TOSHIBA TMP47C1238/1638/038

CMOS 4-BIT MICROCONTROLLER
TMP47C1238N, TMP47C1638N

The 47C1238/1638 are based on the TLCS-470A series. The 47C1238/1638 have on-screen display circuit (OSD)
to display characters and marks which indicate channel or time on TV screen,ﬂl_)_,cg_nye,[te; input, g_ﬁ\/,/
converter outputsuch as TV.

PART No. ROM RAM PACKAGE PIGGYBACK (adapter socket)
TMP47C1 -bi
________ CI238N ] 12288 x8bit 1 515, 4pit SDIP54 *TMP47C038E (BM1106)
TMPA7C1638N | 16384 x 8-bit

* : Under Development

FEATURES
#4-bitsingle chip microcomputer
& (nstruction execution time : 1.3ps (at 6MHz), 244pus (at 32.8KHz)
@105 basicinstructions

SDIPS4

& Subroutine nesting : 15 fevels max.
#®6 interruptsources (External : 2, Internal : 4)

All sources have independent latches each, and multipie

interrupt control is available
#1/0 port (41 pins) -

e Input 3 ports 7 pins //D >

s /O 7 ports 26 pins ?4 ﬁ

e Output 2 ports 8 pins O i
4 Two 12-bit Timer/Counters $&:Wwﬂw
&interval Timer
®Watchdog Timer TMPA7C1238N
#Serial Interface with 8-bit buffer TMP47C1638N
#On-screen display circuit

e Character patterns : 128 Characters

e Charactersdisplayed: 20 columnsx4lines

e Composition : 14 x 18 dots (80 Characters)

7 x 9 dots (48 Characters) SDIC6A
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
®D/A converter (Pulse width modulation) ou’(pru’(/

e 14-bitresolution 1channel

e 7-bitresolution 9channels
®4-bit A/D converter input (4 Channels) -~
@ Horizontal synchronous signal is detected by timer/counter
®Pulse output (Clock for PLLIC)
®Remote control signal preprocessing capability TVIPA7CO38E
¢ High current outputs : LED direct drive (typ. 20mA x 8 bits)
# Dual-clock operation

High-speed/low-power consumption operating mode

®Hold function : Battery/Capacitor back-up
¢ Real Time Emulator : BM47C1638

210290

3-99

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMP47C1238/1638/038
PIN ASSIGNMENT (TOP VIEW)
SDIP54
——
R31 (FWViB) <> [ 1 54 [] «—VvDD
R32 (FWMJ) <> [ 2 53 ) -«>R30
RA0 (PWMD) <> [] 3 52 [1 - R92 (5TK)
RA1 (PWMT) <> [] 4 51 [1 < Rr91(50)
R42 (PWM2) -> [ S S0 [} > RY0 (SI)
R43 (PWM3) - [ 6 49 [J ~e> RB3(T1)
RS0 (PWMA) <> [ 7 48 [J <> R82 (INT1)
RS1 (PWMS5) <> [ 8 47 [J = R81(T2)
RS2 (PWMB) <> [] 9 46 {J -=> R8O (INT2)
R53 (PWM7) <> [] 10 45 [J ~—HOLD (KED)
R70 (PULSE) == [0 11 44 ) <«—RESET
R71 (WTO) > { 12 43 [] — XOUuT
R72 (XTIN) <> (] 13 42 ] «—XIN
R73 (XTOUT) <> [ 14 41 [ -——TEST
KOO (CINO)—> [ 15 40 0 —> 05C2
KO (CINT)—> [ 16 39 0 ~—0sC1
K02 (CIN2)—> [ 17 38 [J «—VD(KC1)
KO3 (CIN3)—> [] 18 37 [] ~—HD (KCO)
R60 <> [] 19 36 ) —» 8L
R61 <> [] 20 Isg—>vy
R62 <> [] 21 34 J—~—>38
R63 ~> [] 22 330—=G
P10 -] 23 320—>R
P11 -— (] 24 31 J—P23
P12 «—[] 25 30 0 —> P22
P13 <«— (] 26 29 f—p21
vss—s [] 27 28 01— P20
BLOCK DIAGRAM
" Focus signal output,
orizontal synchronous  Vertical synchronous Background Blanking control  RGB output
signalinput  signalinput signal output
_{inputport)  {Input port} Y, BL R.G.8B
HD (KCO) VD (KC1) AN PN
voD ™
Power Supply {VSS 4.
pvn'ovon~scre§ OSCZ<—J .
display : I
Acc 1 Data memory Fy [ E——
RAM address buffer (RAM) K
1 Program Memory
STACK [ SPW 3 (ROM)
Holdinput OB ar J1ca | oc Data table
(sense input) (KEC) Hold control Ll EIR EIF J
Resetinput  RESET > system control [ interrupt control |
Test pin TEST > + é

System Clock control

12-bit
Timing Generator —>-| intervaltimer I (Tzsré-\mr/Counter 8-bit Serial Interface l m
High-freq Osc { XIN 1| pigh-freq Clock
connecting XOouT Generator hdog Ti b Remocon D/A Converter
pin Low-freq atchdog Timer lpreprocess (PWM) output
J [] g J a-bltA!D
[Re] [r1] [Re] [R9] R4 converter |-/
3L = L 5 P
R73(XTOUT) RG3 P13 P23 R83(T1)  R92(5TK) RS3(PWM7) R43 (PWM3) R32(PWMI) K03 (CIN3)
R72 (XTIN) s 5 \ R82 (INT1) R91(SO) J S 3 ____ R31{(PWM8) §
R71(WTQ) R60 P10 P20 R81 (T2} R90 (51}  RSO(PWMA) RA0 (PWMO) R30 KOO (CINO)
R70 (PULSE) R8O (INT2) 1O port ~
[lfe] Low-freq OSC connecting pin 17O port  Output port 1O port (Senal port) 1/0 port Input port
port | watchdog Timer output (T/cmpu\ (D/A converter output) (A/D input)
Pulse output interruptinput )
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TOSHIBA

