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ABSTRACT

This project is concerned about bus number display board. They are controled bymicrocontroller
and using radio wave for data transmission. This project is divided into two part. The first one will be the
part of display speech signal by speaker. The second one will be the part of display by 7- segment. The

data communication will use FSK (Frequency Shift Keying) for coder and decoder data correct.
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Bits : 0 L0 0. 90, .0 1 0.0

Pulses before transmit

Bits rate : 2,000 b/s

Pulses after transmission :

Bandwidth 500Hz

Bandwidth 900Hz

Bandwidth 1,300Hz

Bandwidth 1,700Hz

Bandwidth 2,500Hz

Bandwidth 4,000Hz
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Digitalor Analog Digital G
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Digital or Analog TAHBIOQ it
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(b) Modulation onto an analog signal
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P DEFINE 0 441 MOV P2,#011111118

SETB REC
SCL BIT PO. 6 CLR RES
SDA BIT PO 7 SETB STA
MADAT BI® P10
MALDB BIET Rl.1 MAIN_MENU: LCALL INIT LCD
MACLK BIT Pl.2 T LEALL ADDR _00O0H
KPAD _ROWO BIT P2.0 MOV DPTR, #TITLE
KPAD ROW] BIT P2.1 LCALL WRLINE LCD
KPAD ROW2 BIT P2.2 LCALL DELAY 1s
{PAD_ROW3 BIT P2.3 LCALL ADDR 00OH

MOV DPTR, #TITLE 1
LCALL WRLINE LCD

(o)}

KPAD_COL2  BIT  P2.
KPAD_COL1l  BIT P2,

o

KPAD_COLO  BIT P2.4 LCALL ADDR_040H
REC BIT  P1.3 MOV  DPTR, #TITLE 2
RES BIT  P3.4 LCALL WRLINE LCD
STA BIT  P3.5 LCALL DELAY 1s
LCD_EN BIT P3.6 LCALL ADDR_000H
LCD_RS BIT, B3.7 MOV  DPTR, #TITLE 3
EXCH EQU  020H LCALL WRLINE LCD
TEST EQU  02CH LCALL ADDR_040H
MINUS EQU  02DH MOV  DPTR, #TITLE 4
LCD_ADDR EQU  030H LCALL WRLINE LCD
LCD_DATA EQU  031H LCALL DELAY 1s
KPAD DATA  EQU  032H LCALL ADDR_000H
BRATE EQU  072H MOV DPTR, #TITLE I2C
BUS_NUM EQU  033H LCALL WRLINE ICD
BUS_PASS EQU  036H LCALL DELAY 1s
KEEP EQU  063H LCALL LCD_CLR
SEG EQU  040H LCALL READ EEPROM1
RAN EQU  049H MOV  KEEPI2C, DATE+6
RECIVE EQU  O3EH MOV~ KEEPI2C+1, DATE+7
RUFFER EQU  051H MOV ~ KEEPI2C+2, DATE+8
CHANGE EQU  055H MOV KEEPI2C+3, DATE+9
BUS_SOUND  EQU  057H MOV~ KEEPI2C+4,DTE
TIME COUNT1 EQU  060H MOV~ KEEPI2C+5, DTE+1
TIME COUNT2 EQU  061H
DIG EQU  062H PRESS: LCALL PRESS
EEPROM_CODE1EQU  10100000B MOV A, BUFFER
12C DATA EQU  065H CINE A, #01,SELECT 1
DATE EQU  067H LCALL OK
FLAG EQU  02FH LJMP PRO_TRANSMITION
12€ AUR BIT,  FLAG.D
12C_ADDR EQU  066H SELECT_1: CJNE A, #02, SELECT 2
DTE EQU  071H LCALL OK
KEEPI2C EQU  074H LJMP STA NUM
;#4444 PROMGRAM AT STATION i ##### SELECT 2: CJNE A, #03, SELECT 3
LCALL OK
ORG  0000H LJMP MESSAGE R 1
LJMP MAIN
ORG  0023H SELECT_3: CJNE A, #04,SELECT 4
- LJMP RX_STA LCALL OK
ORG  000BH LCALL MESSAGE P 1
LJMP  INT_TIMER
ORG  0030H SELECT _4: CJNE A, #05, ERR
LCALL OK
LCALL NUMBER_ I2C
MAIN: LCALL INITIAL LJMP PRESS

MOV PO, 4000000008
MOV Pl,#11121111B ERR: LCALL ERR 1



LJMP

NUMBER 12C:
MOV
MOV
LCALL
LEALT,
MOV
MOV
LCALL
LCALL
MOV
MOV
LOBLL,
LCALL
RET

S KEY

5TA _NUM_1:
MOV
LCALL
LCALL
MOV
LOALL

STA NUM 1 1:

LCALL
LCALL
MOV
CJINE
LJIMP

STA NUM_ 1 2:

MOV
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
SJMP

STA_NUM_1_3:

MOV
LCALL

STA_NUM_1 4:

LCALL

STA_NUM 1 5:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
CJINE
SIMP

STA NUM 1 _6:

MOV

LCALL
LCALL
LCALL

PRESS

LCALL LCD CLR
KEEPI2C+6, KEEPI2C
KEEPI2CH+7, KEEPI2CH+1
DATA

DELAY 500ms
KEEPI2C+6, KEEPI2C+2
KEEPI2C+7, KEEPI2C+3
DATA

DELAY 500ms
KEEPI2C+6, KEEPI2C+4
KEEPI2C+7, KEEPI2C+5
DATA

DELAY 500ms

STATION NUMBER {#fi##iHt#

LCALL ADDR_00OH
DPTR, #ADDR
WRLINE_LCD
ADDR_040H
DPTR, #STA 1
WRLINE LCD
LCALL ADDR_04DH
LCD_BLINK
KEY ENTER
A, KPAD_DATA
A, #12,STA NUM 1 2
STA _NUM_2
LCALL WAIT KEYPRESSED
BUFFER+1, KPAD_DATA
KPAD2LCD
WAIT KEY
BUFFER2ACC_3
BUS_PASS,A
KEY PAD
A, KPAD_DATA
A, #10,STA NUM 1 3
STA NUM_1 2
LCALL ADDR_O040H
DPTR, #STA 1
WRLINE LCD
LCALL ADDR_O4DH
LCD_BLINK
LCALL WAIT KEYPRESSED
BUFFER+2, KPAD_DATA
KPAD2LCD
LCD_BLINK
WAIT KEY
BUFFER2ACC_1
BUS_PASS, A
SUB_ENTER
N 412, STA_NUM_6
STA_NUM 1 4
LCALL WAIT KEYPRESSED
BUFFER+1, KPAD_DATA
KPAD2LCD
L.CD BLINK
WALIT KEY

LCALL
MOV
LCALL
MOV
CJINE
LJIMP

STA NUM 1 7:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
LJMP

STA NUM 1 8:

MOV
CJINE
MOV
MOV
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL

STA NUM 2:
MOV
LCALL
LCALL
MOV
LCALL

STA NUM 2 1:

LCALL
LCALL
CJINE
LJMP

STA_NUM 2 2:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
SJMP

STA NUM 2 3:

MOV
LCALL

STA NUM_2_4:

LCALL

STA NUM 2 5:

MOV
LCALL
LCALL

BUFFER2ACC_3
BUS_ PASS+1,A

KEY CLEAR
A, KPAD_DATA
A, #10,STA NUM 1 7
STA NUM 1 4

LCALL WAIT KEYPRESSED
BUFFER+2, KPAD DATA
KPAD2LCD
LCD_BLINK
WAIT KEY
BUFFER2ACC_1
BUS_PASS+1,A

KEY CLEAR
A, KPAD DATA
A, #10,STA_NUM 1 8
STA NUM 1 4

LCALL KEY ENTER
A,KPAD_DATA
A, #12,STA NUM 1 8
DATE, BUS_PASS
DATE+1, BUS_PASS+1
WRITE EEPROM1

DELAY 500ms
KEEPI2C+6, BUS PASS
KEEPI2C+7, BUS_PASS+1
KEEPI2C, BUS_PASS
KEEPI2C+1, BUS_PASS+1
DATA

LCALL ADDR_00OH
DPTR, #ADDR
WRLINE LCD
ADDR_040H
DPTR, #STA 11
WRLINE_LCD

LCALL ADDR_CODH
LCD_BLINK
SUB_ENTER
A,#12,STA NUM 1 2
STA NUM_3
LCALL WAIT KEYPRESSED
BUFFER+1, KPAD DATA
KPAD2LCD
LCD_BLINK
WAIT KEY
BUFFER2ACC_3
BUS_PASS+2,A

KEY ENTER
A,KPAD_DATA
A,#10,STA NUM 2 3
STA _NUM 2 1

LCALL ADDR_040H
DPTR, #STA 11
WRLINE LCD

LCALL ADDR_04DH
LCD_BLINK

LCALL WAIT KEYPRESSED
BUFFER+2, KPAD_DATA
KPAD2I.CD

LCD_BLINK



LCALL
LCALL
MOV
LCALIL
MOV
CJINE
LJMP

STA _NUM 2 6:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
“LLCALT
MOV
CJINE
LJMP

STA_NUM 2 7:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
LJMP

STA NUM 2 8:

CJINE
MOV
MOV
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL

STA_HUM_3:
MOV
LCALL
LCALL
MOV
LCALL

STA_NUM 3 1
LCALL

WAIT KEY
BUFFER2ACC_ 1
BUS_PASS+2, A

KEY CLEAR

N, KPAD DATA

A, #10,STA_NUM 2 6
STA_NUM 2 4

LCALL WAIT KEYPRESSED
BUFFER+1, KPAD DATA
KPAD2LCD

1.CD_BLINK

WAIT KEY

BUFFER2ACC 3
BUS_PASS+3, A

KEY CLEAR

N, KPAD_DATA
A, #10,STA NUM 2 7
STA_NUM 2 4

LCALL WAIT KEYPRESSED
BUFFER+2, KPAD_DATA
KPAD2LCD

LCD_BLINK
WAIT KEY

BUFFER2ACC_1
BUS_PASS+3, A

KEY CLEAR
A, KPAD_DATA
A, #10,STA _NUM 2 8
STA_NUM 2 4

LCALL SUB_ENTER
A, #12,STA NUM 2 8
DATE+2, BUS_PASS+2
DATE+3, BUS_PASS+3
WRITE EEPROM1

DELAY_ 500ms
KEEPI2C+6, BUS_PASS+2
KEEPI2C+7, BUS_PASS+3
KEEPI2C+2, BUS_PASS+2
KEEPI2C+3, BUS_PASS+3
DATA

LCALL ADDR_000H
DPTR, #ADDR
WRLINE LCD
ADDR_040H

DPTR, #STA 22
WRLINE LCD

:LCALL ADDR_ OODH

LCD_BLINK

LCALL SUB_ENTER

CJINE
LJMP

STA NUM 3 2:

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV

A, #12,STA NUM 3 2
PRESS

LCALL WAIT KEYPRESSED
BUFFER+1, KPAD DATA
KPAD2LCD

LCD_BLINK

WAIT KEY
BUFFER2ACC 3

RUS PASS+4, A

KEY ENTER

A, KPAD .DATA

CJINE
SIMP

A, #10,STA NUM 3 3
STA NUM 3 1

STA_NUM_3_3:LCALL ADDR_040H

MOV
LCALL
STA_NUM 3 4:
LCALL
STA_NUM 3 5:
MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
LJMP
STA_NUM 3 6:
MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
LJMP
STA_NUM 3 7
MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
LJMP
STA _NUM 3 8:
MOV
CJINE
MOV
MOV
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
LJMP

SRR
MAIN PRO 1:

MOV
MOV

MAIN PROGRAM

DPTR, #STA 22
WRLINE_ LCD

LCALL ADDR_04DH
LCD_BLINK
LCALL WAIT KEYPRESSED
BUFFER+2, KPAD_DATA
KPAD2LCD
LCD_BLINK
WALIT KEY
BUFFER2ACC 1
BUS_PASS+4, A
KEY CLEAR
A, KPAD_DATA
A, #10,STA NUM 3 6
STA NUM 3 4
LCALL WAIT KEYPRESSED
BUFFER+1, KPAD_DATA
KPAD2LCD
LCD_BLINK
WAIT KEY
BUFFER2ACC 3
BUS PASS+5,A
KEY CLEAR
A, KPAD DATA
A, #10,STA NUM 3 7
STA NUM 3 6

:LCALL WAIT KEYPRESSED

BUFFER+2, KPAD_DATA
KPAD2LCD

LCD_BLINK
WAIT KEY
BUFFER2ACC 1
BUS_PASS+5, A

KEY CLEAR
A, KPAD_DATA
A, #10,STA _NUM 3 8
STA NUM 3 4

LCALL KEY ENTER
A, KPAD_DATA
A,#12,STA NUM 3 8
DATE+4, BUS_PASS+4
DATE+5, BUS_PASS+5
WRITE EEPROM1

DELAY 500ms
KEEPI2C+6, BUS PASS+4
KEEPI2C+7, BUS_PASS+5
KEEPI2C+4, BUS _PASS+4
KEEPI2C+5, BUS PASS+5
DATA

PRE

SRS SR
LCALL INITIAL

CHANGE, #01H
TEST, #00H



MOV A, KEEPI2C

ANL A, #00001111B

MOV SEG, A

MOV A, KEEPI2C+1

SWAP A

ANL A, #00001111B

MOV SEG+1,A

MOV A, KEEPI2C+1

ANL A, #00001111B

MOV  SEG+2, A

MOV A, KEEPTI2C+2

ANL A, #00001111B

MOV SEG+3,A

MOV A, KEEPI2C+3

SWAT A

ANL N, #00001111B

MOV  SEG+4,A

MOV A, KEEPI2C+3

ANL A, #00001111B

MOV SEG+5,A

MOV A, KEEPI2C+4
. ANL A, %00001111B
MOV SEG+6,A

MOV A, KEEPI2C+5

SWAP A

ANL A, #00001111B

MOV  SEG+7,A

MOV~ A, KEEPI2C+5

ANL A, #00001111B

MOV SEG+8,A

BEGIN: LCALL INT

POLLING: MOV

CJINE
CLR
SETB
LCALL
MOV
LCALL
NOP
NOP

MOV
LCALL
LCALL
MOV
LCALL
NOP
NOP

MOV
LCALL
LCALL
MOV
LCALL
NOP
NOP

MOV
LCALL
CLR

A, TEST

A, #00H, SEG_ISD

P33

P2.7
DELAY 1s

A, KEEPI2C
TX_D

A, KEEPI2C+1
TR D

DELAY 1s

A, KEEPI2C+2
TX D

A, KEEPI2C+3
TX_D
DELAY 1s

A, KEEPI2C+4
TX D

A, KEEPI2C+5
%0
p2. 7

LCALL
SETB
SETB
LCALL
LCALL
LCALL
LCALL
LJMp

SEG_ISD: MOV

CJINE
MOV
CJINE
MOV
CJNE
MOV
MOV
MOV
MOV
MOV
LCALL
SEG_ISD 1:
SEG_ISD 2:
MOV
MOV
MOV
LEALL,
SJMP

DELAY 1s
P3.3

P3.2

DELAY 1s
DELAY 1s
DELAY 1s
DELAY 1s
POLLING

A, RECIVE
A, 74H,SEG_ISD 3
A, RECIVE+1
A,75H,SEG_ISD 1
A, CHANGE
A, #01H, SEG_ISD 2
CHANGE, #02H
EXCH, SEG
EXCH+1, SEG+1
EXCH+2, SEG+2
RAN+5, #10
SOUND_INT
SJMP SEG_ISD 8
MOV EXCH+3, SEG
EXCH+4, SEG+1
EXCH+5, SEG+2
CHANGE, #01H
SOUND_INT 1
SEG_ISD 8

SEG_ISD 3:CJNE A, 76H,SEG_ISD 5

MOV
CJINE
MOV
CJINE
MOV
MOV
MOV
MOV
LCALL
SJMP
SEG_ISD 4:
MOV
MOV
MOV
LCALL
SJMP

A, RECIVE+1
A,77H, SEG_ISD_8
A, CHANGE

A, #01H, SEG_ISD 4
CHANGE, #02H

EXCH, SEG+3
EXCH+1, SEG+4
EXCH+2, SEG+5
SOUND_INT
SEG_ISD_8

MOV EXCH+3, SEG+3
EXCH+4, SEG+4
EXCH+5, SEG+5
CHANGE, #01H
SOUND_INT 1
SEG_ISD 8

SEG_ISD 5:CJNE A, 78H,SEG_ISD_ 8

MOV
CJINE
MOV
CJINE
MOV
MOV
MOV
MOV
LCALL
SJMP
SEG_ISD 7:
MOV
MOV
LCALL
SEG_ISD 8:

A, RECIVE+1

L, 79, 8EG 18D 8
A, CHANGE

A, 4018, SBEG 18D 7
CHANGE, #02H
EXCH, SEG+6
EXCH+1, SEG+7
EXCH42 , SEG+8
SOUND_INT
SEG_ISD 8

MOV EXCH+3, SEG+6
EXCH-+4, SEG+7
EXCH+5, SEG+8
SOUND INT 1

MOV  RECIVE, {00H



MOV RECIVE+1, #00H MOV DPTR, #ADDR

MOV TEST, §00H LCALL WRLINE_LCD
CER - P3.2 MOV A, KEEPTI2C+6
LJMP  POLLING ANL A, #111100008
MOV  KEEPI2C+8,A
SOUND_INT: LCALL MESSAGE P A MOV A, KEEPI2C+6
LCALL TEST RECIVE SWAP A
SETB TR0 MOV ~ KEEPI2C+6,A
MOV EXCH+6, EXCII MOV ~ LCD_ADDR, #00CH
MOV EXCH+7, EXCH+1 LCALL SET_ADDR_LCD
MOV EXCH+8, EXCH42 MOV LCD DATA, KEEPI2C+8
LCALL EXCH_ SOUND LCALL BCDZLED 1
LCALL MESSAGE_P_ B LCALL ADDR_040H
RET MOV DPTR, #BUS_NUM 1
LCALL WRLINE LCD
SOUND_INT_1: LCALL MESSAGE_P A MOV~ LCD_ADDR, #04CH
LCALL TEST RECIVE 1 LCALL SET ADDR_LCD
SETB  TRO MOV A, KEEPT2C+6
MOV EXCH+6, EXCH+3 MOV ~ LCD DATA, KEEPI2C+6
MOV EXCH+7, EXCli+4 LCALL BCD2LCD
MOV EXCH+8, EXCI+5 MOV  LCD_ADDR, #04DH
LCALL EXCH_SOUND LCALL SET ADDR_LCD
LCALL MESSAGE_P_B MOV  LCD_DATA, KEEPI2C+7
RET LCALL BCD2LCD
LCALL MESSAGE_P C
INITIAL: CLR  MACLK MOV A, KEEPI2C+8
CLR  MALDB SWAP A
LCALL MXSET MOV  R2,A
MOV ~ RAN, #10 LCALL FINE L
MOV  RAN+1,#10 LCALL DELAY 500ms
MOV RAN+2,#10 MOV A, KEEPI2C+6
MOV ~ RAN+3,#10 SWAP A
MOV  RAN+4,#10 ANL A, #00001111B
MOV RAN+S5,#10 MOV ~ BUS_SOUND, A
MOV  RAN+6, #10 MOV  EXCH+6, BUS_SOUND
MOV RAN+7,4#10 MOV A, KEEPI2C+7
LCALL MXLOAD SWAP A
RET ANL A, #00001111B
MOV~ BUS_SOUND+1,A
TEST_RECIVE: CLR  MACLK MOV EXCH+7,BUS_SOUND+1
CLR  MALDB MOV A, KEEPI2C+7
LCALL MXSET ANL A, #00001111B
MOV RAN, #10 MOV ~ BUS_SOUND+2,A
MOV RAN+1, EXCH MOV EXCH+8, BUS_SOUND+2
MOV RAN+2, EXCH+1 LCALL MESSAGE P A
MOV RAN+3, EXCH+2 LCALL DELAY 500ms
LCALL MXLOAD
RET EXCH_SOUND: MOV ~ R2,EXCH+6
CJINE R2, #00H, EXCH_SOUND_1
TEST RECIVE_1: CLR  MACLK SJMP EXCH_SOUND 2
"~ CLR  MALDB EXCH_SOUND_1: LCALL FINE_L
LCALL MXSET LCALL DELAY 300ms
MOV RAN+4,#10 EXCH_SOUND _2: MOV  R2, EXCH+7
MOV RAN+5, EXCH+3 CJINE R2, #00H, NN_3
MOV RAN46, EXCH+4 MOV R3,EXCH+6
MOV RAN+7, EXCH+5 CJINE R3, #00H, EXCH_SOUND_3
LCATL MXLOAD SJMP  EXCH_SOUND 4
RET EXCH_SOUND_3: LCALL FINE L
LCALL DELAY 300ms
DATA: LCALL READ BEPROML EXCHSOUND. 43/:MOV ./ R2, EXCH+8

LCALL ADDR_000H LCALL FINE L



LCALL
RET

R HTIME

INT TIMER:
CLR
INC
MOV
CJINE
MOV
INC
MOV
CJINE
MOV
INC
MOV
CJINE
MOV
LCALL
POP
SETB
RETI

EXIT:

