TOSHIBA TMP47C236A/336A

CMOS 4-BIT MICROCONTROLLER

TMP47C236AN, TMP47C336AN

The 47C236A/336A are based on the TLCS-47 CMOS series. The 47C236A/336A have on-screen display circuit
(OSD) to display characters and marks which indicate channel or time on TV screen, A/D converter input, D/A
converter output which is suitable for application to the digital tuning system such as TV.

PART No ROM RAM PACKAGE
_ TMP47C236AN ___2048><8~bi1 __1_2_8_>f ll-_b_lE__ 30-5D1P
TMP47C336AN 3072 x 8-bit 192 x 4-bit

FEATURES
®4-bitsingle chip microcomputer
®Instruction execution time : 1.9us (at 4.2 MHz)

#389 basicinstructions SDIP30
Table look-up instructions
®Subroutine nesting : 15 levels max.
@6 interrupt sources (External : 2, Internal ; 4)
Allsources have independent latches, and multiple
interrupt control is available
#1/0 port (22 pins) i
s Input 2 ports 5 pins “m
s /O Sports 17 pins Lo ~Iw\“|‘\\
¢Interval Timer ‘Wﬂ

$Two 12-bit Timer/Counters
Timer, event counter, and puise width measurement mode
#Display on screen circuit

o Number of characters 16 kinds TMP47C236AN
o Number of characters displayed 3 columns TMPATCI3BAN
o Composition of a character 8x8dots

o Sizeof character 2 kinds

¢ Color of character 3 kinds

o Display position Upperright corner

s Fadeout function
®Pulse width modulation output
¢ 6-bitresolution 1 channels
®3-bit A/D converterinput
Auto frequency cantroi signal (S-shaped curve) detection
® Horizontal synchronous signal is detected by timer/counter
¢ Remote contral signal preprocessing capability
¢ High current outputs
LED direct drive capability (typ. 10mA x 4 bits)
$HOLD function
Battery/Capacitor back-up
#®Real Time Emulator: BM47C336A
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TOSHIBA TMP47C236A/336A

PIN ASSIGNMENT (TOP VIEW)

30-5DIP
R71 {1 hd 30 [J=— VDD
R72 =[] 2 29 [J=— CiN
R73 -[3 28 [J=~— K03
R8O (INT2) =[] 4 27 [l=— K02
R81(T2) =[5 26 [J=— K01
RB2Z (INT1) =[] 6 25 {J=— K00
R83(T1) ==[}7 24 [J=— HOLD {KEO)
R4 (PWM) =[] 8 23 [J~«— RESET
R42 (VD) -=[]9 22 [}—= XOouT
R43 (DOUTO) =[] 10 21 [J=— XIN
R50 (DOUTY) === 11 20 [J=~— TEST
RSt (HD) ==[]12 19 {J=> R63
0s¢1 —>(] 13 18 [J== R62
05C2 ~—{] 14 17 [ R61
vss —=[ 15 16 [J== R60

BLOCK DIAGRAM

VDD —»
Power Supply vss —=

[ T 1L g 1T 1 1L
fLae | Acc ] HR I LR Data Memory Program
¢ l Z)3 l G At TT RAM address buffer (RAM) Counter
1 l I W | STACK RPW *LJ/
Molginput  AOLD ;——, varfreafoc
e e ] == Program
30 Hold controller g
(Sense input) (KLO) R l £
Memory
——
Resetinput  RESET System controller interrupt controlier (ROM)
Testpin TEST 1>
’ ST Y S !
Timing generator
Osc XIN —t—> | 12-bit ons D/Ale
a rer
connecting | XOUT Cluck generator Interval Timetrcounter . n| creen (?:\;vem)
pin Timer (2ch) splay arcurt output
Osc. Connecting /—) _J
pin of display osCt -
onscreen QsQ2 [

4 JL_‘
AD "6 Remot? m m

converter contrq

input signa
pregrocess

circult

=
N

RS R b L

R73 ot R83 (TT) Rs1 176) R4 (DOUTO) K03
R72 ____ . R82 (INT1) R50 (DOUTY} RaZ (VD) |
2‘7[\: (WT0) "o RB1 (T2 bo port R4} (PWRI) KO0

i1 port RBO(NTZ) ( WO of display /0 port Input port
VO port ’ G port onscreen 11Q of dny, Lapoons(reen pute
( AID converter mput ) T/Cinput ( pay )
Watchdaog ttmer Gulput Interrupt input PWM output
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TMP47C236A/336A