TMP47C1238/1638/038

PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 (CIN3) iti I AID ion (Comparator) input
K00 (CING) Input 4-bitinput port. conversion (Comp )inp
P13 - P10 o 4-bit output port with latch.
utput
P23 - P20 P 8-bit data are output by the 5-bit to 8-bit data conversion instruction [QUTB @HL].
R32 (PWM9), . . .
1/0 (Output) 3-bit /O port with latch. 7-bit D/A converter (PWM) output
WO When used as input port or D/A converler outputs pins, the latch must be set to

R43 (PWM3)

R40 (PWMO)

170 (Output)

4-bit I/0 port with latch.
When used as input port or D/A

7-bit D/A converter (PWM) output

14-bit D/A converter (PWM) output

converter outputs pins, the latch must be
RS3 (PWM7) cetto 1" —
-R50 (PWNI4) /0 (Output) 7-bit DIA converter (P output
4-bit ithlatch.
R63 - R60 ] bit /O port with lat¢

When used as input port, the latch must be s

etto “1”.

R73 (XTOUT)

1/0 (Output)

4-bit /0 port with latch.

Resonator connecting pin {Low frequency)

This Materia
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R72 (XTIN) /O (Input) When used as input port watchdog
.......................................................... ; | T
R71(WTO) output pin, or i)uﬂse output pin, the latc Watchdog timer output
: /O (Outpuy) mustbesetto “1”. LT e
R70 (PULSE) Pulse output (Clock for PLLIC)
» R83 (Tl) _ 4-bit 17O port with latch. Timer/Counter 1 external input
R82 (INT1) When used as input port, external | giarna) interrupt 1input
o AT 1O (Input) INtErrupt iNPUL PIN, OF LiMI@P/COURTEE [ rrrrmrrmresomsimrresmse s
R81(T2) external input pin, the latch must be set | Timer/Counter 2 external input
. iy PP PO
R8C (INT2) to External interrupt 2 or REMO-CON input
RS20 L ee 3-bit /0 port with latch. e ok O
R91(50) . O ©uteu 1} When used as input port or serial port, | S€M@ dataoutput |
R90 (S1) 170 (Input) the latch must be set to "1". Serial data input
R, G, B Output RGB output
Y Focus signal output
..................... Output
8L Background blanking control signal output
HD (KCO) Horizontal synchronous signal input.
R Input F USROS PR SUUO 2-bitinput port
VD (KC1) Vertical synchronous signal input.
0sC1, 0sC2 input, Output Resonator connecting pin of on-screen display circuit.
Resonator connecting pin (High frequency).
XIN, XouT Input, Output Forinputting external clock, XIN is used and XOUT is opened.
RESET Input Reset signal input
HOLD (KED) 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 OO PO UR PP RPPPPIPPP PP
VSS 0V (GND)
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TOSHIBA TMIP47C1238/1638/038

OPERATION

The following is a description of the 47C1238/1638 hardware configuration and operation. Asthe description
is provided with priority on those parts differing from the 47C1260/1660, the technical data sheets for the
47C1260/1660 shall also be referred to.

1. SYSTEM CONFIGURATION

(1} Program Memory (ROM)

(2) Data Memory (RAM)

(3) 1/OPort

(4) On-screen display (OSD) controt circuit

(5) A/D converter (Comparator) input

(6) D/A converter (Pulse width modulation) output
(7) Pulse output circuit

2. INTERNAL CPU FUNCTIONS

2.1 Program Memory
With the 47C1638, programs are stored at address 0000-3FFFy and, with the 47C1238, programs are
stored at address 0000-2FFFy. The 5-8 bit data conversion instruction [OUTB @HL] reads out the fixed
data at address 3FEQ-3FFF and 2FEQ-2FFFy, respectively.
Also, with the 47C1238, “0" is read out when address 3000-3FFF are accessed by a program.

Address Address
0000y 0000y
Program
Program : or
or : fixed data
fixed data :
; Data conversion table
2FFF
sire [ D2t conversion table srrr (Data conversion abie) |
(a) 47C1638 (b) 47C1238

Figure 2-1. Program Memory

Note.  With the 47C1238, the 5-8 bit data conversion table is located at address 2FEQ-2FFFy but, when
evaluating the 47C1238 using a piggy-back chip, a conversion table is also required to place at
address 3FEQ-3FFFyy.

2.2 Data Memory (RAM)
The 47C1238 / 1638 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 1in data memory is
accessed.
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TOSHIBA TMP47C1238/1638/038

Address
000y
Data memory Bank0 (DMB =0)
OFF | o]
100 <
Data memory Bank1 (DMB = 1)
1FF §

Figure 2-2. Data Memory (RAM)
3. PERIPHERAL HARDWARE FUNCTION

3.1 Input/OutputPorts
The 47C1238/1638 have 12 built-in input/output ports as foliows:

@ KO ;. 4-bitinput (also used for comparator input)

@ P1,P2 ; 4-bitoutput '

@ R3 ; 3-bitinput/output (also used for pulse width modulation output)

@) R4,RS ; 4-bitinput/output (also used for pulse width modulation output)

® R6 , 4-bitinput/output

® R7 ;  4-bitinput/output (also used for resonator connection, watchdog timer output,
pulse output)

D R8 ;  4-bitinput/output (also used for external interrupt input, timer/counter input)

® R9 ;  3-bitinput/output (also used as a serial port)

@ KC ;. 2-bitinput (also used for horizontal and vertical synchronous signal
input)

@ KE ; 1-bitsenseinput  (also used for hold request/release signal input)

This section describes ports of O, @, @, ® and @ which are changed from 47C1260/1660. Table 3-1 lists
the port address assignments and the I/O ‘instructions that can access the ports.

3.1.1 /O Port

(1) Port KO (K03-K00)
The 4-bitinput port. Port KO is shared digital input with the A/D converter (comparator) input. The
KQ 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 comparatorinput.
The KO portinput selector is initialized to “0" during reset.

