be set to “1". Serial data input

G (RA1) 2-bit I/0 port with latch.
----------------------------- Output (I/0) RGB output When used as input port, the latch must
ROAD) i, besetto 1", e

B Output

Y Focus signal output
............................. Output

BL Background blanking control signal output

HD (KC0) Horizontal synchronous signal input. o

Input 2-bit input port
VD (KC1) Vertical synchronous signal input.
0SC1, 0SC2 Resonator connecting pin of display on screen circuit.
Input, Output Resonator connecting pin (High frequency).

XIN, XOUT For inputting external clock, XIN is used and XOUT is opened.

RESET Input Reset signal input

HOLD (KEO) Input (Input) Hold request/release signal input Sense input

TEST Input Test pin for out-going test. Be opened or fixed to low level.

VDD +5V
............................. Power Supply

VSS 0V (GND)
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TOSHIBA TMP47C1237/1637

Operational Description

Concerning the TMP47C1237/1637 the configuration and functions of hardware are described. As the
description has been provided with priority on those parts differing from the TMP47C1260/1660, the
technical data sheets for the TMP47C1260/1660 shall all so be referred to.

1.  System Configuration
€ Internal CPU Function

They are the same as those of the TMP47C1260/1660 except data memory (RAM).

@ Peripheral Hardware Function

O]
@
®
@
®
)
@
C)

c)

Input/Output Ports

Interval Timer

Timer/Counters

Watchdog Timer

Remote control pulse detector

On-screen display (OSD) control circuit

AD converter (Comparator) input

DA converter (Pulse width modulation) output
Pulse output circuit

Serial Interface

The description has been provide with priority on functions (D, ®, @, ® and @) added to and changed
from TMP47C1260/1660.

2. Internal CPU Functions

2.1 Data Memory (RAM)
The TMP47C1237/1637 have two built-in 256 x 4-bit banks (bank 0, bank 1) for a total of 512 x 4-bit data
memory (RAM). The data memory bank selector (DMB) consists of 2 bits but DMB1 is not decoded when
addressing the data memory. For example, when DMB is set to 2 or 3, bank 0 or 1 in data memory is
accessed.

Address
0004 N
Data memory BankO0 (DMB = 0)
OFF o]
100 9
Data memory Bank1 (DMB = 1)
1FF

e

Figure 2-1. Data memory (RAM)
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TOSHIBA

TMP47C1237/1637

3.  Peripheral Hardware Function

3.1 Input/Output Ports
The TMP47C1237A/1637A have 12 I/0 ports (32 pins) each as follows:

® Ko

@ R4,R5 ;

@ R6
@ R7

® RS
® R9
@ RA
® KC

© KE

’

’

’

4-bitinput

4-bit input/ output

(shared with the comparator input)
4-bit input/output (shared with the pulse width modulation output)

4-bitinput/output (shared with the low-frequency resonator connection pins,

the watchdog timer output, the pulse output)

4-bitinput/output (shared with external interrupt input and timer/counter

input)

3-bitinput/output (shared with serial port)
2-bitinput/output (shared with on screen display output)

2-bitinput

1-bit sense input

(shared with the horizontal and vertical synchronous signal

input)

(shared with hold request / release signal input)

The description has been provide with priority on functions (D, @, @ and ®) added and changed from
TMP47C1660. And it describes port of @, which item of on screen display circuit.
Table 3-1 lists the ports address assignments and the 1/O instruction that can access the ports.

3.1.1 I/O Port

(1) Port KO (K03-K00)
The 4-bit input port. Port KO is shared digital input with the AD converter (comparator) input. The
KO port input selector (OP13) determines whether this port is to be used for digital or comparator
input. The most significant bit of the KO port input selector is set to “1” for digital input and to “0"
for comparator input.

The KO port input selector is initialized to “0" during reset.

KO port (Port address:  1P00)
3 2 1 0
K03 K02 K01 K00
(CIN3) (CIN2) (CIN1) (CINO)

Input selector

Reference voltage

IN/TEST/TESTP
Input data J\’}

Figure 3-1. PortKO
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TOSHIBA TMP47C1237/1637

(2) PortR4 (R43 to R40), Port R5 (R53 to R50)

These are 4-bit I/0 port with latch. They are also used for DA converter (PWM) output port. R4 port
output buffers are Tri-state, and each bit of them can be controlled independently by the program.
R5 port is also Tri-state port and they are controlled by the program. Controlling the Tri-state is
performed by the command register accessed as port address OP00 and OP13. When some bit of
the command register data is 0, the corresponding bit of the output buffers becomes high
impedance state. The output latch should be set to “1” when the port is used as PWM output port,
the PWM output should be to “H” level (PWM data is all “0”) when the port is used as R4 and R5
port. The output buffers should be set to high impedance state, when the portis used asinput port.
And the output latch be set to “1”, PWM output be set to “High” level, and the output buffer be set
to High-Impedance state during reset.

Port R4 (Port address: OP04/1P04) Port R5 (Port address: OP05/ IPO5)
3 2 1 0 3 2 1 0
R43 R42 R41 R40 R53 R52 R51 R50
(PWM3) (PWM2) (PWMT) (PWMO) (PWM7) (PWM6) (PWM5) (PWM4)

! A A

3 2 1 0 3 2 1 0
Tri-state control (Port address: OP00) Tri-state control (Bit 0 of Port address: OP13)

Input data [ |

Output data LATCH ‘ R4 (PWM)
r& R5 (PWM)

PWM output

Tri-state control

SET/CLR IN/TEST/TESTP

Figure 3-2. Port R4 (PWM), R5 (PWM)

(3) PortR7 (R73 to R70)

Port R7 is shared by the low-frequency resonator connection pins (XTIN, XTOUT), pulse output pin
(PULSE) and the watchdog timer output pin (WTO). For the dual-clock mode operation, the low-
frequency resonator (32.768 kHz,) is connected to R72 (XTIN) and R73 (XTOUT) pins. Forthe single-
clock mode operation, R72 and R73 pins are used for the ordinary I/O ports. When the watchdog
timer is used, R71 (WTO) becomes the watchdog timer output pin.

The watchdog timer output is the logical AND output with the port R71 output latch. To use the
R71 pin for an ordinary I/0O port, the watchdog timer must be disabled (with the watchdog timer
outputsetto “1”). When the pulse output is used, R70 (PULSE) becomes the pulse output pin. The
pulse output is the logical AND output with the port R70 output latch. To use the R70 pin for an
ordinary I/0 port, the pulse output must be disabled (with the pulse outputsetto “1).
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TMP47C1237/1637

Port R7 (Portaddress: QPQ7/IP07)
3 2 1 0
R73 R72 R71 R70
(XTOUT) (XTIN) (WTO) (PULSE)

(4) PortKC(KC1,KC0)
This is 2-bit input port. These port is also used as an input for vertical synchronous signal (VD),
horizontal synchronous signal (HD). There are not bit 2, 3 of IPOC, however, “1” is read out when
IPOC is accessed.

