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Abstract

This thesis describes a design and construction of a digital graphic name plate. Digital
graphic name plate consists of three main parts which are graphic lcd module format 240x64 dots,
controller circuit and playback/ record circuit. The'digit'al graphic name plate can show a name -and

voice record.
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2.4.2.2 STATUS Register

= Ao = = =Y a o {
F3mn0s STATUS WhsTamesnussss daaouznatiamaniaee uaziianly

14
=1

- o ] o ¥ & aa o a o o u’: 4

Tumsi@onuuen vesmimsanuidoya G5 meeidiil  ezlieglunouued  dulude

= ' ' o { o { ' a 4

aunsoditaldynn  TesludesdinmaUSuaounusd  msnfdouimdeyavesiiamas
dy = Vo w ;‘Id 1 ) = o

STATUS #Haziavinnsldmdalumadeeg  vazlunsdeszifiemsn/aounasiag

o /ey w d a ) a1 & 1a
ﬂﬂj‘ull@'l ﬂWllNﬁ'ﬂW‘ﬁ“Uﬂﬁﬂ']ﬁﬂiZﬂ’l'ﬂWﬂﬂﬂlﬁﬁ']ﬁﬂﬁC"I'N"'I “lfi'lblél’!!ﬂ“l‘lﬂ ZDC 1z C

2.4.3 wiHenud1eya EEPROM
PIC 16F917 Uniasanuimuy EEPOM 110y 256 lud lasaunsasuuazion
o Ay ¢ vy s 9 =5 rg 9 o ]
Tuvamzioulnd1duadeslalins Enable Code protect bit IasmahaaiuazAaikn
aa ¢ ) ) ) 4 g 3t o w e
TATADIWAY (Special Function Register) F390119049 4 ARl
EECONI: fqumiditaniioaus
EECON2: iadwumsilioudoyn

u

W Seaiq ¥ o Y = o o 1 =
EECON3: ihuifdiasflfiiudoua 8 Tn dmsuniseruuaziiay

U

EECON4: 33mainiAuuonnsa 00h-FFh (256 Byte)

2.5 NITUIMMITIHA |
a 0 o= £ & A o q W -~ da g
MIiwa (RESET) voelulasnouInsames aensni v lulasneuInsaaessudu

a g L] é d; o =1 o n:t' o v q‘:

woulnd dadielulnsneulnsamosgndmm axnszlaa lilvi TalsunIufidmnia0000H
¥ c ' ' . .
- & ¥ o I~ A o 3 e ]

i wmiwellsunsuszdeunu Bnduvuasuduie 0000H msTamizsioudilymnias
Y a & o a 4 Y oA
VOHAWAIAUD 1 TUNTY FINTT¥AVDI PICI6FO17 eunsasnadu 1 6 3ol fo

o

14D DU YA (Power on Reset)

= t:!' (%) @
2.mMsaaane MCLR luTvuadsendansd sy

w4 - -
2.M55anY1 MCLR luInuaind

= o ¥ o ~
4.M5 5 rRINenERen Inwes i Ivualna

=t o ¥ o 4 3 % @
5.1155RNAFA0N Wuwoi W Tnuadsendandsau

¥ 1 o »
6.1135entio 00 il Tvideans o lvidosnadas

2.6 Inualsenimwadaiu
- o @ = G & W o et Q
uatlizniandaais (Sieep Mode ) An WIAHUNITHIIUV0T CPU AUMSHIIY
sedunizua g il hendanasauaouyineiels  Taomwiznimiy

] ', A g . . e ' q ¥ s :él 3 W q f
!Eﬁﬁ\‘]ﬂm'ﬂl’iiu HLAR0I 7 'ﬂiﬂ‘f‘)U{l‘Hﬁ%fJﬁﬁl’Tﬂ']].'HﬂT.‘IQ'HJH"F'Lj'ﬂ'l! lﬂﬂﬂﬂﬂﬂl&’ﬂ'ﬁ1"]N'HJ,1H



16

ny v P o o o o o
Tnuaties lildamlunsdiifins 19 cpu shoudhudadiuinan wie Whuodwaldiu
4 ' = e 1 ar =
9Unsaine egaanaam selalunsdin CcPU efluamime mssedynnadune viosoms
= o o v ¥ o 4 = T =4 v ay e
BUIADTINN A6 1y MsnuIDuRTpIRamuLIUIzmuTmndane]d uag liiians
=4 o @ ar A = o o o o [
nafgla  dnniniesfamuazanlios wasiudemsvieluTnuadsendandaa
] o é dl : = ar z T 1 o
wuiy A luvsziiniosdamyaniv hildvineauiashauves cpu amngaliliag
- as o ¥ 4 o o : [ 2 s o
lag CPU vz83ngsomanaaineg ON agunziilolinaaia® ON 1n50snzilladansy dnyuy
* 4:1”-:1 * = 3 @
Ui INIIAA Wake-up H30 M gnigntiuna
o @ o @ - A ; A v o
dmiu nuadszndandinuifavwdolulasaouInsames pic  16F9179uily
Tnuafi lufimstaunsodszinnamalidsunsulan  werelumsannszua e lusg,
A A Y 1 -:lyt o o o ¢ [
Tod diewdg Tnuail luTasneu Insameswdunszua Indhdnnnuazazoang Tnumlsznda

WA T

]

1.UMIANU MCLR

= do | o o
2.@1«!L’ﬂ8'§'§ﬂﬂiﬂﬂl‘1uiﬂﬁﬂ@u InsaLans

ar

A o -4
3.idyaaneataen lnwes

o

d d
2.7 3en¥non lnnoai

¥ _ca ]

Ed=) o ] A o 1 [ ’ =
Jeadfon lnwed Aeduiihmiisia cPuU e cPU agluaniie lishaumse ifn
a ' A A ¥ o - a o - Y A A o
anuAanaaa1en eifieundnezmilouduiiugpivdhowinoolaad e ilefimanisel

¥ = ;
JNAU

o o o ) '}da a ¢ Aa Y ow o P
“Hfiﬂf’l'I‘V]'Iﬂl!sllilﬂ'l’i]ﬂcliﬂﬂﬂllﬂm’i]‘iﬂﬂ@ i]fzﬂJll‘YI!iJE)i NN UIUU A YU UHIRN 'Iﬂﬂ

v o

o = :? A o o a °
ARNUUINMHIZIIINI95 RC Oscillator Hogmalu cPU Mleadaon lnwes i

' =3 v = = 4 o J <
p0NBAIE AD DlINIINIARDRPRATAIAMBINBUBNILNYATIY  UAIDATADNT LN

od o o 3/
WIDINENEINITONU 19



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfnwinitu lweygslniluleyssloguaiunism

lunsdlla visdu Bnvsnuiilusaudaaiien wazmetonsdsdaaivaenaisynasaninisiluly



20

' = ° a o 4 Y : b 4 o 4 o @
ﬂ'ﬂuqﬂ‘ﬂgqﬂ']ﬂ'ﬁliUu]ﬂﬁilﬂﬁﬂa’lHSUl%ﬂjJﬂ@ﬂU LCD  UULII0ZADIMNITTIN NI INTY

& voa 4 =1 o cl’ b g '
WoNReNU LCD 942495 Ljiuudatl awgdauana

717 l R l I
[80r (87 e -
: : 1d Q) |13
la ] SRAM .
G ——mr JE wr o o1 %
Q0— -
fREST——— , o
® TTe963C LCD PANEL
54[ . -
e T (4= (240X64 DOTS)
we——— FOMR || IGIC f |
My — QR]_]T Converter

IV
LCD /[l:‘ 5 GEIRCOD

'. MCDLLE

31U 13 uamsuaenlaozinsuuoa9® Graphic LCD

Graphic LCD 240 X 64 1 driver 8 4 #21%1un159%U LCD unzd Controlier T6963C
o i ) o 2 Y R Y ¥
stumm‘uau driver 11 @LHDI9INController AANMNUFY 79d031F Controller PIC 16F917 T

=y
ATUANDN



21

gﬂﬁ 14 'Img]a Graphic LCD

o

SWAZIDYANTYYIUUDIND LCD fadl
W17 LFGAWSUABUINT 199 UD9993

1912 : Vss A5 UADUINIIF V097903

3 :vdd Ao TiiEss +5 v

14 Vo dmuliuamuahavessenn

#is :WR viioudeyniulnga LCD

17i6 RD Mg mdeyaiuluga LCD _

1177 :CE ﬁéﬁﬁiympmﬁaﬁ Enable T#iuluga LCD Swihau
s :(_?/D‘mﬁﬁ“l%‘lum‘sﬁa“lﬁn%uuﬁ?miwu%ﬂya

‘lﬂﬁQ Vee 11 Tvau

710 Reset VISITATYYIY
i1 B0 videwn
171712 :DBI w1doya

¥IN13:DB2 v foya

91914 :DB3  ¥1doya

11115 :DB4  W1H0YR

1116 :DBS  doya

WIA17 DB6  1VOYA

118 :DB7  VIUoYd

d‘ oM o o

1A19:FS  nlddonjduunanIa@Ionys
1N20:NC  Tidoewo



3.2 lediunnmas

22

Ao 8 o P ) -1
3.2.1 leFiiuiiniioaues APR9600 Hnmiaulindail
M1_Message [ 1 28 1VCCD
M2_Next 7 2 27 &3 /RE
M3 O 3 O 26 [ EXICIK
M4 ] 4 25 [ MSEL2
M5 [15 24 [ MSEU1
M6 []6 23 [3 1cE
OscR [ 7 22 |3 /Strobe
M7_END [ 8 21 |F3 Ana_Out
/M8_Option [ g o0 = Ana_in
/Busy [ 19 19 = AGC
BE O 14 18 [ MicRet
VSSD ™ |, 7 [ Micin
VSSA [ 13 15 |1 VCCA
SP+ ] 14 5 1 SP-

U

1. mwsoiuimndoauazaundnldnielud

2. MNUNTIPU 6V

3. NUATEUA 2.5 mA ﬂumma'uuazﬁuﬁﬂ

517 15 uanalo¥APR9600

w ] 3 =3 =4 =~ ar = 9 = |
4. unsouunnlauiu 32, 40 uazeo w1 Tesiimsiiuinnld 2 Tnua Ao

4.1 LU Tape mode HAZUUY Multi mode TatTumstiudinuuy Tape mode 9z1iluns

% 3 4 =1 3
‘lJuﬁﬂLHJ'UUTJGI mﬁawummam

42 Multi mode dziamsiiuiniFosoenily 2, 4, uay 8 ¥as laouaavyed:

o =2

Tunndeldmiiuszeznmgaganisiiufinnisdoinuresiiuiingus

A5 2 uﬂmgﬂtmﬂummﬂmmn Tape mode Lo Multi mode

MODE MSEL-1 (PIN-3) MSEL-2 ( PIN-4 ) M8 (PIN-16)
2 FIXED MESSAGES 0 1 Pull-high 100KOhm
4 FIXED MESSAGES 1 0 Pull-high 100KOhm
8 FIXED MESSAGES 1 1 /M8 trigger pin
1 FIXED MESSAGES 0 0 0
TAPE MODE -NEXT 0 0 0
TAPE MODE - AUTO 0 0 1




23
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/I File : cbg240064a01.c

// Description : Driver for gled module CBG240064A01, SAP1024B (AV Display) or
/ LCD240G064A, T6963C (Vishay)

// Compiler : Hi-Tech PICC V.9.5PL2

/! Tested with : PIC16F917, 4MHz (internal) or PIC16F913, 8MHz (external)

/"

JFFFR ARk kKR Rk kR KRR KAk Rk Rk ok ok Aok Kk ok R ok KRRk ok KRRk R KR K Kk K
dok ok kkokokkk Rk ok

#include "htc.h" // Recommended by the include header pic16f91x.h
#include "cbg240064a01.h"
#include "delay.h"

J T L L L e
ok ok ok ok ok ok ok ok ok kK

/
// Function : cbg_write_byte

// Description : write data to lcd module
//

AR AR KRR KRR R KRRk KRR AR R R R KRR R Rk Rk kR Rk kR ok Kk
ok ok e ok ok ok ok ok sk ok ok Sk ok kR R '

void cbg_write byte(unsigned char cmd data, unsigned char data)

{
while ( (cbg_read byte(CBG_ READ COMMAND) & 0x03) != 0x03);
//if talse --> 0, out of loop

CBG_DATA_TRIS = 0x00;
bitset(CBG_CTRL_PORT, CBG_RD);
CBG_DATA_PORT = data;
if (cmd_data)

bitset(CBG_CTRL _PORT, CBG CD);
else

bitelr(CBG_CTRL_PORT, CBG_CD);
bitclf(CBG_CTRL_PORT, CBG_CE);
bitelr(CBG_CTRL PORT, CBG_WR);

bitset(CBG_CTRL PORT, CBG_WR);
bitset(CBG_CTRL_PORT, CBG_CE);
3

void cbg_write_data(unsigned char data)

{
/! while ( (cbg_read byte(CBG_READ COMMAND) & 0x03) != 0x03);
/1 if false --> 0. out of loop

CBG _DATA TRIS = 0x00;
bitset(CBG_CTRL_PORT, CBG RD);



bitclr(CBG_CTRL_PORT, CBG_CD);
CBG_DATA_PORT = data;
bitclr(CBG_CTRL_PORT, CBG_CE);
bitclr(CBG_CTRL_PORT, CBG_WR);

bitset(CBG_CTRL_PORT, CBG_WRY);
bitset(CBG_CTRL_PORT, CBG_CE);
}

JJAR R AR RR R R kR KRR R KO Rk Rk R KR ok K KKK R R R R R KR R KKk kR Rk
ok sk ok ok e ok ok ok ok ok ok ko ok ok ok '

/
// Function : cbg_read byte
// Description : read data from lcd module

/!