KO port (Port address IPQO} input selector
Reference voltage
3 2 1 0
K03 K02 K01 K00
(CIN3) {CiIN2) (CiINT1) (CINO) IN/TEST/ TESTP
Input data <t

Figure 3-1. Port KO
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TOSHIBA TMP47C1238/1638/038

(2) PortR3(R32-R30)
This is a 3-bit input / output port with latch. Pins R32, R31 are also used for D/A converter (pulse
width modulation) output. When this port is used for input, the latch should be set to “1". When
R32, R31 are used for input, the PWM output should be also set to “H" level (all PWM data latches
should be set to “0”). When using for PWM output, set the output latch to “1”; when using for R3
output, set the PWM output to “H” level. The output port latch is initialized to “1” and the PWM
output level to “H” during reset. Also, there is no R33 port but “1” is read out when this bit is

accessed.
s
Input data
Output data _—{ > R32(f’__W__W_)
_{:I R31 (PWWIB)
PWM output ——
A
Input data ——l—‘ﬁq
R3 /0 Port (Port address OP03 / IP03) Outputdata — l LATCH } {>_—D R30
3. 2 1 0
R32 R31
FWMD) | (PWIE) R30 SET/CLR IN/TEST/ TESTP

Figure 3-2.. PortR3

(3) Port R4 (R43-R40), Port RS (R53-R50)

These are 4-bit 1/0 port with latch. They are also used for D/A converter (PWM) output port. R4 port
output buffers are Tri-state, and each bit of them can be controlled independently by the program.
RS 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 as input 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 RS (Port address OP0S/ IPOS)
3 2 1 0 3 2 1 0
R43 R42 R41 R40 RS3 R52 RS1 RSO
(PWM3) (PWM2) (PWMT) (PWMO) (PWM7) (PWMB) (PWM5) (PWM34)

3 2 1 0 3 2 1 0
Tri-state control (Port address OP0Q) Tri-state control (Bit 0 of port address OP13)

Figure 3-3. Port R4 (PWM), R5 (PWM) (1/2)
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TOSHIBA TMP47C1238/1638/038

Input data /41
Output data LATCH R4 (PWM)
RS (PWM)
PWMoutput ——
Tri-state control
SET/CLR IN/TEST/TESTP

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

(4) PortR7 (R73-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 duai-clock mode operation, the low-
frequency resonator (32.768 kHz), is connected to R72 (XTIN) and R73 (XTOUT) pins. For the 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 /O 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").

IN/TEST/TESTP
SET/CLR

Data input

Data output ".D—[>~—{:] R70 (PULSE)

Pulse output P

/1
Data input i
Data output ?D‘D*—D R71(WTO)
Watchdog
timer output 1
Data input ‘—-lﬂ]—l F‘
Data output——@ L\ D R72 (XTIN)
PortR7 (Portaddress OP07/IP07) &
— 7
3 2 ! 0 Datainput «——0 Ris
R73 R72 R71 R70 N
(xToUT) | (xTIN) | (WTO) | (PUTSE) Data output _.@ P [] R73 xToun

;

Clock mode ("1" in the single clock mode)

Figure 3-4. PortR7
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TOSHIBA TMP47C1238/1638/038

(5) 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.

HD, VD signal Port KC (Port address IPOC)
......... 3 °
Data input {r} M EE? :.E;SZ (';C_[:) :.;iDo)
IN/TEST/TESTP
Figure 3-5. PortKC
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TOSHIBA TMP47C1238/1638/038

3.2 On-Screen Display (OSD) Circuit
A built-in display on-screen 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
S lines by using the OSD interrupt.

3.2.1 OSD Circuit Functions and Configuration

(13 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 3 sizes (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
play
osCh l f—' TIMING CIRCUIT

0s¢ HORIZONTAL
05C2 D<——

COUNTER/ DECODER

DISPLAY RAM  [COLOR DATA N
20 x4 x 11 bits V

T CHARACTER
CODE
E} VERTICAL CHARACTER ROM

| ol N
f COUNTER/ DECODER B0x14x 18 bits y
w[ }——m— CHARACTER

48 x 7 x 9 bits DATA

Xl
[w]}

OUTPUT CIRCUIT

Figure 3-6. 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 00K - 4Fy) and 48 characters with a 7 x 9 dot composition (character code 50y - 7FR).
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 - 4F: Character ROM start address = CRA x 64
For character code 50K - 7Fy: Character ROM start address = 5120 + (CRA-80) x 16
Note. CRA: Character code

As the character whose character code is 7Ex is fixed as a background and the character whose
character code is 7F is fixed as a blank data, these two characters can not be designated by the user.
Figure 3-7 shows the 14 x 18 dot composition character (Character code 004) and Figure 3-8 shows
the 7 x 9 dot composition character (Character code 50y), as an example. These figures also show the
ROM address and the data of those patterns.

Figure 3-9 shows the ROM dump list for these 2 character patterns. When the piggy back is used or
the ROM data is being submitted for manufacturing engineering samples, the address of character
ROM should be placed to 40004 to 56F8H.
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TOSHIBA TMP47C1238/1638/038

Bt Bt iBit
Address Data 6543210543210 Address Data Address Data'6 5 4 3 2 1 0
R DR e 2 s
0003 oC 4 { | 0023 78
e H ok o2 02
e 3 e 1403 oc
. e o 90a 02
TER: 0032 o8 1405 02
S e ==l o x
0016 03 0036 80
o018 00 HH IU tH 003 00 1408 00
(Character code 00y) (Character code 50y)
Figure 3-7. 14 x 18 Dot Composition Figure 3-8. 7 x 9 Dot Composition

0000/ 00 00 03 0OC 10 21 21 40 40 00 00 00 00 00 00 QO
0010/ 40 4C 2C 20 10 0C 03 00 00 00 00 00 00 00 0O 00
0020/ 00 00 60 78 7C 3E 3E 7F 7F 00 00 00 00 00 00 QO
0030/ 7F 67 66 7E 7C 78 60 00 00 00 00 00 00 0C 00 00

1400/ 3C 42 02 0C 02 02 42 3C 00 00 00 0O 00 00 00 0O

Figure 3-9. Character ROM Dump List

(2) Display memory

The display memory has a 20-columns x 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 disptay memory is
described in 3.2.3 (6).