INT TIMER 2:
CJNE
CLR
LCALL
SJMP

INT TIME 3:
CINE
INC
MOV
CJINE
MOV
CLR
LCALL

EXIT 2:MOV
EXIT 3:RET

;R ##HE PROGRAM AT BUS

ORG
LJMP
ORG

MAIN 1: MOV
MOV
MOV
SETB
CLR
SETB

MAIN MENU 1:
LCATE
MOV
LCALL
LOALTs
LEALL

DELAY 300ms

FOR CLR 7-SEGMENT #i{H##

PUSH ACC

ES

TIMER COUNTI
A, TIME_COUNT1
N, #50, EXIT
TIME_COUNT1, #0
TIME _COUNT2

A, TIME_COUNT2
N, #100, EXIT
TIME COUNTZ2, #0
MINUS

A, MINUS

A, #20,EXIT
MINUS, #0
INT_TIME_2

ACC

ES

MOV A, CHANGE
A, #02, INT TIMER 3
TRO
INITIAL
EXTT 1

MOV A, CHANGE
A, #01H, EXIT 2
MINUS+1

A, MINUS+1
A#2,EXIT 1
MINUS+1, #0

TRO

INITIAL

CHANGE, #018

iR SR SRR K

0000H
MAIN 1
0030H

PO, #00000000B
P1,#11111111B
r2,#01111111B
REC
RES
STA

LCALL INIT LCD
ADDR_000H

DPTR, #TITLE
WRLINE LCD
DELAY, 1S
ADDR_000H

MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
LCALL
LCALL
LCALL
MOV
MOV

DPTR, #TITLE 1
WRLINE LCD
ADDR_040H

DPTR, #TITLE 2 1
WRLINE LCD
DELAY 1s
ADDR_000H

DPTR, #TITLE 3
WRLINE_LCD
ADDR_040H

DPTR, #TITLE 4
WRLINE LCD
DELAY ls
LCD_CLR
ADDR_000H

DPTR, #TITLE_I2C
WRLINE_LCD
DELAY 1s

LCB ‘€LR

READ EEPROM1
KEEPI2C, DATE+2
KEEPT2C+1, DATE+3

PRESS 1: LCALL PRESS

MOV
CJINE
LCALL
LJMP

A, BUFFER
A, #01,SELECT 1
OK
PRO_TRANSMITION

SELECT 1: CJINE A, #02, SELECT 2

LCALL
LJMP

SELECT 2:
LCALL
LCALL

OK
BUS_NUM

CJNE A,#03,SELECT 3

OK
MESSAGE R 1

SELECT 3: CJNE A, #04,SELECT 4

LCALL
LCALL

OK
MESSAGE P 1

SELECT 4: CJNE A, #05,ERR

LCALL
LCALL
LCALL
LCALL
LJMP

LCALL
LJMP

ERR:

SR EE

KEY

OK
SHOW_BUS_NUM
DATA

DELAY 500ms
PRESS 1

ERR_1
PRESS 1
LEIRE R S

BUS NUMBER

BUS_NUM: LCALL ADDR 0O0OH

MOV
LCALL

DPTR, #NUMBER
WRLINE LCD

BUS NUM 1: LCALL ADDR_OO0AH

LCALL
LCALL
MOV
CJINE

K_EN:

LCD BLINK
KEY ENTER

A, KPAD DATA
A,#12,BUS_NUM 2



LJMP

MAIN MENU 1

BUS_NUM_2: LCALL WAIT KEYPRESSED

MOV
LCALL
LCALL
LCALL
LCALL
MOV
LCALL
MOV
CJINE
Lamp

BUFFER, KPAD DATA
KPAD2LCD
LCD_BLINK

WAIT KEY
BUFFER2ACC_ 2
BUS_NUM, A

KEY CLEAR

A, KPAD_DATA

A, #10,BUS_NUM 3
BUS_NUM 1

BUS_NUM_3: LCALL WAIT KEYPRESSED

MOV
LCALL
LCALL
LCALL
LORLT
MOV
LCALL
MOV
CJINE
LJMP
BUS_NUM 4:
MOV
LCALL
LCALL
LCATT:
LCALL
MOV
LCALL
MOV
CJINE
LJMP
BUS_NUM_5:
MOV
CJINE
LCALL
MOV
MOV
LCALL
LCALL
LCALL
LEALL
LEALL
ERR_2:LCALL
LJMP

BUFFER+1,KPAD~DATA
KPAD2LCD
LCD_BLINK
WAIT_KEY
BUFFERZACC_3
BUS_NUM+1, A

KEY CLEAR
A,KPAD_DATA

A, #10,BUS_NUM 4
BUS_NUM 1

LCALL WAIT_KEYPRESSED
BUFFER+2,KPAD_DATA
KPAD2LCD
LCD_BLINK

WAIT KEY
BUFFER2ACC_1
BUS_NUM+1, A

KEY CLEAR
A,KPAD_DATA

A, #10,BUS_NUM 5
BUS_NUM 1

LCALL KEY ENTER
A,KPAD_DATA

A, #12,ERR 2
SHOW_BUS_NUM
DATE,BUS_NUM
DATE+1,BUS_NUM+1
WRITEhEEPROMl
DELAY 500ms

DATA

DELAY 1s

PRESS 1

ERR 1

SELECT NUM

SHOW_BUS_NUM: LCALL ADDR_000H

MOV
LCALL
RET

DPTR, #BUS
WRLINE LCD

STA_CHK: LCALL ADDR _00OH

MOV
LCALL
RET

MAIN PRO 1:
SWAP
AN

DPTR, #STA CHECK
WRLINE LCD

MOV A, KEEPI2C
A
AA000011018

MOV
CLR

RETURN_PRO:

DATA:

LCALL
MOV
ANL
CJINE
MOV
CJINE
LCALL
LCALL
LCALL
SETB
LCALL
SETB

MOV
LCALL
NOP
LCALL
NOP
MOV
LCALL
CLR

CLR
LCALL
LCALL
LCALL
MOV
ANL
SWAP
MOV
LCALL
LCALL
LCALL
LCALL
LJMP

LCALL
MOV
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
LCALL
MOV
SWAP
ANL
MOV
MOV
SWAP
ANL
MOV

BUS_NUM+2, A
P2,

LCALL INT
RX_BUS

A, RECIVE

A, #00001111B

A, 35H, RETURN_PRO
A, RECIVE+1

A, 68H, RETURN PRO
DELAY 1s

DELAY 1s
DELAY 1s

P2.7

DELAY 1s

P3.3

A, RECIVE
TX_D

DELAY 500ms

A, KEEPI2C+1
TX_D
P2.7

P3.=3
MESSAGE P C
DELAY 1s
DELAY 500ms
A, RECIVE

A, #11110000B
A

R2,A

FINE L
DELAY 500ms
MESSAGE P B
DELAY 500ms
RETUN_PRO

READ EEPROM1
KEEPI2C, DATE+2
KEEPI2C+1, DATE+3
LCD_ADDR, #047H
SET_ADDR_LCD
LCD_DATA, KEEPI2C
BCD2LCD
LCD_ADDR, #048H
SET_ADDR_LCD

LCD DATA, KEEPI2C+1
BCD2LCD
MESSAGE_P100
DELAY 500ms

A, KEEPI2C ; KEEP
Y

A, #00001111B
BUS_SOUND, A

A, KEEPI2C+1

I

A, #000011118B
BUS_SOUND+1, A



MOV A, KEEPI2C+1
ANL A, #00001111B
MOV BUS_SOUND+2, A
MOV R2,BUS_SOUND
CJNE R2, #00H, TELL 1
SJMP  TELL 2 —

TELL_1: LCALL FINE L
LCALL DELAY 300ms

TELL_2: MOV  R2,BUS_SOUND+1
CJNE R2,#00H, TELL 3
MOV R3,BUS_SOUND
CJINE R3,#00H,N_3
SIJMP  TELL_4

TELL_3: LCALL FINE L
LCALL DELAY 300ms

TELL_4: MOV  R2,BUS_SOUND+2
LCALL FI NE L
LCALL DELAY 300ms
RET



PAHEA A

MESSAGE R 1
CLR
CLR
LCALL
LCALL
MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE R 2:

MOV
LCALL
MOov
ACALL
LCALL
LCALL
CJINE
LCALL

MESSAGE_R_3:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE_R 4:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE_R 5:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE R 6:

MOV
LCALL
MOV
LCALL

MASSEGE RECORD Hf4HHHH

4. CLR P10

P1.2
REC

ESET _SOUND
DDR_000H
DPTR, #MAS 1
WRLINE_LCD
P1,#00010000B
RECORD
TURN_MENU
SUB_ENTER

A, #12,MESSAGE R 1
DELAY 100ms

LCALL ADDR _0O0OH
DPTR, #MAS_ 2
WRLINE LCD
P1,#00100000B
RECORD
TURN_MENU
SUB_ENTER
A, 412, MESSAGE R 2
DELAY 100ms

LCALL ADDR_OOOH
DPTR, #MAS 3
WRLINE LCD
P1,#00110000B
RECORD
TURN_ MENU
SUB_ENTER
A, #12,MESSAGE R 3
DELAY 100ms

LCALL ADDR_OOOH
UPTR,#MAS_4
WRLINE LCD
P1,#01000000B
RECORD
TURN_MENU
SUB_ENTER
A, #12,MESSAGE R 4
DELAY 100ms

LCALL ADDR_0OOH
DPTR, #MAS_5
WRLINE_ LCD
P1,#01010000B
RECORD
TURN_MENU
SUB_ENTER
A, #12,MESSAGE_R 5
DELAY 100ms

LCALL ADDR_000H
DPTR, MAS_6
WRLINE_LCD
P1,#01100000B
RECORD

LCALL
LCALL
CJINE

LCALL

MESSAGE R_7:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE R _8:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE R 9:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

TURN_MENU
SUB_ENTER

A, 12, MESSAGE_R 6
DELAY 100ms

LCALL ADDR_OOOH
DPTR, #MAS 7
WRLINE LCD
P1,#01110000B
RECORD
TURN MENU
SUB_ ENTER
A, #12,MESSAGE R 7
DELAY 100ms

LCALL ADDR_QO0OH
DPTR, #MAS 8
WRLINE_LCD
P1,#10000000B
RECORD
TURN_ MENU
SUB ENTER
A, #12,MESSAGE R 8
DELAY 100ms

LCALL ADDR_OOOH
DPTR, #MAS_9
WRLINE LCD
P1,#10010000B
RECORD
TURN_MENU
SUB_ENTER
A,#lZ,MESSAGE~R_9
DELAY 100ms

MESSAGE_R_10: LCALL ADDR_0O0OH

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

DPTR, #MAS 10
WRLINE_LCD
P1,#10100000B
RECORD

TURN_MENU
SUB_ENTER

A, #12,MESSAGE R 10
DELAY 100ms

MESSAGE R 11: LCALL ADDR 0OOH

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

DPTR, #MAS_ 11
WRLINE LCD
P1,#10110000B
RECORD

TURN_MENU
SUB_ENTER

A, #12,MESSAGE R 11
DELAY 100ms

MESSAGE R _12: LCALL ADDR 00OH

MOV

LCALL

MOV

LCALL
LCALL

DPTR, #MAS 12
WRLINE LCD
P1,#11000000B
RECORD

TURN_ MENU



MESSAGE R _13:

MESSAGE P 1:

MESSAGE_P_3:

MESSAGE P 4:

MESSAGE P 5:

LCALIL SUB#ENTER
CINE A,#lZ,MESSAGE“R_IZ
LCALL DELAY 100ms

{ LCALL ADDR_000H
MOV DPTR, #MAS 13
LCALL WRLINE_LCD

MOV P1,#11010000B
LCALL RECORD

LCALL TURN_ MENU

LCALL SUB_ENTER

CJNE A, #12,MESSAGE R 13
SETB  REC

LCALL RESET_ SOUND

LJMP  PRE

S MESSAGE PLAYBLACK ####4#

SETB REC
LCALL RESET_SOUND

LCALL ADDR_00OH

MOV  DPTR, #MAS_1

LCALL WRLINE LCD

MOV P1,#00011000B
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CJNE A, #12,MESSAGE_P_1
LCALL DELAY 100ms

MESSAGE P_2: LCALL ADDR 000H

MOV DPTR, #MAS_2

LCALL WRLINE_LCD

MOV P1,#00101000B
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CIJNE A, #12,MESSAGE P 2
LEALT, DELAY 100ms
LCALL ADDR_00OH
MOV  DPTR, #MAS_3

LCALL WRLINE_LCD

MOV  P1,#00111000B
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CJNE A, #12,MESSAGE_P 3
LCALL DELAY 100ms

P 4: LCALL ADDR_00O0H
MOV DPTR, #MAS 4

LCALL WRLINE_LCD

MOV  P1, 4010010008
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CJNE A, #12,MESSAGE_P_4
LOATL: DELEY 100me

LCALL ADDR 0OOH

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE_P_6:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE _P_7:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE_P_8:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

MESSAGE P 9:

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

DPTR,#MAS_S
WRLINE_LCD
P1,#01011000B
START#SOUND
TURN_MENU
SUB_ENTER
A,ﬂlZ,MESSAGE_P_S
DELAY 100ms

LCALL ADDR_O0OH
DPTR, #MAS_6
WRLINE LCD
P1,#01101000B
START SOUND
TURN_MENU
SUB_ENTER
A, #12,MESSAGE _P_6
DELAY 100ms

LCALL ADDR_00OH
DPTR, #MAS_7
WRLINE LCD
P1, 4011110008
START _SOUND
TURN_MENU
SUB_ENTER
A, #12,MESSAGE_P 7
DELAY 100ms

LCALL ADDR_00OH
DPTR, #MAS_8
WRLINE_ LCD
P1,#10001000B
START _SOUND
TURN MENU
SUB_ENTER
A, #12,MESSAGE_P_8
DELAY 100ms

LCALL ADDR 000H
DPTR, #MAS 9
WRLINE LCD
P1,#10011000B
START SOUND
TURN_ MENU
SUB_ENTER
A,#lZ,MESSAGE_PMQ
DELAY 100ms

MESSAGE_P_10: LCALL ADDR_O0OOH

MOV
LCALL
MOV
LCALL
LCALL
LCALL
CJINE
LCALL

DPTR, #MAS_10
WRLINE LCD
P1,#10101000B
START SOUND
TURN_MENU
SUB_ENTER

A, #12,MESSAGE P 10
DELAY 100ms

MESSAGE P 11: " LCALL ADDR - 000#

MOV

DPTR, #MAS 11



LCALL WRLINE LCD

MOV P1,#10111000B
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CINE A, #12,MESSAGE P 11
LCALL DELAY 100ms

MESSAGE_P_12: LCALL ADDR_00O0H

MOV DPTR, #MAS 12

LCALL WRLINE LCD

MOV P1,#11001000B
LCALL START SOUND

I.CALL TURN MENU

LCALL SUB_ENTER

CINE A, #12,MESSAGE P13
LCALL DELAY 100ms

MESSAGE P 13: LCALL ADDR 00O0H

MOV  DPTR, #MAS 13
LCALL WRLINE LCD

MOV  P1,#11011000B
LCALL START SOUND

LCALL TURN_MENU

LCALL SUB_ENTER

CINE A, #12,MESSAGE_P_13
LCALL DELAY_100ms

JMP  PRE

RECORD: SETB STA

SHTE . B3.2
LCALL DELAY 1s
GLR ~ B3:2

CLR .. STA

RET

START _SOUND: NOP

CLR  STA
NOP

SETB STA

LCALL DELAY 500ms
RET

RESET SOUND: SETB RES

PRE I EE RS

2

NOP
CLR RES
RET

SOUND CHECK

FINE_L: CJINE R2,#01, SOUND CHK 1

MOV P1,#00011000B
LCALL START SOUND
LCALL DELAY 300ms
RET

SOUND CHK_1:

CJINERZ, #02, SOUND CHK_ 2
MOV P1,#001010008B
LCALL "START | SOUND

RET

RS RS E S

SOUND CHK 2:
CJINE
MOV
LCALL
RET

SOUND_CHK_ 3:
CJINE
MOV
LCALL
RET

SOUND CHK 4:
CJINE
MOV
LCALL
RET

SOUND _CHK_5:
CJINE
MOV
LCALL
RET

SOUND_CHK_6:
CJINE
MOV
LCALL
RET

SOUND CHK 7:
CJINE
MOV
LCALL
RET

SOUND CHK 8:
CJINE
MOV
LCALL
RET

SOUND_CHK_9:
CJINE
MOV
LCALL

R2, #03, SOUND_CHK 3
P1,#00111000B
START SOUND

R2, #04, SOUND_CHK 4
P1, #01001000B
START SOUND

R2,#05, SOUND CHK_5
P1,#01011000B
START SOUND

R2,#06, SOUND_CHK_6
P1,#01101000B
START SOUND

R2, #07, SOUND_CHK 7
P1,#01111000B
START_SOUND

R2, #08, SOUND_CHK_8
P1,#10001000B
START SOUND

R2, #09, SOUND_CHK_9
P1,410011000B
START SOUND

R2, #00, SOUND_CHK_10
P1,#10101000B
START SOUND

SOUND_CHK _10: RET

MESSAGE_P_A:
LCALL
LCALL
RET

MESSAGE_P_B:
LEATL
LCALL
RET

MESSAGE P C:

LCALL

MOV P1,#10111000B
START_SOUND
DELAY 500ms

MOV P1,#11001000B
START SOUND
DELAY 1s

MOV 'P1,4#11011000B
START SOUND



LCALL DELAY 1s

RET

PHEH Y RX TX INITIAL i f i

INT: MOV
SETB
SETB
SETB
MOV
MOV
MOV
MOV
MOV
CLR
SETB
RET

RX_STAz CLR
PUSH
JNB
CLR
MOV
MOV
LCALL
MOV
Il& . JNB
CLR
MOV
MOV
SJMP
RR:  DJNZ
CLR
MOV
POP
SETB
RETI

RX_BUS: CLR
PUSH
JNB
CLR
MOV
MOV
JNB
CLR
MOV
MOV
RET
TX D: CLR
MOV
JNB
CLR
SETB
RET

IE, #00H
EA

ES

ETO

TH1, #BRATE
THO, #00H
TLO, #00H
TMOD, #21H
SCON, #50H
TRO

TR1

ETO

ACC

RI,$

RI

A, SBUF
RECIVE, A
DELAY 1s
DIG, #100
RI, RR

RI

A, SBUF
RECIVE+1, A
PP

62H, II

RI

TEST, #33H
ACC

ETO

ETO

ACC

RI, $

RI

A, SBUF
RECIVE, A
RI, S

RI

A, SBUF
RECIVE+1,A

EA
SBUF, A
TI,;$
TT

s 7-SEGMENT INITIAL #ft#dsi4

MXSET: CLR MACLK
CLR  MALDB
MOV RO, #0FH
MOV R1, #00H
LCALL MXBYTE
MOV RO, #0CH
MOV R1, #01H
LCALL MXBYTE
MOV RO, #09H
MOV R1, #0FFH
LCALL MXBYTE
MOV RO, #0AH
MOV R1, #08H
LCALL MXBYTE
MOV RO, #OBH
MOV R1, #07H
LCALL MXBYTE
RET

MXBYTE:MOV R2, #8
MOV  A,RO

MXBYTEl: RLC A
MOV ~ MADAT, C
SETB MACLK
CLR  MACLK
DJNZ R2,MXBYTEL
MOV  R2, #8
MOV  A,R1

MXBYTE2: RLC A
MOV~ MADAT, C
SETB MACLK
CLR  MACLK
DJNZ R2,MXBYTE2
SETB MALDB
CLR  MALDB
RET

MXLOAD: MOV RO, #0FH
MOV R1, #00H
LCALL MXBYTE
MOV RO, #1
MOV R1, RAN
LCALL MXBYTE
MOV RO, #2
MOV  R1, RAN+1
LCALL MXBYTE
MOV RO, #3
MOV R1, RAN+2
LCALL MXBYTE
MOV RO, #4
MOV R1, RAN+3
LCALL MXBYTE
MOV RO, #5
MOV R1, RAN+4
LCALL MXBYTE
MOV RO, #6
MOV R1, RAN+5
LCALL MXBYTE
MOV RO, #7



MOV R1, RAN+6 CLR SCL

LCALL MXBYTE DJNZ R7,I2C RD 1
MOV RO, #8 MOV~ I2C_DATA, A
MOV R1,RAN+7 POP  ACC
LCALL MXBYTE RET
RET
I2C_SLAVE: PUSH  ACC
A HEE T2C BUS RS SETB I2C ACK
MOV A, I2C_ADDR
WRITE EEPROM1: LCALL I2C_START ACALL I2C START
MOV I2C_DATA, #EEPROM CODE1 MOV RS, 008
LCALL I2C_WR
MOV 12C_DATA, #00 I2C SRAVE 1&g RLE | A
LCALL I2C_WR MOV SDA,C
MOV ~ I2C_DATA, DATE AGALL. T2C CLK
LCALL I2C WR DJNZ RS5,I2C_SLAVE 1
MOV~ I2C_DATA, DATE+1 SETB SDA
LCALL I2C _WR ACALL I2C DELEY
LCALL 12C STOP SETB SCL
RET ACALL I2C_DELAY
JB SDA, I2C_SLAVE_2
READ EEPROM1: LCALL I12C START CLR  I2C ACK
MOV I2C_DATA, §#EEPROM CODE1
LCALL I2C_WR 126 SLAVE 2: CLR = SCL
MOV~ I2C_DATA,#00 POP  ACC
LCALL I2C_WR RET
LCALL EEPROM_RDI1
MOV~ DATE+2, I2C_DATA EEPROM RD1: LCALL I2C_START
LCALL EEPROM_RD1 MOV I2C_DATA, #EEPROM CODE1+1
MOV~ DATE+3, 12C_DATA LCALL I2C_WR
RET DEALL-12€ RD
LEALL. TP _STOP
12C_WR: PUSH  ACC RET
SETB I2C_ACK
MOV A, I2C_DATA I2C_START: SETB - SCL
MOV R7,#08 SETB SDA
LEALL T2C DELAY
I2C_ WR 1: RLC A CLR  SDA
WMoy - sDa;e LEALL T2C DELAY
LEALL, T2 GLK DLR - =50k
DJNZ R7,T2C WR 1 RET
SETB  SDA
LCALE, 120 DELAY 12C. 8T70P CLR . SDA
SETE  SCL LOATL, 126 DELAY
LOELL. 12C DELAY SETB - SCL
JB SDA, I2C_WR 2 LEALL 12¢ DELAY
ELR. | 12€ HCK SETB SDA
RET
I2C WR_2: CLR  SCL
POP  ACC 12¢ CLK: LEALI, 12C DELAY
RET SETB SCL
LCALL I2C DELAY
I2C_ RD: PUSH  ACC @R s
CLR B RET

MOV R7,#08
it KEYPAD SCAN KEY #{ftfi##dHid
I2C_ RD 1: ACALL I2C DELAY
SETB  SCL GET _KPAD: MOV ~ P2,#01111111B
RCATT 26 DELAY MOV KPAD DATA, #0
MOV C, SDA
RLC A



CHK COLO: CI
MoV
ANL
CJINE
AJIMP

COLO_DETECT:
AJMP

CHK_COL1:
CLR
MOV
ANL
CJINE
AJMP

COL1 DETECT:
AJMP

CHK_COL2:
CLR
MOV
ANL
CJINE
RET

COL2_DETECT:

GET _ROW: CLR

R KPAD_COLO

A, P2

A, 400FH

A, 400FH, COLO_DETECT

CHK_COL1

MOV  KPAD DATA, #01
GET ROW
SETB  KPAD_COLO
KPAD COL1
A, P2
A, #00FH

A, #00FH, COLL_DETECT
CHK_COL2

MOV~ KPAD DATA, #02
GET_ROW

SETB KPAD_COL1
KPAD_COL2
A, P2
A, #00FH

A, #00FH, COL2_DETECT
MOV KPAD DATA,#03

KPAD_COLO

CLR  KPAD COLI1
CLR  KPAD_COL2
JB KPAD ROWO0, CHK_ROW1
RET
CHK_ROW1: JB KPAD ROW1,CHK ROW2
MOV A, KPAD_DATA
ADD A, {#3
MOV KPAD DATA,A
RET
CHK_ROW2: JB KPAD ROWZ2,CHK_ROW3
MOV A, KPAD_DATA
ADD A, #6
MOV KPAD DATA, A
RET
CHK_ROW3: MOV ~ A,KPAD DATA
ADD A, #9
MOV~ KPAD DATA,A
RET
Y KPAD DATA
KPAD2LCD: MOV A, KPAD DATA
ADD A, #030H
MOV LCD DATA,A
LCALL WRCHAR LCD
RET

KEY ENTER: L
MOV
CINE

CALL GET_KPAD
N, KPAD DATA
A, 40, CHK 1

LJMP KEY ENTER

CHK 1: CJNE A, #12,KEY ENTER 1

MOV ~ KPAD DATA, #12

RET

KEY CLEAR: LCALL GET KPAD

MOV A, KPAD DATA
CIJNE A, #0,CHK 2

LJMP KEY CLEAR
CHK_2: CJNE A, #10,KEY ENTER 1
MOV KPAD_DATA, #10
RET
KEY START: LCALL GET KPAD
MOV A, KPAD DATA
CJNE A, #0,CHK 3
LJMP KEY_ START
CHK_3: CJNE A, #11,KEY ENTER 1

KEY ENTER 1: MOV

MOV
RET

KPAD_DATA, #11

KPAD DATA, A
RET

;S CHANGE TO BCD I

BCD2LCD: PUSH  ACC
MOV A, LCD_DATA
MOV  B,A
ANL A, #11110000B
SWAP A
ADD A, #030H
MOV LCD_DATA, A
LCALL WRCHAR_LCD
MOV  A,B
ANL A, #00001111B
ADD A, #030H
MOV ~ LCD_DATA, A
LCALL WRCHAR_LCD
POP  ACC
RET

BCD2LCD_1: PUSH  ACC
MOV A, LCD_DATA
ANL A, #11110000B
SWAP A
ADD A, #30H
MOV ~ LCD_DATA, A
LCALL WRCHAR_ LCD
POP  ACC
RET

SHEEEHEE R WATT KEY

WAIT KEY: MOV

R R SRR S

Ay P2
ANL A, #00FH
CINE A, #00FH, WAIT KEY
RET

WAIT KEYPRESSED: LCALL GET KPAD



MOV
CJINE
AJTMP

A, KPAD DATA
A, 0, CHK KEY NEXT
WAIT KEYPRESSED

CHK_KEY_ NEXT:CJINE A, #10,CHK_KEY O

AJMP

CHK_KEY O:
MOV
RET
CHK_KEY 1:
RET

ISR

PRESS:
MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
LCALL
MOV
LCALL
LCALL
LCALL
RET

S E SRR

ERR_1:
MOV
LCALL
MOV
LCAT;
LCALL
RET

PR RS

LCALL
MOV
LCALL
MOV
LCALL
LCALL
RET

OK:

SHH

PRO_TRANSMITION:

MOV
LCALL
MOV
LCALL
LJMP

ISR EE RS SR

WAIT KEYPRESSED

CJINE A, #11,CHK KEY 1
KPAD_DATA, #0

JNC WAIT KEYPRESSED

KEY PRESSED ###4t##if#

LCALL LCD CLR

LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #PRESS_1
WRLINE_LCD
LCD_ADDR, #00DH
SET_ADDR_LCD
LCD_BLINK

WAIT KEYPRESSED
BUFFER, KPAD_DATA
KPAD2LCD

LCD BLINK

WAIT KEY

ERROR  #ititf s #ass

LCALL LCD_CLR

LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #ERROR
WRLINE LCD
DELAY 1s

OK SRS RS ESEEE S

LED LR
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #OK_1
WRLINE_ LCD
DELAY 1s

JUMP TO MAIN PROMGRAM #i##i#

LCALL LCD_CLR
LCD_ADDR, #000H
SET_ADDR_LCD

DPTR, #START

WRLINE LCD
MATN_PRO_1

TURN MENU A 4

TURN_MENU :
MOV
CINE
LJMP
RET

CLR_40:MOV
LCALL
LCALL
RET

CLR_41:MOV
LCALL
LCALL
RET

CLR_42:MOV
LCALL
LCALL
RET

LCALL KEY_ START

A, KPAD DATA
A, #11, TURN
MAIN

CLEAR  fHit i f ot dtat o
LCD_ADDR, #00AH
SET_ADDR_LCD
LCD_BLINK

LCD_ADDR, #00BH
SET_ADDR_LCD
LCD_BLINK

LCD_ADDR, #00CH
SET_ADDR_LCD
LCD_BLINK

;i##iHE## ADDRESS OF LCD fitiH###i##

ADDR_000H: LCALL LCD CLR

MOV
LCALL
RET

ADDR OOAH:
LCALL
RET

ADDR_0O0DH:
LCALL
RET

ADDR_040H:
LEALL
RET

ADDR_04DH:
LCALL
RET

RS R SRR ST

SUB_ENTER:
LCALL
MOV
RET

FAHE A

BUFFER2ACC_1:

ANL
SWAP
MOV
MOV
ANL

LCD_ADDR, #000H
SET_ADDR_LCD

MOV LCD_ADDR, #00AH
SET_ADDR_LCD

MOV LCD_ADDR, #00DH
SET_ADDR_LCD

LCALL LCD_ADDR, #040H
SET_ADDR_LCDRET

LCALL LCD_ADDR, #04DH
SET_ADDR_LCD

SUB ENTER #4434
LCALL TURN MENU

KEY ENTER

A, KPAD_DATA

BUFFER2ACC A #4444 4F 4 f4H 4

MOV
, #O0FH

A, BUFFER+1

A
: BUFFER+2
00 FH

je =T s B =



ADD
RET

BUFFER2ACC 2
ANL
SWAP
RET

BUFFER2ACC_3:

ANL
SWAP
RET

BUFFERZACC 4

ANL
RET

S LCD INITIAL

INIT LCD: LCALL DELAY_100ms

CLR
MOV
ACALL
LCALL
MOV
ACALL
ACALL
ACALL
MOV
ACALL
ACALL

LCD _CLR: CLR

MOV
ACALL
RET

LCD HOME: CL
MOV
ACALL
RET

LCD OFF: CLR
MOV
ACALL
RET

LCD_CLK: SET
LCALL
CLR
LCALL
RET

LCD ON: ELR

W MOV
ACALL
RET

LCD BLINK: C
MOV

AB

: MOV A, BUFTER

A, #00IH
A

A, #00FH
A

: MOV A, BUFFER+3

A, #00FH

LCD_RS
PO, #00111000B
LCD CLK

DELAY 10ms
PO, #00111000B
LED 61K

LCD OFF
1L.CD_CLR

PO, #00000110B
LCD_CLK
LCD_HOME

LCD_RS
PO, #00000001B
LCD_CLK

R LCD_RS
PO, #00000010B
1,CD_CLK

LCD_RS
PO, #00001000B
LCD_CLK

B LCD_EN
LCD_DELAY
LCD_EN

LCD_DELAY

LCD RS

PO, 4000011008

LCD CLK

LR .~ LEDIRS

PO, #000011L1L1B

MOV A, BUFFER+1

ACALL
RET

MOV
SETB
MOV
ACALL
RET

PR

TO SHOW LCD

WRCHAR _LCD:

MOV
ACALL
ACALL
RET

1.CD_CLK

SET ADDR_LCD: CLR  LCD_RS

A, LCD_ADDR
ACC.7

PO, A

LCD CLK

fa4 WRITE CHARACTER
A

SETB LCD_RS
PO, LCD_DATA
LCD_CLK
LCD_ON

#4444 WRITE LINE OF 16

CLR
MOVC
MOV
ACALL
INC
INC
CJINE
ACALL
RET

S

I2C_DELAY:
I2¢ DELAY 1:
NOP
DJINZ
RET
DELAY : MOV
DEL: NOP
DJINZ
RET

LCD_DELAY:

LED DELAY 13

LCD_DELAY 2:
NOP
DJINZ
DJINZ
RET

DELAY 10ms:

CHARACTER FOME ROM  ###fffifits#t

WRLINE_LCD: MOV RO, #0
WRLINE LCD 1: SETB LCD_RS

A
A, GA+DPTR

PO, A

LCD_CLK

DPTR

RO

RO, #16, WRLINE LCD_1
LCD_ON

DELAY  #### #4444

MOV B, #03
NOP

B, I2C_DELAY 1
R4, #00H

R4, DEL

MOV R7, #002
MOV R6, #OEGH
NOP

R6,LCD DELAY 2

R7,LCD DELAY 1

MOV  R7,#010
MOV R6, #0E6H

DELAY 10ms_Z2:NOP

NOP
DJINZ
DJINZ
RET

R6, DELAY 10ms_2
R7,;DELAY 10ms 1



DELAY
DELAY
DELAY

DELAY

DELAY

DELAY

DELAY

DELAY
DELAY

S

TITLE
TITLE
TITLE
PEILE
TITLE,
PIELE:
TTILE,
PRESS_
ERROR
OK 1
START
ADDR
SEA
S
STA 22

100ms: MOV R7,#100
IOOerleOV R6, #0E6H
lOOms:Z:NOP

NOP

DJINZ RG,DELAY_lOOmS“2
DINZ. - R, DELAY_#]_ OOmS_l
RET

300ms: MOV R5, #3
300ms_1:LCALL DELAY_ 100ms
DJNZ R5,DELAY 300ms_1

RET

500ms: MOV R4, #5
500ms_1:LCALL DELAY 100ms
DJNZ R4,DELAY 500ms 1
RET

ls: MOV R5, #100
ls_1:LCALL DELAY_ 10ms
DJNZ R5,DELAY 1s 1
RET

#4444 DEFINE

DB! FUNCTION
1 DB'1l MAIN PROGRAM
2 DB'2 STATION SET
2 DB'2 BUS INITIAL
3 DB'3 SOUND RECORD
4 DB'4 SOUND PLAYBACK
I2C DB'S CHECK NUMBER
i DB'SELECT FUNC :

DB' ERROR

DB’ OK

DB' START

DB'ID STATION:
DB'BUS NUMBERI:
DB'BUS NUMBERZ2:
DB'BUS NUMBER3:

BUS NUM 1 DB'BUS NUMBER:

NUMBER
BUS
MAS 1
MAS_2

MAS 9

MAS_ 10
MAS 11
MAS 12

MAS 13

DB' NUMBER
DB BUS NUMBER

DR SOUND 01
DB’ SOUND 02
DB’ SOUND 03
DB’ SOUND 04
DB SOUND 05
DB' SOUND 06
B2 SOUND 07
DB! SOUND 08
RGN SOUND 09
DR’ SOUND 10
(BIEN SOUND 11
DB SOUND 12
DR SOUND 13

1

1

1



General Description

NNntional Semiconductor

The LM383 is a cosl effective, high power amplifier suited
for automolive applications. High current capatility (3.5A)
enables the device lo drive low impedance loads with low
distortion. The LM383 is current limited and thermally pro-
tected. High voltage proteclion is available (LM383A) which
enables the amplifier to withstand 40V lransients on its sup-
ply. The LM383 comes in a 5-pin TO-220 package.

February 1995

LLM383/1.LM383A 7W Audio Power Amplifier

Features
m High peak current capability (3.5A)

m Large output voltage swing

= Exlernally programmable gain

m Wide supply voltage range (5V-20V)

® Few exlernal parls required

m Low distortion

®m High input impedance

= No turn-on transients

m High vollage proteclion available (LM383A)
m Low noise

m AC short circuit protected

Equivalent Schematic

150k

D - q
i i
f [N N
4

4
g+ PEP—ovun
20k
—— A

i
P—% 4—0cxo

1 2

HINPUT ~INPUT

Connection Diagram

O

TL/H/7145-1

Plastic Package

[T T > 5 supPLYVOLTAGE

SRR ) e O 1)/ ¢V

[ T T > 3crounp

T T 7 INVERTING INPUT

[ T T > 1 NONINVERTINGINPUT

TL/H/7145-2

Order Number LM383T or LM383AT
See NS Package Number TO5B

1935 Nationat Semicondiictar Corporation TL/H/T145
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National Semiconductor

LM383/L.LM383A 7W Audio Power Amplifier

General Description

The LM383 is a cosl effective, high power amplifier suiled
for automotive applications. High current capability (3.5A)
enables the device to drive low impedance loads with low
distortion. The LM383 is current limited and thermally pro-
tected. High voltage proteclion is available (LM383A) which
enables the amplifier to withstand 40V transients on its sup-
ply. The LM383 comes in a 5-pin TO-220 package.

Features

High peak current capability (3.5A)
Large oulput voltage swing
Externally programmable gain

Wide supply voltage range (5V-20V)
Few external parts required

Low distortion

High input impedance

No turn-on transients

High voltage protection available (LM383A)
Low noise

AC short circuit prolected

February 1995

Equivalent Schematic
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Connection Diagram
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T T > 1 KONINVERTING INPUT
TL/H/7145-2

Order Number LM383T or LM383AT
See NS Package Number T0O58

TL/H/7145-1
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Peak Supply Vollage (50 ms)
LM383A (Note 2)
LM383
Operating Supply Voltage
Output Current
Repetlitive
Non-repetitive

40V
25V

20V

3.5A
4.5A

Input Vollage

Power Dissipation (Note 3)
Operating Temperature
Storage Temperalure

Lead Temperature (Soldering, 10 sec.)

+0.5V
15W
0°Clo +70°C

—60°C lo +150°C

260°C

Electrical Characteristics vg = 14.4v, Trag = 25°C. Ay = 100 (40 dB), R = 48, unless otherwise specified

Parameter Conditions Min Typ Max Units
-DC Output Level 6.4 7.2 8 \%
Quiescent Supply Current Excludes Currentin Feedback Resistors 45 80 mA
Supply Voltage Range 5 20 \
Input Resistance 150 k1
Bandwidth Gain = 40dB 30 kHz
Oulput Power Vg = 13.2V,{ = 1 kHz
RL = 40, THD = 10% 4.7 w
RL = 2Q,THD = 10% 7.2 W
Vg = 13.8V, f = 1 kHz
Ry = 40, THD = 10% 5.1 W
Ry =20, THD = 10% 7.8 Y
Vg = 14.4V,{ = 1 kHz
RL = 40, THD = 10% 4.8 55 W
Ry = 20, THD = 10% 7 8.6 w
RL = 160, THD = 10% 9.3 w
Vg = 16V, = 1kHz
RL = 40, THD = 10% 7 w
Ry =20, THD = 10% 10.5 w
RL = 160, THD = 10% 1 w
THD Po = 2W,RL = 40, f = 1 kHz 0.2 %
Po = 4W,R_ = 200, f = 1 kHz 0.2 %
Ripple Rejection Rg = 500, f = 100 Hz 30 40 dB
Rg = 5061, f = 1 kHz 44 dB
Input Noise Voltage Rs = 0, 15 kHz Bandwidth 2 nv
Input Noise Current Rs = 100 k{2, 15 kHz Bandwidth 40 pA

Note 1: A 0.2 uF capacitor in series with a 1(1 resistor should be placed as close as possible to pins 3 and 4 for stability.
Note 2: The LM383 shuts down ahove 25V.
Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 4°C/W

junction to case.




Typical Performance Characteristics

Device Dissipation vs
Ambient Temperature

Power Dissipation vs
Output Power

Power Dissipation vs
Output Power
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Typical Applications

SIGNAL
INPUT

Single Amplifier

Vs

HIN

Your

—-IN Vs

(GND| 02uF
10 uF u i
2000 uF
Vin g = g

16W Bridge Amplifier

Vs
148V

TL/H/7145-3

0.20F

e
I

Component Layout

Single Amplifier
Vg = 20V
R = 4N

Heatsink from:

Staver Company

41 Saxon Ave.

P.O. Drawer H

Bay Shore, NY 11706
Tel: (516) 666-8000

HEAT SINK *

s é!avuv V-5

100k

TL/H/7145-5

TL/H/7145-6




LM383/LM383A 7W Audio Power Amplifier

Physical Dimensions inches (millimeters)

——
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Order Number LM383T or LM383AT
NS Package Number T05B
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support

devices or systems are devices or

sysltems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expecied to result in a significant injury

lo the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effecliveness.

National Semiconductor
Corporation

1111 Wesl Bardin Road
Arlington, TX 76017

Tel: 1(800) 272-9959
Fax: 1(B00) 737.7018

v

National Semiconductor
Europe

Fax: (+49) 0-180-530 85 86
njwge @ lavm2.nsc.com
: (+49)0-180-530 B5 85
Tel: (+ 49) 0-180-532 78 32

English
Frangais Tel: (4 49) 0-180-532 93 58

Naliano  Tel: (4-49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Cenlre, 5 Canton Rd.
Tsimshalsui, Kowloon

Hong Kong

Tal: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-239-2309
Fax: 81-043.299.2408

Hatonal dons not assuma any rasponsibibty for sa of any circuitry doscrbad, no circuit patont ficenses ara inpliod and Nalional rasarvas tha right at any ime without notica 1o change said crcurtry an< soacilications




FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ.
e Wide Sweep Range, 2000:1, Typical

e Low-Supply Sensitivity, 0.01%V, Typ.

e [inear Amplitude Modulation

e TTL Compatible FSK Controls

e \Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

g R ...the analog plus company™

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS
e Waveform Generation

e Sweep Generation
e AM/FM Generation
e V/F Conversion
e [SK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms canbe
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillalor
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Part No.

Operating
Temperature Range

Package

XR-2206M

16 Lead 300 Mil CDIP

-55°C to +125°C

XR-2206P

16 Lead 300 Mil PDIP

—40°C to +85°C

XR-2206CP

16 Lead 300 Mil PDIP

0°C to +70°C

XR-2206D

16 Lead 300 Mil JEDEC SOIC

0°C to +70°C

P T T S L L

EXAR Corporation, 48720 Kalo Road, Fremont, CA 94538 4 (510) 668-7000 ¢ (510) 668-7017
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Ve GND  BIAS

® ® ©

@ SYNCO

Timing l)
Capacitor VCO 2
i 1
[ TR @‘*“—"
Timing
Resistors Current Multipli
f plier
| TR2 . Switches And Sine
Shaper

Fski (9)————

Amst (1)

WAVEA1 @

waveaz (14)

SYMA1 @

symaz (10)

Figure 1. XR-2206 Block Diagram
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AMSI
STO
MO
Vee
TC1
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.300”)

FRFFEFEFA

o

~ [ symA2 avsl =1+ = w6l symaz
[15] SYMA1 sTo |2 153 SYMA1
[14] WAVEA2 Mo =3 14|23 WAVEA?2
[13] WAVEA1 Vi = 4 13|33 WAVEA1
2] GND TC1 =|s 12| GND
[11] SYNCO Tc2 =l 1|3 sYNcO
[10] BIAS TR1 =7 10|32 BIAS
9] FSKI TR2 |8 9 [ FSKI

16 Lead SOIC (Jedec, 0.300")

XR-2

206

PIN DESCRIPTION

Pin # Symbol Type | Description
1 AMSI | Amplitude Modulating Signal Input.
2 STO O Sine or Triangle Wave Output.
3 MO (0] Multiplier Output.
4 Vee Positive Power Supply.
5 TCH | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7t TR1 O Timing Resistor 1 Output.
8 TR2 O Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS O Internal Voltage Reference.
1 SYNCO (0] Sync Output. This output is a open collector and needs a pull up resistor to V.
12 GND Ground pin.
13 WAVEA1 [ Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

“ReV103 g

3




XR-2206
A T £ 85 T £

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vcc =12V, Ta = 25°C, C = 0.01pF, Ry = 100kQ, Ry = 10kQ, R3 = 25kQ2
Unless Otherwise Specified. S1 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
y l Typ. l Max. | Min. I Typ. JMax. Units | Conditions

Parameters Mi

5

General Characteristics

Single Supply Voltage 10 26 10 26 \
Split-Supply Voltage +5 +13 +5 +13 \Y
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C =1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C = 50pF, Ry=2MQ
Frequency Accuracy &1 +4 +2 % of fy |fo = 1/R4C
Temperature Stability +10 +50 +20 ppm/°C [0°C < Tpo < 70°C
Frequency R4 =Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %NV | Viow = 10V, Viyigu = 20V,
R4 =Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL [fy@Rq=1kQ
fL @ Rq=2MQ
Sweep Linearity
10:1 Sweep 2 2 % fi = 1kHz, fy = 10kHz
1000:1 Sweep 8 8 % f_ = 100Hz, fiy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 nF Figure 5
Timing Resistors: R1 & Ry 1 2000 1 2000 kS
Triangle Sine Wave Output! Figure 3
Triangle Amplitude 160 160 mV/kQ | Figure 2, S1 Open
Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S4 Closed
Max. Qutput Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion
Without Adjustment 2:5 2.5 % R4 = 30kQ
With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8
Notes

1 Qutput amplitude is directly proportional (o the resistance, R3, on Pin 3. See Figure £h
2 For maximum amplitude stability, Ry should be a positive temperalure coefficient resistor.
Bold face parameters are covered by production lest and guaranteed over operaling temperalure range.
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XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206M/P XR-2206CP/D
Parameters Min. ] Typ. l Max. | Min. I Typ. [ Max. | Units | Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns CL = 10pF
Fall Time 50 50 ns C_ = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 \ IL=2mA
Leakage Current 0.1 20 0.1 100 HA Vee = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 \Y See section on circuit controls
Reference Bypass Voltage 2.9 3.1 3.3 .5 3 3.5 \Y Measured at Pin 10.

Notes

T Oulput amplitude is directly proporiional to the resistance, R3, on Pin 3. See Figure 3.