R R e e L L LT
3ok ok ok ok o o ok ok ok ok ok ok ok ok

unsigned char cbg read byte(unsigned char cmd_data)

{

unsigned char data;

CBG DATA TRIS = Ox{T;
bitset(CBG_CTRL PORT, CBG WR);,
if (cmd_data)

bitset{(CBG_CTRL PORT, CBG CD),
else

bitcI(CBG_CTRL_PORT, CBG_CD);
bitclrf(CBG_CTRL_PORT, CBG CE);
bitcir(CBG_CTRL _PORT, CBG_RDy);

data=CBG_DATA PORT;
bitset(CBG_CTRL PORT, CBG_RD);
bitset(CBG_CTRL_PORT, CBG_CE);

return data;

H

[ F R AR KK KK KR AR Kk ROk R ko ok ok Rk KRk kK ok Kk kK Rk kR K
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/
// Function : cbg_clrscr
// Description : Clear lcd screen

// Notice: Can be used only in graphic mode
s e it L

K ok ok Kk ok ok ok kK K ok ok ok K R
vold cbg clrscr{void)
{
unsigned short 1;
cbg_write bvte(CBG_WRITE COMMAND. 0x98); /1 Set 10011000,
Text ott graphic on



// Setting address area for graphic mode

cbg_write byte(CBG_WRITE DATA, 0x00); // Send low adrs
cbg_write_byte(CBG_WRITE DATA, 0x00); // Send high adrs

cbg write_byte(CBG_ WRITE COMMAND, 0x24); // Send command
set address pointer .

for (i=0; i<((LCD_WIDTH*LCD HEIGHT)/8); i++)

{
cbg_write_byte(CBG_WRITE_DATA, 0x00); /f Clear
screen : ' _
cbg write byte(CBG WRITE COMMAND, 0xc0); /! Send
command data write and inc ADP
}

}

e L L R L L S L
A o ok ok ko ok ok ok ok ok ok ok ok ok

1
// Function : cbg_clrscr_txt
// Description : Clear icd text screen

// Notice: Can be used only in character mode
”********************************************************************

ok ok ok ok o o % o ok ok ok ok ok ok ok ok

void cbg_clrser txt(void)

{

unsigned char x, y;

cbg_write_byte(CBG_WRITE. COMMAND, 0x94); // Set
10010100, 8x8 font pitch, Text on graphic off

/1 Setting address area for character mode, if use clrser for graphic mode, it
can't be clear text RAM area

cbg_write_byte(CBG_WRITE DATA, 0x80); // Send low
adrs

cbg_write byte(CBG_WRITE DATA, 0x07); // Send
high adrs

cbg write byte(CBG_WRITE_COMMAND, 0x24); // Send

command set address pointer

for (y=0; y<64; y++)

{
for (x=0; x<30; x++)
{
cbg_write byte(CBG_WRITE DATA, 0x00); 1
Clear screen by writing using space code (00H)
cbg write byte(CBG_WRITE COMMAND, 0xc0): "

Send command data write and inc ADP

j

3
J
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I
/! Function : cbg_init
// Description : Initial lcd module

// **Not same datasheet initialization
/!

e e e e e L LI Ea s

kokkkkkdkkkkkk bk kkk
void cbg_init(void)
{
// set led control port
CBG_CTRL_TRIS = 0xc0;
CBG_CTRL PORT=_BV(CBG_WR)| BV(CBG RD)| BV(CBG_CE)}
_BV(CBG RST);

/! set led data port
CBG DATA_TRIS = 0x00;
CBG_DATA_PORT = 0x00;

/! release reset signal
bitclr(CBG_CTRL_PORT, CBG_RST);
DelayMs(500);
bitset(CBG_CTRL_PORT, CBG_RST),

// init graphic home address

cbg write_byte(CBG_WRITE DATA, 0x00);

cbg_write_byte(CBG_WRITE_DATA, 0x00);

cbg_write_byte(CBG_WRITE_COMMAND, { CBG_CTRL_WORD SET |
- CBG_CTRL_WORD GRAP_HOME_ADR ));

// init graphic area

cbg_write_byte(CBG_WRITE DATA, 30),

cbg_write_byte(CBG_WRITE DATA, 0);

cbg_write_byte(CBG_WRITE_COMMAND, ( CBG_CTRL_WORD SET |
CBG _CTRL_WORD GRAP_AREA)):

// init text home address

cbg_write_byte(CBG_WRITE_DATA, 0x80);

cbg write byte(CBG_WRITE _DATA, 0x07);

cbg write_byte(CBG_WRITE_ COMMAND, (CBG_CTRL WORD_SET |
CBG _CTRL WORD TXT HOME ADR));

//init text area
cbg write_byte(CBG WRITE DATA., 40);
cbg write_byte(CBG_WRITE DATA, 0):



cbg_write_byte(CBG WRITE_COMMAND, ( CBG_CTRI, WORD SET |
CBG_CTRL_WORD_TXT_AREA ));

// init mode set _

//cbg_write_byte(CBG_WRITE _DATA, 0x00);

/lcbg_write byte(CBG_WRITE DATA, 0x00);

cbg_write_byte(CBG_WRITE_COMMAND, CBG MODE_SET|
CBG_MODE SET EXOR);

L]

/fcbg_write_byte(CBG_WRITE_COMMAND, 84);

// display mode set
//cbg_write byte(CBG- WRITE COMMAND, 0x94);
cbg_write_byte(CBG_WRITE COMMAND, CBG_DISPLAY MODE SET|
CBG_DISPLAY_MODE_GRAP_ON | CBG_DISPLAY_MODE_TEXT ON);
cbg clrser(); '

}

R kR ok ok R koo ok ok ok ko kR ok ok K ok ok R kbR Rk ok K Kk R Kook R R R Rk
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// File : cbg240064a01.h
1/

[/ ok okok ok KoK ok ok ok ok ok ok ok ok ok ko sk ok ok Kok skoR Sk ok ook ok ok ok ok Kok ok ok ok ko ok ok Kok ok
ok ok ok ok ok ok ok KOk koK

/* For AV-Display --> Normally pinl (frame ground) is connected with pin2 (GND).
So it can be connected only pin2 (GND)
*/

/* : :
In case of backlighgt at pin A of Vishay brand (L.CD-240G064), it's shown in
datasheet

that recommended to supply to pin A only 4.2V. So 1t must be connected by diode
(IN4001 or IN4002 or BY251) in order to drop out from 5V supply. AV-Display
uses

normally 5V at pin A.

*/

/*

// Ifuse PIC16F913, extosc 8MHz

#define CBG_DATA PORT PORTC //DBO-7 = RCO-RC7
#define CBG_DATA_TRIS TRISC

*/

/ If use PIC16F917. intosc 4MHz
#define CBG_ DATA PORT PORTD /DBO-7 = RDO-RD7
#define CBG_DATA_TRIS TRISD



#define CBG_CTRL_PORT PORTR | /RBO-RBS5
#define CBG_CTRL TRIS TRISB

#define X BYTES 30
#define Y_BYTES 64
#define SCREEN_LEFT 0
#define SCREEN_TOP 0

#define SCREEN_RIGHT 239
#define SCREEN_BOTTOM 63

#define CBG_WR 0 //RB0O
#define CBG_RD 1 //RBI
#define CBG_CE 2 //IRB2
#define CBG_CD 3 //RB3
#define CBG_RST 4 //RB4
#define CBG_FS 5 //RB5 --- FS=1

(font pitch 6x8)/ FS=0 (font pitch 8x8)

#define BV(b) (1<<b)

#define bitset(var,bitno) ((var) [= 1 << (bitno))
#define bitclr(var,bitno) ((var) &= ~(1 << (bitno)))

#define LCD_WIDTH 240
#define LCD_HEIGHT 64

#define CBG_WRITE_COMMAND |

#define CBG_WRITE_DATA 0

#define CBG_READ COMMAND |

#define CBG_READ_DATA 0

#define CBG_STATUS_ COMMAND FLAG 0

#define CBG_STATUS DATA FLAG 1
#define CBG_STATUS_AUTO_RD FLAG
#define CBG_STATUS_AUTO_WR_FLAG 3

3]

#define CBG_STATUS _CHECK_CTRL FLAG 5
#define CBG_STATUS ERROR_FLAG 6
#define CBG_STATUS BLINK_FLAG 7
#define CBG POINTER SET 0x20

#define CBG_POINTER_CURSOR_POINTER  0x01
#define CBG_POINTER_OFFSET REGISTER  0x02
#define CBG_POINTER_ADDRESS POINTER  0x04

#define CBG_CTRL_WORD_SET 0x40
#define CBG_CTRL WORD TXT HOME_ADR 0x00
#define CBG_CTRL_WORD_TXT_AREA 0x01
#define CBG_CTRL_WORD GRAP HOME ADR 0x02
fidefine CBG_CTRL_WORD GRAP_AREA 0x03



#define CBG_MODE_SET 0x80
#define CBG_MODE_SET CG_ROM

#define CBG_MODE_SET CG_RAM

#define CBG_MODE_SET_OR

#define CBG_MODE_SET_EXOR 0x01
#idefine CBG_MODE_SET_AND 0x03
#define CBG_MODE_SET TEXT 0x04

#define CBG_DISPLAY MODE SET =
#define CBG_DISPLAY _MODE_GRAP_OFF
#define CBG_DISPLAY MODE_GRAP_ON
#define CBG_DISPLAY _MODE_TEXT OFF
#define CBG_DISPLAY MODE_TEXT ON
#define CBG_DISPLAY MODE_CURSOR_OFF
#define CBG_DISPLAY_MODE_CURSOR_ON
#define CBG_DISPLAY_MODE_CURBLINK_OFF
#define CBG_DISPLAY MODE_CURBLINK_ON

#define CBG_CURSOR_PATTERN_SET

#define CBG_CURSOR_PATTERN _BOTTOM_LINE
#define CBG_CURSOR_PATTERN 2LINE

~ #define CBG_CURSOR_PATTERN_3LINE

#define CBG_CURSOR_PATTERN 4LINE

#define CBG_CURSOR_PATTERN SLINE

#define CBG_CURSOR_PATTERN_6LINE

#define CBG_CURSOR PATTERN 7LINE

#define CBG_CURSOR_PATTERN S8LINE

#define CBG_DATA_AUTO_RDWR_SET

#define CBG_DATA_AUTO RDWR_AUTO WRITE
#define CBG_DATA_AUTO_RDWR_AUTO_READ
#define CBG_DATA AUTO RDWR_AUTO RESET

#idefine CBG_DATA_RDWR_SET

0x00
0x08
0x00

0x90
0x00
0x08
0x00
0x04
0x00
0x02
0x00
0x02

0Oxa0
0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07

0xb0
0x00
0x01
0x02

#define CBG_DATA RDWR_ADDRESS POITER_UPDW
#define CBG_DATA_RDWR_ADDRESS POITER_UNCHANGE

#define CBG_DATA_RDWR_ADDRESS_POITER UP
#define CBG_DATA RDWR_ADDRESS POITER_DW

#define CBG_DATA RDWR DATA WRITE
#define CBG_DATA_RDWR_DATA READ
0x01

#define CBG_SCREEN PEEKING SET
#define CBG_SCREEN_COPY SET
#define CBG_BIT SETRESET

#define CBG_BIT_SETRESET RESET

#define CBG_BIT SETRESET SET
#define CBG_BIT _SETRESET BIT0

0xe0

0x10
0x00
x08
0x00

Oxe8 -

OxcO
0x00
0x04
0x00
0x02
0x00



#define CBG_BIT_SETRESET BIT1 0x01

#define CBG_BIT_SETRESET BIT?2 0x02
#define CBG_BIT SETRESET BIT3 0x03
#define CBG_BIT_SETRESET BIT4 0x04
#define CBG_BIT_SETRESET BIT5 0x05
#define CBG_BIT_SETRESET BIT6 0x06
#define CBG_BIT_SETRESET BIT7 0x07

unsigned char cbg_read byte(unsigned char cmd_data);

void cbg_write_byte(unsigned char cmd_data, unsigned char data);
void cbg. init(void);

void cbg_clrser(void);

void cbg_clrser_txt(void);

/* :

* Delay functions

* See delay.h for details

* , )

* Make sure this code is compiled with full optimization!!!
*/

#include "delay.h"

void DelayMs(unsigned char cnt)

{
#if  XTAL FREQ <=2MHZ
do {
DelayUs(996);
} while(cnt--);
#endif

#if XTAL FREQ >2MHZ
unsigned char i;

do {
i=4;
do {
DelayUs(250);
} while(i--);
} while(cnt--);
#endif
}
/*
* Delay functions for HI-TECH C on the PIC
E3
* Functions available:
* DelayUs(x)  Delay specitied number of microseconds
* DelayMs(x) Delay specified number of milliseconds
*
*

Note that there are range Junits: x must not exceed 255 - for xtal



frequencies > 12MHz the range for DelayUs is even smaller.
To use DelayUs it is only necessary to include this file; to use
DelayMs you must include delay.c in your project.

*  * W W

/* Set the crystal frequency in the CPP predefined symbols list in
HPDPIC, or on the PICC commmand line, e.g.
pice -DXTAL FREQ=4MHZ

or

pice -DXTAL_FREQ=100KHZ

Note that this is the crystal frequency, the CPU clock is
divided by 4.

* MAKE SURE this code is compiled with full optimization!!!
*/

/* If use PIC16F913, 8MHz

#ifndefXTAL_FREQ

#defineXTAL FREQ SMHZ // Crystal frequency in MHz
#tendif

*/

// 1f use PIC16F917, 4MHz
#ifndefXTAL_FREQ

#defineXTAL FREQ 20MHZ // Crystal frequency in MHz
#endif

#defineMHZ *1000L /* number of kHz in a MHz */
#defineKHZ *1 /* number of kHz in a kHz */

#if XTAL FREQ >=12MHZ

#defineDelayUs(x)  { unsigned char dcnt; \
_dent = ()*((XTAL_FREQ)/(12MHZ)); \
while(--_dent = 0)\
eontinue; }
#Helse

#defineDelayUs(x)  { unsigned char dcent; \
_dent = (X)/((12MHZY/(XTAL_FREQ))T;N
while(--_dent 1= 0) \
continue; }
#endit

extern void DelayMs(unsigned char):



T T

const unsigned char img20[62][30] =

{
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0%00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x 00,0x00,0x 00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x 00,0x00,0x00,
0x00,0x00,0x00,0%00,0x00,0x00,0x00,0x 3 8,0x00,0x3 8,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x38,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x44,0x00,0x44,0x00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0x44,0x00,0x00,0x00,0x04,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x82,0x00,0x82,0x00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0x82,0x40,0x00,0x00,0x04,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x02,0x00,0x00,0xFE,0x00,0xFE,0x00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0xFE,0x40,0x00,0x00,0x 04,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x04,0x00,0x00,0x 00,0x00,0x00,0%00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0x00,0x80,0x00,0x00,0x04,0x00,0x00,0x00,0x00,0x(0,0x00,0x 00,
0x00,0x00,0xFE,0x01,0xF8,0x00,0x01,0xFE,0x03,0x8 E,0x07,0x84,0x20,0xFF,0x 00,
0x00,0x00,0x01,0xE3,0x01,0x8E,0x01,0xFC,0x00,0xFF,0x01,0xFC,0x00,0x00,0x00,
0x00,0x01,0x01,0x02,0x00,0x00,0x02,0x02,0x04,0x51,0x04,0x84,0x21,0x00,0x80,0
x00,0x00,0x01,0x24,0x02,0x51,0x02,0x06,0x01,0x01,0x02,0x02,0x00,0x00,0x 00,
0x00,0x02.0x00,0x84,0x00.0x00,0x04.0%02.0x08,0x21,0x04,0x 84,0x22,0x00,0x40,0
x00.0x00,0x01,0x22,0x04,0x21,0x04,0x05,0x02,0x01,0x04,0x01,0x00,0x00,0x00,
0x00,0x02,0x78.,0x87.0xE0,0x00,0x08.0x 02,0x09,0xE1,0x07,0x84,0x24,0x00,0x40,0
x00,0x00,0x01,0xE1,0x04,0xF1,0x08,0x05,0x04,0x01,0x08,0x01,0x00,0x00,0x00,
0x00,0x02,0x48,0x80,0x20,0x00,0x10,0x02,0x09,0x21,0x00,0x84,0x20,0x00,0x40,0
x00,0x00,0x00,0x21,0x04,0x91,0x00,0x05,0x08,0x01,0x00,0x01,0x 00,0x00,0x00,
0x00,0x02,0x48,0x80,0x20,0x00,0x1F,0x02,0x09,0x21,0x00,0x84,0x20,0x00,0x40,0
x00,0x00,0x00,0x21,0x04,0x91,0x00,0x09,0xF,0x81,0x00,0x01,0x00,0x00,0x00,
0x00,0x02.0x78,0x80,0x20.0x00,0x01.0x02,0x09,0xE1,0x00,0x84,0x20,0x00,0x40,0
x00,0x00,0x00,0x21,0x04,0xF1,0x00,0x11,0x00,0x81,0x00,0x01,0x00,0x00,0x00,
0x00,0x02,0x08,0x80,0x20,0x00,0x01,0x02,0x08,0x21,0x00,0x8E,0x20,0xF8,0x40,0
x00,0x00,0x00,0x21,0x04,0x11,0x03,0xE1,0x00,0x81,0x03,0xE1,0x00,0x00,0x 00,
0x00,0x02,0x08,0x80,0x20,0x00,0x01,0x02,0x08,0x21,0x00,0x00,0x20,0x84,0x40,0
x00,0x00,0x00,0x21,0x04,0x11,0x02,0x11,0x00,0x81,0x02,0x11,0x00,0x00,0x00,
0x00,0x02,0x08,0x80,0x20,0x00,0x01,0x02,0x08,0x21,0x00,0x00,0x20,0x82,0x40.0
x00.0x00,0x00,0x21,0x04.0x11,0x02,0x09.0x00.0x81.,0x02,0x09,0x00,0x00,0x00,
0x00,0x02,0x08,0x80,0x20,0x00,0x01,0x02,0x08,0x21,0x00,0x9B,0x20,0x81,0x40,0
x00,0x00,0x00,0x21,0x04,0x11.,0x02,0x05.0x00.0x81,0x02,0x05,0x 00,0x00,0x 00,
0x00,0x03,0x08,0x80,0x20,0x00,0x01,0x02,0xC,0x21,0x00,0x9B.0x20,0x80,0xC0,0
x00,0x00,0x00,0x21,0x06,0x 1 1,0x02,0x03,0x00,0x81,0x02,0x03,0x00,0x00,0x00,
0x00,0x01.0x88,0x81,0xE0,0x00.0x01.0x02.0x06,0x21,0x00,0x91,0x20,0xF0.0x40,0
x00,0x00.0x00.0x21.0x03.0x 1 1.0x03.0xC1.0x00.0x81.0x03.0xC1.0x 00.0x00.0x 00.
0x00,0x00.0xC8.0x81.0x21.0xC0,0x01,0x02.0x03.0x21,0x00,0x91.,0x20.0x90.0x40.0
x00.0x00.0x00,0x21.0x01,0x91.0x02.0x4 1.0x00.0x81.0x02.0x41.0x00,0x00,0x00,
0x00.0x00,0x68.0x81,0x21.0x40.0x01.0x02.0x01.0xA1,0x00.0xA0,0x A0.0x90.0x40.
0x00,0x00.0x00,0x21.0x00.0xD1.0x02.0x41.0x00.0x81.0x02.0x41.0x00.0x00.0x00,