10 9 8 7 6 S 4 3 2 1 0
[ BLF ‘ RDT [ GDT I BOT ICRAG l CRAS l CRA4 l CRA3 ! CRA2 l CRA1 ICRAO I
/\. /\ _/
Blinking flag Color data Character code

Figure 3-10. Bit Configuration of Display Memory

Lmo~Selumn 4 1o 13 la|s 6|7 |8 |90 |12]13]|14]15]|16|17[18]19]|20
1 00 |01}02|03|04|05|06]|07|08|09|0A|0B|OC|OD|OE|OF 1011|1213
2 2021|2223 |24|25|26( 27|28 |29 |2A |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 |50 151 {52 (53
4 60 | 61|62 |63 {64|65|66|67|68|63|6A|6B|6C|6D|6E|6F|70]71172(73
Note.  The numerals in the chart indicate display memory address (HEX)

Table 3-2. Display Memory Configuration
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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 En, display is disabled.

(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 dispiay start positions of the 2nd - 4th
lines are determined by setting HS26 - 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~HSN4) x 161 + (HSN3~HSN0) 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 ={{(VSn6~VSn4) x 161 + (VSn3~VSn0) x 160} x 2THp
When WSC = 1 VSn ={{VSn6~VSn4) x 161+ (VSn3~VSn0) x 160} x 4THp
THo : The period of horizontal synchronous signal
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Figure 3-11. TV Screen Image
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oso Clonlmand OSD control register to be accessed through OP1A
selector
(0POC) 15t ACCESS ] 2nd_ACCESS

Horizontal start position of 1st display line

0 3 2 1 0 3 2 1 0
[Hs13 | msiz [ mst1 | wsto | [ [ Hs16 | wHsis [ Hsta |
Vertical start position of ist display line

1 3 2 1 0 3 2 1 0
[[vsia ] vsi2 [ vsit [ wsio | [ [ vsie [ vsis | vsia |
Horizontal start position of 2nd display line

2 3 2 1 0 3 2 1 0
[ hHs23 [ ms22 | ms21 | hHs20 | [ [ Hs26 [ Hs2s | Hsaa |
Vertical start position of 2nd display line

3 3 2 1 0 3 2 1 0
[Cvs23 T ws22 [ wsa1 [ wvsao | [ [ vs26 | wvsas [ vs24 |
Horizontal start position of 3rd display line

4 3 2 1 0 3 2 1. 0
[ Hs33 | Hs32 [ Hs31 [ Hs3o | [ [ hHs36 [ Hs3s | Hs3a |
Vertical start position of 3rd display line

5 3 2 1 0 3 2 1 0
[ vsaz | vsz2 [ wvs3t | wvs3o | { | vs3e [ vs3s | vs3a |
Horizontal start position of 4th display line

6 3 2 1 0 3 2 1 0
[ Hsa3s ] msaz | nsar | Hsao | [ [ hs46 [ Hsas | hsas |
Vertical start position of 4th display line

y 3 2 1 0 3 2 1 0
[ vsazs [ vsaz [ vsa1 | vsao | [ [ vsas | vsas | vsas |
Character size of 1st and 2nd line Smoothing, OSD outputs polarities

8 3 2 1 0 3 2 1 0
[ es2r | cs20 | cs11 | csio | [esmz T suv [ viv ] reaiv |
Character size of 3rd and 4th line QSD outputs tri-state control

9 3 2 1 0 3 2 1 0
[[csar | csao [ cs31 [ cs30 | [ esry | esrr [ esfG | esre |
Blinking flag, Coloring (character) Fringing, Coloring (back ground)

A 3 2 1 0 3 2 1 0
[ Br [ roT [ eDT [ BOT | [ errc [ reoT | GBbT [ BBOT |
Blinking, Double scan mode OSD interrupt function

B 3 2 1 0 3 2 1 Q
[ wsc ] ekmr | ses [ DspF | [oso | svb [ isoci [ isbco |
Display memory address set, Display memory bank selector

c 3 2 1 0 3 2 1 0
[ 'oma3 T omaz | omal | omao | [ msk | omas | omas | omas |
Character code set

o 3 2 1 0 3 2 1 0
[cra3z | craz | crat [ crao | [ [ cra6 | cras | craa |

3 0OSD disable

F 0OSD enable

Table 3-3. OSD Control Commands and Control Registers
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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 CS41 - 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.

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

Character size cs Cs10 cs2t CS20 CS31 CS30 Csa1 Cs40
Small character 1 1 1 1 1 1 1 1
Middle character i 0 1 4] 1 0 1 0
Large character 0 1 0 1 0 1 0 1
Display OFF 0 0 0 0 0 o] 0 0

Table 3-4. Designation of Character Size

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

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

Table 3-5. Character Size

(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 middie 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 3-12.
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 3-13.
The color of the fringe can be set by BBDT, GBDT, RBDT (command selector is set to Ay) of the OSD
control register. Coloring for fringe is described in the next section.

(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 Ay) 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
colorisset by RBDT, GBDT, BBDT of the OSD control register (command selector is set Ay).
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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With smoothing

Figure 3-12.