PIN FUNCTION

PIN NAME Input/Output FUNCTIONS
K03 ~ Koo Input 4-bit input port
R43 (DOUTO) 3-bit VO port with latch. Osboutput
s When used as input port, D/A converter ) . .
R42 (VD ) Horizontal sync signal input
- _( . )_ WO (Outpuy) outputl pin and OSD output pin, the |7 y 49|p e
R41 (FWM) latch must be setto "17. 6-bit D/A converter output
R51 (AD 4-bit /O port with latch. Hori ;
........... MO rodneuy | en veed 9 input port, resonator | 1Or1Z0Ntal syncsignal input
connecting pin for and GSD oulpul pin,
RS0 (DOUTY /0 (Output) the lalch must be set to “ 1% OSD output
- 4-bit I/0 port with latch.
R63 R6O O When used as input port, the latch must be setto 1"
- 3-bit I/0 port with latch,
R73 R 7o When used as input port, the latch must be set to " 1",
R83 (T1} _ Timer/Counter 1 external input
.................. 4-bit 1o portwnhiatch. T
R82 {INTT) When used as input port, external | Externalinterrupt 1input
’ e VO (Input) interrupt and timer/counter input pin, |7 Cmmm Crmmmmmme
R81(T2) the latch must be set to 1 Timer/Counter 2 external input
R8O (INT2) External interrupt 2 input
CIN 11O (Input) Input pin 3-bit A/D converter input
0sCh, 0sC2 Input, Output Resonator connecting pin of display on screen circuit
Resonator connecting pin.
XIN, XOUT input, Output For inputling external clock, XIN is used and XOUT is opened.
RESET nput Reset signal input
HOLD (KED) Input {Input) HOLD request/refease signal input Sense input
TEST input Test pin for out-going test. Be opened or fixed to low level.
vDD + 5V
ol b supply T
V55 0V (GND)
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TMP47C236A/336A

OPERATIONAL DESCRIPTION

Concerning the 47C236A/336A, the configuration and functions of hardwares are described.

As the description is provided with priority on those parts differing from the 47C200A/400A, the technical
data sheets for the 47C200A shall also be referred to.
Note r The 47C236A/336A have no serial port, differing from the 47C200A/400A.

1. SYSTEM CONFIGURATION

{1) Internal CPU Function
Same as 47C200A/400A, except ROM and RAM capacity.

(2) Peripheral Hardware Function

a,
2
&
ey

110 port
Interval Timer
Timer/Counter

& A/Dconverter (comparator) input

®

D/A converter (Pulse Width Modulation) output

On-screen display (OSD) control circuit @ Remote control signal pre-process circuit

This section describes functions of @ to ) and ROM - RAM capacity.

2. INTERNAL CPU FUNCTION

2.1 Program Memory (ROM)
For the 47C236A, programs are stored to addresses 000-7FFy (2048 x 8 bits) . And for the 47C336A,
programs are stored to addresses 000-BfFy (3072 x 8 bits). Also, the table look-up instructions [LDH
A,@DC +] and [LOL A, @DC] store to the accumulator the permanent data at addresses 000-7FFy and
000-BFFy. The 5-bit 8-bit data conversion instruction [QUTB @HL] can not be used.

0004

7FFy

Program
(fixed data)

(a} 47C236A

000y

t
1
i
'
i
]
]
1
)
]
'

BFfy

Program
(fixed data)

(b) 47C336A

Figure 2-1. Configuration of Program Memory (ROM)

2.2 Data memory (RAM)
TMPA7C236A has 128 x 4 bits (address 00w through 0Fy and 90y through FFy) of the data memory (RAM),
and the 47C336A has 192 x 4 bits (addresses 00y through 7F and CO through FFR).
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Address Address
OOH OOM
Zero-page -~ Zero-page
oF | ! : OF
10 S 10
fhnageofaddre% Data area
100, Lo OF“
A 7F
80 ° :' E 80
BF : B : N
90
Data area HE :
E:iF image of address éF : : Image of address
Oy to FF T
o 90y to FFy co COy to FFy
: Serial function Serial function
—
shared area : shared area
FF FF
{a) 47C236A {b) 47C336A

Figure 2-2. Data Memory Capacity and Address Assignment

Note. With the 47C236A, the most significant bit of the RAM address is always regarded as “0”, so

that addresses 90n-FFyy may be accessed as addresses 104-7Fy.  However, programming
should be performed assuming that the RAM is assigned to addresses 00y- OFy and 904-FFy
as shown in Figure 2-2 (a) by considering the application software evaluation with a
piggyback or development tools.
And with the 47C336A, the RAM at addresses COy-FFy is accessed when addresses 80y-BFy
are addressed by a program, but when creating programs for evaluating software for
piggybacks or development tools, assign the data memory to addresses 00n-7Fy or to
addresses COy-FF, same as the 47C236A.

3. PERIPHERAL HARDWARE FUNCTION

3.1 I/Q ports
The 47C236A/336A has 7 I/0 Ports (24 Pins) each as follow.

M KOport ; 4-bitinput

2 Réport ; 3-bitinput/output (R42 pin isshared by OSD output. R41, R42 pinsisshared b
D/A converter output) :

@ RSport ; 4-bitinput/output (R53,R52 pinsisshared by Resonator connecting pin for OSD
R51, R50 pinsisshared by /O port)

4; R6port ; 4-bitinput/output

®: R7port ; 4-bitinput/output (R70 pinsisshared by AFC comparator input)

6 R8port ; 4-bitinput/output (shared by external inteirupt input and timer/counter input)

7: KEport : 1-bitsenseinput (shared by hold requestirelease signal input)

This section describes ports of 125, @, % which are changed from the 47C200A / 400A.