0x00,0x00,0x38,0x81,0xE1,0xC0,0x01,0x02,0x00,0xE 1,0x00,0x E0,0xE0,0xF0,0x40,
0x00,0x00,0x00,0x3F,0x00,0x71,0x03,0xC1,0x00,0x81,0x03,0xC1,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x0Q,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,0
x10,0x00,0x00,0x00,0x00,0x00,0%x00,0x 00,0x00,0x 3C,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x01,0
xA0,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x08,0x24,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x 00, 0x00,0x00,0x02,0
x40,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xF0,0x24,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x18,0x00,0x00,0x18,0x 02,0
x60,0x00,0x%00,0x00,0x 00,0xC,0x00,0x01,0x40,0x 3C ,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x24,0x00,0x00,0x24,0x02,0
xA0,0x00,0x00,0x00,0x00,0x12,0x00,0x 00,0x80,0x 04,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x3C,0x02,0x00,0x3C,0x03,0
x60,0x00,0x00,0x00,0x00,0x1E,0x00,0x00,0x20,0x04,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x 02,0x00,0x00,0x00,0
x00,0x00,0x00,0x04,0x00,0x00,0x00,0x00,0x20,0x04,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0%00,0x 00,0x78,0x38,0x 7C,0x38,0xE4,0x38,0x7C,0x47,
0xC3,0xF3,0x8C,0x78,0x7C,0x71,0xF,0xC3,0xE0,0x 00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0xC4,0x44,0x82,0x44,0x A8,0x44,0x82,0x48,
0x26,0x12,0x92,0xC0,0x82,0x51,0x 1 8,0x44,0x30,0x00,0x00,0x00 ,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x01,0xC2,0x84,0xBA,0x84,0xE4,0x85,0x72,0x40,
- 0x2E;0x13,0xA2,0xF1,0x72,0x71,0x38,0x48,0x50,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x08,0x00,0x00,0x00,0x00,0x42,0x04,0x A A,0x04,0x24,0x04,0x52,0x47,
0xA2,0x10,0xA2,0x10,0x52,0x11,0x08,0x43,0xD0,0x00,0x00,0x 00,0x00,0x00,0x00,
-0x00,0x00,0x00,0x00.,0x00,0x00,0x00,0x42.0x04,0xBA,0x04,0x24,0x04,0x72,0x44,
0%62.0x10,0xA2.0x10,0x72,0x11,0x08,0x42,0x30,0x00,0x00,0x00,0x00,0x00,0x 00,
0x00,0x00,0x00,0x00,0x00,0x00,0x01,0xC2,0x04,0xC2,0x 1C,0x24,0x04,0x42,0x 77,
0x22,0x10,0xA2,0x70,0x42,0x17,0xC8,0x43,0x90,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x01,0x42,0x04,0x 82,0x 14,0x24,0x04,0x42,0x 55,0
x22.0x10,0xC2,0x50,0x42,0x19,0x48,0x42,0x90,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x01,0xC2,0x04,0x82,0x1C,0x3C,0x04,0x 7E,0x 77,
0%22,0x10,0%x82,0x70,0x7E,0x11,0xC8,0x43,0x90,0x00,0x00,0x 00,0x00,0x00,0x00,
0x00,0x00,0%00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0x00.0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x02,0x00,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x 00,0x00,0x00,0x00,
0x00,0x00,0x00,0x00,0x00,0x7C,0x 1 F,0x00,0x40,0x 00,0x00,0x 00,0x00,0x18,0x80,0
x31,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 18,0x00,0x00,
0x00,0x00,0x30.0x00,0x00,0x80,0x20.0x00,0x40,0x00,0x00.0x00,0x00,0x05,0x 00,0
xA.0x00.0x00.0x00.0x00,0x00.0x00,0x00,0x00,0x00,0x00,0x 00,0x 1 F,0x00.,0x00,
0x20.0x00,0x3E.0x00.0x00,0xF0,0x38,0x03,0xC0,0x00.0x00,0x00,0x00,0x 1 E.0x 00,
0x3C.0x00.0x00.0x00,0x00,0x00.0x00,0x00.0x00.0x00,0x00,0x00,0x00,0x00,0x 00,
0x20.0x00.0x00.0x00.0x00.0x10,0x08,0x00,0x00.0x04,0x00,0x 00,0x00,0x00,0x00,0
x00.0x00,0x00.0x00.0x00.0x00.0x00_0x40,0x00,0x00.0x00,0x 1 0,0x00,0x00.0x 00,



0xE3,0x9C,0xCB,0x25,0xA7,0xD6,0x48,0xE6,0x00,0xB8,0xF 1,0xE6,0x 53 ,0xCF,0x
39,0x38,0xE3,0xC7,0x89,0x91,0x8C,0xE3,0x8F,0x1C,0x78,0x7C,0xE1,0x 88,0 C0,0
x00,

0x34,0x64,0xCB,0x25,0xD8,0x56,0x49,0x16,0x00,0xA0,0x A,0x 16,0x56,0x50,0xC5,
0x45,0x14,0x28,0x49,0xA9,0x8D,0x14,0x10,0x A2,0x84,0xC5,0x01,0x88,0xC0,0x00

0x5C,0x44,0x49,0x24,0xDB,0x52,0x48,0x14,0x00,0xB7,0x69,0x92, 0x 5E,0x40,0x 85,
0x34,0x15,0xAC,0x48,0xA8,0x88,0x17,0x00,0x82,0xB5,0xC5,0xDC,0x88,0x40,0x0
0’ .

0x54,0x44,0x49,0x24,0xDB,0x52,0x48,0x14,0x00,0x90,0x69,0x92,0x52,0x40,0x85,
0x34,0x15,0xA4,0x48,0xA8,0xB4,0x11,0x00,0x82,0xB4,0x44,0x40,0x88,0x40,0x00,
0xF4,0x44,0x49,0x24,0xDA 0x52,0x48,0xF2,0x00,0x97,0x19,0x12,0x52,0x4E,0x85,
0xC,0x16,0x24,0x48,0xA8,0xA4,0x11,0xE,0x82,0x94,0x44,0x5C,0x88,0x40,0x00,
0x14,0x44,0x49,0xE4,0xDA,0x52,0x49,0x14,0x00,0x90,0x09,0x12,0x52,0x49,0x85,
0x04,0x14,0x24,0x48,0xA8,0xA4,0x11,0x09,0x82,0x94,0x44,0x40,0x00,0x40,0x00,
0x96,0x44,0x49,0x36,0xD6,0x5B,0xED,0x94,0x4D,0xB0,0x09,0x17,0xDA,0x4C,0x
85,0x84,0x14,0x26,0x5C,0xA8,0xC4,0x13,0xC,0x82,0xA4,0x44,0xC0,0x89,0x40,0x
00, . , :
0x96,0x44,0x79,0x36,0x96,0x00,0x61,0x93,0x88,0xB0,0x08 ,0xE6,0x00,0x4C,0x85,
0x84,0x14,0x26,0x6C,0xC8,0x84,0x13,0xC,0x82,0x44,0x44,0xC0,0xF8,0x C0,0x00,
0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,

0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x 00,0x00,0x00,0x00,0
x00,0x01,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,

0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x 00,0x00,0x 00,0x00,0
x00,0x01,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,

0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x 00,0x00,0x 00,0x00,0
x00,0x00,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,

0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x 00,0x00,0x00,0x00,0
x00,0x00,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,

0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x 00,0x00,0x00,0x00,0
x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00} ;

// img.h

extern const unsigned char img20[64][30];
/* Below is for PIC16F917

extern const char Vishay logo bmp][];

*
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// File : main.c

// Description : Driver for gled module CBG240064A01. SAP1024B (AV Display) or
LCD240G064A, T6963C (Vishay)

// Compiler : Hi-Tech PICC V9.5PL2

// Tested with : PIC16F917, 4MHz (internal) or PIC16F913. 8MHz (external)

/



/1 *** Characters code used by SAP1024B, T6963C are different from ASCII codes
I Ex. Space (ASCII) = 20H/////// Space (SAP1024B or T6963C) = 00H

/

// CG ROM ----> O0H-7FH (0-127)

// CG ROM address starting at 0780H

//********************************************************************
Fokk ok ok ok Rk kkk ok kokokokkok ok ok kodkekokdkokkok ok k ok ok ok kokkdkokk

// Header for PIC16F917, No need to add this file into header files
#include "htc.h" // Recommended by the include header pic16f91x.h

// Default internal RC is 4MHz, fixed by chip's internal hardware
//__CONFIG (INTIO & WDTDIS & PWRTDIS & MCLREN & UNPROTECT &
BORDIS & DEBUGEN);

/*// Header for PIC16F913, No need to add this ﬁ]e'i-rnto,‘héader files
#include "htc.h" . // Recommended by the include header picl16f91x.h

// Default external osc is 8MHz, system will operate by checking the connected osc
itself

__CONFIG (HS & WDTDIS & PWRTDIS & MCLREN & UNPROTECT &
BORDIS & DEBUGEN);

*/

#include "cbg240064a01.h"
#include "delay.h"

flinclude "img.h"

static bit SW R @ ((unsigned)&PORTC*8+4):// Record

static bit SW_T @ {(unsigned)&PORTC*8+5);// Teacher
static bit SW_S @ ((unsigned)&PORTC*8+6);//

static bit SW_TT @ ((unsigned)&PORTC*8+7);//

static bit REC @ {(unsigned)&PORTC*8+1);// Record
staticbit T C @ ((unsigned)&PORTC*8+2):// Teacher
staticbhit S C @ ((unsigned)&PORTC*8+3)://

/Istatic bit S4 (@ ((unsigned)&PORTC*8+3);

bit OIdTT,OIdT,OldR,01dS;

#define IN PosX1 26
#define IN PosX2 29
#define IN_PosY1 10
#dcfine IN PosY2 21



#define OUT PosXlI 26
#define OUT_PosX2 29
#define OUT PosY1 10
#define OUT PosY2 21

#define S _PosX1 25
#define S_PosX2 29
#define S_PosY1 26
#define S_PosY2 37

#define T PosX1 25

#define T_PosX229

#define T_PosY1 41

#define T PosY2 52

/1 40*12 dot

const unsigned char imgIn[12][4]={
OxFF,0xFF,0xFF,0xFF,
OxFF.,0xFF.0xFF,0xFF,
OxFF,0xC2,0x77,0xFF,
OxFF,0xE6,0x37,0xFF,
0xFF,0xE6,0x17,0xFF,
OxFF,0xE6,0x87,0xFF,
0xFF,0xE6,0xC7,0xFF,
OxFF,0xE6,0xE7,0xFF,
0xFF,0xE6,0xF7,0xFF,
OxFF,0xC2,0xF7,0xFF,
0xFF,0xFF ,0xFF 0xFF,
OxFF,OxFF,0xFF,0xFF

3o

const unsigned char imgQOut[12][4]={
OxFF,0xFF,0xFF,0xFF,
OxFF,0xFF,0xFF,0xFF,
0xFC,0x19,0xC8,0x1F,
0xF9,0xC9,0xCE,0x7F,
0xF9,0xC9,0xCE,0x7F,
OxF9,0xC9,0xCE,0x7F,
0xF9,0xC9,0xCE,0x7F,
0xF9,0xC9,0xCE,0x7F,
0xF9,0xC9,0xCE,0x7F,
OxFC,0x1C,0x1E,0x7F,
OxFF,0xFF ,0xFF 0xFF,
OxFF,0xFF,0xFF,0xFF

IE

const unsigned char imgS[12][{5]=¢
OxFF,OxFF,OxFF,0xFF.OxFE,
OxFF.OxFF,OxFF.0xFF,0xFE.
OxE6.0x60,0xC3,0x04,0x 1E,
OxE6.0x4E.0x66,0x7C,0xFE,
0xE6,0x4E,0x66,0x7C,0xFE,



0xF0,0xCE,0x66,0x7C,0x 1E,
0xF0,0xCE,0x66,0x7C,0xFE,
0xF0,0xCE,0x66,0x 7C,0xFE,
0xF9,0xCE,0x66,0x7C,0xFE,
0xF9,0xE0,0xC3,0x04,0x 1E,
OxFF,0xFF,0xFF,0xFF,0xFE,
0xFF,0xFF,0xFF,0xFF,0xFE,

};

unsigned char BlinkCount;
bit Status,tVoice,sVoice,Blink;

void dusec(unsigned int time)

{ while(time--);

ioid dmsec(unsigned int time)

{ while({time--)dusec(100);

ifoid Dis_On(void) |

{ cbg_write__byte(CBGQWRITE_C'OMMAND, 0x98); 1
Set 10011000, Text off graphic on

ifoid Dis_Off{void)

{ cbg_ write_byte(CBG_WRITE COMMAND, 0x90); | 7
Set 10010000 Display Off

}

ﬂ****************************************************¥***************
ok ok o kokok ok dkok ook ok ok ok k ok ok ok ok ok

1/
// Function : test_img_ES
1
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void ClrScr(void)
{

unsigned char X,y;
unsigned char data;

1/ Dis_Off();

// Setting address area for graphic mode ----> The must!