Blinking function
Any character displayed on the screen can
be caused to blink. The blinking flag (BLF)
of the display memory and DSPF, S8S,
BKMF (command selector is set to By) of
the OSD control register determine the
blinking position and period. There are
two kinds of setting blinking period; one
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 An) of the OSD control register
will then be written to the display
memory at the same time as the character
code is written,
Next, set BKMF to “1” to enable the
blinking function. When SBS is “1”, the

Example of Smoothing and Fringing Function

ml é A
i
E::r
IEH-E 111

el pin
HTH'. .
11 T 11
| 15| |
11 1T 11
With fringing Figure 3-13.
Priority of Smoothing
and Fringing

OsD control register
3 2 1 0

.................. <85 [ DSPF J

BKMF 1 Blinking master flag |

0: Disable blinking.
1: Enabie blinking

—

SBS I Blinking source select ]

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

DSPF lDlsplayenablecomrolﬂag ]

0: Erase the character whichBLFissetto "1

1: Display the character which BLFissetto “1".

Figure 3-14. Control of 8Blinking Function

character will blink at a period of f¢/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 .
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(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 - DMAO 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 - CRAO {(command selector is set to Dy) 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 DMAG6 - DMAQ 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 — 20n).
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 - DMAO 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 134 — 204).

(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 94 or 84) of the OSD control register.

Syrn\bof\ Outpul pin Data “0” Data "t” Symbol Output port | Data “0” Data "1"
EBFY Y, BL Output Buffer OFF | Output Buffer ON BLIV BL Active High | Active Low
EBFB B Qutput Buffer OFF | Output Buffer ON YV 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

Table 3-7. Control of OSD Output Polarity
Table 3-6. Control of OSD Output

(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 7ER). Y and BL signal makes the dispiay 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:

(U Display data: 2, C, blank data {character code 7Fn), background (character code 7Ey).

@ Colordata: RDT = 1,BDT = 0, GDT = 0.

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

4. Fringing and smoothing disabled.

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

- “ch “Blank” "Background”

Scanning line

Figure 3-15. Example of OSD Display and Its Wave Form (1)

"2 e “Blank” “Background”

Scanning line —---lummzsd - - -- - - A - - B | - - - -~~~ f - -~ - - oo

Y*JT L L | ;
: . L L

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 buiit-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 is initialized 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 IPCA. The display line counter
also increments when the data of the
display line are all blank data or the
display line is disabled.

(2) interruptgenerator circuit

The interrupt generator circuit is
controlled by OSD control registers 1OSD,
SVD, ISDC (command selector is set to By).
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

S

1o

ISDCis set
to “1”.

[I'stdisplay line

2'nd display line .l-r—;errupt
3'rd display line a request

4'th display line

‘th display li

[(st dispiay line) a
5]

TV screen image

Figure 3-19. Multi Line Display Using OSD interrupt

Display line counter
(Port address : IPOA Initialize to "0")
3 2 1 0
T T
| 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.
§

1111 : End of the 15'th display line.

Figure 3-17. Display Line Counter

3 2 1 0
l 1050 l SvD I ISI’)C l

105D Ilnterrupt source ]

0: I1S10interrupt request
1: 10SD interrupt request

SvD l Interrupt source of OSO function J

0: Interrupt request is generated when the display line
counter is counted to the certain value which is
specified by 1SDC.

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

ISDC | Display line counter interrupt sources J

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 counteris “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

210230

3-116

Copyrighted By Its Respective Manufacturer



TOSHIBA TMP47C1238/1638/038

3.3 D/A Converter (Pulse Width Modulation) Qutput
The 47C1238 has 10 built-in pulse width modulation (PWM) channels. D/A converter output can easily be
obtained by connecting an external low-pass filter.
PWM outputs are multiplexed with general purpose I/O ports as; R31, R32 (PWMS8, PWMDJ), R4 (PWMO -
PWM3), R50 - R53 (PWM4 - PWM7). When these ports are used as PWM outputs, the corresponding bits
of R3, R4 and R5 output latches should be set to “1”. Resetting initializes the R3, R4 and R5 output
latchesto “1”.
PWM output is controlled by the buffer selector (OP17) and data transfer register (OP18). Writing “"Cn”
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".

3.3.1 Pulse Width Modulation Circuit Output

(1) PWMO output
This is 14-bit resolution PWM output and one period is Tm = 215/fc [sec].
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 PWMO. When the 8-bit data are decimal n
(0 = n =255), this puise width becomes n x tg, where tg = 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 3-8.

(2) PWM1 -PWMSI outputs
These are 7-bit resolution PWM outputs and one period is Ty = 28/fc [sec]. When the 7bit data are
decimal k (0 = k =127), the pulse width becomes k x tg. The wave formisillustrated in Figure 3-20.

3.3.2 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 tabies shown in Table
3.9.
L 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 compieted, the PWM status input becomes “0",
indicating that the next data can be written. Do not write PWM data when the PWM status
is “1" because write errors can occur in this case. 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 “CH” is written to the buffer register until PWM
output is switched is 215/fc (at 4MHz, 8192 ps) for PWMO output and 28/fc {sec] (at 4MHz, 128 ps) for
PWMT1 - PWM9 output.
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Tam= 64T

Ts(0) [ Tsq) Ts (63)

e —{t e

PWMG

L L

Pulse width=nxtg Pulse width= (n+ 1) g

- T, —>

N
PWNT |
§
PWM9 £
)] —
}<—'| Pulse width =k x tg

Note. Itisshown to the additional pulse Ts ;) and Ts(s3) of the PWMO.

Figure 3-20. PWM Output Wave Form

fc/2
(OP17)=C
2'nd access  1'staccess l Transfer l
request

L.

Bit 3~0 of PWM Data Data Compare
transfer Counter
buffer latch circuit

BT N\ All“0"”

Bit 6~4 of PWM V

Match signal

Figure 3-21. PWM Circuit Configuration (7bit Resolution)

Bit position of 6 bits data Relative position Of(LSo\Tvih:fr‘le'st(t;eisc;iusttz;; pulse s generated
B8it0 32
Bit1 16, 48
Bit2 8, 24, 40, 56
Bit3 4, 12, 20, 28, 36, 44, 52, 60
Bit4 2, 6, 10, 14, 18, 22, 26, 30 -, 58, 62
Bit5 1,3,5,7,9, 11,13, 15, 17, -, 59, 61, 63

Note. When the corresponding bitis 1", it is outpul.