IN/TEST/TESTP

SET/CLR J’I

Data input

ol

Data output LATCH [T

N

Pulse output

Data input

LATCH

ils

Data output
Watchdog

timer output

Data input

Data output LATCH

Data input

nhof

Data output LATCH

1
~

P

ﬂfw

]A_L"_D—[>—|:| R71 (WTO)
g

il

Clock mode

Figure 3-3. PortR7

("1" in the single clock mode)

—D R70 (PULSE)

R72 (XTIN)

Rts

R73 (XTOUT)

HD, VD Signal Port KC (Port address: IPOC)
......... 3P ] 0
IN/TEST/TESTP
Figure 3-4. PortKC
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TOSHIBA TMP47C1237/1637

3.2 On-Screen Display (OSD) Circuit
A built-in on-screen display circuit enables TV on-screen displays of characters and symbols. Any 80 of a
total of 128 character patterns can be displayed in 20 columns x 4 lines. It is possible to display more than
5 lines by using the OSD interrupt.

3.2.1 OSD circuit functions and configuration

@ Number of character patterns 128

@ Number of display characters 80 (20 columnsx 4 lines), more than 5 lines can be
displayed by using the OSD interrupt.

@ Composition of a character 14 x 18 dots (80 characters), 7 x 9 dots (48 characters)

@ Charactersize 3sizes (selectable line by line)

® Display colors Characters: 7 colors (selectable character by character),

background color: 1 of 7 colors.
® Fringing and smoothing function

@ Display position: horizontal: 128 steps; vertical: 128 steps
osc1 [_}— . —N Timing circuit
0sC2 D Horizontal ||
Counter/Decoder [ |
Display RAM Color data hat
20 x4 x 11 bits :Vr\ § _,Dy(BL)
Character U
JL code - ; D B
HD D Vertical Character ROM §. —»D G
_ Counter/ Decoder 80x14i<18b|ts :> 3 _,D R
w [ ———— [ Character
48 x 7 x 9 bits data

Figure 3-5. OSD circuit

3.2.2 OSD display related memory

(1) Character ROM
A total of 128 character patterns are built into the character ROM and the patterns can be freely
designated by the user. The character ROM contains 80 characters with a 14 x 18 dot composition
(character code 00y to 4Fy) and 48 characters with a 7x 9 dot composition (character code 504 to
7F4). Each dot corresponds to 1 bit of ROM. “1” turns on the dot and “0” turns off the dot.
The start address of character ROM can be calculated using the following expression.

For character code 00y - 4F4:  Character ROM start address = CRA x 64
For character code 504 - 7F4:  Character ROM start address = 5120 + (CRA-80) x 16

Note: CRA: Character code

As the character whose character code is 7Ey is fixed as a background and the character whose
character code is 7Fy is fixed as a blank data, these two characters can not be designated by the user.
Figure 3-6 shows the 14 x 18 dot composition character (Character code 004) and Figure 3-7 shows
the 7 x 9 dot composition character (Character code 504), as an example. These figures also show the
ROM address and the data of those patterns.

Figure 3-8 shows the ROM dump list for these 2 character patterns. When the ROM data is being
submitted for manufacturing engineering samples, the address of character ROM should be placed
to 40004 to 56F84.
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Bit Bit iBit
|

Address Data 6543210[6543210 Address Data Address Data' 6 10
2001 80 HH o020 & 1400  BC
i 8 2 o e
o008 As re 1402 82
oe & BE 1403 8C
o030 cC i 1404 82
o012 A el 1405 82
o011 a0 FE 1406 €2
oole 8% ; fe 1407  BC
oois 80 [T 0038 80 1408 80

(Character code 00y) (Character code 50y)

Figure 3-6. 14 x 18 dot composition Figure 3-7. 7 x9 dot composition

0000/ 80 80 83 8C 90 Al Al CO CO FF FF FF FF FF FF FF
0010/ CO CC AC A0 90 8C 83 80 80 FF FF FF FF FF FF FF
0020/ 80 80 EO F8 FC BE BE FF FF FF FF FF FF FF FF FF
0030/ FF E7 E6 FE FC F8 EO 80 80 FF FF FF FF FF FF FF

1400/ BC C2 82 8C 82 82 C2 BC 80 FF FF FF FF FF FF FF
Figure 3-8. Character ROM dump list

Note: “FF” data have to be written in address “***9y” to “***Fy” of character data area. And “1” data

have to be written in bit “7” of character data area.

(2)

Display memory

The display memory has a 20-columnsx 11-bitx 4 lines configuration with a one-to-one
correspondence to the number of columns displayed on the screen. The character code, the color
data and blinking flag for the display characters and symbols are stored to the display memory.
When power on is performed, the contents of display memory becomes unpredictable.

There are two methods for writing data to the display memory. In the first method, the character
code, color data and blinking flag are written at the same time. In the second method, only the color
data and blinking flag are changed. The method for writing display data to the display memory is
described in 3.2.3 (6).

10 9 8 7 6 5 4 3 2 1 0
BLF | RDT | GDT | BDT | CRAG | CRA5 | CRA4 | CRA3 | CRA2 | CRA1 | CRAO |
A\ /\ /
Blinking flag Color data Character code
Figure 3-9. Bit configuration of display memory
Table 3-2. Display memory configuration
Col
e o™ 1|23 |a|5|6|7 |89 t0]11]|12[13]1a]|15[16]17]18]19]20
1 00 01 |02 (03|04 |05|06 |07 (08)]09 (0OA|O0OB|OC|OD]|OE|OF] 10|11 | 12| 13
2 20 |21 |22 |23 |24 |25 |26 |27 (28|29 |2Aa|28|2c|2D|2E | 2F |30 (|31 |32]33
3 40 | 41 (42 | 43 | 44 (45 | 46 | 47 |48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50 | 51 [ 52 | 53
4 60 | 61 | 62 | 63 |64 |65 |66 | 67 | 68 | 69 | 6A [ 6B | 6C | 6D | 6E | 6F | 70 | 71 | 72 | 73
Note: The numerals in the chart indicate display memory address (HEX).
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3.2.3 OSD Circuit Control
The OSD circuit is controlled by the command selector (OPOC) and control register (OP1A). Table 3-3
shows the relationship between OPOC and OP1A. The command selector selects the OSD control register.
Writing data to the control register of all bits is performed by accessing OP1A two times. However, the
second access is not required unless the second data are changed.
The OSD control register has a 28-word configuration and sets the display start position, display character
ornamentation, display memory address and character codes.
After setting all control registers are completed and the command selector is set to Fy, display is enabled
and the display starts. When the command selector is set to Ey, display is disabled.