cbg write byte(CBG_WRITE DATA, 0x00), 1
Send low adrs



cbg write byte(CBG WRITE DATA, 0x00);
Send high adrs
cbg_write byte(CBG_WRITE_ COMMAND, (x24),
Send command set address pointer
cbg_write byte(CBG WRITE COMMAND, 0xB0);
Send command set Auto write Data
CBG DATA_TRIS = 0x00;
bitset(CBG_CTRL_PORT, CBG_RD);

bitclr(CBG_CTRL PORT, CBG_CD);

for (y=0; y<64; y++)
{
for (x=0; x<30; x++)
0
*o if (y < 8) data=img20[ (y * 30) + x ][0];
' else if (y < 16) data =img20[((y - 8) * 30) + x ]{1};
else if (y < 24) data = img20[((y - 16) * 30) + x ][2];
else if (y < 32) data = img20[((y - 24) * 30) + x]{31};
else if (y < 40) data = img20[((y - 36) * 30) + x][4]];
else if (y < 48) data = img20[((y - 40) * 30) + x]{5];
else if (y < 56) data = img20[((y - 48) * 30) + x][6]
else data = img20[7][ ((y - 56) * 3®) +x ];
*/ )
/ if (invert)
//data =y,

CBG_DATA PORT =0;
bitclr(CBG_CTRL_PORT, CBG_CE);
bitclr(CBG_CTRL_PORT, CBG_WR);

bitset(CBG_CTRL_PORT, CBG_WR);
bitsetCBG_CTRL_PORT, CBG _CE):

i cbg_write_byte(CBG_WRITE_ COMMAND, 0xc0);
Send command data write and inc ADP :

)

cbg write byte(CBG_WRITE _COMMAND, 0xB2);
/f Send command set Auto Reset
/! Dis_ On();

}

}

void ShowName(void)

{

unsigned char x.v:
unsigned char data:

1/

/1

1

/"



I/ #1
// Setting address area for graphic mode ----> The must!
cbg_write_byte(CBG_WRITE_DATA, 0x00);
Send low adrs
cbg_write_byte(CBG_WRITE_DATA, 0x00);
Send high adrs
cbg_write_byte(CBG_WRITE_COMMAND, 0x24);
Send command set address pointer

I #2
cbg_write_byte(CBG_WRITE_COMMAND, 0xBO0);
Send command set Auto write Data

//#3 1nit Control Bus and data Bus for Write Data
CBG_DATA_TRIS = 0x00;
bitset(CBG_CTRL_PORT, CBG_RD);

bitclr(CBG_CTRL_PORT, CBG_CD);
{/ #4 -Send Data to LCD
for (y=0; y<62; y++)

{
' for (x=0; x<30; x++)
{

CBG_DATA_PORT =1mg20[y][x];

if(Blink)

{
/{Check Teacher
if(Status)//IN
{

if(x>=IN PosX1 && x<=IN_PosX2 &&
y>=IN PosY1 && y<=IN_PosY2)
{
CBG_DATA_PORT = imgln{y-
IN PosY1][x-IN PosX1];

}
else// Ststus=0=> OUT

{

i

/

I

i

if(x>=OUT PosX1 && x<=0OUT PosX2 &&

y>=0OUT PosY1 && y<=0OUT PosY2)
{

imgOut{y-OUT PosY1][x-OUT PosX1];
Y

s

CBG_DATA_PORT =

1

§

// Check Student Voice
f{sVoice)// Student Voice
{



if(x>=S PosX1 && x<=S PosX2 &&
y>=S PosY1 && y<=S PosY?2)
{
CBG_DATA_PORT = imgS[y-
S PosY1][x-S_PosX1];

}
// Check teacher Voice

~ if(tVoice)// Teacher Voice
{

y>=T_PosY1 && y<=T_.PosY2)

if(>=T PosXl && x<=T PosX2 &&

{
-~ CBG_DATA_PORT = imgS[y-
T PosY1][x-T PosXl1};

}

bitcir(CBG_CTRL PORT, CBG_CE);
bitcI(CBG_CTRL_PORT, CBG_WR);

// Control Bus

bitset(CBG_CTRL_PORT, CBG_WR);
bitset(CBG_CTRL PORT, CBG_CE);

//dmsec(400);
/! cbg_write_byte(CBG_WRITE_COMMAND, 0xc0); //
Send command data write and inc ADP

}
} .
// #5 Reset Auto Write Mode
cbg write byte(CBG_WRITE_COMMAND, 0xB2),
// Send command set Auto Reset
/! Dis_On(});

void test_font(void})

i

unsigned char x, y;

unsigned char ch=0;

bitelf(CBG_CTRL _PORT. CBG FS); ' 1
8x8 font pitch

cbg wnte byte(CBG_WRITE COMMAND. 0x94); // Set

10010100, Text on graphic oft



// Setting address area for character mode

cbg_write_byte(CBG_WRITE _DATA, 0x80); // Send low
adrs

cbg_write byte(CBG_WRITE_DATA, 0x07); // Send
high adrs .

cbg write_byte(CBG_WRITE_COMMAND, 0x24); // Send

command set address pointer

for (y=0; y<64; y++)

{
for (x=0; x<30; x++)
{ ‘
cbg_write_byte(CBG_WRITE_DATA, ch); /"
Clear screen by writing using space code (00H)
cbg write_byte(CBG_WRITE COMMAND, 0xc0); /

Send command data write and inc ADP
if (ch++ == 128)
ch=10;

void test_string(unsigned char* textptr)

{

unsigned char 1=0;

bitclf(CBG_CTRL_PORT, CBG_FS); /
8x§ font pitch.

cbg write_byte(CBG_WRITE COMMAND, 0x94); /1 Set

10010100, Text on graphic off

/! Setting address area for character mode

cbg_write_byte(CBG_WRITE DATA, 0x80); // Send low
adrs

cbg_write_byte(CBG_WRITE DATA, 0x07); // Send
high adrs

cbg write byte(CBG_ WRITE COMMAND, 0x24); // Send

command set address pointer

for (i=0; textptr[i] '="0"; 1++)
{
textptr{i] = textptr|i}-'"; // Find the
real character by subtract ASCII space '
cbg_write_byte(CBG_WRITE_DATA, textptr[i]);
chg write_byte(CBG_WRITE COMMAND., 0xc0):

"
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// Function : main
/!
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void main(void)

{

unsigned char i, count=0;

/* If declare text_1[] only here, text_1[] will be displayed on first loop, so
declare at function */
/! unsigned char text_1[] =" Vishay graphic LCD 240x64 P/N: LCD-
240G064A-YYK-VLB";

// Tnmitialize Data and 10 Port

bitclr(LCDCON, 4);

cbg init();

TRISC=0xF0;

cbg clrser();

dmsec(100);

sVoice=0;

tVoice=0;

Status=0;

// End Initialize

for (;;)

{
1tV oice=S2;
ShowName();
Blink=!Blink;
//dmsec(500);
// Send Switch Control To Record Sound Module
REC=!SW_R;
T C=ISW. T
S C=ISW §;

// Check Voice Status
if(SW_R==0)// Record Mode

s
§

if{OldS==1 && SW_S==0)// Press Student Voice Rec

(

sVoice=1;



}

iOldT==1 && SW_T==0)// Press Teacher Voice Rec
{

}
}
// Clear Voice Status
it(OldTT==1 && SW_TT==0)

tVoice=1;

{

tVoice=0;

sVoice=0;

Status=!Status;// Toggle Status
3

// Save Old Value of All Switch
OldR=SW R;
OldS=SW_S§;
OldT=SW_T;
OldTT=SW _TT;
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2. General Specification

- (1) Mechanical Dimension

Item Standard Value Unit
Number of dots 240 x 64 dots
) 180.0 x 65.0 x 15.1(Max)-LED array B/L

Meodule dimension :

‘ 187.0 x 65.0 x 11.9(Max)-LED white B/L, CCFL mm

(L x WxHY _ .
180.0 x 65.0 x 9.2(Max)- E/L or No B/L
View area . 133.0(W) x 39.0(H) mm
Active area 127.16(W) x 33.88(H) mm
Dot size 0.49(W) x 0.49(H) mm
Dot pitch 0.53(W)-x 0.53(H) mm -
(2) Controtler IC: T6963C controller
(3) Temperature Range
Normal - Wide
Operating ' 0 ~+50°C~ ' -20 ~+70°C
Storage -10 ~+60°C -30 ~+80°C
3. Absolute Maximum Ratings

Item Symbol Min Typ Max Unit
Operating Temperature Tor -20 - +70 C
Storage Temperature Tst -30 - +80 T
Input Voltage Vi VsSs - Vdd v
Supply Voltage For Logic Vdd-Vss 0 - +7 v
Supply Voltage For LCD Vdd-Vo 0 - 15 v
LED Forward Current{array) Ir — - 900 mA
LED Forward Current{white Ir - — 100 mA
LED)
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4. Electrical Characteristics

[tem Symbol | Condition | Min. Typ. Max Unit
Supply Voltage For Logic [ Vdd-Vss — 4.75 50 | 55 A
Ta=-207C — 14.5 - A
Supply Voltage ForLCD { Vdd-Vo | Ta=25C - 12.5 - \'
Ta=+70C | — | 105 - \%
Input High Vol Vi — 22 | - Vdd Vv
Input Low Vol ViL - 0 - 0.8 \Y4
Output High Vol Vou — 24 - Vdd \Y
Output Low Vol. VoL - - - 04 A%
Supply Current(no . N.V
o L Idd vdd=5V — 20.0 — mA
built in) ' .
Supply Current(with NV :
o . 1dd Vdd=5Vv — 40.0 - mA
| built in)
Optical Characteristics
a. STN
lter Symbol | Condition | Min. | Typ. | Max. | Unit
WY CR22 10 45 deg
View Angle . )
- H)¢ CRz2 -30 30 deg
Contrast Ratio CR - 3 -
Response Time Trise . - [00 1506 . ms
257 T fall - 150 | 200 | ms
b. FSTN
ltem Symbol Condition | Min. Typ. Max. Unit
V)o CR23 10 60 deg
View Angle
(H) ¢ CRz3 -45 45 deg
Contrast Ratio CR - 5 -
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Response Time T rise - 100 150 ms

25¢C T fall — 1 150 | 200 ms

5.1 Definitions

WView Angles M Contrast Ratio
Z . .
( Vistal angle direction ) (g Dightnessat sdotod state (BS)
0 * Brightness at non-selected state ( Bns )
\ [N/ Selected state
\I(D S Nosr-selected state
< 1|
=
I\ it
m Bs
[ N\ :
| Y Brs
( Best visual angle direction } — Oyperating voltage for LCD driving
MResponse time
Nonselected Condition Selected Condition B Nonselected Condition
00
g | =
C IR 10%
o f N
L o
Risc Time Decay Time ( fall time tf)

6. Interface Pin Function



Pin No. | Symbol | Level |Description
1 FG Frame ground (Connected to bezel )
2 Vss GND
3 Vdd Power supply ( +5 V)
4 Vo Power supply for LCD driver (12.7v)
5 WR L Data write. Write data into T6963C when WR =L
6 RD L Data read. Read data from T6963C when RD =L
7 CE L L: Chip enable
WR=L, C/D=H: Command Write C/D=L: Data write
8 C/D H/L
RD=L, C/D=H: Status Read C/D=L: Data read

9 Vee Negative Voltage output -12.6 V .
10 RESET H/L |H: Normal; L: Initialize T6963C
11 | DBO H/L |Data bus line
12 DBI1 H/L [Data bus line
13 DB2 H/L [Data busline
14 DB3 H/L iData bus hne
15 DB4 H/L [Data Bus line

16 DBS H/L |Data bus line
17 DB6 H/L  |Data bus line
18 DB7 H/L  |Data bus line
19 FS H/L |Pins for selection of font; H: 6 * 8, L: 8* 8
20 N.C No connection
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* LCM operating on " DC 5V " input with built-in negative voltage and

temperature compensation circuit

LED Module block diagram

Vo e
LCD drive voltage
for LCD bics voltage
Ma, 3 -
oKk o 30
Q
Vee (17 H
DC-DC circuit —l
SV-> -1SV cutput - VP
{with TCMP. compensation)

Vee voltage will be odjusted autometiclly
" on deferent temperature

LCM operating on " DC 5V " input with built-in negative voltag_é__

LCM . Vdd

R —__ DCSV

built-in
B VSS_J _

N.V generator .

oo =
or Temp. Vo € VR
compensation <

crrcult Vee|-12.6V
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% (Option) LCM operating on " DC 5V " input with external negative voltage

LCM

vd 4L
Vss ——T

Vo typ.:12.7V | » ; VR

DC 5V

Negative volt
example -10v



8. Back]igfnt Infbi;métion

8.1 Specification

(‘l)LED array / yellow-green(132 chips)

Parameter Symbol Min Typ Max | Unit Test Condition
Supply Current ILED - 660 720 mA V=42V
Supply Voltage \Y — 4.2 4.3 Vv
Reverse Voltage VR — — g V
Luminous Intensity v - - — | cd/m® | ILED=660mA
Wave Length Ap 575 nm ILED=660mA
Life Time — 100000 | — Hr. V=412V
Color Yellow Green
(2) LED edge / white

.~ Parameter Symbol Min Typ Max Unit Test Condition
Supply Current ILED - 80 mA V=3.5V
Supply Voltage v — 3.5 37 VV —
Reverse Voltage VR — — 8 v —
Luminous Intensity| IV — 80 — | cd/m? ILED=80mA
Wave Length Ap — - nm ILED=80mA
Life Time - — {15000 | - Hr. V=37V
Color Whaite




(3) EL/ white

Parameter Symbol | Min | Typ | Max | Unit Test Condition
Drive Voltage Vmax — 110 | 170 | Vrms 25°C
Drive Wave Fmax - 400 |1000| Hz 25°C
Brightness 48 | 60 | — |edm’ 110V/400Hz
Power Consumption — 80 - mW 110V/400Hz
Chromatism ' X — (03173 — - 110V/400Hz
Y — 103995 - - | 110V/400Hz
Life time 5000 hour 110V/400Hz
Color White - Light on 110V/400Hz
(4) CCFL

No.2345 shall be lighted at constant lamp custent ( 1L : 5.0 mA ) and shall be
measured 3 minutes after the table below. The measurement shall be conducted on the
condition that ambient temperature : 25 + 2 °C humidity : 30 ~ 85%, with no wind.

NO ltems- Requirements Remarks
| Lamp Current (IL) 5.0 £ 0.5 (mAmms)
2 Lamp Voltage (VL) 205 + 20 (Vrms)
Lamp Power (P) ‘
3 (Reference Value) 1.03 (Wrms) VLT
4 Luminance 250 min {cd/m) Note 1
Chromaticity (X) 0.308 + 0.01
> Y) 0.330 = 0.01 Note 2
6 Starting Voltage (VS) 4600001\1/\14@);((2()50&(\}/&8)) Note 3
7 Life time 10000 min (h) Note 4

Note 1. The average value is measured though the glass.
Note 2. The tube center / center point shall be measured.
Note 3. All the tubes shall be lighted. Slidein method shall be used for voltage
application.
Note 4.Life
Judgement conditions.
A The luminance becomes 50% of the initial luminance.
B Not normal lighting.