2 For maximum amplitude stabilily, R3 should be a positive temperalure coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperalure range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

POWEr SUPPIY:v s simisi s assmis s 5 s 8 bamisis s 26V Total TIMiNG /CUITEAE i st soms omeais o erm s s ps 6mA
Power Dissipation ....................... 750mwW Storage Temperature ............ -65°C to +150°C
Derale Above 25°C ... ... .. ... ..., 5mW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a terminals to ground. With two timing pins, two discrete
voltage-controlled oscillator (VCO), an analog multiplier output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifier; anda setof ~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which
The VCO produces an output frequency proportional to select one of the timing resistor currents, and routes it to
an input current, which is set by a resistor from the timing the VCO.

" RevA03 Y
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XR-2206
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XR-2206
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Figure 5. R versus Oscillation Frequency. Figure 6. Normalized Output Amplitude
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Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Output Swing - See Figure 3)
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XR-2206
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Ry is activated. Thus, the output frequency can
be keyed between two levels. f{ and f5, as:

f1 = 1/R1C and fZ = 1/R20

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-.

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 711, Figure 12 and
Figure 13, Pin 3 is biased midway belween V+ and
ground, to give an output dc level of &~ V*/2.

"R i3 ) Yo S
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APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R{ at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, R3 can be directly
connected to ground.

™
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12.  The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Ry at midpoint and adjust R for minimum
distortion.

2. With Rp set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
Ry and Ry; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and R;. The values of Ry and
R should be in the range of 1kQ2 to 2MQ.

VReu.1.03 il
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ. Recommended values of C are from
1000pF to 100pF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, Iy, drawn from Pin 7 or 8:

320/, (mA)

f= —————CC“F) Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, Vg, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

Eni,
F= RC<1 +

where V¢isin volts. The voltage-to-frequency conversion
gain, K, is given as:

0.32
R.C

K= offaV, = — Hz/V

CAUTION: For safety operation of the circuit, It should be
limited to << 3mA.

TEM



Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ2 of Rg; for triangle, the
peak amplitude is approximately 160mV peak per kQ of
R3. Thus, for example, Rz = 50k would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying adc bias
and a modulating signal to Pin 1. The internal impedance

-4

—
@
®

15VvV2 6

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 14 volts of Vcc/2 as shown in
Figure 6. As this bias level approaches V¢c/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Tolai
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the output amplitude now becomes
a function of V.
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Figure 15. Equivalent Schematic Diagram
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16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00
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16 9
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SN i R N N [y I N D [y |

%
T %
o
i

|
l D
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Base Aq

Ao

Plane
= i
B B4 o.

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100 0.200 2.54 5.08
Aq 0.015 0.060 0.38 1.52
B 0.014 0.026 0.36 0.66
B4 0.045 0.065 1.14 1.65
0.008 0.018 0.20 0.46
D 0.740 0.840 18.80 21.34
Eq 0.250 0.310 6.35 7.87

E 0.300 BSC 7.62 BSC

e 0.100 BSC 2.54 BSC
L 0.125 0.200 3.18 5.08
o 0° 158 0° 152

Note: The conlrol dimension is the inch column
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16 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)
Rev. 1.00

16 9

D Eq
1 8

I ) e SR R s S300 B SO R s gz e [ R §

| B ™

/» \ __L A

Seating __A }r

Plane 15 -’] L ‘
B

Aq

sl Ak

1

INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0145  0.210 3.68 5.33
Aq 0015 0070 | 038 1.78
Ay 0115  0.195 2.92 4.95
B 0014  0.024 0.36 0.56
B, 0030  0.070 0.76 1.78
c 0008  0.014 0.20 0.38
0745  0.840 1892  21.34
E 0300 0.325 762 8.26
= 0240 0.280 6.10 7.11
e 0.100 BSC 2.54 BSC
& 0.300 BSC 7.62BSC
o8 0310 0.430 787 1092
L 0115  0.160 2.92 4.06
p 0 15 0° 15°

Note: The control dimension is the inch column
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16 LEAD SMALL OUTLINE

(300 MIL JEDEC SOIC)
Rev. 1.00
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.
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o TTRREEE
Plane _4 l._ _,.H<_ '—}— T
e B Aq
INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.093 0.104 2.35 2.65
Ay 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.016 0.050 0.40 1.27
o 02 8° 0° 8°

Note: The control dimension is the millimeter column
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FEATURES

e Wide Frequency Range, 0.01Hz {o 300kHz
e Wide Supply Voltage Range, 4.5V to 20V
e HCMOS/TTL/Logic Compatibility

e FSK Demodulation, with Carrier Detection
e Wide Dynamic Range, 10mV to 3V rms

e Adjustable Tracking Range, +1% to 80%

¢ Excellent Temp. Stability, +50ppm/°C, max.

...the analog plus company

XR-2211

FSK Demodulator/

™ Tone Decoder

June 1997-3

APPLICATIONS

e Caller Identification Delivery
e FSK Demodulation

e Data Synchronization

e Tone Decoding

e M Detection

e Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An internal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300") -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300") -40°C to +85°C
XR-22111D 14 Lead SOIC (Jedec, 0.150") -40°C to +85°C

* Rev.3.01"
©1992

L 7 A L 4

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 ¢ FAX (510) 668-7017
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XR-2211

BLOCK DIAGRAM

22 BEXAR

| Pre Amplifier 1) Lpo
INP ( 2 Loo
[/ 0-Dot 3) LDF
TIMC1 (14 Lock
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. Comparator 6) LooQ
Timcz U3 Quad
6-Det [ 5 ) LDOQN
TIMR (12
Internal
VRer @ rVREF } 7
Reference FSK Comp R
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Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

XR-2211

Voo [ole = |4 TiMe Vee |1 =~ u |l TMct
INP [2] (13 TIMC2 INP | 2 13 || TIMC2
LoF [5] 2 TIMR LOF |3 2 |2 TIMR
GND [1] 11 LDO GND ]| 4 1 |3 oo
LDOGN [5] 10 Virer LDOQN | 5 10 | Vger
Lboa [¢] 9] NC LboQ =i s 9 [ NC
po (7] (5] comp1 Do =| 7 8 |3 COMP |

14 Lead CDIP, PDIP (0.300")

14 Lead SOIC (Jedec, 0.150")

PIN DESCRIPTION

Pin # Symbol Type | Description
1 Vee Positive Power Supply.
2 INP | Receive Analog Input.
3 LDF O Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN (0] Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOQ O Lock Detect Output. This output will be high if the VCO is in the caplure range.
7 DO (@] Data Output. Decoded FSK output.
8 COMP | | FSK Comparator Input.
9 NC Not Connected.
10 VRer O Internal Voltage Reference. The value of Vrgr is Vcc/2 - 650mV.
1 LDO (0] Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TIM C2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIM C1 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.

Vi Rev.3.01. 4
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XR-2211

ELECTRICAL CHARACTERISTICS
Test Conditions: Vgg = 12V, Ta = +25°C, Rg = 30KQ, Co = 0.033pF, unless otherwise specified.

Cause Limiting

Parameter Min. Typ. Max. Unit Conditions
General
Supply Voltage 4.5 20 V
Supply Current 4 7 mA Rg > 10KQ. See Figure 4.
Oscillator Section
Frequency Accuracy +1 +3 % Deviation from fo = 1/Rg Cp
Frequency Stability

Temperature +20 +50 ppm/°C | See Figure 8.

Power Supply 0.05 0.5 %IV Vce = 12 +1V. See Figure 7.

0.2 %N Vce = +5V. See Figure 7.

Upper Frequency Limit 100 300 kHz Rg = 8.2KQ, Cg = 400pF
Lowest Practical Operating 0.01 Hz Ro = 2MQ, Cp= 50uF
Frequency
Timing Resistor, Rg - See
Figure 5

Operating Range 5 2000 KQ

Recommended Range 5 KQ See Figure 7 and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 HA Measured at Pin 11
Output Offset Current 1 HA
Output Impedance 1 MQ
Maximum Swing +4 +5 \% Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 pA
Output Impedance 1 MQ
Maximum Swing 1 Vpp
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
Input Signal

Voltage Required lo

2 10 mV rms

Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranleed over operating lemperature range.

VoRev.001. 0 )

4

T@Mm




DC ELECTRICAL CHARACTERISTICS (CONT'D)

Test Conditions: Vg =12V, Tp = +25°C, Rg = 30K, Co = 0.033iF, unless otherwise specified.

Parameter I Min. ' Typ. ] Max. Unit Conditions
Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 dB Ry =5.1KQ

Output Vollage Low 300 500 mV Ilc=3mA

Output Leakage Current 0.01 10 1A Vo =20V

Internal Reference

Voltage Level 4.9 6.3 5.7 \Y Measured at Pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 HA
Notes

Parameters are guaranteed over the recommended operaling conditions, but are not 100% tested in productlion.
Bold face parameters are covered by production test and quaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowWer SUpply: - o5 at s o ittt e ss 20V
INput.-Signal Level . s v st sv e supes i 3V rms
Power Dissipalion .......... .. ... ... ... 900mwW

Package Power Dissipation Ratings

AP s it s i s i s o s e s s s 3 750mW
Derate Above TA=25°C ............... 8mw/°C
DR S g e e e e e 800mW
Derate Above Tp =25°C .............. 60mW/°C
SEIE et L e S 390mW
Derate Above Tp=25°C ............... 5mW/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed froman
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV rms are amplified to a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. lIts output
(unfiltered) produces sum and difference frequencies of
the input and the VCO output.  The VCO is actually a
current controlled oscillator with its normal input current
(fo) set by aresistor (Rg) to ground and its driving current
with a resistor (R1) from the phase detector.

The output of the phase deteclor produces sum and
difference of the input and the VCO frequencies

(internally connected). When in lock, these frequencies
are fin* fyco (2 times fiy when in lock) and fiy - fyco (OHz
when lock). By adding a capacitor to the phase detector
output, the 2 times fjy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL is in lock
(quadrature phase detector and lock detector
comparator).

™

T@M



PRINCIPLES OF OPERATION

Signal Input (Pin 2): Signal is AC coupled to this
terminal. The internal impedance at pin 2 is 20KQ.
Recommended input signal level is in the range of 10mV
rms to 3V rms.

Quadrature Phase Detector Output (Pin 3): This is the
high impedance output of quadrature phase delector and
is internally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a parallel combination of Rp
and Cp (see Figure 3) to eliminate the chatter at lock
detect outputs. If the tone detect section is notused, pin 3
can be left open.

Lock Detect Qutput, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to “high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, R, to V¢c for
proper operation. At “low” state, it can sink up to 5mA of
load current.

Lock Detect Complement, (Pin 5): The output atpin5is
the logic complement of the lock detect output at pin 6.
This outputis also an open collector type stage which can
sink 5mA of load current at low or “on” state.

FSK Data Output (Pin 7): This outputis an open collector
logic stage which requires a pull-up resistor, Ry, to V¢ for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data output is at "high” or “off”
state for low input frequency, and at “low” or “on” state for
high input frequency. If no input signal is present, the logic
state at pin 7 is indeterminate.

FSK Comparator Input (Pin 8): This is the high
impedance input to the FSK voltage comparator.
Normally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is formed by R
and Cr (see Figure 3.) The threshold voltage of the
comparator is set by the internal reference voltage, VRrer,
available at pin 10.

Reference Voltage, Vger (Pin 10): This pin is internally
biased at the reference voltage level, Vrer: Vrer = Vec /2
-650mV. The DC voltage level at this pin forms aninternal
reference for the voltage levels atpins 5,8, 11and 12. Pin

VAW L7 L ST

10 must be bypassed to ground with a 0. 1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and Cj
connected to pin 11 (see Figure 3.) With noinputsignal, or
with no phase error within the PLL, the DC level at pin 11 is
very nearly equal to Vrgr. The peak to peak voltage swing
available at the phase detector output is equal to 2 x VRgF

VCO Control Input (Pin 12): VCO free-running
frequency is determined by external timing resistor, Ry,
connected from this terminal to ground. The VCO
free-running frequency, fo, is:

1
R C, Hz

fo =

where Cy is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Rp must be in the
range of 10KQ to 100KQ (see Figure 9.)

This terminal is a low impedance point, and is internally
biased at a DC level equal to Vgrgr. The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO
frequency is inversely proportional to the external timing
capacitor, Cq, connected across these terminals (see
Figure 6.) Cog must be non-polar, and in the range of
200pF to 10uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg atpin 12
(see Figure 10.)

VCO Free-Running Frequency, fo: XR-2211 does not
have a separate VCO output terminal. Instead, the VCO
outputs are internally connected to the phase detector
sections of the circuit. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
alternating bit pattern of O’'s and 1's at the known mark
and space frequencies. By adjusting Rg, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO fg value is
accurately referenced to the mark and space frequencies.

TOM
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s

Loop Data
Filter Filter FSK
Output
P oo [ o [ >
FSK
Comp

& e
p VCO
Input =7

Preamp

5 )t g Lock Detect
¢ De| DZ Outputs

Lock Detect Lock Detect
Filter Comp

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Vee
Rg
R
Loop 1" Re 8 7
— Phase O > O +
Detect gl C =i
= A5 7 Fsk
- 5 Comp.
R 10
2 12 ! Internal

—O

VCO
0.1pF 14 (,P—”-é 13 Ro
Co == 6
>—j_ = o g LDOQ
= Quad
5 — Phase - LDOQN
Detect

3 Lock S
Detect
Comp.

O Reference
L

Figure 3. Generalized Circuit Connection for
FSK and Tone Detection
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DESIGN EQUATIONS

(All resistance in Q, all frequency in Hz and all capacitance in farads, unless otherwise specifiec)

(See Figure 3 for definition of components)

1. VCO Center Frequency, fo:

2. Internal Reference Voltage, Vrgr (measured at pin 10):
V,

Vier = (—269 )—GSOmV in volls

3. Loop Low-Pass Filter Time Constant, t

T = CRpp (seconds)
where:
. Ry R
Reeis (R, + R )

if Rr is oo or Cp reactance is co, then Rpp = R1

4. Loop Damping, c:

p= /(12506
7 Ry C,

Note: For derivation/explanation of this equation, please see TAN-011.

5. Loop-tracking

bandwidth, *= L—;—f
0
AF - By
fo Ry
< Tracking
Bar?dwidlh
[——— Af —)‘(—— A —H
| 1 i | |
I I | | |
fLL 1 fo fa fuu

'Rev.3.01 4
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P e

6. FSK Data filter time constant, tF:

oo Rp o Be
Tp = (R, + R Cr (seconds)

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

K, = Vieer * Ri| _volt
¢ 10,000 | radian

Note: For derivalion/explanation of this equation, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K. = —27 = radian/second
. Vier 'Co R, volt

9. The filter transfer function:

F(s) = bl at 0 Hz. S=dvwandw =0

1+ SR, C,
10. Total loop gain. Ky:

— K s Re 1
Hr = iR fle) = (es,ooo-c(,-(R1 T RF))[seconds]

11. Peak detector current Ia:

VRE F

I = 55,000 (Vgee in volts and 1, in amps)

Note: For derivation/explanation of this equation, please see TAN-011.

™
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10 shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Rgand C set the PLL center frequency, R sets the system bandwidth,
and C1 sets the loop filter time constant and the loop damping factor. C¢ and Rg form a one-pole post-detection filter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to

facilitate rapid transition between output logic states.

Design Instructions:

The circuit of Figure 10can be tailored for any FSK decoding application by the choice of five key circuit components: Ry,
R1, Cp, Cq and Cr. Foragiven setof FSK mark and space frequencies, fo and fy, these parameters can be calculated as
follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Calculate PLL center frequency, fo:

o= \/F1'F2

b) Choose value of timing resistor R, to be inthe range of 10K to 100KQ. This choice is arbitrary. The recommended
value is Rg = 20KQ. The final value of Rq is normally fine-tuned with the series potentiometer, Rx.

RO= RO+T

c) Calculate value of CO from design equation (1) or from Figure 7.

1

oS Rk

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

Ro'fo

Tty 2

R, =

e) Calculate C1 to set loop damping. (See design equation 4):
Normally, ¢ = 0.5 is recommended.

1250-C,
R+ g

C, =

™
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e

fy Theinputto the XR-2211 may sometimes be too sensitive to noise conditions on the inputline. Figure 4 illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level.

V,, minimum (peak) = V,=V, = 4V + 2.8mV offset = VRE,__@O—%%'—(%—OR—) or R, = 20, OOO( \ZR\E/FA )
1 X

Vin minimum (peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

Vee

To Phase
I ¢ Detector

Input Va Vb
O o

20K 20K

|
I
|
l
VREer @

|

Figure 4. Desensitizing Input Stage

g) Calculate Data Filter Capacitance, Cf:

A (Re + Ri)Re
MRy + Re + Rp)
i 0.25 : 1
G (Reum Baud Rate) Bavd rale i e o

Note: All values excepl Ry can be rounded to nearest standard value.

™
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Ro(KQ)

20 1.0 ST
Ro=5K®
< ~ AN
E 15 Npe AN
= R\ Roz1oKe
o 1 1%
5 e = AR
w
S Al Z o041 BN Rre=20k0
é = s 0.1 0
: E - R
E T Retoke | D Reaoke Yo
) A 9
L Rg>100K N Ry=80KQ N
E NHICINCINY
Rg=160KQ \ N
0 0.01 FLINCCUN N
4 6 8 10 12 14 16 18 20 22 24 100 1000 10000
Supply Voltage, V* (Volts) fo(HZ)
Figure 5. Typical Supply Current vs. V+ Figure 6. VCO Frequency vs. Timing Resistor
(Logic Outputs Open Circuited)
L A el
N cy=0.001F
TP ~ 1.02
N AV i fo = 1kHz 5
B ™ > Ry = 10R 1
S N AN g 1015 P jie
< Cp=0.0033;tF g 4\ /{ L/
~ .%
$ 100 §>?_é/§—""’ >
100 w 8 !
| s ///
N Co=0.01pF N @ 3 //
: N N N N o099 A A
© Co=0.1iF ~ N N g ]/ Curve | Rqg
INH— N S ?/ 3| ik
_&\ C=0.0331)F N R 31,308
C0=0.33,F \ \\ 007 5 |300K
10 Lt A~ B 07 12014 e 18 1 20,22 24
0 1000 10000 V+ (Volts)
fo(Hz)

Figure 7. VCO Frequ

1ency vs. Timing Capacitor

Normalized Frequency Drift (% of f @)

+1.0

+0.5

Chara
| 1MQ
e e
| A
// 500K
o | Ro=SUK ]
EEm e e — 50K
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5 , i
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Figure 9. Typical Center Frequency Drift vs. Temperature

Figure 8. Typical fo vs. Power Supply
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Design Example:

1200 Baud FSK demodulator with mark and space frequencies of 1200/2200.

Step 1: Calculate fo: from design instructions

(a) f, = /1200-2200 =1624

Step 2: Calculate Rg : Rg =10K with a potentiometer of 10K. (See design instructions (b))

() R, = 10+ (129) = 15K

Step 3: Calculate Cq from design instructions

L 1 -
(@) Co= Teoo01622 = 2"

Step 4: Calculate Ry : from design instructions

_ 20000:1624-2 _
Wity (2200-1200) 1,000

Step 5: Calculate Cy : from design instructions

_ 1250-39nF _ -
(&) € = giono0.57 ~ 39

Step 6: Calculate R : Rg should be at least five times Ry, Rp = 51,0005 = 255 KQ
Step 7: Calculate Rg : Rg should be at least five times Rg, Rg = 255,000:5 = 1.2 MQ
Step 8: Calculate Rsym -

N (RF i Ri)'RB =
Rsum = _———_—(RF‘*‘ BooR] 240K
Step 9: Calculate Cr .
el ETRREE |

(Reuy Baud Rate)

Note: All values except Ry can be rounded lo nearest standard value.

TOM"
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Vee
Rg 9
0,
e Lo Re. fraic | g oM. e d 55;:(
- S ¥
Detect Cy _—(C)—:>_07 i
. InF L 16%[ Fsic Output
- 1 = omp.
10
2 Internal
Input >——-H———() 3 _EO Reference

0,
VCO ;
Signal S
BLE 14 ﬁ jw =
e,

>1 27nF 5% VCO
— Fine
Rx Tune
20K
6
=1 LDOQ
Quad i ¥
{4 Phase - LDOQN
Detect 5
Lock
Detect
Comp.

Figure 10. Circuit Connection for FSK Decoding of Caller Identification Signals
(Bell 202 Format)

Vee
Rg =
L
Loo 1 5.1k
1 Phate O ST
Detect
~FSK
Comp.
10
Internal
Input 2
Signal >——-‘H——O Reference
0.1pF
L 6 |LpoQ
s ;4
Quad
pil J %
etec
3 Lack 5 LDOQN
Detect
Comp.

Between 400K and 600K

Figure 11. External Connectors for FSK Demodulation with Carrier
Detect Capability
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Vee
Loop 11 8
1 Phase _O_L O_“J+ 7
—A\N\NN— Detect G )
T 270pF >~ FSK
= 5% Ry Comp.
200K 10
2 12 1% Internal
>—H——O vCco 0-1pE[ | Reference
0.1puF 14 j) 13 Ro —:—I__:
|, 20K ] Vee
Tone Co 1%
input >j___ sonF . O% L
g RX  Fine
5K Tune RL2 S RL3
5.1K 5.1K
6 LDOQ | 1
— +
Quad ¥ Logic Output
—| Phase =
Detect 3 5 LDOQN i el e
Lock
l():etect
RD CD omp.
470K 80nF
Figure 12. Circuit Connection for Tone Detection
FSK Decoding with Carrier Detect
The lock detect section of XR-2211 can be used as a  frequency approaches the capture bandwidth.

carrier detect option for FSK decoding. The
recommended circuit connection for this application is
shownin Figure 11. The open collector lock detectoutput,
pin 6, is shorted to data output (pin 7). Thus, data output
will be disabled at“low" state, until there is a carrier within
the detection band of the PLL and the pin 6 output goes
“high” to enable the data output.

Note: Data Output is “Low” When No Carrier is Present.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +Afc.
This is the range of incoming frequencies over which the
loop can acquire lock and is always less than the tracking
range. Itis further limited by C4. For most applications, Afc
> Af/2. For Rp = 470K, the approximate minimum value
of Cp can be determined by:

Cp > l—G—f CinpuF and fin Hz.

CinpF and fin Hz.

With values of Cp that are too small, chatter can be
observed on the lock detect output as an incoming signal

Excessively large values of Cp will slow the response time
of the lock detect output. For Caller I.D. applications
choose Cp = 0.1uF.