Note: Do not disable the OSD function, when the characters are displaying on the TV screen.
Otherwise OSD may not operate correctly.

(1) Display start position
Display start position of each display line on screen can be set in 128 steps both horizontally and
vertically. The horizontal start position of the first line is set with OSD control register HS16 - HS10
while the vertical start position is set with VS16 - VS10. The display start positions of the 2nd - 4th
lines are determined by setting HS26 to HS40 and VS26 - VS40 in the same way.
A double scan mode in which each vertical scan line is counted twice is provided to enable use with
PAL and double scan mode TVs. It is possible to set the vertical display start position all over the
screen area in this mode. Setting WSC (command selector is set to By) of the OSD control register to
“1" enables the double scan mode and setting to “0” enables the normal mode.
The display start position can be calculated in following expressions.

Horizontal display start position of line “n”

HSn ={ (HSn6 to HSn4) x 161 + (HSN3 to HSNO) X 160} x 4Tosc + aTosc
a: 14 for a small size character, 28 for a middle and 56 for a large
Tosc: The period of OSD clock oscillation

Vertical display start position of line “n”
WhenWSC =0 VSn ={(VSn6to VSn4) x 161 + (VSn3 to VSn0) x 160} x 2THp
WhenWSC = 1 VSn={(VSn6to VSn4) x 161 + (VSn3 to VSn0) x 160} x 4Typ
Tup: The period of horizontal synchronous signal
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| i

VS3

HS3

e [P ]

Figure 3-10. TV screen image

Note1: Do notwrite a data “00y” to OSD control registers HSmn (m =0 to 4, n =0 to 6), otherwise the
OSD function may not operate correctly.
Note 2: The display line counter dose not count up correctly when each vertical display start position is
set like below cases.
casel: nospace between the display line.
case2: display lines overlap each other.

. Displ . Displ
Vertical Eﬁ:y Vertical :jﬁeay
Sync. Counter sSync. Counter
| -l u
it | . it | .
! | 1st Display Line (Turm On) | ! ! | 1st Display Line (Turm ON) | !
i o i oo
1 1 1 1
1 1 1 1
i | 2nd Display Line (Turm On) | i 1 i 2nd Display Line (Turm ON) i 1
i [ i i
I ettt et et 1 ) [ 3 rd D|5p|ayL|ne(Turm ON) ....... !
1 . H I 1 I
... g Disploy Line (Turm Of) _ £1 |7 | th Display Line (Display Cancelled) ! |
i : T O ST - i
i i 3 i i
! | 4th Display Line (Turm On) | i i i
\ 1= \ K
4

Figure 3-11. The display line counter
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Table 3-3. OSD Control Commands and Control Registers

0sSD Command OSD control register to be accessed through OP1A
selector

(OPOC) 1st ACCESS | 2nd ACCESS
Horizontal start position of 1st display line

0 3 2 1 0 3 2 1 0
[ Hs13 [ mHs12 | Hs11 [ Hs10 | | | Hs16 | Hs15s | Hs14 |
Vertical start position of 1st display line

1 3 2 1 0 3 2 1 0
| vs13 | vs12 | vs11 | vsio | | | vsie | vsis | vs1a |
Horizontal start position of 2nd display line

5 3 2 1 0 3 2 1 0
[ Hs23 | Hs22 | Hs21 | Hs20 | | | Hs26 | Hs25 | Hs2a |
Vertical start position of 2nd display line

3 3 2 1 0 3 2 1 0
| vs23 | wvs22 [ wvs21 | vs20 | | | vs26 | wvs25 | vs2s |
Horizontal start position of 3rd display line

4 3 2 1 0 3 2 1 0
[ hs33 | ms32 | Hs31 | Hs30 | | | Hs36 | Hs35 | Hs3a |
Vertical start position of 3rd display line

5 3 2 1 0 3 2 1 0
[ vs3z | vs32 | vsa1 | vs3o | | | vsse | vs3s | vs3a |
Horizontal start position of 4th display line

6 3 2 1 0 3 2 1 0
| Hsa3 | Hsa2 | Hsa1 | Hsao | | | Hsa6 | Hsas | Hsaa |
Vertical start position of 4th display line

7 3 2 1 0 3 2 1 0
| vsaz | vsa2 [ wvsar | vsao | | | vsae | vsas [ vsas |
Character size of 1st and 2nd line Smoothing, OSD outputs polarities

8 3 2 1 0 3 2 1 0
[ cs21 | cs20 | cs11 | cs1o | [ esmz | suv | viv [ raBiv |
Character size of 3rd and 4th line OSD outputs tri-state control

9 3 2 1 0 3 2 1 0
| csa1 | csa0 | cs31 | cs30 | | esry | esfrR | EBfG | EBFB |
Blinking flag, Coloring (character) Fringing, Coloring (back ground)

A 3 2 1 0 3 2 1 0
| B | ror | epT | BDT | | erRé | repT | GBDT | BBDT |
Blinking, Double scan mode OSD interrupt function

B 3 2 1 0 3 2 1 0
| wsc | BkmF [ sBs | DspF | | 1losp | svb [ ispct | isbco |
Display memory address set, Display memory bank selector

c 3 2 1 0 3 2 1 0
| bma3 | bmA2 | bmA1 | DMAO | | mBk | pmae | bmAs | pva4 |
Character code set

D 3 2 1 0 3 2 1 0
| cra3 | cra2 [ crat | crao | | | cra6 | cras | cras |

E 0OSD disable

F OSD enable
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(2) Display character sizes

Character size for screen display can be selected line by line from 3 sizes.

Small, middle and large character size can be set with OSD control register C541 to CS10 (command
selector is set to 9y or Ap). It is also possible to display with mixing 7x9 dot and 14x 18 dot
composition characters. When the character size is set the same, both dot composition of characters
are displayed in the same size.

Note: Do notdisable the OSD function, when the characters are displaying on the TV screen.
Otherwise OSD may not operate correctly.

Table 3-4. Designation of character size

Line First display line Second display line Third display line Fourth display line

Character size cs11 cs10 Cs21 C$20 CS31 €530 cs41 Cs40
Small character 1 1 1 1 1 1 1 1
Middle character 1 0 1 0 1 0 1 0
Large character 0 1 0 1 0 1 0 1
Display OFF 0 0 0 0 0 0 0 0

Table 3-5. Charactersize

Size Small character Middle character Large character
14 x 18 dot composition 1Tosc x  1Twp 2Tosc X 2Twp 4Tosc X 4Twp
One dot size
7 x 9 dotcomposition 2Tosc X 2Twp 4Tosc X 4Typ 8Tosc X 8Twp
Character size 14Tosc %X 18Tup 28Tosc X 36Tup 56 Tosc X 72Typ

Note: Tpsc: The period of OSD clock oscillation.
Tup: The period of horizontal synchronous signal.