C  When a severe appearance failure is found.
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8.2 Backlight dniving methods
a. LED B/L drive from A.K directly

a.l array (yellow-green)

LCM
) {recommending)
A RL:OQ_. RL=2.2
) Neaov +5V
Backlight - -

LT 1 7

- -a.2.edge / white

— . S
' Tonanpr e
. R — i
P . - e — - -
i - : <Ll i T de T JUN
[ ! T e
P - R .
N -
| N

b. E/L'B/L driven from A.K cable directly

LCM
+110V INVERTER
A
EL Panel 4
- DC +5V
Backlight ACDC C+
K




I

c. CCFL B/L drive directly from connector

LCM
| N
3 A .
CCFL B/L E [SF‘-I%C | g
2 - = DCHSV

{ Bolymin —




9. Quality Assurance

¢ Screen Cosmetic Criteria

No.

Defect

Judgement Criterion

Partition

Spots

A)Clear

Swze:d mm Acceptable Qty in active area

d 0.1 Disregard
0.1<d=0.2 6
0.2<d<0.3 2

03<d 0

Note:Including pin holes and defective dots which

must be within one pixel size.
B)Unclear

Size:d mm Acceptable Qty in active area

d 202 Disregard
02<d<0.5 6
0.5<d=0.7 2

0.7<d 0

Minor

Bubbles in Poluri;.zer

Size:d mm Acceptable Oty n active area
d 50.3 Disregéfd
03<d=<1.0 3 |
1.0<d=£1.5 1

1.5<d 0

Minor

Scratch

In accordance with spots cosmetic criteria. When
the light reflects on the panel surface, the scratches

are not to be remarkable.

Minor

Allowable Density

Above defects should be separated more than

30mm each other.

Minor

Coloration

Not to be noticeable coloration in the viewing area

of the LCD paneis.

Back-light type should be judged with back-light

on state only.

Minor
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10. Reliability
M Content of Reliability Test

Environmental Test
- Applicable
No. Test Item Content of Test Test Condition
Standard
| High Temperature | Endurance test applying the high 60C
storage storage temperature for a long time. 200hrs
7 Low Temperature | Endurance test applying the high -10°C
storage storage temperature for a long time. 200hrs
‘ Endurance test applying the electric .
3 High Temperature | stress (Voltage & Current) and the 50T
Operation thermal stress to the element for a 200hrs
long time.
Low Temperature Endurance test applying the electric 0°C
4 . stress under low temperature for a —
Operation long time. 200hrs
High Temperature/ Endurance test app!ying thef h.igh 70°C 90%RH
5 e temperature and high humidity —_—
Humidity Storage storage for a long time. 96hrs
) Endurance test applying the electric .
6 High Temperature/ stress (Voltage & Current) and 40°C,90%RH
Humidity Operationj temperature / humidity stress to the 96hrs
element for a long time.
7 Endurance test applying the low and
high temperature cycic.
«10C  25C 60C, -10°C/60°C
Temperature Cycle > _ I
10 cycles
30min Smin 30min
T cycle
Mechanical Test
) . 10~22Hz— 1.5mmp-p
8 Vibration test Endur?nce test app]y.mg the V|E?ratlon 22~500Hz—1.5G
during transportation and using.
’ Total 0.5hrs
Constructional and mechanical 50G Half sign
9 Shock test endurance test applying the shock wave 11 msedc —
during transportation. 3 times of each direction
Atmospheric Endurance. test applying l_he 115mbar
10 ressure test atmospheric pressure during —_—
p transportation by air. 40hrs
Others
d | he el V5=800V,R5=1.5k(?
. . Endurance test applying the clectric _
11 |Static electricity test stress to the terminal. CS=100pF —
1 time

***Supply voltage for logic system=5V. Supply veltage for LCD system = Operating voltage at 25°C
-
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11. Appendix ( Drawing , EL , CCFL inverter data , T6963C controller data)

11-1 Drawing

LED array backlight and EL backlight)
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CCFL backlight
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11-2 T6963C controller data

11-2.1 Display control instruction

The LCD Module has built in a T6963C  LSI controller, It has an 8-bit parallel
data bus and control lines for writing or reading through an MPU interface, it has a
128-word character generator ROM ( refer to Table 1. ), which can control an external
display RAM of up to 8K bytes. Allocation of text, graphics and external character
generator RAM can be made easily and the display window can be moved freely within

the allocated memory range.
*RAM Interface

The external RAM is used to store display data( text, graphic and extemnal CG

data ). It can be freely allocated to the memory area( 8 Kbyte max ).

Recommend

0000H
TEXT AREA
0C00H
GRAPHIC
AREA
8O0H
O corRAM
AREA
2000H *
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ks i

+ Flowchart of communications with MPU

(1)Status Read
A status check must be performed before data is read or written.
Status check

The Status of T6963C can be read from the data lines.

RD L
WR H
CE L
C/D H
Do to D7 H

The T6963C status word format is as follows:

MSB | | B LSB
STA7 STA6 STA5S STA4 | STA3 STA2 STAI STAO
D7 Dé D5 D4 D3 D2 D1 DO
] . 0:Disable
STAO Check command execution capability
I:Enable
. . 0:Disable
STAI1 Check data read/write Capability
1:Enable
. 0:Disable
STA2 Check Auto mode data read capability
1:Enable
. . 0:Disable
STA3 Check Auto mode data write capability
1:Enable
STA4 Not used
. - 0:Disable
STAS Check controller operation capability
1:Enable
STAG Error flag. Used for Screen Peek and Screen copy 0:No error
commands. l:Error
. . 0:Disable off
STA7? Check the blink condition ]
1:Nomnal display




(Note 1) It is necessary to check STAO and STA1 at the same time.

There is a possibility of erroneous operation due to a hardware interrupt.
(Note 2) For most modes STAO/STAI are used as a status check.
(Note 3) STA2 and STA3 are valid in Auto mode; STAQ and STA1 are invalid.

Status Checking flow

(a (b)

GUTO MODE STAT@

P

) .
STATUS

(*1)
NO  STA2=1 (Read)
or

YES STA3=1 (Write)

YES
RETURN RETURN

{Note 4) When using the MSB=0 command, a Status Read must be performed.
If a status check is not carried out, the T6963C cannot operate normally,
even after a delay time.
The hardware interrupt occurs during the address calculation period (at the
end of each line),
If a MSB=0 command is sent to the T6963C during this period, the
T6963C enters Wait status.
If a status check is not carried out in this state before the next command is
sent, there is the possibility that the command or data date will not be

received.
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{2)Setting date

When using the T6963C, first set the data, then set the command.

Procedure for sending a command

(a)The case of 1 date (b)The case of 2 data
( send commanD Qend commang
Status check STAQ, 1 Status check STAD, 1
Data write 7 Data write
Status check Status check
Command write Date write
( END | ) - Status check
* Command write

)

(Note) When sending more than two data, the last datum (or last two data)is

valid.
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11-3.2 Command definitions

FUNCTION

COMMAND CODE Di D2
. 00100001 X address Y address Set Cursor Pointer
REGISTERS SETTING 00100010 Date 0CH Set Offset Register
00100100 Low address | High address Set Address Pointer
01000000 Low address | High address Set Text Home Address
SET CONTROL WORD 01000001 Columns | 00H Set-Text Area
01000010 Low address | High address Set Graphic Home Address
01000011 Columns 00H Set Graphic Area
1000000 — - OR mode
1000x001 — EXOR mode
MODE SET 1000x011 - — ANQ mode
1000x100 — - Text Attribute mode
10000xxx - - Internal CG ROM mode
10001 xxx - — External CG RAM mode
10010000 - — Display off
1001xx10 - - Cursor on, blink off
10001xx1} — — Cursor on, blink on
DISPLAY MODE .
100101 xx - ~ Text on, graphic off
1001 10xx - — Text off, graphic on
10011 1xx — — Text on, graphic on
10100000 1-line cursor
10100001 B B 2-fine cursor
10100010 - - 3-line cursor
CURSOR PATTERN 10100011 B B 4-line cursor
SELECT 10100100 B B 5-line cursor
10100101 - - 6-line cursor
10100110 B a 7-line cursor
10100111 B - 8-line cursor
10110000 - - Set Data Auto Write
DATA AUTO
10110001 - - Set Data Auto Read
READ/WRITE
10110010 — — Auto Reset
Data Write and Increment ADP
11000000 Data — Data Read and Increment ADP
11000001 - - Data Write and Decrement ADP
11000010 Data — Data Read and Decrement ADP
DATA READ/WRITE . .
11000011 — — Data Write and Nonvariable
11000100 Data — ADP
11000101 - — Data Read and Nonvariable
ADP
SCREEN PEEK 11100000 - — Screen Peck

X :invalid




COMMAND CODE DI D2 FUNCTION

SCREEN COPY 11101000 Screen Copy
111 10xxx - - Bit Reset
LT Tsoex - — Bit Set
1111x000 — — Bit 0 (LSB)
(1111x001 - - Bit 1
LI1TIx010 — — Bit 2
BIT SET/RESET 11111x011 — — Bit 3
11111100 — — Bit 4
11111x101 - - Bit 5
11111110 - — Bit 6
1111x111 — - Bit 7 (MSB)
X :invalid
- Setting registers
"CODE HEX. |. FUNCTION Dl D2
00100001 21H SET CURSOR POINTER X ADRS Y -ADRS
. 00100010 22H SET OFFSET REGISTER DATA 00H
00100100 24H SET ADDRESS POINTER LOW ADRS | HIGH ADRS

{INSet Cursor Pointer
The position of the cursor is specified by X ADRS and Y ADRS. The cursor
position can only‘be moved by this command. Data read/write ffom the MPU néver
changes the cursor pointer. X ADRS and Y ADRS are spéciﬁed as follows.
X ADRS 00H to 4FH (lower 7 bits are valid)
Y ADRS 00H to IFH (lower 5 bits are valid)
Single-Scan

X ADRS 00 to 4FH

Y ADRS 00H to OFH




(2)Set Offset Register

The offset register is used to determine the external character generator RAM area.
The T6963C has a 16-bit address bus as follows.
MSB LSB

adl5iadl4|adl3|ad12] adl1}ad10] ad9 | ad8f ad7 | ad6 | ad5 ]| ad4 | ad3 | ad2{ adl | ad0

| JoL]

Offsct Register Data Character Code Line Scan

T6963C assign External character generator, when character code set 80H TO FFH
in using internal character generator. Character code 00H to 80H assign External
character generator, when External generator mode.

The senior five bits define the start address in external memory of the CG RAM
area. The next eight bits represent the character code of the character. In internal CG
ROM, character codes 00H to 7FH represent the predefined “internal” CG ROM
characters, and codés 80H to FFH represent the user’s own “external” characters. In
external CG ROM mode, all 256 codes from 00H to FFH can be used to represent
the user’s own characters. The three least sigriificant bits indicate one of the eight

rows of eight dots that define the character’s shape.




AR

The relationship between display RAM address and offset register

Offset register data CG RAM hex. address (start to end)
00000 0000 to 07 FFH
00001 0800 to OFFFH
00010 1000 to 17FFH
11100 E000 to E7TFFH
11101 E800 to EFFFH
11110 F000 to F7FFH
11111 F800 to FFFFH

(Example 1)

Offset register 02H
Character code ' 30H
Character generator RAM start address 0001 -0100 0000 0000
1 4 0 0 H
(address) (data)
1400H ' 00H
= 1401H IFH
1402H 04H
: 140311 04l
I 1404H 04H
o 1405H 04H
14061 04H
1407H 00H

L]

(Example 2) The relationship between display RAM data and display characters

v and ( are displayed by character generator RAM.
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(3)Set Address Pointer

The Set Address Pointer command is used to indicate the start address for writing to

(or reading from)external RAM.

The Flowchartr for Set Address Pointer command

@t Address Poin@

* Status check STAO, 1

Set Address data
(lower 8 bits)

Status check

Set Address data
(lower 8 bits)

Status check

Send command 24H Send Set Address Pointer command

)
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« Set Control Word

CODE HEX. FUNCTION D1 D2
01000000 40H Set Text Home Address Low address { High address-
01000001 41H Set Text Area - Columns 00H
01000010 42H Set Graphic Home Address Low address | High address
010600011 43H Set Graphic Area Columns O0H

The home address and column size are defined by this command.

(1)Set Text Home Address

The starting address in the external display RAM for text display is defined by this

command.

The text home address indicates the leftmost and uppermost position.

" The relationship between external display RAM address and display position

TH TH+CL
TH+TA TH+TA+CL
(TH+TA)TA TH+2TA+CL
(TH+2TA)+TA TH+3TA+CL

TH+(n-1)TA TH+(n-1)TA+CL

TH:Text home address
TA:Text area number (columns)

CL:Columns are fixed by hardware (pin-programmable).




(Example)

Text home address o : 0000H
Text area : 0020H
: 32 Columns
: 4 Lines
0000H 0001H 001EH 001FH
0020H Q021H 003EH 002FH
Q040H 0041H 005EH 005FH
0060H 0061 H 007EH 007FH

(2)Set Graphic Home Address
The starting address ofthe external display RAM used for graphic display 1s defined
by thr‘is command. The graphic home address indicates the leftmost and uppermost
position.

The relationship between external display RAM address and display position

“GH | GH+GL
GH+GA o GH+GA+CL
(GH+GA}+GA ' GH+2GA+CL
(GH+2GA)+GA GH+3GA+CL

GH+(n-1)GA GH+(n-1)GA+CL

GH:Graphic home address
GA:Graphic area number (columns})

CL:Columns are fixed by hardware (pin-programmable).



(Example)

Graphic home address : 0000H
Graphic area 1 0020H
1 32 Columns

: 2 Lines
0000H 0001H 001EH 001FH
0020H 0021H 003EH 003FH
0040H 0041H 005EH 005FH
0060H 0061H . 007EH 007FH
0080H 0081H 009EH 009FH
00AOH ‘00A1H OOBEH 00BFH
00COH 00CIH 00DEH 00DFH
00EOH 00E1H 00FEH 00FFH
0100H 0101H 011EH 011FH
0120H 0121H 013EH 013FH
0140H 0141H l. ‘_015EH 014FH
0160H 0161H 017EH 017FH
0180H 0181H 109EH 019FH
01AOH 0lAlH 01BEH 01BFH
01COH 01CIH 01DEH 0IDFH
O0lEOH O01E1H O1FEH 01FFH
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{3)Set Text Area

The display columns are defined by the hardware Setting. This command can be

used to adjust the columns of the display.

(Example)

LCD size 20 columns, 4iines

Text home address 0000H

Text area 0014H

Set 32 columns, 4 Lines
0000 0001 | e 0013 0014 ¢ e 001F .
0014 0015 | e 0027 0028 [ e 0033 |
0028 0029 | e 003B | 003C | e 0047 -
003C 003D | e 004F 0050 | e 005B
i[ »LCD < |

{4)Set Graphic Area

The display columns are defined by the hardware setting. This command can be

used to adjust the columns of the graphic display.



(Example)

LCD size 20 columns, 2lines

Graphic home address : 0000H

Graphic are : 0014H

Set 32 columns, 2 Lines
0000 0001 o e 0013 0014 | e 001F
0014 001s | e 0027 0028 | e 0033
0028 0029 | e 003B 003C | e 0047
003C 003D | e 004F 0050 | e 005B
0050 0051 | e 0063 0064 | e Q06F
0064 | 0065 | e 0077 1 0078 et 0083
0078 007§ """"" 008B 008C | e 0097
008C 008D | e 009F 00A0 | e 00AB
00A0 00AT | e 00B3 00B4 | e | 00BF
00B4 00B5s | et 00C7 00Ccg [ e 00D3
00C8 00Co | e 00DB | 00DC | e 00E7
00DC 00DD | et 00EF 00F0 | e OOFD
00F0 00F1 | e 0103 0104 | e O011F
0104 0105 | e 0127 0128 | e 0123
0128 0129 ;e 013B | 0013C | oo 00147
013C 013D | e 014F 0150 | e 015B
> 1CD+

If the graphic area setting is set to match the desired number of columns on the LCD,
the addressing scheme will be automatically modified so that the start address of

each line equals the end address of the previous line +1.
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Attribute function

The attribute operations are Reverse display, Character blink and Inhibit. The attribute
data is written into the graphic area which was defined by the Set Control Word
.command. Only text display is possible in Attribute Function mode; graphic display is
automatically disabled. However, the Display Mode command must be used to turn

both Text and Graphic on in order for the Attribute function to be available.