The 47C236A/336A has no P1, P2 and R9, therefore 5-bit 8-bit data conversion instruction [OUTB @HL]
can notuse.

Table 3-1lists the port address assignments and the /O instructions that can access the ports.
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TOSHIBA TMP47C236A/336A

(1) PortR4 (R43-R41)
3-bit I/O port with latch. When used as input port, the latch must be set to “1”. The latch is
initialized to "1".
This pin is used both as R43 for OSD output, and as R41 and R42 for D/A converter output. When
used for OSD output, select DOUTO to enable OSD. To use for D/A converter, set the latch to “1".
Also, when this pin is used as R43 for OSD output, “1" is read at the R43 pin and the VD is read at
the R42 pin, during the inputinstruction is executed. There is no R40 pin, but “1” is read in during
the inputinstruction is executed.

Port R4 {Port address OP04/iP04)

3 2 ! 0
R43 R42 RA41 i
o o 1
(DOUTD) (VD) (PWM) ;
-1
tnput data -« 1 §] [
Output { - | '
utput data LATCH —{ Jra3(00UTO)
OSD Output
DOUTO o [
enable = <}

%

VD

Input data 1

Inputdata - | jT L
Output data LATCH : [ _fraz2vo)

Qulputdata LATCH

<1
T |
4__D——{>—<~-—-[j R41 (PWM)

PWM -

SET/CLR IN/TEST/TESTP

Figure 3-1. PortR4
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(2)

(3)

Port RS (R51-R50)

This is a 2-bit input/output port with latch. When used as an input port, set the latch to "1". The
R50 pinis used to disable OSD display. The latch isinitialized to “1” by resetting.

The R51 pin is also used as the HD (horizontal sync signal) input pin. When used as the HD input
pin, set the latch to “1”. Like the R43 pin, the R50 pin is also used as the OSD output pin. When an
input instruction is executed with OSD display enabied, 1" is read at the R50 pin and VD is read at
the R51 pin. There are no R53 or R52 pins but “1” isread when an inputinstruction is executed.

Port RS (Port address OP05/1P05)

3 2 1 0
I ‘ RS1 RS0
| t PR
; ; (HD) (DOUTH)
<
! v
Input data _ﬁ—?
Outputdata — LATCH - >—4—{rs1m0)
HD
-1
| T |

inputdata

Outputdata LATCH ‘D_,:_‘D~—[> RS0 (DOUT1)
OSD output
DOUT1 . mb

enable

SET/CLR IN/TEST/TESTP

Figure 3-2. PortR5

Port R7 (R73-R71} and CIN pin

Port R7 is 3-bit I/O ports with latch. When used as an input port, the latch should besetto *1”. The
latchisinitialized to "1" during reset.

CIN pin is the A/D converter (comparator) input for the detection of AFC (Auto Frequency Control)
signal. When used a comparator, the bit-3 of command register (OP12) is set tc "1, CIN is the
comparator input which has a programmable 3-bit D/A converter as a reference voltage source,
and itsdatais read in the bit-0 of IPQ7.

Port R7 (Port address QPQ7/1P07)

3 2 1 Q Reference voitage

R73 R72 R71 CIN

IN/TEST/TESTP

fnput data <—<} DCIN

Figure 3-3. PortR7
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3.2 On-Screen Display (OSD) Circuit
This built-in on-screen display circuit displays characters and symbols on the TV screen. Display size is 3
columns x 1line, with a choice of 16 character patterns.
Fadeoutis also possible when the display is turned off.

3.2.1 OSD Circuit Function

{10 Number of characters 16 kinds

@ Number of characters displayed 3 characters

31 Composition of a character 8 x 8 dots

@, Size of character 2 kinds

® Colorof character 3 kinds

© Display position variable upper right corner of the TV screen

? Fadeoutfunction

3.2.2 OSD Circuit Configuration

osct [ -
05¢C2 D<—

3
O

L]
o [ ]

Oscillation
Circuit

QS0 Control

Address Decoder
for Display

4L Characte
data

Character ROM
16 x 8 x 8-bit

‘ Horizontal Coun;I:

l Vertical Counter

-——;-[:] DOUTO
ﬂ-—;—[:] DOUTH

L

Display Output Control

Display Data -
Control

L— 4

Figure 3-4. OSD Circuit

3.2.3 Character Display and Data Table for Display
The 16 character types are stored in the character ROM and the user can set optional patterns as shown in
Figure 3-7. The character ROM contains 16 characters {character codes 00-0Fy) with an 8x8 dot
configuration. Each character bit corresponds to one bitin the character ROM. “1" turns on the bit (dot)

and "0” turns off the bit (dot).