(3) Smoothing and fringing functions

The smoothing function makes characters look smooth. When smoothing is enabled, additional dots
(1/4 size) are displayed in the middle of the place where two dots contact each other only at a corner.
However, this function is not available for 14 x 18 dot small character size.

Fringing displays the fringe of characters in a different color from rest of the color of the character.
When fringing is enabled, a 1/2 dot width around the character periphery is displayed in a different
color, as shown in Figure 3-11.

However, this function is not available for 14 x 18 dot small character size.

Smoothing is enabled by setting ESMZ (command selector is set to 84) of the OSD control register to
“1". Fringing is enabled by setting EFRG (command selector is set to Ay) of the OSD control register
to “1”. When smoothing and fringing are enabled at the same time, smoothing has a priority, as
shown in Figure 3-12.

The color of the fringe can be set by BBDT, GBDT, RBDT (command selector is set to Ap) of the OSD
control register. Coloring for fringe is described in the next section.
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7 x 9 dot composition

14 x 18 dot composition

Figure 3-12. Example of smoothing and fringing function

With smoothing

With fringing

With smoothing

=
H
With fringing Figure 3-13.
Priority of smoothing
and fringing

14 x 18 dot

Notel: Do not enablel/disable the fringing function, when the characters are displaying on the
TV screen. Otherwise OSD may not operate correctly.
Note 2: The dot which has hatching must be turn-off when fringing function is enabled.

7x9dot

Figure 3-14

(4) Display colors

One out of seven colors can be selected for each character to be displayed. Display character color is
set by the color data in the display memory. The color data loaded to RDT, GDT, BDT (command
selector is set to Ap) of the OSD control register are written to the display memory at the same time
as the character code is written.
The entire background for the character area (14 x 18 or 8 x 9 dots) can be colored. The background
coloris set by RBDT, GBDT, BBDT of the OSD control register (command selector is set Ap).

When the fringing is enabled, the color of fringe is set by the background color data (RBDT, GBDT,
BBDT). Thus, the entire background for the character area can not be colored at that time.
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(5) Blinking function
Any character displayed on the screen can 05D control register
be caused to blink. The blinking flag (BLF) - S 2 ! 0
of the display memory and DSPF, SBS, i (wsc) I BKMF | SBS | DSPF

BKMF (command selector is set to By) of
the OSD control register determine the
blinking position and period. There are 0:
two kinds of setting blinking period; one 1:
is for the fixed period by the hardware —
and the other one is for the
programmable period by the user.

To cause a character to blink, first set BLF
of the display memory to “1”.

The blinking flag BLF (command selector
is set to Ay) of the OSD control register
will then be written to the display o:
memory at the same time as the character 1:
code is written. —
Next, set BKMF to “1” to enable the
blinking function. When SBS is “1“, the
character will blink at a period of fc/22. When SBS is “0”, the value of DSPF itself determines whether
or not the character is displayed. Thus, DSPF is alternately set and cleared with each cycle of the soft
timer to produce the blinking .

BKMF |Blinking master flag |

Disable blinking.
Enable blinking.

SBS | Blinking source select |

0: Blinking period is specified by DSPF.
1: Blinking period is set to fc/222.

DSPF | Display enable control flag |

Erase the character which BLFissetto “1”.

Display the character which BLF is setto “1”.

Figure 3-14. Control of blinking function

(6) Writing display data to the display memory

Display data, which consist of the character code, color data and blinking flag, are written to the
display memory which corresponds to the one to one to the displayed position. Load the display
memory address to DMAG6 - DMAOQ of the OSD control register and load the memory bank to MBK.
When all of the display data is changed, clear MBK to “0”. When only the color data and blinking
flag are changed, set MBK to “1”.

To change all of the display data, set the display memory address and clear MBK to “0”; then set the
color data and blinking flag with BLF, BDT, GDT, RDT (command selector is set to Ay) of the OSD
control register. Next, write the character code with CRA6 to CRAO (command selector is set to D)
of the OSD control register. When OP1A is accessed for the second time, the character code is
written to the display memory with the color data and blinking flag which are set beforehand at the
same time. Display memory address DMAG to DMAO are also automatically incremented at this time;
therefore, it is not necessary to set the display memory address again when the display data is
written continuously. However, this auto-increment function is only effective within one line of the
display memory. Auto-increment does not operate when the line is changed (example: display
memory address 134 — 20y).

When only the color data and blinking flag setting are changed, set the display memory address as
above and set MBK to “1”; then set the color data and blinking flag with BLF, BDT, GDT, RDT of the
OSD control register. The data are then sent to the display memory but the character code is not
changed. Display memory address DMAG6 to DMAQ are also automatically incremented at this time;
therefore, it is not necessary to set the display memory address again when the color data and
blinking flag is written continuously. However, this auto-increment function is only effective within
one line of the display memory. Auto-increment does not operate when the line is changed
(example: display memory address 13y — 20).

Note: Do not write data to the display memory when the characters are displaying on the TV
screen. Otherwise the data of display memory will be destroyed.
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(7) OSD output buffer
The OSD outputs for RGB and Y/BL use tri-state output buffers, which the respective polarities can be
inverted. The polarity and the tri-state is controlled by accessing EBFY-EBFB, BLIV, YIV, RGBIV
(command selector is set to 9y or 8y) of the OSD control register.

Table 3-6. Control of OSD output Table 3-7. Control of OSD output polarity
Sym\bol\ Output pin Data "0” Data "1” Symbo Output port | Data "0” Data “1"
EBFY Y (BL) Output Buffer OFF | Output Buffer ON BLIV BL Active High | Active Low
EBFB B Output Buffer OFF | Output Buffer ON YIV Y Active High | Active Low
EBFG G Output Buffer OFF | Output Buffer ON RGBIV RGB Active High | Active Low
EBFR R Output Buffer OFF | Output Buffer ON

(8) OSD output waveform
The OSD output pins comprise the R, G and B color signal outputs, the Y signal which is the logical OR
of the R, G and B signals, and the BL signals output to all display character areas (excluding character
code 7EH). Y and BL signal makes the display clearer by eliminating the video signal only where
characters or background are displayed.
Figure 3-15 shows display example (1). The conditions for this example are as follows:

@ Display data: 2, C, blank data (character code 7Fy), background (character code 7Ep).
@ Colordata: RDT = 1,BDT = 0, GDT = 0.
@ Background color data: BRDT = 0, BBDT = 1,BGDT = 0.
@ Fringing and smoothing disabled.
® This screen display example is controlled by the R, B and BL signals.
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Figure 3-16 shows display example (2). The conditions for this example are as follows:
@ Display data: 2, C, blank data (character code 7Fy), background (character code 7Ep).
@ Colordata: RDT = 1,BDT = 0, GDT = 0.