The attribute data for each character in the text area i1s wriften to the same address in the

graphic area. The Attribute function is defined as follows.

Attribute RAM.lbyte

X X X X d3 dz2 dl do

d3 d2 dl do FUNCTION

0 0 0 0 Normal display

0 1 0 | Reverse display

0 0 1 1 Inhibit display

1 0 0 0 Blink of normal display

i 1 0 1 Blink of reverse display S

{ 0o | 1 1 | Blink of inhibit display X:invalid

+ Display mode
CODE FUNCTION OPERAND

10010000 Display off . —

1001xx10 Cursor on, blink off -

1001xx11 Cursor on, blink on —

100101 xx Text on, graphic off -

100110xx Text off, graphic on —

100111xx Text on, graphic on — X:invalid
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» Data Auto Read/Write

CODE | HEX. FUNCTION OPERAND
10110000 BOH Set Data Auto Write | -
1011001 B1H Set Data Auto Read -
10110010 B2H Auto Reset -

The command is convenient for sending a full screen of data from the external
display RAM. After setting Auto mode, a Data Write (or Read) command is need
not be sent between each datum. A Data Auto Write (or Read) command must be
sent after a Set Address Pointer command. After this command, the address pointer
is automatically incremented by 1 after each datum. In Auto mode, the T6963C
cannot accept any other commands.

The Auto Reset command must be sent to the T69963C after all data has been sent,
to clear Auto mode.

(Note)A Status check for Auto mode

(STA2; STA3 should be checked between sending of each datum. Auto Reset
should be performed after checking STA3=1 (STA2=1.) Refer to the following

flowchart.



a)Auto Read mode

( Aunto read start ,

Set Address Pointer

Status check 1 STAO, 1
Auto read B1H
Status check 2 STA2
Data read
Status check 2 .
Repetition

Data read

status check 2

Auto reset B2H

)

| b)Auto Write mode

Guto write staD

Set Address Pointer

Status check 1 STAO, 1
Auto read BOI!
Status check 2 | |[STA3
Data write
Status check 2
Repetition

Data write

status check 2

Auto reset B2H

C END )
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Get Address Pbintea

Status check 1 STAD,1

Status check 1

Status check 2

>

Set Address data
(lower 8 bits)

YES YES
Status check 1 RETURN RETURN
Set Address data
(upper 8 bits)

Status check 1

]

Set Address Pointer Send Set Address Pointer command

o)
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» Date Read/Write

CODE HEX. FUNCTION OPERAND
11000000 COH Data Write and Increment ADP Data
11000001 CIH Data Read and Increment ADP -
11000010 C2H Data Write and Decrement ADP Data
11000011 C3H Data Read and Decrement ADP -
11000100 C4H Data Write and Nonvariable ADP Data
11000101 C5H Data Read and Nonvariable ADP -

This command is used for writing data from the MPU to external display RAM,
and reading data from external display RAM to the MPU. Data Write/Data Read
should be executed after setting address using Set Address Pointer command. The
address pointer can be automatically incremented or decremented using this
command. ‘
(Note)This command is necessary for each 1-byte datum.

Refer to the following flowchart.

(Data write start) .

(Example)
Address pointer=1000H

Set Address Pointer

Status check 1 STAO, 1

(Examplc)

Set write data Data=AAH

Status check 1

AAH is written in 1000H address,

Data write COH | 4 44505 pointer is 1001H.

o)
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« Screen Peek

CODE HEX. FUNCTION - OPERAND

11100000 EGH Screen Peek ' —e

This command is used to transfer 1 byte of displayed data to the data stack; this
byte can then be read from the MPU by data access. The logical combination of
text and graphic display data on the LCD screen can be read by this command.

The status (STA6) should be checked just after the Screen Peek command. If the
address determined by the Set Address Pointer command is not in the graphic area,
this commands is ignored and a status flag (STA6) is set.

Refer to the following flowchart,

Gcreen peek starD

Set Address Pointer

‘Status check 1 STAO, 1

Scrcen peck EOH

NO

(*) Status check STA6=07

YES

Status check 1

Data access

oo D




* Screen Copy

CODE HEX. FUNCTION OPERAND

11101000 E8H Screen Copy _

This command copies a single raster line of data to the graphic area.
The start point must be set using the Set Address Pointer command.
(Note 1) If the attribute function is being used, this command is not available.
(With Attribute data is graphic area data.)
Refer to the following flowchart.

@creen copy Start)

Set Addresé Pointer

Status check 1 STAQ,1

Screen copy E8H

YES

NO (*1)Status check STA6=1
(*2)Status check STAO/1=1

NO

YES

Cow D)

- Bit Set/Reset



CODE FUNCTION OPERAND
T Oxxx Bit Reset -
T xxx Bit Set -
1111x000 Bit 0 (LSB) -
1111x001 Bit | -
1111x010 Bit 2 -
1111x011 Bit 3 -
1111x100 Bit 4 -
1111x101 Bit 5 -
1111x110 Bit 6 -
111Ix111 Bit 7 (MSB) —

This command use to set or reset a bit of the byte specified by the address pointer.
Only one bit can be set/reset at a time.

Refer to the following flowchart.

X:invalid
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' Bit Set/Reset )

Set Address Pointer

Status check 1

Set write data

Status check 1

Bit Set (reset)

()

STAOQ,!
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11-3.3 Character code
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Bolymin, Inc.

11-3.4. Timing charactenstics

Bus Timing (Vss=0V Vdd=5V)
Item Symbol Min Typ Max Unit
C/D Set-up Time tCDS 100 — - ns
C/D Hold Time tCDH 10 -~ - ns
CE,RD,WR Pulse Width [ICDS,tRD,tWR| 80 - - ns
Data Set-up Time tDs 80 - - ns
Data Hold Time tDH 40 - - ns
Access Time tACC - - 150 ns
Output Hold Time tOH 10 - - 50 ns
C/D
tcom
CE
| tee.teotwe
RB,WR N\L 1
IDs
DO to D7
(WRITE)
R tbu
DO to D7
{READ)
_.l‘A cC R ton




JPLUS INTEGRATED CIRCUITS INC.

APR9600

Single-Chip Voice Recording & Playback Device
60-Second Duration

Features )
* Single-chip, high-quality voice recording & playback
solution

- No external ICs required,
- Minimum external components
* Non-volatite Flash memory lechnology

- No battery backup required

-+ User-Selectable messaging options
- Random access of multiple fixed-duration messages

- Sequential access of muitiple variable-duration
messages

General Description

The APR9600device offers true single-chip voice recording,
non-volatile storage, and playback capability for 40 to 60 sec-
onds. The device supports both random and sequential
access of multiple messages. Sample rates g[e user-select-
able, allowing designers to customize their design for unique
quality and storage time needs. Integrated output amplifier,
microphone amplifier, and AGC circuits greatly mplity sys-
tem design. the device is ideal for use in ponable voice
recorders, toys, and many other consumer and industrial
applications.

APLUS integrated achieves these high levels of storage capa-
bility by using its proprietary analog/multilevel storage tech-
nology implemented in an advanced Flash non-volatile
memory process, where each memory cell can store 256 volt-
age levels. This technology enables the APR9600 device to
reproduce voice signals in their natural form. It eliminates the
need for encoding and compression, which often introduce
distortion.

. User¥friendly, easy-to-use operation 7
- Progreimming & development systems not required

- Level-activated recording & edge-activated play
back switches

* Low power consumplion
- Operating current: 25 mA typical
- Standby current: 1 uA typical
- Automatic power-down

* Chip Enable pin for simple message expansion

Pinout Diagram

Figure 1 APR9600 Pinout Diagram

/M1_Message 1 28 FveeD
M2_Next 2 27 =31 /RE
M3 13 O 26 | ExtCIK
Ma 14 25 1 MSEL?
/MS T35 24 T MSEL1
M6 []6 23 B3 scE
OscR [ 7 22 [ /Strobe
IM7_END L] 8 p1 {3 Ana_Oul
/M8_Option T 9 20 3 Ana_ln
/Busy [ 19 19 |1 AGC
BE [ 44 18 |3 MicRel
VSSD 12 17 3 Micln
VSSA 13 16 L VCCA
SP+ 14 15 [ SP

Update:2002/11/05
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Functional Description

The APR9600block diagram is included in order to give
understanding of the APR9803 internal architecture. At the
left hand side of the diagram are the analog inputs. A differ-
ential microphone amplifier, including integrated AGC, is
included on-chip for applications requiring its use. The ampli-
fied microphone signal is fed into the device by connecting
the Ana_Qut pin to the Ana_in pin through an extemal DC
blocking capacitor. Recording can be fed directly into the
Ana_in pin through a DC blocking capacitor, however, the
connection between Ana_ln and Ana_Out is still required for
playback. The next block encountered by the input signal is
the intemal anti-aliasing filter. The filter automatically adjusts
ils response according to the sampling frequency selected so
Shannon’s Sampling Theorem is satisfied. After anti-aliasing
filtlering is accomplished the signal is ready 1o be clocked into
the memory array. This storage is accomplished through a

Figure 2 APR9600 Block Diagram

combination of the Sample and Hold circuit and the Analog
Write/Read circuit. These circuits are clocked by either the
Intemal Oscillator or an extemal clock source, When play-
back is desired the previously stored recording is retrieved
from memory, low pass filtered, and amplified as shown on
the right hand side of the diagram. The signal can be heard
by connecting a speaker to the SP+ and SP- pins. Chip-wide
management is accomplished through the -device control
block shown in the upper right hand corner. Message man-
agement is controlled through the message control block rep-
resented in the lower center of the block diagram. More detail
on actual device application can be found ‘in the Sample
Applications section. More detail on sampling control can be
found in the Sample Rate and Voice Quaiity section. More .
detail on message management and device control can be
found in the Message Management section.

ICE /RE
—
OscR o Internat o /Strobe
Oscillator Mux © /Busy
ExiClk o— Device Contro} o BE
MSELI
© MSEL2
Anti-Aliasin Sample & Hold
Ana-l g P
na-in o Filter. - Circuit
Ana_Out ‘ !
| . Analog Write & | LowPass
Automatic Gain Read Circuits Filter
Mi Control (AGC)
oo Pre> . 256k Cell . sp.
_ Amp " Flash EPROM
MicRef o “Analog Storage Lo SP+
: Array
GC
A ° Message Decoders
I
Power Supp]ies MCSSHgC Control
| I I T I I I T I I T T
L S d LY SR U S & 3
VCC VCCA VSSD VSSA MI_Message M2_Next /M3 /M4 /M5 M6 ™7 _END /M8 Option
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Message Management

Message Management General Description

Playback and record operations are managed by on chip cir-
cuitry. There are several available messaging modes
depending upon desired operation. These message modes
determine message management style, message length, and
extemnal parts count. Therefore, the designer must select the
appropriate operating mode before beginning the design.
Operating modes do not affect voice quality; for information
on factors affecting quality refer to the Sampling Rate & Voice
Quality section.

The device supports three message management modes
{defined by the MSEL1, MSEL2 and /M8_Option pins shown
in Figures 1 and 2}:

. Randbm access mode with 2, 4, or 8 fixed-duration mes-
sages )

« Tape mode, with multiple variable-duration messages, pro-
vides two options:

- Aute rewind

- Normal
Modes cannot be mixed. Switching of modes after the device
has recorded an inftial message is not recommended. i
modes are switched after an initial recording has been made
some unpredictable message fragments from the previous
mode may remain present, and be audible on playback, in
the new mode. These fragments will disappear after a record
operation in the newly selected meode. Table 1 defines the
decoding necessary to choose the desired mode.

An imponant feature of the APR9600 message management
capabilities is the ability to audibly prompt the user to
changes in the device’s status through the use of “beeps”
superimposed on the device’s output. This feature is enabled
by asserting a logic high level on the BE pin.

Table 1
Mode " MSEL1 MSEL2 /MB_Option .
Random Access 2 fixed duration messages 0 1 Pull this pin to VCC through 100K resistor
Random Access 4 fixed duration messages 1 o Pull this pin to VCC through 100K resistor
Random Access 8 fixed duration messages 1 1 Becomes the /M8 message trigger input pin
—_—

Tape mode, Normal operation 0 0 0
Tape mode, Auto rewind operation i} I 1

-

Random Access Mode

Random access mode supports 2, 4, of 8 messages seg-
ments of fixed duration. As suggested recording or playback
can be made randomly in any of the selected messages. The
length of each message segment is the total recording length
available (as defined by the selected sampling rate} divided
by the total number of segmenis enabled (as decoded in
Table1). Random access mode provides easy indexing to
message segments.

Functional Description of Recording in Random Access
Mode

On power up, the device is ready o record or play back, in
any of the enabled message segments. To record, /CE must
be set low 1o enable the device and /RE must be set low to
enable recording. You initiate recording by applying a low
level on the message trigger pin that represents the message
segmem you intend 10 use. The message trigger pins are
labeled /M1_Message - /M8_Option on pins 1-9 (excluding
pin 7) for message segments 1-8 respectively.

Note: Message trigger pins /M1_Message, /M2_Nex,
/M7 _END, and /M8 _Option, have expanded names to
represent the different functionality that these pins

assume in the other modes, In random access mode
these pins should be considered purely message trig-
ger pins with the same functionakity as /M3, /M4, /M5,
and /M6. For a more thorough explanation of the func-
tionality of device pins in different modes please refer
to the pin description table that appears later in this
document.

When actual recording begins the device responds with a sin-
gle beep (if the BE pin is high to enable the beep tone) at the
speaker outputs to indicate that it has started recording.
Recording continues as long as the message pin stays low.
The rising edge of the same message trigger pin during
record stops the recording operation (indicated with a single
beep).

It the message trigger pin is held low beyond the end of the
maximum allocated duration, recording stops automatically
(indicated with two beeps), regardless of the state of the mes-
sage trigger pin. The chip then enters low-power mode until
the message trigger pin retums high. After the message trig-
ger pin retumns to high, the chip enters standby mode. Any
subsequent high to low transition on the same message trig-
ger pin wilt initiate recording from the beginning of the same

Single-Chip Voice Recording & Playback Device far Multiple 40- to 60-Second Messages

Page 3



APLUS

APR9600

message segment. The entire previous message is then
overwrilten by the new message, regardless of the duration
of the new message. Transitions on any other message trig-
ger pin or the /RE pin during the record operation are ignored
until after the device enters standby mode.

Functional Description of Playback in Random Access
Mode :

On power up, the device is ready 1o record or playback, in
any of the enabled message segments. To playback, /CE
must be set low 10 enable the device and /RE must be set
high to disable recording & enable playback. You initiate play-
back by applying a high to low edge on the message trigger
pin that representing the message segment you intend to
playback. Playback will continue until the end of the message
is reached. If a high 1o low edge occurs on the same mes-
sage trigger pin during playback, playback of the current
message stops immediately.