Table 3-8. Correspondence between 6 Bits Data and the Additional Pulse Generated Ts Periods
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Buffer number Correspondence to bit (OP18)
(OP17) 1'st access 2'nd access Moae
0 Bit 3~0 of PWMO Bit 5~4 of PWMO Writing
1 Bit 9~6 of PWMO 8it 13~ 10 of PWMO Writing
2 Bit 3~0 of PWMT Bit 6~4 of PWMT Writing
3 Bit 3~0 of PWM2 Bit 6~4 of PWM2 Writing
4 Bit 3~0 of PWM3 8it 6~4 of PWM3 Writing
5 Bit 3~0 of PWM4 Bit 6~4 of PWM3& Writing
6 Bit 3~0 of PWMS5 Bit 6~4 of PWMS Writing
7 Bit 3~0 of PWM6 Bit 6~4 of PWME Writing
8 Bit 3~0 of PWM7 Bit 6~4 of PWM7 Writing
9 Bit 3~0 of PWM8 Bit 6~4 of PWMB Writing
A Bit 3~0 of PWM9 Bit 6~4 of PWM9 Writing
C None None Transfer

Tabie 3-9. The Bit and Buffer Number of Data

3.4 4bit A/D Conversion (Comparator) Input
The comparator inputis analog input to discriminate key input or AFC (Auto Frequency Control) signal.
It's composed of 4-bit D/A converter, comparator and control circuit. Analog input level (CINO-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 (K0) 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 700pA
currentat 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, A/D conversion input is
automatically disabled by hardware to reduce the power consumption.

3.4.1 Circuit Configuration of Comparator Input

——-——{inalog input seiector

Compa: CINO

N [Analog rator CINT

A 'nput CIN2
multiplexer Reference voltage CiN3

lnput selecter

K00 (CINO) D_/ | A-bI(D/Aconverter‘}'_'
kot @@nn [ {}

OP12
K02 (CIN2)

W ‘ Command register l
KO3 (CiN3) 3 L " . ; #0
Figure 3-22. Circuit of Comparatorinput

210290

3-119

This Material Copyrighted By Its Respective Manufacturer



TOSHIBA TMP47C1238/1638/038

3.4.2 Control of Comparator Input

KO portinput selector command register
(Port address : OP13/IP13 Initial value 0110} oP12
3 2 1 0
SKO DTB

SKO I Select KO input mode

0 : CIN comparator input

L1 : 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.

VRer=Vppx (n+1)/16[V] (n=0~15)

Afterinitialization 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 Table 3-10. Reference
data from the comparator. When analog input voltage is Voitage
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.

3.5 Pulse Output Circuit
Pulse output circuit generates the pulse clock by dividing the clock frequency to R70 port. The pulse
outputis 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 "11x*" during reset. When R70
portis used as the pulse output, set R70 outputliatch to “1”.

L,{ Binary counter ] Pulse output control command register
(Port address QP 1B)
fozz{fe/as | ia2e 3 2 LIS O
R70 output data Sp‘F i
R70 @ b
I Control circuit ’ - - (PULSE) SPF ISeIec( puise frequency l
[ at fc=4MHz
PULSE 00: Outputpulse of fc/24 [Hz] ... 250KHz
01: Outputpulse of fc/23 [Hz) ... S00KHz
Figure 3-24. Pulse Output Circuit 10: Outputpulse of fc/22[Hz) ... 1MHz
_11 . Disable the pulse output

Figure 3-25. Pulse Output Command Register
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS | (Vss=0V)

PARAMETER SYMBOL PINS RATING UNIT
Supply Voltage Voo -03t07 \
Input Voltage Vin -0.3toVpp+0.3 v
Voun Except sink opendrain pin, butinclude port R7 -0.3toVpp+0.3
Qutput Voltage e Y]
VouT2 Sink open drain pin except R7 port -03t010
lout1 PortsP1, P2 30
Output Current (Per 1 pin) mA
louT2 Ports R3, R6, R7, R8, R9 3.2
Output Current (Total) LlouTts Ports P1, P2 120 mA
Power Dissipation PD 600 mw
Soidering Temperature (time) Tsid 260 (10sec) °C
Storage Temperature Tag -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

RECOMMENDED OPERATING CONDITIONS (Vss =0V, Topr= —301to 70°C)

PARAMETER SYMBOL| PINS CONDITION Min. Max. UNIT
In the Normal mode 4.5
Supply Voltage v
o0 In the HOLD mode 2.0 6.0 v
ViRt Except Hysteresis input Vpp % 0.7
Vpp = 4.5V
input High Voltage Vinz | HysteresisInput Vpp x0.75 Vop \
Ving Vpp<4.5V Vppx0.9
Vin Except Hysteresis Input Vpp x 0.3
Vop 2 4.5V
input Low Voltage Vii2 Hysteresis Input 0 Vpp x0.25 \
Vies Vop<4.5V Vpp x 0.1
fc XiN, XOUT 0.4 6.0
Clock Frequency MHz
fosp | 0sC1, 05C2 - 8.0

Note. InputVoltage Viy3, Vi 3:in the HOLD operating mode.
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TOSHIBA TMP47C1238/1638/038

D.C. CHARACTERISTICS | (Vss =0V, Topr = — 30 to 70°C)