@ Background color data: BRDT = 0, BBDT = 1,BGDT = 0.

@ Fringing enabled and smoothing disabled.

® This screen display example is controlled by the R, B and Y signals.

g e “Blank” “Background”

Scanning line

Figure 3-15. Example of OSD display and its wave form (1)

“Blank” “Background”

Scanning line -

SN N S

Figure 3-16. Example of OSD display and its wave form (2)
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3.2.4 Multi-line displays using the OSD interrupt
Up to 4 lines can be displayed on screen with the built-in hardware.
Multi-line displays of more than 5 lines are also available by using the OSD interrupt to rewrite the
display start position and display data for the next display after the display of each line has been
completed. The hardware related to the OSD interrupt comprises the display line counter, the interrupt

generator circuit and its control circuit.

(1) Display line counter

The display line counter indicates which
line of one TV screen is being displayed.
The display line counter is a 4-bit counter
which isinitialized to “0” by the VD signal
and which increments when last scanning
of each line is completed. The display line
counter can be read out by accessing port
address IP1A. The display line counter
also increments when the data of the
display line are all blank data or the
display line is disabled.

(2) Interrupt generator circuit

The interrupt generator circuit is
controlled by OSD control registers 10SD,
SVD, ISDC (command selector is set to Bp).
One out of the two interrupt sources SIO
or OSD can be selected by 10SD of OSD
control register. A OSD interrupt request
is generated when 10SD is set to “1” and
an ISIO interrupt request is generated
when 10SD is set to “0”. The interrupt
request is generated every falling edge of
VD signal comes when SVD is set to “1”.
When the SVD is set to “0”, interrupt
request is generated at the start point of
the first scanning line of the display line
specified by ISDC.

Display line counter

D .
I:| ..................................................................... ISDCis set
to 1"

[1st display line

—
Interrupt

request

2nd display line
3rd display line

3
4th display line |
1"st display line e

5

TV screen image

Figure 3-19. Multi-line display using OSD interrupt

Display line counter
(Port address: IP1A Initialize to “0")
3 2 1 0

| ' DCTR

DCTR | Display line counter

0000: Nodisplay line is completed.

0001: End of the 1'st display line.

0010: End of the 2'nd display line.
to

1111: End of the 15’th display line.

Figure 3-17. Display line counter

3 2 1 0
| 10SD | SVD | ISll)C

10SD |Interruptsource |

0: ISIOinterrupt request
1: 10SD interrupt request

SVD | Interrupt source of OSD function

0: Interrupt request is generated when the display line
counter is counted to the certain value which is
specified by ISDC.

1: Interrupt request is generated when the falling edge
of VD signal comes.

ISDC | Display line counter interrupt sources

00: Interrupt request is generated at start points of the
first scanning line of each display line.

01: Interrupt request is generated at the start point of the
first scanning line of the display line when the lower
2-bit of the display line counter is "01".

10: Interrupt request is generated at the start point of the
first scanning line of the display line when the lower
2-bit of the display line counteris “10".

11: Interrupt request is generated at the start point of the
first scanning line of the display line when the lower
2-bit of the display line counteris “11”.

Figure 3-18. Control of OSD interrupt
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3.25 OSD function
When the OSD circuit is used, please refer as below.

Note 1: Do not write data to the display memory when the characters are displaying on the TV screen.
Otherwise the data of display memory will be destroyed.
Do not disable the OSD function, modify the character size, and enable/disable the fringing
function, when the characters are displaying on the TV screen. Otherwise OSD may not
operate correctly.
The procedure of confirming the character display status are as follows.
@® Detect the finish timing of displaying all characters by monitoring the display line counter.
It is necessary to monitor the display line counter several times because counting up the
display line counter is not synchronized with CPU clock.
@ Detect the beginning of the vertical synchronous signal by monitoring the signal level of
VD (KE1) pin. It is necessary to monitor the signal level of VD pin several times in order to
judge ifitissignal or noise.
It is necessary to write data to the display memory, disable the OSD, modify the character size
and enable/disable the fringing function before the characters of first display line begin to
display.
Note 2: Do not write a data “00y” to OSD control registers HSmn (m =0 to 4, n =0 to 6), otherwise the
OSD function may not operate correctly.
Note 3: The display line counter dose not count up correctly when each vertical display start position is
set like below cases.
casel: nospace between the display line.
case2: display lines overlap each other.

. Displa . Displa
Vertical Li?\ey Vertical Liﬁey
Sync. Counter Sync. Counter

ettt ettty \
i | 1st Display Line (Turm On) | !
! b
1 H
: | 2nd Display Line (Turm On) | :
i 1=
TR i
! 3rd Display Line (Turm Off) i
[} I ]
: | 4th Display Line (Turm On) | i i i
} e ' !

Figure 3-20. The display line counter

Note 4: The limitation matters of usage are as follows.
10> fJdfosp > 1/3.5
Thp;Low = 13/ fosp
Note5: fc; High-frequency clock[Hz], fosp ; OSD clock[Hz], Tup;i.ow ; The low level period of the
horizontal synchronous signal [s].
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3.2.6 RA port function
R signal output and G signal output ports are also used as I/O ports. When not used for color signals, use
is possible as normal I/0 ports. RA port and Y/BL selection is performed by OPOA.
“1" is read out when the upper 2bits of IPOA are accessed.
As RA portis notselected, “1” is read out when the lower 2bits of IPOA are accessed.

Port address OPOA Port address  IPOA
3 2 1 0 3 2 1 0
opoA3 | OPOA2 RA1 RAO | | RAI RAO

COSsD | control of OSD output and RA port |

control of OSD output and RA port

output pin No.

OPQOA3 | OPOA2 2 23 2 25

0 0 R B Y
e 0 .............. 1 ......... RAO ................ B ....... B|_
R 1 .............. 0 ......... RAO ................ B ........ Y
e 1 .............. 1 ......... RAO RA1 ....... B ....... BL

Figure 3-21. RA Port

3.3 4-bit AD Conversion (Comparator) Input
The comparator input is analog input to discriminate key input or AFC (Auto Frequency Control) signal.
It's composed of 4-bit DA converter, comparator and control circuit. Analog input level (CINO to CIN3)
can be detected as 16-stage by setting reference voltage.
The comparator input can also be used as KO port (digital input). To use as KO port, set the most
significant bit of the port address OP13 to “1". Which port is selected digital (KO) or comparator (CIN)
input can be monitored by accessing the port address IP13. DTB selector/status is also assigned to port
address OP13/IP13.