If a different message trigger pin pulses during playback,
playback of the current message stops immediately (indi-

cated by one beep) and playback of the new message seg-

ment begins. A delay equal 1o 8,400 cycles of the sample

clock wilt be encountered before the device staris playing the

new message.

If a message trigger pin is held low, the selected message is
played back repeatedly as long as the trigger pin stays low. A
period of silence, of a duration egual to 8,400 cycles of the
sampling clock, will be inserted during looping as an indicator
to the user of the transition between the end and the begin-
ning of the message. -

Tape Mode

Tape mode manages messages sequentially much like tradi-
tional cassette tape recorders. Within tape mode two options
exist, auto rewind and normal. Auto rewind mode configures
the device 1o automatically rewind to the beginning of the
message immediately following recording or playback of the
message. In tape mode, using either option, messages must
be recorded or played back sequentially, much like a tradi-
tional cassette tape recorder.

Function Description Recording in Tape Mode using the
Normal Option

On power up, the device is ready to record or play back, stari-
ing at the first address in the memory array. To record, /CE
must be set low to enable the device and /RE must be set low
o enable recording. A falling edge of the /M1_Message pin
initiates voice recording (indicated by one beep). A subse-
quent rising edge of the /M1_Message pin during recording
stops the recording (also indicated by one beep). If the
/M1_Message pin is held low beyond the end of the avaitable
memory, recording will stop automatically (indicated by two
beeps). The device will then assert a logic low on the
/M7_END pin for a duration equal to 1600 cycles of the sam-

ple clock, regardless of the state of the /M1_Message pih.

The device retumns to standby mode when the /M1_Message
pin goes high again.

After recording is finished the device will automatically rewind
to the beginning of the most recently recorded message and
wait for the next user input. The auto rewind function is con-
venient because it allows the user to immediately playback
and review the message without the need to rewind. How-
ever, caution must be practiced because a subsequent
record operation will overwrite the last recorded message
unless the user remembers to pulse the /M2_Next pin in

'order to increment the device past the current message.

A subsequent falling edge on the /M1_Message pin stants a
new record operation, overwriting the previously existing
message. You can preserve the previously recorded mes-

" sage by using the /M2_Next input to initiate recording in the

next available message segment. To perform this function,
the /M2_Next pin must be pulled low for at least 400 cycles of
the sample clock.

The aute rewind mode allows the user to récord over the pre-

vious message simply by iniliating a record sequence without

first toggling the /M2_Next pin. To record over any other mes-
sage however requires a different sequence. You must pulse
the /CE pin low once to rewind the device to the beginning of
the voice memory.The /M2_Next pin must then be pulsed low
for the specified number of times to move to the start of the
message you wish to overwrite. Upon arriving at the desired
message a record sequence can be initiated to overwrite the
previously recorded material. After you overwrite the mes-
sage it becomes the last available message and all previ-
ously recorded messages following this message become
inaccessible. If during a record operation all the available
memory is used the dévice will stop recording automatically,
(doubte beep) and set the /M7_END pin low for a duration
equal to 1600 cycles of the sample ciock. Playback can be
initiated on this last message, but pulsing the /M2_Next pin
will put the device into an “overflow state”.

Once the device enters an overflow state any subsequent
pulsing of /M1_Message or /M2_Next will only result in a dou-
ble beep and setting of the /M7_END pin low for a duration
equal to 400 cycles of the sample clock. To proceed from this
state the user must rewind the device to the beginning of the
memory array. This can be accomplished by toggling the /CE
pin low or cycling power. All inputs, except the /CE pin, are
ignored during recording.

Page 4
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Function Description of Playback in Tape Mode using
the Normal Option

On power-up, the device is ready to record or play back,
starting at the first address in the memory array. Before you
can begin playback, the /CE input must be set to low to
enable the device and /RE must be set to high 1o disable
recording and enable playback. The first high to low going
pulse of the /M1_Message pin initiates playback from the
beginning of the current message; on power up the first mes-
sage is the current message. When the /M1_Message pin
pulses low the second time, playback of the cumrent message
stops immediately. When the /M1_Message pin puises low a
third time, playback of the current message starts again from
its beginning. If you hold the M1_Message pin low continu-
ously the same message will piay continuously in a looping
fashion. A 1,530 ms period of silence is inserted during loop-
ing as an indicator to the user of the transition between the
beginning and end of the message.

Note that in auto rewind mode the device always rewinds 1o
the beginning of the current message. To listen to a subse-
quent message the device must be fast forwarded past the
current message to the next message. This function is
accomplished by toggling the /M2_Next pin from high to low.
The pulse must be low for least 400 cycles of the sampling
clock. After the device is incremented to the desired message
the user can initiate playback of the message with the play-
back sequence described above. A special case exists when
the /M2_Next pin goes low during playback. Playback of the
current message will stop, the device will beep, advance to
the next message and initiate playback of the nexi message.
(Note that if /M2_Next goes low when not in playback mode,
the device will prepare 1o play the next message, but will not
actually initiate playback).

If the /CE pin goes. low during playback, playback of the cur-
rent message will stop, the device will beep, reset 10 the
beginning of the first message, and wait for a subsequent
playback command.

When you reach the end of the memeory array, any subse-
quent pulsing of /M1_Message or M2_Next will only resull in
a double beep. To proceed from this state the user must
rewind the device to the beginning of the memory array. This
can be accomplished by toggling the /CE pin low or cycling
power.

Functional Description of Recording in Tape Mode using
Auto Rewind Option

On power-up, the device is ready to record or play back,
starting at the first address in the memory array. Before you
can begin recording, the /CE input must be set to low to
enable the device and /RE must be set 1o low to enable
recording. On a falling edge of the /M1_Message pin the
device will beep once and iniliate recording. A subsequent
rising edge on the /M1_Message pin will stop recording and
insert a single beep. If the M1_Message pin is held low

beyond the end of the available memory, recording stops
automatically, and two beeps are inserted; regardless of the
state of the /M1_Message pin. The device retums 1o the
standby mode when the /M1_Message pin is returned high.

A subsequent falling edge on the /M1_Message pin siarts a
new record operation in the memory atvay immediately fol-
lowing the last recorded message, thus preserving the last
recorded message.

To record over all previous messages you must pulse the /CE
pin low once 1o reset the device to the beginning of the first
message. You can then initiate a record sequence, as
described above, 1o record a new message. The most
recently recorded message wilf become the last recorded
message and all previously recorded messages following this
message will become inaccessible.

If you wish to preserve any current messages it is recom-
mend that Auto Rewind option be used instead of Norrnal
option. if Normal option is necessary the following sequence
can be used. To preserve current messages you must fast
forward past the messages you want to keep before you can
record a new message. To fast forward when using the Nor-
mal option you must switch 1o play mode and listen to mes-
sages sequentially until you arrive at the beginning of the
message you wish to overwrite. At this stage you should
switch back to record mode and overwrite the desired mes-
sage. The most recently recorded message will become the
fast recorded message and all previously recorded messages
following this message will become inaccessible. All inputs,
except /CE are ignored during recording.

Functional Description of Playback in Tape Mode using
Auto Rewind Option ‘
On power-up, or after a low to high transition on /RE the

device is ready to record or play back starting at the first
address in the memory asmray. Before you can begin playback
of messages, the /CE input must be set to low to enable the
device and /RE must be set to high to enable playback. The
first high to low going pulse of the /M1_Message pin initiates
playback from the beginning of the current message. When
the /M1_Message pin puises from high to low a second time,
playback of the current message stops immediately. When
the /M1_Message pin pulses from high to low a third time,
playback of the next message starts again from the begin-
ning. It you hold the /M1_Message pin low continuously, the
current message and subsequent messages play until the
one of the following conditions is met: the end of the memory
array is reached, the last message is reached, the
/M1_message pin is released. if the last recorded message
has already played, any further transitions on the
/M1_Message pin will initiate a double beep for waming and
the /M7_END pin wilt go low. To exit this state you must pulse
the /CE pin low once during standby to reset the pointer ‘o
the beginning of the first message.

Single-Chip Voice Recording & Playback Device for Mulliple 40- 1o 60-Second Messages

Page 5



APLUS

APR9600

Microprocessor Controlled Message Management
The APR9600 device incorporates several features designed
to help simplify microprocessor controlled message manage-
ment. When controlling messages the microprocessor essen-
tially toggles pins as described in the message management
sections describe previously. The /Busy, /Strobe, and
M7_END pins are included to simplify handshaking between
the microprocessor and the APR9600

The /Busy pin when low indicates to the host processor that
the device is busy and that no commands can be currently
accepted. When this pin is high the device is ready to accept
and execute commands from the host,

The /Strobe pin pulses low each time a memory segments is
used. Counting pulses on this pin enables the host processor
to accurately determine how much recording time has been
used, and how much recording time remains. The APR9S600
has a total of elghty memory segments.

The /M7_END pin is used as an indicalor thal the device has
stopped #ts current record or playback operation. During
recording a low going pulse indicates that all memory has

been used. During playback a low pulse indicates that the

last message has played.

Microprocessor control can alse be used to link several
APR9600 devices together in order to increase lotal available
recording time. In this application both the speaker and
microphone signals can be connected in parallel. The micro-
processor will then control which device currently drives the
speaker by enabling or disabiing each device using their
respective /CE -pins. A confinuous message can not be
recorded in multiple devices however because the transition
from one device to the next will incur a delay that is notice-
able upon playback. For this reason it is recommended that
message boundaries and device boundaries always coincide.

Signal Storage

The APRI600 samples incoming voice signals and stores the
instantaneous voltage samples in non-volatite FLASH mem-
ory cells. Each memory cell can support voltage ranges from
0 to 256 levels. These 256 discrete voltage levels are the

equivalent of 8-bit (28=256) binary encoded values. During
piayback the stored signals are retrieved from memory,
smeothed 1o form a continuous signal, and then amplified
before being fed to an external speaker.

Sampling Rate & Voice Quality

According to the Shannon’s sampling thecrem, the highest
possible frequency component introduced to the input of a
sampling system must be equal to or less than half the sam-
pling frequency if aliasing errors are 1o be eliminated. The
APR9600 automatically filters its input, based on the selected
sampling frequency, to meet this requirement.

Higher sampling fates increase the bandwidth and hence the
voice quality, but they also use more memory cells for the
same length of recording time. Lower sampling rates use
fewer memory cells and effectively increase the duration
capabilities of the device, but they also reduce incoming sig-
nal bandwidth. The APR9600acammmodates sampling rates
as high as 8 kHz and as low a 4 kHz. You can control the
quality/duration trade oft by controlling the sampling fre-
quency.

An intemal oscillator provides the APR9600 sampling clock.
Osciltator frequency can be changed by changing the resis-
tance from the OscR pin to GND. Table 2 summatizes resis-
tance values and the corresponding sampling frequencies, as
well as the resulting input bandwidth and duration.

Table2  Reference Rosc Yalue & Sampling Frequency
Sampling Input
Ret Rosc " Frequency Bandwidth | Duration
84 K 4.2 kHz 2.1 kHz 60 sec
38K 6.4 kHz 3.2kHz 40 sec
24K 8.0kHz 4.0kHz 32 sec

NOTICE: Rosc table above is for reference only, different
lots ICs will have somewhat different Rosc value
performance.,

Page 6
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Sampling Application
The following reference schematics are included as exam-
ples on how a recording system might be designed. Each ref-
erence schematic shows the device incorporated in one of its’
-three main modes, Random Access, Tape mode - Nomal
option, and Tape mode - Auto Rewind option. Note that in
several of the applications either one or all of the /Busy,
{Strobe, or IM7_END pins ate connected to LEDs as indica-
" tors of device status. This is possible because all of these
pins and signals were designed to have timing compatible
-with both microprocessor interface and manual LED indica-
-tion. Figure 3 shows the device configured in tape mode, nor-
mal operation, This mode is the minimal part count

Figure 3 Tape Mode, Normal'Option

-
application of the APR9600 Sampling rate is determined by
the resistor value on pin 7 (OscR}. The RC network on pin 19
sels the AGC “attack time”.

A bias must be applied to the electret microphone in order to
power its built in circuitry. The ground retum of this bias net-
work is connected to the normally open side of the record
push bution. This configuration gates power to microphone
so that it is biased only during recording. This configuration
saves power when not recording by shutiing off power to the
electret microphone. Both pins 18 and 19, Micin and MicRef,
must be AC couple to the microphone network in order to
biock the DC biasing voltage.

APR9600

Play / Record Trigger
: = 1 {/M1_Message
a— -
__1_:——0_0————2— /M2_Nenxt
sﬁp to next message switch 3 M3
41/M4
51 /M5
vee 5 [/M6
End Indicator LED _/\3/8\;\/47 OscR
C TP 8 | M7_END
Busy Indicatos LED | 9 { /M8_Option
100k /;'{_' 10 | /Busy
11} BE
12 | VSSD
13 | VSSA
_— 14 | SP+

vee
VCCD| 2s__
Slide action record / playback switch
/RE | 27 E
ExtClk ] 26
MSEL2| 25 J‘~.._—_~'
MSEL1| 24 y
100 k RAewind switch
/CE] 23 It _-.C’L
100 k
/Strobe | 22 };\
Ana Out | 21 Flashing record / play indicator LED
- 1 opF
Ana_In| 20 aTuF
4.7k
AGC1 19 | A A A I I |
MicRet | 18 220k L
0.10F 1
Micinj 17 Il
0.1pF T | fnlif::ge:mne
VCCA| 16 . , i
- v
SP-} 15 J_o.wF lzzuF ng 17k
= 22uF 1%
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Figure 4 shows the device configured in tape mode, using the
auto rewind option. Auto rewind is convenient for systems
designed to store multiple messages. Auto rewind option

status.

does slightly increase parts count above that required for nor-

Figure 4 Tape Mode, Auto Rewind Option

Play / Record Trigger
- :

APR9600

= 1 [/M1_Message VCCD

Skipto nextmessage switch 5 | My Ny RE

L - 31/M3 ExtClk
¢ | ma MSEL2

5 | /M5 MSEL1Y

ves 6|/M6 ICE
End Indicator LED AR kf\ 7] 0OscR | /Strobe
w0k A7 8 | /M7_END Ana_OQut
Busy Indicator LED 9.| M8_Option Ana_In
100 k /;/%’ 10 | /Busy AGC

11! BE MicRef

12 | V8SD Micin

13 | VSSA VCCA

- 12] §P+ SP-

mal option The Busy pin, /Strobe, and M7_END are again
connected to LEDs to offer indication to the user of device

Vee
28 ]
27 L) Slide action record / playback swilch
26
25 ——I'T—-—
24 100 k
Rewind swilch
23 N
+ O O——te
- LRGN 100 k
21 Flashing record / play Indicator LED
L owpr
(20 T aTF
4.7k
19
18 220k i =
CEI A
17
Electret
I
0-1wF Microphone
16 X |
15 . lo.wF _]_22pF Vce 4.7k
22pF tk
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Figure 5 shows the device configured in random access
mode. The device is using eight message segments, the max-
imum available, in this mode. Note that message trigger pins
that are not used, for modes with less than eight segments,

Figure 5 Random Access Mode

can be

left unconnected with the exception of pin

/M8 _Option which should be pulled to VCC through a 100k

resistor

APR9600

M1 message trigger pin
5% ' M1_Message
M2 meassage trigger pin
ﬂ-!a . 2| M2_Next
M3 message trigger pin
.
& ' 3] /M3
M4 message trigger pin
R 4| M4
l M5 message trigger pin
= o~ 51 /M5
M6 message trigger pin
—0 O 6 /MG
38k
AANA .1 OscR
M7 message trigger pin
5~ 8] /M7_END
M8 message trigger pin
- i
Ves o 3 [/M8_Option
100 k
{ . 27 19| /Busy
Busy Indicator LED 11} BE
12} VSSD
13; VSSA
_ 14 SP4+

. Vee
VCCD| 28 _
/RE wzlllo—?l-t:—aclion racord / playback switch
"ExtClk | 26
MSEL2| 25 =
]
MSEL1f24 |
100 k ) )
Rewind switch
/CE [ 23 l - [
/Strobe | 22 e 2o 3
Ana Out | 23 Frashing record / play Indicator LED
- 1 owF
Ana_In| 29 T AToF
AGC LI_J\—N\,“L—J___
MicRef | 18 20k
0.1pF 11
Miclnt 17, gﬁ{lL E!ecnet
VCCA| 16 Bid I Microphone
SP-|1s 10F lzzur:

vee 4.7k
22uF 1k
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Pin Descriptions

Table 1
Functionality in Tape Mode
Pin Functionality in Random

Pin Name No, Access Mode Normal Option Auto Rewind Option

M1_Messsage 1 Message 1: This pin forces a Message: A low edge on this pin Message: A low edge on this pin
jump to message 1 for either plays or records the next message. plays or records the current mes-
recording or playback. sage.