When submitting programs, place the character data at address 1000y and following (addresses 1000-
107Fk). Figure 3-5 shows typical character (8 x 8 bits) addresses and data. Figure 3-6 shows the standard
pattern hex list,
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Address Data
010k 784
o1 84 Address 000y 78 84 84 84 84 84 84 78 10 30 10 10 10 10 10 38
012 04 010 78 84 04 08 10 20 40 FC 78 84 04 18 04 04 84 78
020 18 28 48 88 88 FC 08 08 FC 80 80 F8 04 04 84 78
013 08 030 78 84 80 F8 84 84 84 78 FC 04 04 08 10 20 20 20
014 10 04G 78 84 84 78 84 B4 84 78 78 84 84 7C 04 04 84 78
015 2 050 10 28 44 82 FE 82 82 82 82 82 82 82 82 44 28 10
D60 02 04 OB 10 10 20 40 80 7C 82 40 38 04 02 82 7C
016 40 070 FC 82 82 FC 8O 80 80 80 G0 Q0 00 00 00 00 00 0Q
017 FC

Fi 3-6. Example Character Data (address 20004~
Figure 3-5. Example of Character gure xample Character Data ( ' H)

Note . Each character has an 8-byte data
area. The slarting address 1s the value
of the character ROM address (00-GFy)
contained by the upper 4 bils of the 7-
bit program area {00-7Fy) .

3.2.7 Character ROM (Example Character)
The character data consist of the characters and symboels shown in Figure 3-7 as Example patterns.
Optional character patterns can aiso be set by the user.

00 01 03

Figure 3-7. Address of the Character ROM and Character Pattern
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3.2.5 Control of OSD Circuit
The OSD circuit is controlled by command registers 1 and 2 (OP1A, OP18B) and character code control
registers 1, 2 and 3 (OPOA, OPOB, OPOC) . OP1A controls the OSD output pin and OP 1B controls character
size and the display off method (display normally off, fadeout) . Character code control registers QPOA,
OPQB and OPOC correspond to the first, second and third display characters, respectively.
When all settings are completed and bit 3 (EOSD) of OP1B is set to “1"”, the character data read from the
character ROM address indicated by the character code control register is output to the DOUT pin.

050 control register 1 OSD control register 2
(Port address : OP1A Initial value 0000) (Port address : OP1B Initial value 0000)
3 2 1 0 3 2 1 0
I A [ Vo I EDTI ] EDTO J ’ EQSD l EFOT I FTIM l cs I
V1 ‘ O0UT1 output bufifer polarities ] EQSD l 0OSD display control ]
0 :DOUT1 active High 0 : OSD display disable
L1 4 Low |t :OSDdisplay enable

V0 IDOUTO output buffer polarities l

0 :DOUTO active High
1 4 Low

EDT ISeIecls DOUT I

EFOT l Display OFF Control

0 :normally display OFF

|t :fadeout

FTIM J Select fadeout time

¢ :R50pin 0 16Ty
L 1 :DOUT L 1 :32Typ
EDTO I Selects DOUTO J cs ]Seiects character I
0 :R43pin 0 :small character
L ! :DOUTD L1 :largecharacter

Note. Typ . The period of vertical synchronous signal

Figure 3-8. Congrol Command Register

Character code control register
The first display character
(Port address: OPOA initial value 0000)

The second display character
(Port address: OP0B initial value 0000)

3 2 1 0 3 2 ! 0

| I I

The third display character
(Pert address : OPOC initial value Q000)

3 2 1 0

[ | J |

Figure 3-9. Character Code Control Register
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(1

(2)

{3)

§CaNNING fines ~A-f === === == - - - oo oemommo oo E ';Ji i ------ -
HS

Display Start Position
The display always starts at the upper right corner of the screen. The display start position of the
first character is shown below.

Horizontal display start position (small character) HSs=252Tosc

” (large character) HS_ =188Tpsc
Vertical display start position V¢ =38Tup
Notes. Thp . The period of harizontal synchronous signal
Tosc . The period of OSD clock oscillation

Dispiay Character Size

Two different character sizes can be selected for screen display, but not for individual characters.
Large characters are selected by setting bit 0 (CS) of command register OP18 to "1" and small
characters are selected by setting bit 0 to “0”. Table 3-2 shows the display character sizes.

smali character | large character

dotsize 2TH[SX 2Tos¢ ATup X 4T0osc

charactersize 16Tho X 16Tosc | 32Tupx 32Tosc

Table 3-2. Character Size

Fadeout Function

The OSD circuit of the 47C236A/336A has a built-in fadeout function that gradually fades the
display from the bottom when turned off. The fadeout functions is controlled by bits 3 and 2
(EOSD, EFOT) of command register OP18B. The fadeout function is activated by setting bits 3 and 2
of command register QP1B to “01” in normal display status. The display is turned off normally by
setting bits 3 and 2 to "00". The fadeout function is disabled when EQSD is *1".