Note: When the comparator input is selected, the comparator consumes typically 700 ¢A current at
VDD =5V. To reduce the power consumption, KO port should be set to digital input mode. In
the HOLD mode, the comparator current is automatically cut off by hardware. Further, during
the slow operating mode, AD conversion input is automatically disabled by hardware to reduce
the power consumption.
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3.3.1 Circuit configuration of comparator input

Analog input selector 2,1,0
o
Compa> CINO < 5 °
Analog rator CN1 [ ® I N o
:> input cN2 ° 2
multiplexer Reference voltage CIN3 _DE ; —l/ ‘E
K00 (CINO) | 4-bit DA converter }J _— £ -

K01 (CIN1)

[H
I:l_/ 7 IPOO
K02 (CIN2) I:I-/ el

| Colmmandregister |

K03 (CIN3) 3 2 ] o

{}

Figure 3-22. Circuit of comparator input

3.3.2 Control of comparator input

KO port input selector command register
(Port address: OP13/IP13 Initial value: 0110)

3 2 1 0
................... e s
SKO DTB : : Table 3-8. Reference
............................................................ voltage
SKO |SelectK0inputmode OP12 Vref.
PERE V]
0: CIN comparatorinput 3:2:1:0
L 0000 0.31
1: KOdigital input

Figure 3-23. Command Register, Status Register

Reference voltage (Vref) is set by command register (port
address OP12), and it is determined by the following form.

VRep=VppX (n+1)/16[V] (n=0to 15)

After initialization sequence, 4-channel comparator inputs
continue comparison operation successively.

Since 2-instruction cycles are required to complete
comparison of 1-channel, it is necessary to wait for 8-
instruction cycles after setting a reference voltage to read
data from the comparator. When analog input voltage is
higher than reference voltage, comparator data latch is
set to “1”. At the initialization sequence, OP12 is set to
“0". Thereis not latch when used to port KO.

—_
—_
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3.4 DA Converter (Pulse Width Modulation) Output
The TMP47C1237/1637 have 8 built-in pulse width modulation (PWM) channels. 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; R4 (PWMO to PWM3), R5 (PWM4 to
PWM?7). When these ports are used as PWM outputs, the corresponding bits of R4 and R5 output latches
should be setto “1”. Resetting initializes the R4 and R5 output latchesto “1”.
PWM output is controlled by the buffer selector (OP17) and data transfer register (OP18). Writing “CH”
to the buffer selector transfers the PWM data in the data transfer buffer to the PWM data latch, thus, the
PWM output will be changed. The PWM data transferred to the PWM data latch are retained until
overwritten.
Resetting and holding clear the buffer selector, data transfer buffer and PWM data latch to “0”.

3.4.1 Pulse width modulation circuit output

(1) PWMO output
This is 14-bit resolution PWM output and one period is Ty = 215/fc [s].
The 8 high-order bits of the PWM data latch control the pulse width of the pulse output with a
period of Ts (Ts = Tw/64), which is the sub-period of the PWMO0. When the 8-bit data are decimal n
(0 = n=255), this pulse width becomes n x tg, where to = 2/fc.
The lower 6-bit of 14 bit data are used to control the generation of additional to wide pulse in each
Ts period. When the 6-bit data are decimal m (0 = m= 63), the additional pulse is generated in each
of m periods out of 64 periods contained in a Ty period. The relationship between the 6 bits data
and the position of TS period where the additional pulse is generated is shown in Table 3-9.

(2) PWM1 to PWM7 outputs
These are 7-bit resolution PWM outputs and one period is Ty = 28/fc [s]. When the 7bit data are
decimal k (0 = k= 127), the pulse width becomes k x tg. The wave form isillustrated in Figure 3-22.

3.4.2 Pulse width modulation circuit control (Data transfer)
PWM output is controlled by writing the output data to data transfer buffers (OP18). For writing the
output data are divided using the buffer selector (OP17). Buffer numbers are assigned to each of the
data transfer buffers. Writing is performed in accordance with the corresponding tables shown in Table
3.10.
@ Write the buffer number of the transfer buffer to which the data are to be written to the
buffer selector (OP17).
@ Write the 4 low-order bits of the corresponding PWM output data to the selected buffer
(OP18).
@ Next, write the 4 high-order bits of PWM output data to the buffer.
@ When writing of the output data is completed, write “Cy” to the buffer selector.
When switching of the output data is completed, the PWM status becomes “0”, indicating
that the next data can be written. The PWM status can be read by accessing bit “0” of port
address IP17.

While the output data are being written to the transfer buffer, the previously written data are being
output. The maximum time from the point at which “Cx” is written to the buffer register until PWM
output is switched is 215/fc (at 4 MHz, 8192 us) for PWMO output and 28/fc [s] (at 4 MHz, 128 us) for PWM 1T
to PWM7 output.

Notel: After reset, PWM status is unknown. Set “0Cy” to buffer selector (OP17) and transfer the
dummy data. Then, the PWM status will be initialized to “0”.

Note2: Do not access the OP18 when PWM status is “1“, otherwise PWM function does not operate
normally.
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T = 64Ts
Ts () Ts(n) . Ts(63) .
0 0
— nxty |
PWMO |
- - —3
Pulse width=nxtg Pulse width= (n + 1) tg
< T, —>|
PWM1 .
to )] o
PWM7 |« pulse width =k xt, : —
Note: Itisshown to the additional pulse Ts (1) and Ts 3) of the PWMO.
Figure 3-24. PWM output wave form
(OP17)=C fc/2
2'nd access  1'st access Transfer
request
Bit 3 to 0 of PWM

Data Data J\ Compare /\—

transfer Counter

buffer latch [/ circuit N 10"

Bit 6 to 4 of PWM ) All"0
| g > Pwm
Match signal

Figure 3-25. PWM circuit configuration (7-bit Resolution)

Table 3-9. Correspondence between 6-bits data and the additional pulse generated Ts periods

Bit position of 6 bits data

(No. i of Tg; is listed)

Relative position of Ts where the output pulse is generated

Note:

When the corresponding bit is “17, it is output.

Table 3-10. The bit and buffer number of data

Buffer number Correspondence to bit (OP18)
Mode
(0P17) 1'st access 2'nd access

0 Bit 3 to 0 of PWMO Bit 5 to 4 of PWMO Writing
1 Bit 9 to 6 of PWMO Bit 13 to 10 of PWNMO Writing
2 Bit 3 to 0 of PWMT Bit 6 to 4 of PWMT Writing
3 Bit 3 to 0 of PWM2 Bit 6 to 4 of PWM2 Writing
4 Bit 3 to 0 of PWM3 Bit 6 to 4 of PWM3 Writing
5 Bit 3 to 0 of PWM4 Bit 6 to 4 of PWMI4 Writing
6 Bit 3 to 0 of PWMS5 Bit 6 to 4 of PWM5 Writing
7 Bit 3 to 0 of PWM6 Bit 6 to 4 of PWM6 Writing
8 Bit 3 to 0 of PWM7 Bit 6 to 4 of PWM7 Writing
C None None Transfer
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3.5 Pulse Output Circuit