M2_Next 2 Message 2: This pin forces a Next Message: This actlive low input | This pin should be left unconnected
jump to message 2 for either pin forces a skip 1o the next message| when the device is used in this
recording or playback. for either playback or recording

mode.

M3 3 Message 3: This pin forces a This pin should be left unconnected | This pin should be teft unconnected
jump to message 3 for either when the device is used in this when the device is used in this
recording or playback. mode. mode. o

M4 4 Message 4: This pin forces a This pin should be left unconnected | This pin should be left unconnected
fump to message 4 for either ~when the device is used in this when the device is used in this
recording or playback mode. moda. o

M5 5 Message 5: This pin forces a This pin should be left unconnected | This pin shouid be left unconnected
jump to message 5 for either ~when the device is used in this when the device is used in this
recording or playback. mode. mode. ]

M6 6 Message 6: This pin forces a “This pin should be feft unconnected | This pin should be left unconnected
jump to message 6 for either when the device is used in this when the device is used in this
recording or playback. mode. mode.

OscR 7 Osciltator Resistor: this input Same as Mode 1. Same as Mode 1.
allows an external resistor to
be connected to the tank cir-
cuit of the internal oscillator.

Refer to table X for a list of
resistors and their resultant
sampling rates.

M7_END 3 Message 7: This pin forces a During playback a low tevel on this During playback a low level on this
jump to message 7 for either pin indicates that alt recorded mes- pin indicates that alf recorded mes-
1ecording or playback. sages have been played. During sages have been played. During

recording a low leve! on this pin indi- | recording a low level on this pin indi-
cates that the end of the memory cates that the end of the memory
array was reached. array was reached.

/M8_Option g Message 8: This pin forces a Option: This pin in conjunction with
jump to message 8 for either MSEL 1 and MSELZ2 sets record and MSEL1 and MSELZ2 sets record and
recording or playback. ptayback operating mode. Consult playback operating mode. Consult

table 1 for decoding information. table 1 for decoding information.

/Busy 10 This pin indicates that the Same as Mode 1. Same as Mode 1.
device is currently busy per-
forming internal functions and
can neither record nor ptay-
back at the current time.

BE 11 It this pin is pulled high Beepis | Same as Mode 3. Same as Mode 1.
enabled. If this pin is pulled low
beep is disabled

VSSD 12 Digital GND Connection: Con- Same as Mode 1. Same as Mode 1.
nect to system ground.

VSSA 13 Analog GND Connection; Con- | Same as Mode 1. Same as Mode 1.
nect system ground.

Page 10 Single-Chip Voice Recording & Playback Device for Multiple 40- to 6G-Second Messages
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Pin Descriptions

Pin Name

Pin

No.

Functionality in Random
Access Mode

Functionality in Tape Mode

Normal Option

Auto Rewind Option

SP+

14

Positive Qutput for Speaker
Connection: Should be con-
nected to the positive terminal
of the output speaker. Tolal
output power is.1 Winto 16
ohms. Do not use speaker
loads fower than 8 ohms or
device damage may result.

Same as Mode 1.

Same as Mode 1.

15

Negative Qutput for Speaker
Connection: Should be con-
nected to the negative terminal
of the output speaker.

Same as Mode 1.

Same as Mode 1.

VCCA

16

Analog Positive Power Supply:
This connection supplies
power for on-chip analog cir-
cuitry. Should be connected to
the positive supply rail as out-
lined in the reference schemat-
ics.

Same as Mode 1.

Same as Mode 1.

Micin

17

Microphone Input: Should be
connected to the microphone
input as outlined in the refer-
ence schematics.

Same as Mode 1.

Same as Mode 1.

MicRef

18

Microphone GND Reference:
Should be connected to the
microphone input as outlined
in the reference schematics.

Same as Mode 1.

Same as Mode 1.

AGC

19

Automatic Gain Control Attack
Time: The time constant of the
RC network connected tp this
input determines the AGC
atiack time. The attack lime is
defined as the delay present
before the AGC circuit begins
to adjust gain. The values
shown in the reference sche-
matics have been optimized
for voice applications.

Same as Mode 1.

Same as Mode 1.

Ana_ln

20

Analog In: This pin must be
connected to Ana_Qut through
a 0.1uF Capacitor,

Same as Mode 1.

Same as Mode 1.

Ana_QOut

21

Analog Qut: This pin must be
connected to Ana_In through a
0.1uF Capacitor.

Same as Mode 1.

Same as Mode 1.

[Strobe

22

Strebe: This pin indicates pro-
gramming of each individual
recording segment. The faliing
edge represents the beginning
of the sector. The rising edge
indicates that the sector is half
full.

Same as Mode 1.

Same as Mode 1.

Single-Chip Voice Recording & Playback Device for Multiple 40- to 60-Second Messages
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Functionality in Tape Mode

Pin Name

Pin

Functionality in Random
Access Mode

Normal Option

Auto Rewind Option

ICE

23

Chip Select: A low level on this
pin enables the device for
operation. Toggling this pin
also resets several message
management features.

Same as Mode 1.

Same as Mode 1.

MSEL?

24

Mode Select1: This pin in con-
junction with MSELZ2 and
/MB_Option sets record and
playback operating mode.
Consult table 1 for decoding
information.

Same as Mode 1.

Same as Mode 1.

MSEL2

25

Mode Select2: This pin incon-
junction with MSEL1 and
/MB_Option sets record and
playback operating mode.
Consult table 1 for decoding
information.

Same as Mode 1.

Same as Mode 1.

ExtClk

26

External Clock: This clock can
be used instead of the internal
clock for greater programming
control and or accuracy. When
using the internal clock this pin
should be tied to system GND.

Same as Mode 1.

Same as Mode 1.

/RE

27

Record Enable: this pin con-
trols whether the device is in
write or read mode. Logic level
high is read.

Same as Mode 1.

Same as Mode 1.

VCCD

28

Digital Positive Power Supply:
This connection supplies
power for on-chip digital cir-

- cuifry. Should be connected to
the positive supply rail as out-
lined in the reference schemal-
ics.

Same as Mode 1.

Same as Mode 1.

Page 12
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Electrical Characteristics

The following tables list Absolute Maximum Ratings, DC Characteristics, and Analog Characteristics for the APR9600 device.

Absolute Maximum Ratings

Rem Symbol Condition Min Max Unit
Power Supply voltage Ve Ta=25°C .03 6.5 v
Input Voltage Ving hN<20mA -1.0 Vec+10 v
Storage Temperature Tsra . -65 150 °C
Temperature Under Bias Tgs . -65 125 °C
Lead Temperature Tip <10s 03 300 °C

DC Characteristics

tem Symbol Condition Min Typ Max Unit
Power Supply voltage Vee Ta = 25°C 45 6.0 6.5 \
Input High Voltage Vin . 20 v
input Low Voltage Vi - - - 0.8 v
Quiput High Voltage Vo lon=-1.6mA 2.4 - A
Quiput Low Voltage VoL lop=-4.0mA - 0.45 v
Input Leakage Current [ Vin=Vec - - .1_0 A
Input Leakage Current he Vi=Vss 1.0 - A
Output Tristate Leakage Current Vour=Vce

or
foz Vour=Vss -1.0 - 1.0 A
Operating Current Consumption lec Internal Clock, No Load - 25 - mA
Standby Current Consumption tocs No Load - 1.0 - uA
Analog Characteristics*

Item Symbol Condition Min Typ Max Unit
Micin input Voltage Vi . R . 7 30 mVep
MicIn Input Resistance Rt . . 15 k
Micin Amp Gain (1) Gy AGG=2.25v - 30 - a8
Micin Amp Gain (2) Gmiz AGC=3.8V - 2 a8
Analn Input Voltage Vani N - - 140 mYp-p
Analn Input Resistance Rant - 500 - k
Anain Amp Gain Gan Analn to SP+/- - 10 dB
AGC Output Resistance Race 225 - k
Sp+/- Output Power Pgp Rsp..=16 - 12.2 mw
Voltage Amplilude across SP+/- Vgp Rgp..>16 R 1.4 Vep

Single-Chip Voice Recording & Playback Device tor Multiple 40- to 60-Second Messages
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APR9600 Bonding Pad Diagram and Bonding Pad Coordinates

M2_MESSAGE veeD
NC
3 IMI_MESSAGE NC we ExtClk
e TP || veoo vopnel | e wesa
D000 0QooooD 0O O
CH- msen
™5 4—[[
APR9600 CH e
~s—]

OscR —+{ ' - ‘ L rmtoee
: [H Anaow

M7_Overflow ——-D
—— Analn
ms_option —+[]

me {0 QOO0 0 DOOOO0
Bal ' VS‘SA ] Sp\* ! Micln E-
VSsSD VSSA MicRef

b o

F AGC

SP voea
VCCA

Notes :

Die Dimensions  X-Axis : 212 +/- 1 mils  X-Axis : 5450 pm
Y-Axis : 176 +/- 1 mils  Y-Axis : 4550 pm

Die Thickness 13.8 +/- 1.0 mils (350 +/- 25 pm)

Pad Opening 4.3 mils (110 pm)

The following table list the bonding pad coordinates for the APRS600 device. NOTEAN
coordinates are with respect to the center of the die {pm).

Pin Name X-Axis | Y-Axis Pin Name |[X-Axis| Y-Axis
/M1_Message -1075 2007 Micln 1708 -1969
/M2_Next -1393 2007 MicRef 2064 -1969
/M3 -1833 2007 AGC 2491 -1865
M4 -2151 2007 Analn 2491 -1513
M5 -2513 1397 AnaCut 2491 -1013
/M6 -2513 1079 /Strobe 2514 696
OscR -2513 617 ICE 2514 1182
/M7_QOverflow -2485 -865 MSel1 2514 1532
/M8 _Option -2485 -1193 MSel2 2121 2007
/Busy -2435 -1987 ExtClk 1592 2007
BE -1953 -1987 /WE 1088 2007
VSSD -1728 -2003 vCCD -577 2007
VSSA -1532 -1976 vVCCD -757 2007
VSSA -1337 -1952
Sp + -840 -1838
Sp - 347 -1838
VCCA 844 -1909
| VCCA 1066 -1951
Page 14
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OLD ApPRY600 SOP RECORDING VOICE 40" ~ 60"
MODE MSEL-1 (PIN-24) | MSEL-2 ( PIN-25) /M8 ( PIN-9)
2 FIXED MESSAGES 0 1 Pull-high 100KOhm
4 FIXED MESSAGES | 0 Pull-high 100KOhm
8 FIXED MESSAGES 1 1 /M8 trigger pin
I FIXED MESSAGES 0 0 0
TAPE MODE -NEXT 0 0 0
TAPE MODE - AUTO 0 0 1
Ref. ROSC Sampling Frequency Inoput bandwidth Voice duration
84 K Ohm 4.2 KHz 2.1 KHz 60 sec.
38 K Ohm 6.4 KHz 3.2 KHz 40 sec.
24 K Ohm 8.0 KHz 4.0 KHz 32 sec.
Qa o~ N 3 g 5 = g g =
Om S 28w s d I8 83 8.
> 2 8 3 2 B 2 g €< 22 > o0
1 2 0 8 B 0 8 0 0B ]
o oooognogfaq i

355 S T TS
23 22 21 20 19 18

[
A
b
a

|28 27 26

APR9600 - sor

300 mile

1 2 3 4 5 6 7 8
G e A L R R R R R R S R R S R

| oo 4o o oLb oA |
n ] n [ ] [ ] [ ] [ ] ] ] ]
Jod o 4d o d 4d oo o 0o ol
O~ T e S ATy \% “ oo g % = a
P = Z = = 2 5 A
p Z S~ S S >~ g m 5 @ =
3 A o T

= = E |

P = ©

—

3 =

S—

vy aplusine com.tw

17 16 15k

10 11 12 13 14}

LV P L T R

VSSACTT
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INEW APR9600 SOP RECORDING VOICE 40" ~ 60"

MODE MSEL-1 (PIN-3) | MSEL-2 ( PIN4) /M8 ( PIN-16 )
2 FIXED MESSAGES 0 1 Pull-high 100KOhm
4 FIXED MESSAGES 1 0 Pull-high 100K Ohm
8 FIXED MESSAGES 1 1 /M8 trigger pin
1 FIXED MESSAGES 0 0 0
TAPE MODE -NEXT 0 0 0
TAPE MODE - AUTO 0 0 1
Ref. ROSC Sampling Frequency Inoput bandwidth Voice duration
84 K Ohm 4.2 KHz | 2.1 KHz. 60 sec.
38 K Ohm " 6.4 KHz 3.2 KHz 40 sec.
24 K Ohm i 8.0 KHz 4.0 KHz 32 sec.
i3 2EEeebEE 3 EE
A AHAAAAARARAE
i I ‘ I ]

= o]

27 26 25 24 23 "’2 21 20 19 18 1? 16 15

) APRY600 - sor

300 mile
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APRY9600 line-In Type Recording Circuit:

APRI9600

APRS600

Piay / Record Triggar Ycg
_—ae 1M1 _Message VCCDlz8
— 2 . Shide action record/ playback swich
gFo o———2{ /M2_Next /REL27 Y
> next message swétch 3 | ppq ExtClk | 28
1) ma MSELZ| 25 | o -l—
5| M5 MSELT| 24 100 k
. . Rewind swiich
Vee . LN FT /CE| 23 VVy ] S
End Indicalor LED ' ,\3: 'ﬂ 7] 0sch /Strobe |22 \l \. A‘R“}: [

10 Ax Flashint racord / play Indiator LED
| g’ 8 | M7_END Ang____Out 21010 1k +

Busy Indicator LED 9 ] #M6_Option Ana_ln
| h‘mg x "H/___ 10 § /Busy AGC
1 | BE MicRef
121 V8SD Micinj 17
13 | ¥VSSA VCCA| 18
- .14l sP+ SP-115 0.tpF 22uF | Ve

i I I

APRY600 AMP Approcation Circuit :
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Off| On | OfF 2 Sec.(S1~-82)

On: Rec.{ On | OfT | O 4 Sec.(SE~54)

e e orf|om|off] 8 Sec(S1-58)

Off Plav| On | On [ On | Tape —Next (S1-52)

On | O {OIT) Tape —Auto {S1)
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