PARAMETER SYMBOL PINS CONDITION Min. | Typ. | Max | UNIT
Hysteresis Voltage Vhs Hysteresis Input - 0.7{ — \
| Port KO, TEST, v
IN1 RESET, AOLD Voo = 5.5V,
input Current — - +2{ HA
Iin2 Port R (opendrain) ViN=35.5V/0V
Input Low Current I Port R (push-pull) Vpp = 5.5V, Vjy = 0.4V - - -2| mA
Rini Port KO with putl-up/puli-down 30 701 150
Input Resistance —— KQ
Rinz RESET 100{ 220 450
Output Leakage Tri-state port _ _ — — R
Current o Ports R3, R6, R8, R (open drain) | V0O =55V, Vour=5.5V 2| M
Output High Vo1 Port R (push-pull) Vop = 4.5V, gy = - 200pA 24| - - y
Voitage Vo Port R (tri-state), OSD outputs Vpp=4.5V, lon= - 0.7mA a1 ~ -
Vou Ports R3, R6-R9 Vop = 4.5V, loL = 1.6mA
Output Low Voltage - - 04| v
Vouz Port R (tri-state), OSD outputs Voo =4.5V, loL =0.7mA
Output Low Current |l Ports P1, P2 Vpp =4.5V, Vo = 1.0V - 20| — mA
Supply Current oo Vpp = 5.5V, - 3 6| mA
(in the Normal mode) fc = 4MHz
Supply Current oo Vpp = 5.5V - 0.5 10| BA
(in the HOLD mode)

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

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

Note 3. Supply Current ;o Vin=53Vv/i02Vv
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 V or
ViH.

A/D CONVERTER CHARACTERISTICSJ

PARAMETER SYMBOL PINS CONDITION Min, Typ. Max. UNIT
Analoginput voltage |Van CIN Vss - Voo Vv
A/ Dconversion error - - - + % LS8
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TOSHIBA TMP47C1238/1638/038

A.C. CHARACTERISTICS (Vss =0V, Vpp=4.5106.0V, Topr= —30to 70°C)

PARAMETER SYMBOL CONDITION Min. Typ. Max. | UNIT
instruction Cycle Time tey 1.3 - 20 HS
High level Clock Puise Width twcH

For external clock operation 80 - - ns
Ltow level Clock Pulse Width twel
Shift data Hold Time tson 0.5tcy - 300 - - ns

Note. Shiftdata Hold Time :

External circuit for SCK pin and SO pin. Serial port (completion of transmission)
VDD SCK 1.5V
10KQ tsoH

T w T XXX

RECOMMENDED OSCILLATING CONDITIONS J (Vss =0V, Vpp =4.510 6.0V, Topr= —301t0 70°C)

(1) 4MHz XIN XOuT
Ceramic Resonator
CSA4.00MG (MURATA) Cxin = Cxour = 30pF
KBR-4.00MS$ (KYOCERA)  Cxi = Cxour = 30pF MﬁHz
Crystal Oscillator Cxn Cxout
204B-6F 4.0000 (TOYOCOM)  Cxn = Cxour = 20pF }I ;
(2) 400KHz XIN XOUT
Ceramic Resonator
CSB400B MURATA Cyn=C =220pF,
( ) RX'N _XGOETKQ P 400KHz Rxout
XouT = L.
KBR-4008 (KYOCERA) Cxin = Cxour = 100pF, D

Cxin Cxout
Rxour = 10KQ | ;

(3) 8MHz (for OSD)
LC Resonator
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TOSHIBA TMP47C1238/1638/038

TYPICAL CHARACTERISTICS

N R-Ta KO port R R~-Ta RESET pin
(KD vpp=55v KD yp,=55v
100 /,4 400
/ ] 300 =
50 200
—1
100
0 Ta 0 Ta
—40 0 40 80 (°C) -40 0 40 80 (°C)
IoH—VOoH CMOSRport Ini,—VIN  CMOSRport Ion— VOH TRI-STATE port
lon i lon
Vpp=4.5V (nA) Vpp=5.56V Vpp=4.5V
WA TN Ta=25°C ¥ Ta=25°C (mA) Ta=25C
-400 — 800 -20
\\
—300 — 600 \ -15
—200 \ - 400 -10 \\
—-100 \\ —200 \ -5 \
0 Vou ] Vin 0 Vou
2 4 6 (V) 2 4 6 (V) 2 4 G (V)
loL— VoL R port loL-VoL P1, P2 port IoL— VoL TRI-STATE port
oL oL loi,
(mA)| Von=4.5V (mA)| Vop=4.5V (mA)| Vop=4.5V
Ta=25°C Ta=25°C Ta=25°C 1
8 4 40 8 /'
/ // ]
6 / 30 v 6 v
4 // 20 /‘ 4
2 A 10 / Z 2
0 Vo, 0 Vou 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V) 04 0.8 1.2(V)
Ibp=Von Inp—fe
Ibp Inp
(mA} Ta=25°C (mA)| Vpp=5.5V
Ta=25°C
4 4
3 3
fo=4Milz
2 2 /
1 1 //
fc=400Kliz L]
0 Vi 0 fc
3 5 7 V) 0.1 0.4 1 4 10 (M1Hi2)
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TOSHIBA TMVIP47C1238/1638/038

INPUT/QUTPUT CIRCUITRY

(1) Control pins
input/output circuitries of the 47C1238/1638 control pins are shown below.

CONTROL PIN 170 CIRCUITRY REMARKS
OSC. enable
Resonator connecting pins
XiN Input R R =1KQ (typ.)
XOouT Output R Ro Ry =1.5MQ (typ.)
Ro =2KQ (typ.)
XIN XOouT
VDD Hysteresis input
Rin Contained pull-up resistor
RESET Input R Rin = 220KQ (typ.)

R =1KQ (typ.)

Hysteresis input
Input

HOLD (KEO) R (Sense input)
(input —

R=1KQ (typ.)

Contained pull-down

R
resistor
TEST Input Rin
Ry =70KQ (typ.)

R =1KQ (typ)

OSC. enable
Oscilation terminals for OSD
0sCi input A R =1KQ (typ.)
R Ro Rt =1.5MQ (typ.)
0sc2 Output Ro =2KQ (typ.)

0sci 0sC2
Synchronous signal input
HD (KC0)
o Input Q ARA A D Hysteresis input
VD (KC1) R=1KQ (yp.)
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TOSHIBA TMP47C1238/1638/038

(2) 1/O ports
The input/output circuitries of the 47C1238/1638 1/0 ports are shown below, designated by code.