Two different fadeout times can be selected by setting bit 1 (FTIM) of command register OP18B.

Control of OSD Output and Color to Display

0SD output goes to the DOUT1 and DOUTO pins, each of which can be enabled/disabled
independently. Display is enabled by setting EDT1 and EDT2 when EOSD =1. Since DOUT1 and
DOUTQO are independent of each other, three colors can be output by using each for one color and
bath together for a composite color by connecting to the R, G and B pins. Figure 3-10 shows a
typical TV screen image as an output example.

HD

I

Example of display ( S DOUTHG) =1
DOUTO(R) =0
Figure 3-10. TV screen image
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3.3 3-bit A/D Converter (Comparator) Input
Comparator input consists of a 3-bit D/A converter and a comparator. The AFCinput voltage level can be
detected in 8 stages by distinguishing bit 0 of IPO7 while varying the comparison voltage (D/A converter
output voltage) of the comparator with the command registe (OP12).
The comparator is disabled after a reset.

3.3.1 Circuit Configuration
Figure 3-11 shows the comparator input circuit configuration.

analoginput
compa-

- rator

1
L 3bitoa

converter reference
N voltage
OP12 IPO7
[EDAI SREF ] [ R7 eyt port J
L 1 ’ . J
; - 1 5 3 2 1 0
S internal Bus S

Figure 3-11. Comparator Input Circuit
3.3.2 Control of Comparator Input
The comparison voltage of the comparator is set with the lower 3 bits of the command register (OP12).

Table 3-3 shows the comparison voltage when Vdd = 5V.

Comparator input control command register ( Port address OP12)

3 2 1 0 OP12 Reference
l EDA } . SREF (Initial value  Qs»#) ) 1 0 vol[ba]ge
000 0.62
Comparator Input Control ‘ 001 T 125 ’
»| 0 : Disable 010 187 N
I+ Enable o1 1] 250
- 100 3.12
Setting value of reference voltagew 1 0 1 375
L | Vagr=Vopx (n+ 1)/8 V) o) 8
(n=0~7) UL 500

Table 3-3. Reference Voltage
Figure 3-12. Control Command Register
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3.4 D/A Converter (PWM) Output

47C236A/336A have one built-in pulse width modulation (PWM) output channel. D/A converter output
can easily be obtained by attaching a low-pass filter. PWM output goes to the R41 (PWM) port. When
this port is used for PWM output, set the corresponding R41 output latch to "1”. The R41 output latch is
initialized to “1" during resets. PWM output is controlled by the buffer selector (OP17) and data transfer
buffer (OP18). Writing “CH” to the buffer selector sends PWM data written to the data transfer buffer to
the PWM data latch and switches to PWM output. The PWM data sent to the PWM data latch are held
until overwritten.

The buffer selector, data transfer buffer and PWM data latch are cleared to “0“ (PWM output at "1”
level) during resets and holds.

3.4.1 Circuit Contiguration
Figure 3-13 shows the pulse width modulation circuit configuration.

T

0 5
OPiZ image of Transfer Buffer fer2 [ .I IA T
o s 6 bit binary
o3 ~.._ OPIB counter
S {: °t e
o -1 o e
~ 3
- o I\

Circuit

J\
_l/

A
l

Data latch

\17 FIF

ALL"0"
\ L"0 S

Match Signal

L/
t

Data Transfer
PV

| Compare

~J
2 1
7
5
T
Y
x
jo ]
Y
3
1l

Ch Transfer Request

Figure 3-13. Pulse Width Modulation Circuit

3.4.2 Output Waveform of PWM Circuit
PWM Output
With 6-bit resolution PWM output, ene cycle is TN = 27/fc [sec] . When 6-bit data are k (k =0-63), the
low level pulse width is k x tg. Figure 3-14 shows the PWM output timing.

}4->| Pulse width =k x 15

Figure 3-14. PWM Qutput Timing
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3.4.3 Control of PWM Circuit (Data transfer)

PWM output is controlled by writing output data to the data transfer buffer (OP18). Output data are
written in segments using the buffer selector (OP17). Buffer numbers are assigned to the segmented
data transfer buffer and the data are written using the following procedure in accordance with the chart
shown in Table 3-4,

® write the numbers of the buffers to which data are to be written to the buffer selector {OP17).

@ Write the corresponding PWM data to the selected buffer (OP18).

@ Repeatsteps O and @ until all of the output data have been written to the transfer buffer.

@ When all of the output data have been written, write “Cy" to the buffer selector.

The previous PWM data are output while the next output data are being written to the transfer buffer.
A maximum time of 2%fc[sec| (at 4MHz, 128 pS) is required from the time “Cy" is written to the buffer
selector until PWM output is switched.