Pulse output circuit generates the pulse clock by dividing the clock frequency to R70 port. The pulse
output is used for the basic clock for the PLL IC or peripheral ICs. The pulse output frequency can be set
by accessing command register (OP1B). Command register is initialized to “11**” during reset. When

R70 portis used as the pulse output, set R70 output latch to

"1"-

L,l Binary counter | Pulse output control command register
(Port address OP1B)
fc/22 fc/23  [fc/24 3 2 1 0
R70 output data | 5]':|: |

R70
LATCH
Control circuit - . || Puise sp

F |Selectpulsefrequency |

00:
01:

Figure 3-26. Pulse output circuit 10:
11:

at fc=4 MHz
Output pulse of fc/24[Hz] ... 250kHz
Output pulse of fc/23 [Hz] ... 500kHz
Output pulse of fc/22[Hz] .... 1MHz

Disable the pulse output

Figure 3-27. Pulse output Command Register
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Notice of ROM code release for masked products
When releasing ROM code for mask products, please take notice as follows,

(1) The area of program
e Fill the data “FF4" at all addresses of unused area.

(2) The area of character data table
o Load the character data at the address 40004 to 56FFH.
e Fill the data ‘FF4’ at all addresses of unused characters.

(3) The area between the end of program and the begin of character data
o Fill the data “"FF4" at all addresses.

Address Address
0000y 0000y
Program
Program
2FFFy
30004
Fill the data “FFy".

3FFFy 3FFFy
4000}, 4000

Character data Character data
56FFy 56FFy

TMP47C1237 TMP47C1637
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD--- . (¢

"
Supply voltage / :

: t(RESET) :
—_— i («

. g 7_VIH2 Y [~ VIH2
RESET (input) : ; : VIL2 i

(¢

Internal

: 7
oscillatin Starts X Stable oscillation
conditiong éosallatmn ; . (;(;
' i : 5
Internal " A Determihes depending on the v e e
hardware Unsettled antlallzatlon “““result Q‘E(progrgm exeguuon A Initialization ***

H
Operation of

: ( :
microcomputer H fReset v . Y /Reset v .
_g_(operation Program execution Roperation A Program execution
: N )

Condition of 4 - :é : £ : :
Output port Initialization Determines depending on the Xnitializatio’r-'nX Determines depending on the
(¢

and I/0 port result of program execution result of program execution
) W
) | -— Q) —>
<«— Condition of port by Power on reset Condition of port at resetting during —— >
power supply is stable

Figure 3-28. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2: Stands for low level input voltage of RESET pin.
VIH2: Stands for high level input voltage of RESET pin.

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from I/O circuit by
each port, refer to the section of “INPUT/OUTPUT CIRCUITRY”. Thus, when using Port as an
output pin, in the term of the above @ and @, the voltage level on the signal that connects
with the output pin of Port to the input pin of external application circuit should be
determined by the external circuitry such as pull-up resistor and / or pull-down resistor.
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Input / Output Circuitry

(1) Control pins

Input/output circuitries of the TMP47C1237/1637 control pins are shown below.

Control Pin I]e] Circuitry Remarks
OscC. enable»tDo_
Resonator connecting pins
XIN Input ‘»/A/V R =1kQ (typ.)
f
XOouT Output R Ro Rf =1.5MQ (typ.)
Ro =2kQ (typ.)
XIN XOUuT
OscC. enable.,tDo_
Resonator connecting pins
XTIN Input “»/RV\: (R =1kQtyp.)
XTOUT Output R fs Ro (Rts =6 MQ typ.)
(Ro =220 kQ typ.)
XTIN XTOUT
VDD Hysteresis input
Rin Contained pull-up resistor
RESET Input R Rin =220 kQ (typ.)
R =1kQ (typ.)
Hysteresis input
L Input
HOLD (KEO) R (Sense input)
(nput ———w—J
R=1kQ (typ.)
R Contained pull-down
resistor
TEST | t
npu Rin
Rin =70kQ (typ.)
R =1kQ (typ.)
OscC. enable_)tDD_
Oscilation terminals for OSD
0sC1 Input A‘QA’ R =1kQ (typ.)
f >
R Ro R =1.5MQ (typ.)
0sC2 Output Ry =2kQ (typ.)
0sC1 0sC2
- Synchronous signal input
HD (KCO0)
. Input Q QRAA D Hysteresis input
VD (KC1) R=1kQ (typ.)
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(2) /0 ports

The input / output circuitries of the TMP47C1237/1637 I/O ports are shown below, designated by

code.
Port 110 Input/ Output Circuitry (code) Remarks
PA PC
Pull-down resistor
KO Input R Rin =70 kQ (typ.)
vDD
—_9D°—| Tri-state I/O
R4 Initial “Hi-z"
RS 1’10 __D°_|
|-
——
RA DISABLE R R=1kQ (typ.)
pd
~
Sink open drain
D o I Initial “Hi-2"
R6 Vo R High drive carrent
! loL =20 mA (typ.)
~ R=1k0 (typ.)
Sink open drain
D I Initial "Hi-2"
R7 110 R
A R=1kQ (typ.)
~J
Sink open drain
RS [: I In|t|aI. I.-||-Z
RO /0 R Hysteresis input
@] R=1kQ (typ.)
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Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -03t07 Y
Input Voltage Vin -0.3toVpp+0.3 \'
Except sink open drain pin, butinclude port
Vour -0.3toVpp+0.3
Output Voltage R7 \Y
VouTt2 [Sink open drain pin except R7 port -0.3t0 10
. IOUT1 Ports R6 30
Output Current (Per 1 pin) mA
louT2 Ports R7, R8, R9 3.2
Output Current (Total) 2 loyTt1 Ports R6 60 mA
Power Dissipation PD 600 mwW
Soldering Temperature (time) Tsld 260(10s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Opeating Conditions | (Vss=0V, Topr= -30 to 70°C)
Parameter Symbol Pins Conditions Min Max Unit
In the Normal mode 4.5
Supply Voltage Vpp In the SLOW mode 2.7 6.0 Y
In the HOLD mode 2.0
. ViH1 Except H.ysteresis Input Vop = 4.5V Vppx 0.7
Input High Voltage ViH2 Hysteresis Input Vppx0.75 Vpp \Y
Viuz Vpp < 4.5V Vppx0.9
Vi1 Except H.ysteresis Input Voo = 4.5V Vppx0.3
Input Low Voltage VL2 Hysteresis Input 0 Vpp x0.25 \'
Viz Vpp < 4.5V Vpp % 0.1
fc XIN, XOUT 0.4 6.0 MHz
Clock Frequency fs XTIN, XTOUT 30.0 34.0 kHz
fosp | OSC1, 0SC2 - 8.0 MHz