PORT 170 INPUT/QUTPUT CIRCUITRY (code) REMARKS
PA PC
R Pull-down resistor
KO input R Rin = 70KQ (typ.)
——w{] R =1KQ(typ.)
Rin
Sink open drain
Pl Initial “Hi-2"
»2 Qutput >o l High drive current
loL = 20mA (typ.)
vDD
Push-pull output
rl initial “"High”
R3 | 1o Do Ll —{
o ] R=1KQ (typ.)
g
~J
vDD
Tri-state I/0
Ra Initial "Hi-z"
RS /0
DISABLE o
R R=1KQ (typ.)
1
~J
6 R6, R7 R8, R9 Sink open drain
R7 D Initial “Hi-Z2"
R8 e} —>o—| —o—] Hysteresis input (R8, R9)
29 . R =R R=1KQ (typ.)
< <
vDD
R
G
8 Output Tri-state output
Initial “Hi-z2"
Y DISABLE g
BL
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TOSHIBA

UNDER DEVELOPMENT

TMP47C1238/1638/038

CMOS 4-BIT MICROCONTROLLER

TMP47C038E

The 47C038, which is equipped with an EPROM as program memory, is a piggyback type evaluator chip used
for development and operational confirmation of the 47C1237/1637 and 47C1238/1638 application systems
(programs). Conversion adapter socket BM1105 can be used to convert the 64-pin package of the 47€038 for
pin compatibility with the 42-pin mask ROM 47C1237/1637. Conversion adapter socket BM1106 can be used
to convert from 64 pins for pin compatibility with the 54-pin 47C1238/1638.

PIN ASSIGNMENT (TOP VIEW) SDIC64
R31 (PWMB)e 0O 1 7 64 0 «VvDD
R32 (PWM3)e [ 2 63 0 <R30
R40 (PWMO)e O 3 62 J «<R92 (5CK)
R41 (PWMI)e [ 4 61 1 «R91(S0O)
R42 EPWMZ;«—» E Z 60% ©R90 gsn))
R43 (PWM3)e 59 «R83 (T1
RSO (PWM8)e O 7 58 1 «>R82(INTT)
RS1 (PWMS)e 0 8 57 a «R81(T2)
N.C. g9 56 N.C.
N.C. g 1o ss P N.C.
RS2 (PWMG)« [ 11 sa NC
R53 (PWM7)e [ 12 53 0 <R80(INT2)
R70(CIN)~ [ 13 vee  vee 52  «HOLD (KEO)
R71(WTO)«> 0O 14 A2 Ald 51 D «RESET
R72 (XTIN})~ [ 15 50 0 —xouT
R73(XTOUT)e [ 16 A7 A13 49 0 «XIN
C00 (K00)—> [ 17 A6 A8 48 0 «TEST
CO1(K01)—> 018 47 f —0sC2
co2(ko2)» §19(5) As A9 46 I «0sC1
C03 (K03)— E 20 (Y s AL as g «VD
N.C. 21 _ 44 «HD
Ne. §22(2) A3 OE 43 1 -BL
W fu@m a0 @uR
R61e> 025 Al T @ a0 v 6L
N2 E R C I C 4 e
P10« 028 10 16 (9 37 0 oR(RAD)
Pl1e 029 " 15 36 0 —pP23
P12¢ [ 30® 4 @ 35 0 —P22
P13 0O 31 @ 12 ) @ 34% —P21
vss— 032 (19 GND 13 (19 330 —P20
PIN FUNCTION (Top of the package)
PIN NAME Input / Output FUNCTIONS
A4 AQ Output Program memory address output
17 - 10 Input Program memory data input
CE Chip enable signal output
Qutput
OF Output enable signal output
vCc + SV (connected with VDD)
--------------- Power supply g g
GND 0V (connected with VSS)
A.C. CHARACTERISTICS
PARAMETER SYMBOL CONDITIONS Min Typ. Max UNIT
Address Delay Time taD Vss =0V, Vpp = 4.5~6.0V - - 150 ns
Data Setup Time tis C_ = 100pF 150 - - ns
Data Hold Time tin Topr= - 40~70°C 50 - - ns
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TOSHIBA UNDER DEVELOPMENT TMP47C1238/1638/038

NOTES FOR USE

(1) Program memory
The program storage areas are as shown in Figure 1. The 47C038 has a data table at addresses 4000-
56FFH (128 characters) for display on-screen data so that characters and symbols can be displayed on
TV screens. Thus, a 128K EPROM is not used.

256K EPROM 256K EPROM 256K EPROM 256K EPROM
0000 0000y 0000y 0000y
Program Program Program Program
2FEQ | Data conversion
2FFF 2FFF table
3000 ’ Don‘t use
Dontuse 3FE0 [ Data conversion 3FEO | Data conversion
3FFF table 3FFF table
4000 4000 4000 4000
Display Display Display Display
data table data table data table data table
S6FF S6FF 56FF 56FF
L A L A L A L A
T~ Don'tuse Don’tuse Don’t use T- Don'tuse
7FFF 7FFF TFFF 7FFF
(a) 47C1237 (b) 47C1637 {c) 47C1238 (d) 47C1638

Figurel. Program Area

Note. When using the 47C038 to check 47C1238 operation, place data conversion tabels at
two locations.

(2) Data memory
47C038 contains two 256 x 4-bit data memory banks (bank 0, bank 1).

(3) Input/outpu ports
The input/output circuit for the 47C038 input/output ports is the same as that of the 47C1237/1637
and 47C1238/1638 (code : PC), except that a pulldown resistor is not built into the KO port.
When using as code PC evaluators, it is necessary to connect an external resistor.

-
1
1
: KO port
! 70KQ
1]

1

_ed

Figure 2. 1/0 Code and External Circuitry

Note. Thed7C1237/1637 do not have built-in P1, P2 and R3 ports.
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