Tone Detection

Figure 12 shows the generalized circuit connection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins 5 and 6 are normally at “high” and "low” logic states,
respectively. When a tone is present within the detection
band of the PLL, the logic state at these outputs become
reversed for the duration of the input tone. Each logic
output can sink 5mA of load current.

Both outputs at pins 5 and 6 are open collector type
stages, and require external pull-up resistors Ri2 and
Ry 3, as shown in Figure 12.

With reference to Figure 3 and Figure 12, the functions of
thé external circuit components can be explained as
follows: Rpand Cg set VCO center frequency; R sets the
detection bandwidth; C4 sets the low pass-loop filter time
constant and the loop damping factor.



Design Instructions:

The circuitof Figure 12can be optimized for any tone detection application by the choice ofthe 5 key circuit components:
R, R1, Co, C1 and Cp. For a given input, the tone frequency, fg, these parameters are calculated as follows:

(All resistance in Q's, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a) Choose value of timing resistor Rg to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Rp = 20K€2. The final value of Rg
is normally fine-tuned with the series potentiometer, Rx.

b) Calculate value of Cq from design equation (1) or from Figure 7 fs=fo:

1

Bg= Ry fs

c) Calculate Ry to set the bandwidth +Af (See design equation 5):

Ryfy2
Gl

Note: The total detection bandwidth covers the frequency range of fo +Af
d) Calculale value of C4 for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

1250-C,

e

Increasing C1 improves the out-of-band signal rejection, but increases the PLL capture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

—_

cD>—6)-, CinuF

Increasing Cp slows down the logic output response time.

Design Examples:

Tone detector with a detection band of + 100Hz:

a) Choose value of timing resistor R to be in the range of 10KQ to 50KQ. This choice is dictated by the max./min.
current that the internal voltage reference can deliver. The recommended value is Rg=20 KQ. The final value of Rg

is normally fine-tuned with the series potentiometer, Rx.
b) Calculate value of Cg from design equation (1) or from Figure 6 fg = fo!

Cy = =1 1 = 50nF

Ryfs _ 20,000-1,000




c) Calculate Ry to set the bandwidth +Af (See design equation 5):

- Rufo2 _20,0001,000-2
e

Af 100 kL

Note: The lolal deleclion bandwidth covers the frequency range of fo 41
d) Calculate value of Cq for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

_ 1250-C, _ 1250-50-10-° _
Ci= —R.cT = 300,0000.52 6250k

e)

Increasing C1 improves the out-of-band signal rejection, but increases the PLL capture time.
Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

18
> 500 > 80nF

D

l

Tt

&
-~

Increasing Cp slows down the logic output response time.

f) Fine tune center frequency with 5KQ potentiometer, Rx.

Vee
Vee

Rr

100K
Loop 11
Phase

—Or——— L—O—t+ 7
Detect &) >‘O
1 i > FSK

Demodulated
o Output
2 12 Ry Internal
>_{ }-—O VCO 0.1k Reference =
EM 0.1uF

[

6
- + LDOQ
== Quad =
i hase = LDOQN
etect 8
Lock

Detect
Comp.

Figure 13. Linear FM Detector Using XR-2211 and an External Op Amp
(See Section on Design Equation for Component Values.)




XR-2211

Linear FM Detection

XR-2211 can be used as a linear FM detector for a wide The FM detector gain, i.e., the output voltage change per
range of analog communications and telemetry  unit of FM deviation can be given as:

applications. The recommended circuit connection for

this application is shown in Figure 13. The demodulated

output is taken from the loop phase detector output (pin Vour =
11), through a post-detection filter made up of R and Cr,

and an external buffer amplifier. This buffer amplifier is

necessary because of the high impedance output atpin  where VR s the internal reference voltage (Vrer = Voo /2

Ry Vieer
100-R,

11. Normally, a non-inverting unity gain op amp canbe - 650mV). For the choice of external components Ry, Ro,
used as a buffer amplifier, as shown in Figure 713. Cp, C1 and CF, see the section on design equations.
o :’" ———————— % T S R o e o T S B0 Kt e 03 e e i l
1 REF | S]Z
| Lo L 9@ | 2 | ;
| Output  nput | = 4 Lock |
°10 | 2 | K. Detect | I
| -3 | | B Filler | |
[ | | From 3 | I
' 10K 10K VCO 4 o 6
| : B - S I | Lock Detect
} OCi elec
| §20% l ; " | | Outputs
| | | v | 5
| ! | | I
| @@ e , @ O® |
Il N
________ ) e i R T | PR S TR SR S R E e, e S T
Internal Voltage Input Preamplifier Quadrature Lock Delect
Reference and Limiter Phase Detector Comparator
0 P o s o i R g S T r" Flee e e rE R IS S T [Em e e
: | %z | |
I | I
t 1 j’z 2 l-g | |
| | ' ¥ l : l
! ngggl or I A % 1 | Fsk |
| | From L loop | Comparator |
[ | vCO Deteclor| Input :
I A Output |
| : : | Fsk
| Data
| %Z SF | | i Output
| I’\/vv—T——j 12 % e D Fﬁ | |
4l | Ro i | b : |
Ground e el et o il e w e o) L A e T e e o TN T ]
Voltage Controlled Loop Phase Detector FSK Comparator

Oscillator

Figure 14. Equivalent Schematic Diagram
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14 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00

14 8
1 7
OO T ng
E
i el
Base Aq ] [
Plane ¥ A :
Seating L§ IIRIRIRRREE S [
= g
B B1 o
INCHES MILLIMETERS
SYMBOL MIN  MAX MIN  MAX
A 0100  0.200 2.54 5.08
Aq 0015  0.060 0.38 1.52
B 0014  0.026 0.36 0.66
B 0045  0.065 1.14 1,65
c 0008  0.018 0.20 0.46
D 0685 0.785 1740 19.94
Ef 0250 0310 6.35 7.87
E 0.300 BSC 7.62BSC
e 0.100 BSC 2.54 BSC
L 0.125  0.200 3.18 5.08
a 0° 15° 0° 15°

Note: The control dimension is the inch column
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14 LEAD PLASTIC DUAL-IN-LINE

(300 MIL PDIP)
Rev. 1.00

! cn G e Y pesems I ovees M. s FE st 1A o |

14 o |

Eq
1 il i
j B (S DR G S e Al ) R0 g0 fut: TRy O |

|
= D

1
i \_LAZ

Seating __A |
Plane L L . c
o sl K
e B4

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5,33
Aq 0.015 0.070 0.38 1.78
Ay 0.115 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
B4 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.725 0.785 18.42 20.19
E 0.300 0.325 7.62 8.26
Eq 0.240 0.280 6.10 7.11

e 0.100 BSC 2.54 BSC

ea 0.300 BSC 7.62BSC
ep 0.310 0.430 7.87 10.92
L 0.115  0.160 2.92 4.06
o 0° 15° 0° 15°

Nole: The conlrol dimension is the inch column
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Z#° EXAR XR-2211
ST T A S ATF R I T

14 LEAD SMALL OUTLINE
(150 MIL JEDEC SOIC)

Rev. 1.00
HAAAAHAA
o

TR

o TR Wiy

Plane T
ST Il

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.053 0.069 1.35 1.75
Aq 0.004 0.010 0.10 0.25
B 0.013  0.020 0.33 0.51
C 0.007 0.010 0.19 0.25
D 0.337 0.344 8.55 8.75
E 0.150  0.157 3.80 4.00
e 0.050 BSC 1.27 BSC
H 0.228 0.244 5.80 6.20
L 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The conlrol dimension is the millimeter column
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TR A
(AL

. 4 L7 4.

14 LEAD SMALL OUTLINE
(150 MIL JEDEC SOIC)

Rev. 1.00

HAAAARM

1

®) 7
FEHEHEE

Plane

- Y S W 0

i)

| G

1¥

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX

A 0.053 0.069 1.35 1.75
Aq 0.004 0.010 0.10 0.25
B 0.013 0.020 0.33 0.51
(o} 0.007 0.010 0.19 0.25
D 0.357 0.344 8.55 8.75
£ 0.150 0.157 3.80 4.00
e 0.050 BSC 1.27 BSC
H 0.228 0.244 5.80 6.20
i 0.016 0.050 0.40 1.27
o 0° 8° 0° 8°

Note: The conlrol dimension is the millimeter column
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VAV > AV

Serially Interfaced, 8-Digit LED Display Drivers

General Description

The MAX7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (jIPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™, QSPI™, and Microwire™, and has slew-rate-
limited segment drivers to reduce EMI.

A convenient 3-wire serial interface connects to all
common pPs. Individual digits may be addressed and
updated without rewriting the entire display. The
MAX7219/MAX7221 also allow the user to select code-
B decoding or no-decode for each digit.

The devices include a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-
limit register that allows the user to display from 1to 8
digits, and a test mode that forces all LEDs on.

Applications

Bar-Graph Displays
7-Segment Displays
Industrial Controllers
Panel Meters

LED Matrix Displays

Pin Configuration

Features

10MHz Serial Interface

Individual LED Segment Control
Decode/No-Decode Digit Selection

150pA Low-Power Shutdown (Data Retained)
Digital and Analog Brightness Control
Display Blanked on Power-Up

Drive Common-Cathode LED Display

Slew-Rate Limited Segment Drivers
for Lower EMI (MAX7221)
SPI, QSPI, Microwire Serial Interface (MAX7221)

¢ 24-Pin DIP and SO Packages

@ S S > S > & o

>

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAX7219CNG 0°Cto +70°C 24 Narrow Plastic DIP
MAX7219CWG 0°C to +70°C 24 Wide SO
MAX7219C/D 0°Cto +70°C Dice’

MAX7219ENG  -40°C to +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°Cto +85°C 24 Wide SO
MAX7219ERG -40°C to +85°C 24 Narrow CERDIP

Ordering Information continued at end of data sheet.
*Dice are specified at Ta = +25°C.

Typical Application Circuit

TOP VIEW 57
o 1] [24] vour
oiGo [2] 23] seG 0
G4 3] 22] 5t 0P
oo (1] AaAaxaaa |21] stce
066 [5 ] it 20] seG e
062 6] [19] v
063 [7] 18] €T
o6 7 3] 17] se6 6
ot 9] 16] sce o
065 (10} 15] seG
o6 1 [11] 14] sec A
toan @) [12] 13] cux
() MAX7221 ONLY DIP/SO

() MAX7221 ONLY

GND GND
A

8-DIGIT uP DISPLAY

oooooooo
R R R R
S TR S TR R TR |
+5V
19
9.53k v
18
Iser DIG0-DIG 7
AAAXAA 8DIGITS
1 MAX7219
BT MAX7221
uPo 121 | ond (©5)
13 SEGA-G
SCK CLK :
9 SEEOP 6 secments

SPLand QSPI are trademarks of Motorola Inc. Microwire is a trademark of National Semiconductor Corp.

/WXL

Maxim integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respect tlo GND)

R L e I I e e -0.3Vto 6V

DIN, CLK LOAD.ES. ... i e nrsenrssnsmsmembopans sissassssnmons -0.3Vto 6V

AlLOIherPINS st bsniinmmmmy -0.3Vto (V+ +0.3V)
Current

DIGO-DIG7 Sink CUMENL......uviriirinireiiieiieeiiiieen e 500mA

100mA

SEGA-G, DP Source Current....
Continuous Power Dissipation (Ta = +85°C)

Narrow: Plastic DIP. ..........oismsnsmremmmsssisioniaoiis o 0.87W
Wide SO ... ..0.76W
NBOWIEERDIP. .. i o st s T T e et e 1.1W

Operaling Temperature Ranges
MAX7219C_GIMAXT221C_G ..ccoivvinviviinismssiainns 0°Clo +70°C
MAX7219E_G/MAX7221E_G ... ...-40°C to +85°C
Storage Temperature Range .............. .-65°C to +160°C
Lead Temperature (soldering, 10S€C) .......ccooveeiiiennnnns +300°C

Stresses beyond those listed under "Absolute Maximum Ratings “ may cause permanent damage to the device. These are stress ratings only, and lunctional
operation of the device al these or any other conditions beyond those indicated in the operalional sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = 5V +10%, RseT = 9.53kQ +£1%, Ta = TMIN to Tmax, unless otherwise noted.)

(MAX7219 only)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Supply Voltage V+ 4.0 5.5 \
Shutdown Supply Current I+ All digital inputs at V+ or GND, Ta = +25°C 150 HA

RsgT = open circuit 8
Operating Supply Current I+ All segments and decimal point on, mA

330

ISEG_ = -40mA
Display Scan Rale fosc | 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current loigit | V+ =5V, Vour = 0.65V 320 mA
Segment Drive Source Current ISEG TAa = +25°C, V+ = 5V, Vout = (V+ - 1V) -30 -40 -45 mA
Segment Current Slew Rate ) 2 i -
(MAX7221 Oﬂ'y) AISEG/AL | TA = +25°C, V+ = 5V, Vourt = (V+ - 1V) 10 20 50 m/\/}JS
Segment Drive Current Matching|  Alsgc 3.0 %
Digit Drive Leakage - 4
(MAX7221 only) IDIGIT Digit off, VpigiT = V+ 10 HA
Segment Drive Leakage 5
(MAX7221 only) Isec | Segment off, Vseg = 0V 1 HA
Digit Drive Source Current IpiGiT | Digit off, VoigiT = (V+ - 0.3V) 2 A

Segment Drive Sink Current

(MAX7219 only)

ISEG Segment off, VsgG = 0.3V

mA

(8,1

ALKV




- Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS (continued)

(V4 =5V +10%, RsET =9.53kQ £1%, Ta = TMiN to Tmax. unless otherwise noted.)

PARAMETER ] SYMBOL | CONDITIONS MIN  TYP  MAX | UNITS
LOGIC INPUTS
:_ngxi)c%%onl BIRS CLA, b, it | Vin=0Vor Vs -1 1 A
Logic High Input Voltage VIH 3.5 \Y
Logic Low Input Voltage Vie 0.8 \Y
Output High Voltage Vou | DOUT, Isource = -1TmA Vi -1 \Y
Output Low Voltage Vou DOUT, Isink = 1.6mA 0.4 Vv
Hysteresis Voltage AV DIN, CLK, LOAD, CS 1 \
TIMING CHARACTERISTICS
CLK Clock Period tcp 100 ns
CLK Pulse Width High tcH 50 ns
CLK Pulse Width Low tcL 50 ns
CS Fall to SCLK Rise Setup Time s 25 ns
(MAX7221 only)
CLK Rlise to CSor LOAD Rise o . s
Hold Time
DIN Setup Time tps 25 ns
DIN Hold Time LoH 0 ns
Output Data Propagation Delay tbo CLoap = 50pF 25 ns
Lt?afd-Rising Edge to Next Clock o 50 A
Rising Edge (MAX7219 only)
M.inimum CS or LOAD Pulse I 50 pet
High
Data-to-Segment Delay tpspPpd 2:25 ms

3

AW A1K0 AT . i
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Serially Interfaced, 8-Digit LED Display Drivers

(V+

=45V, Ta = +25°C, unless otherwise noted.)

SCAN FREQUENCY vs.
POSITIVE SUPPLY VOLTAGE
830 .
820 g
810 3
) —
=
2 190
3 1m0
&
z 10
A 160
750
740
730
10 a4 48 52 56 60
POSITIVE SUPPLY VOLTAGE (V)
MAX7219
SEGMENT QUTPUT CURRENT
. ‘
MAXIMUM INTENSITY = 31/32
4
10mA/div 4 prsaa i
0 L

Sps/div

wax121921 03

Typical Operating Characteristics

SEGMENT DRIVER OUTPUT CURRENT
vs. OUTPUT VOLTAGE

10 ]
| ]
. \ R = 10k i
—_— el =
T 50 ™~ S
= _—
S w0 =
o
a . Rsg 1 = 20k
2
e e
5 1
o020 | Rsr = 40k \*
\'N»‘s\
10 =
0
0 1 2 3 4 5
OUTPUT VOLTAGE (V)
MAX7221
SEGMENT OUTPUT CURRENT
MAXIMUM INTENSITY = 15/16 s
*
10mA/div i fossedmnnsi
0

Sps/div

VALK VI




Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.
2.3.5.8 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7219 pulls
'1()' 11 DIG 0-DIG 7 the digit outputs to V+ when turned off. The MAX7221's digit drivers are high-impedance when
: turned off.
4,9 GND Ground (both GND pins must be connected)
200 Load-Data Input. The last 16 bits of serial dat latched on LOAD's risi d
. (MAX7219) -Data Input. The las its of scrial data are latched on s rising edge.
: (o7:] Chip-Select Input. Serial data is loaded into the shift register while CS is low. The last 16 bits of
(MAX7221) serial data are latched on CS's rising edge.
Serial-Clock Input. 10MHz maximum rate. On CLK's rising edge, data is shifted into the inter-
13 CLK nal shift register. On CLK's falling edge, data is clocked out of DOUT. On the MAX7221. the
CLK inputis active only while CS is low.
14-17 SEG A-SEG G Seven Segment Drives and Decimal Point Drive that source current to the display. On the
: ik MAX7219, when a segment driver is turned off it is pulled to GND. The MAX7221 segment dri-
20-23 DP i ;
vers are high-impedance when turned off.
18 ISET Connect to Vpp through a resistor (Rsgt) to set the peak segment current (Refer to Selecting
RseT Resistor section).
19 V4 Positive Supply Voltage. Connect to +5V.
24 DOUT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used
to daisy-chain several MAX7219/MAX7221's and is never high-impedance.
Functional Diagram
SEG A-SEG G, DP DIG 0-DIG 7
SEGMENT DRIVERS DIGIT DRIVERS
A T 8
A8 | SHUTDOWN REGISTER -——I
CODEB | -
o L ey MQD[ REGISTER INPTL["riJSS[ITY
BYPASS | INTENSITY REGISTER  [—» WIDTH
Reg1 3 [—>~{ SCAN-LIMIT REGISTER MODULATOR
SEGMENT 8 [-»-| DISPLAY-TEST REGISTER
'— CURRENT 8x8
REFERENCE DUAL-PORT [~ MULTIPLEX
SRAM T—» SCAN [
\ ADDRESS CIRCUITRY
8 t ¢8| REGISTER
1LOAD (CS) ™ DECODER

el
o w——— oo o102 [ 03 [ 4] 0 [os [or [ ve vs [oro]orforzoiafore]ors] f—— bour
HEEEEET R DEEE,

Chie (Ls8) (M)

() MAX7221 ONLY

VLA KAV s
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Figure 1. Timing Diagram

Table 1. Serial-Data Format (16 Bits)

D15 | D14 | D13 | D12 D11JD10[ D9 ] D8

o7 | 'os]- ps | lpg "2 | "D | DO

X X X X ADDRESS

MSB

DATA LSB

Detailed Description

NVIAX7219/VIAX7221 Differences
The MAX7219 and MAX7221 are identical except for
two parameters: the MAX7221 segment drivers are
slew-rate limited to reduce electromagnetic interfer-
ence (EMI), and its serial interface is fully SPI compati-
ble.

Serial-Addressing Modes
For the MAX7219, serial data at DIN, sent in 16-bit
packets, is shifted into the internal 16-bit shift register
with each rising edge of CLK regardless of the state of
LOAD. For the MAX7221, TS must be low to clock data
inor out. The data is then latched into either the digit or
control registers on the rising edge of LOAD/CS.
LOAD/CS must go high concurrently with or after the
16th rising clock edge, but before the next rising clock
edge or data will be lost. Data at DIN is propagated
through the shift register and appears at DOUT 16.5
clock cycles later. Data is clocked out on the falling
edge of CLK. Data bits are labeled DO-D15 (Table 1).
D8-D11 contain the register address. D0-D7 contain
the data, and D12-D15 are “don't care” bits. The first
received is D15, the most significant bit (MSB).

Digit and Control Registers
Table 2 lists the 14 addressable digit and control regis-
ters. The digit registers are realized with an on-chip,
8x8 dual-port SRAM. They are addressed directly so
that individual digits can be updated and retain data as
long as V+ typically exceeds 2V. The control registers
consist of decode mode, display intensity, scan limit
(number of scanned digits), shutdown, and display test
(all LEDs on).

Shutdown Mode
When the MAX7219 is in shutdown mode, the scan oscil-
lator is halted, all segment current sources are pulled to
ground, and all digit drivers are pulled to V+, thereby
blanking the display. The MAX7221 is identical, except
the drivers are high-impedance. Data in the digit and
control registers remains unaltered. Shutdown can be
used to save power or as an alarm to flash the display by
successively entering and leaving shutdown mode. For
minimum supply current in shutdown mode, logic inputs
should be at ground or V+ (CMOS-logic levels).

Typically, il takes less than 250ps for the MAX7219/
MAX7221 to leave shutdown mode. The display driver
can be programmed while in shutdown mode, and
shutdown mode can be overridden by the display-test
function.

— VAKX




Serially Interfaced, 8-Digit LED Display Drivers

Table 2. Register Address Map

ADDRESS =

REGISTER | D15~ | 111 | b1o | pe | Ds | cODE
D12

No-Op X ol o] o] o X0
Digit 0 X o o s O X1
Digit 1 X T 0 X2
Digit 2 X T 1 X3
Digit 3 X ol 1o o X4
Digit 4 X o ] e X5
Digit 5 X o | 1 1 0 X6
Digit 6 X o | 1 1 1 X7
Digit 7 X 1 0| o[ o X8
azzzde X Elml e X9
Intensity X 1 1 0 XA
Scan Limit X 1 1 XB
Shutdown X 1 1 0 0 XC
?;’t"ay X 1 1 1 1 XF

Initial Power-Up
On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver prior to
display use. Otherwise, it will initially be set to scan one
digit, it will not decode data in the data registers, and
the intensity register will be set to its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9, E, H,
L, P, and -) or no-decode operation for each digit. Each
bit in the register corresponds to one digit. A logic high
selects code B decoding while logic low bypasses the
decoder. Examples of the decode mode control-regis-
ter format are shown in Table 4.

When the code B decode mode is used, the decoder
looks only at the lower nibble of the data in the digit
registers (D3-D0), disregarding bits D4-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decoder and is positive logic (D7 = 1 turns the decimal
point on). Table 5 lists the code B font.

When no-decode is selected, data bits D7-D0 corre-
spond to the segment lines of the MAX7219/MAX7221.
Table 6 shows the one-to-one pairing of each data bit
to the appropriate segment line.