8uffer Number Correspondence to bit Mode PWM Output
(OP17) (OP18)
6 Bit of PWM 3~0 Write Preceding data
7 » 5~ 4 7 v
C None Transfer Present data

Tabie 3-4, The Bitand Buffer Number of Data Transfer Buffer

5-209



TOSHIBA TMP47C236A/336A

3.5 Remote Control Pre-processor
The remote control pre-processor counts the edge-to-edge time of the input pulse and generates an
interrupt request each time that the switching edge of an input pulse is detected. Remote controi signal
waveform which has been rectified by the receiver is inputed to the R80 (INT2) pin.

3.5.1 Circuit Configuration

3 2 1 0 3 2 i 0 3 2 1 0
l Command Register ] [ Count Value I [ Offset Value
OPOE IPOD OPOD
Overflow
Detector
7 6 S 4 3 2 1 0 271 1¢
l:’\ N ‘ T T T T T T T Count [
INT2 Control Circuit 8-bit Preset Counter Sclydte 28/ fc
elector |e———

REMOQ-CON [nterrupt

Y

Interrupt
Source Interrupt Request
»i Selector

INTZ Interrupt

Figure 3-15. Remote Control Pre-processor

3.5.2 Control of Remote Control Pre-processor
The remote control pre-processor is controlled by the command register (OPOE) Also, external interrupt 2
is used to interrupt source. At reset, INT2 is selected, so a remote contro! discrimination (REMOQ-CON)
interrupt is selected by command. Interrupt enable master F/F (EIF}) and interrupt enable register (EIR) are
used to enable/disable remote control discrimination interrupt. The interrupt priority is the same as for
external interrupt 2.

REMO-CON pre-processor command register (Port address OPOQE)
3 2 1 0
! ERM ] EDGE [ K32 j ELD l (initial value 0000)

Select of interrupt source ]

0 : INT2Interrupt{Trailing edge)
. REMO-CON Interrupt {Swithching edge)

—

Select of edge for interrupt4|

0 : Attrailing edge
1 : Atleading edge

lock
Counter cloc cyclel Example : At fc =4 19MHz

0 : 28/10c([sec] R 64 [ps]
v 277 1c 32
L.
NOTE. EDGE, CK32, ELD s available load of offset VaNEJ

when ERM = 1.

gl B Enable (Cleares after loading)

Figure 3-16. Command Register
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(1)

8-bit preset counter

This is a binary counter which counts the time from edge to next edge. A value of offset value
register (OPOD) are loaded to the lower 4 bits and the value of the upper 4 bits are stored to the
count value register (IPOD).

Offset value is loaded in the following cases :
M When ELD (bit 0 of the OPOE) is setto "1".
2 When there is an overflow of the lower 4 bits.
@ When an edge is detected.
Count value isstored in the following cases :
@ When the upper 4 bitsare all "1".
2r When an edge is detected.

Reference time and detection time

The reference time must be created before measuring the pulse width of the remote control signal
waveform. Reference time is set the value shown in Table 3-5 by the count cycle of the preset
counter selected with the QPOE and the offset value set to the OPOD. Therfore, the product of the
reference time and the count value read from the IPOD becomes the detecion time.

However, a worst error of the detection time is equivalent to reference time.

Count clock cycle Offset value (HEX) Reference time(n=0to 15)
27/ fc {sec] OtoF (211 - nx 27}/ f¢ [sec)
28/ f¢ OtoF (212 - nx28) /¢

Table 3-5. Setvalue of reference time

Remote control pre-processing operation

First, set the offset value for creating the reference time to the OPOD. The offset value is loaded to
the lower 4 bits of preset counter by setting ELD to “1". ERM can also be set to “1” at the same
time. Setting ERM starts counting. ELD is cleared after loading but it is automatically loaded
during the count by an overflow of the lower 4 bits.

After storing the count value in the IPOD by detecting the switching edge (leading/trailing) of the
input pulse, the preset counter again loads the offser value to the lower 4 bits, clears to “0” the
upper 4 bits and restarts counting.

An interrupt request is genarated at this time. Therfore, read the count value in the interrupt
service routine. The nextinterruptisdisabled until the stored count value is read. Switching edges
canselectin one by one using EDGE.

If the upper 4 bits of counter becomes “1111g" before the next edge is accepted, it is judged to be
an overflow and the interrupt is generated.

In this case, IPOD is set to "Fr" and it can be identified to be the overflow interruption. The input
pulse width of both "H” and “L" levels must be more than 192/fc [sec]. If any shorter pulse than
192/f¢ [sec] may be expected, put the dummy instruction [IN  %IP0D, A] reading out from count
value register in the main routine.

Even if ERM is “0", when an INT2 interrupt sourse is enabled (determined by EIF,EIR}, an interrupt
requestis generated by a falling edge of input pulse.

Figure 3-17.shows the operation timing the remoto control pre-processor.
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Counter

Count
Value

Program

—J——Ioad of offset value

load of offset
J value

|
/

|
yar; i
/ X

/

g

read of count value——}’

Figure 3-17. Timing chart

Example:

Main routin
out
ouT

CLR
LD
XCH
EICLR

To store a count value
to RAM [10y] that
pulse width of input
pulse is measured.