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: Input Voltage VIH3, VIL3: in the SLOW or HOLD operating mode.
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DC Characteristics (Vss =0V, Topr= —30to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vys | Hysteresis Input - 0.7 — \Y
Port KO, TEST,
lint | RESET, HOLD Vop=5.5V, LA
Input Current — — +2
Iin2 | Port R (opendrain) Vin=5.5V/0V
Port KO with pull-up/pull-
R|N1 down 30 70 150
Input Resistance kQ
Rin2 | RESET 100 220 | 450
Output Leakage Tri-state port
Current ILo | Ports R6, R8, R9(open drain) | Vpop=5.5V,Voyr=5.5V - - £2 | pA
Output High Port R (tri-state), OSD
Voltage Vou2 outputs Vpp=4.5V, loy=-0.7mA 41 — — \'
VOL1 Ports R7-R9 VDD=4.5 Vv, |0|_= 1.6 mA
Output Low Voltage Port R (tri-state), OSD - - 0.4 \
VOLZ outputs Vpp=4.5V, |o|_=0.7 mA
Output Low Current loL [PortsR6 Vpp=4.5V,Vo =1.0V — 20 — mA
Supply Current Vpp=5.5V,
(in the Normal mode) Ipp fc=4 MHz - 3 6 mA
Supply Current
(in the SLOW mode) Ibbs Vpp=3.0V - 30 | 60 [ A
Supply Current
(in the HOLD mode) IDDH Vpp=55V - 05 | 10 | »A

Note 1: Typ. values show those at Topr =25°C, Vpp =5 V.

Note 2: Input Current Iy;. The current through resistor is not included, when the pull-up/pull-down resistor is contained.

Note 3: Supply Current

Ipp, IppH:

Ipps:

Vin=5.3Vv/02V
The KO port is open when the pull-up / pull-down resistor is contained. The voltage applied to the R port is
within the valid range Vy or Viy,
Vin=2.8V/I0.2V

Low frequency clock is only oscillated (connecting XTIN, XTOUT).

Comparator function is disabled.

AD Converter Characteristics

Parameter Symbol Pins Condition Min Typ. Max Unit
Analog input voltage |Van CIN Vss - Vbp \Y
AD conversion error - - - * % LSB
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AC Characteristics

(Vss=0V, Vpp=4.5t06.0V, Topr= —301t0 70°C)

Parameter Symbol Condition Min Typ. Max | Unit
In the Normal mode 1.3 - 20
Instruction Cycle Time tcy ©s
In the SLOW mode 235 - 267
High level Clock Pulse Width tweH
For external clock operation 80 - - ns
Low level Clock Pulse Width twel
Shift data Hold Time tspH 0.5tcy-0.3 - - s
Note: Shiftdata Hold Time:
External circuit for SCK pin and SO pin. Serial port (completion of transmission)
°VDD SCK 1.5V
10kQ s
50 pF
T 0 X X
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Recommended Oscillating Conditions (Vss=0V, Vpp=4.5t06.0V, Topr= -30to 70°C)
(1) 6 MHz
Ceramic Resonator
CSA6.00MGU (MURATA) Cxin=Cxout=30pF
KBR-6.00MS (KYOCERA) Cxin=Cxout=30pF
(2) 4MHz XIN XOUT
Ceramic Resonator 4MHz
CSA4.00MG (MURATA) Gy = Cxour = 30 pF & MHz
KBR-4.00MS (KYOCERA) Cyn =Cxour=30pF
FCR-4.0MS (TDK) Cxin = Cxour = 33 pF S Cxour

(3)

4

Note:

(5

(6)

Crystal Oscillator
204B-8R 4.0000 (TOYOCOM) Cyy = Cxour = 20 pF

H
H

XIN XOouT
400 kHz
Ceramic Resonator 400 kHz RxoUT
CSB400B (M URATA) CXIN = CXOUT =220 pF, D
Rxour =6.8 kQ Cxin Cxour
KBR-400B (KYOCERA) Cxn =Cxour =100 pF, );r /;r
RXOUT = 10 kQ

32.768 kHz (Vss=0V,Vpp=2.7t06.0V, Topr= —30to 70°C)
Crystal Oscillator CxTIN: CxTOUT; 10t0 33 pF 32.768 kHz

In order to get the accurate oscillation frequency, the adjustment of Cxrin ];;CXTOUT
capacitors must be required.

8 MHz (for OSD)
LC Resonator
A285TNIS - 11695 (TOKO)

7 MHz (for OSD)
LC Resonator
TBEKSES - 30375FBY (TOKO)

Note 1: On our OSD circuit, the horizontal display start position is determined

by counting the clock from LC oscillator. So, it is possible that the OSD
display is unstable when the amplitude just after starting the oscillation
is narrow.

Generally, in order to make the amplitude just after starting oscillation
wide, it is effective that the value of L is changed to big and the value
of C is changed to small. In order to make OSD display stable, we
recommend that the value of L is made equal and bigger than 33 uH.

Note 2: An electrical shield by metal shield plate on the surface of the IC

package should be recommendable in order to prevent the device from
the high electric fieldstress applied from CRT (Cathode Ray Tube) for
continuous reliable operation.
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Typical Characteristics

R R-Ta KO port R R-Ta RESET pin
k) |vpp=55v k) lypp=55v
100 /,‘ 400
~ 300 —
50 200 —
1
100
0 Ta 0 Ta
- 40 0 40 80 (°Q) -40 0 40 80 (°C)
loH-VoH CMOSR port loH=VoH TRI-STATE port hL-VINn CMOS R port
loH loH I
Vpp=4.5V Vpp=4.5V A Vpp=5.5V
(mA) TN Ta=25°C (mA) Ta=25°C () Ta = 25°C
— 400 N -4 - 800 =g
\\
- 300 -3 - 600 \
-200 \ -2 \\ -400
-100 \\ -1 \ -200 \
0 VoH 0 Vou 0 Vin
2 4 6 (V) 2 4 6 (V) 2 4 6 (V)
loL- VoL R port loL-VoL R6 port loL—VoL TRI-STATE port
loL loL loL
(mA) VDD=4.5V (mA) VDD=4.5V (mA) VDD=4.5V
Ta=25°C Ta=25°C Ta=25°C A
8 y 40 8 P
/ // //
6 / 30 // 6 V4
4 // 20 /‘ 4
/ /]
2 7 10 pd 2 7
0 VoL 0 / VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
Ipp - VbD Ipp - fc Operating area
oo oo 5.5V e [Taz —30t070C
- C =J. a= — (o]
(mA)] Ta = 25°C (mA) ng J5ec (MHz) (Normal mode)
4 4 8
3 3 6
) fc=4MHz 5 // 4 V%55
1 1 // 2
fc=400 kHz L
0 —tT | Vpp 0 fc 0 — Vbp
3 5 7 v) 0.1 04 1 4 10 (MHz) 2 4 6 (V)
(X : OSD operation)
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