Table 3. Shutdown Register Format (Address (Hex) = XC)

REGISTER DATA
SBHE ADDRESS CODE
(HEX) D7 D6 D5 D4 D3 D2 D1 DO
Shutdown
e XC X X X X X X X 0
hormal XC X X X X X X X 1
Operation

Table 4. Decode-Mode Register Examples (Address (Hex) = X9)

REGISTER DATA HEX
DECODE MODE

D7 D6 D5 D4 D3 D2 D1 DO CODE
No decode for digits 7-0 0 0 0 0 0 0 0 0 00
Code B decode for digit 0
No decode for digits 7-1 ) g G . 2 g 5 . o1
Code B decode for digits 3-0
No decode for digils 7-4 ¢ 2 $ g | | } : o
Code B decode for digits 7-0 1 1 1 1 1 1 1 1 FF

A 1K1 VY
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Serially Interfaced, 8-Digit LED Display Drivers

Table 5. Code B Font

7.SEGMENT REGISTER DATA ON SEGMENTS =1
CHARACTER | D7* | D6-D4 D3 D2 D1 D0 | DP* A B C D E F G
0 X 0 0 0 0 1 1 1 1 1 1 0
1 X 0 0 0 1 0 1 1 0 0 0 0
2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 i 1 1 1 1 1 0 0 1
4 X 0 1 0 0 0 1 1 0 0 1 1
5 X 0 1 0 1 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 0 0
8 X 1 0 0 0 1 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
— X 1 0 1 0 0 0 0 0 0 0 1
E X 1 0 1 1 1 0 0 1 1 1 ]
H X 1 1 0 0 0 1 1 0 il 1 1
L X 1 1 0 1 0 0 0 1 1 1 0
P X 1 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 1 0 0 0 0 0 0 0

"The decimal pointis set by bit D7 = 1

Table 6. No-Decode Mode Data Bits and
Corresponding Segment Lines

I
EU Uc

STANDARD 7-SEGMENT LED

G R
D opP
REGISTER DATA
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Correspon@ng or | A B c D e Eole
Segment Line

Intensity Control
and Interdigit Blanking
The MAX7219/MAX7221 allow display brightness to be
controlled with an external resistor (RsgT) connected
between V+ and ISET. The peak current sourced from
the segment drivers is nominally 100 times the current
entering ISET. This resistor can either be fixed or vari-
able to allow brightness adjustment from the front
panel. Its minimum value should be 9.53Q, which typi-
cally sets the segment current at 40mA. Display bright-
ness can also be controlled digitally by using the
intensity register.
Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
maximum of 31/32 down to 1/32 of the peak current set
by RseT (15/16 to 1/16 on MAX7221). Table 7 lists the
intensity register format. The minimum interdigit blank-
ing time is set o 1/32 of a cycle.
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Table 7. Intensity Register Format (Address (Hex) = XA)

DUTY CYCLE HEX
D7 D6 D5 D4 D3 D2 D1 DO
MAX7219 MAX7221 CODE
(m1i:13 (Zm) (m1i:11 ch) A % % X g 0 g g L4
3/32 216 X X X X 0 0 0 1 X1
5/32 3116 X X X X 0 0 1 0 X2
7132 4116 X X X X 0 0 1 1 X3
9/32 5/16 X X X X 0 1 0 0 X4
11132 6/16 X X X X 0 1 0 1 X5
13/32 716 X X X X 0 1 1 0 X6
15/32 8/16 X X X X 0 1 1 1 X7
17132 9116 X X X X 1 0 0 0 X8
19/32 10/16 X X X X 1 0 0 1 X9
21132 11/16 X X X X 1 0 1 0 XA
23/32 12/16 X X X X 1 0 1 1 XB
25/32 13/16 X X X X 1 1 0 0 XC
21132 14116 X X X X 1 1 0 1 XD
29/32 15/16 X X X X 1 1 1 0 XE
31/32 (”1;/( fn) X X X X 1 1 1 1 XF
Table 8. Scan-Limit Register Format (Address (Hex) = XB)
R REGISTER DATA HEX
D7 D6 D5 D4 D3 D2 D1 DO CODE
Display digit 0 only* X X X X X 0 0 0 X0
Display digits 0 & 1° X X X X X 0 0 1 X1
Display digits 01 2° X X X X X 0 1 0 X2
Display digits 01 2 3 X X X X X 0 1 1 X3
Display digits 012 3 4 X X X X X 1 0 0 X4
Display digits 01234 5 X X X X X 1 0 1 X5
Display digits 01234 56 X X X X X 1 1 0 X6
Display digits 0123456 7 X X X X X 1 1 1 X7

‘See Scan-Limit Register section for application.

Scan-Limit Register
The scan-limit register sets how many digits are dis-
played, from 1 to 8. They are displayed in a multiplexed
manner with a typical display scan rate of 800Hz with 8
digits displayed. If fewer digits are displayed, the scan
rate is 8fosc/N, where N is the number of digits

AV AKXV

scanned. Since the number of scanned digils affects
the display brightness, the scan-limit register should
not be used to blank portions of the display (such as
leading zero suppression). Table 8 lists the scan-limit
register format.
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If the scan-limit register is set for three digits or less,
individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the RSET resistor
must be adjusted according to the number of digits dis-
played, to limit individual digit driver power dissipation.
Table 9 lists the number of digits displayed and the
corresponding maximum recommended segment cur-
rent when the digit drivers are used.

Display-Test Register
The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs on
by overriding. but not altering, all controls and digit reg-
isters (including the shutdown register). In display-test
mode, 8 digits are scanned and the duty cycle is 31/32
(15/16 for MAX7221). Table 10 lists the display-test reg-
ister format.

Table 9. Maximum Segment Current for
1-, 2-, or 3-Digit Displays

NUMBER OF DIGITS MAX'“C"S";“RSEENGTMENT
DISPLAYED
(mA)
1 0
20
30

Table 10. Display-Test Register Format
(Address (Hex) = XF)

REGISTER DATA
MODE
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
ofmal ol R e s R g
Operation
Display Test
NMode X X X X X X X 1

Note: The MAX7219/MAX7221 remain in display-test mode
(all LEDs on) until the display-test register is reconfigured
for normal operation.

No-Op Register
The no-op register is used when cascading MAX7219s
or MAX7221s. Connect all devices' LOAD/CS inpuls
together and connect DOUT to DIN on adjacent
devices. DOUT is a CMOS logic-level output that easily
drives DIN of successively cascaded parts. (Refer to
the Serial Addressing Modes section for detailed infor-
mation on serial input/output timing.) For example, if
four MAX7219s are cascaded, then to write to the

10

fourth chip, sent the desired 16-bit word, followed by
three no-op codes (hex XX0X, see Table 2). When
LOADI/CS goes high, data is latched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10pF electrolytic and a 0.1uF
ceramic capacitor between V+ and GND as close to
the device as possible. The MAX7219/MAX7221 should
be placed in close proximity to the LED display, and
connections should be kept as short as possible to
minimize the effects of wiring inductance and electro-
magnetic interference. Also. both GND pins must be
connected to ground.

Selecting RseT Resistor and
Using External Drivers
The current per segment is approximately 100 times
the current in ISET. To select RsgT, see Table 11. The
MAX7219/MAX7221's maximum recommended seg-
ment current is 40mA. For segment current levels
above these levels, external digit drivers will be need-
ed. In this application, the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistors. Therefore, to conserve power, use RSgT = 47k
when using external current sources as segment dri-
vers.

The example in Figure 2 uses the MAX7219/MAX7221's
segment drivers, a MAX394 single-pole double-throw
analog switch, and external transistors to drive 2.3"
AND2307SLC common-cathode displays. The 5.6V
zener diode has been added in series with the decimal
point LED because the decimal point LED forward volt-
age is typically 4.2V. For all other segments the LED
forward voltage is typically 8V. Since external transis-
tors are used to sink current (DIG 0 and DIG 1 are used
as logic switches), peak segment currents of 45mA are
allowed even though only two digits are displayed. In
applications where the MAX7219/MAX7221's digit dri-
vers are used to sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RSeT must be selected accord-
ingly (Table 11).

Refer to the Power Dissipation section of the Absolute
Maximum Ratings to calculale acceplable limits for
ambient temperature, segment current, and the LED
forward-voltage drop.
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Table 11. RSET vs. Segment Current and
LED Forward Voltage

Viep (V)
bsee 0Bl T s 2.0 2E | @4 | s
LAl 122 | 118 | 11.0 | 106 | 9.69
30 17.8 | 174 15.8 | 150 | 14.0
20 298 | 280 | 259 | 245 | 22.6
10 66.7 | 63.7 | 59.3 | 554 [ 51.2

Computing Power Dissipation

The upper limit for power dissipation (PD) for the
MAX7219/MAX7221 is determined from the following
equation:

PD = (V + x 8mA) + (V+ - VLED)(DUTY x ISEG x N)
where:

V+ = supply voltage

DUTY = duty cycle set by intensity register

N = number of segments driven (worst case is 8)

VLED = LED forward vollage

ISEG = segment current set by RSET
Dissipation Example:

ISEG = 40mA, N = 8, DUTY = 31/32, VLED = 1.8V al

40mA, V+ = 5.25V

PD = 5.25V(8mA) + (5.25V - 1.8V)(31/32 x

40mA x 8) = 1.11W

Thus, for a CERDIP package (6Ja = +60°C/W from
Table 12), the maximum allowed ambient temperature
Tais given by:
Tyviax) = TA + PD x 6JA + 150°C = TA +1.1TTW X
60°C/W

where Ta = +83.4°C.

N AKX/ -

Table 12. Package Thermal Resistance
Data

PACKAGE THERMAL(;E/E\)SISTANCE
24 Narrow DIP +75°C/W
24 Wide SO +85°C/W
24 CERDIP +60°C/W

Maximum Junction Temperature (TJ) = +150°C

Maximum Ambient Temperature (Ta) = +85°C

Cascading Drivers
The example in Figure 3 drives 16 digits using a 3-wire
pP interface. If the number of digits is not a multiple of
8, set both drivers’ scan limits registers to the same
number so one display will not appear brighter than the
other. For example, if 12 digits are need, use 6 digits
per display with both scan-limit registers set for 6 digits
so that both displays have a 1/6 duty cycle per digit. If
11 digits are needed, set both scan-limit registers for 6
digits and leave one digit driver unconnected. If one
display for 6 digits and the other for 5 digits. the sec-
ond display will appear brighter because its duty cycle
per digit will be 1/5 while the first display’s will be 1/6.
Refer to the No-Op Register section for additional infor-
mation.

il
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AND2307SLC AND2307SLC
3 " ANODE OP 5 TANODE DP
L1 mooe A T { NoDE A
31 ANODEF 3 | anoDEF
81 avooes 12 ANODE B
1% oot 6 ANODE G
4 mooec ; ANODE C
21 mnopEE S AoDEE
INS524B 31 ANODED caTODE ANODE D CATHODE
56V 15%
8 8
P3| =
St
2! sr(G;E
z sécc
I
15| X°C mam 5
151 S8 vmaxzzrg 19
SEGF v & 4.7k
MAX7221
] sea T Vvve
P 30k ¢
SEG DP »/\:\;\,
18 T
GND Is1 b 4
9 e— nC1
GND 3
. . 7
M1 ——{
== NC2 P IRF540 l:
== 2 1 maxim
DATAIN >—_12— DIN DIGO = ® ol MaX39e
LOAD (T3) ] Lo (Cs) DIG 1 2] e COM2
cLOCK B——= CLk L
NO2
5
*4.7kQ2 PULL-UP REQUIRED FOR MAX7221 5y —I IRF540
() MAX7221 ONLY ] )

Figure 2. MAX7219/MAX7221 Driving 2.3-Inch Displays
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() MAX7221 ONLY

ooooo0o00 oooo0000
L0 e, L'.U.L'.U.U.L'.L‘.Lj
) RS P S ] ) [ [ R |
C [
8 8 8 8
DATA IN > DIN DOUT DIN pour
¢— nico SEGD |—o é— DIGO SEGD |—o
o— G4 SEGDP {— ¢— DG 4 SEGDP |—@
GND SEGE |— GND SEGE [—o
6—| DIG6 SEGC |—# v é—| 0IG6 SEGC |—¢ sv
— DiG2 Vi | ¢—] nic2 Vi
¢—| nic3 ISET |— — 0iG3 ISET ’\/\/\/J
¢— DIG7 SEGG |—e 953k &—| DIG7 SEGG |—e 9.5
GND SEGB f—¢ GND SEGB |—6
— ¢— 0iGS SEGF j. —JT— o—| nics SEGF jn
L viG1 SEGA |— AN L D61 SEGA [— AMAXILAA
F LOAD (C5) ClK f— mgﬂ? [—— LOAD (C9) CLK m};ﬁ;?
LOAD DATA b—&
CLOCK >~

Figure 3. Cascading MAX7219/MAX7221s to Drive 16 7-Segment LED Digits
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_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE
MAX7221CNG 0°Cto +70°C 24 Narrow Plastic DIP
MAX7221CWG 0°Cto +70°C 24 Wide SO
MAX7221C/D 0°C to +70°C Dice*

MAX7221ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX7221EWG  -40°C to +85°C 24 Wide SO
MAX7221ERG -40°C to +85°C 24 Narrow CERDIP

‘Dice are specified at Ta = +25°C.
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Serially Interfaced, 8-Digit LED Display Drivers

Package Information

" ~

e

INCHES |MILLIMETERS INCHES _ [MILLIMETERS

MIN | MAX | MIN | MAX MIN | MAX | MIN | MAX | N_[Hsol
A|--- 10200 --- |5.08 D |0.348]0.390 | 8.84| 9.91 |8 |AB
A110.015 |--- 10.38 |--- | |D]0.735(0.765]18.67 [19.43 [14 |AC
A2]|0.125 10175 |3.18 |4.45 D [0.745]0.765(18.92 [19.43 |16 |AA
A3/0.055 {0.080 |1.40 [2.03 D 10.885]0.915 [22.48[23.24]18 |AD
B |0.016 0.022]0.41 0.56 D [1.015 |1.045 |25.78/26.54]20 |AE
B1{0.045 |0.065 |1.14 [1.65 D (114 ]1.265]28.96|32.13 |24|AF
C |0.008 ]0.012 |0.20 ]0.30 D |1.360 |1.380 |34.54|35.05]28|*5

D!]0.005 10.080 |0.13 |2.03

E 10.300 10.32517.62 [8.26 ?‘.”’55:’ DO NOT INCLUDE MOLD FLASH

E£1]0.240]0.310 |6.10 [7.87 2. MOLD FLASH OR PROTRUSIONS NOT
e 0100 s 854 Pl i TO EXCEED .ISmm €.006°)

; : M|
eAl0300 [ = 1762 = 't ?g?j?"bkB%%ﬁé‘fuﬁ’x@”fé’%ﬁu%m
B —== [0.400]| —~- |i0.15 BOVE TABL
L [0.115 [0.150 [2.92 |3.81 2GR ETEL Nocsense

\, /

LELAXLAV[PAKAGE FAIILY DUTLING PDIP 300 (/] 21-0043 A
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Serially Interfaced, 8-Digit LED Display Drivers

Package Information (continued)

HAAA AAAA T
N

:

EH

FEEE BHE Bt

: f

I . : ﬁ'

_i A
b BJL—ATIT

INCHES MILLIMETERS INCHES MILLIMETERS

MIN | MAX [MIN | MAX MIN [MAX [MIN [MAX | N [MS0I3
A 10.093]0.104 [2.35] 2.65| |D [0.398]0.413 {1010 |10.50}16 | AA
A1]0.004 | 0.0i2]0.10 | 0.30 D 1044710463 {11.35]11.75]18 | AB
B|0.014 10.019(0.35({049| |D[0.49610.512 {12.60[13.00{20|AC
€ ]0.009]0.013]0.23{0.32 D 10.59810.614 15.20/15.60{24] AD
e 0.050 1.27 D 10,697 10.713 117.70118.101281 AE
E10.291]10.299|7.40] 7.60 e L
H10.394]0.419110.00] 1063 1. DLE DO NOT INCLUDE MOLD FLASH
h10.010 10.030]0.25] 0.75 2. MOLD FLASH OR PROTRUSIONS NOT
L 10.01610.050[0.40} 127 . LEADS TG BE COPLAWAR WITHIN

3
102rmm (.0047)
4. CONTROLLING DIMENSION: MILLIMETER
S. MEETS JEDEC MS013-XX AS SHOWN
IN ABOVE TABLE
6. N = NUMBER OF PINS
B

LY AKNLYE | PACKAGE FANILY DUTLINE: SDIC 300 21-0042 A

Maxim cannot assume responsibility lor use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specilications without notice at any time.

| e ey ___Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600

© 1997 Maxim Integrated Proclucts Printed USA MAXIAA s a registered trademark of Maxim Integrated Products.



ChipCorder”

TECHNOLOGY BYISD

ISD2560/75/90/120 Products
Single-Chip Voice Record/Playback Devices

60-, 75-, 90-

, and 120-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 1SD2500 Chip-
Corder® Series provides high-quality, single-chip
record/playback solutions for 60- to 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscillator, microphone pream-
plifier, automatic gain confrol, antialiasing fiter,
smoothing filter, speaker amplifier, and high den-
sity mullilevel storage aray. In addition, the
ISD2500 is microcontroller compatible, allowing
complex messaging and addressing to be
achieved.

Recordings are stored in on-chip nonvoldtile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented multilevel storage
technology. Voice and audio signals are stored
directly into memory in their natural form, providing
high-quality, solid-state voice reproduction.

Figure: 1SD2560/75/90/120 Device Block Diagram
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, | : ®
XClK O 7 Sampling Clock Chmcﬂmer
; : TECHNOLOGY BY ISD
5-Pole Aclive
ANA IN celve
& lAmp Anficlicsing Fitet Andlog Transcelvers
ANAOUT O 2 480K Cell ‘
8 Nonvolatile S-P()le./\ch\'/e
MIC O Pre- : @ | Multilevel Storage Smoolhing Filler
A o :
MIC REF O o dioid —O sP+
Automatic Mux
AGC O * Galn Conlrol O sp-
(AGC)
! Power Conditioning ] [ Address Buffers J I Device Control ]
(o o T o 00bb o000 dd o 06 6 o o

Veea Vssa Vsso Veco A0 A1 A2 A3 A4 A5 A

A7 A8 A9 PD OVF PR CE EOM AUXIN

ISD—APRIL 1998



1SD2560/75/90/120 Products

FEATURES

Easy-to-use single-chip voice record/playback
solution

High-quality, natural voice/audio reproduction

Manual switch or microcontroller compatible
playback can be edge- or level-activated

Single-chip durations of 60, 75, 20, and 120
seconds

Direcily cascadable for longer durations
Automatic Power-Down (Push-Butfon Mode)
— Standby current 1 LA (typical)
Zero-power message storage

— Eliminates battery backup circuits

Fully addressable to handle multiple
messages

100-year message retention (typical)

100,000 record cycles (typical)

On-chip clock source

Programmer support for play-only applications
Single +5 volt power supply

Available in die form, DIP, and TSOP
packaging

Industrial temperature (-40°C to +85°C)
versions available

Table: ISD2560/75/90/120 Product Summary

Part ,D‘ﬁr'a‘;:i’on‘ ; Input Sample Typical Filter Pass
Number o \'(Sec‘i)’nds) Rate (KHz) Band (KHz)
ISD2560 60 8.0 3.4
ISD2575 75 6.4 27
ISD2590 Q0 5.3 2.3
1SD25120 120 4.0 1.7

. . . ape ™
Voice Solutions in Silicon



1SD2560/75/90/120 Products

DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The I1SD2500 series includes devices offered at 4.0,
5.3, 6.4, and 8.0 KHz sampling frequencies, allow-
ing the user a choice of speech quality options.
Increasing the duration within a product series de-
creases the sampling frequency and bandwidth,
which affects sound quality. Please refer fo the
1SD2560/75/90/120 Product Summary table on
‘page i to compare filter pass band and product
durations.

The speech samples are stored directly into on-
chip nonvolatile memory without the digitization
and compression associated with other solutions.
Direct analog storage provides a very true, natural
sounding reproduction of voice, music, fones,
and sound effects not available with most solid-
state digital solutions.

DURATION

To meet end system requirements, the 1ISD2500
series offers single-chip solutions at 60, 75, 90, and
120 seconds. Parts may also be cascaded to-
gether for longer durations.

EEPROM STORAGE

One of the benefits of ISD’s ChipCorder technology
is the use of on-chip nonvolatile memory, provid-
ing zero-power message storage. The message is
retained for up fo 100 years typically without pow-
er. In addition, the device can be re-recorded
typically over 100,000 times.

MICROCONTROLLER INTERFACE

In addition fo its simplicity and ease of use, the
ISD2500 series includes all the inferfaces necessary
for microcontroller-driven applications. The ad-
dress and control lines can be interfaced fo a mi-
crocontoller and manipulated to perform a
variety of tasks, including message assembly,
message concatenation, predefined fixed mes-
sage segmentation, and message manage-
ment.

PROGRAMMING

The I1SD2500 series is also ideal for playback-only
applications, where single or multiple messages
are referenced through buttons, switches, or a mi-
crocontroller. Once the desired message config-
uration is created, duplicates can easily be
generated via an ISD programmer.

. . . ope ™
Voice Solutions in Silicon



1SD2560/75/90/120 Products

Figure 1: 1SD2560/75/90/120 Device Pinouts

1SD2560/75/90/120
AOMOLC] 1@ 28 |1 Vceb
AN ] 2 27 [ PR
OV 1 1o Rl anaoUT AM23 26 [ XCLK
CE]2 31 [ ANAIN AIM3 ] 4 25 [] EOM
_PD3 30 |3 AGC
FOM ] 4 0o MCrer  AYMATS 2411 PD
XCLK =5 28 =1 MIC A5/M5 ] 6 23 [ CE
PIR 6 21 @ Veea AGME ] 7 22 [ OVF
vVeeb 37 26 | SP-
NC =8 1SD2560/75/90/120 25 5 NC S il il
NC 39 24 I NC AB[]9 20 [T ANAIN
AO/MO 10 23 |33 SP+ ;
ATMI 11 225 Vssa A9 10 19 [ AGC
A2M2 =712 21 [ Vssp AUXINC] 1 18 [ MIC REF
A3/M3 =13 20 |33 AUX IN vV
e b R Vsso::uz 17 3 MIC
A5/M5 ] 15 18 [0 A8 SSAC] 13 16 [ Vcea
A6ME 16 17133 A7 SP+[]14 1517 SP=
32-PIN TSOP DIP/SOIC

PIN DESCRIPTIONS

VOLTAGE INPUTS (Veca, Veen)

To minimize noise, the analog and digital circuits
in the ISD2500 series devices use separate power
busses. These vollage busses are brought out to
separate pins and should be tied together as
close 1o the supply as possible. In addition, these
supplies should be decoupled as close o the
package as possible.