#5, %0POD
#OFH, %0POE

0, 0
A, #0001B
A, EIR

IL, #1111108B

INT2 service routin

TEST
B

LD
IN
CLR
ouT

STO: SET
ouT
IN

SEND:

0,0

STO

HL, #10H
%1P0D, GHL
0, 0

#0EH, %OPOE
SEND

0, 0

#0AH, %0POE

#I1P0OD, A

read of count value—/

- Pulse
—_— width

—-

; Offset value register setto “5”.
; Interrupt enable with setting count cycle to 32 psec,

leading edge detection mode.

; Clear to RAM [00x]p as interrupt status flog.
; Interrupt enable

;. Skip, if interruptstatus flag is "0".

; HLe 10K

; RAM [104] « Count value

; Clearing interrupt status flag.

; Se to leading edge detection mode.

; Setting interrupt status flag.
; Setto trailing edge detection mode.
; Dummy

# Calculation of pulse width with the avobe program when the count value stored to the RAM
[10K1is"9".
When the clock frequency is 32ps (fc =4.19MHz) and the offser value is “5”, the refrence
time will be as follows :

(2'" - 5x2%/fc=1336[ps]

Thus, the detection time (pulse width) will be 336 x 9 = 3.02[ms] (including an error of 336ps max.}
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS | (Vss=0V)
PARAMETER SYMBOL PINS RATING UNIT
Supply Voitage Voo -0.3~7 \
Input Voltage Vin —0.3""VDD+0.3 Vv
Voury | Exceptsink opendrainpin -03~Vpp+0.3
Outpul Voltage \
Voura | 5ink opendrain pinexcept R7 port -0.3~10
foum R6 port 10
Qutput Voltage (per 1 pin) mA
tOUTZ R4, R5, R7, RB port 3.2
QOutput Current (Total) 2 toun R6 port 40 mA
Power Dissipation [Topr =70°C] PD 600 mw
Soldering Temperature (lime) Tsi9 260 (10sec) °C
Storage Temperature Tstg - 55~125 °C
Operating Temperature Topr -20~70 °C
RECOMMENDED OPERATING CONDITIONS | (Vss =0V, Topr= -20~70°C)
PARAMETER SYNBOL PINS CONDITION Min, Max UNIT
inthe Normal mode 4.5
Supply Voltage Voo 6.0 v
inthe HOLD mode 2.0
Vi | Excepl Hysleresis Input Vpp x 0.7
. Vop = 8.5V
Input High Voltage Vi Hysteresis Input Vppx0.75 Voo vV
Vi Vip < 4.5V Vpp % 0.9
Vit | Except Hysteresis Input Vop x 0.3
Von 2 4.5V
input Low Vollage ViLz | Hysteresis Input 0 Vpp % 0.25 %
Vies Vpp<4.5V Vppx 0.1
fc | XIN, XOUT 0.4 42
Clock Frequency MHz
fose 1 0SCT, 0OSC2 [ 10

Notes.

Input Voltage Viyz, Vg .

in the HOLD mode




TOSHIBA TMP47C236A/336A
D.C. CHARACTERISTICS | (V55 =0V, Topr= -20~70°C)
PARAMETER SYMBOL PINS CONDITION Min. | Typ. | Max. [UNIT
Hysteresis Voltage Vs Hysteresis Input - 07 - v
J KO port, TEST,
NT | RESET, HOID Vop = 5.5V,
Input Current - - 2 HA
Vi = 5.5V/0V
N2 R port (opendrain) = 5.5V/0
Rini KG port with pull-up 30 70 150
Input Resistance K
Rz | RESET 100 [ 220 | 450
Qutput Leakage Current Lo Open drain port Vpp =5.5V, Vour=5.5V - - 2 HA
Output High Voltage Vo R6 Port Vpp = 4.5V, lon = - 200pA 24 - - v
Output Low Voitage Vol XOUT %85 < Vpp=4.5Y, Ig = ~ 1.6mA - - 04 | V
Output Low Current lot R6 port Vpp =4.5V, Vo = 1.0V - 10 - mA
Supply € t
upply Lurren oo Voo = 5.5V, fc= aMH; - 3 6 | mA
(in the Normal mode)
Supply Current
. Vpp = 5.5V - 05 10 A
(in the HOLD mode) | 'POM oo ¥

Note 1. Typ. valuesshow those at Topr=25°C, Vpp =5V.

Note 2. InputCurrent Iiy1

Note 3. Supply Current

The current through resistor is not included,

up /puli-down resistoris contained.

Vin=53VI0.2V

when the pull-

The KO port is open when the pull-up/puli-down resistor is

contained.

The voitage applied to the R port is within the valid range Vi

orVin.