GROUND INPUTS (Vssp, Vssp)

The I1SD2500 series of devices utilizes separate an-
alog and digital ground busses. These pins should
be connected separately through a low-imped-
ance path to power supply ground.

POWER DOWN INPUT (PD)

When not recording or playing back, the PD pin
should be pulled HIGH to place the part in a very
low power mode (see lIsg specification). When
overflow (OVF) pulses LOW for an overflow condi-
tion, PD should be brought HIGH to reset the ad-
dress pointer back to the beginning of the record/
playback space. The PD pin has additional func-
tionality in the Mé (Push-Button) Operational Mode
described later in the Operational Mode section.

CHIP ENABLE INPUT (CE)

The CE pin is taken LOW to enable all playback
and record operations. The address inputs and
playback/record input (P/R) are latched by the fall-
ing edge of CE. CE has additional functionality in
the M6 (Push-Button) Operational Mode de-
scribed later in the Operational Mode section.

. . N oye ™
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1SD2560/75/90/120 Products

PLAYBACK/RECORD INPUT (P/R)

The P/R input is latched by the falling edge of the
CE pin. A HIGH level selects a playback cycle
while a LOW level selects a record cycle. For a
record cycle, the address inputs provide the start-
ing address and recording continues until PD or
CE is pulled HIGH or an overflow is detected (i.e.
the chip is full). When a record cycle is terminated
by puling PD or CE HIGH, an End-Of-Message
(EOM) mairker is stored atf the curent address in
memory. For a playback cycle, the address inputs
provide the starting address and the device will
play until an EOM marker is encountered. The de-
vice can continue past an EOM marker in an Op-
erational Mode, or if CE is held LOW in address
mode. (See page 5 formore Operational Modes).

END-OF-MESSAGE / RUN OUTPUT (EOM)

A nonvolatile marker is automatically inserted at
the end of each recorded message. It remains
there until the message is recorded over. The EOM
output pulses LOW for a period of Tgop af the end
of each message.

In addition, the ISD2500 series has an intemal Ve
detect circuit to maintain - message  integrity
should Ve fall below 3.5V. In this case, EOM
goes LOW and the device is fixed in playback-only
mode.

When the device is configured in Operational
Mode M6 (Push-Button Mode), this pin provides an
active-HIGH RUN signal, indicating the device is
currently recording or playing. This signal can con-
veniently drive an LED for a visual indicator of a
record or playback operation in process.

OVFRFLOW OUTPUT (OVF)

This signal pulses LOW at the end of memory
space, indicating the device has been filed and
the message has overflowed. The OVF output
then follows the CE input until a PD pulse has reset
the device. This pin can be used fo cascade sev-
eral ISD2500 devices fogether to increase record/
playback durdlions.

MICROPHONE INPUT (MIC)

The microphone input fransfers its signal to the on-
chip preamplifier. An on-chip Automatic Gain
Control (AGC) circuit controls the gain of this
preamplifier from —15 to 24 dB. An external micro-
phone should be AC coupled to this pin via a se-
ries capacitor. The capacitor value, together with
the internal 10 KQ resisfance on this pin, deter-
mines the low-frequency cutoff for the ISD2500 se-
ries passband. See Application Information for
additional information on low-frequency cutoff
calculation.

MICROPHONE REFERENCE INPUT (MIC REF)

" The MIC REF input is the inverting input to the mi-

crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input fo the
device when connected to a differential micro-
phone.

AUTOMATIC GAIN CONTROL INPUT (AGC)

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of whispers to loud sounds fo be recorded
with minimal distortion. The “attack” time is deter-
mined by the time constant of a 5 KQ internal re-
sistance and an external capacitor (C2 on the
schematic on page 18) connected from the AGC
pin to Vgsa analog ground. The “release” time is
determined by the time constant of an external
resistor (R2) and an external capacitor (C2) con-
nected in parallel between the AGC Pin and Vsga
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier output to the us-
er. The voltage gain of the preamplifier is detfer-
mined by the voltage level at the AGC pin.

ISD
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ANALOG INPUT (ANA IN)

The analog input pin transfers its signal to the chip
forrecording. For microphone inputs, the ANA OUT
pin should be connecied via an extemal capaci-
tor fo the ANA IN pin. This capacitor value, fogeth-
er with the 3.0 KQ input impedance of ANA IN, is
selected 10 give additional cutoff at the low-fre-
quency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The external clock input for the 1SD2500 devices
has an intemal pull-down device, These devices
are configured at the factory with an internal sam-
pling clock frequency centered to =1 percent of
specification. The frequency is then maintained to
a variation of +2.25 percent over the entire com-
mercial temperature and operating voltage rang-
es. The internal clock has a +5 percent tolerance
over the industrial temperature and voltage
range. A regulated power supply is recommended
for industrial temperature range parts. If greater
precision is required, the device can be clocked
through the XCLK pin as follows:

Table 1: External Clock Sample Rates
Rart Sample Rate | Reqdirg;i Clbck :
Number : Cialinamemo ‘
1SD2560 8.0 KHz 1024 KHz
ISD2575 6.4 KHz 819.2 KHz
ISD2590 5.3 KHz 682.7 KHz
1SD25120 4.0 KHz 512 KHz

These recommended clock rates should not be
varied because the anfidliasing and smoothing filters
are fixed, and aliasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input ciock is not critical, as
the clock is immediately divided by two. If the
XCLK is not used, this input must be connected
to ground.

SPEAKER OUTPUTS (SP+/5P-)

All devices in the ISD2500 series include an on-chip
differential speaker driver, capable of diiving
50mW into 16 Q from AUX IN (12.2 mW flom
memory).

The speaker outputs are held at Vgg levels during
record and power down. It is therefore not possi-
ble to parallel speaker outputs of multiple 1ISD2500
devices or the outputs of other speaker drivers.

NOTE Connection of speaker outputs in parallel
may cause damage fo the device.

A single output may be used alone (including a
coupling capacitor between the SP pin and the
speaker). These outputs may be used individually
with the output signal taken from either pin. Using
the differential outputs results in a 4 to 1 improve-
ment in output power,

NOTE Never ground or drive an unused speaker
oulput.

AUXILIARY INPUT (AUX IN)

The Auxiliary Input is multiplexed through to the
output amplifier and speaker output pins when CE
is HIGH, P/R is HIGH, and playback is currently not
active or if the device is in playback overflow.
When cascading multiple ISD2500 devices, the
AUX IN pin is used to connect a playback signal
from a following device to the previous output
speaker drivers. For noise considerations, it is sug-
gested that the auxiliary input not be driven when
the storage array is active.

. . . g ™
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ADDRESS/MODE INPUTS (AX/MX)

The Address/Mode Inputs have two functions de-
pending on the level of the two Most Significant
Bits (MSB) of the address (A8 and A9).

If either or both of the two MSBs are LOW, the inputs
are all interpreted as address bits and are used as
the start address for the curent record or play-
back cycle. The address pins are inputs only and
do not output intemal address information as the
operation progresses. Address inputs are latched
by the falling edge of CE.

If both MSBs are HIGH, the Address/Mode Inputs
are interpreted as Mode bits according to the Op-
erational Mode table. There are six Operational
Modes (MO..M6) available as indicated in the ta-
ble. It is possible to use multiple Operational
Modes simultaneously. Operational Modes are
sampled on each falling edge of CE, and thus
Operational Modes and direct addressing are
mutually exclusive.

OPERATIONAL MODES

The 1SD2500 series is designed with several built-in
Operational Modes that provide maximum func-
tionality with minimum additional components.
These are described in detail below. The Opera-
fional Modes use the address pins on the 1ISD2500
devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A8 and A9), the remaining ad-
dress signals are interpreted as mode bits and not
as address bits. Therefore, Operational Modes
and direct addressing are not compatible and
cannot be used simultaneously.

There are two important considerations for using
Operational Modes. Firsl, all operations begin ini-
tially al address O, which is the beginning of the
ISD2500 address space. Laler operations can be-
gin at other address locations, depending on the
Operational Mode(s) chosen. In addition, the ad-
dress pointer is reset to 0 when the device is
changed from record to playback, playback to
record (except M6 mode), or when a Power-Down
cycle is executed.

Second, Operational Modes are executed when
CE goes LOW and the two MSBs are HIGH. This Op-
erational Mode remains in effect until ihe next
LOW-going CE signal, at which point the current
address/mode levels are sampled and executed.

Table 2: Operational Modes Table

Mode Control Funé_ﬁ&n AR ‘Typical Use Jointly Compatible?

MO Message cueing Fast-forward through messages M4, M5, M6

M1 Delete EOM markers Position EOM marker at the end of the last M3, M4, M5, M6

message

M2 Not applicabie Reserved N/A

M3 Looping Continuous playback from Address O M1, M5, Mé

M4 Conseculive addressing | Record/play multiple consecutive messages | MO, M1, M5

M5 CE level-activated Allows message pausing MO, M1, M3, M4

Mé Push-bution control Simplified device interface MO, M1, M3

1. Addiional Operational Modes can be used simultaneously with the given mode.

ISD
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OPERATIONAL MODES DESCRIPTION

The Operational Modes can' be used in conjunc-
tion with a microcontroller, or they can be hard-
wired to provide the desired system operation.

M0 — MESSAGE CUEING

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each CE LOW pulse
causes the intemal address pointer to skip to the
next message. This mode should be used for play-
back only, and is typically used with the M4 Oper-
ational Mode.

M1 — DELETE EOM MARKERS

The M1 Operational Mode allows sequentially re-
corded messages fo be combined into a single
message with only one EOM marker set at the end
of the final message. When this Operational Mode
is configured, messages recorded sequentially
are played back as one continuous message.

M2 — UNUSED

When Operational Modes are selected, the M2
pin should be LOW.

M3 — MESSAGE LOOPING

The M3 Operational Mode allows for the autormat-
ic, contfinuously repeated playback of the mes-
sage located at the beginning of the address
space. A message can completely fill the

1ISD2500 device and will loop from beginning to

end without OVF going LOW.

M4 — CONSECUTIVE ADDRESSING

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
sages to be played back consecutively.

M5 — CE-LEVEL ACTIVATED

The default mode for ISD2500 devices is for CE to
be edge-activated on playback and level-activat-
ed on record. The M5 Operational Mode causes
the CE pin to be interpreted as level-activated as
opposed to edge-activated during playback. This
is specifically useful for ferminating playback op-
erations using the CE signall.

In this mode, CE LOW begins a playback cycle,
at the beginning of the device memory. The play-
back cycle continues as long as CE is held LOW.
When CE goes HIGH, playback will immediately
end. A new CE LOW will restart the message from
the beginning unless M4 is also HIGH.

Mé — PUSH-BUTTON MODE

The I1SD2500 series of devices contain a Push-But-
ton Operational Mode. The Push-Button mode is
used primarily in very low-cost applications and is
designed to minimize external circuitry and com-
ponents, ihereby reducing system cost. In order to
configure the device in Push-Button Operational
Mode, the two most significant address bits must
be HIGH, and the M6 mode pin must also be
HIGH. A device in this mode always powers down
at the end of each playback or record cycle after
CE goes HIGH.

When this Operational Mode is implemented,
several of the pins on the device have alternate
functionality:

Table 3: Alternate Functionality in Pins
; Alternate Funciionality in
N Name Push-Button Mode

CE Start/Pause Push-Button
(LOW pulse-activated)

PD Stop/Reset Push-Button
(HIGH pulse activated)

EOM Active-HIGH Run Indicator

3 . . T ™
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CE PIN (START/PAUSE)

In Push-Button Operational Mode, CE acts as a
LOW-going pulse-activated START/PAUSE signal. If
no operation is currently in progress, a LOW-going
pulse on this signal will initiate a playback or a
record cycle according to the level on the PR pin.
A subsequent pulse on the CE pin, before an End-
Of-Message is reached in playback or an overflow
condition occurs, will cause the device 1o pause.
The address counter is not reset, and another CE
pulse will cause the device fo continue the oper-
ation from the place where it was paused.

PD PIN (STOP/RESET)

In push-button Operational Mode, PD acts as a
HIGH-going pulse-activated STOP/RESET signal.
When a playback or record cycle is in progress
and a HIGH-going pulse is observed on PD, the
current cycle is terminated and the address point-
eris reset to address 0, the beginning of the mes-
sage space.

EOM PIN (RUN)

In Push-Button Operational Mode, EOM becomes
an active-HIGH RUN signal which can be used to
drive an LED or other external device. It is HGH
whenever a record or playback operation is in
progress.

Recording in Push-Button Mode

1. The PD pin should be LOW, usually using
a pull-down resistor,

2. The P/R pinis taken LOW,

3. The CE pin is pulsed LOW. Recording starts,
EOM goes HIGH to indicate an operation in

progress.

4. The CE pinis pulsed LOW. Recording paus-
es, EOM goes back LOW. The intemnal ad-
dress pointers are not cleared, but an EOM
marker is stored in memory to point to the
message end. The P/R pin may be taken
HIGH at this fime. Any subsequent CE would
slart a playback at address 0.

5. The CE pin is pulsed LOW. Recording starts
at the next address after the previous set
EOM marker. EOM goes back HIGH.

NOTE If the MI Operatfional Mode pin is also
HIGH, the just previously written EOM bit is
erased, and recording starts at  that

address.)

6. When the recording sequences are fin-
ished, the final CE pulse LOW will end the
last record cycle, leaving a set EOM marker
at the message end. Recording may also
be terminated by a HIGH level on PD,
which will leave a set EOM marker.

Playback in Push-Button Mode
1. The PD pin should be LOW.

2. The PR pin is taken HIGH.

3. The CE pin is pulsed LOW. Playback starts,
EOM goes HIGH fo indicate an operationin
progress.

4. Ifthe CE pinis pulsed LOW or an EOM mark-
er is encountered during an operation, the
part will pause. The internal address point-
ers are not cleared, and EOM goes back
LOW. The P/R pin may be changed at this
time. A subsequent record operation
would not reset the address pointers and
the recording would begin where playback
ended.

5. CE is again pulsed LOW. Playback starts
where it left off, with EOM going HIGH to in-
dicate an operation in progress.

6. Playback contfinues as in steps 4 and 5 until
PD is pulsed HIGH or overflow occurs.

7. If in overflow, puling CE LOW will reset the
address pointer and start playback from
the beginning. After a PD pulse, the part is
reset to address 0.

Push-button mode can be used in conjunc-
fion with modes MO, M1, and M3.

NOTE

ISD
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GOOD AUDIO DESIGN PRACTICES

ISD products are very high-quadlity single-chip
voice recording and playback systems. To ensure
the highest quality voice reproduction, it is impor-
fant that good audio design practices on layout
and power supply decoupling be followed. See
the ISD Application Noles in this book for details.

ISDT000A COMPATIBILITY

The I1SD2500 series of devices is designed to pro-
vide upward compatibility with the ISD1000A fam-
ily. When designing with the 1ISD2500 series, the
following differences should be noted.

ADDRESSING

The 1SD2560/75/90/120 devices have 480K stor-
age cells designed to provide 60 seconds of stor-
age at a sampling rate of 8.0 KHz. This is
approximately four times the storage of the
ISD1000A family. To enable the same addressing
resolution, two additional address pins have been
added. The address space of each device is di-
visible info 600 increments with valid addressing
from 00 to 257 Hex. Some higher addresses are
mapped into the Operational Modes. All other
addresses are-invalid.

OVERFLOW

The ISD1000A series combined two functions on
the EOM pin: end-of-message indication and
overflow. The ISD2500 separates these two func-
fions. Pin 25 (PDIP package) remains as EOM, but
oulputs only the EOM signal indicatiori. Pin 22
(PDIP package) becomes OVF and pulses LOW
only when the device reaches its end of memory,
or is “full.” This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 Operational Mode
found in the ISDTO00A family is not implemented
in the ISD2600 series.

PUSH-BUTTON MODE

The 1SD2500 series includes an additional Opera-
tional Mode called Push-Butfon mode. This pro-
vides an altemnative interface to the record and
playback functions of the part. The CE and PD pins
become redefined as edge-activated “push-but-
fons.” A pulse on CE initiates a cycle, and if trig-
gered again, pauses the current cycle without
resetting the address pointer (i.e., a Start or Pause
function). PD stops any current cycle and resets
the address pointer to the beginning of the mes-
sage space (i.e., a Stop and Reset function). Ad-
ditionally, the EOM pin functions as an active-
HIGH run indicator, and can be used to drive an
LED indicating a record or playback operation is in
progress. Devices in the Push-Button mode cannot
be cascaded.

LOOPING MODE

The ISD2500 series can loop with a message that
completely fills the memory space.

NOTE Additional descriptions of ISD2500 device
functionality and application examples are
provided in the ISD Application Notes in this
book.

: . . ore ™
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Figure 2: Record
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1SD2560/75/90/120 Preducts

Table 4:

Condition

Absolute Maximum Ratings
(Packaged Parts)“)

Table 5:

Operating Conditions

(Packaged Parts)

Condition

Value

Junction temperature

150°C

Storage temperature range

-65°Cto +1580°C

Commercial operating
temperature range!")

0°Cto +70°C

Industrial operating

-40°C 1o +85°C

VO”Oge Gpplled to any pin (VSS -0.3 V] fo 1enjperoture rgnge(])
(VCC +0.3V)
Supply voltage (V)@ +4.5V10 +5.5V
Voltage applied to any pin (Vss—1.0V) 1o
(Input current limited to 20 MA) | (Vee + 1.0V) Ground voliage (Vss)m oV
Lead temperature (soldering - 300°C
10 seconds) 1. Case temperature.
2. Vee = Veea = Veen.

VCC—VSS -0.3Vto +7.0V 3 VSS = VSSA i VSSD'
1. Stresses above those listed may cause permanent

damage fo the device. Exposure to the absolute

maximum ratings may affect device reliability.

Functional operation is nol implied at these

condilions.

Table 6: DC Parameters (Packaged Parts)
Symbol Parameter ( | Min®@ . Typ (1) Max(® | Units Conditions
ViL Input Low Voltage 0.8 \Y
Vil Input High Voltage 20 \
VoL QOuiput Low Voltage 0.4 \ o = 4.0mA
Vou Output High Voltage Vec-0.4 \ loy = =10 LA
Vour OVF Oulput High Voltage 2.4 \ loy = -1.6 MA
VOHQ EON OUTDU? ngh VO”Oge VCC_ 1.0 VCC -0.8 V IOH =-3.2mMA
lee Ve Current (Operating) 25 30 mA | Regg ==t
Isg Ve Current (Standby) 1 10 LA ©)
i Input Leakage Current k] LA
lirp Input Current HIGH with Pull 130 uA | Force Ve @4
Down
Rexr Output Load Impedance 16 Q Speaker Load
Rymic Preamp In Input 4 @ 15 KQ MIC and MIC REF Pins
Resistance

Raux AUX INPUT Resislance 5 11 20 KQ

10
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I1SD2560/75/90/120 Products
Table 6: DC Parameters (Packaged Parts)
Symbol Rafa’r_ﬁétéf‘s i 3 Mviln‘(z) Typ (™ | Max@ | units Conditions
RANA IN ANAIN Input Resistance 213 3 9 KQ
ArrE1 Preamp Gain 1 21 24 26 dB AGC = 0.0V
Borien Preamp Gain 2 =15 5 dB |AGC =25V
Anux AUX IN/SP+ Gain 0.98 1.0 VIV
Axgp ANA IN 1o SP+/~ Gain 21 23 26 dB
Race AGC Output Resistance 2.5 5 9.5 KQ
1. Typical values @ T = 25°C and 5.0 V.
2. Al Min/Max limifs are guaranieed by ISD via electrical testing or characterization. Not all specifications are
100 percent tested.
3, Veeca and Veep connected fogether.
4, XCLK pin only.
Table 7: AC Parameters (Packaged Parts)
Symbol Characte';.i‘éf_ic : : M'ivn@) 1o Typ M | Max@ | units Conditions
Fg Sampling 1ISD2560 8.0 KHz )
Frequency ISD2575 6.4 2
ISD2590 5.3 KHz |
1SD25120 4.0 KHz |
For Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point (3) (8)
ISD2575 2.7 KHz | 3 dB Roll-Off Point (3) (8)
1SD2590 2.3 KHz | 3 dB Roll-Off Point 3 (8)
1SD25120 147 KHz | 3 dB Roll-Off Point (3 (8)
Tree Record Duration ISD2560 | 58.1 60.0 | 620 sec | Commercial Operation!”)
1SD2560 56.5 60.0 | 63.8 sec | Industrial Operation(”)
ISD2575 72.6 750 | 715 sec | Commercial Operation!”)
1SD2575 70;1 7510 = 79.7 sec | Industrial Operation(”)
1SD2590 87.1 90.0 | 93.0 | sec |Commercial Operation!”)
ISD25120 | 116.1 1200 | 123.9 sec | Commercial Operation!”)
Tpiay Playback Duration  1SD2560 58.1 60.0 62.0 sec Commercial Operation
1SD2560 56.5 60.0 63.8 sec Industrial Operation
1SD2575 72.6 75.0 77.5 sec Commercial Operation
ISD2575 70.7 75.0 79.7 sec Industrial Operation
ISD2590 87.1 ?0.0 @3.0 sec Commercial Operation
ISD25120 | 116.1 120.0 123.9 sec Commercial Operation
Tee CE Pulse Widih 100 nsec
Tser Control/Address Setup Time 300 nsec
THowo Control/Address Hold Time 0 nsec
ISD 11
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Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic.. .~ | Min@® | Typ M | Max(?) | Units Conditions

Teup Power-Up Delay 1SD2560 24.1 250 27.8 | msec | Commercial Operation
1SD2560 23.5 28.5 msec | Induslrial Operation
I1SD2575 30.2 313 34.3 msec | Commercial Operation
ISD2575 29.3 31.3 35.2 msec | Industrial Operation
1SD2590 36.2 37.5 40.8 msec | Commercial Operation
1SD25120 48.2 50.0 53.6 msec | Commercial Operation

TroR PD Pulse Width ISD2560 25 msec

Record ISD2575 31.25 msec

ISD2590 37.5 msec
1ISD25120 50.0 msec

Tepp PD Pulse Width Play  15D2560 12.5 msec
ISD2575 15.625 msec
1ISD2590 18.75 msec
ISD25120 25.0 msec

Teps PD Pulse Width Static 100 nsec |©

TroH Power Down Hold 0 nsec

Teom EOM Pulse Widih 1SD2560 12.5 msec
ISD2575 15.625 msec
1ISD2590 18.75 msec
1SD25120 25.0 msec

Tovr Overflow Pulse Width 6.5 usec

THD Total Harmonic Distortion 1 2 % @ 1 KHz

Pour Speaker Output Power 12.2 50 | mW [Regg=160"

Vour Voliage Across Speaker Pins 2.5 Vp-p | Reyx = 600 Q

Ving MIC Input Voltage 20 mV | Peak-to-Peak

Ving ANA IN Input Voltage 50 mV Peak-to-Peak

ViNg Aux Input Voltage 1.25 \ Peak-to-Peak;

-

Typical values @ T, = 25°C and 5.0 V.