A/D CONVERTER CHARACTERISTICS

PARAMETER SYMBOL PINS CONDITION Min. Typ. Max UNIT
Analog input voltage {Vamy CIN Vss - Voo v
A/D conversion error - - - t% LSB

AC. CHARACTERISTICS (Vss =0V, Vpp=4.5~6.0V, Tgpr = -20~70°C)

PARAMETER SYMBOL CONDITION Min. Typ Max UNIT
Instruction Cycle time tey 19 - 20 Hs
High level Clock Putse Width twiH

For external clock operation 80 - - ns
Low level Clock Pulse Width twel
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RECOMMENDED OSCILLATING CONDITIONS

(1) 4MHz
Ceramic¢ Resonator
CSA4.00MG (MURATA}
KBR-4.00MS (KYQCERA)

Crystal Oscillator
204B-6F 4.0000 (TOYOCOM)

{2) 400KHz
Ceramic Resonator
CSB400B (MURATA)
KBR-4008 (KYOQOCERA)

Cxin = CxouTt = 30pF
Cxin = Cxouyr = 30pF

Cxin = CxouT = 20pF

Cxin = Cxour = 220pF,
RxouT = 6.8KQ
Cxin = Cxout = 100pF,
Rxout = 10KQ

(Vss =0V, Vpp =4.5t0 6.0V, Topr = -301t070°C)

x
F4
Pad
o
<
=

400KHz Rxour

[

Cxout

Cxin /J;

H
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TYPICAL CHARACTERISTICS

R-"Ta Ka portl
R
(KD vyp=5.5vV
100 /,‘
//
50
0 Ta
—40 0 40 80 (°C)

To—=VYoH CMOSRport

Ton
Vpp=4.6V
WO~ | [ra=2sC
—400
— 300
—200 \
—100 \
v Vau
2 4 6 (V)
lo1, = Vor, R4, 1’5, R7, kB porl
Ioi,
(mA} Yon=4.5V
Ta=25"C
8
’ /

2 A
0 Vol.
0.4 0.8 1.24V)
Ipp—Vbp
lon
(mA)[Ta=25C
4
3
fe=4Mliz
2
|
0 Vim
3 5 7 )

|
|

] R-Ta RESFET pin
KD vyyp=5.5v
400
300
/‘/
]
200
=
100
0 Ta
—40 0 40 80 °C)
Il - VIN  CMOS Rport
I,
A Vpp=5.5V
A Ta=25C
— 800
\\
- G00 \
— 400
— 200 \
0 Vin
2 4 6 (V)
lo,=Vorn  Réport
01,
A Vhp=4.5V
Ta=25°C
40
30
20
L~
/V
10 >
L~
0 Vou
0.4 0.8 1.2(V)
: Inn -fe
nn
(mA) V=55V
Ta=25°C
4
3
/’
2 /
/
! 7
|+11
0 (e
0.1 04 1 4 10 (MIT)
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Input/Qutput Circuitry
(1) Control pins
Input/output circuitries of the 47C236A/336A control pins are shown below.
CONTROL PIN /0 CIRCUITRY REMARKS
osc. enable+:D)_
Resonator connecting pins
XIN Input VRW R =1KQ {typ.)
f
XOUT Output R Ro Ry =1.5MQ (typ.)
Ro =2KQ (yp.)
XiN XOuT
VDD Hysteresis input
_ Rin Contained pull-up resistor
RESET Input R Riy = 220K (typ.)
R =1KQ (typ)
Hysteresis input
- _ input
HOLD (KED) R (Sense input)
(inputs W]
R Contained pull-down
resistor
TEST input Rin
Riy = 70KQ (typ.)
R =1KQ (typ)
0sC. enab@-—-—gD_
[ Oscilation terminals for DOS
0sC1 input ‘\Q/\, R =1KQ (typ)
f
05C RS Rg Ri = 1.5MQ (typ)
¢ Output Rg =2KQ {typ)
osct 05C2
Synchronous signal input
HD
Input _@_—JW__D Hysteresis input
vD R=1KQ (typ)
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{(2) /O port
The input/output circuitries of the 47C236A/336A /0 port are shown below, any one of the
circuitries can be chosen by a code (PD-PF) as a mask option.

PORT [1[e] INPUT/QUTPUT CIRCUITRY and CODE REMARKS

PD PE PF

Pull-up/Pull-down

vbD resistor
KO Input Rin

R D '] L__] R
R Ry = 70k (typ )
R= 1k (typ.)

Sink open drain

R4 output

/0 D o I

RS 7
<

R Initiat “Hi-2"

R=1kQ {typ.)

vDD
Push-pull output

| tnitial "Low”
R6 1o
-~ High drive current
output

<} oL = 10mA (typ.)
R =1k {typ.)

CiN R71-R73 Sink open drain

output
R7 e [: | Initial "Hi-Z2"

| Comparater input
(R70)
R=1kQ (typ.)

—VRer

Sink open drain
output

R8 e ——{>o—] initial "Hi-z"
@ Hysteresis inpul

R=1kQ (lyp )
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