2. Al Min/Max limifs are guaranteed by ISD via electrical testing or characterization. Not all specifications are
100 percent fested.

3. low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions).

4. From AUX IN; if ANA IN is driven at 50 mV p-p, the Poyr = 12.2 mW, typical.

5. With 5.1 KQ series resistor ai ANA IN.

6. Tpps is required during a stafic condition, typically overflow.

7. Sampling Frequency and playback Duration can vary as much as *2.25 percent over the commercial

temperature range and voltage range and *5 percent over the industrial temperature and voltage range. For
greater stability, an external clock can be utilized (see Pin Descriptions).

8. Filter specification applies to both the antialiasing filter and the smoothing filter. Therefore, from input to oufput,
expect a 6 dB drop by nature of passing through both filters.

12 Voice Solutions in Silicon™



1SD2560/75/90/120 Products

TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)

Chart 1: Record Mode Operating Current Chart 3: Standby Current (Igg)
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Table 8: Absolute Maximum Ratings Table 9: Operating Conditions
(Die)" (Die)
Condition & Vé_lue‘ Condition Value
Junction temperature 150°C Commercial operating 0°C o +50°C

Storage temperature range

-65°C to +1560°C

femperature range

Supply voltage (Vee)V

+4.5Vio +6.5V

Voltage applied 1o any pad (Vg — 0.3 V) to
(Vee +0.3V) Ground voltage (Vgg)? oV
Vollage applied to any pad (Vss-1.0 V) 1o
(Input current limited fo 20 MA) | (Ve + 1.0V) 1. Vec = Veea = Veen:
2. Vgs = Vssa = Vssp-

VCC_VSS -0.3Vio +7.0V
1. Stresses above those listed may cause permanent

damage to the device. Exposure to the absolufe

maximum ratings may affect device reliability.

Functional operation is not implied at these

conditions.

Table 10: DC Parameters (Die)
Symbol Parameters vv)vMiﬁ(z)‘::f- ‘ Ty'p'(” Max(@ Units Conditions
ViL Input Low Voltage 0.8 Vv
ViH Input High Voltage 20 \
Vou Output Low Voltage 0.4 \4 lor = 4.0 mMA
VoH Output High Voltage Vee - 0.4 \ lon = =10 LA
Voui OVF Output High Voltage 2.4 \ lop = -1.6 MA
VOH2 EOM Output High Voltage VCC -1.0 VCC -0.8 \ lOH =-3.2mMA
lce Ve Current (Operating) 25 30 mA | Rgpg =0
I Vee Current (Standby) 1 10 pA | @
N Input Leakage Current +1 HA
hieD Input Current HIGH wilh Pull 130 UA Force Vee )
Down

Rexy Output Load Impedance 16 Q Speaker Load
Rumic Preamp in Input Resistance 4 % 15 KQ MIC and MIC REF Pads
Raux AUX INput Resistance 5 11 20 KO
R/\N/'X IN ANA IN Input Resistance 2.3 3 5) KQ
AprEn Preamp Gain 1 21 24 26 dB AGC =00V

14
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Table 10: DC Parameters (Die)

Symbol Parameters : _ Mm(z) Typ (1 Max(@ Units Conditions
Appeo Preamp Gain 2 -15 5 dB AGC =25V
Anux AUX IN/SP+ Gain 0.98 1.0 \/\%

Aarp ANA IN to SP+/- Gain 21 23 26 dB

Race AGC Output Resistance 2.5 5 Q6 KQ

1. Typical values @ T, = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by ISD via electrical tesling or characterization. Not all specifications are
100 percent tested.

3. Veea ond Veep connected together.
4. XCIK pad only.

Table 11: AC Parameters (Die)

Symbol Charactérigfié'-: : Min@ | Typ M | Max® | Units Conditions
Fg Sampling 1SD2560 8.0 KHz | 17)
Frequency 1SD2575 6.4 KHz |

102590 5.3 Kz {17
1SD25120 4.0 Kz |

Fer Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point (31 (&)
1SD2575 2.7 KHz | 3 dB Roll-Off Point (3 (8)
1SD2590 2.3 KHz | 3 dB Roll-Off Point (31 (8)
1SD25120 17 KHz | 3 dB Roll-Off Point (31 (8)

Trec Record Duration 1SD2560 58.1 60.0 62.0 sec | Commercial Operation!”)
1SD2575 72.6 75.0 77.5 sec | Commercial Operation!”)
ISD2590 87.1 90.0 93.0 sec | Cornmercial Operation!”)
1SD25120 | 116.1 1200 | 123.9 sec | Commercial Operation!”)

ToLay Playback Duration  1SD2560 58.1 60.0 | 620 sec | Commercial Operation!”)
1SD2575 72,6 75.0 77.5 sec | Commercial Operationt”)
1SD25%0 87.1 90.0 93.0 sec | Commercial Operation!”)
1SD25120 | 1161 120.0 | 123.9 sec | Commercial Operation!”)

Tce CE Pulse Width 100 nsec

Tser Control/Address Setup Time 300 nsec

Tiow Control/Address Hold Time 0 nsec

Toup Power-Up Delay 1SD2560 241 25.0 27.8 msec | Commercial Operation
ISD2575 30.2 313 34.3 msec | Commercial Operation
ISD25%0 36.2 37.:5 40.8 msec | Commercial Operation
1SD25120 482 50.0 536 msec | Commercial Operation

ISD
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Table 11: AC Parameters (Die)

. Symbol Character‘is;‘t(i:c‘.fv: o] Min@ ] Typ ()| Max® | units Conditions
TeoR PD Pulse Widih 1ISD2560 25 msec
Record 1ISD2575 31.25 msec
1ISD2590 37.5 msec
1ISD25120 50.0 msec
Trop PD Pulse Width Play  1ISD2560 12,5 msec
ISD2575 15.625 msec
1ISD2590 18.75 msec
1SD25120 25.0 msec
Trps PD Pulse Width Static 100 nsec |
TooH Power Down Hold 0 nsec
Teom EOM Pulse Widih 1ISD2560 12.5 msec
ISD2575 15.625 msec
1SD2590 18.75 msec
1ISD25120 25.0 msec
Tove Overflow Pulse Width 6.5 usec
THD Total Harmonic Distortion 1 3 % @ 1 KHz
Pour Speaker Output Power 12.2 50 | mW | Rgg=160"
Vour Voltage Across Speaker Pins 2.5 Vp-p | Rex = 600Q
Vi MIC Input Voliage 20 mV | Peak-to-Peak ©)
Ving ANA IN Input Voltage 50 mV Peak-to-Peak
Ving Aux Input Voltage 1.25 \ Peak-to-Peak;
REXT =16Q

N

NS oA W

Typical values @ T, = 25°C and 5.0 V.
Al Min/Max limits are guaranteed by ISD via electiical testing or characterization. Not all specifications are

100 percent tested.

Llow-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions).

From AUX IN; if ANA IN is driven at 50 mV p-p, the Poyr =

With 5.1 KQ series resistor at ANA IN.

Tpps is required during a static condition, typically overflow.

Sampling Frequency and playback Duration can vary as much as +2.25 percent over the commercial
temperature range and voltage range. For greater stability, an external clock can be utilized (see Pin Descriptions).

Filter specification applies to the antialiasing fiter and the smoothing filter.

12.2 mW, typical.

16
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

Chart 5: Record Mode Operating Current Chart 7: Standby Current (Igg)
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Figure 4: 1SD2560/75/90/120 Application Example—Design Schematic
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NOTE:  If desired, pin 18 (PDIP package) may be left unconnected (microphone preamplifier noise will be higher). In
this case, pin 18 must not be tied o any other signal or voltage. Additional design example schematics are
provided in the Application Notes in this book.

Table 12: Application Example—Basic Device Control

Control Step i ‘Funetionciiin Action
1 Power up chip and select record/playback mode | (1.)PD = LOW, (2.) P/R = As desired
2 Set message address for record/playback Set addresses A0-AQ
3A Begin playback P/R = HIGH, CE = Pulsed LOW
3B Begin record PR = LOW, CE = LOW
4A End playback Automatic
4B End record PD or CE = HIGH

18 Voice Solutions in Silicon™
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Table 13: Application Example—Passive Component Functions

Part Functu?n Comments

R1 Microphone power supply decoupling | Reduces power supply noise

R2 Release time consiant Sets release fime for AGC

R3, R5 Microphone biasing resistors Provides biasing for microphone operation

R4 Series limiling resistor Reduces level to prevent distortion af higher supply
voltages.

R4 Series limiting resistor Reduces level 1o high supply voltages

Cl..C5 Microphone DC-blocking capacitor Decouples microphone bias from chip. Provides single-

Low-frequency culoff pole low-frequency cutoff and common mode noise

rejection.

Cc2 Atftack/Release time constant Sets attack/release time for AGC

3 Low-frequency cutoff capacitor Provides additional pole for low-frequency cutoff

C4 Microphone power supply decoupling | Reduces power supply noise

€6, C7,C8 Power supply capacitors Filter and bypass of power supply

EXPLANATION

In this simplified block diagram of a microcontrol-
ler application, the Push-Button mode and mes-
sage cueing are used. The microcontrolleris a 16-
pin version with enough port pins for buttons, an
LED, and the I1SD2500 series device. The software
can be wrilen to use three buttons: one each for
play and record, and one for message selection.
Because the microcontroller is interpreting the
buttons and commanding the 1SD2500 device,
software can be wiitten for any functions desired
in a particular cpplication.

ISD does not recommend connecting
address lines directly to a microprocessor
bus. Address lines should be externally
latched.

NOTE

ISD
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Table 14: Application Example—Push-Button Control

Control Step . Function Action
1 Select record/playback mode | P/R = As desired
2A Begin playback P/R = HIGH, CE = Pulsed LOW
28 Begin record PR = LOW, CE = Pulsed LOW
3 Pause record or playback CE = Pulsed LOW
4A End playback Automatic at EOM marker or PD = Pulsed HIGH
4B End record PD = Pulsed HIGH
Table 15: Application Example—Passive Component Functions
Part i ‘:‘Fﬁt;}gctionv Comments -
R2 Release time constant Sets release time for AGC
R4 Series limiting resistor Reduces level to prevent dislortion at higher supply
voltages
R6, R7 Pull-up and pull-down resistors Defines statlic state of inpuls
Cl.:C4,.C5 Power supply capacitors Filters and bypass of power supply
c2 Attack/Release lime constant Sets attack/release time for AGC
3 Low-frequency culoff capacitor Provides additional pole for low-frequency cufoff
Table 16: Push-Button Parameters
~ Symbol Chéré;:_tyé”ristiic Shee Miri,:\ 1 ,Typ'f1)' . Max | Units Conditions
Tee CE Pulse Width (Starl/Pause] 300 nsec
Tser Control/Address Setup Time 300 nsec
Trub Power-Up Delay 1ISD2560 25 msec
ISD2575 31.25 msec
15SD2590 37.25 msec
ISD25120 50.0 msec
TrD PD Pulse Widih [Stop/Reset] 300 nsec
TrRUN CE to EOM HIGH 25 400 nsec
TPAUSE ﬁ to EGM LOW 50 400 nsec
Tos CE HIGH Debounce  15D2560 70 105 | msec
1ISD2575 85 135 | msec
1ISD2590 105 160 msec
1SD25120 1:35 215 msec

ISD
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PUSH-BUTTON TIMING DIAGRAMS

Figure 7: Push-Button Mode Record
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Figure 8: Push-Button Mode Playback
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1. A9, A8, and A6 = 1 for push-butfon operation.

2. The fist CE LOW pulse performs a Starl function.

3. The part will begin fo play or record after a power-up delay Tpyp.

4. The part must have CE HIGH for a debounce period TDB before if will recognize another falling edge of CE and
pause.

5. The second CE LOW pulse, and every even pulse thereafter, performs a Pause function.

6." Again, the part must have CE HIGH for a debounce period TDB before it will recognize another falling edge of

CE, which would restart an operation. In addition, the part will not do an internal power down until CE is HIGH for
the TDB fime.

The third CE LOW pulse, and every odd pulse thereafter, performs a Resume function.
8. At anv time, a HIGH level on PD will stop 1he current function, reset the address counter, and power down the
' gevice.
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DEVICE PHYSICAL DIMENSIONS

Figure 9: 28-Lead 8x13.4mm Plastic Thin Small Outline Package (TSOP) Type I (E)

1

Table 17: Plastic Thin Small Outline Package (TSOP) Type | (E) Dimensions

-INQHES e MILLIMETERS

Min i Max - Min Nom Max
A 0.520 0.528 0.535 13.20 13.40 13.60
B 0.461 0.465 0.469 11.70 11.80 11.90
C 0.311 0.315 0.319 7.90 8.00 8.10
D 0.002 0.006 0.05 0.15
E 0.007 0.009 0.01 0.17 0.22 0.27
F 0.0217 0.55
G 0.037 0.039 0.041 0.95 1.00 1.05
H 0° 3° 6° 0° 3° 6°
I 0.020 0.022 0.028 0.50 0.55 0.70
J 0.004 0.008 0.10 0.21

NOTE: Lead coplanarity o be within 0.004 inches.

ISD
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Figure 10: 28-Lead 0.600-Inch Plastic Dual Inline Package (PDIP) (P)

1 o T o o ] o5 e s e 0 5 s 1 e 8 0 1 e
28 27 26 25 24 23 22 21 20 19 18 17 16 15

Table 18: Plastic Dual Inline Package (PDIP) (P) Dimensions

mc’HEs S MILLIMETERS

Min g me"_ : Max, . Min Nom Max
A 1.445 1.450 1.455 36.70 36.83 36.96
B 0.150 3.81
B2 0.065 0.070 0.075 1.65 1.78 1.91
Cl 0.600 0.625 15.24 15.88
o, 0.530 0.540 0.550 13.46 13.72 13.97
D 0.19 4.83
D 0.015 0.38
E 0.125 0.135 3.18 3.43
F 0.015 0.018 0.022 0.38 0.46 0.56
G 0.055 0.060 0.065 1.40 1.52 1.65
H 0.100 2.54
J 0.008 0.010 0.012 0.20 0.25 0.30
5 0.070 0.075 0.080 1.78 1.91 2.03
q 0 15° 0° 15°

NOTE: lead coplanarity to be within 0.004 Iinches.
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Figure 11: 32-Lead 8x20mm Plastic Thin Small Outline Package (TSOP) Type I (T)
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Table 19: Plastic Thin Small Outline Package (TSOP) Type | (T) Dimensions

: -. INCHES MILLIMETERS

Min -Nom  ‘Max Min Max
A 0.780 0.787 0.795 19.80 20.00 20.20
B 0.720 0.724 0.728 18.30 18.40 18.50
C 0.31 0.315 0.319 7.90 8.00 8.10
D 0.002 0.006 0.05 0.15
E 0.006 0.009 0.011 0.17 0.22 0.27
F 0.0197 0.50
G 0.037 0.039 0.041 0.95 1.00 1.05
H 0° 3? 5° (6§ 3° 5%
| 0.020 0.024 0.028 0.50 0.60 0.70
J 0.004 0.008 0.10 0.21

NOTE:  Lead coplanarity to be within 0.002 inches.

ISD
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1SD2560/75/90/120 Products

Figure 12: 1SD2560/75/90/120 Products Current Bonding Physical Layout1 (Unpackaged Die)

A3 Al Voen  KCUK
’ AQI A l P/Iﬁ ‘ EIUM ‘?
ISD2560/75/90/122 = gl. e .L v g e
. . . AA‘\. : b
I.  Die Dimensions e m—CE
X: 187 =1 mils A58 21
Y: 399 + 1 mils AG-m OVF
Il. Die Thickness?
17.5 +1 mils ISD2560/75/90/120
. Pad Opening
109 x 109 microns
4.3 x 4.3 mils
A7l : m— ANA OUT
A8l i ®—- ANA IN
AO—|m T Lo T IT 1) T'R -
AUX IN ‘ Vssa l SP-— l MIC\ AGC
Vesp SP+  Veea MIC REF

1. The backside of die is infernally connected to Vss. It MUST NOT be connected to any other potential or damage
may occur.
2. Die thickness is subject to change, please coniact ISD factory for stafus.

26

Voice Solutions in Silicon™



1SD2560/75/90/120 Products

Table 20: 1SD2560/75/90/120 Products Current PIN/PAD Designations,
with Respect to Die Center (um)

Pin o e ‘;P'in Name X Axis Y Axis
A0 Address 0 -1148.9 4898.2
Al Addiess 1 -1406.9 4898.2
A2 Address 2 -1661.9 4898.2
A3 Address 3 -1916.9 4898.2
Ad Address 4 -2069.9 4608.2
Ad Address 5 -2194.9 4358.2
Ab Address 6 -2194.9 4108.2
A7 Address 7 -2194.9 -4212.3
A8 Address 8 -2194.9 -4456.3
AQ Address @ -2076.4 -4897.3
AUX IN Auxiliary Input -1607.9 -4868.3
Vssp Vs Digilal Power Supply -1343.9 -4850.8
Vssa Vss Analog Power Supply -551.9 -4884.8
SP+ Speaker Output + -111.4 -4790.8
SP- Speaker Output - 425.6 -4790.8
Veea Ve Analog Power Supply 865.1 -4848.32
MIC Microphone Input 1320.7 -4897.3
MIC REF Microphone Reference 1605.1 -4897.3
AGC Automatic Gain Control 1877.6 -4871.3
ANAIN Analog Input 220211 -4269.8
ANA OUT Analog Output 2123.1 -3910.8
OVF Overflow Output 2142.6 4154.7
CE Chip Enable Input 2202.1 4558.7
PD Power Down Input 2048.1 4898.2
EOM End of Message 1648.1 4865.7
XCLK No Connect (optional) 1221.1 4898.2
PR Playback/Record 965.6 4898.2
Veen Ve Digital Power Supply 646.1 4895.7

ISD
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Figure 13: 1SD2560/75/90/120 Products Future Bonding Physical Layout1 (Unpackaged Die)

ISD2560/75/90/120X>

I. Die Dimensions
X: 149.5 =1 mils
Y: 262.0 =1 mils

ll. Die Thickness?
11.8 =.4 mils

lll. Pad Opening
111 x 111 microns
4.4 x 4.4 mils
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s _lE T T B ANA IN
E | Tam w

o ] l
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VSSD SP+
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1. The backside of die is infernally connecled 1o Vs It MUST NOT be connected to any other potential or damage

may occur.

2. Die thickness is subject to change. please contact ISD factory for status and availability.
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Table 21:1SD2560/75/90/120 Products Future PIN/PAD Designations,
with Respect to Die Center (pm)

Pin Pin Name X Axis Y Axis
A0 Address 0 -897.9 3135.2
Al Address 1 -1115.4 31.35:2
A2 Address 2 -1331.0 3135.2
A3 Address 3 -1544.0 3135.2
Ad Address 4 -1640.4 2888.9
A5 Address 5 -1698.2 2671.0
Ab Address 6 -1698.2 2441.5
A7 Address 7 -1731.2 -2583.2
A8 Address 8 -1731.2 -2768.4
AQ Address @ -1731.2 -3050.8
AUX IN Auxiliary Input -1410.1 -3115.7
Vsso Vss Digital Power Supply -1112.8 -3096.2
Vssa Vg5 Analog Power Supply -407.8 -3138.5
SP+ Speaker Output + -47.4 -3067.7
SP- Speaker Output - 386.9 -3067.7
Veea Ve Analog Power Supply 746.5 -3110.4
MIC Microphone Input 1101.2 -3146.0
MIC REF Microphone Reference 1294.7 -3146.0
AGC Automatic Gain Control 1666.4 -3130.3
ANA IN Analog Input 1728.6 -2654.0
ANA OUT Analog Output 1700.9 -2411.0
OVF Oveiflow Output 1340.9 3217
CE Chip Enable Input 1726.7 2824.4
PD Power Down Input 1730.5 3094.0
EOM End of Message 1340.9 3121.7
XCLK No Connect (optional) 986.5 3160.7
PR Playback/Record 807.2 3163.4
Veenp Ve Digital Power Supply 544.7 3150.2

ISD
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ORDERING INFORMATION
Product Number Descripfor Key

ISD25
2500 Serles Special Temperature Field:
Duration: Blank=  Commercial Packaged (0°C fo +70°C)
60 = 60 Seconds or  Commercial Die (0°C fo +50°C)
75 = 75 Seconds | = Industral (-40°C to +85°C)
Q0 = Q0 Seconds L Paslcige Type:
i Te0 Boepncy G =  28-lead 0.350-Inch Small Outiine Infegrated
Circuit (SOIC)
P = 28-Lead 0.600-Inch Plastic Dual Inline Package
(PDIP)
[ 32-Lead 8x20-mm Thin Small Oulline Package
(TSOP)
X = Die

When ordering 1SD2560/75/90/120 products, please refer fo the following valid part numbers.

Part Numbef Part Number Part Number Part Number
1ISD2560G ISD2575G 1ISD2590G 1ISD25120G
ISD2560GlI ISD2575GlI 1SD2590P ISD25120P
1SD2560P ISD2575P ISD2590T ISD25120X
1SD2560PI ISD2575P! ISD2590X
1ISD2560T 1ISD2575T
ISD2560TI ISD2575TI
ISD2560X ISD2575X

For the latest product information, access ISD's worldwide website at hitp://www.isd.com.
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